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EE 2 Midterm
(120 points total)
8 November 2017

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).

1. (4 pts) A sample of InSb is donor doped (Ng = 2x10'® /cm® ). What is the
approximate equilibrium concentration of holes in the sample at 300 K.
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2. (4 pts) A sample of Germanium has an intrinsic concentration of 2.4 x 10" /cm?3
at room temperature (300 K). What is the approximate intrinsic concentration at
400 K?

a. 2.7 x 10" /em® .8 x10%/em® ¢.3.6x10%/cm® d.9x 10° /em®
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3. (4 pts) A sample of silicon is doped with Phosphorous at Ng = 10'7. What is the
approximate resistivity of the sample.

a. 0.8 Qcm o.os Qcm c. 8 Qcm d. 0.008 Qcm
1
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4. (5 pts) A semiconductor has a bandgap of 1 eV and effective densities of states in
the conduction and valence band both equal to 3 x 10" . It has donor doping
Ng=10' and acceptor doping N, = 7 x10'S. What is the position of the Fermi
level relative to the conduction band, (E, — Er), at 300 K.

@0.84 eV b. 1.00 eV c.0.16 eV d. -0.16 eV
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5. (5 pts) From the 4 choices below which is the longest wavelength that a pure
sample of InP (Eg = 1.35 V) will strongly absorb.

a. 0.20 um b. 2.0 pm ¢. 1.1 um .80 um

A: L?:‘} = 0.72}&“ aLjorP‘Heh be‘ow +L.‘5 wavelcv\s"'l\
1.3
6. (5 pts) In the finite square potential well are the following statements True or
False:
—_— a) The wave function of a bound state is zero everywhere outside the well
']d:,ﬁon o »(b) There are a finite number of bound states in the well
a. a-True b-True b. a-True b-False @a—F alse b-True  d. a-False b-False

7. (5 pts) Given the following wave function of a particle (mass = m) in an infinitely
deep well extending from 0 to L, which of the expressions below represents the
expected value of momentum <p,>:

a. I%p: sinz(%’x}b b. :[%xsinz(%x}dx

L —ih . 3 h
@j 2 267: sin (——3” xJCOS(?’—”x)dx Cdoak=22 e. None
~ L L L » L

8. (5 pts) A doped layer of thickness 0.1 um‘ in a semiconductor has a sheet resistance
of 50 Q/square. The layer is not necessarily uniformly doped. A resistor is made
of this layer of length 100 pm and width 5 pum. What is the value of the

resistance?

a. 500 IOOOQ c.0.05Q d. 10k
R =501 =S L - oo
Ro R = Rag w ¥ 50 2= 000
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9. (5 pts) The probability of occupancy of electron states with energy E=Er at 300 K
is:

a. l .5 c. exp[-E/0.026]  d. 10
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Answer the questions below based on the band diagram above. You may assume that
the doping varies slowly throughout and that charge neutrality is maintained. The
semiconductor is isolated. No calculations are necessary. Choose only one answer

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

10. (3 pts) Of the positions marked, where is the electron concentration highest? )
whece Po 13 lowess

a. X, b. Xp c. X @ X4 e. Xe

11. (3 pts) Of the positions marked, where is the hole concentration highest?

a. X, @Xb c. X¢ d. X4 e Xe
12. 3 pfs) At which of these paifs of points is electric field equal? £x gl—é ‘ = gg‘w., S’o?Q.
@ Xa» Xp b. Xp, X . Xe, X4 d. xc; Xe e. Xp, X4

E ' .
13. (3 pts) At which of these pairs of points is doping equal? S'o!\:me distance from E v (0' El)

2 XuXp  bXpXe ¢ XeXs (DXpXe o eXpXg

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

Yes b. No c. Can’t tell

15. (3 pts) At which point does electric field have its highest value? E dEi S+ex3(>e5‘*
_ FAx  slope

a. X, b. Xp c. X¢ d. X4
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Section 2: Problems (60 points)

Name:

Show your work. Full credit for the correct answer with work shown. Sensible answers get
partial credit. Generous partial credit for an incorrect answer with the correct ideas if clear and
brief (without extraneous or irrelevant equations).

5. (30 pts) Scattering

We saw in class that there are two types of scattering mechanisms in semiconductors: jonized
impurity scattering (which involves dopant atoms) and lattice scattering (which exists regardless
of whether there are dopant atoms or not).

The following table shows some experimental data for the electron mobility of a new
semiconductor for two doping conditions. The effective mass of the semiconductor has been
previously determined to be m, =0.1mq. N, = N, = 5x10'"® and E;=15eV.

Doping Mobility Mean time
No intenti(inleglgic/)gg;% Mo 10,000 cm’/Vsec 0.57 psec
107 [y 3,333 0.19 v
2x10" K2 2,000 ol v
NERES 0.027 "

a) (10 pt) Write a symbolic expression for y,, the mobility at a doping of 2x10"7 in terms of
the two given mobilities, po, ; , given quantities and physical constants. Calculate this

mobility and write the number in the table. Define any intermediate variables you

introduce and indicate which parameters are known and which are unknown. - J
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b) (10 pt) Write an expression for p3, the mobility at a doping of 10'%, in terms of the

given mobilities (and possibly your result in part a). Calculate this mobility and
write the number in the table.

’____L,,_IO__IO 9 10 9
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¢) (10 pt) Calculate the mean time between scattering events (collisions) for the four

cases and fill in the table under the “Mean time” heading. Be sure to include the
units!

" © MK
M= )0 000 cmz/ﬁsec = ! ""z/\/_sec units
-3 k
_ ] m? ) O-i + 9, 1x10 q
T = ( /‘/Sec L.6x10™" coul

| 12
T () = 0.57//%) psec prec=10 sec

loooo

= 0.57(_1“__ psec

T scaled + M'Ll')"*‘7

T (W)
Tp) = 0.1
T(py) =0.027

1)

0.19 psec
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2. (30 pts) Diffusion in long and short base diodes.

A slice of n-type semiconductor has the boundary conditions shown. At one end there is
a steady supply of excess holes, Sp(-a)=Ap, and at the other end the hole concentration is
maintained at zero, that is Sp(a)= —po.

a. (10 pts) Write down the applicable diffusion equation for 8p(x) in terms of the
minority carrier diffusion length, L,. Write down the general solution. Write down
the two equations obtained by applying the boundary conditions in terms of a and the
two boundary values. You do not need to solve the system of equations for the
general case.

b. (10 pts) VERY IMPORTANT - Sketch p(x) from —a to a on a linear scale for: two
cases A)a=0.1L; (a <<L;) AND B)a=10L, (a>> L;). (Use the graph above and
label the traces “A” and “B” unambiguously). You will get credit for getting the
endpoints correct, the shapes and other details which you can deduce from part a)
above. .. there will be partial credit but the better the sketch the higher your score.

B coase 15 ble 2 ;nJe?&«Jw—t—
(Next page for part ¢ !11) PfOB\%> of semi < infa e sem!conductor
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c. (5 pts) Simplify the equation for 3p(x) that you obtained in a) for the case where L,
>>a. [Hint: the Taylor expansion for €* = 1 + x, for x << 1]. Apply the boundary
conditions and solve for the unknown constants.

Solu'ﬁon(“nean'z_eao 15 SF(X) = A+Bx
sp(-a) = Ap= A-Ba
sp(a) = -po = A1Ba (2

- Ap-P
odd (1 e @ 2A =8P -Po = A= j_’_?__

_ - -+ ° So)Vl.n '&r
Subiract @ Fern (D 2Ba = 8P*T AASB ¥
B = —*('A,E:j") sufficens
2o

o (152 - ()

d. (5 pts.) Write an expression for the hole current density at x=0 for the L, >> a case in
terms of known quantities (a, L,, Ap and material constants)?

hole cucren+ ot X=O

b = -eD;%i = —¢eD.- B

\ \ L:. same_
_ AP+Pe This curvent 1S +
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€. (5 pt bonus) If the semiconductor is n-type silicon with Ng = 10'® and the dimension
a=0.5 um, Ap = 6x10", L, =100 pm and cross sectional Area = 10* um? . What is
the total hole current at x=0? Is the current positive or negative? F" ~10 4 ne 3\; 5_‘ Lle

1= AJ? = AeDPA? D= kn ,(oze)(l;ob)

é'lo " 10. q

qu) . x10")(10.4) 2(0.5)
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