EE 2 Midterm
(120 points total)
8 November 2017

ssible answers before attempting any calculations. Write your

Read the question and the
page if you separate the pages for any reason).

name on the first page (each

Section 1 (60 points) Multiple choice Circle the correct answer. (5.0.pts..) The're is no
penalty for guessing. An educated guess with at least 50/50 probability 1s possible on

6 most problems. There is no partial credit on Section 1 (Multiple choice)...
1. (4 pts) A sample of InSb is donor doped (N xlO“" /c_:m3 ). What is the
approximate equilibrium concentration of the sample at 300 K.

@ b.32x10"%/em’ . ux/lo“’/cm3 d./l,e“/c/m3
-

V\Qpn = ’/\L
_ J\(L a — 7 xl0 ¢
?-’ ——
f 013/cm3

2. (4 pts) A sample of Germanium has an intrinsic concentration of 2.4 x 1

at room temperature (300 K). What is the approximate intrinsic concentration at

400 K?

a. 2.7 x Yo' /em® b. 8.8 x 10"*/ecm?) c. 3.6/413 Jem® d.9 0° /em’

3. (4 pts) A sample of silicon is dgd with Phosphorous at Ng = 10'7. What is the
approximate resistivity of the sample. .

a. 0.8 Qcm .0.08 Qcm c. 8 Qcm’ d. 0.008 Qcm
\
= -\ —~ -0.0%
G N~ a4, = Y
ey ,'3, 3l 68" x 00

4. (S5pts) A sefniconductor has a bandgap of 1 eV and effective densities of states in
the conqgctlon and valence band both equal to 3 x 10" . It has donor doping
Ng=10 ggg acceptor dopingNg="7 x1016 What is the position of the Fermi
level relative to the conduction band, (E.=EF), at 300 K.

a. 016 eV b.1y4

?C'Eft 0\\)'1() Q/\‘(
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i that a pure
5. (5 pts) From the 4 choices below which is the longest wavelength p

sample of InP (Eg = 1.35 €V) will strongly absorb.
a. 0.20 pm b.}O{n c. 0.80 um %um

6. (5pts)In “’@quara potential well are the following statements True or

False: .
— a) The wave function of a bound state is zero )g{erywhe,rei OUESK?che,Wen
b) There are a finite number of bound states in the well /<

R a. a-True b-True b. a-T;u(ﬁ?alse c. a-False b-True d. a;EaiﬁtFalse

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 '<px>: . Z S ?‘fx)
—— . \ﬁ:w(%rx\ P2 (X dx
~Q) () T e 1
x)=,—sin| —x 7 -
L .
a. !%&sm}‘)(%{x)dy —1711;'26” sin(%x)cos(3—”X)dx

o L o
'51. ¢
L2 3 _3xh — o} 40 oY
& /!z{sm {Tﬂx}k //h L @ KMA;E}
L

8. (5 pts) A doped layer of thickness 0.1pm in a semiconductor has a sheet resistance

JVJ of 50 Q/square. The layer is not necessarily uniformly doped. A resistor is made
of this layer of length _IOO pm and width 5 um. What is the > value of the

0 i resistanee? L S T

a. 1000 Q b. 50 c. 0.05 Q d. 10kQ

p=JL . ,ﬁ(ﬁ(.loom;?/
tw \;/Xl/é){x OLlYU/(Q

9. (5 pts) The probability of occupancy of electron states with energy E=Ep at 300 K
is:

a. 1 b. 1071 c. exp[-Ef/0.026]
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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 ‘poéiti;)ns marked, where is the electron concentration highest?

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

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

a. X, . Xp c. Xc - ‘ d. X4 e. Xe

12. (3 pts) At which of these pairs of points is electric field equal?

SCage
a. Xa, X¢ b. Xp, X d. X, Xe €. Xp, Xdg

13. (3 pts) At which of these pairs of points is doping equal?

a. Xa, Xp c. X¢, X4 d. Xa, X¢ €. Xp, X4

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

@ b. No

o ST
15. (3 pts) At which point does electric ﬁeﬁ%gyg its lﬁghcst value?

b. Xy, c. X, d. X4

c. Can’t tell

a. X,
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Section 2: Problems (60 points)

with work shown. Sensible answers get

Show your work. Full credit for the correct answer e wer with the correct ideas if clear and

partial credit. Generous partial credit for an 'incorrec
brief (without extraneous or irrelevant equations).

30 pts) Scatterin . . : jonized
&’e( savg in)class that thgre are two types of scatteri mechamsms |n'sem|ccﬁ?cdhugzgis :‘ZgardlCSS
impurity scattering (which involves dopant gtoms and lattice scattering (W

of whether there are dopant atoms or not).

The following table shows some experimental data for the electron mObl]'lty O; a nev\}/l been
semiconductor for two doping conditions. The effective mass of the semiconductor ha

previously determined to be m, = 0.1m,. N.=N, = 5x10'® and E, = 1.5€V.

’_,___1
Doping Mobility _ Mean time
No intentional doping 10,000 &m*/Vsec J | = .
o en“lclr;a:)'4 fem’)) " 6{_,(__,, 71569 % (0 A b}
107 | p 3,333 )

, |22xie7s
2x10"" | 2499 , ¢ i ;)r.,f)-i}x[66§
107 | pa \41%:44% ¥ 7,4 X IDM S

a) (10 pt) Write a symbglic expression for {1,)the mobility at a doping of 2x10"" in terms of
P! sy Xp

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

5 the two given mobilities, o 1 , given quantities and physical constants. Calculate this

introduce and indicate which parameters are known and which are unknown.

_ (©e0)(95%%)
[0,0001 524

A RYNEVS
‘)W{

4

T 2 -
~ 12492, K en'[Usee

’L’\/ MO‘C(S Sente %O&"’ yz <-‘)A[ 4 /Ov b«@ea/ui-(

0§ Hle Dogws Corcertdativa  aoeases /Mfo\o\\\*j
0052 S
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RV —

) (10 pt) Wri
t M sge
) Write an expression for ;. the mobility at a doping of 10'%, in terms of the

given mobilities (and possibl '
. y your result in part a). i ili
% ! 5- write the number in the table. in part a). Calculate this mobility and

\

L IO (N (0
R I e S (5?7%3(2%%'@ —
v 2 S¥y Tamrrtts % |

2= 14g NSV /CM’Z/@ ;

Th makes Sense Khet Yo £ )2 L FIL ) becomic

\f_\‘\,/ e in fat &, Mub\\“‘\'} eCeacesS oS JA(NC’ moreses

\\\(,( ‘\\\QS\\AL\{{&, A e duad,

> ‘\ 1.k
s
¢) (10 pt) Calculate the mean time between scattering events (collisions) for the four
6 cases and fill in the table under the “Mean time ” heading. Be sure to include the Z
units! . l

i v -=eT > oy )") ® 0 00 - J;‘/

T P 5 ,@ Soutt (o000 otne ) 5 caxid”s
W~ M 9 s T
A5 | PR A } 6y (o _
o r’D\ {\OQI\(——— - 5.54 X‘(O— »61 (o’r:(o > - ,5| \Q X (O':)' S
AN [t LEX e — —

‘ - ~E / - 2 -15/Z (o _ G
VT e L T LIPS I R S S i

i 1S x (08

e {t;“_ ii\ ‘Q/\ (Au'\:j - [@A\z x (,‘0—\?-)<Q/\, (q‘,%mﬁ; \‘0‘,}) : Tj,;q)}% (D—G glﬁl)kséb

W s

lIs

T S CRPIR L Pt s LA .
(o 0 55 - (p3m0 )‘ (\D ?) - 2 K0S

VX |0

—

\w{ S\/\/N\& Tex A VACEaSR A —W{ MLIN *]\W/
W W de
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re hort base diodes.
2. (30 pts) Diffusion in long anflil ass (t)he boundary conditions shown. At one end there is

A sli i iconductor on
slice of n-type semico (-a)=Ap, and at the other end the hole concentration is

a steady supply of excess holes, op |
maintained at zero, that is 5p(a)= —Po- AFE:K:-—:]
— S 'Pﬂ
a. (10 pts) Write down the applicable diffusion equation for 6p(x) in terms of the
minority carrier diffusion length, Lp. 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. 7 ,
dIp0) _ {pf) 0)

E ! ,: d x? P

; | xfL
Ff ()= C\ex/Lr *C/ZQX/ ‘()

Ap-:E ® i C, éa/LP+ CZ e“/ir(3)

5 \ .: _ _ o/le —a

.: 1o \\*‘54}5% * ?O - C‘ € 1 CQ 8 /LP(V)
' _:: Po

-a 0 a am 41 j %L 59'4‘46\/?

?"fifﬁMJ
f (=)= ap
JP [q> = \ﬂ.

(Next page for partc !1)
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¢. (3 pts) Sim ify the I
plify the equati
quation for 8p(x) that you obtained in a) for the case where Ly

>>a. [Hint: the T
.o ' aylor expansion for e* = ]
5 conditions and solve for the unknownor (c:onstla:t: + for x<< ). Apply the boundary

J((X): C\CX/(.? + Cze“)f/(_}a * /7‘(:( é:‘v\o L(77&

Se(x) = | <\+_x__3 N cz(\—z&»
¢ Le Ly
Q(X> = C\ au C\}L;- e CZ - CZL = «Q@"' —LX;['[,'[Z>

L
D :(C +C A U
(¢ ) B (0-6) ) - (crey+2 (¢-c;)
AP = C,+CZ- %—?C,-l—ﬁ_ I(;Z = &= G ;(\'é‘—)—yc Le
susuwf% S R e ‘,2(\+¢t_{)
o bl el e -2 ot ‘ ‘
o e _ :
mort So 13¢e(x) = el ?(

current denst

d. (5 pts.) Write an expression €
terms of known quantities (a, Lp, Ap and ]

ts)?

5 30 - e phdEe - ebp 30 = ey 4D

T
DP-’%E / JF{K) QQLZ&%E W&D( is e
{SC(X\:ALY’ X [opL | dffus vn constont
7+L_‘; (——Z{B
PEWETRS ‘
KRy 00
@ ’ p =10

the dimension

/ N
e. (5ptbonus) If the semiconductor is n—typ’\em nvith yﬁﬂand
‘ s um?. What is

a=0.5 pm, Ap = 6x10', L, = 100 um and cross sectional Area = 10*

l thé"totalhglgcurreq at x=0? I8 the current positive or negative? }A [O
Al Dy_ kT 5 D = KL
T M _edpop  De= T > D=fho X
LA

T'\W'\ h (m“\”66>(l0l6> l]bX[\S,? )(2X‘é”> ’ ((ﬂmgm>((‘QSXL&O)@K!OM/
) (\O“X(SLjXQ CO,S‘ X\b_b)

9 . -\ - G
T = 5208 — 2229700 <[ 2,20%0 A ) Cund 8
~ h ,

NQ‘?
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— F —_ C LP DM € ﬁ”{/ :/{ /1
tC, 4+ & “4! v U

6 ( a Ly

2 ( G CZ> &+ O

A p = 20v2¢,

A(-—Q\, = Z(C\+Cl) —> C{"'Cz/': Q(___ZPD_ %C?: ?—(2£1 “C/

- A il (e
S AR 2.,
*?l, ¥’

(o
9= o Y2a 06 )

o = %C\’%CZ - § :(Z)f +Z’/§/€2>%
C= A |
\ —Ez—i-f +CZ

_pypl - T
¢ ’D/%{%fflﬁ“ -G > G = N_fi\oi—af’(?
z Ha 4

e T R e QRN

e T et +oa (C-¢)

7S N L >
/CZ - Af ‘"PO— ﬂ (\/_/ C‘Z/
4 Ya
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