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Instructions: Do your own work. Open book (including class handouts), calculator allowed, no notes. Each part is worth [x] points. Ex-
plicitly state definitions and assumptions that you use. Where possible, calculate parameters rather than read them from a graph.
Do all work on this paper. Show all calculations, making numerical substitutions and giving numerical results where possible. Write an~
swers in space given. Unless stated otherwise, T = 300K and V,= 25.852 mV.

1.A sémg)le of semiconductor material has a unifdrrﬁ i'mpurityvdistribution of 7E15/cm’ phosphorous and
'_ 3E16/cm” boron. First, solve for the net donor concentration.

Mp=T€1E  Mp=3e/4

Nne Mp-My = 7@ 1€ 3814 = -2.301/{ c.;s

o -3
a.[6]N=_ 2-3 e/ é Cm . Next, determine the value to use for the intrinsic carrier concentration and
document your reasoning. '

/s
Ni=)oTse cmg 7/or Cioat 300 kK

7[»4’"'7 Table 23 6][ text book

6 .3
b. [6]n; = o1 7/0 (m . Next, determine the majority carrier type.

M= 23¢€14 =2 P tpe

c. [6] The majority carriers are [electrons] (circle correct answerext, determine the hole concentration.

-3
d. [6] po= 2"38/5 0’”"
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. 1.(continued) Next, determine the electron concentration.

2

> 2
e o7 x8") 2
Ne —= = 4978 /0
P 23er4

. [6] 0o = 4017(? f >

2. The followmg information is all that is known about a pamcular semiconductor: At T=300K, E;=1.35 eV,
N.=4E18 cm™, and N, = 2E18 cm™. Solve for the i mtnnsw carrier concentration.

b4 : | }2:
= Z/A/c/\/v 4>><F (- %)] ‘(4//;&2”",{0’7’ (- Y >7

oo26f¢2
= 1294 7/07
.7 -3
a. [6] ni(300K) = X 4%, O lm . Next, make the best possible numerical estimate of n;(250K).
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b. [6] ni(250K)= £.308 /,0 (wn - ¢ 4
3. Calculate the majority carrier hole mobility at 300K for silicon with Ny = SE16 cm™. 30f A
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a. [6] pa= CU:—( A’ S . Next, qalculate the resistivity of this material. 07 £< %

F~ ?. - -
g0 /5’/;{9»("!?_(;15(/6‘ ) 0‘,27 617""""*7

b. [6] p = 0.12 ] obm—om
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. 3.(continued)Next, calculate the position of the Fermi level of this material relative to the conduction band edge.

-~ : M

Ec-Er = 002082 B, — 9
o Me= 222

C ;_ //04}

3 = p.o>¢kE2> %(M‘?
7 _ 4
2,0 T 06T ey
¢.[6]E-E.=___— 0167 €V
4. At 100K, calculate E; for silicon. . N
T |
272 & (1)= 111 - 47320
(=72) 9 ¢ (T4 434)
Ef? (r00) = /. 177 = 473 ;!/oé/y (/ov)
34 1699
a. [6] Eg(100K) = /-1 53 oV . Next, calculate N; for silicon at 100K.
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b. [6] N(100K) = £ 478 20 4
5. A p-n junction abrupt junction diode has N, = 5E14 cm™ and Ny = 6E17 cm™. Solve for V.

/

Vb = %Lj,\ ),002‘&12%(5»*/0)’/%/0_)

(/)’/ /9)2

= 0742

algve= 0142 V

. Next, solve for the junction width at V, =-7.0 Volts

W = 241 P XEEE4sp /“{@‘7?2 +7) Mp »2 ’Q“v |
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bieiw=__ £49{ um




, S.(continued)Next solve for the transition or Debye length on the p side of the diode.

£\/‘£ f(y .
L \/’_/ W< 8 x 0. 02_('a°,(2 -
DF & /Ma = L84y,

/é//o X 4,0 4 4 Cmn

c.[6]Lp= 0| g 4 A - Next, solve for the magnitude of the maximum electric field in the deple-
tion region when V,=-7V.

2 S ' -9
Evx - o0 \/q))/"ﬁ ) \/(2”{{/0( (7742 ) e,
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= 344 %%

d. [6] Emax = 3¢, Zf 'é\// . Next, solve for the junction capacitance when V, =0 V.

/ / o
vz . = 3 /(/ " \ "
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e.[6]Cy= 7-()(:0.' ;[AV




