8 2 Monday, February 23, 2026 & 8 A

EE 362 Electronic, Magnetic, & Opt. Prop. of Mat’ls Quiz 4 (Spring 2026)
Name __ KEY A

Instructions: Open book & notes. Place answers in indicated spaces. Show all work. Use 5-6 significant figures.

At 300 K, a semiconductor has a bandgap of 0.5 eV, an effective density of states in the conduction band
Ne=8x10"8#/cm?, an effective density of states in the valence band N,= 1.2 x 10" #/cm?, and an intrinsic
carrier concentration 7;= 3 x 103 #/cm® . At 360 K, find N.360, Ny360, and 7,360 (assume effective masses
and bandgap are temperature-independent). If the semiconductor is doped such that the Fermi energy is
0.09 eV below the intrinsic Fermi energy, determine 10360 and po3eo. Express all concentrations in #/cm’.

. 3/2
Per (4.10) N, = Z[M;l#j , we can scale NV, to 360 K as

3/2 3/2
N, 36 = N. 300 (%j =8x10" (%j = N.sg=1.0516273 x 10" #/cm’,
% 3/2
2rm kT
Per (4.18) N, =2 h—pz , we can scale N, to 360 K as
3/2 3/2
N, 360 =N, 300 @%} =1.2x10" (%j = Nyae0=1.577441 x 10'° #/cm>.

~E, /kyT

2 . —Eg/kBT _
Per (4.23), n; 350 = N, 360N, 360 € = N, 360 = \/Nc,360Nv,360 e

350 = \1.0516273x 107 (1.577441x10") ¢ I OT5500°660) _ [} 658885107 ¢ 05005102
= ni360=4.0743789 x 10'3 #/cm>.

Per (4.39),

ny=n e =0 =4.0743789x 107 ¢ 0% = pg 360 = 2.23932 x 10 #/em?,

Per (4.40),

po=me T = b0 =4.0743789x 1070 = po 360 = 7.41320 x 10" #/em?,

Nc,360 =1.05163 x 1019 ?':}E/CIII3 Nv,360 =1.57744 x 1019 #/CIII3 n;i360 = 4.07438 x 1015 #/CIII3

no360 = 2.23932 x 1014 #/CIII3 Po0,360 = 7.41320 x 1016 ?':}E/CIII3




8 2 Monday, February 23, 2026 & 8 B

EE 362 Electronic, Magnetic, & Opt. Prop. of Mat’ls Quiz 3 (Spring 2026)
Name__KEYB _

Instructions: Open book & notes. Place answers in indicated spaces. Show all work. Use 5-6 significant figures.

At 300 K, a semiconductor has a bandgap of 0.7 eV, an effective density of states in the conduction band
Ne=7x10"8#/cm?, an effective density of states in the valence band N,= 1.0 x 10" #/cm?, and an intrinsic
carrier concentration 7;= 8 x 10"2#/cm® . At 380 K, find N.3s0, Ny350, and 7,350 (assume effective masses
and bandgap are temperature-independent). If the semiconductor is doped such that the Fermi energy is
0.08 eV below the intrinsic Fermi energy, determine 70,330 and po3s0. Express all concentrations in #/cm’.

. 3/2
Per (4.10) N, = Z[M;l#j , we can scale NV, to 380 K as

3/2 3/2

N, 350 =N, 300 B0 _gsq0[ 220 — N.aso=9.97791041 x 10" #/cm®.

’ 3001300 300

2zm’ k,T "
Per (4.18) N, =2 h—pz , we can scale N, to 380 K as
380 3/2 380 3/2

N ..=N .| — | =1.0x10" | — = N,380= 1.4255863 x 10'° #/cm>.

v,380 v,300 (30()) (30()) 380

~E, /kyT

2 . —E,/kgT _
Per (4.23), 1550 = N 350N, 550 € = M350 = \/Nc,380Nv,380 €

¢,380

ni’sgo — \/997791 x 1018 (1 425586 x 1019)8_0.7/[8‘617333“0_5 (380)] — \/1 422607 x 1038 e—0.7/0.032745865
= ni3go=2.7204543 x 10'* #/cm>.

Per (4.39),

no — ni e(EF_EFJ)/kBT - n0’380 _ 2.720454 x 10148—0.08/0.032745865 — N0380 = 2.36393 % 1013 #/cm3'

Per (4.40),

po=me T = o = 2720454 x 10000 = by 30 = 3.13074 x 10'S#/em?.

NC,380 =9,97791 x 1018 #/CI’II3 Nv,380 =1.42559 x 1019 #/CII]3 n;380 = 2.72045 x 1014 #/CI’II3

10380 = 2.36393 x 1013 #/CII'I3 P0,380 = 3.13074 x 1015 #/cm3
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