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Formula Sheet

-E

g
n; = BT3/2ezkr, Vp = kq—T, Ve at 300 K = 26 mV, J = Eq(puy + npy), |J/| = gD
Dn _ Dp _
Un HUp VT
— ﬁ i i , — NqNg _ C]o _(Tr
W= \/ q (Na * Nd) Vi €y = AqW (Na+Nd)’ G = 1+:,/—R’ “a = <VT) Ip
bi
_ qés [ NgNg 1 . (:TD) _ — 2 Dp Dn )
Co = A\/ 2 (Nd+Na) ( Vbi)’ ‘b =1s (e ' 1)’ s = Aqn; (LpND * LnNg

k=86 x 107° eV/K =1.38%x107%3J/K ,q = 1.68x1071° C

-_

For Si at temperature equals 300 K:

—_—

E;=11eV,B =523x 10'° cm™3K~3/2,&; = 1.04 x 1072 F /.,

—

2
n; = 1.5 x 101 cm=3, g, = 1350 €M7/, and i, = 480 M/,

g -

dp(x)
dx

)



Semiconductor Materials and Properties

Q1: Calculate the intrinsic carrier concentration in silicon at T = 300 K.

Q2: Calculate the intrinsic carrier concentration in gallium arsenide at T = 300 K.

" Table 1.2

A portion of the
periodic table
111 v \'
5 6
B C
Boron Carbon
13 14 15
Al Si P
Aluminum | Silicon Phosphorus
31 32 33
Ga Ge As
Gallium Germanium | Arsenic
49 51
In Sb
Indium Antimony

—
i

N, - 27

0,
p——
I Table 1.3 Semiconductor constants
Material Eg (eV) B(em™ K
——+ Silicon (Si) L1 523 x 108
| Gallium arsenide (GaAs) 14 2.10 x 10%
Germanium (Ge) 0.66 1.66 % 109

k=86 x 1076 eV /K
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Semiconductor Materials and Properties

Sol1:
T=300K
n; = BT3/2e2kT
( 1.1 )
n; = (5.32 x 1015)(300)3/2¢\2(86 x 107°)(300)
n; = 1.5 x 101%cm=3
Sol2: T=300 K
n; = BTS/ZBW
( ~1.4 ) .
n; = (2.1 X 1014)(300)3/26 2(86 X 107°)(300) | Table13  Semiconductor constants
Material Eg (V) B (em™ K%
n; = 1.8 X 106cm ™3 Silicon (Si) L1 523 % 108
Gallium arsenide (GaAs) 14 210 x 10
Germanium (Ge) 0.66 1.66 x 107

k=86 x 107° eV /K



Semiconductor Materials and Properties

Q3: Calculate the thermal equilibrium electron and hole concentrations.

v
(a) Consider silicon at T = 300 K doped with phosphorus at a concentration of 1016 cm=3.
T—— . —
WL
(b) Consider silicon at T = 300 K doped with boron at a concentration of 5 x 1016 ¢cm™3. ,\ja

Table 1.2 A portion of the
periodic table
III v A%
m—
5 6
® |°
Boron Carbon

13
Al

Aluminum

14
Si
Silicon

15

é
PhospEorus

31
Ga
Gallium

32
Ge
Germanium

33
As
Arsenic

49
In
Indium

51
Sb
Antimony

Table 1.3 Semiconductor constants

Material Eg (eV) B(em™ K™
Silicon (Si) 1.1 523 x 108
Gallium arsenide (GaAs) 14 2.10 x 104
Germanium (Ge) 0.66 1.66 % 109

k=86 x 1076 eV /K
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Semiconductor Materials and Properties

Sol: (a) T=300Kand N; = 101 cm™3
n~ N; =10 ¢m™3
n  (1.5x10%0)?

l

N, 1016

= 2.25 x 10%cm 3

(b) T=300Kand N, = 5 x 106cm™3
p~ N, =5x10%cm™3
n (1.5 x1019)?2

N T T Ex 10l - 45 % 103cm™3
a

n =



Semiconductor Materials and Properties

Q4: Calculate the drift current density for a silicon at T = 300 K doped with arsenic atoms at a concentration
of 8 x 1015 cm™~3. Assume electron and hole mobility values are 1350 <™*/,, . and 480 ™"/, .. Assume the

( applied electric field is 100 V/cm. }1
E_ "N JJlP

I d \iﬁl Table 1.2 A portion of the
periodic table
III v v
5 6
B C
Boron Carbon
1 13 14 15
— E_ & Al Si P
Aluminum | Silicon Phosphorus
31 32 33
Ga Ge
Gallium Germanium | Arse
49 51
v In Sb
Indium Antimony
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Semiconductor Materials and Properties

Sol: T=300K, N; = 8 x 10*°cm™3
Uy = 1350 ™/, o, w, = 480 ™/, and E= 100 V/cm

n~ N;=8x10%cm™3
n? (1.5 x 1019)2
N,  8x10%5
] =Eo OR ] =%/,
0 = Q(p.up + nuy)
o =1.68 x 1019 ((2.81 x 10)480 + (8 x 1015)1350)

= 1.68 x 10719(13.488 x 10° + 10.8 x 1018)
= 1.81(Q.cm)™?!
J =100 x 1.81 = 1814/

=281 x 10%cm™3

cm?



Semiconductor Materials and Properties

Q5: Calculate the diffusion current density for silicon at T = 300 K. Assume the electron concentration
varies Iinearly from 1012 cm™3 10 101% cm ™3 over the distance from 0 to 3 ym. Assume electron diffusion

‘ 1
|

\ o\ 6 PR A portion of the
) periodic table
t III v v
5 6
\ B C
' 2 Boron Carbon
\ 0 ( 13 14 15
Al Si P
‘ Aluminum | Silicon Phosphorus
‘ 31 32 33
: Ga Ge As
Gallium Germanium | Arsenic
3 49 51
In Sb
0 }J m Indium Antimony







Semiconductor Materials and Properties

Sol:

T =300K and D,, = 35 ™/,

dn(x) i R
Jn =qDy dx 0 3 um
(106 —10'2) N\
— —-19
]n = (168 X 10 )35 (3 < 10_4 — 0) 3 X 10—4 cm
Jn=196 4/,



Semiconductor Materials and Properties

Q6: Holgs are being steadily injected into a region of n-type silicon. Np = 1016 cm—3, n;

. =1.5%x 1019 cm

D, =12 cm */s, and W = 50 nm find the density of the current that will ill flow in the x d|rect|on
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Semiconductor Materials and Properties

Sol:
Np =10 cm™3,n; = 1.5 x 101 cm™3, D, = 12 “™*/5, and W = 50 nm

n= Ng =10 cm™3
nf  (1.5x10%0)?

_ l

_ 4 00 —3
Dn = N, 1016 = 2.25X10%cm

Jp = —(1.68 x 10719)12(—4.5 x 10'7)

Jo=0907 (H)

Since J, is positive, the current flows in the x direction

A p,(x)
108 Pno .
nregion

Pof —— — — — —

0 W

dp(x) (2.25X% 10* — 108 x 2.25 x 10*

dx (50 x 10~7 — 0)
dp(x)

= —45x 1017
dx




Semiconductor Materials and Properties

Q7: Find the current that flows in a silicon bar of 10 um length having a 5 um * 4 um cross-section and having
free-electron and hole densities of 10* cm ™3 and 10%® ¢m™3 respectively, when a 1 V is applied end-to-end. Use

electron mobility value of 1350 <™/, . and hole mobility value of 480 <m*/,, .
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Semiconductor Materials and Properties

Sol:

] = ECI(p.up + n:un) -1 = AECI(pﬂp + n.un)

1M0um=1x10"3cm

»
»

y

A=5umx4um=5x10"*x4x10"*=2x 10"7"cm?

E—V— 1 = 1000 V/
Tl 1x1073 cm

I =(2x1077)(1000)(1.68 x 10719)((10° x 480) + (10* x 1350))

I =161uA



Semiconductor Materials and Properties

V4

Q8: In a phosphorus-doped silicon layer with impurity concentration of 1016 cm™3, find the hole and electron

concentrations at 27°C _—

——

B Tble 1.2

A portion of the
periodic table

© 27-\-273: Boo K 5

___ 2 ? C"" B
-_ Boron
p——— 13

© - Aluminum
, 31
Ga

273 ¥ 1O o

II1 v A%
6
C
Carbon
14 15
Al Si @
Silicon PhoSphorus
32 33
Ge As
Germanium | Arsenic
51
Sb
Indium Antimony







Semiconductor Materials and Properties

Sol:
T=27°C =27+273= 300 K

N; =10 cm™3

n~ Ny=10"%cm™3

l

N, 1016

2 102
ns 1.5 x 10
= ( ) =225%x10%cm=3




