Chapter 2

2-2) The specific density of tungsten is 18.8 g/cm® and its atomic weight is 184.0.
Assumethat there aretwo free electrons per atom. Calculate the concentration
of free electrons.

Answer
d =18.8g /cm® =18.8*10°kg /m?®
A =184.0
v=2
* 3 * 23 % * 3k 9% 3
n:AodV 10 :6.023 10 *18.8*10°*2*10 _ 1 93%10® electron /m®
A 184.0
2-3)

(a) Compute the conductivity of copper for which z=34.8cm?*/Vs and d=8.9
g/cm?®,

(b) If an electrical field isapplied across such a copper bar with an intensity
10V/cm, find the aver age velocity of the free electrons.

Answer
(a)
1 =348cm? Ns =34.8*10"m* s
d =8.99 /cm® =8.9*10°kg /m*®
v = lelectron /atom
A =63.54
. A,d v *10° _ 6.023*10%°*8.9*10°*1*10° _8.4*10%electron /m®
A 63.54
o=nqu=84*10**1.6*10""*34.8*10" =4.697*10" (Qm)™
(b)

E =10/ /cm =10V /m
V = uE =10°*34.8*10° =3.48m /s

2-4) Compute the mobility of free electronsin aluminum for which the density is
2.70 g/lcm*and theresistivity is3.44*10—6Qcm . Assumethat aluminum has

three valance electrons /atom.
Answer

d =279 /cm®=2.7*10°kg /m?
p= 3.44*10° Qcm =3.44*10° Qm
o=L_29%10 @Qm)*
o)
A =26.98
N A,dv *10° 3 6.023*10%*2.7*10° *3*10°

=1.8*10"¢electron /m?
A 26.98




p=nqu

* 7
p=2 o290 goims
ng 1.8*10” *1.6*10

2-5) Theresistance of No. 18 copper wire (diameter = 1.03 mm) is 6.51Q per

1000ft. The concentration of free electronsin copper is8.4*10%electons /m?®. If

thecurrent is2 A, find the (a) drift velocity (b)mobility (c)conductivity
Answer

d =1.03mm

r =.565*10"m

7d?

A=7xr’= =8.66*10"'m?

R =6.51Q
L =1000ft =1000*.305 =305m
n =8.4*10%electrons /m?

| =2A
o=t o 3B g 4m0@m)¢

RA  6.51*8.66*10

* 7

P S VALYV

ng  84%10%*1.6*10

*

v = uE =uvf=y%=.004*2 651 1 72%10m s
2-7)

(a) Find the concentration of holes and of electronsin a p-type ger manium at
300K if the conductivity is 100(Qm)™

(b)Repeat part afor n-typesilicon if the conductivity is 0.1(Qm)™

Answer
a)
n, = 2.5*10"electrons /cm®
u, =1800cm? Vs
o =pPqu,
p=-2 = 100 =3.47*10" holes /cm*®

q 4, 1.6*107"° *1800

2 %1 1312
n=ni =w =1.8*10%lectrons /cm?®
P 3.47*10



b)
n, =1.5*10"electrons /cm®
4, =1300cm? N's
o =nqu,
o 0.1

n= = 9

qu, 1.6*107 *1300
_n?_ (1.5*10°)°

n 4.8*10"

= 4.8*10"electrons /cm?

=4.68*10°holes /cm?

2-8)
a) Show that theresistivity of intrinsic germanium at 300K is 45Qm .

b) If a donor-typeimpurity isadded to the extent of 1 atom per 10° germanium
atoms provethat theresistivity dropsto 3.7 QQcm

Answer
a)

n, =2.5*10"electrons /cm*

u, =1800cm? Vs

4, =3800cm? s

o =n,q(u, + i, ) = 2.5*10% *1.6*107° * (1800 + 3800)

=0.0224(Qcm)™
1

p=—=44.64Qcm =45Qcm
o
b)
n —type
d =5.32g /cm?
A =726
*10N23 %
N = Ad _ 602371077532 =4.41*10% atom /cm?
A 72.6
4.41*10% n 1l o
n=N, = i 4.41*10 ,as for each 10° Ge atom there are one donor atom
o =nqu, =4.41*10" *1.6*10*° *3800 = 0.268(Qm)
p= 1 =3.72Qm

o



2-9)
a) Find theresistivity of intrinsic silicon at 300K .
b) If a donor-typeimpurity isadded to the extent of 1 atom per 10° silicon atoms,
find theresistivity.
Answer
a)

n, =1.5*10*electrons /cm*

H, =500cm? Vs

4, =1300cm? s

& = 0,0 (1, + 4, ) = 1.5%10° *1.6*10 % * (1300 + 500)
= 4.32*10°° (Qcm) ™

P _1 2.3*10° Qcm

O
b)
n —type
d =2.33g /cm®
A =281

*10N23 *
N _A,d _6.023*10 2.33:4.99*1022 atom /em®
A 28.1
4.99*10% n Ll 6

n=N, = 1 4.99*10 ,as for each 10° Ge atom there are one donor atom
o =nqu, =4.99*10"*1.6*10"° *1300 = 0.104(Qm)™
p= 1 =90.6340m

O

2-10) Consider intrinsic germanium at room temperature (300K). By what
per centage does the conductivity increase per degreerisein temperature?
Answer

__FEg
2KT 3

O3 =00 €

_Eg
KT 300

Ogp0 =05 €

Eg
2KT 30, __Fo , Eo ,EA[ 1 1j
ATy 2T _ g
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300 o e 2kTggo

2k

1 1

_g 2°86270° (ﬁfﬁj —1.044
Where Eg =.67eV K =8.62*107eV /K

Oy =1.044% 0,

O301 300 _ 1.044% 545, — Oy *100 = 4.4%

conductivity increase=
O30 O300



2-11) Repeat Prob. 2-10for intrinsic silicon.

Answer
Eg

2KTag,

O30 = 0o €

__Fo
KT 300

O30 =0, €
Eg

2KT40 __Eg  Eg _Eg( 1 l]
Os1 _ Oo® _p HTa Ty

—e 2k

301 300

__Eg
2KT 300

0.
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o,

_L(L_L
o -5
—p 21862110

301 300] :1073

Where Eg =1.1eV K =8.62*10%eV /K
O3 =1.073% 0y,

o Oy — O. 1.073*c
conductivity increase=—%—3% — 300

~ %30 %100 = 7.3%

O300 O300



