(Electrical Properties of Matters)
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tR_ESISTI'VITIES OF SOME MATERIALS AT ROOM TEMPERATURE (20" C)
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TEMPERATURE
RESISTIVITY, COEFFICIENT OF
. RESISTIVITY, &
MATERIAL (L2 m) (K )
Iyppiccl Metals
Silver 1.62x 10" 4.1xm:§
Copper 1.695{1[!_3 43x10
Alumitm 275z 10 44 %107
Tungsten 5.25%10°° 45%107
Iron 0.68% 107 6.5%10°7
Platinum 10.6 % 10 3.0=10
Wangati @ 452x 107" 0.002x 107
Fyppicald Sericonductors
Silicon, pure 255103 70 % 107
Hilicon, n-tj.rpee’ 8.7 x10 4
SﬂiEDn,‘.t?-thpﬁf 28=10*?

Glass
Fused quartz
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(temperature coefficient of resistivity)a
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COne end of an aluminum wire whose diameter i3 2.5 mim 15 welded to one end of a copper
wire whose diamneter iz 1.5 mum. The composite wire carries a steady current 7 of 17 md.

(a) What iz the current density in each wire?

by What 1z the dnft speed of the conduction electrons in the copper wire? Aszsume that, on the
average, each copper atom contributes one conduction electron.

2
(@) Au- w@) = ;(1.5 X 1073 M)2

=401 ® 10-% m?,
. _3 i 17 = 10-F A
o 1Ixi0a I === oo
M4y 401 % 1076 m? Cn & Ik
— 3.5 w 103 ."Eﬂ..'llmz. = 6.? > 103 A.'Ilmz.
3 3 Iy
(b) n g or atorns M _ tnassf o = o
My A atoms/mol  massimel M
(802 X 10% mel—1(9.0 % 10F kg/m¥)
84 % 103 kgfmol
k = 47T » 102 alectrons/m?, /

4 6.7 = 10F Adm? N

Ve =
lants i
(3.47 « 102 M)(m % 1019 _)
e alectron

=40 x 10-7 mis = 1.8 mmsh,

Consider a strip of silicon that has a rectangular cross section with wadth w = 3.2 mm and
height /i = 250 g m, and through which there 12 a uniform current § of 5.2 ma. The silicon iz
an n-iype semiconductor, having been "doped” with a controlled phosphoris pnpurity. Az we
ghall discuss i Section 27-5, the doping has the effect of greatly increasing n, the number of
charge carriers per unit volumme, as compatred with the value for pure siicon. In this case, n =
1.5z 10%¥m™

(a) What iz the current density in the strip?
(by What iz the dnift speed?
NI /




@) 1= i _ 52 2 10-F A
wh (3.2 % 10-F m)250 % 10-% m)
= G500 Afm?,
(h) J Bs00 Afm?

YT e T 115 % 102 m-2)(1.60 % 10-12 )
= 027 mfs = 27T em/ss.

o

{a) What 1z the mean free timer between colisions for the conduction electrons in copper”

(b} What iz the mean free path A for these collisions? Assume an effective speed vy of
1.6 % 10° mys.

m )

(@ T netp

A
(847 X 1028 51,6 X 10-19 C)% 1,65 % 10-8 {3+ m)
= 3.66 3 10-17 C2 {¥m? = 3.66 % 10-17 ks,

C31 02V CRNC kgem¥ed ke

m? m2-A m?-Cls m¥s s
(b) A= rvge = (25 X 10719 5)( 1.6 X 10° m/s)
= 4.0 % 10-2 m = 40 nn,

Thiz 1z about 150 tumes the distance between nearest-neighbor atomes in a copper lattice,

A Platinum Resistance Thermometer

A resistance thermometer, which measures temperature by measureing the changein
resistance of a conductor, is made from platinum and has a resistance of 50.0 Wat 20.0
. When immersed in avellel containing melting indium, its resistance increases to

k76.8 W. Calculate the melting point of the indium. a=3.92" 103 ( )1
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DT = R- R, _ 76.8W- 5(_)1.0W _137°C
aR,  [392" 10°%("C)")(50.00)
T=DT+T,=157°C
-9
(Semiconductor)
element semiconductors ® TN} T
(silicon, Si) (germanium, Ge) SN J
(compound semiconductors) > 2
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Cds CdTe ZnS
(diamond structure) (Zincblende)

: Si: a=0.543nm
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(Generation and Recombination)
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(mass-action law)

np= =Np,
np=n;*(T)
n (cm™) E, (eV)
(Ge) 2.4x10% 0.67
(S) 1.45x10" 1.12
(GaAs) |1.79x10° 1.42
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/ 1016 cm3 \

(@
(b)
(c)
(@ 5x 1022 /cm3
16 3
10°( _Jem) 5 107 =0.2ppm
5.0 10™ ( /cm?)
(b)
n=N,=10 cm'3
n=1.45x 1010 cm3 2 £ 100 ~mq-3 R
| p=1t = (1'45 1601 CT ) =21 10°cm™®
n 10" cm
(c) n>>p
n+p»n=10*cm>
n+p=2n=2"145 10"cm®=29"10°cm
10" cm® ,
=34 10°
k 2.9°10°cm /
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RELATIVE
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(depletion region)
logp & logn (space charge region)
A :NA i n:ND
n=n’/N, p=n’/N,
% 0 %n
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r (X) charge density

X,No=x;N, +0Np
N, >
= X Ll
"N, N, T Xn
N, )
= aN
PN N, i dE
= E(x) electric field — =
Xg = X, + X, ®) .
Xq
o X .
X
e aNpX, _ ANAX,
eSi es' 'lEmaxl dV

i A

i = 1(e™" - 1)

(forward bias)
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BJT (Bipolar Junction Transistor)
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JFET (Junction Field Effect Transistor)
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(Gate)
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MOSFET (M etal-Oxide-Semiconductor Field Effect Transistor)
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DRAM (Dynamic Random Access Memory)
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WORD
_ /
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