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Mass-action Law

The product of the electron and hole density is
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Accurate measurements of the silicon intrinsic carrier density
from 78 to 340 K
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The intrinsi in silicon has been measured by a novel techmque based on

insensitivity to uncertainties regarding the exact va.lues of the
carrier II’lObllltleS, the recombination parameters, and the doping density. The intrinsic carrier
density was measured in the temperature range from 78 to 340 K. At 300 K the value of #; was
found to be (9.7+0.1) X 10° cm ™.

o ¥ me_—é_/ - : (
i I
7 c en;exp(eV/2kT)V
= 2kT /e

FIG. . Schematic illustration of the p-i-z diode. The narrow P* diffusion
is located between the oxide and the vertical-lateral edges of the device.

the intrinsic carrier density value is (9.7%0.1) X 10°



EEE (300K)

N.(em?) | Ny(em?) E,(eV)| nj(cm™)

S1 2.8x10° | 1.0x10¥ | 1.12 | 1.5x10%

Ge 1.0x101 | 6.0x108 | 0.66 | 2.4x1013

GaAs | 4.7x10'7 | 7.0x10%® | 1.42 | 1.1x10’

it SERPFREF R RFERRE, £—EREE FEBEE
MTFEERFETAEE R, XMERFFREZEAGREL—ER
EEE @J S B ANEZ R N5 X 101%cm3, Sifgfk
S ONS X102 em3, Xt ER 2 U LA BE 121010 emd,
A4 Heh i i A B2 A9 UL oA S A A




S Y PR S A Y R EE A ] DA R AR
NEEN T U A IEFermi e 2 A9 2 =

E-—FE )/ kT E.—E )/ kT
-‘-n(}:N e(F c) B} :nI:NCQ(I c) B

C

: _ —(E;—E. )/ k5T
.N_=ne /

E-—E )/ kT E.—E )/ kT
.-. no :N e( F c) B :Hre( F .i) B

C

— 3 I B
HII:E: p(] — NV e(EV Ep)/kgT — nfe(EI Ep)/kgT

Ep—E)/kgT

l HH@

p neE ~Ep)/ksT

WA, P85: EFREN?



1. Eﬂﬁﬁéﬁﬁﬁ?ﬁu/w (10712/10723)f]Si, 1F
F T, WREKEEAR TIER GES AT
SRR e ERD

N\

LG A I TR R (T

N
© W
>
|

DEIT A



Key conclusions

e Non-degenerate semiconductor: n, < N, andp, < N,: Maxwell-
Boltzmann statistics apply:

Er — E. E,— Er
kT kT
e Intrinsic semiconductor: ideally pure semiconductor. Under
M-B statistics:
Eq

Mo = Do = N; = VN Ny, exp T

e In non-degenerate semiconductor n,p, is a constant that only

n, = N, exp 1, = N, exp

depends on T

W -n,,?

e In intrinsic semiconductor, Ep is close to middle of E,,.



