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The Theory of Electronic Semi-Conductors.
By A, H. Wisow, Emmanuel College, Cambridge.

{Commmumnicated hj.l' P. A, M. Dirac, V. R.8.—Beceived June 18, 1931.)

TI'ntroduction.

The application of quantum mechanics to the problem of metallie conduction
has cleared up many of the difficulties which were so apparent in the free electron
theories of Drude and Lorentz. Sommerfeld® assumed that the valeney
electrons of the metallic atoms formed an electron gas which obeyed the Fermi-
Dirac statisties, instead of Maxwellian statisties, and, using in the main
elassical ideas, showed how the difficulty of the specific heat would be removed.
He was, however, unable to defermine the temperature dependence of the
resistance, as his formule contained a mean free path about which little could
be said.

F. Bloch took up the question of the mechanics of electrons in a metallie
lattice, and showed that if the lattice is perfect an electron can travel quite
freely through it. Therefore so long as the lsttice is perfect the conduetivity
iz infinite, and it is only when we take into account the thermal motion and
the impurities that we obtain a finite value for the conductivity. On this
view all the electrons in a metal are free, and we cannot assume, as we do in
the classical theory, that only the valency elsctrons are free. This does not
give rise to any difficulty in the theory of metallic conduction, as the direet
proportionality between the conduetivity and the number of free electrons no
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I am indebted to Professor Dennison for helpful erificism, and alse to e
O, P Bnow and Mr, I, V. Whitfield for the benefit of their knowledge of cortain
points.  Homee checking of calenlations was done by Mr. . O. Pringle, who is
receiving a grant froon the Department of Seientific and Industrial Besearch,
to whom T would like to tale this opportunity of expressing my thanks.

The Theory af Elestronie Semi-Conduetors.—11
By A, H. Winson, Bmmanuel College, Cambaidge.

{Commanieated by B, I Fowler, T3, —Recsived August 25, 1931.)

Tntroduciion,

o parevions paper® it was shown that the quantum theory of conduction
lends noturally to & division of crystals info eonductors and insulwbers, and
various propertics of insnlators weee worked ot Since that paper was writtens
experimental material has eome to my notice which necesaitates an extonsion
of the theory to inelude the effect of imparities, a8 it appears that impurities
dominate the electrical propertics of the semi-oonductors,  As the substances
which show a negative temperiton: coefficient of the electrical reststance fall
ke fwo main classes, it will be as well to define what we mean by an electronee
sermd-ronductor,  In the first place, there are substances such ag silivon which
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(14) for the whole ra,ng;, with negligible error. Hence the conductivit}; c 18

given by
J 16725 ep%2 (N/G) r .
N — z — 7 d
°TF (Ga)? e ), © € P
= A(N/G3) T—3/2 (15)
. oW, —-W,
- B (NQ/G3)II2 T-3f4e kT , (16)

where A and B are complicated constants. Equation (15) gives the variation
of ¢ with the number of free electrons, and equation (16) the variation of o
with the temperature and with the amount of impurity.

gives rise to the very surprising result expressed by (16). Formula (15) there-
fore holds for any semi-conductor, independently of whether the conduction is
intrinsic or due to impurities, while (16) is different in the two cases. In fact,
if the conduction is intrinsic

AW
N oc T82¢ 2T
and so
- AW
G = Gge 2T, (164)

where AW is the minimum energy difference between the bands 1 and 2.

--- Wilson, A. H., "The Theory of Electronic Semiconductors. “ Proceedings of
the Royal Society of London, Vol. A133 (October, 1931), pp. 458-491,
\ol. A134 (November, 1931), pp. 277-287.
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The Nobel Prize in Physics
1985

EEYIES A (Klaus von Klitzing,
1943- ) FEHFRIE R EFERIZTRYF
SR &I T EFE RN,

Klaus von Klitzing
Prize share: 1/1

The Mobel Prize in Physics 1985 was awarded to Klaus von Klitzing
“for the discovery of the quantized Hall effect”.

Photos: Copyright & The Mobel Foundation
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EREEBYVEZRER
(Daniel Chee Tsui,1939-)
MEEMEZRFT MK
(Robert  B.Laughlin

1950-). IEHrEA (Horst L.
s ey some - pmecr St rmer, 1949-)fF S5RH
The Mobel Prize in Physics 1998 was awarded jointly to Robert B. iﬁ?ﬁﬁ%ﬁi?%é%g&}ﬁﬁjﬁ
Laughlin, Horst L. Stormer and Daniel C. Tsui "for their discovery of f%?ﬁé&%fzgﬁymo

a new form of guantum fluid with fractionally charged excitations”.

Photos: Copyright © The Mobel Foundation
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© Tri Phe ton [ll: N. ElImehed. © Nobel
Cambridge University. University, Comms. Media 2016

Photo: Kiloran Howard Office, D. Applewhite J. Michael Kosterlitz
David ). Thouless F. Duncan M. Pobs a1 14

Prize share: 1/2 Haldane

Prize share: 1/4

The Nobel Prize in Physics 2016 was divided, one half awarded to
David . Thouless, the other half jointly to F. Duncan M. Haldane and
J. Michael Kosterlitz “for theoretical discoveries of topological phase
transitions and topological phases of matter”.
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