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Figure 14 Calculated band structure of germanium, after C. Y. Fong. The general features are in
good agreement with experiment. The four valence bands are shown in gray. The fine structure of
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11] EXCESS ELECTRONS AND HOLES AS CURRENT CARRIERS 9

conductivity.* In Figure 1.5(a) we répresent a photon delivering its
energy to an electron which is ejected from one of the bonds.® This ejected
electron constitutes a localized negative charge in the crystal as shown in
(c), since before it arrived in that part of the crystal the electron-pair bond
structure was electrically neutral. Such an'electron, which represents an
excess over and above that required to complete the bond structure in its

o
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(@) PRODUCTION OF A
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DISPLACEMENT NSPLACEMENT OF HOLE
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F1g. 1-5—Excess Electrons and Holes in a Diamond Crystal.



v) 'LZV- S, . TTe ttad e (or o PMed lomd 'w
Zoxo | So Han vintbay JadTT Vo veqiburt .
N R O e K
borad w tha 2040 oqf oA e deoper Stades
one  lawes enavay (v @acurns | loud \Mﬂw
Lolern | Gunes tase requae SHPTRL I X
p)e cXrcer- Yo o e u_xa)_/ bod  ed gL
[\ A Zod &
T’H@ €e Pon  eleckon onnd a'e

Lot ( Samme VeVt

he

e

OM-




V) e .
A]:\.. A_'Jf(’_ —@. = > 5 _ AQ? - = \
i (E+VQ>LB> JVLOEK:‘*@(.E*V“XE)
A 4
reverye i ) QB SIGM
o> o) p

So e e » a Pm'&we% rangee
‘we  u~ P opmx@ Joinveetan,

S&Mw L A W

Cafri,e,

\fme, VTSNS V.V € = ;ﬂkl? & = _?_i Clonyieal
= il S 2 renul¥.

) drelw)
v S e
| RES g (),
Vﬁm(,.ﬁ ‘:ev Q\ra_ G)LC}:'/M f l/\'\7\C R OUf-l' AL ‘.;
g%cc)"ud& ) Camn e MSO“F@{J &
\ re( ot e



%0)

Bk P‘m@icd lvd(upm\'a)mom
Maks oyt lies o
Focees actmn on Hadvons un & errdeed.
&ML He crmdied MW—”:‘M:;{;\%‘Z = Bl
The vafe aF Sadn P eresgu vites ¢ %Lﬂm
by Do Quope o e bend §nuehare

= remiem el o OCU?_lea}t:ovx

Zg -3 k> ’T'cj‘lq,.} WMMW\- = S k) k*G"
. : I Q.Q LI*LAC}-Q
i Ay e approad A : Do cePlacted amp g
e OACACONeS (C.Mu;’\i ﬂ““?;,._{’fc'} P ATTAA

I ’ Py j: Z@ \\'ﬂ-&..} s ; M M*
b realeen 220 . ' ﬁ.ué,, ol hasd
,P'\c,\—vwc.; ¢ vedh ovenlop s g\\dl>

"I/’Loj\r\k' ~-\o;~(J;»f53
> Shallowd Yhewnnd §

N orce N2

/ﬂ/\au) Lhasse Aillenenk  Comen a5 s Bt

dawa}—k L\ Zore Corive, Co B

|| ehacdve pooF - 0066 e
Sprn—ov ik

il /’%r\%‘:ﬁhwﬁ\mw ¥ = 05 wie

J,(_ e Lo\ Latan e 0.032L vre
28.02.06. | e “S?U‘ olk* ok AF o 007 e D =03V



) R r, in units of Bohr radii —
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A

wre 22a Pseudopotential for metallic sodium, based on the empty core model and screened
1e Thomas-Fermi dielectric function. The calculations were made for an empty core radius
1.66a,, where a, is the Bohr radius, and for a screening parameter k,a, = 0.79. The dashed
e shows the assumed unscreened potential, as from (21). The dotted curve is the actual
= 0.15, 0.4, and

ntial of the ion core; other values of U(r) are —50.4, —11.6, and —4.6, for r
respectively. Thus the actual potential of the ion (chosen to fit the energy levels of the free

1) is very much larger than the pseudopotential, over 200 times larger at r = 0.15.

Electrons

Table 2 Effective masses of electrons and holes in direct-gap semiconductors

Electron

Crystal m,/m

0.39

InSb 0.015

InAs 0.026 0.41
InP 0.073 0.4
GaShb 0.047 0.3
GaAs 0.066 0.5
Cu,O 0.99 —

focpie mn i

Heavy hole
my/m

_H_\O,\,L ¢ n..r\.U:\/ﬁ
o
Mb\r\ru
E,
k
\\\N / 4 \v...b:.(.. ]
. Heavy holes b
Light holes 8 s
A
\ Split-off holes Figure 13 Simplified view of the
band edge structure of a direct-gap

semiconductor.

Spin-orbit
A, eV
SRR

Split-off hole

Light hole
My /M

m _.____\ m

0.021 (0.11)
0.025 0.08
(0.078) (0.15)
0.06 (0.14)
0.082 0.17
0.69

0.58
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