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are either full or empty.

If‘gh;e (jonductmn t‘n;nd 1S mim mum at the I point in the center of the Brillouin
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space is a small sphere given by the standard equation for a sphere 7
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where E; is the Fermi energy, and the electron mass, m, relative to the free-
electron mass for various direct-gap semiconductors. The situation for the
conduction electron Fermi surface is more complicated for the indirect gap
semiconductors. The corresponding six ellipsoidal energy surfaces are sketched in

Fig. 4.13 (). The logitudinal and transverse effective masses, m; and M,
respectively the following values |

M; M
=092 =L - Si
M, M, 0.19 for Si
Mi =725 I‘;f = 0.21 for GaP o iy ';j__- 5

for these two indirect-gap semiconductors.

Germanium has its band minimum at points L of the Brillouin zone sketehed - -
in Fig. 4.7, and its Fermi surface is the set of ellipsoids centred at the L points with - e
their axis along A or (III) directions, as shown in Fig. 4.13 (a). The ]‘mS'ltUdlnalan e
transverse effective masses for these ellipsoids in Ge are m Jm, =158 and
m,/m_ = 0.081 respectively. teheas

4.9 Fermi ENERGY i
The electron energy spectrum in a §6lid consists of bands'l‘llmﬁﬁﬁ'ﬂﬁ’

the allowed electron energy states. According to the Pauli excl
know that the electrons fill the atomic orbitals with lower

the electrons in a crystal fill the lower efiergy bands ﬁrsti:;

A solid having m energy levels and » electrons at equilibri
numbers are extremely large and the number m of allowed.
into account the spin degeneracy) in a solid in much larger th
electrons (m>>n). e

For example an iron metal with a volume of 1'cm3
10* atoms and 102 electrons. At equilibrium, when
state (at the absolute zero temperature 0 K), the low
copied by electrons and the next remaining m-n e

The highest occupied state is inside a band,
the Fermi level and is denoted by E ~ That

This is illustrated in Fig. 4.14 (b) for metals.



0 W el o b abwian e bighest enéegy m_”,? ﬁﬂ% W
AT Y Al e wsil sy eimply Witiel (eanduebion bistiel) #s whiernitiig

WA VG Pl vy gy bebwesi Hhe valines bniud sl thies eoniékisetion M

vl Ee i g ad s vapesent by #

e baetn of e Wil loval valitive (o the allowed snergy baids i
AW bt O oloet el propertios of o solid, Metals have 8 Wﬁfﬁi
A e aeetvon Wi, stines U Wapmi lavel lies lnside this band, whfﬁ_h malms
wekats dond slastvienl conductors ne Lhe higher energy nlmsl.,_rmm-em_rqadﬂy b
SN I A oty enerpy sbate nied conteibite Lo elsetrieal mmmmmﬂg,,tg
et s ietovs hivve complotely fllad or completely empty, 9'ﬁ€¢f0ﬂbaﬂd“
W weans hat the Baemt onoegy How inslde n forbidden energy gapﬂﬂdhm

thay e poor electvienl vonductors nl low Lemperabures, Bame cﬂﬁ}_bﬁf'-_'
ABBUE it s, Wil

. Conduetion hand

mpty lovel - .:
* » R A

Ry

nergy gap ki,

Valence band
W) o
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Inanlators diffor from :‘tmnimn(l_t_lctnr.a_-l :
than Ny 7' where K, = (LI8066 x 10 JK1
constant and 7 is the temperature in degr
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