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Reciprocal Lattice and k-space for a two-dimensional square Bravais Lattice of lattice constant a.

Bragg planes are labeled by the reciprocal lattice vector that they bisect, K = (2r/a)(n, m) .
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red lines indicate the values of k for the free electron states giving rise to the band

structure plotted in the reduced scheme on the next page
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red lines indicate the values of k for the free electron states giving rise to the band
structure plotted in the reduced scheme on the next page�


&~ N A W
1 t 4
! N )

& 1 B2 - e
p 2™er D A
& 29yt s Y ) T T )
B P UL A < ﬁ o
o st kgt o5t |
P 9+ B2 rdaghue o) 6B
NFhae
£\ g™ 82
¢) A" sz

puk plelid gl dgnai
Mo complicaled  band stuct e oo | Cuwsnseon
Nt ,Mcu‘a—aﬁv&] T 1{.@.‘9 _ mAX {8,,(%] < min [E‘M)CE}I



We can do [le Stine //wvu }é,\ Ifawe e e (P&yj M q&ltz?(m,hé

”77%/ /57L /327: 73 Z/X,L&j) Z< K/Z.,.
?@ =0 - g = ‘[%2:'?;‘2’ (Z) Q/f)( = P ( ?//t) L ’ )

| X 2 2 a - - . |
{}Z\YS 3_«%)!—}(&1 5:/%“ [% k) +Zl | g/fx = H[(%‘I)Zd—(%>§ 2 (b)
L2 . 2 e a 2 gy |
| E:E_m 'U%{'K)l*%j %x =4 ZC% +1) +(,Z<.) S 2 )
K 4 . - ' o @ 2.
~iik] g=Z (2Rl S e[ E-1] | @)
’ A T T N G Ve 4 =) G

ek [grorge] g m4En¥ED] 2 ®

(8

'/J/FS dj—ew %\
3“/&« "
g,é/&mzuzm ¢ 'QZP\/\LQJ“
one dic Wwﬂﬁ
},L}fad'(/ uJ-eM
\Z‘{'b &OWMCLQA

7(3 W;ZM bdm{( S“Mc'/wﬂe ln &.) & $D owe l¢/<y ff i ce/;/M
mmcﬂcmj and /Lévz% 5‘(5/) vs 12/ whﬁ Husa



= Dy ﬂ%@vz,(c‘»av;%/ & ,ﬁ&,\ /? .a// s //éi’{f/ﬂééth&

e
re—— i

P et ey e
/ )'L
‘ 2 (- Kx prih
‘f’Kx
Figure 9.5
\\ 8/t Free electron energy levels
i \ ; ) for an fcc Bravais lattice. The

energies are plotted along
lines in the first Brillouin
zone joining the points
'k =0), K, L, W, and X.

s &, is the energy at point X
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Burdick's caleulated bands for
copper, illustrating that the ab-
sorption threshold for transi-
tions up from the conduction
band is about 4 eV, while the
threshold for transitions from
the d-band to the conduction
band is only about 2 eV. (The
energy scale is in tenths of a
rydberg (0.1 Ry = 1.36 eV))
Note the resemblance of the
bands other than the d-bands to
the free electron bands plotted
below.
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Calculated valence bands for AN // )
aluminum (three electrons 1.0 \\ g ‘ \\
outside of a closed-shell neon e \‘ . Fermi level | .

configuration)comparedwith
free electron bands (dashed
lines). The bands are com- : ; N G
puted by the KKR method. 4 o N
(B. Segall, Phys. Rev. 124, j » ;
1797 (1961).)
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Figure 9.8
Surfaces of the first. second.
and third Brillouin zones for
{a) body-centered cubic and
(b) face-centered cubic crys-
tals. (Only the exterior sui-
faces are shown. It follows
from the definition on page
163 that the inrerior surface
of the nth zone is identica!
1o the exterior surface of the
(n — Dith zone) Evidently
the surfaces bounding the
zones become increasingly
complex as the zone number
increases. In practice it is
often simplest to construct
free electron Fermi surfaces
by procedures (such as those
described in Problem 4) that
avoid making use of the ex-
plicit form of the Brillouin
zones. (After R. Liick. doc-
toval dissertation, Techni-
sche Hochschule. Stuttgart.
1965.)

Figure 9.9
The free electron Fermi sphere for a face-centered cubic metal of valence 4. The first zone

lies entirely within the interior of the sphere, and the sphere does not extend beyond the
fourth zone. Thus the only zone surfaces intersected by the surface of the sphere are the
(exterior) surfaces of the second and third zones (cf. Figure 9.8b). The second-zone Fermi
surface consists of those parts of the surface of the sphere lying entirely within the poly-
hedron bounding the second zone {ie., all of the sphere except the parts extending beyond
the polyhedron in (a)). When translated through reciprocal lattice vectors into the first
zone, the pieces of the second-zone surface give the simply connected figure shown in {c}.
(It is known as a “hole surface™; the levels it encloses have higher energies than those
outside). The third-zone Fermi surface consists of those parts of the surface of the sphere
lying outside of the second zone (i.e., the parts extending beyond the polyhedron in (a))
that do not lie outside the third zone (i.e., that are contained within the polyhedron shown
in (b)). When translated through reciprocal lattice vectors into the first zone, these pieces
of sphere give the multiply connected structure shown in (d). The fourth-zone Fermi sur-
face consists of the remaining parts of the surface of the sphere that lie outside the third
zone (as shown in (b)). When translated through reciprocal lattice vectors into the first
zone they form the “pockets of electrons” shown in (e). For clarity (d) and (e) show only
the intersection of the third and fourth zone Fermi surfaces with the surface of the first

zone. (From R. Liick, op. cit)



