. )(// —Vl/

OBBEAWHEHHKIM
UHCTUTYT

AOEPHBIX i
WUCCNEOBAHH M A

E4 - 6589

W.John

THE ELECTRONIC DENSITY OF STATES
IN THE WEAIRE MODEL

OF AN AMORPHOUS SOLID

AAB@PAT@PHS TEOPETHUE(KOH @HINKH

1972



E4 - 6589

W.John*

'THE ELECTRONIC DENSITY OF STATES
'IN THE WEAIRE MODEL |
OF AN AMORPHOUS SOLID

Submitted

to physica status solidi (b)

\9‘5’75:5:)1;:'11\}'5}5&&’ EOCTELYY
) GREMIMT FocnopoBanolf |
_ BHBIMOTEHA
* 0On leave of absence from Sektion Physik,Technische
Universitdt Dresden.




Using a simple tight-binding model, it is possible
‘to show the existence of a band gap in a tetrahedrally
bonded sol;d of‘arbltrary structure/l/. Recently Thorpe
and Weaire/z/ have studied this model in detail. They '
have found an expression for the density of s states ‘which
.relates it to a one band Hamiltonian and 1nvolves the
" influence of structure and overlap parameters in a well
separated form. Thorpe and Weaire obtain this result,

using a diagrammatic expan51on "for the Green function,

in a relatively complicated way. In the following a com=- = .

paét and much simpler derivation for the density of state
formula offThorpe and Weaire is given. ‘
"With a Sﬁitable choice of the energy zero the model

Hamiltonian/-/ may be written as

W= s lin>V, <nfil s I LV <nil (1)
n;én'.i' n,i,]

where the atoms are 1abelled by » , »° and the bonds by ..

L .

, i . The first term in (1)

H, = f, Clin> ¥, <n’il I (2).



describes the overlap along the same‘bonds between‘heigh~'
bouring atoms with eigenvalues E - + ¥V, per bond} The

other term in (1)

o= LI Tins ¥ < - o ’ - (3)
involves the overlap between orbitals associated W1th the
same atom. ¥ describes decoupled atoms, each. .with a non-
degenerate elgenstate lsnn> gt energy E =4 v, and
three degenerate elgenstates at E =0 . These eigensta-
tes are nothing but the atomic eigenstates with angular
momentum L = 0,1 ,; Therefore W is in the main a pro-

jection operator

W o-4 VP, P =3 |sa><ns], v o (4)
n

which projects out the s -part of 'the wave function.
It is simpler to consider the integrated density

+0f states. than the den51ty of states. The 1ntegrated

density of states per atom - N (E) may be expressed as

N(E) =N (E) - Im. Tren(1-WG,(E)) . (5)
m
-with
No (E) = L in Trinc, (E) | | (6)



~the integrated density of states of the Hamiltonian #

and with

o B

C,(z) = (z-Hy) ™" . - (7)

_the appropriate’Green operator. Using the projection ope-
rator P (4) and the properties of the trace for the

second term in’ (5) we,obtain
Trin (1 —W'GO (E)) ='Trfn(1—4V1 P‘GO(E)P) . (8)

An elementafy calculation gives

P'GO(E)P. = 1 (EP +—’41— v, T |sad<nts ). (9)

E? —V; nd n’

With (9) and the definition .

§=E2—V22—4‘V1E, (10)

’

B2y > <.n h ' : ,
n;énl‘,s" "is - . (11) -

v»thevintegrated‘density of stafes mey‘be writteh'as
: - R
: 1 1, "
N(E)=TNO(E)—-”—N—1m Trﬂn({—VI Vzh) (12)

»

Only the second term depends on the topological. order.

ThlS term descr1bes the den51ty of states of a one band

Hamiltonian h.(ll) with an overlap parameter VI v, .



PR

"With the eigenvalues ¢, of k we: obtain fdr the integrat—

‘ed density of states

N(E)=6(E -V, )+ 0(E +V,)- IN*i_ In ta(C -V, V, e, )(13)
R ,

m

and thus for the density of states. D(E) .the result
first derived by Thorpe and Weaire o

q:

dE
D(E)=8(E-V, )+8(E+V,) - S Im . (14)
N v l _VI V2 € ’
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