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ABSTRACT

>J‘Wé'have calculated the first fifteen moments of the’
density of:statés of the BC-8 and ST-12 structures and of
the Polk random network model. Using tﬁesglmoments we
éalcuiafe exact avérages of the density_ofAstafeSYOf thesev‘

structures.

'in_the last few'years a great éffoff'has béenjdévotédﬂ
t6 the study of the density of states (DOS) of.crystallinéA; 
and non-crystalline systems in terms of the moments of the
',local-DOS (LDOS) [1]. The moments,‘uogk, of the LDOS, no;_.

are defined as

0

f nO(E)EkdE L, W

in

Ho,k
where E stands for the energy.
” ‘It can be easily seen that the kth moments of the LDOS, .
“O‘k’ is directly'related to the number of paths, Ao'k,:that,'7"
5 . : : ) :
starting at one orbital in one atom, return to the same or-

bital after k steps. In consequence, the first few moments -
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of the LDOS are relafed to the local configuration if'_
no 1ong—range.interactioﬁs arévpresent in the hamilton-
ian describing the system. We have calculated by a count-
"~ ing pafh method, the momehts of the LDOS for the BC-8
and ST-12 étructures [2] and for the Polk randomvnetwork
model as well [3]. We assume that there is_Only one‘s—
orbital per atom and thére is only a nearestfneighbour in-
teraption v which is constént throughout the‘system. |
In qonséquencé, Mo,k ='VkAO,k . Our results'up to-Alq -
V'along with the results for the perfect diamond lattice [u]
are lis?éd in Table I. For the Polk model we haVe_éveraged
over the central atom and its sixteen néighbours, and for
the ST-12 structure* we have averaged over the two‘diffepent
atoms in the unit cell.

In order tq get information about the LDOS, wé'have

calculated exact averages of the LDOS at isolated energies.

- The averages are given by:
to N o N
, (i) . (1).2 _ (i),
<n (E"7)> = f E P, E'n (E)GE = E Py Hog
. —o on . .2:0. .
(2)
" In the ST-12 structure, we get the same first eleven

moments preViously'calculated by Wang and Dy (Dy private

communication).



where ZPg(l)El
3

Reference [Sj, and references therein).

are the Bernstein polynomials'(see i}

The advantage'of these averages is that they are
-'mathematically exact, and do not depend at ali on.higher
order moments. In consequence, the information_provided’
be them is rellable - o o _

In Table II, we have llsted the averages of the LDOS .
for the diamond, ST—12 and BC-8 structures'and for the
:Polk model taklng as 1nput the flrst flfteen (uo,ul,...,
ulu) moments (see Table I). o

We . reallze at once that the averages are symmetrlc

for both dlamond ‘and BC-8 structures. Thls 1s;due to_the'u;

fact that, for these structures, the odd moments‘are’zero;‘,._

in other words, there are no odd—numbered'rings of bonds.';'

The dlp that appears at the mlddle of the band 1n the -

'dlamond and BC- 8 structures is fllled up in the ST 12 struc— -

- ture. ThlS is due to the presence of flve fold and seven-_'-i

fold rings of bonds in the ST- 12 structure as the values
of the flfth and seventh moments 1ndlcate (see Table I)
nIn the Polk model the dlp moves to the negatlve energles
u_(see Table II) and, although experlments in amorphous Si
and Ge presently indicate [6] a fllllng—up ‘of the dip, in

the Polk model we do not find a complete filling-up. To



get that fllllng up, the fifth and seventh moments
should be larger as in the ST-12 structure (see Table I).
Although}our results_are for an over81mp11f1ed ham- -
iltonian, its éorresponding DOS is related by an analyticai
transformation to a more realistic hamiltohian,Whichbit—
' self gives a good description.Qf‘the_s—pért of the vélence'
band of these structures [7-97. | “ o
It should be worthwhilev‘to notice that our abové-
repbrted results are in accordanée with érévious calcula-

tions by'the authors using the cluster-Bethe method.[8,9].

- This work was done in part under :the ausplces of the U. S. Atomlc
‘Energy Commission. '



TABLE CAPTIONS

. Table I: Returning paths up to 14 stepsvfor the,perfect
diamond, BC-8 and ST-12 lattices and for the

Polk model.

Table ITI: Avérages,of the one-band DOS of a.perfect-diamond,
. BC-8 and ST-12 lattices and of the Polk model.

The energy is in units of uv.
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Table T
Diamond BC-8 ST-12 Polk

A, 1 1 1 1

Ay o 0 0 -0

Az' 4 4 4 ’u_‘

Ay 0 0 0 0
A 28 28 28 28

A 0 0 6.666 y.118
As 256 250 1235.999 245411
1, 0. 0 149.333  88.235
Ky 2716 2596 2241.333 ,éuis{

Ay 0 0 2496, 1582.706
Ao 31504 29704 23257.333  26013.529
Ayq | '0'1_-' 0 37693.333 25500.7ds
Ay, 387136 362170 259099.999 297021.706 f'
Apq 0 0 545237.333 385129;647'

u951552 4611394 3060964,

3548138.412




Diamond

Table II

BC-8

ST-12

Polk

.88

.76

.65

.53

41
.29 -

'18

.06

.06
.18
.29

C W4l

53
» .65

.76

.88

.209
.359
.500
.606

. 646

.618

.555

.506

- .506

555
618
646
. 606
500
.359

.208

.203

.365

513

.608
629

.598 .

.585

.528

. 528~

.555

.5398

.629

.608 -

.513

.365

.203

131

409
588
622
.S?ﬁA
528
516

. .5uk

| ',ssi
»,608'
.620
L1l
571

'1:u90"
369

219

173

1396
543

5;505*”:'
616
U sen

528

<495

?SES._-

.610

.63

.61L

T.578

495

.367

.18
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