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‘Electronic ,Properties ov'f Comblex Crystalline_ and
Amorphous Phases of Ge and Si.II. Band Structure and Optic:al' Pro.perties.
| J. D.‘.’Toanhopoules 'an‘d Marv'm L. Cohehv | |
| Department of‘ Physvics, University of California, Berkeley, Ca.,9évi‘72_0_
~ Inorganic Materials Research Division LawrenceEerkeley Labor_at'ory
| Berkeley, Ca. 94720 . -
 Abstract
. We present ea1Cu1ations of the band 'stru'ctures and 'imatj'inary'
part lof the dielectrie function €g 4 as a: functionef ehergy‘ for Ge -
| : and Sl in the dlamond wurtzlte Sl III (BC 8) and Ge III (ST- ]2)
structures using the Emplrlcal Pseudopotentlal Method VIn' ;
partlcular we have obtamed the symmetrles of Wavefunctlohs _ |
along 1mportant symmetry dlrectlons and 1dent1f1ed the ‘major .
' contrlbutlons to the optlcal structure. A further study 1s made '_
| 1nto the optlcal propert1es of amorphous Ge ahd .Sl usmg our - .
short-rangef dlsord.er model. We_ fmd_that,‘ unhke l_ongrauge S
‘di‘s.ord.er;}models, short-range disorder can exelain b_o'th'the |
amor;v)vheu_s”density of states aud the amorpheus, €9 | I.n’parti.-
cular we find that the €2 s_peetrum hasthe samef’_orm és"an._ :
'a-veraged. mat_ri'x __elemeht as a function of frequeney, -
I. INTRODUCTION . o

a prev1ous1 paper (hereafter referred to as I)

: -we calc ulated the band structure and den31ty of states of Ge and Sl in the ‘
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diam.ond (FC-2), wurtzite (2H-4), -:Si.irl (Bc~8)"'ahécé"m”(sr 2)struc-
tures usmg the Emp1r1cal Pseudopotentlal l\/lethod (EP].\/_L) The trends

: observed with the mcreasmg complex1ty of the structures mdlcated that A
R short—range dlsorder (dev1at10ns in bond angles and bond lengths——whlch also .

pro vide for the presence of odd numbered I‘lﬂgS—-Whlle all bonos are satls- |

fled) *vas able to account well for the dens1ty of states of amorphous Ge and

Si. THs suggested that varlous dlStll’lCtlve features m the amorphous den—, i

sity of scates2 could be attrlbuted to certain structural aspects of the arnor—

phous phase For example, dev1atlons in the bond angles could be related A .

to the shlftlng of states at the top of the valence band to h1gher energles for '
the amorphous case and the presence of odd-numbered rmgs of bonds in

© ST-12 led us to an argument that suggests that flve and seven fold rlngs of

~ bonds are respons1ble for the mtroductlon of states_ between the two s-like o |

peaks in the amo'rphous density of states.

In this paper we are concerned with the spectra of the 1magmary part

of the dlelectrlc functlon € for the aforementmned structures From a-

2

band structure pomt of view we present a detalled analys1s of the structure ) i

€5 for Ge and S1 in the 2H-4 BC‘—8 and ST- 12 cases along Wlth the1r

band structures contalmng the symmetries df Wavefunctl,ons along 1mportant _

directions. ThlS is of 1nterest since the BC-8 and SrP 12 structures may

have a variety of appllcatlons e.qg.. exc1ton droplets and When doped super- -

conductivity. From the pomt of view of understandlng
‘the amorphous phase the trends observed in €g as the structures become

more c:.."ld more complex may qlve some 1n31ght 1nto the amount of dlsorder
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necessary to produce the distinctive features of the amorphous e2 'We |

shall show that our short-range disorder mod,el 1s the only_theoretical model B

until now that can account for both the amorphous density of states and the

amorphous € ’4. In particular we shall show that when one measures the

amorpnous €q spectrum one is essentlally ]llSt measurmg an averaged enerqy
dependent matrix element. ’ : _ C :
The method of our calculatlons the parameters used and a desc t‘lp—

thI’l of the crystals studied were glven in I and will not be repeated here.

- In Section II we give a brief group theoretical analysis-of the crystals_ . '

- and a description of the notation used in labellihg the band struc.tu_res', In -

Section TII we g1ve an analys1s of the €5 spectra In Section IV we present

. _ and dlSCUSS results Wthh are of 1r1terest to the amorphous data Fmally, R

in Sectlon Vwe make some concludmg remarks The reader mterested only in

the amorphous phase may proceed to sectlons IV and V with no loss m contmulty

1L SYMMETRY_ ACONSI_DERATIONS‘

We find that the 2H-4 structure has a sy_mmetryclas’sification' of Ddh4 -

and is therefore a_ssocfiated with a non- symmorphic space group. "The BC-8"
and ST-12 sttructures5 have symmetry classifications T 7 and D, respec-

" are thus also associated with space groups which are non sémmorphic. The
t1vely and/Brllloum zones (BZ) for these structures are shown in }T‘lg 1 Wlth

the notatlon used by Leurhmann. 6 In order to label the symmetrles of our

wavefunctions, shown in Figs. 2, 4, 6, 8, 9 and 11, we have used the nOta— '

‘tion for point group elements and the character tables found in Zak. = In

our case, of course, these point operations must be followed by the appro-

priate translations. However, several remarks must be made relating to

the additional symmetry, in some cases, demanded by time reversal

R4



i in\}arianc~e and to the sjrrnmetry notation for points vl_ocated.v in the interior

In the 2H-4 (D structure time reversal 1nvar1ance adds addltlonal I

6h)

1 2 1 4 |

sym *’netry to R.- Thus R and R., in our notatlon areobtalned from R + R

_and- R + R3, respectlvely, usmg Zak's character .able In the case of l\/l -

(D 2h) our notation is 1dent1f1ed by replacmg u* and X Wlth U1 and cr1 m the

| character table for D2h in Zak For Z(C ) we obtaln our character table
1 .

by r eplacmg C v’ and Gv W1th U, o, ando respectlvely in the charac- -

27

ter table for C2 in Zak Slmllarly for D })and A(C ) our notatlon is’

1dent1f1ed by replacing oy 3cr with o2, o® and 30, 3cr W1th 3G(X) 30'(1) o

respectlvely in the appropmate character tables found 1n Zak
In the BRC-8 (Th) structure time reversal invariance adds addltlonal
3) A1 and A2 in our. nota- :

: thﬂ is obtained from 1and2 + 3, respectlvely, using Zak’s character table.

symmetry to A, P, D, T, andH Thus for A(C

Smnlarly for P, time reversal invariance requlres P remam P1 and P + p3 s ;.

1 2

becomes P2 For D( ) D +D becomes D, and for F(T ) 1becomes : o

2 1

I‘l, 2 + 3 become 1"2, 4 becomes I‘3, 5 becomes I‘4, 6 + '7 become r5 and 8

becomes 1"6 The character table for H 1s the same as for Th’

the same way as I'. Inthe case of A (CZV) our notation is identified by ' 5

it can be treated‘
replacing C2, o, and o, with CZX,‘ O'_Y, and o” respectively in the'charac.ter_

" table for C.. in Zak.

av
In the 8T-12 (F)4) structure Our notation regarding: labelling of ‘s'yrn-'
“metry points and dlrectlons is that of Leuhrman, as mentloned before andfor

-thlSvC se it differs from Zak's notation. As1de from thls tlme reversal o |

~
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’v inVariance requires thath MZ S, R, T, M, and.'UZ have additional sym—

y
1 1

. Similarly for M2 , we have M. becomes MZ., M., + l\/l3 become M> PE and

metry. Thus Y. + Y2 usmg Zak's notation becomes UY using our notatlon

1 1772

: .l\/l4 + \/l5 become M 3 and for S we have S] + SZ become S. For R we have |

A1 + A2 become R], and for T, T] + T2 become T] Finally for 1\/[ we obtam

l\/[1 from _Rl + R2 and I\/[2 from R3 + R4 and. l’or U? we obta1_an 1 from W1 +

W2 Inthe case of f(D4)

symmetry pomts our notatlon is 1dent1f1ed using the character tables for .

a\{ .2)', 'Z(C‘ ), and AZ(C ), }which are internal

D, C CZ’ and C respectlvely found in Zak

4’ 2, 4
I]I Band Structures and Optlcal Spectra
The band structures of Ge and Si in the 2H—4 BC‘ 8, “and ST 12 struc-
tures, shown in Figs. 2 4 6, 8, 9 and 11, were obtamed from EPM calcu—
lations and the form factors used.were‘glven in I 'In Figs. 3, 5, 7,
| _iQ_and. 12 _We_s’n_ovv' | the»c-:2 sbectra_calculat_ed. frorn'the'se band structures "
using: - S \_'
; }1 e ﬁ

€5(E) = 5
2 3 11m2E2 c,v BZ

s [ e @-2@-DIGEFEE @
Where lk v) isa Bloch state in the valence band and the 1nt.egral is over the -
entire BZ |
For the 2H-4 and ST-12 struc;tures_ \ve can disting-uish b_'etvv.een ’_
_the polarization of the elect_ricv vector .a_nd.. the c ax15 take_n to b_e’ 1n the z-
irection. Inthis case the factor to 1/3 'm Eq (1) 1s removed and we have
3 parallel polarization_ lf we use d/dz in the matrix element and perpendicular

y -

'polarization lf we use d/dx or d/dy. The integration'\vas' performed using' -



~ the Gilat—Raubenheimer scheme. 8 Tables I-V1 summarlze the maJor con-
fI‘lbU.l'.lO[‘lS to the various peaks in the 62 spectra for the six compounds The

first column l,dentlfles the energy of a partlcular peak and the second column

contams the maJor contrlbutlons to thlS peak 1dent1f1ed by 1nterband tran51- y e

thIlS which are listed in order of decreasmg strength In partlcular We hst

the bands Wmch contribute more strongly once we are away from symmetry
pomts and hnes. The third column as31gns e | the mterband tran31t10ns}
to varlous regions of the BZ. Fmally, in columns four and flve we hst the
symmetrles of the critical pomts and their assoc1ated energles respectlvely

In some cases the symmetrles were obtained from a prehmmary analy31s and
Warrant further mVGSngatIOH These are de31gnated 1n the Tables by a tllde. i | :

The complex1ty of the BC-8 and . - _ the ST 12 structu.res S

introduces the p03s1b111ty that we may have critical pomts Whlch are also R

inflection pomts along certain dlrectlons Although it is rather dlfflcult to : "’-_ .

determlne thlS, 1t 1s concelvable that some of the cr1t1cal pomts Whose sym— o

tries are nncertam may be of this type.

. ——— e e [ —lo — -

-~ For completeness we present an analysm for all six compou.nds and
although experlmental optical data are not avallable at the present the con-' o
. tributions and 1dent1f1catlon of strong interband transmons to the optlcal

properties will not vary appreciably with small changes in the form ﬁactors. |



A. Ge 2H-4

" The threshold in eé (Figs. 2 and 3) at 1.46 eV is caused by T. - T,

- transitions and the thresh_old in eg

tions. The rise in eé around 2.25 eV is caused by I - I‘]

are associated with an ‘MO

at 1.77 eV'is caused by

0

5 78

I, - T, transi-
1 - Ty ltransi

transitions which -

critical point (cp) and a regidn along'./_\(AG'e:'AB)

‘with small enérgy derivatives and large matrix elements. The shoulder at -

2.25 eV is caused by an I\/I1

cp and associated transitions A

3 1

The small shoulder near 2.50 eV in 'e; seems to be cadsed by an MO cp

- A at2.26 eV,

e,
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| near the center of the TALM face from bands 7-9 However tho shoulder_i =

"‘_ near 2 50 eV in eg is caused by A5 - A] tranSLtlons and an l\/[1 cp approx1— . v‘ :

mately 3/5 of the way from ' to A." The small peak at 2 638 eV 1n e;

causcd by U4 - U2 trans1tlons and what seems hke an l\/l1 cp at about 7/10_:_;“',

of the way from M to L. Although reglons off symmetry dlrectlons around_

0 T
tl'us crltlcal point also contrlbute to €q near 2. 68 eV th1s effect 1s over-

. shadowed by Uz - U2,transit_i-o_ns _and an 1\/l1 'cp near. (O._ 5, 0,0.4) \at about‘,l S

2.78 eV. These transitlons _are frespolnsib_le for the 'pe'a_k obs:'erv_ed aro'und.'
2.75 &V ine). The shoulder near 3.15 eV ine, 1scaused by7-10 tran51- g

| tionsp from a region near ‘,th‘e T _symme_try dlrection t‘romran Mocrltlcal pomt “:

at about (0.0-8.,0.08,0.»2)_ with_ener'gy 303 evV".u In vvadditioni‘Yé_Q; trans'itionsf o
contribut_e to this shoulder from | : _' a probable l\/[2 "cp at "- 314 e\}»and‘ G
near (0.11, 0.11,0. 2) The shoulder in eé
from bands 6 9 1n a large reglon malnly in the I‘ALM plane around an I\/l1 cp
approx1mately at (0. 2 O 0. 25) A 51m11ar shoulder 1n 62 at 3 5’7 eV is :
caused by a reglon with large matr1x elements around what appears to be an -
. 1\/[] cp near (0. 2 0. 2 O 35) at about 3. 5’7 eV The strongest peak in eg o
ocecurs. at 3. 60 eV and is caused mamly by 6 9 tran31t1ons ina large reglon .

with strong matrlx elements around M7 1\/[1 partlcularly along U3 Ul and

oz, - .. However addltlonal strength is obtamed by 8 ]O tranSLtlons in a

4 1

-_region around R2 - R1 about 1/2 of the way from A to L and from an 1\/I2 cp

' near (O 2 0,0. 4) at 3.80 eV. The matrlx elements are large for ﬁw < 3 80

i .
e\/ anc very small for hw > 3 80 eV The largest peak in ed occurs at 3 72

Cp near 'H, at the same_ energy, -The peak in eé |

| , eV caused mainly by an 1\/[1

at 3. 35 eV 1s caused by trans1tlons TR
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at 4. 52 eV is caused by small contributions from three different interband
transitions. The main contribution' is from 8-ll transilions in a region (U4

U ) around L - L tentatlvely desugnated an l\/l'O cp at 4 40 eV A shghtly

] ’
weaker contrlbutlon is from bands 8- 9 caused by a reglon around the T .

‘symmelry dlrectlon with what seems llke an MO Cp near (0.23,0.23,0) a
4.45 eV. The fmal contribution to the peak at 4.52 eV for eé‘ is probably

caused by - - an M1 cp near the center of the I‘ALM face at 4.53 eV. This

“critical point prov1des the strongest contr1but1on to the peak at 4. 52 eV for

large

ge
2 because of/matrlx elements. The other mam contrlbutlon to this peak is

caused by 8 9 trans1t10ns with an MZ cp at K and a region along T' The |
shoulder around 4. 70 eV in eé is mainly caused by 7-9 trans1t10ns with

a probable‘ "MZ cp at K and a small region extendlng_ along T'  Additional

~ contributions to this shoulder are from 8-9 transitions in a small region

around (0.4,0. 1.5',0. 15) with an M cp at 4.72. The final contribution to this

3
shoulder is from a reglon around A particularly along S W1th a probable '

’ an M cp near (0.03,0.03,0.45) at 4.71 ev. The shoulder ine ! around 4 70

2 2

eV is caused by anMO cp near M about 0.1 of the Wajr along T' and from 7-9

transitions in a region near K along P with a probable e ’\/l3 cp at about
4.9 eV near (0. 33,0. 33,0. 15). The last discernible peak in e—:'2L occurs at’

.23 eV and is caused mainly by T. - I, transitions which are associated

(]

5 12
‘with an M,, cp at 5.23 eV. Additional contributions to this peak are from 8-11 -
transitions ina small region around (0.08,0.08, 0. 35) which has an -l\/l'3vcp
‘at 5.30 eV. The last discernible shoulder in 6'2' around 5.29 eV is caused

by M5v— M4 and 23 - 24 transitions at 5. 33 eV and 5. 31 respectively. We
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have not determlned the symmetry of these crltlcal pomts Other contrl-
butlons to this shoulder are from 8-11 trans1t10ns ina small reglon around |

(0.3,0.1,0.15) at 5.29 ev.
B. SigH-4

The threshold in €5 (F1gs 4 and 5) at 2. 60 eV 1s caused by Z -z e

transmons and a probable _ MO cp near (O 3, O O) whlle the reg1on o

around th;Ls cp off symmetry dlrectlons contrlbutes to the threshold 1n 62 at o

nearly the same energy. The first shoulder 1n e at 3 10 eV 1s caused by an

MO cp near the center of the I‘ALM face from bands 7—9 The next shoulder o ,,

g occurs around 3. 35 eV and is caused by U2 U2 transmons w1th an

M1 Cp near (O 5, O O. 35) at about 3. 34 eV The rlse 1n ezlaround 3. 35 eV

is caused by r6 10 transitions Wthh are assoc1ated with an MO cp. and a

- region along _A(AE;" Ag). The shoulder at 3.35 eV is caused by an M] cp .

ine

and aSsociated transitions A3 - A.1 The next shoulder in 62 at 3 60 eV isa i

result Of 'A5 - Al transﬂ:mns and an 1\/[1 cp approxnnately l /2 of the Way

: from I"to A. The largest peak in ez at 4.10 eV is caused mamly by 6 9

trans:Ltlons ina large region with strong matrix elementsaround l\/[,7 - 1\/l1 o
particularlys alo'ngU3 - Uy and = 4 -z Z To a much lesser extent addi-

tional strength to th1s peak is obtalned from a reglon around R

.\\

2 Rl’ spem—_ .

fically 1/2 of the way from A to L Here we fmd an l\/l cp near (O 15 O O 5)

2
il

at abcul. 4. 13 eV The flrst large peak in €5 occurs around 4, 25 eV and is-

caused by a re_glon with large matrix elements arou_nd what appears to be a._n o

, l\/[1 cp near (0.2,0.2,0. 35) at about 4.21 eV. In addit'io_na region near H

along S' which also has large matrix elements (:ontributes arou_nd 4.96 eV.
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o near 4,38 eV is a result of an Mz'.cp around (O.'2,0,0.4)

at 4.38 eV and transitions in a region around R

The shoulder at ¢-
5" R] near (O.Z,Q,O.KS).‘
- The second large peak in €, oceurs around 4. 68 eV and is the result of

several contributions. First we have 8-10 transitions in a region near M

about 0.2 of the way along T' Where we have a probable M cp at 4. 64 ev.

2

»Next tne:e are 8-9 transitions in a small region around (O 3,0.1,0) with an

' M1 cp at 4.68 eV and 7-11 tran81tlons with an Mo ¢cp at 4 61 near (O 4,0,

0. 35) Finally, we have contributions from the shoulder of a non-dlscerm- .
ble peak around 4. 75 eV caused by 7-9 tranS1tlons along T Wlth What is proba-

bly an M, cp at 4.74. The peak ine at 4.69 eV is caused mamly by 8-9

2 2

transitions along the T symmetry direction with an l\/lO

a lesser extent from A6 - AS transitions With what seems like an l\/l1 va

at 4.69 eV near (0,0,0.3). The peakine,

to be an 1\/l2 cp at K around 4.87 eV and a probable 1\/[2 cpv |

~ near (0.3 '0.25,0.25) around 4. 89 eV. rI."he'-shoulder 'mez at 4 91 eV is

caused by a probable ' M2 cp for '7—10 and 8—10 transmons at 4. 91

eV and4 93 eV near (0.2, O 08,0) and (0. 2 0.1,0) respectlvely. The shoul-

cpat 4.57 eV andto

at 4.89 eV is a;resul_t of what appears

der in ¢ ‘at 4.96 eV is caused mainly by 8-11 I:ransmons sllghtly off the Z

2.

direction‘at a probable | 1\/[2 cp near (0. 35,0.05, 0.05) at 4.96 eV"

while the shoulder at 5,50 eV is a result of I‘5 - 1“12 trans1tlons with an

assomal.ed l\/l1 cp at 0. 47 Flnally the shoulder around 5 515} eV in e; is

caused by l\/l5 l\/l4 and 28 - 24 tranS1t10ns at b. 61 and 5. 54 eV respectlvely

C. Ge BC 8

The first peak in eé

(Figs. 6 and 7) at 2.03 eV is caused by Z - 22“
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trans1t10ns w1th an l\/[] cp about 4/5 of the way from I‘ to N The shoulder

at 2. 46 is caused by a small reglon around Z)Z 22 thh a probable cp near

(0. 4" 0.4,0) at 2.46 eV whose 'symmetry we have not 'determlned Addltlonal -

contrlbutlons to th1s shoulder are from A4 A4 trans1t10ns and an MO cp

about 1/2 the way along A at 2 41 eV. The main COl’ltI‘lbllthl’l to the peak

' _at 2 70 eV is from 13 - 17 trans1tlons ina small reglon around an MO cp

‘near (0.2,0.8, O 15) at 2 67 eV, A smaller contrlbutlon is from GZ G1 :
trans1t10ns W1th What appears to be on M cp near (O 15 O 85 O) at 2.65 eV. o
' 0. .7 " we have |
: 'The large peak at 3.21 eV is a result of many contrlbutlons. F1rst/l6 - 19

_tran31t1ons ina reglon of large matrlx elements around an MO cp near o

we have . . P
(0. 25 0. 35 O 25) at 3. 19 eV. Next/G - G2 trans1t10ns W1th an M2 cp near ’
(0. 4 0. 6 O) at’ 3 24 eV and a, region of large matr1x elements around (O 3 -

there are ..
0.4,0. 15)- at about 3.23 eV. Th1rdly/l4 17 transmons ina reglon around - L

" we have -

(O 2 O 4 0. 15) W1th what appears to be an l\/lz cp at 3 21 eV Fmally,/13 - 18 =
trans1t10ns near (0. 3,0.45, O)Wlth an M] cp at 3 21 and G1 G1 transmons e

' W1th a probable cp at (O 22 0. '78 O) whose symmetry we have not determmed
The shoulder around 3. 76 eV is also the result of several contr1but1ons The E

ﬁrstls from 15 - 19 trans1t10ns in a reglon near N w1th G? G1 tran31t10ns

. we have” <" T

and an M3 cp near (0. 4 O 55, O) at 3 '78 eV Next/12 - 18 tran81tlons near N

with G2 - G1 tran31t10ns and an 1\/[1 cp near (O 35 O 65 O) at 3 ‘76 eV

Finally, we have contrlbutlons from a small reglon aro und r W1th 1‘2 - 1"6 '

an51t10ns and an M cp at 3. 74 eV The shoulder at 3 98 eV 1s caused by

3
14 - 18 tran51t10ns ina large region around (O 25 O 65,0. 15) at 4 O ev.,,___{ o

The last dlscermble peak occurs at 4 50 eV and is caused by 12 - 19 o
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transitio‘ns. ina region' around (0.26,0.63,0.15) and 14 - 20 transitions ina
large _regio'n around. (O. 1,0‘. 5,0. 1) both with strong matrix elements. In
addition we have contributions froin 16 - 21 transitions in a region aro und

(0. 15,0.}2,0. 1) with an M_ cp near 4.48 eV and A, - A '. transitions with an

_ 2 1 T4
| ’VTO cp near (0.25,0,0) at 4,42 ev.. -
D. SiBC-8 7 ‘
| The thfeshold. ine, (Figs. 7 and8) at 0.43 eV is eaused by Hq —_H4
transitions. The small bump around 1.70 eV is a result of A - A, transi-

1 4
tions with an 1\/[O cp near (0. 55,0 O) at 1. 65 eV. The next small bump at

2.04 eV is caused by what appears to be an M, cp near (O 3, O 55, O) The ‘l

2

shoulder at 2.60 eV is prlmar;ly caused by Zl - 22 transitions with an 1\/[2

cp near (0.4,0.4,0) at 2.62 eV. Additional structure is obtained by 15-17
trans.itions in a region around an MO cp near (0. 3,0. 5., 0) at 2.54 eV. The‘
shoulder at 3.0 eV is }caused. by 13-17 transitions in a small region areurid ar,iv

MO cp near (0.2,0.7,0. 15) at 2.96 eV. The iarge peak at 3.45 eV is the result

of many contributions. The flrst is from 13- 17 tranSLtlons ina reglon of very
we have

large matrlx elements around (0.1, 0. 5 0.1) at about 3 46 er Next/14 - 17
tran31t10ns in a region around what appears to be an 1\/[2 cp near (0.2,0.4,0. 15)

at 3,45 eV With strong matrix elements. Also, there are 16-19 transitions in a |

small region Wlth very large matrix elements and an M cp near (0. 3 0.4,0. 2)

‘there is !

at 3.43 eV. | Fmally/a region around I‘] - I‘6 transitions w1th an assoc1ated

MO cp at 3,38 eV..’

The shoulder at 3.7 eV is caused by a small region around G1 - G2 transitions

with an M2 cpat 3.7 eV near (0.45,0.55,0) and by a small region around
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D - D tran31t1ons W1th large matrix elements and an l\/l cp at 3 68 eV

1 1 1
around (0. 5,0.5,0. 15) The shoulder at 4. 05 eV is the result of several

types of transitions. First we have 16 - 21 tranSLtlons ina small reglon ;”s S

»faround (O 2,0.6,0. 15) with large matrix elements and A A transmons Wlth'

1 A

an M cp near (O, 5 O 0) at.4.04 eV Next we have ]5 21 tran31t10ns 1n a small:f

2
: reglon around (O 2,0. 6, 0.1) w1th an assoc1ated MO cp at 4 02 eV and G

1-

| G (13 - 18) tranSLtlons Wlth a probable cp near (O z O 8 O) whose symmetry
we have not yet determmed Flnally we have 14 - 19 trans1tlons ina reglon .
around what appears to be an 1\/[1 cp near (O 25 O 65 O 1) at 4 0'7 eV The |
' large peak at 4 20 eV is mamly caused by 16 22 trans1t10ns m a reg1on of

very large matmx elements around what appears to be an M2 cp near (O 2

0.5,0) at 4 ZO eV In add1t1on we have contrlbutlons from ]2 - 18 and 15 22 |

tran31t10ns ina small region around an 1\/l2 cp near (O 15 O '7 O 15) at 4 22 eV Lo

-and an MO cp near (0.15,0. ‘7 0) at 4.14 eV respectlvely Fmally the shoul— '

der at 5 05 eV can be attributed to 14 21 tranSLtlons in a small reg1on arou.nd, =

an l\/l2 cp near (O 2, O 68, O 1) at 5 05 eV and D1 D] tran51t10ns w1th a proba- B -

ble cp near (O 5 O 5 0. ]) at 5 O eV Whose symmetry we have not determmed L

E. GeST 12

- In this sectlon and the sectlon on St ST ]2 we shal.l treat the perpen— o

dicular componentof ez f1rst and dlSCllSS the parallel component 1n the last

~_ paragraph. . S T co T _
The threshold in 6‘2" (Flgs 9 and 10) occurs at 1. 46 eV and is caused
by .2 17 Z] trans1t10ns The shoulder at 2.10 eV is caused by equal contrl- 4

butions from 24 25 and 23 25 tranSLtlons in small reglons (tubular along




| ‘the z direction) around an M

£y LY ooq iy e oy Y :
YW oW W g YU - 14 - )

o CP near (0.4,0.1,0.9) at 2.08 eV and an M,
cp near (0.4,0,0.3) at 2.18 eV respectively. The shoulder arcund 2.55 eV

is caused mainly by 24 - 26 transitions in a region around an M, cp near

1

(0.5,0.1,0.3) at 2.48 eV along with much we_atkercontributioris from 'I‘1 - Tl'- .

(0.5,0.5,0.4) and U% - U% (0.5,0,0.3) transitions at 2.52 eV and 2.50 eV

1 1

' respectively whose critical point symmetries have not been determined. Next -

'we have 23 - 26 transitions ina region of relatiVely large matrix elements

around (0. 4,0. 15,0.25) contributing at 2.62 eV. Other contributions tb this
shoulder are from 22 - 25 and 21 - 25 transitions, with a probablevM2 cp

near (0.4,0,0.25) at 2.62 eV and an M, cp near (0.4,0. 15;0.25) at 2.60 eV

1

respectively, along with tranéit_ions at M in a much weaker sense at 2. 60 eV.

Finally, we have 24 - 25 transitions with an M,

cp near (0.1,0.1,0.4) at -
2.54 eV. "
‘The peak around 2 80 eV is the result of several typ_és of transitions

whose contributions are all of comparable weight. First we have 23, 24 - 26

transitions in a region (mostly along z direction) around S] - S 1 9

cp near (0.4,0.4,0.5) at 2.87 eV. Next there are 21 - 25 transitions ina

with an M

region around an M

ll‘cp near (0.4,0.15,0.25) at 2. 60 eV which contributes

“to 2.75 eV because of matrix elements and in a weaker sense A, - A

_ 1 1
(0.4,0,0) transitions with a cp of undetermined symmétry '_at 2.80 eV. Next

‘we have 24 - 25 transitions near the UX symmetry direction with an M] cp

 near (0.2,0,0.4) at 2.70 eV. Finally, we have 24 - 27 transitions in a small

region (tubular along z-dix:'ectiori) around an M, cp »near (0.25,'0,, 1,0.93) at |

1

- 2.76 eV along with some weaker I, - T} transitions with an M, cp at 2.75 eV,

3 5 | 0
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: reglon (tubular along 4—d1rect1on) around an M
2.93 eV and 22 - 25 transitions in a region around 7

N M, cp at' 2.98 eV along with much weaker T

' 22 2'7 trans1t10ns W1th an M

“with a probable l\/[

- 15 -

" The shoulder around 3.0 eV is caused mamly by 20 - 55 transxtlons in a

Ocpnear (0. 4 O 1” O 25)

2 ZZ Wlth an assocxated _'

1" T (O 5, O 5,0. 3) transxtlons L

at 3.0 eV Addltlonal COI’ltI‘lbllthl’lS to this shoulder are from 24 2‘7 transh' -

tions in a small reglon near R along T W1th an l\/l1

at 3. 11 eV and 19 - 25 transmons ina reglon of relatlvely large matrlx 4'» o

elements around (O 35 0. 18 O) at 2 9‘7 eV along w1th Weaker l\/l2 M1

tran51t10ns with what appears to be an l\/l2 cp at 3 O eV Fmally, we have -

Ocpnear(O 50 ]50 3)at304eV

 The next shoulder around 3 20 eV is caused mamly by Z1 ‘Zlf'_ -

trans1tlons with an associated l\/lO cp at 3 18 eV along with much weaker _-v -

transmons Z1 Z1 W1th an l\/l3 cp at 3.20 eV Other contr1but1ons to th1s C

peak are from 21 - 25 trans1t10ns in a small reglon around UX Wlth an l\/l2 cp
near (O 2 O 0.5) at 3 21 eV and 23 28 tran31t10ns ina reglon (tubular along
z-dlrectlon) near R mostly along T W1th a probable l\/l1 cp at 3 20 eV Fmally, v' B

we also have contrlbutlons from 19 25 trans1t10ns W1th an l\/l cp near (O 5

2

0. 15, O 3)at 3.2:leV along Wlth weaker Al Al tran31t10ns near (O 38 0 O) at o

3.20 eV The peak at 3 50 eV is caused mamly by 19 25 26 transmons

anda reglon (along Z—dlI'eCtIOﬂ) around R] - R] Wlth an MO cp at 46 eV and

18 - 25 tran31tlons ina small reglon around T] - T] near (O 5 O 22 O 5)

cp at 3 49 eV Addltlonal LOl’ltr‘lbllthl’l) aro from % -S

0 1.,

(20 - 25) transitions with an J\/IO c;p near (0. O(),0.0b,, 0. ..)) :_1_.t ._l./__l_il rrV and what |
appears to be an l\/l] cp near (0.45,0.45,0.5) also at 3.45 eV.. Other contri-

cp near (O 5 O 5 o 45) ‘;k} o



0. 5 0.3) with a probable M

‘butions are from 17 - 25 transitions in a small region élong TZ near (0.5,

1 cpat 3. 58 eV and 24 a7 tY‘anSLtLOHS with a

prooable M, cp near (0, 0. ] 0.25) at 3. 47 eV and to a lesser oXtent T T.

2 -
traasitions near (0. 5,0.3,0.5) at about 3.50 eV. Finally, we have T, -T

1

1- 11

(2C - 26) transitions with an M., cp at 3.47 eV and 22 - 27 transitions with an

2

MZ cp near 3.54 eV and to a lesser extent A]' - A] transitions neaf (0. 45,

0,0) contributing at 3.50 eV.

The shoulder at 3.65 eV is caused by 17 - 25 transi_tidns in a region

(tubular along z-direction) around an M, cp at 3.67 eV near (0. 5,0.25,'0. 3)

2

" and in a weaker sense by Z, - Z, transitions with an M cp at 3.65 eV. :Other |

17 fg HrAnsmons W AR Mg

contributions to this shoulder are from 23 - 27 transitions in a relatively
large region around (O..],0,0. 25) which contributes around 3. 65 eV, 24 - 29

transitiéns in a region around UX with an M cp near (0.22,0, O 5) ét 3. -60.

0

eV, and 24 - 30 transitions at R with an 1\/[1 cp at 3.60 eV The peak at 4. 20

eV is caused by 24 - 30 trans1t10ns ina reglon (mostly in z—dlrectlon) near

u* arou.nd (0. 3,0,_0.-4-) which contrlbuj:es at about 4.18 eV along with weaker

transitions in a region around M at 4.20 eV. In addition we have 21 - 27

2

tions in a region around A2 - AI with most of the‘contri'butions near (0.1,0,

0.05) at 4.20 eV. Other transitions coh_tributing to this peak are 21 - 28

transitions with an M_, ¢p near (0.15,0.15,0.2) at 4. 22 eV and 23 - 28 transi- 3

transitions in a small ‘vrkegion near U* around (0. 15,0, 0.4) at 4.20 eV and

20 - 95 transitions around &, - . with an ‘1\/[' cp near (0.07,0.07,0) at

2 1= 1

4,21 eV, Finally, we also have some Weak structuré from S, - S (2‘? - 32)

1

ransitions with a cp of undetermmed symmetry near (0.22,0. 22 0.5) at
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4.20 eV

The last peak that we shall cons1der in eé occurs at 4 50 eV and is the |

| result of many different contributions. First we have 23 - 3] trans1tlons 1n a "'_:f": )

»

region around U1 U] with a probable l\/l3 cp near (O 5, O O 2) at 4 5'7 eV '

and Zl _Z (21 - 23) trans1tlons W1th a cp of undetermmed syrnmetry near

1
(C. 4 O. -,O) at 4. 48 eV Next we have 22- 30 transxtlons 1n a small reglon

near UY with an l\/l cp around (O 45,0. 1 O 05) at 4. 30 eV and an M

1 1
(O 3 0.15,0.4) at 4. 52 eV In add1tlon we have 4.0 36 transrtlons w1th an

l\/l3 cp near (O 15,0,0. l) at 4 54 eV and 20 - .28 trans1t10ns Wlth an MO cp
near (0.15, O 15, O 25) at 4 4‘7 eV - Finally for completeness we also hst m
Table III a set of much Weaker trans:ltlons along symmetry dlrectlons at

cr1t1cal pomts of undetermlned symmetry, startlng w1th l\/l3 l\/l] tranSLtlons

and endmg with UY - 0¥ tran31tlons Taken as a Whole they are of compara--

1 1

ble- welght to the others dlscussed above

The threshold in e“ occurs around 1. 60 eV Wlth m-inute 'matrix elements ,_

2
from .22 2% transitions at 1. 46 Y and very small matrlx elements near 1. 6' '_ o
and apprec1able contr1but1ons only from AZ Al transxtlons Wlth a probable

l\/l1 cp near (0.4,0,0) at 1. 7 eV ‘The shoulder around 2. 15 eV 1s caused

mamly by 232 Z tran81tlons w1th an l\/lO cp near (0 3'7 O 3‘7 O) at 2 0’7 eV

In add1t1on we have contrlbutlons from 24 25 and 23 = 35 trans1tlons in small”' -

reglons around What appears to be an l\/lO cp near (0.4, O l O 3) at 2. 08 eV

E and an M cp near (0.4, 0, 0. 3) at 2 18 respectlvely The shoulder around

1

2. 6u eV is caused malnly by 2] -~l5 transmons ina reglon around an 1\/I1 cp o

near (O. -,O 15,0.25) and 2. 60 eV and a reglon (partlcularly along Uy) around .

cp near o



U d U9 U g 7

Z}J(_ - Z}; with a probable 1\/l2 cpat 2.65 eV and US:{- - UBI tra.nsitions contrlbu-.

tlng at 2.63 eV. Addltlonal contrlbutlons are from 22 26 transﬁ:lons vnth an

1\/[1 cp near (O 5,0.2,0.25) at 2 % eV and 22-25 trans1tlons in a reglon around

: T\/l3 - l\/l with a probable 1\/I2

we have contrlbutlons from r3 - I‘4 trans.ltlons w1th an l\/lO

The peak at 3. 20 eV is a result of several mterband contrlbutlons of

cpat 2.70 eV. Flnally, to a much lesser extent,

cp at 2 64 eV

- approximately the same weight. First we have 24 - 27 tranSLtlons ina reglon'

around 2, - 2, with an My cp at 3. 18 eV along with Weaker Z}; - Z}I{-transi'- o

3 CP. at 3.20 eV and' A2 - Al transxtlons Wlth a probable MZ

cp near (0 45 0,0) at 3.18 eV. Next we have 21 - 25 transltlons 1n 2 small

tions with an M

' region (‘rnostly along z—dlrection) around u* with an l\/l2 cp near (0.2, O, 0.5
at 3.21 eV and a region of large matrix element's-ne'ar (0.2,0.2,0.3) contri- |
' buting to 3.20 eV In addition we have 24 - 26 trans1t10ns 1n a reqlon around -

S] - S] Wlth an 1\/[3 cp near (0. 26 0. 26 0. 5) at 3 26 eV and in aweaker sense

R1 - R] (23 - 28) transitions at 3.20 eV and =

- a probable M

5 Z (24 28) trans1tlons with

; Cp near (0.25,0.25,0) at '3.20 eV.v The next peak at 3.50 eV

isa result, in part, of 20 - 25 transitions in a region around ZZ - Z2 with a

cp of undetermined symmetry at 3.48 eV and S1 - S1 transitions with an

M, cp near (0.08,0. 06 0. 5) at 3.45 eV. In addition there are contributions

from 22 - 27 transitions in a small region around an 1\/[2 cp near (0. 3 0.1,

- 0.3) at 3.54 eV, I‘5 1"5 transitions with an assoc1ated l\/lO cp at 3. 44 eV

and 20 - 20 transitions in a region (tubular along z-dlrectlon) of relatlvely
large matmx elements around (0.3,0.1,0. '3) at 3. 53 eV Fmally, there are

weaker contributions from 22 - 1 (24 - 29) and 'Al A (24 - 26) tr ansitions "
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w1th crltlcal pomts of undetermmed symmetry near (O 35 O 35 O) at 3 45 eV | - N
and near (O 3,0,0) at-3. 48 eV respectlvely - e »

The shoulder at 3.70 eV is caused by 24 28 transﬂ:wns 1n a small

- reglon around A - A W1th a cp of undetermlned symmetry near (O 26 O O)

1 72

. at 3 '70eV and S1 SI tran31t10ns w1th a probable M cp near (O 2 O O) also al:

-2

3 '70 ev. Other contrlbutlons to thlS shoulder are frorn 2] - 27 tranSLtlons o

around Z1 - Z] with an 1\/[1 cp at 3. 69 eV and U1 U1 EranSLtlons W1th a cp

: of undetermmed symmetry near (O 5 O O 2) at 3 71 eV.. The peak at 3 90 eV'-,' et

‘,1s caused in part by ]9 25 trans1t10ns in a small reglon (mostly 1n z-dlrec-_ ": . |
tlon) around an M3 cp near (0 2 O 15,0. 3) at 3. 92 eV and 24 29 transmons ST

‘ around AZ - A% with an M cp near (O O 0. }8) at 3 94 eV Add1t10nal con- .

2 2 2
. tributions are from 23 29 trans1t10ns around Al - AZ W1th What appears to |
.be an M2 cp at 3. 9 ev, S1 - Sl trans1ttons W1th a cp of undetermmed sym- -

metry at 3 9 eV, and AN (21 - 26) tran31t10ns Wlth a probable 1\/[1 cp

9" 1
near (0. 15 o, O) at 3.88 eV, The peak at 4 20 eV is caused in part by 24 -

29 trans1t1ons m a reg1on of very large matrlx elements around r3 —‘ L Wlth
an 1\/T3 cp at 4.22 eV and 20 - 25 tran31t10ns m a reglon around Ty - I‘4 W1th =
an M, cp at 4.16 eV along W1th an M cp near (O 0’7 O 0’7 O) at 4 2] eV from |

0 1

22 21 trans1t10ns Other COI’ltI‘lbllthﬂS to th1s peak are from 21 - 28 tran51-""’ ’

‘tions ina reglon around 1"2 1"1 w1th an MO cp at 4 22 eV 1nclud1ng in part1- -

cular L\, - A trans1tlons at 4 23 eV tran81t1ons m a small reglon near U

171

around (0. 15, O 0. 4) at 4. 20 eV and to a lesser extent S1 S1 transmons

with a cp of undeterrnlned symmetry at 4. 20 eV Stlll other \,Ol’ltrlbllthnS

are from 22 - 29 trans1t10ns W1th an MO cp near (O ]5 0. 15 0. 2) at 4 21 eV :



‘and Weak_er ZX - ZX transitions with an M

o inare glon (tubular along z-dlrectlon) arou.nd an l\,l

cpat 4.36 eV. Nextwe have 23 -28 (2

transitions arou.nd MZ - M2 Wlth a probable M

probable M

L T T SO : . ‘
Goul U9 9 g +20-4 8

1 1 » o CP at 4.24 eV, Finally, we 'h_ave

24 - 30 transitions with an l\/l1 cp near (0.1,0.1,0.3) 2t 4.26 eV and 22 - 30

transitions in a region around (0. 3,0.25,0.25) contributing at 4.21 eV.
' i o .
- The last peak that we shall consider in €2 occurs at 4. 40 eV and is
the result of many dlfferent contributions. Flrst we have 20 - 26 tran81t10ns _

2 cp near (0. 1‘7 1'7,

O.l) at 4.42 eV and 18- 27 transitions in a region around Z1 - Z1 Wlth an MO |

1 - ) trans1tlons and 22 ~ 27 (Z

‘ ZZ) tran51tlons with cr1tlcal pomts of u.ndetermlned symmetry near (0. 14

0.14,0) at 4. 40 eV and 4. 37 eV respectively along w1th Al - Az tranSLtlons

with a cp near (0.25,0_,0) at 4.40 eV. Other contributions are from 23 - 24

o L v_gcpat 4.40 eV and 21-22

transitions with a cp of undetermined symmetry near (0. 35 0. '35 O) at 440‘
eV. 1In addition we have Weaker contributions from 16 - 28 trans1tlons in a '

small region around Z part1cularly along Az - A% 3 at 4.40 eV, Wlth a

2" 2’

e ) at 4.37 eV. Flnallywehave 23 - 30 transitions with an

: l\/l3 cp near (0.35,0.15,0.3) at 4.42 eV, A, - A transitlon_s with a cp of

1 2"
undetermined sjrmmetry near (0.37,0,0) at 4.40 eV, and 22- 3_1' transitions

around U317 - Ui’_ with a cp near (0.5,0.3,0) at 4.40 eV.

F. SiST-12

The threshold in €y (Figs. 11 and 12) occurs at l '76 eV and isthe

result of 24 - 25 transitions around an M, cp near ,(O- 4,0.2 ,YO) .‘ The

0

shoulder at 2. 33 eV is caused by 23 - 25 transitions and 24 - 25 transitlons'

ina :'eglon (tubular along Z-dlI'eCthIl) around an M. cp near (0.4,0,0.3)

0

at 2. 31 eV and around an l\/l1 cp near (0.4,0,0.45) at 2.-33 eV respectively.
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o The shoulder at 2 50 eV is caused by 23 - a6 and malnly 24 - ?6 transmons in - o

a reglon around I\/l Wlth a probaole M cp at 2. 50 eV ln partltular we have'_»-;'

1
_ contrlbutlons from T] - Tl trans.1tlons wrth an_.l\/I] (p near (O 5 O 15 O 5)
at 2 52 eV and U] U1 transitions at 2 :5] "eV- L' 1nally, .we have weaker

]y contrlbutlng to 2 45 eV g

v, rr'he peak at 2 80 eV is a result in part of 23 24 db tran51t10ns ln a

transulons from a reglon near Z along Uy U

reglon a.round S. 0.4,0.4,0. ‘*) at 2 76 eV vmth partu.ularly strong

1 ] (

contmbutlons off the symmetry axis W1th an l\/l op near (O 4 O 4 O 4) at

1
2. 80 eV Other contrlbutlons are from Zl - 25 trans1tlons w1th an MO cp

near (O 45, O 15 O. 3) at 2. ’73 eV AZ A] trans1tlons w1th a cp of undeter-

" mined symmetry near (O 45 O O) at 2 80.-eV, and U?{ U%’ trans1tlons W1th

an M] cp near (O 5, O 2 0) at 2.79 eV along Wlth 22.- 26 trans1t10ns in a
large reglon (along z- 1rect10n) around (O 5 0. 3 0. ]5) contrlbutlng at 2 82

eV, F1nally we have contr1but1ons from 7. Z (23 28) tranSLtlons w1th

1

an MO cp at 2 78 eV and 22 25 trans1tlons w1th an M2

at 2. 74 eV.. The shoulder at_ 3.20 ev is s caused mostly by 2_0 - 25 trans_ltlons'-_. .

cp near - (0.4, o 0. 25) . |

1 --Al, with an MO-F' |

cp near (0.39, 0, 0) at 3 17 eV and a reglon ‘around Zl - Zl

in a reglon of relatively large mat‘r.ix ele'ments around A

W1th an M2 cp

near (O 37, 0. 37,0) at 3 2]eV along with 19- 25 tranS1tlons ina reglon C 'f

(2long z-d1rect1on) around Z] - 232 w1th a probable |

M, cp near (0.4,0. 4 0) at 3.18 eV. Addltlonal COﬂtI‘lbU.thIlS are from 29 o

25 trans1tlons ina region around Z2 Z2 Wlth an MO cp at 3 18 eV and an

M. cp near (O 2, O 2,0. 25) at 3. 16 eV and 20 26 tranSLtlons 1n a reglon

5._

around Uy with an M] cp near (0.5,0. 35 0. Oo) at 3 17 eV and a cp of V

: undet mined symmetry near (0.4,0.4,0) from b 1 .-_>,_] tran lthﬂS at 3 20 o
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eV. Other contributions are from 22 - 28 transitions, from a cp of undeter-

mined symmetry:around UBJI - Ui’ near (0. 5,0. 4- 0) at 3.20 eV and R] - R,

tran51tlons at 3. 20 ev, and 21 - 26 tran51t10ns in a region around T2 W1th an

M2 cp near (0.5,0.5,0.4) at 3. 23 eV.

The largest peék in »52l occurs at 3.38 eV and is the result of many types of
" transitions. First we have 20-25 transitions in a reglon near R alono T w1th an

: ZM1 cp near (O. 5,0. 5,0.45) at 3.39 eV and 19 - 25 transitions in a similar

region around TZ with a probable M, cp near (0.48,0.48,0.4) at 3.45 ev,

along with 22 - Z)l transitions near (O. 35,0. 35, 0) with a cp o‘f undetermined

symmetry at 3, 35 eV. Next we have 22 - 26 transitions, with a large region
(along z—dir}'ection) around an M2 cp near (0.25,0.25,0.3) at 3.36 eV.

Additional contributions are from 18 - 25 transitions, with an_'MO cp near

- (0.4,0.2,0) at 3.35 eV and Uly - U317 transitions near (0.5,0. 38,0) with a cp

at 3.4 eV, and 24 - 27 transitions with an 1\/[1 cp near (0. ]5;0,0. 3) at 3.38ev.

and U]Z -,U? transitions near (0.5,0,0.15) with a cp around 3.38 eV. Finally

we have 22 - 28 transitions with an M, cp at 3.37 eV from Z. - Z. transi-

0 2 1

tions and an M, cp near (0.45,0.4,0. 3) at 3.35 eV, é;nd'23'- 97 transitions

W1th contributions from various regions of the zone contmbutlng at around
3. 35 eV The shoulder at 3.60 eV is caused in part by 20 - 25 transxtlons

in a region near Z around UX with an M cp near (0.1,0,0.5) at 3 60 eV and

0

21 - 28 *ransmons with a probable M cp near (0. 3, O 2,0. 25) also at 3 60

1

eV. Other contributions are from 22 - 27 tran31tlons ina reglon around

22 - 21 with an MO cp near (0.3,0.3,0) at 3.50 eV, 21 - 29 transﬁmns in

a zeg’..on around R, - R] with an M, cp at 3. 59 eV and 23 - 27 tran31t10ns

with an M, ¢p near (0.1,0.1,0.25) at 3. 54 eV. Fmally we ha.ve 23 - 28

0



ina reglon around Z1 - Z with an M

'eV and 20 26 trans1t1ons with What appears to be an M

- 23-

tran31t1ons with an M cp near (O 5,0. 15, O 3) at 3 58 eV zz - ao tran31t1ons S :

1
"1n a reg1on around AZ - A4 W1th a cpof undetermmed symmetry near (O O
O 3) at 3. 60 eV and 22 - 28 transitions in a reglon around >j L W1th a _

2 1

'cp near (O 32,0. 32 0) at 3. 60 eV

’ The peak around 3.85 eV isthe result of many types of trans1tlons

L _
: contrlbutmg approx1mately equally to €g- FlI‘St we have 34 29 trans1t1ons

1 9 cp at 3 92 eV and 23 28 transmons

ina reglon (tubular abng z-dlrectmn) around I‘5 - I‘l w1th an 1\/[O cp at 3 71 .

eV along W1th AZ - AZ trans1t10ns W1th an M cp near (O O O 24) at 3 85 eV. s
1 2 .

4

Next we have 23 29 trans1tlons in varlous reglons of the zone w1th strongest -
COHtrlbllthflS from a large tubular reglon in the z- dlrectlon around (O 35
0. 15,0.25) contrlbutlng at 3 85 eV and 1'7 25 transxtlons 1n a large reglon

around Ui - U (O 5,0,0. 33) parallel to the T dlrectlon contrlbutlng at 3 856

eV Other contr1but10ns are from 22 27 transmons W1th a probable 1\/l:1

cp near (O 15 O 15 0. 2) at 3. 8] eV Zl - 29 trans1ttons, w1th contr1but1ons B

: from a small reglon around >, - ZZ and an M., cp near (O 42 O 42 O) at 3 88

] 1.

1cpnear (O 15 0 1

0.4) at 3 89 eV. Flnally, We have 16 25 trans1t10ns 1n a reglon around 1\/[3 v

M2 w1th an M cp at 3.86 eV and 23 ZO trans1tlons thh a probable M cp

1 L1

1_ 'nee.r(o 35035025)at3 81eV

The last structure we shall cons1der 1n the eé

spectrum oceurs at o
4,45 eV Th1s shoulder is caused in part by 20 26 tran 1t10ns in a K‘Pgloﬂ

\alul"f' Z dxrectlon) around what appears to be an Md cp near (O ] O 0 1) at

4 48 eV, X, - X trans1tlons w1th acpof undetermlned symmetry near T

1 1



-2
z . Z

4.46 eV. Other contributions are from 15 - 27 transitions in a region around

(0.12,0.12,0) at 4.44 eV and 23 - 25 transitions with a cp at M

' Mi —_M? with a probable 1\/[] cpat 4.45 eV and 10 - v26v.'t'ransitionrs' near MZ o
with 2 cp from 22 - 21 transitions near (0. 44,0. 44,0) at 4.42 eV aiong with
U? - L‘f’ transitions with a cp near (0.5,0,0. 34) at 4. 4?5. eV. Next we have

- 14 - 28 transitions, With-a cp at Mg - 1\/[; at 4.41 ev and a cp from ’I’1 - TII -
transitions near (0.5,0.28,0.5) at 4.45 eV, and 21 - 27:-transitions with a

| probable M, cp near (0.2,0,0.2) at 4.40 eV and a cp from AZ - A% transi- B

1 3 2
tions near (0,0,0.27) at 4.45 eV. Finally we have contributions from 22 -
Z] (22 - ,33) transitions with a cp near (0.44,0. 44,0) at 4.45 eV, 21 - .5_‘,1- o

(22 - 33) transitions with a cp near (0.4,0.4,0) vat 4,45 eV, 19 - 27 transi-

tions with an M., cp near (0.35,0.15, 0. 3) at 4 48 eV and a series of weaker

2

trarisit_idns listed for completeness in Table (V).

g occurs at 1.76 eV and is the result of 24 - 25 transi—

o CP near (0.4,0.2,0) which are weaker thari in the ‘eé

The shoulder starting at 2. 32 eV is caused in part by 2_3 - 25 transitions and

The threshold in e

tions around an M

24 - 25 transitions in a region (mostly along z-direction) around an MO cp

near (0.4,0,0.3) at 2.31 eV and around an M, cp near (0.4,0,0.45) at 2. 33

1

eV réspectively. Other contributions are from 24 - 26 transitions in a region

~ around U? - U? with an 1\/[O cp near (0.5,0,0.4) at 2.46 v and 22 - 25 transi--‘

tions in a region around X, - X2, withan M

2 1 0

eV. Tre shoulder around 2.80 eV is caused to a large extent by 24 - 26 transi-

cp near (0.35,0.35,0) at 2.32

tions in 2 small region around an M, cp near (0.1,0.1,0.4) at 2.81 eV and an.

0

MO cp near (0.2,0. 2,0.5) at 2.79 eV. Other strong contributions are from

case. .



in a region (along z-dlrectlon) around (0. 5, 0. 3 0. ]‘3) at 2 82 eV and an M
cpat M at about 2. 65 ev. Weaker contrlbutlons are from Z

'tran81tlons w1th an M

}' 3. 33 eV and 23 - 2’7 transmons Wlth an M

~ina reglon around what appears to be an I\/I

'trans1tlons ina reglon near Z off the S dlreotlon W1th a probable M

(O 15 0. 1 O 45) at 3. 64 eV alongW1th an M

0.4) at 3.62 eV and an M

- 25-

21 - 25 tran51tlons Wlth an M

0 1 1

tran81tlons w1th an 1\/[1

"0
l-Z (24 2'7)

0

’fnear(ozoosoz;)atz 81 eV.

The peak at 3 30 eV is caused in part by 21 = 25 tranSLtlons in a reglon'.
(tubn]ar along z—dlrectlon) around U W1th an 1\/[2 cp near (0 2 O O 5) |

1cpnear (O 35 O 15 O 3) at

3. 31 eV Addltlonal COntI‘lbthlOﬂS to thlS peak are from 22 - 26 transulons o

2cpnear (O 25 O 25 O 3) at

3.36 eV and 23 - 26 transﬂ:lons ina reglon near T" w1th partlcularly strong o

contrlbutlons from nZ 4" A2 4 transxtlons at about 3 3 eV Fmally we have

contr1but10ns from 24 - 28 transﬂzlons W1th an Mz cp near (O 12 O ]2 O 25)

Iat 3. 25 eV and 21 - 28 trans1tlons 1n a reglon around Z‘a - 21 Wlth a cp
of undetermmed symmetry near (O 4 0. 4 O) at 3 3 eV The peak at 3 65 ;ﬂ" S 2

eV is the result of three main types of contrlbutlons Flrst we have 22 2’7 .

1 cp near :

]cpnear(02004)at3 69

eV and 21 22 2'7 tran81t10ns ina reglon of relatlvely large matrix ele- Co
ments near M off the Uu* dlrectlon with a probable MO cp near (O 37 0. 1
o CP near (0. 3 O 3,0. 25) at 3 60 eV.,- Sec\ond'ly,'

ve have ]9 25 tran31t1ons ina reglon near 7 around S1 Sl’ W1th an .

MO cp near (O 1, O ] O 5) at 3.65 eV, and 20 2b transltlons also near 7.

cp near (o 45 o 15 o 3) at 2 73 eV Uy- Uy

cp near (0.5, O 2, O) at 2 ’78 eV and 23 - 26 tran31t1ons

cpat 2.79 eV and 24 25 trans1t10ns thh an 1\/12 cp



22 - 30 transitions with an l\/l

OGoudoud U 326

but around u¥ w1th an 1\/[O cp near (0.1, O 0.5) at 3. 60 eV and what appears to ,

be an MO Cp near (O , 0. 1 0. 3) at 3.62 eV. Thirdly, we have 24 28 tranm- _

ttons, with a cp of undetermined symmetry near S (O 25, 0. 95 C. 5)

1 I

3.85 eV and a region around T, - T, Wlth an M3 cp near (O 5, O 21,0.5) a

3.74 eV, and 23 - 28 transitions with an 1\/[ cp near T at about (O 3) O 15, O ) o

1

at 3.60 eV along With weaker A, - A (24 - 2’7)_ trans1t1ons Wlth a Cp near

1 72
(0. 35,0,0) at 3.65eV. | |
The large peak at 3.90 eV is caused in part by 24 - 30 tran51t1ons in

a reglon around an 1\/[ cp near (0.5,0.22,0.25) at 3 92 eV and 24 29, 30

1
transitions in a region around Z1 - Zl' with an MO cpat 3. 93 eV and particularly
strong contributions along US{ - Ullf at 3.95 'eV Other important contribu~ -

tions are from 24 29 tran31tlons in a region Wlth very large matrix elements

around F3 - I‘4 W1th an 1\/[2 cpat 3 98 eV and 23 29 trans1t10ns Wlth an 1\/[O

Cp near (0. 2,0,0.3) at 3 91 eV. Next we have ]8 25 tran31t10ns ln a reg1on

around (O 3,0,0.4) contrlbutmg at 3 90 eV AN o Al tran31tlons W1th acp

near (O 35 0 O) also at 3. 90eV and 21 - 28 trans1t1ons ina reg'lon around

22 - Zl Wlth an 1\/[1 cp near (O 18, O 186, O) at 3 92 eV. Fmally we have

Ocpnear(O 350 35, 0. 1) at 3.81 eVand23-_.

28 trans1tlons with a cp near (0 0, O 22) at 3. 88 eV
- The shoulder around 4. 26 eV 1< caused ln part by 20 25 tran81—
tions in a reglon (along z-direction) of large matrlx elements around I‘3 -

I‘ with an MO cp at 4. 0'7 eV 22 29 trans1tlons ina reglon long Z- dlrec—

tionaround M with a probable l\/l cp at 4,28 eV, and 22 - 32 trat’lSlthﬂS in

1
a region around Mg - Mg with a cp at 4.30 eV and in a region around



- 97 =

U317 - UBII ‘with a cp near (0. 5 0. 3 O) at 4.26 eV.. Addltlonal COﬂtrlbllthl'lS

~ to this shoulder are from ZO 28 transitions in a reglon around (C. 4, 0 2
0.25) at 4 30 eV, 18 - 27 tran51t1ons in a’ reglon around Z1 - Z.‘1 Wlth an Ml‘
_ cp at 4.25 eV and 19 - 25 26 transitions in a reglon around (O 25 O 25 0 3)

'at 4 28 eV. Fmally we have 24 - 30 tran31t10ns w1th crltlcal pomts of undeter-f' 'k

mined symmetrles near U] 2 (0.5,0, 0. ]5) at 4 26 eV S] S (O 3 O 3
0.5) at 4. 27 eV, A] 8, (0.36,0, 0) at 4.26 eV andanl\/l3 cp near (o 3 0. 1
0. 2) e.t 4, 41 eV. The last structure we shall con31der in the 6'2 spectrum

occurs at 4. 96 ev. Th1s shoulder is caused: 1n part by 20 28 29 tran31-

tions in a reglon (mostly along z-d1rectlon) around (O 3 O 0 35) at 4 95 eV

Other contributions to this shoulder from crltlcal pomts of und.etermlned. :

symmetry are listed in Table VI.
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IV, Discussion of Amorphous Phases

The experimental amorphous dielectric function EZ(E)S’ " (Figs. 13
and 14) consists of a seemingly featureless spectrum With one broad peak

- positioned near the A peak in the FC-2 €2

except for ST- 12) and cannot be obtained by

‘This specwum is qmte dlfferent

g
simply averaging the peaks in the FC-2 spectrum.

The theore‘ticalattemptsg-M. to explain the amorphous €, have all

“from any known crystalline e

~ assumed that long range disorder is of primary importance They have
taken the FC-2 band structure as a startmg point and have appued various

’ modlflcatlons to study t_he effect of long 'range dlsorder.v In some
' casesg’ 13 complete k non-conservation was considered in the s_ense of_a

non-direct transition (NDT) and in other cas_es10 12,14

partlal k non-
conservation was proposed which enabled the introduction of some type of =
- short range order parameter. In all cases, hox;tietzer, th.e results are siml-
"~ lar, in good 'agreement with experimental € 2 | |

data, and the authors agree
that strong k non-conservation (long r'ange disorder) is a requisite in

expla'ming the amorphous € None of these theories, however, predicts

9°
even a correct trend to the density of states of the amorphous phase. The
smdle broad peak2 at the bottom of the valence band dens1ty of states for the
amorphous case is very strlkmg and cannot be accounted for by a 51mple v
broadening of the two s-like peaks in the FC-2 structure This problem was ;
discussed 1n I where we suggested that the expe'rimental results could'

be explained by a short range disorder which wovuld make the presence of

- five and seven fold rings of bonds appreciable. It is precisely the lack of



Y_I_J_of Maschke and Thomas

=29 -

this short range dlsorder in these theorles that produces tnls m"ons1stency S L
_ w1th the experlmental data. To see this let us examme one of the most

| 1nterest1ng and sophlst1cated of the abremenuoned theorles wh1ch 1s that

12,14

of a complex band structure ((C’BS) It was 1nst1gated by the work

11

functlon 1s expanded in a Born series and a conﬁguratlonal averaglng 1s .
applied by mtroducmg in each term contalnmg n scattermg centers an - |
n-partlcle correlat1on functlon Wthh is 1ntegrated over all n 31tes. It 1s -

then assumed that the n- partlcle correlatlon functlons can be approx1mated -

by pr Od‘lCtS Of two partlcle correlatlon funct1ons wh1ch are taken to be sums B

of Gaussmn— hke funct1ons centered on lattlce s1tes w1th half-W1dths Wmch

increase W1th 1ncreasmg d1stance from a glven lattlce pomt and are propor-
tlonal to a small parameter a Wthh descrlbes the amount of dlsorder.v Th1sv B

| type of approx1mat1on treats correctly multlple scatterlng at one atom only -

whlle h1gher multlple scattermg terms are treated approx1mately correctly o

if one has a << 1 The two body correlatlon functlons can be related to

exper1mental amorphous rad1a1 dlstrmutlon functlons (RDF), however We -

-notlce that 1n Ge for example 1t would be d1ff1cult to reproduce the second

-"L:-,_

and thlrd hump in the RDF15 curves by s1mply placmg Gaus31an- hke func- -

tions at FC—2 Latt1ce pomts _
Nevertheless, the averaged Green functlon-seri'es‘ 'which‘is written‘ e

in terms of pseudopotentlals v(q) 1_6 can be reduced 1f one assumes slowly

s

varying potent1al functlons and small enough a so-as to take v(q) constant

in the k—mtegratlon which in turn perm1ts decouphng of_ term_s and al .

R

and developed by Krarner. _ A one electron Green



EY e g ') 7 Yk . - '“_.
VU u oY Uy s 3

re‘summation of the series The poles of this averaged Green tunction
 are now obta1ned from a generallzed pseudopotentlal secular equatlon whlch

is now no longer Hermitian. Kramer then flnds that he obtalns complex |
'energles whose real parts are approximately the energles of the crystal

and whose imaginary parts can be mterpreted as average reclprocal life=- -

. spectrum -
times or equivalently average energy widths. The average € / is obtamcd

- by using the Kubo formula and performing a 31m11ar conflguratlonal averaglng : 3 h |

on a product of two one electron Green functions Wlth some approx1ma—

tions the forms l:‘or the averaged €, and den31ty of states are 31mllar in that |

2
.they are written as a sum over partial spectra belonglng to dlfferent reglons
of the BZ Where the reciprocal lifetimes can be taken constant The partlal
spectra are then given by a convolution of the crystalhne spectrum (shlfted
in energy when approprlate as shown below) with a Lorentman Whlch depends
on an average rec1procal lifetime. The parameter a- was chosen to flt the

€5 spectrum of amorphous Ge and Si. | -
_ Kramer’s results show the valence band being affected very sllghtly
Whlle the conduction band is broadened cons1derably. In partlcular for ’

25 17

- becomes: larger.' Furthermore, 1"2 o is |

is largely broadened. This is not surpr1smg

Gethe L. - I, and L, - Lg gaps become smaller while the X4- X1 gap -

is very shghtly broadened L

1

nor difficult to understand. In pr1nc1ple we Would expect the electrons in

slightly broadened, and X

the conduction band to be affected more by long range dlsorder than the -
very well localized valence electrons. In fact, if we look_ at the charge

density at symmetry points in the conduction band, w'e find that X1 is




h‘largely spread out whlle L 1s somewhat locahzed and I‘2 shows deflmte

| 31gns of locallzatlon Th1s 1s exactly the same trend observed 1n the

: to average out most of the X peak whlle preservmg the A peak and sh1ft1ng

S 1t to shghtly lower energles The agreement W1th the exper1mental amorphous

-3 .':.

3

. reclprocal life t1mes mentloned above The effect of th1s on €2 A- 1s then

€y is good The effect of Kramer s dlsorder on the dens1ty of states, how_}_vf;‘_”g.: S

gever, isa strong averaglng of the COl’ldllCthIl band and a very small avera— . |

SRPCR

ging of the valence band peaks for FC ZR ThI.S 1s certamly not 1n agreement

with experlment 2 - The problem 1s that one 1s deallng here w1th a system that

: has the short range order of dlamond In fact the parameter o., used to f1t

2', is very small and corresponds, for example, to all flI‘St second and ..
half the third nearest nelghbors belng w1th1n a dev1at10n of only 0 O4a of the
crystallme FC‘-—Z p031t1ons. It could be suggested that the den81ty of states |
mlght agree better w1th experlment 1f a was taken to be larger._ But now the | ﬁ-_ -

€q would be shlfted to lower energles and agreement W1th experlment here B -

| would be con31derably marred Bes1des, the approx1matlons anOlved m

obtammg Kramer s f1nal expressmns may not be valld for large a.

Thus we beheve that the conclusmns drawn by applymg the CBS theory

" to the FC—Z structure are not vahd for the amorphous case The sugges— - :f

tlonl‘7 that the peak in the amorphous 62 is due to A trans1tlons because of '

the preservatlon of the bondmg dlrectlon is hlghly questtonable and 1s

' only a con] ectu.re supported by analyzmg a hypothetlcal ”amorphous" system |

that is too close to the FC-Z structure

The results from these theorles lead us to suspect that the e2 spectrum




_..m.ay not be 2 good judge of the_v microscopic stt'uctural aspect_svof .the 'amo-r— -
phous state Iand that one needs a theory that will be ahle to accouht for p_o_tir?
the dehsity of states and €y | 1n the'amo-rphous phase In = ILwe applied
the concept of short ra.nge dlsorder to the density of states a.nd obtamed good’
' acjree:_u nt W1th experiment. We shall how do the same for the 52 spectrum(.f :
There are two features of the amorphous €q spectrum Whlch are of
prfm’--"y 1mportance. These a.re, of course, the one hump form of the . |
: spectrum and the position in energy of this hump. We shall attempt to S
accou.nt for these features in the followmg analy31s. -
v' The crystalhne ez(E) may be written as:

ey(B) = CIEE =  oE, (k) B, -B|e@ @ @

" where C is a constant and J(E) is the joint density of states given by:

IE® =z ZHEM®-E®-B . (9
kv S S

Equat'io'n (2) is just an expression for_a.h average matrix element .P(E) ‘

multiplied by' the .-joint density of states J (E); If We now ihcorperate the .-‘v

constant C into J(E) we can write:

eo(E) = I(E) B(E) @

’Z-_s isa phys1cally reasonable expressmn and could be used to study the

morohous phase since 1t is essentlally the number of states accesmble for

)
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: trans1t1ons at an energy E, multlplled by an average prooab1hty for those :
transu_tlons ‘When one does band structure calculatlons, however, 1t 1s ea31er

to calculate an associated ,average matrix element M(,E) obtamed_ by. a welghtedf - V; v

averagln'g of I(zpc(l—{) I—V>|¢V(~I_;)‘)|2-. Then Fq. (3) can be v}ritten as]8 '; ‘_

2

€p(B) = I(E) - MEE (5) L

Equanon (3) or (4) can now be used to qualltatlvely account for the amor- - B

phous 62 spectrum in a s1mple way In the amorphous case we would expect

J (E) to be a monotomcally ncreasmg functlon of energy w1thout any sharp

| structure from specific locallzed reglons in the BZ Slmllarly we Would

expect the average dipole matrix element P(E) to be a smooth monotomcally
decreasm_q function of energy. The product of these two functlons Would then -1 '-
g1ve a one hump structure Whlch vvould explaln the shape of the amorphous €2

To examine this in more detall we have calculated €q J’/E and M and .I

: and l\/I/E as funct1ons of energy for Ge and Si in the FC-2 ZH -4, BC—8 and

ST- 12 structures us1ng the Gilat- Raubenhe1mer8 1ntegrat10n scheme. The
results are shown in Flgs 13 and 14. For each row the product of the two o
curves in the second and third columns glves the 62 spectrum in the flrst

column. In the cases of 2H-4 and ST 12 structures we show the welghted

average of the parallel and perpendlcular components of 62 We are mterested -

in observmg the trends as We go from FC—Z down the columns to more and |

locally dlsordered and comphcated crystal structures. For the moment let o
us concentrate on the third column in each figure. We not1ce that W1th the ‘ e

increzsing complexity of the crystal structures, J gradually loses thetshar'p' L f
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structure prominent in the FC-2 case vtzhich was caus_ecl hy the simplicity
and symmetry of this band structure When we reach ST-12, Jis almost

a smooth and featureless spectrum which Would compare well W1tn What we
expected in the amorphous case. In addltmn the average .dlpole matrlx. ele-

B menz- M/Ez.for ST-lé ls for the most part a'smooth decreasing function of |
energy. This is particularly the case for Ge ST-12 in a large energy re-
glon while in ST~ 12 this is true for E>3eV Whlch however contains the
. vawe now examlne the €5 spectra we not1ce that it is prec1sely :

2
the ST-12 structure that has the qualities of the superlmposed amorphous

peak of €
€ spectrum obtained by' Donovan and Spicer3for Ge and by Pierce and. '
’ Splcer4 for Si. The agreement between the ST-12 spectra and the amorphous |
spectra is quite encou_ragmg and shows that the kind of short range d_lsorder1 )
which accounted for the amorphous density of states also accounts for the |
important features of the amorphous €g spectrum. The dlscrepancy in mag-
' nitudev of the €, curves is irrelevant in th1s dlSCllSSlOl’l and is caused in part B
by the differences in bulk dens1ty of the S‘I‘-]Z and amorphous structures.
An mterestmg feature that comes out of thlS analy81s is that J /E2
should look somethlng like a step functlon in the amorphous case since J is
such a smootn polynomial-like increasing function of energy. This would
gradient .
then suggest that the average/fnatrlx element l\/l must contain most of the .
information about €2 This is shown in Figs. 13 and 14 as we go down the :
second column where we have plotted J/E2 and l\/l In the FC-2 case the €g

spectrum looks mostly like J/E whlle M simply modulates the J/E

peczrum. In the 2H-4 structure we find that the form of the 62 spectrum



S 3'5'__'.
s now- shared between J/EZ and l\/I Where M contrlbutes most of the f1rst
peak and J/E2 contrlbutes the second peak When we examme the BC—8:- ‘t

case we find that the €., Spectrum now looks mostly hke l\/[ whlle J/E2 Just

2
- modulates the M spedrum. Finally, in the ST 12 structure we flnd that

T/ E is a relatively featureless step— like. functlon of energy and agam € 2

loo;:s ll::e M.

' L grad1ent
Therefore, we can safely conclude from thls that the average/matrlx

element M determmes the p081t1on in energy of the hump 1n the amorphous ;, N

2, and most 1mportant When one measures the amorphous EZ spectrum g

one is essentlally Just measurmg the average matrlx element M

V.- Conclusmns

| Our aim in this work has been two- fold FlrSt toﬂmake a complete
band structure analys1s of Ge and Sl ina series of novel 1nterest1ng and
comphcated crystal structures. ThlS 1nc1uded calculatmg energy e1gen-

values, den31t1es of states, opt1cal funct1ons, determlnmg the symmetry of

Wavefunctlons and 1dent1fy1ng opt1ca1 structure. Secondly, to use the 1ncreas— L

ing complex1ty of the crystal structures to study the trends observed in the B

den81ty of states and the 1mag1nary part of the dlelectrlc functlon as We |

approach the amorphous phase To thls end we have made partlcular use of ff -

the ST 12 structure Wthh has dev1at10ns in bond lengths and angles and has
odd—numb_ered. rlngs of bonds. We have not used the S’I‘ 12 structure asa
replica of amorphous Ge and Sll, but rather as a tool to -probe _the 1mportant '4
microscopic structural aspects'of the amorphous phase_. .
We have found that if one is to make a reliable_mo'del of the-amorﬂuous -



pha'se; }‘onve cannot start with a long-range disorder model applied to the FC—Z v

,'s'tfucl:'ure. Onvthe. other hand, a short;range disorder ‘;mcc."iel, défineél as a L
system With devia‘,tionvs in bond angles, bond 'lengths,vv.lithvall bonds‘,-l satis- o
_ 'fied ana With odd—nunibere'd' rings of bonds,: could acc.ou_nt' ft_)r @__tg_thé ‘arrllbr-_. B
.’phéus d.eﬁsity of states and iméginary part of the dielectric functlon 'vIn_ pérf
-ticﬁiar we found thét the amofphpus PR just the spéctru’in of én .ax}ér.age' |

matrix element.

If we now :'anlude lonq-ranqe disorder to our shoft—r'a.ng;e di'so\rder, we
quld expect to have a much better modél for the amorpho_u's phase. qu 'po‘mt L
is, however, that the effects of lohg-range disordér are of secondai'z impor-

tance.
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Table Captions

2

Theoretical e, structure and identifications, including the location

. inthe BZ, symmetry and energy of critical points for Ge and Si

in th.e 2H-4 structure. Details are given in the text. o
Theqrétical €g structure and identifications, including t.hve locatioh |
»in lthe BZ ,..symmétry and energ'y of critic;fal‘ points for Ge and 81 .
in the BC-8 structure. Details are:gi\.f'eri iﬁit'_hé.text. -

Theox_'etical e, structure, with perpehdiq@iar pOlafizétidn, 'and_ .

i'déntifications, including the location in the BZ, symmetry and

energy of critical points for Ge ST-12. "'De‘tail_s are given in the

| text.

Theoretical €, structure, with parallel polarizatibn,_and identi-

"~ fications including the location in the BZ, symmetry and energy

of critical points for Ge ST-12. Details are given in the text.
Theoretical €5 structure, with perpendivcular. polarization, and

identifications, including the location in the BZ, symmetry and

~ ‘energy of critical points for Si ST-12. Details are given in the

' text;

Theoretical e, structure, with parallel polariiation, énd idenfi— '

2

fications, including the location in the BZ, symmetry and énergy -

.of critical points for Si8T-12. Details aje'gi\ien in the text. -
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- Figure Captions -

- Fig. 1. - Brllloum zones and assoc1ated symmetry p01 ts and hnes for the
2H 4, BC 8 and ST-12 structures |

Fig. 2 " Band structure of Ge in the 2H-4 or wurtmte structure. ,

- Fig. 3 . Imagmary part of the dleleCtI‘1C functlon 62’ for Ge 2H 4 w1th :

| parallel (top) and perpendlcular (bottom) polarlzatlons

-Big. 4  Band structure of Si in the 2H-éx or Wurt21te structure. R -

Fig. ‘5v Imagmary part of the dlelectrlc functlon ez, for Sl 2H-4 W1th | ':

B parallel (top) and perpendlcular (bottom) polarlzattons e
Fig. 8. Band structure of Ge in the BC- 8 structure. o R |

Fig.'. 7 Imagmary part of the dlelectrlc functlon 62’ for Ge BC‘- (top)

| ~and Si BC-8 (bottom) | R o

Fig. Band structure of Sl in the BC-8 structure

© o

- Fig. Band structure of Ge in the ST~ 12 structure
Fig. 10 = Imaginary part of the dielectric functlon, €9y for Ge S’I‘ 12 W1th
| parallel (top) and perpendlcular (bottom) polarlzatmns o
_ Big. 1,1 Band structure of Si in the ST- 12 structure. 4 | | o
| 'Fig{. 12 | ’Imaglnary part of the d1electr1c functlon 62’ for Si ST 12 Wlth parallel
(top) and perpendlcular (bottom) polarlzatlons | o |
Fig. 13 }, Imagmary part of the dlelectrlc functlon e z | auerage gradlent matrlx
element M, assoc1ated Jomt density of states J /Ez, average dlpole -
| ‘matrix element M/EZ, and joint den31ty of states J for Ge in the FC—-
2H-4 BC-8 and ST- 12 strucLures. For each row the product of the -

: two‘cu.rves in the second and third columns glves the 62 spectrum m -

the first column. - The €q for the 2H-v4'and _ST¥12 structures was obtalned,-




Y ey SO C e
[ \_j P 9 i L _,"}340;3_ 8

by averagmg ovef parallel and perpcndmular polarlzatlons rfhe |
matrix element 1\/[ is in units of - (——) Whero a is the smallest lattlcre B
constant of each crystal and J in the flgure isin umts of (—-)2 (eV)
| rphe u.n—normalized J(E) defined m equatlon (3) can be obtamed from
the values of J in the flgure by takmg J to be in units of -
| /3'rrm2 v a 2 1
_\ 2y 4 ZTT) cm?eV

. The amorphous €, is from Donovan and

Splcer (Ref. 3). : R
Fig. 14 Imaginary part of the dielectric function 62’ assomated average

_matrix element M, associated joint density of states J /EZA, aver'age, | ‘
dipole matrix element M/Ez, and joint density of stafeé T for Si. in |
the FC-2, 2H-4, BC-8, and ST-12 structures. The convention is

the same as in Fig. 13, The amofphqxis éz is from Pier_ce'anc.l Spic.e.r‘

(Ref. 4).
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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