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Abstract

The.electronie band structure and optical eonstents of diamond are

calculated using the empirical.pseudopotential method with an addltional =1
non-local term-V (r) added to account for. the strong potential experienced by
._p-electrons.in tbe core‘reglon. NL_(r) ‘strongly effects_the p-like conduction
bands;'and-the resulting band structure yields a plot of ez(w),‘the imaginary

part of the dielectric function, whlch is in satisfactory agreement with experiment.
In addition, the temperature—dependent peak at 7.8 eV in the optical spectrum,
whose origin has been somewhat of -a mystery, 1s identified with optical tran- -

SitiOns beginning at L and extending out aleng.the A direction in the B.Z..
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Introdﬁction :

The baﬁd structure of diamond has been extensively studied by several
authorsl™5 in recent years. We will focus here dnlthose.calculations utilizing .
the empirical pseudopotential methodl™3 (EPM) with the‘éiﬁ of_exfgnding tﬁese
calculations. Since good pseudopotential calculations for silicon are pres-
ently availabie in the literature§ it would seem to be possible to combine the
best sets of fdrm factors for C and.Si to determine a consistent band gtruc-
ture for SiC.. Furthefﬁore, the form factors fér C can be used to determine
the symmetric part of the form factors for Bﬁ and BP. 'However, before pro-
ceeding directiy toward these goals, further improvement on the presently
available diamond calculations is considered necessaryvéé the resultiﬁg band
structures do not yield a totally satisfactory fit to the experimental opticai

.data.» In particulaf, the calculated sz‘spectra df‘diamondbdo.not match the
measured spe;traivery we113, especially with respect tﬁ.the line shape in the
low ene:gy.regién and the éésifionbof the main peak.

Iﬁ'an attempt to correct for the above deficiénciés, we pfesent in this
paper_another,calculation of the band Structufe'and qptié#l properties of
diamondf 'However, instead of making the usual assumbtion_that the pseudo-
poteﬁtial can be approximated by a local, sphericallyesymmetric potential
which is indepgndent of the angular momentum of the state under.consideration,
we have includéd‘a non-local ferm VNL(;) to account for the angular-momentum
dependence of the pseudopotential. Such a term does indeed lead to an impfoved
line shape in the low energy region, and yields a main peak whose position is
in excellent agreement with -experiment. In addition, the band structufe
thus obtained suggeéts a new.interpretation of some of the optical structure.
In what folldﬁs; we shall describe more fhlly the details and resuits of theée

calculations. The paper will be presented in three sections: section I
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diécusses-the'chqice °f,VNL(¥)’ and'btiefly‘describés‘the mechanics of the
‘calculation; section II discusses the resulting energy band structure and
optical'parameters; comparing them to the'results:of'other authors; finaily,]

section III presents conclusioné drawn from the calculation.
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I. Non-Local Analysis

_in the originél formulation of the pséud0potentiéivmethod, as.descfibed
by Phillips & Kleihman7; instead of solving the ohé—eleétron Schrddinger 
equation for & periddicb crystal, |

P V(D) | Yog (0 = Eat en(ny W
im 4 = | _
wherévp and ﬁ';re the momeﬁtum aﬁd mass of the electron ahd V(;) is the crystal

potential, one considers instead the following model equation'for a smoothed

pseudo-wavefunction ¢n_1€(£) I:

_[fm #W(0 ] $ug ()= EnlBIPnt(0) o

where V_ is a nonlocal integral operator representing the sum of the usual

 attractive Coulomb crystal potential, Vc, and a non-local, angﬁlar—momentumL

depeﬁdent.repulsive potential, V_, which arises from the 6rthogonality of the

R’
true wavefunctions to the core states.
In order to solve equation‘(Z), the usual procedure is tq'assume the

canceliétion-between VR and V, to be almost complete, andbto replace Vp by a

c
weak poténtiél which is independent of angular momentum. In addition,'ohe
generally approximates the pseudopotential by a local, spherically éymmetric
potential, which is assumed to be expressible as a superpositidn of local,

spherically symmetric potentials centered about each ion site. With these

approximations, one can then write

\_'p(f.\-" ‘)_Zv\r(‘ﬁ"gj‘) | _ | , (3)

where v (|£7§jl)=is the local potential centered at R,, the position of the

jth ion core, and the sum is over all the ion cores in ﬁhe crystal.  The

problem of determining the energy eigenvalues and pééudofwavefuhctiéns»is'
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thus reduced to solving the somewhat simpler equation

Pz 3(\!f£5\\x¢n\z(£\=En(k\‘?m(t)-' .' @
2w ) - T o

for the various éases of interest.

It is from this point that prévious EPM calculations have proceeded..
However, ih the cése of diamond, the agreemenf between the results of such
cglculations énd_the experimental opticél data ié nét‘parﬁiculafiy g6od3‘
This is'sdmewﬁat sﬁrprising, sinceleq. (4) leads to gobd results for Ge and
Si;'whiCh'have eésentially>the same strﬁcfﬁre. This suggests that the
épproximations 1éading to equation'(4) should be re—examined f@r'diamond. .iﬁ‘
particular, the approximétion inﬁolvéd in igﬁoring tﬁe'angular homentumv
dependence of Vp sééms somewhat questionable. Unlike Si and Gé, diamond has
no_pnélectrons in the éore; hence, the Coulomb potential feit by the p
.va;enée énd conductioﬁ,electrons is not cancelled'in tﬁe core regibn by a

'repulsive term from V,. As a result, Phillips Cancellation Theorem8 is not |

R’
valid in.ﬁhisicése, and one cannot aésﬁme Vp to be weak in this region for
suéh electrons. In light of this faéﬁ, we modify eq. (4) in our calculation
by adding to it a non-ioéal term, VNL(;), to account forvthe strong potential
'experienCedkby p states in the core.. Thus,rinstead of using equation (4) as
a starfing pbin£ for our c#lculation,.we use the following equation:

[ £z V(‘f-'gj”*vm(‘l’]'%!(-w Colg () O ®

_Zws ) T |

where VNL(E) is assumed to operate ohly on p states in the core region. To
satisfy these conditions, we have followed the analysis of Lee & Falicov? for
K and Fong and'Cphenlo in their treatment of KC1l by choosing‘VNL(r) ;o have

the form

J

Vp..(_ﬁ\* P §‘+  'U(\E'Ej ‘\ ?’. o e

.
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where ﬁl is é projection operator which operates only on ' those sphefiéal

. v |
-~ harmonics with #2=1, and PT is the corresponding hermitean conjugate operator.

Dufing the‘course of the calculation; sevéral forms of U(IEJ) were tried,
such as a simple square well, a Yukawa-type well, etc. The best regﬁlts are

obtained by choosing
: -l

\J(\(,\\ Ave ,r2Rs

4 )]
o, 2>25 |
where Ré is the diamond core radius in the crystal, assumed to retain its free -

: ‘ . .
atom value -of approximately 0.2A, and A and o are treated as parameters. This

“choice of U(L£|)_is vaguely suggestive of the Coulomb potential (proportional

to %)‘felt by an atomic p-electron, which has an associated radial charge

27T, in the presence of a point nucleus. The calcula-

density of the form r
tion resultingvffom this choice of U will be the only one discussed in this
paper.

' To solve (5), it is convenient to expand the weak local pséudopotential

bterm in the reciprocal lattice as follows:

T vlcg)= T v(‘gnsocne ik
J .

e )

where'g is a reciprocal lattice vector in units of 2r/a, a is the lattice

(]
constant of diamond, taken to be the value 3.57A,

u(lel\ = S U’("")t""' dSY‘ (9)

cell

is the crystal form factor, Q@ is the volume of the unit cell, and
S(1gN = ws& T | | (10)

is the structure factor, Tt =-% (1,1,1) being the vector between the two
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diamond atoms in the unit cell. With the tfencation of ;he exﬁansion et
L§2|=12 in (85,;the only non-vanishing fe:m factors are v(|G|2=3), v(4);
‘v(8), V(ll), an& v(12). v(4) and v(12) do not contribute to the boeehtial
because the corresponding structure factors S(4) and S(12) are ze:o.‘.However,
we'setFS(12)=i in order to be cohsistent with the’x—ray scettering datalls12,
Having made the-expahsion (8), one then diagonalizes the pseudopetehtial

Hamiltoniah.(S)VOVer a basis of plane wave states. The ma;rix elements for
the localvpseUdopotentialvare calculated by a method described by Brust13.
Essentially, this method eonsists of treating those piane.weves satisfying
Ik+G|2 < E1 exactly, while those with El'é |&f§|2 <E, entef only through
second order pertubation theory. Plane waves with lk+G|2 > E, 'are'heglected;
For the non-local term V (r) we also neglect the contributions of those

pldne waves with E, < |5ﬁ§|2 < E2. A typical matrix element of \' 3 is of the

NL
 form. I |
<k*§,‘vug\§?_ 7= Teg T 0% slee) , Coay
" where
Teo = g g.(uuclr\ Q,.(uae m \J(ﬂ r dr -

3 is the spherical Bersel function of order 1, e ie‘the engle between the

GG'
. vectors Efg and Efg', and f and S are the volume of the-unit.cell'and sﬁrué;
tere factor.es defined previously. _The integral is evaluated numerically.
Satisfactory convergence is obteined by choosing E,=12.50 and E2=30.10.
.vThe EPM‘hefhod of selution éf (5) consiste in chbosing the pseudopoten-
tial form factors v(gd),'along with the parameters‘A,d essociafedbwith u(r),

to give band structures consistent with experiment. In practice, one

calculates e few of the priﬁcipal band gaps at important symmetry.points in
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the Brillouin zoné, and fhen adjuéts"thege parametérs until the gap values
agree with those extrapolated from the optical expérimental data. Once these
parameters are fixed, the energies cén be calguiated at general‘points
thréughout the zovn'e.. The resulting band structure and'p'séudo-wa\(‘efunct_iohs'

can then be used to calculate €y via the'expression

| £de () AS -
(‘0\ z (’)Jr)z Cue | Vi Euc| o .-'(13.)

where o ' b
' S‘U’ (h-\-: ‘ <h U’l "‘&' e? ‘

3M

Eve

is the EPM interband oécillatdr‘strength, lk,c) énd |k,v>_are the EPM wave-

funéfions for the conduction and valence bands at the point k, S is a surface

of constant interband energy E_ =E - E_, and E and E_ are the energies of
ve. ¢V c v

the conduction and valence bands, respéctively. The details of evaluating the

. sums over initial and final states 1s described elsewherel. The only modifi-

cations are that the mesh size is defined by dividing the distance I'X into

ten parts, each cube is divided into 125 equal subcubes, yielding ~13,600

_ random'points;.and quadratic interpolation between mesh points is used

instead of iineaf interpolation. The whole pxécess is repeated until saﬁis—v
faétory agreement with the optical data is obtained or until no further
improvement can be obtained. |

The available optical data for diamond can be summarized by a plot of
8216, as shown by the dashed line in Fig. 2. We also list the measured values

of the conduction band minimum, Amin, and the threshold for indirect transi-

“tions Eiﬁd17113'(see Table II).. As can be seen, the experimental e, has
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structure at 7.2, 7.8, 12, and 16 eV. Presumably, these structures éan be
related to Van Hove singularities at critical points, where VkEv;= Q, although
it is possible that they méy also arise from transitions exte;aing over lafgé
regions of k spaée around symmetry ﬁoints, as Kane showéd to be the case for
Sil%, It is by identifying the stfuc#ure with transitions at certain critical
symmetry points that one determines the data to whiéh the féfm factors are v
fit, |

Unfortuﬂatély, no clear cut interpretations of the critical poinfs N
' céusing the pfihcipal structure in the low energy region of the diaméhd-e2
spectrum exist. The shpﬁlder at 7.2 eV 1s temperaturé>indepéndentls’ thch
éuggests thatfthé threshold for direét transitions is near this'enefgy;
Howevet, there is some debate és'to whether this fundamental'ébsorpﬁion édge
begins wiﬁh transitions at I or L3. The feak at'7.é eV is temperature
dependent, wﬁich suggesfs the poééibility of ité'ﬁeihg caused by an excitbn;
however, pfevidus'calculatioﬁs yield no critical poinf near this énérgy with
which such an exciton cén be associated. By contrast,:tﬁe origin ofkthé main
peak at 12 eV is understood to arise from 45 transitioﬁs éfarting at X (XH+X1)
and,extending 6ut along the I directions, where there is a iargevfégioﬁ'of
esseptially parallel bands. The structure at.16 eV is not sharp and is at ﬁoo
high an energy to be given accurately by our EPM appréximation.

For the_furpbses of this calculation, then, the only uhamb}gﬁous éxperi;
mental data to which the form factors caﬂ be fit are the ﬁhreshold for
indirect transitions, the position of the conduction band minimum, and thé
positibn of ﬁhe:main peak, which is expected to lie near the-X“+X1 transition
energy. The experimental values taken for these quantitiés ;re listed in |
Table II, undef experiment. In addition, we assume that the threshold for

direct transitions occurs at I' with energy in the vicinity of 7 eV. Since
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prior calculations agree fairly well with all of the above data but the

position of the main peak, we have dirécted our efforts toﬁards improving this

value. As a starting point in our calculation, we use the local form factors

Vii1e Vaooo Véli’ V,,, of Saslow! et, al, (Table ;). They are éqmbingd with

A,a and adjusted until satisfactory agreement with the optical data is reached.
! I ’
s
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II. Discussion of Results

The resulting pseudobotential form factors, principal energy gaps,_and"
positions of Amin and the main peak are éiven in tables I and II. For‘convenience
results of dther recent calcula;ioné are also listed. The calculated enefgy
band structure along principal symmetry lineé is shown in Fig. 1. Fig. 2
contains the éalculafed sz(w) spectrﬁm for the range 0-20feV, with_fhe.corre%;
sponding experimentaily—derived curve.élso included for éomparisbn. The
theéfetical réflectance'k(m)? obtained via a Kramers-Kronig analysié of our

calculated ¢ usihg the method of Walter and Cohenl!S, is shown in Fig. 3,

2
acéompénied by the'meaéuréd éurve.. Finally, Figs;‘A,S indicate important
energy éontours_and éfit1¢él points for'4+5vand'4+6'transitions, respectively.

We will first consider the calculated band structure. The valence band maximum
is at T, and.the c?nduction band minimum occurs near (8940,0), which is in
gdod'agreement‘with the value of (.78 * ,02,0,0) &etermined via neutron .

" diffraction studieélj. The threshold forfindirect.transitions is seen to be
5.46 eV17’18, in excellent agreement with'experiment?” The threshold for
direct transitions is 6.96 eV, and corresponds to'P25v4féf'trahsitions::fThe
band sﬁrﬁcture is similar iﬁ most respects to those of'pfior céiculétioné;
including the APW calculations of Keown“ and Herman's OPW calculation®. How-
evér, there are some significant differences, mainly-with respect to the
level orderiﬁg at T and L. The presént calculation haé Tyt lower than Tis,
which agrees Qith Saravia & Brust3, but is opéosite to'the'ordering of other -
calculations. A pridri, there is no reason fof choosing one ordering over
the other. Oﬁé ﬁight argue that, since Ge and Sn have I';+ lower than I;g,-
while Si has the order reversed, C could be expec;éd to follow the trend and.
have T, lower in energy than PR Hdwe?er, there is no eipgrimeqtal éata

presently available which favors one ordering over the other. Until such time
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as.experiments can isolate scme‘effecr which‘differentiates between rne'two,
the questidn of which'ordering‘is_correct remains Open._.Andrher difference;in
che levels occurs at L, where tz' is lower invenergy than_Ll,'Ls, and fz, andv
L, and Lg, aré reversed, with L, lower than L. vThe factvthat L,, lies lower
than Ll,'Lé is related to the fact that Fz;-lies below Fis‘ The peak which.
appears at 8.4'eV’in the calculated refiectance‘spectrum (Fig..3) is a |
consequence of tne fact.thac the conduction’band at.L (LZ') has been brought
down closer to‘the'valence band.

The caiculated €, sPectrum begins with direct 4>5 transitions at T with
energy 6.96 eV. As jnst discussed, this corresponds to thevP25|+Pé. tranSi—
tion, which has M0 symmetry. Since the contributions to €, near 7 eV comev
from a very small region in k-space, as shown in Fig. 4, the absorption edge‘
is very weak in this vicinity and does not show up well_on the curve. As the

energy is increased ‘more and more states are able to contribute and €, starts

to rise. The slope in the region 7.5-8 eV is quite steep because the joint

density of states with transition energies in this range increases quite
rapidly,'as indicated by the much 1arger energy contour for 8.1 eV in Fig. 4a,

and the associated oscillator strengths are very large, especially out along

the A and I directions from I'. At 8 eV, the curve starts to level off somewhat,

as the increase in Jvc’ the joint density of states, is not quite as rapid as

.befcre; in addition, much of the increasevin Jvc-comes from -interior points in-

the zone in a region where the oscillator strengths are generally weaker than
before."

Near 8. 2 eV, €, again changes slope and begins another steep ascent until
fw = 8.4 eV, where it starts to level off again. In this region there are
three main contributions tc €,. First, there is an M, singnlarity:at I, corre~

sponding to the (4+6) transition P25}+Fi5 with energy 8.2 eV. In additionm,
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there 1is a second critical point at L which has M, symmetry éhd is associated
with.the (4+5) transition L,y Lzy of energy 8.27 eV, Finally,-thére is a
large increase in Jvc in this ehergy intervai coming mostly from 4»5 transi-
tions in?the regionvaround L and extending out along A, where the OScillatbr
strengthé are fairly large. |
The structure‘exhibited by ez_frOm 8.4 to 11.5 eV is not assoéiated with
any criticai péints but seems to be solely due'to_a volume efféct. The major
contributionsicome frOm 45 traﬁsitions in the interior of the Zoné, as shown
.in Fig. 4 for éeledted:energies; 476 transitions around I' also contribute, but
not significéhtly, as tﬁe aVailablé phase spacé is of limited extent, and the
oscillator st;eﬁgths are generally weaket. The rougbnesé in the region 8.4-10eV
afises primarily'because bf the sampling pIOCedure'used in evaluating the sums over
ini;ial and fiﬁai'étates in (13). in thislrangé, the energies change quité
.rabidly'with position in the B.Z. As a result, tﬁe meshes usgd to v |
divide'up the Brilloﬁin.zbné when performing the sums aré ﬁrobably too coarse
to yield acéuréte énergy ievels and EPM oscillator stréngths at;random E_values
in this’fegiop.. Prévious'éXpefieﬁée‘indiCates‘thatldiVidihg the BZ intoa finer
meSﬁ should'sﬁooth out thé curve in this fegipn. This belief is étrengthened
by the fact that the calculafed reflectance (Fig. 3) is absolutely smooth in
-this range. In the interval 10411.5 eV,”the major contribution to €, comés
~from 45 transitions in the interior of the zone, cdming closer to the region
around K,U,X as.the energy increases. The steep rise in ¢, is &ue’to the fact
that the oscillator strengths becomne significahtiy strbnger as one goes away
from I', L and toward the.region around K,U,X. |
The large main peak at 11.8 eV is caused‘by the M, critical point at X
with energy 11.79 eV, corresponding to>the (4+5) tramsition X, X Thé main

contribution still comes from 4+5 transitions, especially those in the XIKW
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plane as shown in Fngi4b, (3»5) and (4;6) transitione also combine'in rodghly .
equal proportions to make up‘abcut 10% of the total contributicn to €, at this:
point; |

As one_goés*higher'in energy, the 46 traneitions become more and_more

impdrtant. Since-the oscillater strengths are generally nuch weaker than .
those corresponding to the 4-+5 transitions; e, falls smoothly as energy
1ncreases. The peak at 13. 2 eV is due to the M; critical point at L associ-

ated with the (4+6) transition L L, with energy 13.13 eV. The small peak at

30
14.4 eV is caused by the (4-6) traneition'A5+A2"at the point (0.5 Z0,0){ this
‘transition has energy'l4.38 eV and M, symmetry. | |

A compariébn.with the experimentally derifed eényields generall& adequate
agreement. The main purpose ofvthis calcnlation is to try'to imprdre”the
agreement between'the positionbof the main.peak in the theoretical.and . |

3, the calculated position of

_Vexperimental_resuits- In previcus calculations
the main peak:is displaced from its experimental value bf 1 eV, As seen from Fié. 2,
in this calculation the two.peaks—are in excellent agreenent, differing in position_b&i
'only-0.2 ev, 'Thefcalculated peak is somewhat larger in magnitude‘but this )
seems to be c'haracteri,stic' of the EPM-type cal.cu‘lations. ' The height of the
experimental ¢, curve is somewhat arbitrary, amnyway, as surface contamination
of the Sample’can lead to differences.in,peak height of up to 20%1% in the
'measured refiectance, from which €, is derived  Since the measured and
calculated peak heights for the reflectance differ by only 5% or so, as shown
“in Fig. 3, one can assume thatvthe magnitude differences in e, are probably
due to the different methods employed in evaluating the Kramers—Kronig
integrals in the higher energy regions' we used an analytic tail of the form

3“/(w2+72)2 to‘replace the calculated e, (w) for energies above 24 eV, while

Walker used Roesslers' method!? to extend his values of R(w) beyond the

1y . ’ bl
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measured range 5-31 eV (see refs. 15,16 for a moré.detailed.comparisoﬁ of the
_ ﬁethods). The difference in magnitudes of the two €,, along with the different
extrapalation methods used, should also explain why the positions of the main
peak are disﬁlaéed fﬁrther apart in R(w) (&.4 evV) thaﬁ in e,. Any altering'of‘
the peak heights in R(w) (or €5) would be expectédvto.cause energy.shifts'when
transforming to ez(w) (or R). ” | .b

The agreement between theor&land ekperimént in the 7-1Q.eV‘regibn is not
extremely good, but thié r#nge has"always been a troublesome one for theotisfs.
As remarked earlier, the cause of the.experimentai.struCture between 7—8 eV is
very uhcertain._.Thé calculated ¢, starts off with a slope very similar té
that of the meaéﬁréd curve;'but»displéced‘approkimately.O;S eV higher in
energy. The shape of this absorbtionfedgé is much improve& over that obtained.
by Saravia and‘Brusts, using Saslow's form faétors, WBich is muéh too weak
compared to experiment, Safavié and'Brust do calculate a sfrongﬂabsorptioﬁ
edge near 7.3 eV, ﬁitﬁ theirtmodei 113, but the slope is too steep; Being‘
almost vertical and essentially fd:miné a step’functibn. Neither calculation
accounts-for thé‘peak'at 7.8 eV. A close 1ook.a£ Fig."Z ghows two "bends" in
the'calculated é; at 8.1 and 8.3 eV. This strﬁctﬁre showsrupsmore pr§minently
in R(b)»(fig.lé), where there are»fwo small péaks at 8.3 and 8.6 eV. These
Seemvto corréspond to the measured peaks at 7.2 and 7.6, but are displaced in

0]
critical points at I' and L respectively, it seems likely that their poéitions

energy by &1 eV. Since these calculated peaks are caﬁsed-by the M, and Mi

could be shifted down in energy by reducing the energy gapsrbetween ys1 and
I'yg at I', and between L3y and L, at L. Unfortunately, this turns out to be
very difficuit‘with our model'poténtial fof u(r); It was found that decreas-
ing thelL3'+L2y gap at L could only be accomplished by lowering the conduc-
tion band; théwvaience band ;emaining‘essentially unchanged. .HoweVer, any

significant lowering of'the conduction band at L has the effect of shifting
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the conduction band minimum from Amin to_sz; Thus, any shiftiog of the.gep
at L must be done byrshifting the valence band'upﬁard..

The”gap‘at'T;:corresponding to the P25, tran51tion, ‘can be handled much
more easily. However, as long as L is kept near 8 2 eV in energy, the agreement
with ' experiment of. the overall line shape in the low energy range deteriorates, with
the absorption edge becoming weaker as F15 is lowered. This indicates bhat one must
lower both P’and_L‘at the same,time}-as‘the slope of the experimental eé curve‘in
the low‘energy region seems to depend on the.two gape being close together in
energy. At this time, we have not been able to accomplish the raising of the
point L 3t the valence band at L. ‘However, we tentatively associate the peak

at 7.2 in the experimental €, with the M critical point at T, corresponding

0
to the P25.+P15 transition, and the peak at 7.8 eV with the L, v+L ' transition
at L, which has M1 symmetry. This is the first theoretical identification of

| a criticai point associated with the peak at 7.8 eV. The association of the
peak ae 7.2 with»the F25'+F15'transition is not new, bﬁt‘agrees with the
identificatioh:made by Herman gt.él?.an& Saslow et.al,i"Howevef, in our case,

- we do not also assume that F2$Q+F15 forms the threshold for direct t:ansitions,
but instead'delegate this honor to the F25v4F21 transition occuring.near‘7 ev.

In the region 8.5 to 10 eV,.the calculated ¢, is too strong and too rough.
The'roughnese.probably arises from sampling techniques, as diseussed.previously,
and disappears,altogethef in the reflectance (Fig. 3), which is'very smooth
in this region; the magnitude of the curve_is still larger than the experi-
ment in this region. ' From 10-13 eVbqhe tﬁo e, plots agree quite well,
‘except for the magnitude of the main peak. Tﬁe slopes of the two curves are
quite similar in this region. ‘Fmom 13 eV up, the calculaﬁed curve is again leiger
than experiment, and has peaks at 13 2 and 4.4 ev which don't show up in the

experimental curve.
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I1I Conclusiqné

As discussed in thé previous section,'tﬁé non-local EfM calculation éeems fo
- explain mostrof the observed structure in ﬁhé dielectric constant eé(w) éhdvthé.
.reflectance R(Q) fdrrdiamond, at leést'quéiitatively. The_gélculation indi_
cates that‘thevexperimental peaks in ez'and R near 8 eV can be éssoéiated'wi;h
the M, critical point at L, eveﬁ_thqugh the.calculated value of tHe L3'#L2(_.
energy gap seemsvtd be'~o.5 eV too»large; the temperatﬁre dependence of the
éxperimentai.peakféould be caused by'aﬁ'exciton associated with this“ppint.

' The position of the maih.peak has beeﬁ brdught into excellent agreément with
‘experiment., Calcﬁlationg done wichdut‘VNL(r)‘indicate that.the'non-lbcal
potential hasva'definitg effect on States’within’the zone as wellvas on fhosé
along symmetry iines. An illustratiop‘df this effect‘is ﬁhé significant shift
introducgd iﬁ‘thé position of tﬁe méin peak, which haé.latge contributions

frdm extended feéibns*in k-space. Further improvemenf in the quantitative
agreement between’theory and ekpefiment in the low energy region éeems to be
possible if é method can be found for‘raiSing the valencé'bands Lyt ét.L. The

question of the proper ordering of the energy bands at T will have to remain

open until further experiments are done.
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Table 1:

Table 2:

Table 3:

" UCRL-19197

L'Table.CaEtions

Non-local and local form factors (expressed in Ryd.) uséd_iﬁ thé,'
present_caléulétion,‘ Also included are Ehe form factors embloyed

in'prior EPM calculations -

Prominent interband tranéitions,jindifect band‘gap,.and ﬁpsitioﬁs
of the conduction band minimum and main peak in ez‘for recént‘ '
diamoﬁd calculations, iﬁcluding the present one. Experimental

valges are included when applicable.

Theoretical and experimental e, structure and their identifications
including the location in thevBrillouin-zone, energy, and symmetry
of'thg calculated critical points. The experimental resulté are »

due to Roberts and Walker (Ref;‘16).
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NON-LOCAL

QRef. 3

d

. Table 1

_LOCAL
Vi V220 Va1 V222 A @
Preséﬁt'Calcﬁlation 1-.785"f_‘y ;189“_ .‘_,138 i' | .671 -;159 1.25"
Saslow, et.al.® -.811 .337 132 041 - -
~ Savaria, et.alb -;514 -.022 .186 -;078 - -
Van ﬁaefihge:; et.al,® -.696 f337' .132 ' 0: - --
®Ref. 1
bRef. ?

(W]

)
o

0c

L6T6T-THON .
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)

Principal Energy Gaps (eV)

Tys oTys | Tos '*sz | LawLlye Lé'"*Lé XXy | T2s >Bpin | Smin M:in ’
» : i : ' v . peak
fresenF_Calcuiation (ﬁonflpgalEPM) - 8.22° v6f9§ 8.27 | 13.13,‘11.79_ ff5;46 ‘;80 [ 11.8 eV
_saravié & Brustd (EPM) 14.06 7.52 7.3 | 17.2 [10.43] -5.37 |83 [~11.0
Herman, gt.gl,e’(OPw) 7.1 14 ©20.5 12.8 {11.8 | . 5.47 .75
Sa‘slow,ABergscr.esser,,Cohenf (EPM) 7;33 12,04 10.83 12.8 | 12,9 !5;26 .76 - 12;7
Van Haeringer, Jungingerg (EPM) . 8.21 12,0 13.0 12.66 5.45, n.8
:KeOth (APW) 5.8 1.1
Experiment N A2 5.47¢ | .78 128

The entry in this slot depends on whether one assigns the direct gap a

transitions.
2 Ref. 16 - € Ref. 5
b Ref. 17 £ Ref. 1
© Ref. 18 8 Ref. 2
9 Ref. 3 B Ref. 4

- Table 2

t F ‘to the I‘25.'+.I'15 or F2'5 "*levl

IC
L6T6T-T¥DN



€ Structure (eV)

Associated Critical Points

Theory ‘| Experiment Location in Zone Symmetry CP energy
. _ o o E S (ev)
8.1 7.2 Tos5.= Ty (0,0,0) ' M, 8.‘22_
8.3 7.8 L3,f’L2, (:5,:55.5) .Mi 8.27
11.8 - 12.0 X), - xl'(l,o,o_) S Ml_ 11.79

‘Table 3

L6T6T-T40N
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Fig.

Fig.

Fig.

Fig.

Fig.

L6 energy contours and critical points in the TLK and TLUX

. - . UCRL-19197
i ‘25

'Figure Captions

Energy bands along principal symmetfyﬁiihes. »

Calculated and experimental cé(w) spectra.. The full line

repreéents the calculated results using VNL(S)’ ‘while the

experiméntal‘curve is denoted by thggdashed'liné.

' The,calcuiated reflectivity (full line) is compared tp_the'

experimental curve (dashed line).

4-5 energy contours and critical points in the (a) TLK and
TLUX planes, and (b) TKWX plane.

[

' ﬁianes;
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
- Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or » _

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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