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The permittivity, reflectivity, absorption coefficient, and electron-energy-loss function
of trigonal Te are calculated from 0 to 22 eV with the use of the self-consistent Hartree-
Fock-Slater band-structure results and the matrix elements rigorously evaluated in the
bulk of the first Brillouin zone. Close agreement is found with experiments. The salient

features in the optical and electron-energy-loss spectra are interpreted in terms of the
transitions between the band groups. The effect of the local fields on the spectra is es-

timated to be small. The corrections needed to the spectra of Te to improve the agree-

ment with experiments should be opposite to the local-field and continuum-exciton correc-
tions recently calculated for C, Si, and TlC1. The possible reasons for the differences in

the ultraviolet region between the calculated one-electron spectra and the experimental

ones of Te, Se, ZrSeq, Si, Ge, GaP, GaAs, InAs, InSb, ZnS, and ZnSe are discussed.

I. INTRODUCTION

The anisotropic small-gap semiconductor, trigo-
rial Te, has in the past been subject to an extensive
theoretical and experimental study (see Refs. 1 and

2). However, only two calculations of the
polarization-dependent Ehrenreich-Cohen permit-

tivity V=V~ +i V2 (Refs. 3—5) of Te have ap-
peared. ' Both of these are of the pseudopotential
(PSP) type. Maschke calculated in his empirical
PSP (EPSP) studyVz up to -10 eV. Starkloff
and Joannopoulos calculated in their self-consistent
(SC) PSP study e, the reflectivity, the absorption
coefficient, and the electron-energy-loss function

up to —13 eV.7

A further theoretical examination of the optica1
and electron-energy-loss spectra of Te and the ex-
tension of the calculation to higher energies appear
appropriate for several reasons. The response spec-
tra calculated with the true SC wave functions
may differ from those calculated with the PSP
wave functions. The spectra in the present study
are calculated with the true SC [orthogonalized
plane-wave (OPW)] eigenstates. The measurement
of the reflectivity of Te with the synchrotron radi-
ation shows that the reflectivity exhibits distinct
structure several eV above the upper energy limit

(-13 eV) of the previous theoretical studies. '

Also, the transitions from the three lowest s-type
valence bands have the main effect at these high
energies. The role of these s-type states in all the
response spectra has not been clarified yet (cf. Ref.
11). Similarly, the plasma peak in the measured
electron-energy-loss function of Te appears dis-

tinctly above the energy region analyzed theoreti-
cally thus far. ' Detailed calculations of the opti-
cal properties of trigonal Se have appeared recent-

ly,
' and it is now, for the first time, also possible

to present an extensive comparison between the
theoretically analyzed response spectra of Te and
Se. By comparing the difference between the cal-
culated and the experimental spectra of Te with
the calculated local-field corrections for Te (Ref.
13) and qualitatively with the calculated local-field
and continuum-exciton corrections for C, ' Si, '

and T1C1,' we indirectly gain insight into the ef-
fects beyond the one-electron theory without actu-
ally calculating them. %'ith reference to the
present calculations of Te we also discuss the pos-
sible reasons for disagreements found recently in
the ultraviolet region between the calculated one-
electron and the experimental spectra of Se, '

ZrSe2, ' Si ' Ge, GaP, GaAs, ' ' InAs, InSb, '

ZnS, and ZnSe. The fundamental equations and
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the details of the calculation for the present study
for Te were given in the first paper ' of this series,
denoted by I hereafter.
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FIG. 1. SCOPW density of states (DOS) of Te (solid
line) from Ref. 22. Dashed line represents x-ray photo-
emission spectrum from Ref. 24. VB1, VB2, VB3, CB1,
and C82 denote s bonding, p bonding, p lone-pair, p an-

tibonding, and upper conduction- (lower bands of d-s

type) band groups, respectively.
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FIG. 3. Triplet decomposition of the SCOPW E'2)~

and aqua of Te [(a) and (b), respectively]. Solid thick line

corresponds to total 72. Solid, dashed, and dashed-
dotted thin lines represent contributions to 72 of transi-
tions from the p lone-pair VB3, p bonding VB2, and s
bonding VB1, respectively.

II. RESULTS AND DISCUSSION
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FIG. 2. Imaginary part of the permittivity (V~) of
Te. (a) SCOPW E2~~ (thick line) and e» (thin line). (b)

Experimental @2~~ (thick line) and e2& (thin line) from
Ref. 10.
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The primitive unit cell of trigonal Te contains
three atoms. The outer atomic s and p states
engender three separate valence-band (VB) triplets
and one conduction-band (CB) triplet, which are
seen in the calculated density of states (DOS)

shown in Fig. 1. The valence-band triplets are of
s bonding (VB1),p bonding (VB2), and p lone-pair
(VB3) type, and the conduction-band triplet is of p
antibonding (CB1) type (Fig. 1). In the higher
conduction-band group CB2, the lowest bands are
mainly of d-s type. The optical and electron-
energy-lass spectra of Te will be interpreted in
terms of the transitions between the above-
mentioned band groups. We compare in Fig. 1 the
calculated DOS with the x-ray photoemission spec-
trum by Schluter et al. and find close agreement.

We present the calculated 72 [consisting of e2~I

and E2t, Eq. (47) of paper I, hereafter abbreviated
as (I.47)] and the experimental 72 derived by
Bammes et al. ' from the reflectivity measured
with the synchrotron radiation at 300 K in Figs.
2(a) and 2(b), respectively. Agreement between the
calculated and the experimental' ' ' e2 is re-
markably good (see Fig. 2). The use of the extra-
polated reflectivity below 3 eV in Ref. 10 has er-
roneously caused the disappearing of the optical
gap from the experimental ez in Fig. 2(b). The
theoretical e2 is higher than the experimental e2
up to —11 eV and lower above —11 eV. The nar-
row, calculated first peaks A and a are significantly
higher than the corresponding experimental
peaks ' [agreement is better with the peaks mea-
sured at the lower temperature of 10 K than with
those measured at 300 K (Ref. 26)]. However, this
difference does not seem to cause any appreciable
disagreement between the heights of the first peaks
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TABLE I. Position and origin of the main peaks in 72, the reflectivity, and the absorption coefficient of Te. Transi-
tions causing an appreciable background are in parentheses. All numbers given in eV.

V2 Reflectivity
Peak Theor. ' Expt. Theor. ' Theor. ' Expt. Theor. '

Absorption coefficient
Theor. ' Expt. Theor. ' Origin'

B

F

1.5 2.0 1.6
4.9 5.0 4.8
6.6 6.6
7.3 6.9 7.1

8.9 8.7 8.4
14.0 12.0

2.4
5.4

2.9
5.4
6.7
7.8 7.4

10.9 9.5
14.6 12.9

2.9
5.1

6.7
7.2
9.7

2.4
5.2
6.6
7.7
9.1

14.1

2.9
5.7

7.6
9.6

2.4
5.1

6.6
7.1

8.5

VB3—+CB1
VB2~CB1 (VB3—+CB1)
V82~CB1, VB3~CB2
VB3—+CB2
VB2—+CB2 (VB3~CB2)
VB1—+CB1 (VB3 + VB2~CB2)

a
b

C

d
e

1.7 2.1 1.6
4.9 4.8 4.8
6.1 6.0
7.8 7.3 7.3
9.3 8.9 9.3

13.6 12.0

3.0 2.9
4.9 4.8
6.1 6.0
8.2 8.0 7.5

10.1 9.2 10.2
14.2 13.2

2.8
4.9
6.1

8.1

9.4
13.6

3.0
5.0

8.2
9.8

2.4
4.8
6.0
7.5
9.8

VB3~CB1
VB2~CB1 (VB3—+CB1)
VB2—+CB1, VB3—+CB2
VB3 + VB2—+CB2
VB3 + VB2~CB2
VB1—+CB1 (VB3 + VB2—+CB2)

'Present study.
"Peaks A and a from Ref. 26, others from Ref. 10.
'Reference 7.
Reference 26.

in the calculated and measured reflectivities (see
below}.

The calculated peak positions are compared with
the experimental positions' ' in Table I. Agree-
ment is close. The cusp at 3.7 eV in the calculated

e2~~ [Fig. 2(a)] may correspond to the structure em-

bodied in the experimental peak A at -4 eV [Fig.
2(b)]. The tiny shoulders in the experimental' at
—16 eV are not discernible in the calculated e2

(Fig. 2). They may be vague images of the should-
ers of the measured reflectivity and due to inaccu-
racies in the Kramers-Kronig transformation (see
below). The calculated positions of peaks F and f
differ from the experimental positions (Table I),
which may be due to the different convergence
rates of distant bands and/or to the sensitivity of
the measured reflectivity to surface quality in the
ultraviolet region.

e2 is decomposed in Fig. 3 according to the tran-
sitions starting from VB1, VB2, and VB3. The
distinct minima in the VB3 contribution (solid thin
lines in Fig. 3) at -5 eV and in the VB2 contribu-
tion (dashed thin lines in Fig. 3) at -7.5 eV are
due to the gap between CB1 and CB2. Only the
VB1~CB1 part of the VB1 contribution appears
to be well discernible (dashed-dotted thin lines in

Fig. 3). The origin of the peaks is presented in de-

tail in Table I. From Fig. 3 and Table I it is evi-

dent that the transitions from VB3 dominate both

@2~~ and ez, but e2j in particular. Transitions from
VB2 cause salient features only in e2~~ (peaks 8 and
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FIG. 4. Real part of the permittivity (e~) of Te. (a)
SCOPW e~~~ (thick line) and e~j (thin line). (b) Experi-
mental e~~~ (thick line) and e~j (thin line) from Ref. 10.

E). The calculated @2~~ and ez cross below peaks D
and d at 6.5 eV due to transitions VB3~CB2 close
to the crossing of the experimental @2~~ and e2j at
-5.9 eV (Fig. 2).

A conspicuous anisotropy appears at around 5

eV due to the wide minimum in e2j and at -8 eV
due to the two-peak (D,E) versus the essentially
one-peak (d-e) structure in e2~~ and e2&, respectively

(Fig. 2}. Five anisotropy regions are found. Below
3.5, 3.5 —6.5, 6.5 —12, 12—14, and above 14 eV,
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TABLE II. Optical refractive index n
ll ~

——
@~le ~ of Te. Theoretical values obtained at 0 eV

and experimental values in the infrared region. Last three columns show the SCOPW nil
and n& obtained by taking into account the transitions from one valence-band triplet at a
time.

Experiments Theory VB1
Contributing triplets

VB2 VB3

"II
nz

6.20'
4.85'

6.230b

4.785
6.02'
4.76'

6.80'
5.61"

1.02
1.02

1.53
1.49

6.70
5.56

'Reference 27.
"Reference 28.
'Reference 29.
"Present study.

the anisotropy is mainly due to transitions
VB3—+CB1, VB2~CB1, VB3 + VB2~CB2,
VB1~CB1,and VB2~CB2, respectively (Fig. 3).

We present the calculated V~ (consisting of E&~~

and e~q, see paper I) and the experimental V& de-
rived by Bammes et al. ' from the reflectivity
measured at 300 K in Figs. 4(a) and 4(b), respec-
tively. We have used for the descending slopes and
the concomitant preceding peaks or shoulders in e~
(Fig. 4) the same labels as those for the corre-
sponding peaks in Vz (Fig. 2). Therefore the origin
of the main features of V~ can be understood with
the aid of the decomposition of Vq (Fig. 3 and
Table I). Agreement between the calculated and
experimental' ' '

e& is close (see Fig. 4). The
calculated and experimental e]l

l

and e~q cross at
almost the same energy of -8.2 eV. Peaks A, a,
and d are higher and the drops (for both polariza-
tions) at about 2.2 and 9.5 eV are deeper in the cal-
culated e

&
than in the experimental V~ [agreement

below -5.5 eV is better with the experimental
values obtained at the lower temperature of 10 K
than with those at 300 K (Ref. 26)].

We compare in Table II the theoretical optical
refractive index nl

l
I =61l'l', I calculated at 0 ev

with the experimental indices obtained in the
infrared region. The calculated nl

l
and nq are

slightly larger than the experimental nil and nq,
respectively. The facts that the calculated effective
number of the valence electrons per atom for ez
(1l ff —5.8) is slightly smaller than 6 (see paper I)
and that the calculated nil and nz are slightly
larger than the experimental nil and n~, respective-
ly, independently support the conclusion that the
calculated ez would be slightly concentrated at
lower energies. Table II also shows the contribu-
tion from VB1, VB2 a d VB to nil d "~' T
transitions from VB3 almost alone yield the entire
n

~~
and nq, reflecting the fact that Te is a small-
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FIG. 5. Reflectivity (Rll, R&) of Te. (a) SCOPW Rl~
(thick line) and R& (thin line). (b) Measured RIl (thick
line) and R~ (thin line) from Ref. 10.

gap semiconductor. The anisotropy in the optical
refractive index is also mainly due to transitions
from VB3 (Table II).

The crossing of e&~~ and e&z after peaks D and d
(Fig. 4) is mainly due to transitions VB3~CB2.
The last zeros of e~~~ and e&z appear at 17.8 and
18.6 eV, respectively. This anisotropy in energy is
mainly due to transitions VB2~CB2.

We present the calculated reflectivity [consisting
of R

~ ~

and R j, Eq. (I.52)] and the reflectivity mea-
sured by Bammes et al. ' between 3 and 30 eV at
300 K using the synchrotron radiation in Figs. 5(a)
and 5(b), respectively. The same notation is used
for the reflectivity peaks in Fig. 5 as that for the
corresponding eq peaks in Fig. 2. Thus the origin
of the reflectivity peaks is the same as that of the

corresponding' peaks (Fig. 3 and Table I).
Overall agreement between the calculated and mea-
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(thin line). (b) SCOPW reflectivity calculated without
VB1 (upper curves), R+~~ (thick line) and R+& (thin line),
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FIG. 7. Absorption coefficient (E~~,El) of Te. (a)
SCOPW E~~ (thick line) and E& (thin line). (b) Experi-
mental IC~~ (thick line) and Ej (thin line) from Ref. 26.

sured'0 reflectivity is good (Fig. 5). Other reflec-

tivity measurements ' ' agree fairly well with

each other and with the reflectivity by Bammes
et al. ' below 12 eV. Peak 8 appears separated out
of peak A in the calculated R

~~
[Fig. 5(a)], in agree-

ment with R
~~

measured by Tutihasi et al. at 10
K. The calculated peak positions are compared
with the experimental positions' ' in Table I.
Agreement is close. The calculated shoulders of
R

L~
and Rl at 17.9 and 18.7 eV, respectively, corre-

spond to the measured shoulders at 16.3 and 16.1
eV, respectively (Fig. 5). These shoulders (plasma

edges) are due to the change of sign of e~~~ and Eu
at 17.8 and 18.6 eV, respectively, which diminishes

the reflectivity at higher energies.

The first peaks of the calculated reflectivity (A

and a, Fig. 5) are slightly higher than those of the
measured peaks. ' ' ' ' Above -11 eV the
calculated reflectivity is higher than the measured
one by a factor of -2 (Fig. 5). We connect this
intensity difference above —11 eV to that found
for% (the calculatedV is here smaller than the ex-
perimentalV). It may be possible that surface con-
tamination and/or damage have reduced the inten-
sity of the measured reflectivity in the ultraviolet
region (see discussion below).

The reflectivity depends onV2 in an indirect
nonlinear way (see paper I). The origin of the an-

isotropy in the reflectivity can be presented in an
illuminating way with the aid of partial reflectivi-
ties, which are calculated by omitting the transi-
tions from VBl or VB2 at a time (denoted by 4-
and 4, respectively). The resulting curves R~~~,
R~i, R~l

I
and R~l are compared with R

II
and Rl

in Fig. 6 (R~~~ and R+j are presented only at ener-
gies above 10 eV where transitions VB1~CB1
have the main effect). Rj and R~q appear rather
similar, indicating that the transitions from VB3
dominate Rl. The shoulders appearing in R~~ and
Rl at 17.9 and 18.7 eV, respectively, are missing
from Rz~~ and R~q, which shows that the should-
ers are fully due to transitions VB2~CB2. The
wide minimum in Rl at around 5 eV and the two-
and one-peak structures in R~~ and Rl, respective-
ly, at -8 eV form the main anisotropy in the re-
flectivity (Fig. 5). Below 4, 4 —7, 7 —12, 12—15,
and above 15 eV, the anisotropy is mainly
due to transitions VB3—+CB1, VB2~CB1,
VB3 + VB2~CB2, VB1—+CB1, and VB2~CB2,
respectively (Fig. 6).

We present the calculated absorption coefficient
[consisting of E~~ and E~, Eq. (I.53)] and the ex-
perimental absorption coefficient derived by Tu-
tihasi et al. from the reflectivity measured at 300
K in Figs. 7(a) and 7(b), respectively. The same
notation is used for the peaks in Fig. 7 as that for
the corresponding eq peaks in Fig. 2. Thus the ori-
gin of the peaks is the same as that of the corre-
spondingV2 peaks (Fig. 3 and Table I). The calcu-
lated and experimental ' absorption coefficients
agree closely (see Fig. 7). The experimental E~~
and Kl do not cross thus apparently violating the
sum rule, which requires that the area surrounded
by the curve and the energy axis is the same for
both polarizations [the areas for the calculated E~~
and E~ are the same (ncff —5.7 for both, see paper
I)]. The calculated E~~ and Ej cross at 7.7 eV.
Therefore the calculated El is around 10 eV higher
than the experimental Eq by a factor of -1.5 (Fig.
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trary units).

7). The calculated peak positions are compared
with the experimental ones' in Table I. Agree-
ment is close. The anisotropy regions in the ab-
sorption coefficient are the same as those in V2 (see
above).

We present the calculated and measured'
electron-energy-loss functions (consisting of

mell
'

I
and Ilmet I, see paper I) in Figs. 8(a)

and 8(b), respectively. The calculated peak posi-
tions [(in eV), 6.8 (Ll), 8.5 (L2), 13.3 (L3), —16
(L4), —18.5 (L5), 5.1 (li), 13.3 (13), —18.8 (l5)]
agree well with those measured by Bammes et al. '

[(in eV) -6 (L 1), 8 (L2), 11.5 (L3), 17.3 (L5), 5

(ll), 12 (l3), 17.3 (l5)]. Shevchik et al. obtained
the close value of 17.4 eV for the average position
of peaks L5 and l5 from experiments for crystal-
line films. Both the calculated and measured sin-

gle plasma peaks (L5 and l5) appear at higher ener-
gies than the free-electron plasma frequency of
15.6 eV, which is consistent with the theory by
Pines.

The calculated Ilme~j I
and IImei

I
cross

twice [at 6.3 and 18.4 eV, Fig. 8(a)] and satisfy ac-
curately the sum rule (nerf —5.8 for both, see paper
I), whereas the measured Ilme~j'

I
and

I
Imei '

I
do

not cross in the measured energy region, thus
violating the sum rule [Fig. 8(b)). On the other
hand, Ilme~j I

and Ilmet '
I

derived by Bammes
et al. ' from the measured reflectivity cross at

about 5.8 and 16.8 eV close to the crossings of the
calculated Ilmell

I

and llmei
The calculated electron-energy-loss function is

much higher than that derived from the measured
reflectivity. ' The calculated plasma peaks I.5 and
I5 in particular are higher than the derived peaks'
by a factor of about 3 and 4, respectively. This
difference is of the same origin as those found for
e and the reflectivity in the ultraviolet region be-

tween the calculation and experiment (see discus-
sion below).

The anisotropy below 6.5, 6.5 —12, 12—14, and
above 14 eV, is due to transitions VB2~CB1,
VB3 + VB2~CB2, VB1~CB1,and VB2—+CB2,
respectively (cf. Fig. 3).

We find a few essential differences between the
present SCOPW spectra and the EPSP e2 by
Maschke and the SCPSP spectra by Starkloff and

Joannopoulos. The EPSP e2 (limited below —11
eV) is zero at about 5.5 —7 eV, and it does not
show the two- and one-peaked structure in e21~ and

e2&, respectively, at -8 eV, found in both the
SCOPW and the experimental' ez. In gross
features the SCOPW spectra agree fairly well with
the SCPSP spectra calculated at 0—13 eV. How-
ever, our interpretation for the main anisotropy of
the optical spectra at about 5 and 8 eV differs
from that of the SCPSP study. In the SCPSP
study the anisotropy in the reflectivity at around 5

eV was connected with the anisotropy in E'2 at -8
eV, and it was concluded that both anisotropies
originated from transitions VB2~CB2. Accord-
ing to the SCOPW study the anisotropy in all the
optical spectra at about 5 and 8 eV is due to tran-
sitions VB2—+CB1 and VB3 + VB2—+CB2, respec-
tively (see Table I and Figs. 3 and 6).

The optical properties of trigonal Se have recent-
ly been analyzed in terms of the transitions be-
tween the band groups. ' The notation for the
peaks in the spectra of Te and Se is the same, fa-
cilitating the comparison. The overall anisotropy
is smaller in the spectra of Te than in those of Se
[however, the anisotropy in the measured electron-
energy-loss function of Te is exceptionally larger
than in that of Se (Ref. 10)]. The transitions con-
tribute to the spectra at lower energies in Te than
in Se. The largest shift to lower energies is found
in the main contribution of transitions VB2~CB2.

Nizzoli found in his model study that the local-
field corrections decreased the calculated zero-
frequency eI of Te (Ref. 13) and Se (Ref. 40) by a
factor of -2. Close agreement of the SCOP%
spectra of Te and Se (Ref. 12) with the experimen-
tal spectra in the entire energy region indirectly
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corroborates the conclusion that the local-field ef-
fects in Te and Se should be much smaller than
those calculated by Nizzoli. "

The local-field and continuum-exciton correc-
tions increased the calculated zero-frequency e& of
Si (Ref. 15) and T1Cl (Ref. 16) and the calculated
first (lower-energy) peak inVz of C, ' Si, ' and
T1C1,' thus improving agreement with experiment.
In the SCOPW study of Te the zero-frequency e~

(Table II) and the height of the first peak (A or a)
in Vz (Fig. 2) calculated without the local-field and
continuum-exciton corrections are somewhat larger
than the corresponding experimental values.
Therefore we conclude for Te, parallel to the con-
clusions drawn for Se, ' ZrS&,

' ' ' and ZrSeq, ' that
for even closer agreement with experiments at
lower energies the corrections needed for the
ab initio spectra of Te should be opposite to the
calculated local-field and continuum-exciton
corrections for C, ' Si, ' and TlC1. '

We found above that in the ultraviolet region the
calculated reAectivity and electron-energy-loss
function were higher than the measured reflectivity
and the associated derived electron-energy-loss
function, respectively. Similar differences have
been found by Louie et al. in the EPSP study for
Si, ' Sturm in the EPSP study for Si, Ge, GaP,
GaAs, InAs, and InSb, ' Wang and Klein in the
ab initio SC linear combination of Gaussian orbital
(LCGO) study for Si, Ge, GaP, GaAs, ZnS, and
ZnSe, and Isomaki and von Boehm in the
ab initio SCOPW study for Se (Refs. 12 and 37)
and ZrSeq. ' An apparent obscurity in the compar-
ison between the calculations and the experiments
is caused by the fact that the measured primary
plasma peaks (obtained directly from the electron-
energy-loss measurements) for Si, Ge, GaP,
GaAs, InAs, and InSb (Ref. 43) are higher by a
factor of -3 or more than those derived from the
measured reflectivities. This disagreement between
different experiments may be due to surface con-
tamination and/or damage which are known to
reduce the intensity (and possibly also to wipe out
salient features) of the measured reflectivities and
the associated derived electron-energy-loss func-
tions of Si, Ge, GaP, GaAs, InAs, and InSb.
Therefore the measured primary electron-energy-
loss data should be preferred at high energies. The
heights of the plasma peaks calculated by Wang
and Klein in the ab initio SCLCGO study for Si,
Ge, GaP, and GaAs are already without local-field
corrections in rather close agreement with the pri-
mary measured heights. '" In fact, the calculated
large, lowering EPSP local-field corrections for

Si,'s' Ge, and GaAs (Ref. 19) would considerably
worsen this agreement. (Hanke and Sham" noted,
however, that the calculated continuum-exciton
corrections would again enhance the plasma peak
of Si). We found that the calculated electron-
energy-loss function (without local fields) of Te as
well as those of Se (Ref. 12) and ZrSez (Ref. 17)
agree closely with the measured primary loss func-
tions. This agreement seems to indicate that the
local-field effects are small. Hence the difference
between the calculated spectra and the measured
reflectivity and associated derived spectra in the ul-

traviolet region seems to be mainly due to the sen-

sitivity of the measured reflectivity to surface qual-
ity.

The variant estimates found for the corrections
needed to improve the one-electron spectra show
that there is still much to be learned before even a
qualitative picture of the local-field and con-
tinuum-exciton effects may be obtained. The
SCOPW results for Te, Se, ' ' ZrSz, ' ' ' and ZrSez
(Ref. 17) show that it is possible to calculate one-
electron spectra that agree well with the experi-
mental spectra in the entire energy region provided
that the band-structure properties and the momen-
tum matrix elements are calculated accurately.
Our experience is that the local theories underesti-
mate the smallest transitions, ' enhancing the opti-
cal spectra at lower energies, and that the different
convergence rates of distant bands extend and
modify the spectra at higher energies.

III. CONCLUSIONS

In this study the permittivity, reflectivity, ab-
sorption coefficient, and electron-energy-loss spec-
tra of trigonal Te are calculated in the entire ener-

gy region using the self-consistent Hartree-Fock-
Slater energy bands and the matrix elements
rigorously evaluated in the bulk of the first Bril-
louin zone. Agreement with experiment is close.
All optical spectra for both polarizations are
formed of a large peak at -2 eV due to transitions
VB3~CB1. The main anisotropy appears at
about 5 and 8 eV due to transitions VB3—+CB1
and VB3 + VB2~CB2, respectively. The transi-
tions from VB3 dominate all spectra. The transi-
tions from VB2 cause conspicuous peaks (B,E)
only in the parallel optical spectra. Transitions
VB1~CB1 cause peaks (F and fl at high energies.
(The contribution of transitions VBI~CB2 is
negligible. )

By comparing the calculated with the experi-
mental spectra we found that the local-field correc-
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tions in the optical refractive index should be
much smaller than those calculated recently. ' We
also found that for even closer agreement with ex-
periment at lower energies, the corrections needed
for the ab initio spectra of Te should be opposite
from the calculated local-field and continuum-
exciton corrections for C, ' Si, ' and T1Cl.' We
found that in the ultraviolet region the calculated
reflectivity and electron-energy-loss function were
higher than the measured reflectivity and the asso-
ciated derived electron-energy-loss function, respec-
tively. This difference [and possibly similar ones
found for Se, ' ' ZrSe2, ' Si, ' Ge, GaP,

GaAs, '9 InAs, InSb, ' ZnS, and ZnSe (Ref. 20)]
may be to a larger extent related to the sensitivity
of the measured reflectivity to the surface quality
than to the deficiencies in the one-electron theory.
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