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ABSTRACT

The absorption and reflection spectra of GaP, CaAs, GaSh,
InP, InAs, and InSb in the region from 15 to 40 eV are nre-
sented and compared with those ohtained from characteristic
electron enerqgy losses. From these data, information about
the density of conduction states, the matrix elements for
transitions from the outermost core levels to the conducticn
bands, and the energy and spin-orbit splittings of those core
levels is obtained. X=-ray photoemnission data (ESCR) in the
region from 10 to 1487 eV are also presented and compared with

the results of absorption and emission snectrosconvy,
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I. INTRODUCTION

The optical properties of the III-V semiconductors have
received considerable attention, especially in the region of
interband transitions.l'2 Computer calculations of the dielec-
tric constant from the band structures have yielded assign-
ments of the observed optical structure to transitions at
definite regions of the Brillouin zone} Most of the optical
transitions between the valence and conduction bands occur
below 7 eV, a region in which continuous conventional vacuum
uv spvectroscopical sources are available. Above 7 eV the
usual gas discharge sources yield discrete spectra and poor
resolution ensues.

The most appropriate source for svectroscopical work in
this region has proven to be the radiation emitted by the
electron synchrotrons.4 Brief reports on absorption measure-
ments in III-V compounds, performed with synchrotron radiation
for photon energies between 15 and 160 eV, have recently

appeared.5'6

This work vields information about the energies
of core levels, including their spin-orbit splittings, the
density of conduction states and the matrix elements for core
to conduction band transitions. We present in this paper ab-
sorption and reflection measurements in the 15-40 eV region
for amorphous and crystalline GaP, GaAs, GaSb, InP, InAs, and
InSb and reflection measurements for crystalline CdTe. Our
results are compared with the optical constants obtained from
earlier reflectance measurements and those obtained in charac-
teristic electron energy loss experiments, A comparison is
also made with theoretical calculations of densities of con-

duction states.



The optical measurements mentioned above yield enerav dif-
ferences between the ground state and excited states., linder
the usual assumptions, Koopmans' theorem yields for this dif-
ference the difference between the energies of two corresuondina
one-electron states. Information about the encroy of the ini-
tial one-electron core states referred to the Fermi eneray can
be obtained with X-ray photoemission swectroscopy (ESCA)., Ve
present here LESCA measurements for the ITI-V combounds menticned,
By comparing these results with the optical absorotion data
and the density of conduction states we conclude that the
enerqy of the Opﬁical transitions is, within the scatter of
available data, equal to the difference between the f£inal and

initial one electron energies. Similar conclusions also seem
, 8

LR |

to apply to other materials of the sermaniurm-zinchlende family

ITI. EXPERIMEHNT

a. Ooptical measurements

The experiments werc performed with the radiation c¢f the DLSY
electron syncarotron, monochromatized with a normal-incidence

. s r . ' o '
grating instrument, The typical resclution was 2 A over tiac
whole energy range (15 = 40 eV), i.e., 2.1 eV at 25 eV,
“leasurements for the materials under consideration ahove 40 eV

5 A Bendix onen mamnmetic multi-

nave heen published elsewhere.
plier was used as A detector. The samples for the transmissicon
measurements were obtained by flash evanoration. Thev were

found to be amorrnhous hy electron microscopv when evapcrated on

substrates at room temperature (CaP, Galks, InP, In’s) or at

-32°C (InSh, Gas5b). Crystalline samples were obtained for suh-



strate temperatures between 200 and 300°C. The films were de-
posited on a KCl-coated microscope slide and mounted on a cobper
mesh after removing them from the substrate by floatation on
water. Those used for the transmission measurements had thick=
nesses hetween 500 and 1400 R, as determined with a Tolansky
interferometer with an accuracy of about 10%. samnles of at
least three different thicknesses were measured for each ma-
terial. 'The thickness was also determined during evaooration
writh a calibrated quartz-crystal thickness monitor. This de-
termination agreed usually within 10% with the Tolansky value,
although sometimes deviations as high as 20% were found. We
tnerefore bhelieve that the absolute values determined for the
absorption coefficient are affected bv an error of less than
20%, which stems mainly Irom uncertainties in the samole
thicknesses.

For the reflection measurements we used polished bulk
samples., They were etched either in methanol + Br2 (GaAs, InkAs,
Inl, “aP) or in methanol + 12 (InSb, Gasbh)., “easurements
were performed under nearly-normal incidence (150) with the
reflectomneter described elsewhere.g
b) LD3CHh Measurements
The [1SCA measurements were performed with the ESCA-=-3 sv7stem
manufacturnd by Vacuun Cenerators at a oressurec lower than
ld—g torr. The samoles used were cut, nolished, and etched
(see ctchants above) n-tyne crvstals with carrier concentra-
tions sufficiently high to pnlace the Fermi enerqy at less than
0.1 oV from the bottom of the conduction band. The K (ls) line

\ . ; . O
of carbon in lamnblack or araphite form (283.8 evl ), was used



for the calibration of the spectrometer. The measurements were
performed with the 1486.6 eV x-rays line of an Al anode and the
1253.6 eV line of a Mg anode.

2ll samples measured were fairly conducting and, witn the
exception of GahAs and GaP, no charaing effects7 were observed.
This was cnecked by performing exneriments with different x-
ray tube emission currents: chargina of the samnle nroduces 3
shift of the ESCA lines roughly proportional to the emission
current. Such shifts were observed for Cahs and CGaP probably
due to the poor electrical contact hetween sample and samnle
holder. Thils poof contact can be attributed, at least in
caAs, to the presence of an oxide surface layer since it is
also associated with the presence of the characteristic chemi-

caly shifted lines of As in As,! in the ESCA spectruw.lo

273
Bombardment of the sample with Ar —-ions produces a

disappearance of both, the A5203 lines and the charoing effects.

At the same time, an increase in the Ga and As lines and a

decrease in the strenagth of the omnirresent KI line of oxvaen
after ion bomhardment was obhserved, ‘inile no charrires effect

was obscorved for asSh and InSh, a disannearnnce of the

N

92)3

lines after ion bomhardment was alsc noted. A1l meosurements

were verformed at room temnerature.

III. RESULLS
a. Ontical Measureaments
The absorption spectra of crystalline and amorvnous 5arb,
GaAs, Ga3b, InP, and Insb, obhtained in the =manner described
above in the 15-40 eV region, are shown in ¥ig, 1. The
e | . 6
spectra for InAs have already appeared elsewncre, Suner-

imposed on the tail of the valence to conduction band transitiaons



- 6 -
one sees structure which can easily be identified with transitions
originating at the outermost d core levels of the cations

and of the anions (D antimonides only). The D

structures of the arsenides occur above 40 eV.S No such

v

structures exist for the phosphides since P does not have d-
levels in the core. The Drrt transitions show considerable fine
structure in the crystalline materials (especially in the anti-
monides) which appears broadened in the corresponding amorphous
compounds.

In Fig. 2, we compare the crystalline spectra of Fig. 1
and Ref. 6 with those obtained from characteristic electron

12

enexrqgy losses (CEL) and from the Kramers-Kronig processing

of early reflectivity data.l’

Such comparison is not possible
for InP because of the unavailability of CEL and previous
reflectivity data. The agreement between the coarse features
of the three absorption spectra for each material of Fig. 2
(only two are availahle for GaSb) is quite reasonable. This
is particularly so when one considers the amount of processing
the experimental data of Ref. 12 and 13 have to undergo before
the absorption spectra are obtained. The reflectivity spectra
of Ref. 13 are limited to energies smaller than 26 eV and thus,
a Kramers-Kronig analysis is bound to give inaccurate data in
the region above 15 eV. Also, the discrete line source used
in Ref., 13 does not permit resolution of the fine structure

of the DIIItransitions. This £fine structure apnears more
prominently in the CEL data which are ohtained continuously

as a function of frequency. A doublet DIII structure is re-
cognised for GaAs, GasSb, and InAs and less clearly for GaP

and InSb. The superiority of the resolution obtained with

synchrotron radiation is clearly manifested in the quadruwnlet



structure observed for InAs and InSb. The largest discre-
pancies are observed for GaP. It is, however, gratifying that
our data lie half-way between the CEL data and those of Ref., 13.

Figure 3 shows the reflection spectra of crystalline GaP,
GaAs, GaSb, InP, InAs, and InSb directly measured with syn-
chrotron radiation. For the sake of commarison, we have added
to this figure the early data of Ref. 13 for Gaas, InAs, CGaP,
and InSb, and the svectra calculated from the data of Fig. 1
and from the CEL data of Ref. 12. 1In order to calculate the
reflection spectra from the data of Fig. 1, we rwust obtain tne
real part of the refractive index n by merforming the avcwnro-
priate Kramers-Kronig inversion. For this puroose, the data
of Fig. 1 in the 15-40 eV interval were extendecd to lover
energies with the data of Ref. 13 and to higher enerqgies with
those of Ref., 5. The obtained swectral denendences of n are
shown in TFig. 4.

Since the incoming and reflected intensities were not
determined simultaneously, no accurate ahsolute values of the
reflectivity werc obtained., We have therefore, scaled tae
measured reflectivities so as to coincide with the ones cal-
culated from Fig, 1 around the first Or1t maximum, The aorec-
rment between the two sets of available reilectivity spectra
is particularly good for InP and "ads. 1In all cases tae
largest discrermancies aovpear for the data of Paili»sn and
}Chrenreich,l3 a fact whichn can be attributed to tne inace’juacy
of the conventional cas discharge spectrosconic source available
to these authors., The -juadrunlet structure ci the D transi-

TIIX

tions, discussed in connection with Fic., 1, can also »e seen



in our measured reflectivity spectra (Fig. 3) of InAs and InP
but not for InSb. Remaining discrevancies between the solid
and the dashed curves of Fig. 3, may be due to structural dif-
ferences between the thin films used for the transmission work
and the bulk samples used to measure reflection spectra.
There may be in this last case, some influence of the surface
treatment (polish and ctch). Also, scattered licht should
affect reflectivity more stronglv than transmission measure-
nents especially because of the small reflectivities above 15
eV as compared with the values below 15 eV, We point out in this
resvect that the CEL data were taken for evaporated thin films
with the exception of GaP, for which an etched bulk crystal
was used.l2

The energies of the various structures observed in the 15-40
eV recion with the three methods discussed above (reflection,
transmission, CEL) are given in Takle I.
)  ESCA “‘easurements

Figure 5 shows the ESCA svectra of the outermost d levels
cf GaP (M1 of Ga), GaAs, (*

i
v,V IV,V

L = L = N I‘.
(1, yof Ga and Npg,wOF SP), InP (N, L of In), InAs (Npy yof InM

of Ca and of As), GaSh
Tv,vOr
As) and InSb (NIV,VOf In’NIV,VOf 8b). The resolution is essentially

determined by the width of the x-rav source (Ko line of AL,

1,2

1.2 2V width). It suffices to resolve the N

IIV,V spin-orbhit

doublet of Sb and to give an indication of this splitting for
In in InP. The structures observed are tabulated in Table IT.
It is interesting to point out that all the Shb lines of
InSb and GaSb and the As lines of TnAs measured after etchina
appeared split, They had the low-enerav combonent of Table II

accompanied by a second component with 3 eV higher binding



energy. Similar doublet structures were alsc observed for
crystalline Sb. The high energy component of these doublets

. . . . 11 .,
can be attributed to antimony and arsenic oxides.  These com-
oonents disappear after bombardment with Ar-ions (luA for one
aour). Such disappearance is accommanied by a decrease in the
intensity of the oxygen 532 eV line. This line is present in
all our samples although in the antimonides it is mashed by tnhe
. . e . - 7 e
WIV line of g‘203. Also, caarging effects, which were obh-

served for GabP and GalAs due to »oor contact with the samnle

aolder, disappeared after ion bombardment.

IV DISCUSSION

i

w2 present in Fig. 6, the cffective number of electrons ner
molecule Keff (w) which have contributed to the transitions in
the range of Fig. 1 at cnergies lower than w, This number is
obtained with the cxrression:

15 3
Neff(m) = 2,28 x 10 ag u{w)n(w)dw (1)

witere 2 i3 the lattice constant in cm,  the absorntion co-
o ,
efficient in cm~ 1, n the real part of the refractive index,

(Fig. 4), and the nhoton energy y must be given in electron

-

volts., fAs initial eneray wowe have taken 13 eV. 'Yle notice in
Tig. 6 that u» to 42 eV only a small fracticn of the outermost
core d electrons have exhausted their oscillator strenath.

One must actually ¢o to 190 eV in In3b and to ahout 250 eV in

GaP? if one wants to qet Neff to be the total nuiber of outermost

core d electrons (20 in InSb, 10 in InP).l4The larte eneray

sprcad of these transitions, as compared with the tynical 10 eV

14

spread of the valence transitions is essentially the atomic
v r X

centrifugal barrier effect of Fano and Cooper.lS



Figures 1 and 2 contain contributions of the core electrons
superimposed on the tail of the valence band transitions. In
order to study gquantitatively the core electrons contribution,
we fit the tail of the valence transitions before the onset of
dryr to a vower law of the form m—r: r turns out to lie between
2 and 3. Ve then subtract this extranclation from the total
absorntion coefficient in the Dyyr region and obtain the experi-
mental curves of Fig. 7. These curves can be interpreted with
the standard expression for the imaginary part of the dielectric

constant of a cubic material (in atomic units)

8]

m
eslw) = P2 = AL <%y (u) (2)
w 3w

where <F2> is a square averace matrix element of the linear mo-
mentum, which we shall treat as nearly independent of energy,
anc Ng(w) the combined density of states. Because of the flat-
ness of core levels, dg 13 essentially determined by the den-
351ty of conduction states. Since n is only weakly freguency-
derendent in the region of interest (see Fig. 4), we conclude
from I73. (2) that the absorntion coecfficient " should be pro-
nortional to xd/m. We nust, however, allow for the contribu-
tion of two sets of core D11 levels, because of the spin-orbit
. . . 16

solitting of the cation (0.9 eV for In, 0.5 eV for Ge ) and

we must also take into account the multiplicity of these levels.

wWe thus find:

2
ncu am 2
—_— - 1 - - N - N - - 3
ei(u.) 5 "< P> 3-Ic(w wd) + 2_1c(w wy Ad) (3)
w 3u
waere N represents the density of conduction states, w, the

c d



onset of the D . transitions and 4, the spin-orbit splitting

a
of the core states., We show in Fig. 7 the fit to the experi-
mental data with Eg. (3) using the calculated NC%7'18

From these fits we obtain the average matrix elements < P2 >
listed in Table III, These matrix elements are nearly an order
of magnitude smaller than the typical valence-conduction matrix
elements { ©.6 Bohr radiiﬁl, see Ref. 14).

In Figs. 1, 2, and 7 the strength of the DIIIstructure de-

creases with increasing atomic number of the anion (GaP > GaAs >
Casb) and it increases with increasing atomic number of the

cation. This trend can be qualitatively exvlained in terms of

19

. :

Phillivs' ionicity scale (the Phillirs' ionicities fi for

the commounds under consideration are listed in Table IV). The

DIII structures correspond to transitions from the d core levels

of the cation to the cation-like lowest conduction bands. An

increase in ionicity snilts the electron density of the lowest
conduction hands towards the cation. The core wave functicns

contriosuting to D are rather stronaly localized around the

I1T

cation and therefcrze a snift of the conduction wave function
towards the cation should produce an increase in the strength

of the structures. According to Table IV the ionicity in-

“TIT

crzases when the atomic numher of the cation increases and

vicevarsa Zor the anion. Thus the stren~cths of DIIIiS

to increase wihien the atomic nunber of the cation increases and

exnected

decrease waen that cf the anion increases, in agresement with
the observations.

e s3pectra shown in Fia, for the Ca compcunds represent
cssentially the density of conduction states (the small spin-

orbit snlitting of the core levels i3 not resolvaed in the ex-



nerimental smectra). This density of states has two peaks

1 1] 2) as the most prominent features.l7'18 The D 1

(Dry1 7 Priz OI1T

peaks originate at tne rather flat two lowest conduction bands

2

near X and DiiI

} band near L. We
3
nave also observed the e-juivalent of the DIIIl_DIIIZ structures in the

at the second lowest (L

reflection spectrum of CdTe (sce D

1
Ir °1r

1 . . . . .
II,DII Fig. 8). We did not see tne

spin-orbit solitting of the D structures in this swectrum:

this srlitting was also missing in the reflection spectrum of InSh
4 .
11T structures, observed for a number

of III-V compounds (Table 1) also apvears for CdTe. (For tae

: Tha I and
(Fig. 3). The JIIf and D

divalent Cd these lines are labeled DII)' In the absence of
density of states calculations we believe that these structures

3 4
) and the upwer r‘lS(DII ) con-

are associated with the T (DTI'

12
duction mands. These hands are tvpically 8 eV and 1l eV above
the bottom cof the conduction band.2O There are indeed rather
flat vortions of the bhands at energies near that of f'lz.

Concerning the spectra of the amornhous materials, (Fig. 1)
we note a complets disannearance of the fine structure of the
DIII transitions (exception: InSb wnich may have some sliaht
crystallinity). pafarence 21 reported a similar lack of fine
structure for the valence transitions and also a shift towards
lower energies in the position 7 their maximum of the order of
1 eV.rieh 2 chift o analogous to that ohserved in Fig. 1. We
note tnat the DV-DV+ A structure is essentially the same for
2morphous and for crystalline material (InSh, Fig. 1). These
~eaks do not showv any fine structure related to the density of
ccnduction states.

In Table TII it is casv to see that the chemical shifts of

o ; . 2
—he core levels of A coamnound (with respect to the pure elenent 2)



are nearly the same for all levels of a given atom in a given
compound. We have therefore listed in Table IV the average chemi-
cal shifts determined for the III-V compounds. We observe in

general, positive shifts ¢ for the cations and negative shifts §

ITI

for the anions, corresponding to a transfer of electrons from

\v4

cation to anion in the partially ionic bonding., Similar effects
nave bheen reported for the II-VI compounds.7 The difference

§ = & §.. should therefore be related to some effective charqe.

111 °V
As shown in Table IV, the chemical shift for a given atom usually
increases with increasing ionicity of the compound (exception: GaAs~—+
GaSb) however a simple relationship between § and fi was not found.
This may be due in part, to uncertainties in ¢ which stem from
the uncertainties in the measurenents of core levels of the
compound (typically #0.2 eV) and the pure element (typically *0.3 ev%?
Nlso the role of the Fermi energy as the reference in ESCA
measurements introduces considerahle uncertainties: due to
surface states (surface charge layers) all bands, including the
core levels, may be bent near the surface. It is at present, not
clear whether the observed core levels are those at the surface,
at the bulk, or somewhere in between. The answer to this gues-
tion should be determined by the penetration depth of the X-
rays and the escane length of the vhoto-electrons. We are pre-
sently performing E3SCA measurements in semiconductors as a func-
tion of doping in order to clarify this problem.

We note that the core shift of the anions rapidly goes to
zero through the serjuence P-As-Sb. A similar effect was also
Zpound by Vesely and Langer'7 for the II-VI compounds through the
segquence 3-Se-Te. Tnis effect is, to some extent, related to
the decrease of the gap of the material through these seguences.

The core levels of the anion are actually tied more closely to

the valence band than to the conduction band since the top of



the valence band is largely anion-~like. The reference enerqy
for the ESCA measurernents, i.e. the Fermi enerqgy is very close
to the bottom of the conduction band in the bulk., A decrease in
the k=0 gap should have as a result a decrease in the "binding
energies" of the anion without a corresponding change in the
binding energies of the cation which are tied to the conduction
band.

Following our assumption that the Fermi level (ESCA re-

ference level) coincides with the bottom of the conduction hand,
and using the calculated densities of conduction states, it is
rossible to estimate from the ESCA data the energies of the

1 . :
},) seen in absorption spectroscopy. These

main neaks (DIII r Oy

energies saould be equal to the corresnonding ESCA binding enermay
nlus the eneragy 6mc of the Xl-XB conduction states (first peak in
the density of states) measured from the hottom of the conduc—
tion band. e list in Table V the difference between the energy
of several neaks in the abserntion snectra of III-V comnounds and

the corresponding B3CA binding energies. In most cases this

Fa

uifference is close to the calculated value of 6wc, also listea

in Taole V. The few existing discrenancies are probably due to
experimental uncertainties. W& thus conclude that the optical ex-
citation eneragies, are within the accuracy of available information

equal to the Jifference in the one~-electron energies of the

final and initial states.
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FIGURE CAPTIONS

l. Absorption spectra of several crystalline (solid line) and

amorphous (dashed line) III-V compounds in the 15-40 eV re-

gion at room temperature.

2, Comparison of the crystalline spectra of Fig. 1 (so0lid lins)
with those obtained from characteristic electron enerqgy

12 . .
losses (- =) and from reflection measurements with con=

ventional vacuum uv sources.l3 (¢ == yoe J=m ) The vertical
flags indicate estimated errors. (InP not included in Refs,

12 and 13).

3. Reflection spectra of six crystalline III-V semiconductors
obtained with synchrotron radiation (- - ) at room temnerature

compared with earlier reflectivity datal3

(wme* e *InP and GaSh not availahle), with Kramers-Kronirs
calculations from the data of Fig. 1 (——smmmeeewe) and with
calculations from characteristic znerqy loss datalz(w—'~n~~»3

*

InP not availabley,

4. Real part of the refractive index of several 1IT-V semicon—
ductors obtained as discussed in the text from tne data of

Fig. 1.

5. LGCA spectra of the outermost d core levels of GaP, Gais, GasSb,

InP,InAs andInfb,as observed with the Ka line of Al,.

6. Number of effective electrons which corresponds to the cry-=

stalline spectra of Fig. 1, as obtained with Eg. (1).

7. Contribution of the D1gq transitions to the absorption spectrum

of GaAs, GaSb, InAs and InSb (— compared with the den-
17,18

sity of conduction states appropriately modified so as to
take into account the NI\“X,solittinq of In and Ga{- - - = = -
This splitting is too small to be resolved experimentally in

the Ga compounds. {( 0.5 evl6).

8. Reflection spectrum of CdTe between 11 and 25 eV measured at

room temperature with synchrotron radiation.
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caPp GGahs ~ash InP InAs InShb CdTe(f&B
20,62 27,9% 20,89 18,8% 18,52 18,39 13,12
Dill 20,92 20,6P 20,47 18,8° 18,5
21,3° 21,0  20,8°
21,22 19,72 19,5%  19,2°
1 b h h
D111+ %g 19,7 19,4 l8,9c
19,6 19,1
1 ¢ a
P11y 20,9
23.1° 23.0% 22,39 21,57 21,57 2n,8° 15,62
2 b 1 kK *y
DIy 23,27 22,07 22,27 21,80 21,32 20,07
C
23,3° 23,2 22,5° 21,6 21,n
2L 22,4; 22, : 21,5%
P111%7%a 22,5 22,17
a a b
26,0 5 18,0
3 c
Pr1r ) .
25h 24,42 24,4° 24,77
IS & a a a
28, 4" ,5° 29,2 28,1 21,8
L i h
3 28,3” 29,8" 27,5
I1I o c
28,5 27,5
n 43,14 33,2° 43,7% 32,92
! 37 ’ ’ y - y
a 2
Dyt A, 34,5 34,3
a2 = From transmission in thin films
b - From reflection in single cryvstals
= From characteristic enercs 1lnsses (Pef. 12)
d = From transmiszion in thin films(RPef. 5)

TABLE T

Compilation o0f the anerqies

observed for several IIT-Y comrounds and

of the exmorirmental

structures

for CdTe,
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CATION LEVELS

L—i

L
IT

ar

X

rT

CIIT

Y1v v

I 11T I T TIX 1V Y% I 1T
Gab 1144.3 [1117.45 |160.n | 108.5 [ 104.65 19.2
Gars [1302  |1143.8 [1117.0 [159.85] 1n8.15 | 104.35 19.3
Caﬂb 13n3,6]1144,8 (1117.95 160,651 109,15 ] 105.2 20,N5
cal®|1297.7]1142.3 |1115.4 |158.1 | 106.8 | 102.9 17.4
“np 826.7 | 703.5 |665.3 [451.5 |444.» | 123.05 79.4  [18.1 17.4
TnAs 826.55| 703,20 | 665.23451.35[443.80 | 122.55 78,3 17.2
InSb 826.15| 772.6 | 664.8 |451.0 |443.45| 122.2 77 16.75
() 825.6 | 702.2 |s64.3 |450.8 |443.1 | 121.9 77.4 16.2

TABLD TIT1




AIIONT LEVETLS

T o 1 11 Trrr Tty Ty 1 v Prrn " W
Cap 128.8 | 129.7 186.6
Tap 128.3 129.1 186.1
p () 132.2 189,3
~ars 1358 1322.3 203,9 | 144,95] 139.95 4n, 8
TnAs 1322.35 203,80 144.25] 139,65 40,65
Ada)11358.6 [ 1323.1 203,5 | 146.4 | 140.5 41.2
Gash 945 811.9 | 765.9 536.8 527.4 152.0 32.6  31.45
Tnsh 811.4 | 765.05 |536.3 527.0 151.6 97.1 32.20 31,05
ap 943.7 | 811.9 | 765.6 536.9 527.5 152,0 98.4 31.4

(a) From Ref

. 22

TABLE IT {(continued)

Comnilation cof the binding energies of core levels with

respect to the Fermi enerayv obtained with 1SCA spectrnscony,

8T



Gals GasSh InAs InSh
2
<P N 11 N.N85 7,14 D10
nhoton X o
energy 21.5 ev 21 ev 23 eV 19 eV
. . 2 . coy 1
TABLE IIT Averadge matrix element <p©> in (Bohr radii) -
required to fit the experirental absorntion with the
density of states (Fig. 7) at the agiven nhoton energy.
cap cals ~asSh InP In2s InSb
.90 .60 . .2 0.l n,
-SIII 1 1.6 2.5 1 D.85 4
8 -2.85 -1.55 0,0 -3.4 -N.6 -0.5
\Y
6III_5V 4,75 2.15 2.5 4.6 1.45 n.9
fi 0.37 0.31 N.26 n,42 0.36 0,32
TARLE IV Chemical shifts of cation (GIII) and anion (8,) observed
in the III-V comnounds. Also, ionicity fi accordino to

Phillins.lg



E - Eusca Sw,
DIII Dv pIII Pv Calculated
(hband theory)
GaP 1.6 1.45 2.1
~ans 1.6 2.3 1.7 1.87
b
rasSh .8 1.8 1.5
InP 1.4 1.6
TnAs 1.6 2.35 2.25 2.5°
InSb 1.85 1.85 1.75°

TABLE ¥

Difference hetween the encrgy of absorntieon structure I, cdue
to transitions originating at outermost core 4 and p

levels and the corresponding ESTRA energies compared with

the encrav Smc of the first maximum in the calculated density

of conduction states (origin = mottom of caonduction bhand).
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