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Optical Spectra of Csl, CsBr, ZnGePz, and SbSI
Y. Petroff, S. Kohn, and Y. R. Shen
Department of Physics, University of California,
and
Inorganic Materials Research Division,

Lawrence Berkeley Laboratory,.
Berkeley, California 94720

ABSTRACT

We report here the study of the normal reflectivity
spectra R énd the cofresponding derivative spectra
1/R dR/dE of SbSI between 2 and 6 eV. The spectra show
very strong anisotropy. We have also tried to use the
change in the wavelength modulation spectrum to monitor
the change in the band structure of SbSI due to the phase

.t ° 16 9
vtran51t10n at 292°C (D2h -> C2V

). Careful examination of the
spectra at various femperathres around TC shdws no observable
change.

We réport also’the wavelength-modulated reflectivity‘

spectra of the chalcopyrite crystal ZnGeP, at 5°K between

2

2 and 6 eV, for EIll C and E1 C. The experimental results
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are COmpared with the theoretical band structure calcula-
tion by de Alvarez and Cohen.
We also present measurements on CsBr, Csl in vacuum uv

(between 5 and 8 eV) at 1.8°K, showing noticeable difference

with previous reflectivity measurements at 77°K.
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CsBr-CsT

Cst and CsI crystallize in the CsCl structure (simple cubic).
The first band structure (for CsBr) was proposed by Phillips;l in
his empirical model the upper valence band was férmed by the Br-P
electron and the conduction band by s and d electrons. More recently
Onodera2 and R'dessler,3 using a Green's function method, have made
new calculations; the main difference with the Phillips model is the
overlapping of the s and d bands.

It has been shown by magnetoresistivity4 measurements on CsBr
that the lowest conduction band has a FE symmetry; it is‘supposéd to

be also true for CsI. However, in the Onodera calculations2 the

levels M;, r;, and FZ are very close.
Absorption™’~ at 10°K and reflectivity7 at 77°K have been previously
reported.

We present here the reflectivity spectra (Fig. 1) at 1.8°K
between 5.5 and 7.5 eV and thevlogarifhmic deriQative 1/R dR/dE
_(Figs. 2-3). The measurements were made with the same reflectometer
(represented on Fig. 4) used before ‘for KI.8 The intensity of the
incident beam on the sample is kept constant during the wavelength
scanning and the derivative is obtained by numerical differentiation
of the reflectivity using a digital computer. The resolution is 1A.

8 - FZ exciton with its

spin—orbit partner, D. The values obtained for A are 1.106 eV for

The first peak A corresponds to the [

CsI and 0.546 eV for CsBr. In the case of CsBr a small shoulder
appears on the high energy side of these péaks; with an energy separa-

tion of ~ 20 meV. This value is larger than this corrésponding to the
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emission of a optical phonon. This type of phonon sidebands has beep
observed for other alkali halides.8’9

In t;heOnodera;nodel,2 the eoublet B-C corresponds to the excitonic
states of the F; > F; edge; the peak B is the triplet state, which
becomes optically allowed owing to the fluting of the conduction band
about r;' He also interprets the small structure_at‘6.22 and 6.31 eV
(for CsI) as an n=2 Wannier states assoeiates with r; %I‘Z and rg - rg,
giving a band gep ef 6.31 eV.

The main difference with fhe previous measurement is the fact
that each peak A, B, C, is followed by a .shoulder (indicated by an
arrow on the reflectivity curve),‘clearly seen.in'the'logerithmic
derivative 1/R dR/dE; These structures could be interpreted as the
excitoes corresponding to ehe Mg > M; edge or X; > X; (parity for-
bidden). However, another possibility'is to aesign these shoulders
to the n = 2 levels of the excitonse Indeed, Frolich and Staginnus
have recently meaeured by two—photon spectroscopy the band gap of
Csi and found Eg = 6.07 eV at T = 20°K. By using this value and
: mz = 0.46 m s the'pesition of the n = 2 exeiton is 5.87 eV; the experi-
mental value is 5.89 eV . For CsBr no effective mass of the electron
is available.

‘At higher energy, in the case of CsI two new peaks surround D at
6.8 and 7.10 eV.

In conclusion a theoretieal calculation of €2 would be very usefgl

for the attribution of the different structures observed .
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ZnGeP2

ZnGeP, has the chalcopyrite structure (space group D%ﬁ). This

2
structure, corresponding to most of the II—IV-—V2 compohnds has been
recently extensively stud‘ied.11 It is now well known that it is’
similar to the zinc blende with some differences, however;

a) a distortion of the environment of the ions;

b) a doubling of fhe unit cell along the c¢ direction;

c) a tetragonal compression.

The result is a complete lifting of the orbital degeneracy ofbthe
p-valence band maximum, giving additional peéks in tﬁe reflectivity.
The binary analog of ZnGeP, is GaP.

The only optical spectra reported abouﬁ ZnGeP2 concerns the band
gap; valueS-asrdifferent than 1.81,12 2.0,13 2.2514 eV at room tempera-
ture have been presented.

We have.studiéd the reflectivity and ﬁhe wavelehgth modulation
reflectivity spectra between 2 and 6 eV for E | C and EL1 C. The
crystals used for these experiments were grown by Nortthﬁerican Avia-
tion; they were cut along the plane [100] polished and etched
with "syton." The optical quality of the surface was very géod, as
éan be seen by the high value of R in the uv (> 40%).

A transmission measurement at room temperature has given us a
band gap of 2.1 eV; this means that at 5°K, Eg ~ 2.23 eV.

Figures 5 and 6 represent the results for E Il C and E1 C. It
would be téo long to discuss here all'of the structurés observed.

Therefore, we have compared in Table II, our results with a bseudo—

potential calculation made by de Alvarez and Cohen:5 in this calcula-
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tion no fit with the experiment has been attempted.
We have calculated the crystal field splitting of the valence

. 1
band maximum using the equation

A -1.2

3 c
c 2 b(2 - a) | where b

Il
1l

65 meV <= 1.961.
_ _ 2
16 :
Using the spin orbit splitting of GaP, Al = 50 meV, we -found
(1) - E,(2) = 7 Bo? = 63 mev.
El(l) El(Z) /(Al) +(?f° 63 me

This small value explains why we have observed only one structure
for El(l) - El(2) and one for E1(3) - E1(4). However, a very weak
structure at 5Q meV of'El(l) can be seen for E1l C. Table 1I gives the

 experimental values of the structures above El(l)'

SbST -
The ferroelectric SHSI is a very.interesting material because of

its high anisotropic propérties. Below the Curie point (TC ~ 292°K),

16
2h °

its structure is orthorhombic Cgv; aﬁové also orthqrhombic but D
The Sb and S atoms are displaced along the‘c axis of the crystal
(0.2 aﬁd 0.05A for Sb and S atoms, respectiveiy).

It was éxpected that this large change in the parameters would
prbduce a change in the band structure. About 12 speétra at tempera-
tures betweén 5 and 320°K have been performed. Carefui examination of
the spectra around the critical temperature doeé not show any'obsefvable
difference. We have repreéented in Figs. 7 and 8 the 1ogarithmi§
- derivative of the reflectivity and the reflectivity at 5°K for E Il C and
EL C fo show the strong anisotr§py of the crystal; a difference as large
as a factor of 2 in thevspectra is observed for the twd polarizations.

The band structure of SbSI and the optical spectra will be published

elsewhere.
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Figure Captions

Fig. 1. Reflectivity spectra of CsBr at T = 1.8°K.

Fig. 2. Reflectivity R and logarithmic derivative 1/R dR/dE of CsBr at

T = 1.8°K.

Fig. 3. Reflectivity R and

T = 1.8°K.

Fig.‘4. Reflectbmeter_used
vacuum~-uv.

Fig. 5.  Reflectivity R and
T = 5°K for EL C.

Fig..6. Reflectivity R and

5°K for E I C.

H
n

Fig. 7. Reflectivity R and

—
|

= 5°K for E1 C.
.Fig. 8. Reflectivity R and

= 5°K for E I C.

H
.

logarithmic derivative 1/R dR/dE of CsI at

for low-temperature experiments in the

logarithmic
logarithmic
logarithmic

logarithmic

derivative 1/R dR/dE
derivative 1/R dR/d4E
derivative 1/R dR/dE

derivative 1/R dR/dE

Table Captioné

of ZnGeP, at
of ZnGeP2 at

of SbSI at

of SbSI at

Table I. Position (in eV) of the different peaks observed in reflectivity

at T = 1.8°K for CsBr and CsI.

‘Table II. Theoretical and experimental values for the structures in the

reflectivity curve for

ZnGesz
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Table I

CsBr 6.874 7.42 7.192 7.108 0.546

CsI 5.834 5.919 5.987 6.94 1.106
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Table II
Theory "Exgeriment
*
A - 2317 Il ¢t
gap r *
| 2,277 1
*
c - | 2,437 I L
X (16-17) 3.05 I
X (14-17) 3.36 L
.
First peak N (.2, .2, .4) (16-17) 3.37 I ! 3.02 3.03
X *
B Dy (2, 2, w6 (15-1) 3.45% L 1 3.08 (very weak)
Shoulder

E1(3)+El(4). Vol. in N plane caused
: by strong interactions
of the W-L line and

the X-I line, some con- 3'55 @ _ 3.20 (3.18)
tribution comes from
X (14-17)
Small peak The theory shows it but
inl several bands are in- : ' -
: volved and very diffi- 3.75 L 3.41
cult to identify
(N plane?)
Second peak X (0,0,0.5) (12-17) 3.89 Il ) 3.74 (3.72)
E, (5 ‘ _
EZ (1)- I' (13-18) 4.77 - 1 v 4.17
Eg (1) A (.34, 0, 0) (15-17) 4.76 | 4.3
E; (2) X (16-20) and along L 4,96 L - 4,46
I v .
E, (3) (0.47,0.16,0.06) (14-17) : 473
2" N (.2,.25,.5) (13-18) = °>:05 '
E;-(3)' N(.25,.25,.5) (14-20) 5.1 L 4.79

Shoulder A(0.5, 0, 0) (15-18) 5.21 I (1) 4.92 (4.93)
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