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OPTICAL PROPERTIES OF LAYER ca·1PaJNDS 

Ga S Se
1 X -x 

J .CN!JN3SEI.:Jt
·, M. SCHLlITER§x, S. KOHN, J.P. VOITCHOVSKY

cx
, Y.R'. SHEN arrl M.L. COt!EN§ 

Department of Physics, University of california a.rrl 

1,; Materials ani r-blecular Research Division, 

Lilwrence Berkeley Laboratory, Berkeley, california 94720. 

We present an investigation of the reflectivity and waveLength 
m:xiulated reflectivity of Ga S Se mixed crystals at 5° K 
for energies ranging fran 3 toX6 e~ :x.rhe main structure~ in 
the optical response function c'f t..~e alloy sp?ctra. are foond 
to exhibit three characteristic classes of shift versus ccrn­
position. These results 'are discussed on the basis of a nl?!W, 
slightly modified, pseudopotential band structure calculation 

~ for Ga See The anisotropic a'ld excitonic character of the 
3.4 eV strur:'ture in GaSe is also discusso::I in light of the 
barrl structure calculation. . . 

1. :rnrrooucrIo.~ 

The saniconducting III-VI canpolnds GaS and GaSe 

crystallise in the layer structure of Fi~. 1. The st,~c-

ture is clearly L-dimensional arrl the crys~:als ex.,lbit 

highly anisotropic mechanical properties. However not 

all electronic states reflect this anisotropy. Wi tb , .Fig.l.A constitutive luyer 

alloying threc dif~erent kinds of regular stackir~ of GaS (Se) crys~lls. 

. 
for adjacent layers (Le. three different polytypes) occur. The change fran one 

to a different poly type give rise to specific effects!. We have investigatcrl 

the shift fran GaSe to GaS of the main interband transitions and focus on 3 

particular points : i) vie fim specific effects cormected with· the bond Ga-Ga, 

li) we study atonic-like prrn.::>'r"ties of most electronic levels in GaS Se1 and -r-- . X -x 

111) we present an identification of the 3.4 eV "hyperbolic exciton" of GaSe. 

Other experimental YlOrks on GaS Se l alloys include absorption l ,res0nant
2 

or x -x 
non-resonant3 Rarran scattering ard lum1nescence1 studies. For a canpletc discus-

slon of tile band structure arrl optical protx.'rtics ofGaSe, we refer to the VJOrk 
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-of Ref. 5. The experimental set up is described in Ref.6. 03 0 
.0 0 0 0 0 

2. TRANSITIONS WITH STRONG CATION 0lARACI'ER AND ZEro ENEKtl;". .6 005,$0,., 
e. tho, oct., 

SHIFT. . .6 

We find 4 structures belonging to this class of shift. 
Co, 0 

GI 
4 

-
4 2 

Their energy is shc:Mn in Fig. 2 as a function of carposition. o 02 0 4 0.6 0 e 1.0 
00$0 X 80S 

The label G starrls for predaninant Ga~lium-character in the Fig. 2. Energy diagram 

wave function and they shCM no overall shift if sulphur is 
of the Ga-Ga transitions 

substituted for Selenium. 

A plot of the charge density contours is given in Fig.3. 

for both initial and final states together with the connec-

ling transition function F which gives a real space local i­z 

sation of the transition. As seen fran the charge density 

contours, the charg~ in both initial and final states is con-

• 
centrated in the vicinity of the Gallium atone Little charge 

sits around the anion and the transition function also exhi-

bits a strong localisation on the Gallium atan.Obviously these 

l~lisatio~s explain the negligeable shift of the G transi-

tions when Sulphur is substituted for Selenium. These transi-

tions are believed to be caused bJ. the particular crystal struc­

ture where like-atan borrls (cation-cation) exist. No zero shift 

transitions are fcmrl in the zinc-blerrle alloy systens which 

have alternative anion-cation arrangements. 

3. TRANSITIONS WITH STroNG ANIOO OlARACI'ER AND A STroNG 

ENERGY SHIFT. 

Fig. 3 Charge 
density contour 
plots for the 
G1G2 transitions. 

We firrl again 4 transitions belonging to this, class of shift (see Fig. 4). We 

shall discuss only the lONer one (51) which corresponds in GaSe with a very narrCM 

peak reported in absorption
7 

arouIrl 3.4 eVe In Fig. 5-d, We shCM ala .... tanperature 

reflectivity spectrum obtained on our best sample. The excitonic characters of 

,the S1 transition is quite obvioos and a very narrow doubled is resolved at 3.37-



. 

(t. .. r:.;::,r 
.,. 

• 

3.40 eV, at 5° K. We can give an unambiguous assignanent 

of this transition. It corresporrls with an excitaticn of 

electrons fran the seccrrl pair of valence barrl r 5- to the 

lower corrluction band r 3 +. We calculate the correspording 

anisotropt parameter
5 

a.rrl fran starrlard theories of anise-

tropic excitons for Me critical points, we get a t:.~eoreti­

cal birrling energy ~ = 30 rreV. On the other h.arrl, we maa­

sure an experimental splitting at lCM temperature ~exp = 

30t 5 meV which is in excellent agreement with the calcula-

ted value arrl canpletel y supports the merlel. So ',,;e conclude 

that a 3-dimensional, anisotropic, H c.p. with a 30rreV bin­o 

ding erergy is responsible for the sharp 3.4 eV str..lcture in 

GaSe. The possibility of an additional spin-orbit partner 

within'\, 0.3 eV is canpatible with i) the r 5- assi~t, 

am ii) the electro-reflectance results of Fig.5-b. 

With alloying the structure shift to higher e.'1ergJ' with 

increasing sulphur concentration and disappears arcurrl 

x'" 0.3-0.4. The same difficulty was previously reparte:i in 

absorption
8

• Fran 0J.r \"[.~1.R. measure:rocnts, ha .... ever,we asso-

date the 51 transition in GaSe with the pror¥)U!1Ce:i doublet 

at 4.55 arrl 4.61 eV in GaS. The sudden change in transition 

energies at x 0.4 is probably due to the struct~al transi­

tion fran c-y to 8 polytype in this canp:::lsition ::-ange. 

Fig. 6 shCMS a plot of charge density contours am Fxy 

transition function for the S1 transition. Both final am 

initial states have a strong 5e character which axplains the 

Fig.4 Energy dia­
gram of the S (Se) 
transitions. 
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Fig. 5. 5e'J'eral ex­
per irren tal s po;::-stt a 
of the 5 trar~i­

tion in CaSe. 

sensitivity of this transition to anion alloying ~Jd stacking effects. It is 

5 
interesting to note that the direct gap belongs to this class of shift • 
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4. TRANSITICNS WITH MIXED ANICN-CATlOO GlARACI'ER 

Of calrse not all transitions exhibit the strongly 

typed Ga or S,Se character. Fig. 7 is a plot of 6 transi­

tions varying with s lopes between 300 am 400 rreV. The 
, 5 

indirect gap also belongs to this class of shift • The 

precise walue of the shift depends on the relative 

amount of anion-cation hybridization for the wave func-

tion but the basic configuration of Ga toming-anti-

hoooing charge density mixErl with well localisErl S (Se) 

s am p charges rerrains constant for this class of 

transitions. 

~ Supported by a N.A.T.O. fellowship. Present address 
CEES, USTL, 34060 - M:oNI'PELLIER-cEDEX, FRANCE 

§ SupportErl in part. by the N. S • F. 

X Present address : Bell Lab. Murray Hill, N.J. 07974. 
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Fig.G. Charge density 
contours for the S 1 
transition in CaSe. 

Fig. 7 • Energy diagram 
of the mixed anion­
cation transitions 
in GaS Se
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