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Abst.ract.: Single cryst.aJs of' C3eS2_xSe,c were grown by t.he 
vert.lcal Bridgman t.ec:hnique. It. was shown t.hat. a complet.e range 
or solid solut.lons was f'oi-med and t.hat. lat.t.lce paramet.er "'c"' 
Increased, beginning wlt.h GeS2 , roUowtn,: Vegard's law. For bot.h
single ci-yst.al and amorphous sample, t.he opt.teal pz.opez.t.les wei-e 
invest.lgat.ed In t.he z.ange near t.o t.he absoi-pt.lon edge and t.he 
varlat.lon .ot' t.he energy gap wlt.h composlt.lon was det.ermlned. 
Beginning wit.h GeS2 t.he energy gap deci-eas:ed when t.he cont.eni of'
C3eS2 increased, for bot.h single cryst.al and amorphous alloys. 
lrurar-ed t.i-ansmlsslon spect.ra of' t.he amorphous samples showed 
t.hat. t.he samples wit.h more a 50 mo1% C3eS2 wei-e very t.ransparent. 
at. t.he wavelengt.h ot' 10.6 µm. This indlcat.ed t.hat. t.hese 
amoi-phous alloys could be used ror making opt.teal fibers in 
communlcat.ion syst.ems where CO 2 lasers could be employed as 
light. soui-ces. 

EXPERIMENTAL: 

Cz.yst.allographlc and opt.lea! f>ropei-t.les oC single 
ci-yst.als of GeS2 and GeSe2 have been in,.•est.l,:at.ed previously et,
2, 3,  4). The opt.teal pl"opel"t.les of amo1•phous samples oC bot.h 
component.s have also been published recent.ly CS, 6, 7>. In 

part.icular GeSe 2 has become a vel"y int.erest.ing material because 
it. is useCul as ·  a i-esist. in t.he Ut.hography procedUl"e Cox- making 
submtcron devices in int.egr-at.ed circult.s (8). In t.hls work we 
have lnvest.igat.ed t.he opt.ical propert.les or bot.h amorphous and 
single cryst.al OeS2_xSex alloys. Special at.t.ent.ion was paid t.o 
t.he amor.phous alloys assuming t.hat. t.h&se mat.erials might. be 
suit.able !'or making opt.lea! Clber in opt.lcal communlcat.lons. 

Single Cl"yst.al GeS2_xSex samples were synt.hesized using 
t.he Bl"idgman t.echnique. They could be easily cleaved on (001) 
plat.e. U:Jtn,: X-ray dlf'rract.ion t.he change oC t.heir "c"' lat.t.ice 
const.ant. wit.h composit.lon was obt.alned and Is given in figure 1. 
Beginning wit.h GeS2 it. increased linearly t.o t.he value f'or 
OeSe 2, f'ollowing Ver;ard's law. The amorphous samples were 
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�nu.1 rphous st.at.e were confirmed usini; microprobe analysis. 

Transmission or monochromat.ic light. in t.he range of" t.he 

�hsn rpt. ion edge was measured in all sinr;le cryst.al and amorphous 

r.�mph�s uslni; rE>rkin- Elmer UV spect.romet.er ••Lambda s•• For 

st r ,r; lr c:rvst.al samples ,:,f" OeS2_xSe" t.he change of" di.-ect. enerr;y .. 
gap was t.l aen calculat.ed and i t.s change ,,it.h composit.ion Cor E D ... 
h i::; giveta in f"igure 2. <broken line>. The opt.ical enerr;y gap 

v�h 1Ps for amorphous samples was obt.ained using an arbit.rary 

me t.hod, where t.he linear part. of" T CC>..> was: ext.ended unt.il it. 

int.ersecLed t.he horizont.al axes. The calculat.ed change of" t.he 

energy gap wit.h compo:s:it.ion for amorphous 8eS2_xSex alloys is 

given in figure 2. (solid line). 

The t.ransmission spect.ra Col" t.he amorphous samples wit.h 

various compost t.ions were measured using a Perkin-Elmer 9830 

spect.rophot.omet.er. These diagrams are given in Cigure 3. as a 

Cunct.ion oC reciprocal wavelengt.h. It. is obvious t.hat. t.hese 

amorphous alloys become t.ransparenL at. larger wavelengt.hs when 

t.he conLent. of t.he Se is increased. First. of" all it. may be 

not.iced t.hat. t.hese amorphous samples are very t.ransparent. in t.he 

ranr;e above 900 cm-,, which means t.hat. t.hese glassy mat.erials 

could be used for making opt.lea! fibers in communicat.ions where 

Co2 lasers are expect.ea t.o be used as lic;ht. sources. 

DISCUSSIONS: 

In t.his work it. has been shown, Cor t.he first. t.ime, by 

X-ray analysis t.hat. complet.e solid solut.ion exist.ed t.hrouc;hout. 

t.he whole composit.ion range and t.hat. t.he variat.ion or t.he 

lat.t.ice paramet.er ··c" changed accordtnr; t.o Vegard's law. This 

way o, behavior is import.ant. conCirmat.ion t.hat. t.he qualit.y and 

composi t.ion of t.he produced samples was as expect.ed. 

The change of" t.he energy gap wit.h composit.ion, given in 

figure, 2. for bot.h single cryst.al and �amorphous samples, is in 

agreement. wit.h earlier dat.a Cor t.he st.art.ing compounds C3, 9, 

10). While t.he enel'gy gap changed almost linearly f"or t.he 

amorphous sample, t.he decrease was nonllnear Cor single cryst.al 

samples cont.aining less t.han 25 mol% GeSe2• The energy gap 

values were ,ound t.o be larger fol' s:ingle cryst.als than for 

amorphous samples of t.he same composi t.ion. That. is in agreement. 

wiLh some recent. dat.a (11). This problem can be analysed by 

r.omp:-.irinc; t.he bond energy bet.ween various at.oms. In t.able t. are 

given t.he bond energies for various combinat.ions of" t.he 
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obt.ained when t.he melt.ed sample , previously evacuat.ed in quart.z 

ampoules, were quenched in cold waLer.  Their composit.ions in t.he 
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F lg. 1. The chanc;e of" 
lat.t.lce const.ant. "'c" wlt.h 
composit.lon Cor single 
cryst.al GeS

2
_xSex 

samples. 

f'ig. 2.The change of" 
ttnergy gap wlt.h 
c:omposlt.lon Cor 
(leS Se . Solid llne 2-X X 
r·epresents amorphous and 
br-oken + li�e single 
cl'ystal CE II b) samples. 

Fig. 3. The transmission 
1rpectra Cor some 
amorphous samples wl th 
compositions. Spect.ra Cor 
qeSSe and GeS

2 
are given 

In arbl trary uni t..s. 



elemP.nt.s: Ge. S and Se. 

Table 1 - bond ener,:y 

bond ener g y  energy 
<Kcal/mo l > CeV > 

be-Se 49 2.1 
Oe-S 55.5 2.41 
Se-Se 44 1.91 
s-s 50.9 2.21 
Se-S 49.7 2.16 

These energies were calculat.ed f'ollowin,: Paullng (12>. 
The larger concent.rat.lon oC S which combin�s pz-ef'erent.ially wit.h 
Oe . and Ge-S bond energies are larger t.han t.hat. of" Oe-se. s-s 
and s-se. are f'ollowed by an decrease in t,he concena.rat.ion oC 
lit.her s-s or S-Se bonds. which result.s in increase in t.he 
energy gap. The most. import.ant. propez-t.y of' t.hese amorphous 
alloys is t.hat. t.hey are very t.ransparent. even at. wavelengt.hs 
above ttµm which means t.hat. t.hese glassy mat.eriaJs could 
probably find an appllcat.lon ln t.he const.ruct.lon oC opt.lea! 
fibers in communicat.ion syst.ems in which C02 lasers would be 
used as licht. sources. 
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