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Ge-As-Se-S XALKOGENID SUSOVARI SISTEMINDO RENTGEN DIFRAKSIYA
SOPILMOSI
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GesAsi1aSesz, GeaAs14S2Seso, GerAs16555e72, Ge10AS20S10Ses0, Ge17,5A5155155€s52,5, Ge24AS19S20S€37, Ge25AS10S255€40,
Ge2sAs18S30Se26, Ge3sAs17S3sSe1s xalkogenid siisovari yarimkegirici (XSY) torkiblori firlanan soba tisulu ilo sintez olunmus
va onlarin toz halinda hazirlanmig niimunalorinin amorflugu Rentgen difraksiya metodu ils tosdiq edilmisdir. Topoloji mah-
dudiyyoatlar nozariyyssine (TMN) asasan miiayyan olunmusdur ki, Ge1oAs20S10Seso tarkibina moxsus orta koordinasiya adadi
Z=2 4 sortini 6dadiyindon “sifirinci” tezlikli rags modlarinin xalkogenid siisovari sobokodaki pay: f=0-a borabar olur. Bu isa
Nozariyyoys gors “izostatik siiso” halina uygun golir. Gostorilmisdir ki, “sort gorginlikli” siigo halina (Z >2,4, Nco>3) uygun
torkiblords (Ge175As15S155€s2,5, Ge24AS19S20S€37, Ge2sAS10S255€40, Ge26AS18S30S€26, Ge3sAs17S35S€15) orta nizamin Slgiisi

nishoton artaraq L=25,37+33,74 A intervalinda doyisir.

Acar sozlor: Xalkogenid, siisa, amorf, orta nizam.
PACS: 81.05.Gc, 61.80.

GIRIS

Miasir dovrds xalkogenid slisovari yarimkegirici-
lor (XSY) spektrin infraqirmizi oblastinda yiiksok sof-
fafliga malik olub optik linzalarda, Breqq gofoslorinds,
optik geydedici vo yaddas ceviricilorinds genis tatbiq
olunarag kimyavi, bioloji spektroskopiyanin, optika vo
fotonikanin perspektivli materiallar1 hesab olunur [1-
4]. Optik qadagan zonasinin eni (Eg) 1+3 eV interva-
linda dayison bu maddslor optik spektrin infraqirmizi
oblastinda (3+12 mkm ) daha yiiksok soffafliq vo yiik-
sok geyri-xatti sindirmaya malik olmasi ilo diggsti calb
edir [4-7]. Bu maddalorin nazik tobagalorinin miirok-
kob is181 monoxromatik isiga ¢eviron difraksiya gofas-
lari kimi spektroskopiyada, isiq modulyasiyasi detek-
torlarinda, qeydedicilords vo optik rabits qurgularinda
totbiqi svozolunmazdir [8-11]. Qeyd olunan tadgigatlar
gostorir ki, xalkogenid stigolorin ugurlu totbigine nail
olmaq tigilin stabil siigo halina uygun torkiblorin alinma-
s1 zaruridir.

Toaqdim olunan mogalonin asas elmi ideyas1 miirok-
kob komponentli Ge-As-Se-S XSY-sisteminds miixto-
lif koordinasiya odadlorine malik (Ge (Z=4), As (Z=3),
Se vo S (Z=2)) torkib elementi atomlarinin nisbi atom
faiz migdarimi maQgsadyonli dayisorak stabil parametr-
laro malik slisovari sobakonin alinmasina nail olunmasi
V3 onun lokal qurulusla slagslarinin topoloji mohdudiy-
yatlor nazariyyasi (TMN) asasinda izah olunmasidir.

TOCRUBONIN METODIKASI VO

NUMUNOLORIN ALINMASI

GesAs1aSesy,  GesAs14SSegy,  GerAs16SsSers,
Ge10AS20S10Se60, Ge175AS155155€s52,5, GE24AS19S205€37,
Ge2sAS10S255€40,  Ge26AS18S305€26,  GE33AS17S355€15

xalkogenid stisovari yarimkegirici (XSY) torkiblarinin
sintezi firlanan silindrik soba tisulu ils yerino yetiril-
migdir. Bunun tgilin géstarilon miirokkab komponentli
stisovari torkibloro moxsus xiisusi tomizlikli (tomizlik
doracasi 99,9999%) elementlordon segilmis stexiomet-
rik vo geyri-stexiometrik torkib nisbotlarina uygun
elekton torazida ¢okarak, daxili diametri 12+-17 mm va
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havasi 10 tor tozyigo qador sorulmus kvars ampulalara
doldurulmusdur. Todqgigat tgiin  sec¢ilmis miirokkab
komponentli maddolarin sintezi 950°C temperaturda
yerino yetirilmisdir. Sintezin yiiksok temperaturda apa-
rilmasi naticasinds torkibs daxil olan biitiin kompo-
nentlarin miimkiin qodar az &zliilikkls bir-birins qaris-
masina nail olunmusdur. Sobanin qizdirtlmasi nixrom
spirali ilo, temperaturun 6lgiilmosi iso xromel-alumel
termociitii vasitosilo edilmisgdir. Sintez olunacaq mii-
rokkab komponentli torkiblorin bircinsliyini tomin et-
mok ti¢iin 950°C temperaturda 11 saat orzindo saxla-
nilmis, sintez prosesinin sonu sondiiriilmiis firlanan so-
ba rejiminds hayata kecirilmigdir. Todgigat zamam
alinmig tobogolorin rentgen qurulus analizi D2
PHASER toz difraktometri vasitosilo edilmisdir. Siia-
lanmanin menbayi 40kV gorginlik vo 40mA caroyan
siddati rejiminds isloyoan CuKa anodudur. Onun dalga
uzunlugu A1=1,5406 A. Difraksiya monzarasinin analizi
difraksiya maksimumunun vaziyystinin (26) amplitu-
dunun , sahasinin vo maksimumun yarisina uygun olan
enin (AQ) tayini (full with at half maximum-FWHM)
Evaluation programina a2sasan yerins yetirilmisdir.

NOTICOLOR VO ONLARIN MUZAKIROSI

Sokil 1-do miirokkob komponentli GesAsi14Sesy,
GesAs14S,Seso, GerAs16S5Ser2, Ge10AS20S10Ses0,
Ge175A8155155€525, G€24AS19520S€37, GE25AS105255€40,
G826A5138308825, Ge33A517835Se15 XSY torkiblorinin
Rentgen difraksiya sapilmasi spektrlari tasvir olunmus-
dur.

Goriindiiyli kimi, tadqiq olunan biitiin tarkiblara
moxsus difraksiya sopilmo spektrlori tgiin sopilms
vektorunun Q=0,99+1,41 A intervalinda birinci kos-
kin difraksiya piki (BKDP) miisahids olunur. Bu natica
miixtolif binar As;Ses (As2Ss ), GeSe, vo miirokkab
komponentli AsxSeySi.xy, ASxSeyTerxy (x=40, y=30
at%), AsxSeySixy, AsxSeyTerxy (x=33.3, y=33.3 at%)
xalkogenid siigalor iizorindo aparilan Rentgen vo ney-
tron difraksiya sopilmasi tocriibalorinin noticalorinda
alinan BKDP-nin vaziyyati ilo uygunluq taskil edir
[12,13].
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Sokill. Ge-As-Se vo Ge-As-Se-S XSY-torkiblorinin Rentgen difraksiya sopilmo ayrilori.

Toadgiqg olunan maddalarin Rentgen difraksiya so-
pilmasi spektrlorinds miisahids olunan birinci kaskin
difraksiya piklori kovalent rabitali amorf maddslarda
orta nizam qurulusunun varhigi ils alagoalondirilir [14].
Sakil 1-do gostarilon biitiin tarkiblar iigiin BKDP-ni xa-
rakterizo edon biitiin parametrlor (pikin voziyysti (Q1),
pikin yarimeni (AQ)) grafiklors osason orta nizamin 61-
ciisii (L) asagidaki diisturla [15] hesablanmus naticalor
cadval.1-ds tosvir olunmusdur.

L =2m/AQ 1)

Tadqiq olunan maddolarin torkibindaon asili olaraq
BKDP-ni xarakterizo edon parametrlorin miirakkab
komponentli xalkogenid siisolorin halin1 miioyyon edon
orta koordinasiya adadi (Z) vo kovalent rabitsli xalko-
gen atomlarinin sayinin xalkogen olmayan atomlarinin
sayma nisbati (R) [16] (2) va (3) diisturlar1 ilo hesab-
lanmusdir (codval 1).

Z = xir; + X1 + X + Xty )
_ xiri+xjr]-

=——1L ©)
kTktXnTn

Burada ri, Xi, rj xi—maddads xalkogen, Ik Xk, Fn Xn—
iso xalkogen olmayan atomlarinin kovalent koordinasi-
yast vo molyar payidir.

Cadval 1-do gostarilon naticalors topoloji mohdu-
diyyatlor nozoriyyasini [17] totbig etdikds todqiq
olunan Ge10As20S10Seso torkibi ligiin orta koordinasiya
odadi Z=2,4 sortini 6dayir vo “sifirinci” tezlikli rogs
modlarinin xalkogenid slisovari sobokodoki payr f=0-a
barabar olur. Bu iss nazariyyays gore “izostatik siige”
halina uygun golir. Z<2,4 - oldugda germaniumun

|
(Ge), arseniumun (As), kiikiirdiin (S) konsentrasiyasi-

nin azalmasi, selenin (Se) iso konsentrasiyasinin art-
mast1 naticasinds f-in qiymoti f=0-dan 0,15-0 kimi ar-
taraq f >0 sortini 6dayir. Bunun noticasinds (codval 1)
stisovari sobokoads rabito vo bucag mohdudiyyatlarinin
(N*vo N miqdar azalir ki, bu da mohdudiyystlorin
imumi miqdarinin Nee<3 olmasi, yoni “elastik siigo”
halinin yaranmasi ila naticalonir (burada sarbastlik do-
racslorinin say1 3-0 barabardir). Sonuncu natico gostarir
ki, codvalda tasvir olunan N¢o<3 sortini 6dayan tokiblor
(GG4A3148882, GE4ASl4steao, GE7A31585SQ72), movcud
nozariyyaya goro, asanliqla kristallasma qabiliyyatina
malik olmali idi. Dogrudan da, codval 1-ds tosvir olu-
nan Rentgen difraksiya sopilmasinin naticolori gostarir
ki, mohdudiyyatlorin miqdar1 N¢<3 oldugda, orta
nizamin dlgiisii L= 24,2631 A -don L=22,2887 A-o go-
dor gismen azalir. Yoni, alinan tocriibi natico topoloji
mohdudiyyatlor nazeriyyesinin gortlorini 6dayir. To-
poloji mohdudiyyatlor nozariyyasinin teloblorine gors,
orta koordinasiya adadi (Z) vo mahdudiyyatlorin mig-
dar1 (Neo) 2>2,4, Nco>3 sortlorini 6dayirse maddo “sort
gorginlikli” siigo halina kegir. Bu halda qarsihigli alagali
olan mahdudiyyastlarin sayssinds todgiq olan madds-
lara moxsus lokal slisovari sobaka geyri stabil olur. Bu
halda zsif bucag va rabite mohdudiyyatlori nisbatan
giiclii daxili sixilma va garilmalarlo miisahide olunan
mohdudiyyatlorin yaranmasina sabab olur. Nazariyys
gostarir ki, maddads daxili garginliklarin artmasi daha
asag1 energetik hallara dogru relaksasiya proseslorini
stimullagdirmali vo noticado termodinamik baximdan
kristallasmaya dogru meyllilik artmalidir. Miioyyan
olunmusdur ki, “sart gorginlikli” stiso halina (Z>2,4;
Neo>3) uygun  torkiblordo  (Gei75As15S15S€s25,
Ge2AS19S205e37, GeasAS10S255€40,  GE26AS185305€26,
GessAs17S3sSess) orta nizamin Oleiisii nisboton artaraq
L=25,37+33,74 A intervalinda dayisir.
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Cadval 1.
Z | R | Q1 | L=2%9/AQ1 | Nco=Zf2+2Z-3 | Na=Zf2 | NB=2Z-3 | f={12-52){6 | AQ1

Ge,Asi4Ses; 2,22 (2,83 141 | 22,2887 2,55 1,11 1,44 0,15 |0,28191
GeyAs45;5eg; 2,22 (2,83| 1,40 23,4098 2,55 1,11 1,44 0,15 0,26848
Ge;As 5S55€7; 230 (2,03 137 | 22,9649 2,75 1,15 1,60 0,08 0,27359
Ge;gAs0S 1040 2,40 |1,40| 1,25 | 24,2631 3,00 1,20 1,80 0,00 0,25896
Gel?,SAslsslssesz,s 2,50 (1,17 1,12 25,3764 3,25 1,25 2,00 -0,08 0,24762
GeyuAs oS pSes; 2,67 [0,75| 1,02 31,3845 3,68 1,34 2,34 -0,23 0,20020
GeysAsS:55€e4y 2,60 (1,00| 1,10 26,5966 3,50 1,30 2,20 -0,17 0,23624
GegsAs 58505656 2,70 |0,71| 1,06 | 27,8473 3,75 1,35 2,40 0,25 |0,22563
Geq3A8178555€ 5 2,83 |0,55| 099 | 33,7461 4,08 1,42 2,66 0,36 | 0,18619

XULASO

Topoloji mohdudiyyotlor noazoriyyssino (TMN)
osason miloyyon olunmusdur ki, Ge10AS20S10S€60 torki-
bina moxsus orta koordinasiya odadi Z=2,4 sortini
6dodiyindan “sifirinc1” tezlikli rogs modlarmin xalko-
genid siisovari sobakadaki pay1 f=0-a barabar olur. Bu
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iSo Nozariyyays gors “izostatik siisa” halina uygun go-
lir. Gostorilmigdir ki, “sort gorginlikli” siiso halina
(Z>2,4 Nco>3) uygun torkiblordo (Ge175AS15S15S€s25,

Ge24AS19S20Se37,

Ge2sAS10S255€40, Ge26AS18S30S€26,

Ges3As17S355e15) orta nizamin Slgiisii nisbaton artaraq
L=25,37+33,74 A intervalinda doyisir.
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X-RAY DIFFRACTION SCATTERING IN Ge-As-Se-S CHALCOGENIDE GLASS SYSTEM

GesAsi1aSes2, GesAs14S2Ses0, GerAS1655Se72, Ge10As20S10Ses0, Ge17,5A3155155€e52,5, Ge2aAs10S20Se37,  GezsAs10S25Se4o,
GezsAs18S30Se2s, GessAs17S3sSers chalcogenide glass semiconductor (CGS) compositions are synthesized by the method
rotary furnace and amorphousness their powder samples was approved by X-ray diffraction method. Based on the theory of
topological constraints (TCT), it was determined that, since the average coordination number for Ge1o0As20S10Seso Satisfies the
condition Z = 2.4, the fraction of vibration modes with zero frequency in the chalcogenide glass is equal f = 0. According to
theory this corresponds to "isostatic glass". It is shown that in the compositions (Gei75AS15S15Ses2,5, Ge24AS10S20S€37,
Ge2sAS10S255e40, Ge26AS18S30S€26, Ge33AS17S355€15) corresponding to the "rigid stress” glass (Z>2,4, Nco>3) , the size of the
average order increases relatively and varies in the range of L =25.37 + 33.74 A.

C.A. MexTueBa, P.U. Anexdepos, C.M. MammajnoB

PEHTTEHOBCKOE JTU®PAKIIMOHHOE PACCESIHUE B CUCTEME XAJIBKOI'EHUIHOT' O
CTEKJIA Ge-As-Se-S

GesAs14Ses2, GesAs14S2Seso, GerAS16S5Se72, Ge10AS20S10Ses0, Ge17,5AS15515Ses25, Ge2sAS19S20Se37, Ge2sAS10S25S€40,
Ge26As18530Se26, G33AS17S35S€15 MOPOIIKOBBIE 00PA3Ibl XAIBbKOTCHUIHBIX TIOTYIIPOBOIHMKOBBIX CTEKOJ CHHTE3MPOBAHBI
METO/IOM Bpamiaromieics meau. AMoppHOCTb 00pa3oB OblIa MOATBEPKACHA PEHTTC€HOBCKUM TU(PPaKIIMOHHEIM MeToaoM. Ha
OCHOBE TeOpHH ToroNornueckux orpannyernii (TTO) GbUIO OMpeneNneHo, YTo, MOCKOIBKY CPEIHEEe KOOPAUHAIIMOHHOE TUCIIO
Ge10AS20S10S€e60 yoBieTBOpsieT ycioBuio Z=2,4, To 10 KosieGaTelbHBIX MOJ C HyJIEBOM 4yactoToii pasHa Hyio (f = 0) B
CETKE XaIbKOTEHUIIHOTO CTEKNA. TeOpEeTHUECKH 9TO COOTBETCTBYET «M30CTATHIECKOMY CTEKIy». [l0Ka3aHo, 4TO B COCTaBax,
COOTBETCTBYIOIINX «KECTKO HAMpPsHKEHHOMY» cTekiy (Z >2,4; Nco>3) (Ge17,5A5155155€s52,5, Ge24AS19S20S€37, Ge25AS10S25S€40,

Ge2sAs18530Se26, Ge33As17S35S€15), CpeiHuil TOPSIOK OTHOCHTENBHO YBEIMYMBACTCS W H3MEHSETCS B JMANa3OHE
L=25,37+33,74 A.
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