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Ge-As-Se-S XALKOGENID SUSOVARI SISTEMINDO OPTiK UDULMANIN
SPEKTRAL ASILILIGININ RiYAZI UZLASDIRMA USULU iLO TODQIiQi
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Isdo Ge-As-Se-S xalkogenid siisovari sisteminin miixtalif torkiblorinds optik udulma amsalinin (o) spektral asilihig: 61-
culmiis vo Belehradek funksional asililigi ilo tocriibi asililiq arasinda miiqayisali riyazi uzlagdirma edilmigdir. Miioyyan olun-
musdur Ki, Taus astliligidaki [(eiv)Y" ~f(hv)] n-qlvvat dstiiniin ters giymetinin m=0.5-don forgli olmasi hal sixliginin enerji-
don asililiginin sorbast elektron hallarinimn sixligindan konaragixmasi ilo bagli olub, tadqiq olunan maddolorin fraktal xisusiy-

yatlori ilo izah olunur.
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1. Giris

Molumdur ki, kristal qurulusa malik yarimkegirici
maddolordan forqli olaraq amorf maddoslords colbedici
vo saciyyavi optik xiisusiyyotlorin meydana golmosi
onlarn yiriikliik araliginda sifirdan farqli hal sixliginin
moveudlugudur. Coxsayli tadqiqatlar gostorir ki, amorf
yarimkegiricilorin optik xassalorinin vo hal sixliginin
forqli xiisusiyyatlorinin amolo golmasi onlarda kristal-
lara maxsus kaskin zona sorhadlerinin olmamasi vo ha-
min sorhadlorin strafinda lokal vo ya olave hallarin
mdévcudlugu hesabinadir [1-5]. Basqa sozls desak, geyd
olunan magqalslorde miisyyon olunmusdur ki, amorf
maddslords yiiriikliik konarma yaxin enerjilords vo ey-
ni zamanda yiiriiklikk aralig1 daxilindo sifirdan forqli
hal sixliginin mévcudluguna sobab olan lokal hallar
osason qurulusun nizamsizligi hesabima yaranir. Y{Urik-
likk konarmin yaxin otrafinda hal sixligmin qiymotino
va enerjiys gors paylanmasina Frans—Keldish effekti-
nin tasir payr oldugunu gostoran ciddi elmi todqigat-
larin [1, 6] méveud olmasina baxmayaraq istor yiiriik-
likk konarina yaxin enerjilords, istarsade yiiriikliik ara-
l1ig1 daxilinds hal sixliginin enerjiys gors paylanmasini
mikommal tasvir edon nozariyys halalik mévcud deyil-
dir va bu yeni ciddi eksperimentlorin aparilmasini talob
edir. Torkibinde selen olan GeigBisSers vo
GelmeSbloSGQ.XSex (XZO, 15, 30, 45, 60 vo 69) xalko-
genid siisolorinin optik xassalorinin tadqiqi gostarir ki,
giiclii udulma oblastinda (¢=>10* sm™) Taus asihiliginin
[(ahv)=B(hv - Eqp)"] qiivvet iistii n-nin mixtolif giymat-
lor (n=1/2; n=2; 3/2; 3) almas1 miimkiindiir. Qeyd olu-
nan natica diiz icazali, ¢op icazali, diiz qadagan va ¢op
qadagan optik kegidlorin mévcudlugu ilo izah olun-
musdur [7, 8, 9]. Lakin miiasir todqiqatlar gdstarir ki,
Taus diisturunda noazori olaraq 1/(d(Inahv)/dhv) —nin
fotonun enerjisindon (A4v) asililigi qurularsa, homin
diizxotli asililigin meyli 1/m-o barabar olur [10]. Nati-
codo, miioyyon olunmusdur ki, Taus asililiginin qlivvot
Usti m=1.8+2.2 intervalinda doyisir. Miioyyon edilmis-
dir ki, stisolosmoa temperaturundan (Tg) yiiksok tempe-
raturlarda termik islonmo temperaturunun artirilmasi
naticasindo Taus asililiginin qiivvat Gistiintin (m) artma-
st ilo barabor optik qadagan zonanin eni do (Eg) azalir.
Bu natics termik islonmanin hesabina rabitalorin qiril-
mas1 naticasindo kegirici vo valent zonalarin sorhodlori
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otrafinda lokal hallarin konsentrasiyasinin artmasi ilo
izah edilmisdir [10]. Se-Te-Sn xalkogenid siigalorinin
torkibinds germaniumun (Ge) atom faiz miqdarinin art-
masi1 naticasinds optik gadagan zonanin eninin (Eg)
azalmasi iso elektromonfiliyin giymotinin azalmasi vo
ylriikliik araliginda lokal hallarin sixliginin artmasi ilo
izah olunur [9]. Beloliklo miixtalif todgiqatlardan ali-
nan naticolorin imumilogmis analizi gostorir ki, amorf
qurulusa malik xalkogenid siisolordo koskin zona sor-
haodlori olmadigindan genislonmis valent vo kegiricilik
hallar1 arasinda elektronlarin optik hoyacanlanma ils
kegidlori xiisusi olaraq, giiclii udulma (a>10%sm) ob-
lastin1 ohats edon enerji intervalinda arasdirilmalidir
[5]. Olava valent hallarindan genislonmis kegiricilik
hallarina, geniglonmis valent hallarindan slave kegirici-
lik hallarma va elaca do slavs valent hallarindan slave
kegiricilik hallarina kegidlor isa optik udulmanin qiy-
motlorinin a<(103+10*sm sortini ddoyan enerji inter-
vallarinda analiz olunmalidir [5].

Isin mogsadi Ge-As-Se-S xalkogenid siisovari sis-
teminin muxtalif torkiblarinin iistlii asililiq oblastlarin-
da optik udulma smsalinin spektral asililiq xiisusiyyat-
larinin Taus ganunauygunlugundan konaragixmalarinin
fiziki mexanizmlorini aragdirmaqdir.

2. Tacribanin metodikas1 vo nimunalorin alinmasi

GE4A314S€‘82, GE4AS14SzS€30, GE7AS1685SE72,
Ge10AS20S10S€60, G€17,5AS155155€525, GE24AS19S205€37,
GesAS10525540,  GE26AS18530S€26,  GE33AS17S355€15
xalkogenid sligovari yarimkegirici (XSY) torkiblorinin
sintezi firlanan silindrik soba iisulu ilo yerino yetiril-
migdir. Bunun dg¢lin gostarilon mirakkabkomponentli
stisovari torkibloro moaxsus xususi tomizlikli (tomizlik
doracasi 99,9999%) elementlordon segilmis stexiomet-
rik va geyri-stexiometrik tarkib nisbatlorine uygun
elekton torazida ¢okilarok, daxili diametri 12+17 mm
olan va havas1 10™ tor tozyigo godor sorulmus kvars
ampulalara doldurulmusdur. Tadgigat Ug¢ln segilmis
mirakkab komponentli maddolarin sintezi 950°C tem-
peraturda yerins yetirilmigdir. Sintezin yiiksok tempe-
raturda aparilmasi naticasinds torkibs daxil olan biitiin
komponentlarin mimkin godar az 6zliliikls bir-birino
garismasina nail olunmusdur. Sobanin qizdirilmasi nix-
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rom spirali ilo, temperaturun 8lglilmasi iso xromel-alii-
mel termociitl vasitosilo edilmisdir. Sintez olunacaq
murakkab komponentli tarkiblorin bircinsliliyini tamin
etmok (i¢lin ampulalar 950°C temperaturda 11 saat or-
zinds saxlanilmig, sintez prosesinin sonu sondiriilmiis
firlanan soba rejiminds hoyata kegirilmisdir.

Sintez prosesi ilo alinan Ge-As-Se-S torkiblarinin
bir negs santimetr 6l¢ulu niimunslarinin nazik tabage-
lori vakuumda siiso altliglar tizorinds termik buxarlan-
dirma Usulu ilo alinmigdir. Buxarlandirma prosesi ti¢iin
xisusi formali vo ¢atinariyon  (tantal) metal
qayiqciqdan buxarlandirict kimi istifade olunmusgdur.
Raman spektroskopiyasi, hamg¢inin optik tadqigatlarin
apartlmasi tigiin Ge-As-Se-S torkiblori asasinda nazik

tobogolorin  alinmasi  ABII-0.5 markali vakuum
qurgusunda 10-5 tor tozyigli vakuumda vo otaq
temperaturunda  siiso  althglar  Uzorino  termik
buxarlandirma tsulu ilo hoyata kegirilmisdir. Nazik
tobogolorin  alinmasi 6+10 nm/san buxarlandirilma
srati ilo hayata kegirilmisdir. Torkibdon asili olaraq
buxarlanma prosesi buxarlandiricinin  450-510°C
temperaturunda aparilmisdir.

3. NOTiCOLOR VO ONLARIN MUZAKIROSI

Sokil 1-do Ge-As-Se-S xalkogenid siigovari ya-
rimkegirici sistemine moxsus miixtalif torkiblor Giglin
optik udulma omsalinin fotonun enerjisindon asililig1
tosvir edilmisdir.
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Sokil 1. Optik udulma smsalinin (a) fotonun enerjisindon (4v) asililigi: 1 - GesAs14Sesz, 2 - GeasAs14S2Seso,
3 — GerAs16S5Se72, 4 - Ge10AS20S10Se60, 5 - Ge17,5A5155155€52;5, 6 - GE24AS19S20S€37, 7 - Ge25AS10S25S€40,

8 - Ge26As18530Se26, 9 - GessAs17SssSe1s

Amorf maddolords vo o ciimlodon amorf qurulusa
malik xalkogenid siigolordo genislonmis kegiricilik vo
valent hallarinin sixhigmin ge(Ec) = Ge(E—Ec)* vo
ov(Ev) = Gy(Ey—E)P — diisturlart ils ifads olundugunu
nazars alsaq, sokil 1-ds tasvir edilon optik udulma am-
salinin (&) fotonun enerjisindon (4v) asililigl imumi
sokilds asagidaki kimi yazila bilor [5, 11,12] .

ahw=C'(hw-E)P*s+ (1)
burada C- optik kegidlorin ehtimalliligin1 xarakterizo
edan pe,-matris elementindan asilidir. Todgiqatlar gos-
torir ki, [5, 11, 12] s=p=1/2 olduqda, yoni valent vo
kegirici zona konarinda hal sixligmin energetik paylan-
mast  parabolikdirso  [gc(Ec)=G(E—Eq)¥?  vo
gv(Ev)=Gv(Ev—E)Y?], udulma omsalinin fotonun ener-
jisindan asililig1 Taus diisturu (2) ilo ifads edilir [13].
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_ [hw—Ey]?
o=B — )
Qeyd edoak ki, dlgiilori d-olan fozada genislonmis
hallarin sixlig1 iigiin N(E)dE ~ p%* dp [14, 15] — mi-
nasibatini nozars alsaq, (1) —disturunda p +s+1 =
= d — 1 miitonasib avazlomos edorak valent vo kegirici
zona konarmda hal sixliginin energetik paylanmasinin
parabolik hali {iglin (s=p=1/2) d=3 alinir ki, bu da 3D-
Ol¢lli sistemlor halina uygundur [5]. (2) dlsturunda
[wa(w)]*? hasilinin fotonun enerjisinden xotti asililig1-
nin ekstrapolyasiyas1 qadagan zonanin enini verir.
Kimyavi nizamli soboks modelino asason hesab
edilir ki, avvalco Ge-S, sonra Ge-Se rabitolori, daha
sonra heterepolyar (As-S, As-Se), homopolyar (Ge-Ge,
As-As) rabitolori enerjinin azalmasi sirasi ilo amolo go-
lir vo matrisin qurulmasi tamamlanir (cadval 1).
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Cadval 1.

Kimyavi nizaml1 saboka modelinin toloblori nozors alinmaqla
tarkiblor {igiin yazilan formulalar

[

. Geg gasg145ep 3= [2(Gep p25e0 04)]-[T(As0 02Se0 02)][335¢e]

[

. Geg.o4As0.1450.025e0 50= [0.5(Geg 0280.04)] [1.5(Geg 025e0.04)] [T(Aso.025e0.03)]-[335¢]

3. GegorAsg1sS00sSen 72 =[1.23(Gep.0250.04)] [2.25(Gep 025e0 04)]- [8(Asg 025e0 03)]-[315¢]

4.Gep10As0.2050.108e0.60=[2.5(Gep 0280.04)][2.5(Gep 025ep 04)][10(Asg 025eg.03)]- [105¢e]

Lh

- Geg17sAsg1sS01s5ens25 = [3.75(Geg 0250.04)] [5(Geg 025e0.04)] [7.3(Asg 02580 03)] [10Se]

6. Geg24A50.1950.205¢e0.37= [5(Gep.0250.04)]- [7(Geo.025e0.04)] [3(Asg.025e0.03)] [135¢]

7. GepasAsg1080.258eg 40 =[6.25(Geg 02500401 [6.25(Gep p25eg.04)]- [5(Asg 025ep.03)]

8 GepagAsoisSosoSepzs = [7.5(Geg 0250.04)][5 5(Gepo25ep 04)]-[1 33(Asp.025e0.03)][15 33 As]

9. Geg33Asg 1780.355ep 15=[8.75(Geg 0280.04)][3.75(Geg 02520 04)]-[8Ge] [17As]

Tadqiqatlar gostorir ki, istor basit, istorsa do mu-
rokkobkomponentli xalkogenid siisolordo (2)-dusturu
ilo ifada edilon sado Taus miinasibatindon konaragix-
malar miisahido edilir. Yoni, miixtolif xalkogenid sii-
solorda Taus asitliigindaki [(ahv) ~f(hv)] n-qiivvat
tstiiniin tors giymati m=1/n=0.5-don forqli giymatlor
ala bilor. Masalon basit amorf selends (Se), eloco do ar-
senin (As) vo germaniumun (Ge) binar xalkogenid sii-
solorinda (a-Se, a-As;Ss, a-As:Ses, a-GeS;) optik udul-
manin spektral asililigmin tadqiqi gosterir ki, siisolos-
mo temperaturundan (Ty) asagi temperaturda termik is-
lomadoan avval va sonra Taus miinasibatindon (2) kona-
ragixmalar miisahido edilorok m=1; 0.7; 0.73; 0.38 va
m= 1; 0.59; 0.58; 0.44 qiymatlorino malik olur [16].
Mioayyan olunmusdur ki, yuxarida qeyd olunan tacriibi
faktlar hal sixliginin enerjidon asililigiin sarbost elek-
tron hallar1 sixligindan konaragixmasi ilo bagli olub,
asason amorf maddslorin miixtalif fiziki xassslorinds
holledici rol oynayan fraktallarin mévcudlugu il tosvir
edilmalidir [17]. [14, 15]- islorinds tosvir edilon d-0l-
Culli faza ovazing fraktal foza dlgiilori (D) anlayis1 daxil
edildiyini [18] vo amorf maddslor tigiin 6l¢iilori D-olan
fraktal fozada geniglonmis hallarin sixligmm He [19]
disturu (3) ils tesvir olundugunu noazars alsaq, optik
udulma smsalinin (¢) fotonun enerjisindon (Av) asili-

11g1ndap+s+1=M

disturunu fraktal olgiilor vasitoasi ilo (4) — minasibati
ilo yazmaq miimkiindiir [15].

avazlamasini edarak (1)-

N(E) dE o pP1dp ox EC-22 dE ©)
Dy+Dc+1
ahv = C'(hv—E) : 4)
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Miialliflar [17, 18] torafindan toklif olunan yanasmalar-
dan vo miixtolif ciddi naticolordon [15] belo qonasto go-
linir ki, (3) vo (4) diisturlarini cadval 2-do tosvir olunan
tacriibi vo riyazi uzlagdirmanin naticalorina totbiq olu-
narsa, tadqiq olunan maddslards optik udulmanin yeni
Xususiyyatlorinin askar edilmosi miimkiin olacaqdir.
Riyazi uzlagdirma naticesinds alinan a-hv ~4+( hv -Eg)"
—asilihigmin qlivvat iistiind (n) (3) disturunda [19] gos-
torilon n=(D—2)/2=(Dy+Dc—2)/2 ifadssinds nazars
alaraq tadqiq olunan siisovari maddalars maxsus fraktal
Olgiilar (D) hesablanmig va alinan naticalar cadval 2-do
tosvir edilmigdir. Cadval 1 va cadval 2-do tasvir edilon
naticalorin miiqayissali analizindon malum olur ki, kim-
yovi nizaml1 soboks modelinin (CON) talablorini 6do-
yan va siigovari matrisin formalagmasinda mithim rol
oynayan tetraedrik qurulus elementlorinin (GeSyp,
GeSeyyz) imumi nisbi pay1 piramidal qurulus element-
lorinin (AsSess2) nisbi payindan yiiksok olan torkiblordos
(Ge0.175A80.1550.155€0 525, Ge0.24AS0.1950.205€0.37,
Gep.25AS0.1050.255€0.40, G€0.26AS0.1850.305€0.26) fraktal fo-
za 6lgiilori (D=3,54; 3,35; 3,587; 3,1) daha yiiksok olur.
Bu natico todqiq olunan torkiblorde mohdudiyyatlor
migdarinin (Ngo), orta rabits enerjisinin (<E>) giymot-
lorinin yiiksok olmasi, yoni yiiksok topoloji soboko vo
kimyavi olagaliliyin varhigi ilo 6z tesdiqini tapir [20].
Geo.33AS0.1750.355€0.15 xalkogenid silisovari torkibindo iso
yuxarida gqeyd olunan naticadon konaragixma miisahido
olunur (cadval 2). Fraktal foza 6l¢iilorini (D) Porod asi-
liliginin qiivvat iistiiniin Np=6-D —diisturunda nazars al-
sag np-nin 1<np<3 intervalinda doyisdiyi agkar olunur
[21]. Bu isa np-nin giymsatinin 1<np<3 intervalinda de-
yisdiyi halda nahamar ssthli sapici morkezlorin foza
(hocmi) olgull fraktallara cevrildiyini stibut edir. La-
kin, bundan farqli olaraq fraktal olgiilori D=2,37;
2,852; 2,86; 2,9 olan (cadvsl 2) niimunslards np-nin
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qiymati 3<np<4 intervalinda dayisir ki, bu da uygun tor-
kibli niimunalords sapici markozlorin nahamar satho

malik D-6l¢iilii fraktallar oldugunu siibut edir

Cadval 2.

Optik eksperimentlorin noticalorindon alinan tocriibi vo riyazi uzlagdirmanin noticalori
Tarkiblor z | R A Eg | +epq | DvDc | m=1m | D=(Dv+Dc)2

1 | GesAsiaSes2 2,22 | 2,83 | 497482 | 1,85 1,86 5,72 0,537 2,86

2 | GesAs14S2Seso 2,22 | 2,83 | 339057 | 1,86 1,59 5,18 0,628 2,59

3 | GerAs16SsSerz 2,3 | 2,03 | 620888 | 1,847 1,852 5,704 0,539 2,852

4 | Ge10As20S10Ses0 2,4 1,4 | 511748 | 1,826 19 5,8 0.556 2,9

5 | Ge1rsAs15S15Ses25 | 2,5 | 1,17 | 474963 | 1,834 2,54 7,08 0,393 3,54

6 | Ge2As19S20Ses7 2,67 | 0,75 | 199965 | 1,786 2,35 6,7 0,425 3,35

7 | GezsAs10S255€40 2,6 1 286200 | 1,879 3,175 7,175 0,315 3,587

8 | Ge2sAs18S30Se2s 2,7 | 0,71 | 229019 | 1,845 2,1 6,2 0,476 3,1

9 | GessAs17S3s5Se1s 2,83 | 0,55 | 171075 | 1,828 1,37 4,74 0,729 2,37

Belolikla, tetraedrik qurulus elementlorindon ! xalkogenid siisovari torkiblarinds a-hv ~4-( hv -Eg)

(GeSap, GeSeupp) vo qaliq Ge, As atomlarindan ibarat
olan Geg33AS0.17S0355€0.15 —tarkibindo fraktal foza ol-
ciilorinin daha ¢ox kigilmasi (D=2,37) 3-6l¢iilii siigo-
vari sobokonin torkibindo 1-6lcUlii etana bonzor
[(Ch3)Ge-Ge(Chs)] qurulus elementlarinin yaranmasi
ilo olagadardir. Bu halda konsentrasiyasi yiiksok olan
germanium atomlar1 arasinda homopolyar olagolor
(Ge-Ge) yuxarida tosvir olunan qurulus elementlori he-
sabina miimkiin olur. Bunun naticasinds cadval 1-da
geyd olunan Geg 33AS0.17S0.355€0.15 tarkibi ligiin kimyavi
nizaml sabaks modelinin (CON) talablari nisbatan po-
zularaq tetraedrik qurulug elementlorinin (GeSap,
GeSeuy,) formalagmast ilo miiqayisads daha yiiksak eh-
timalli GeSes» qurulusg elementlorinin yaranmasi ica-
zoli olur. Naticads, yuxarida qeyd olunan fraktal foza
olgtilorinin (D=2,37) yenidon kigilmasi bag verir. Glclu
udulma (e>10%sm) oblastina uygun enerji intervalm-
da (1)-asilihgmm qivvet Ustlinu (n=p+s+1), E-ylrik-
liik aralig1 zonasmin enini vo C-omsalim doagiq toyin
etmok Uc¢lin, Belehradek funksional (5) asililig1 va tac-
rilibi asililiq (sokil 1) arasinda miiqayisali riyazi uzlas-
dirma edilmis vo alinan naticalor codval 2-do tasvir
edilmisdir.

®)

Belehradek funksional (5) asililig1 va tocriibi asi-
liliq (sokil 1) arasinda miiqayisoli riyazi uzlagdirmanin
naticoalori gbstarir ki, GE4A314323630, Ge33A5178353e15

y=a-(x—b)
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p+s+1

—asilihgmimn qiivvat Gistd n=1.59 va n=1.37 qiymatlori-
no malik olur. Qeyd olunan qiymotlor miioyyon xota
tortibinds N~3/2-5 yaxin olub, diiz qadagan optik kecid-
lorin mévcudlugu ilo izah olunur [7-9]. Bundan fargli
olaraq GeloA5205105660, GGzeASstoSEze tsrkiblerinde,
riyazi uzlagdirmanin naticalori uygun olaraq (1)- asili-
ligina moaxsus qiivvet lstiiniin N=1,9 vo n=2,1 giymot-
lari ilo xarakterize olundugunu tasdiq edir. Alinan nati-
co N~2- giymoatina daha uygun olub, tadqiq olunan tor-
kiblords optik udulmanin ssason ¢op icazali optik ke-
cidlorin istiraki ilo bag verdiyini siibut edir [7-9]. Bu-
radan belo noticoyo golinir ki,  Ge10AS20S10S€s0,
GexsAs18S305e26 xalkogenid siisolorinds (1)-asililiginin
quivvet iistii p+s+1=d-1=n~2 oldugundan, p=s=1/2 va
d=3 sorti 6donilmalidir.

Yoni, alinan sistemlordo genislonmis kegiricilik
va valent zona hallar1 sixligiin enerjidon asililig1 para-
bolik olmagqla yanasi, sistemlor 3D-6lgiilorino malikdir.
Riyazi uzlagdirmanin noticslorinin dogru vo ya dogru
olmadigini siibut etmok ti¢lin gticli udulma (a>10%sm"
1) oblastindan Taus diisturuna (2) osason (a-hv)Y?
~f(hv) asililig1 vo diiz gadagan olunmus optik kegidlarla
bagh olan (a'hv)?® ~f(hv) asithlign (sokil 2(a,b))
qurulmaqgla  optik udulmanin =0 qiymsatino
ekstrapolyasiya edilorok yiiriikliik araliginin enlori
(EQie, EQ2e ) (vo ya optik qadagan zonanin eni) toyin
edilmis vo alinan noticolor cadval 3-do tosvir edil-
migdir.
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Soakil 2. Giiclii udulma oblastinda (ahv)Y2 vo (ahv)?? - qgiivvet iistlii hasillorinin fotonun enerjisindon (hv) asililiglari

Codval 3.
Riyazi uzlagdirmanin naticalari il tacriibi naticslor arasinda uygunlugu vs
25if konaragixmalari siibut edon naticalar.

Tarkiblar z R A Egat | Taws(L2) | Taws2/3) | n=ptstl | m=l/m
1 | GesAsySen 222 283 | 497482 19 1,856 19 146 068490
2 | GeyAsis5;Ses 222 | 283 | 330057 | 188 184 1.89 155 0.6451

3 | GesAs;sS:Sem 23 | 203 | 620888 | 185 1,36 192 2 05
4 | GeypAsygSipSes Z4 14 51174% 1,844 185 192 RCE 0.5154
5 | GeyrsAsisSi1sSens | 2.5 | 1,17 | 474063 P 105 2.02 15 0.6667
6 | GergAsjoSypSess 267 0,75 | 190965 187 188 1,98 144 0.6944
7 | GeasAsypSisSeq 2.6 1 286200 2,18 2,00 2,18 147 06802
8 | GergAsizSaSers 2.7 0,71 | 229019 198 191 2 1,63 06134
0 | GeszzAs;183s5e;s 2,83 0,535 | 171075 1,788 1,73 1,83 167 03088
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a)

0,02 4

-0,04 4

b) -0.06 T T T

Sakil 3. Riyazi uzlagdirmadan alinan yiiriikliik aralig1 eninin (Egr) - qiymsotlori ilo tocriitbadon alinan giymotlor (Egze,
Egze) arasindaki farqlarin (a-hv)Y" ~f(hv) -un qiivvat iistiinden asililig1.

Cadval 4.

Optik kecidlorin novii vo hamginin valent vo kegirici zona konarinda
hal sixliginin paylanmast

Torkiblor pf;l p s ov(Ev) ge(EC)

1 | GesAsuSen 146 | 023 | 023 | GUE~E)P® | G(E-EC)®
2 | GesAs1aS:5em 155 | 0.275 | 0.275 | GUE«~E)"2 | Go(E—Ec)02
3 | GerAsisSsSer 2 05 | 05 | GAE~E)®® | G(E—Ec)’®

4 | Ge1oAs20S10Se60 1.94 047 | 047 | GUE«—E)** | Gc(E—Ec)*¥
5 | GerrsAsisSisSeszs | 15 0.25 | 0.25 | GE—E) "B | Go(E-Ec)°®
6 | Ge2sAs19S20Ses7 1.44 022 | 0.22 | GWE—E)*? | G(E—Ec)*?
7 | GezsAs105255840 147 | 0.235 | 0.235 | GuE~E)"® | Go(E—Ec)*2®
8 | GezsAsisSa05ezs 163 | 0.315 | 0.315 | Gu(E,—E)"*5 | Go(E_Ec)?¥55
9 | GessAs17S3sSe1s 1.67 0.335 | 0.335 | GW(Ev—E)®%> | G¢(E—Ec)*%%®

Sakil 3-don goriindiiyl kimi riyazi uzlagdirmadan
alinan yiirtiklik aralig1 eninin (Egr)- giymatlori ilo toc-
ribadon alinan qiymotlor (Egie, Egze) arasindaki forq
ononavi yanagmadan forqli olaraq optik udulma kecid-
lorinin névii vo o ciimladan, valent va kegirici zona ko-
narindaki hal sixliginin energetik paylanmasi [ge(EC) =
=G¢(E—Ec)*va gu(Ev) = Gy(Ey,—E)P] haqqinda daha do-
qiq malumatlar slds etmays imkan verir.

Digor torafdon sokil 3a-don bels naticoys golmok
olur ki, Belehradek funksional (3) asililig1 va tocrubi
asililiq (gakil 1) arasindaki riyazi uzlagdirmanin natice-
sindo (a*hv)Y" ~f{hv) -asihiliginin qiivvat iistiiniin N=2
va 1.94 qiymatlorine uygun olaraq Egs-nin toyin olunan
giymotlori ilo (a*hv)Y? ~f(hv) tocriibi asihiligindan ali-
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nan Egie-in qiymatlori arasindaki farglor olduqca kigik-
dir. Lakin bundan farqli olaraq (a-hv)Y" ~ f(hv) -asili-
liginin qiivvat dstiiniin n=1.46; 1.55; 1.5; 1.44; 1.47,
1.63 vo 1.67 qiymsotlorino uygun olaraq Egr -nin toyin
olunan qiymotlori ilo (a#v)?® ~ f(hv) tocriibi asililigin-
dan alinan Ege-in qiymotlori arasindaki forq olduqgca
kicikdir (sokil 3b). Yuxarida qeyd olunan hor iki forqli
natica birmonali olaraq bizs optik kegidlorin névii vo
hamginin valent vo kegirici zona kenarinda hal sixligi-
nin paylanma moenzarasini tasvir etmays zomin yarada-
caqdir.

Beloliklo miioyyon olunmusdur ki, yuxarida ali-
nan tacriibi naticalords hal sixliginin enerjidon astliligi-
nin sarbast elektron hallart sixligindan konaragixmasi
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asason amorf maddolorin miixtolif fiziki xassoalorinda
halledici rol oynayan fraktallarin mévcudlugu ils ola-
godardir.

4. XULASO

Optik udulma smsalmin (a) spektral asililigr ils
Belehradek funksional (5) asililigi arasinda aparilan

mugayisali riyazi uzlagdirma naticasinds miioyyon
olunmusdur ki, orta koordinasiya adadi (Z) vo R-para-
metri  Z=2,5-2,7 vo R=1,17-0,71 qiymsotlorino malik
olan  Geo175AS01550.155€0525,  G€0.24AS0.1950.205€0.37,
Geo.25AS0.1050.255€0.40, G€0.26AAS0.1850.305€0.26 tarkiblarin-
da Porod asililiginin qiivvat istiiniin (np) 1<np<3 in-
tervalinda doyismasi nahamar sathli sapici markozlorin
foza (hocmi) 6l¢iilii fraktallara ¢evrilmasi ilo baglhdir.

[1] N.F. Mott and E.A. Davis. Electronic Processes
in Non-Crystalline Materials, Clarendon Press,
Oxford. 1979.

G.D. Cody. In: Pankov, J.I (ed.), Hydrogenated
Amorphous Silicon, Vol. 21, part B, Academic
Press, New York,1989, p. 11.

S. Adachi. Optical Properties of Crystalline and
Amorphous Semiconductors: Materials and
Fundamental Principles. Kluwer Academic,
Boston, 1999.

K. Morigaki. Physics of  Amorphous
Semiconductors, World Scientific, Singapore,
1999.

Jai Singh and Koichi Shimakawa. Advances in
Amorphous Semiconductors, 2003, Taylor
Francis, p.324

J.D. Dow and D. Redfield. Electro absorption in
Semiconductors: The Excitonic Absorption
Edge. Phys. Rev. B 1, 1, 1970, p.3358

S.K. Mohamed, M.M. Abd EIl-Raheem, M.M.
Wakkad, A.M. Abdel Hakeeam, H.F. Mohamed.
Structural, optical, and electrical characteristics
of GeisBisSers chalcogenide glass for
optoelectronic  applications.  Memories -
Materials, Devices, Circuits and Systems 6,
2023, 100085.

Bin Ye, Shixun Dai, Wang, Guangming Tao,
Peiging Zhang, Xunsi Wang, Xiang Shen.
Influence of the Selenium content on thermo-
mechanical and optical properties of Ge-Ga-Sb-
S chalcogenide glasses. Infrared Physics
Technology
http://dx.doi.org/10.1016/j.infrared.
2016.05.013

Shiv Kumar Pal, Neeraj Mehta, H.E. Atyia,
S.S.Fouad. Investigation of optical band-gap

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

and related optical properties in thin-films of Ge

containing Se-Te-Sn alloys// Journal of Non-

Crystalline Solids 551,120399(2021),

M.I. Abd-Elrahman, A.A. Abu-Sehly, Sherouk

Sh. El-sonbaty, M.M. Hafiz. Optical and

electrical properties of thermally evaporated

SegShyg thin film. Materials Science and

Engineering B,

S.R. Elliott. Physics of Amorphous Materials/

S.R. Elliott—- New York: Longman Inc, 1984,

401p.

[12] Richard Zallen. Physics of Amorphous
Solids/John Wiley Sons Inc, 1998, 304p.

[13] J. Tauc. Mat. Res. Bull. 3,37, 1968.

[14] J. Singh. J. Non-Cryst. Solids, 2002a, 299-302,
444,

[15] J. Singh. Nonlinear Optics. 2002b, 29, 115.

[16] Mehern-Nessa, K. Shimakawa, A. Ganjoo and J.
Singh. J. Optoelect. Adv. Mater., 2000, 2, 133.

[17] R. Zallen. The Physics of Amorphous Solids.
John Wiley & Sons, New York, 1983.

[18] B.B. Mandelbrot. The Fractal Geometry of
Nature. Freeman, New York, 1982.

[19] X.F. He. Phys. Rev. B 42, 1990, 11751.

[20] Rahim Alekberov, Salima Mekhtiyeva, Samir

Mammadov. Study of correlations between

glass-transition temperature and local structure

of Ge-As-Se, Ge-As-Se-S chalcogenide glasses.

Philosophical Magazine. Part A: Materials

Science, vol.103, 2023, 1ss.19. p.1828-1841

B. Hammouda. Probing nanoscale structures-the

SANS toolbox / B. Hammouda,- USA: National

Institute of Standards and Technology Center

for Neutron Research Gaithersburg, MD 20899-

6102, 2010, 692p.

[10]

[11]

[21]

S.M. Mammadov

INVESTIGATION OF THE SPECTRAL DEPENDENCE OF OPTICAL ABSORPTION IN A GLASSY
Ge-As-Se-S CHALCOGENIDE SYSTEM BY MATHEMATICAL CONSISTENCY METHOD

In this work, the spectral dependence of the optical absorption coefficient (a;) was measured for various compositions of
the Ge-As-Se-S glassy system, and a comparative mathematical fitting of the experimental dependence with the Belehradek
functional relation was carried out. It was established that deviations of the inverse value of the power exponent n in the Tauc
relation [(oc-7v)Y™ ~fthv)] from m = 0.5 are associated with the departure of the energy dependence of the density of states from
that of free-electron states, which is explained by the fractal characteristics of the investigated materials.

Qabul olunma tarixi: 04.09.2025

16


http://dx.doi.org/10.1016/j.infrared.%202016.05.013
http://dx.doi.org/10.1016/j.infrared.%202016.05.013

	Ge-As-Se-S XALKOGENİD ŞÜŞƏVARİ SİSTEMİNDƏ OPTİK UDULMANIN SPEKTRAL ASILILIĞININ RİYAZİ UZLAŞDIRMA ÜSULU İLƏ TƏDQİQİ  S.M. MƏMMƏDOV Azərbaycan Respublikası Elm və Təhsil Nazirliyi, Fizika İnstitutu
	Azərbaycan, Bakı, AZ-1073, H. Cavid prospekti, 131
	[19] X.F. He. Phys. Rev. B 42, 1990, 11751.

