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CAMOOPT AHU3AIIMSI HAHOOCTPOBKOB ITPUMECEM IIUHKA
HA BAH-JIEP-BAAJIbCOBOM ITOBEPXHOCTH GaSe.

A.M. HamaeBI, B.I. TarueBI, K.IH.KaXpaMaHOBZ,
P.A.M6parumos’, A.A.Cadap3asne’

"Hayuonanvnasn Axademus Asuayuu Aszepbatiodcana,
HUU TAKII, Buna 25 km. baky, Azepbatioxrcan
? HAHA HIIO «Cenenymail@ naa.edu.az ; safarzade@yandex.ru

U3yuenvl npoyeccvl  (opmMuUpo8anus HAHOPASMEPHBLIX CMPYKMYP HA  MeNCCI0e80U
nosepxnocmu GaSe<Sn> 6 npoyecce pocma Kpucmaila. YcmanoeneHo, 4mo 6 npoyecce
Se”- Se” GaSe<Sn> 06
3ANOJIHEeHUA npu/wewmu 30Hbl e e ave n 0] paayiomc;z pasvlu!mbze no d)opme
ded)ekmbz: cmyneHbKu GaOJZb HanpaeﬂeHuﬂ pocma u HaHOpaS’Meprle «KAHABKUW», 6 K0m0pblx

paCHOJZOJfCMJZqu HaHOOCI’I’IPOGKu.

Cenenup raJutvst SIBIISICTCS MEPCIEKTUBHBIM MaTEPUAIIOM JIJIsl HCIIOJIb30BAHUS B PA3IIMIHOTO
THUIIA ONTOAIEKTPOHHBIX YCTPOUCTB [1].

[Tpomeccer 0OpazoBanusi HaHOpa3MepHBIX AedeKkToB B 30Hax Se-Se GaSe <mpumech>,
(bopMHUpOBaHHE B HUX IOJYIIPOBOJHUKOBBIX U METAJUIMYECKUX BEIIECTB MPEACTABIISIIOT HHTEPEC
IUTSL CO3/IaHUS Pa3IMYHBIX HAHOOOBEKTOB IS YITYYIIECHHS X (DOTOAIEKTPHUECKIX ITApaMETPOB.

MekciioeBbie HaHOCTPYKTPYPHUPOBAaHHBIE OOBEKTHI BHIPAIIMBAINCH ITyTEM TPATUCHTHOMN
Iu(py3HON MHTEpKaIALMU IpU NOHMKEHHBIX Temieparypax (400-600 K) B nHampaBieHuu
6a3ucHoii mockoctu (0001).

B nactosmem poxmane mpezactaBieHa mopdosiorus Ban-nep-BaanbcoBoit moBepXHOCTH
GaSe neruposannoro Sn (0,1% Bec).

" KanaBKH Ha
moBepxHOCTH

OomacTh
113 pHC.2 f

Puc.1
N3yuenue nosepxHoctu GaSe<Sn> ObLIO MPOBEAECHO HAa CKAaHUPYIOIIEM 30HA0BOM MUKPOCKOIIE
(C3M) mapku Solver-NEXT. IloaroroBka nmoBepXHOCTH K CKaHUPOBAHUIO HA aTOMHO-CHUJIOBOM
MHUKPOCKOIIE€ IIPOU3BOAMIIACE METOAOM CKOJIa U He Oojiee yeM uepe3 1-2 MUH 1ociie OTClIauBaHUs
YCTaHABJIMBAJIACh HA CKaHEp Ui NMPOBEACHUS COOTBETCTBYIOUIMX HU3MEPEHUN B Mopdosoruu
MIOBEPXHOCTU B HAHOMETPOBOM MacuiTabe. Pazmep oOnactu ckaHMpOBaHMS yCTaHABIMBAJICS B
¢dopme kBagpara B npuaenax S5 X 5 mMkM. CKOpOCTbh CKaHUPOBAaHHUS B MPSMOM HallpaBJIEHUU
yCTaHaBJIMBajach 4MKM/cek a B 0OpaTHOM Xojie ckaHepa 5 MkM/cek. KoapduiueHt ycuneHus B

7



BDU,Fizika Problemlori institutu:<<Fizikanin M8asir Problemlori>> IV Respublika Konfransi

uenu oOpaTHOM CBsI3UM COCTaBJIsT 3 eAuHUL. BenuunHa CHUIOBOrO B3aWMOJAEHUCTBUS MEXKIY
30HIOM U o0pa3ioM B pabouem pexume coctaBui 0,87 emmnaun. U3 obmactu 5 X 5 MM
otéupanace ob6macts mpubmmsmrensro 300 X 300 HM ¢ Haubolee WHTEPECHBIMH
MOP(HOJIOrHYECKMMH XapaKTEpUCTHKaMH. 3aTeM orOHpanack obmacts ¢ pasmepamu 30 X 100 HM? ,Ha
KOTOPOi MPOBOIMIICS aHAIN3 MPOUIOrPaMMBbI 110 HHTEPECYIOLEMY HAIIPaBJICHUIO U CPE3Y.

Ha pucynkax 1 u 2 npencraBiena Mop(oaorusi HOBEPXHOCTH CKOJIa CEJIEHUAA TaJlIHsl.
Ha puc.1 nano ACM uzo0paxkenue B 3D-macmirabe, Ha puc.2(a) gano uzodpaxenue 2D-
Macitabe u3 BbIJICTICHHOM 00sacTu puc. 1, a Ha puc.2(0) naHo pacmpeeneHrne HaHooOpa3oBa-
HUM 110 BBICOTE BAOJb JIMHUH | U3 puc. 2(a).

B Hanopa3smepHbIX «kaHaBKax» (puc.l) - mojoctax (GopMHPYIOTCS MyTEM CaMOOpraHH-
3allMM BEPTHKAIBbHO K MOBEPXHOCTU CKOJIa HAHOBBICTYIIBI MMHMMaJIbHOU BbicOTOH 1,2-4,1 HM ¢

MaKCUMaJIbHOM 6,5 HM U ¢ jnaTtepanbHbIMU pazmepamu 10-11 Hwm.

10 15 20 Hm

5

10 20 30 40 50 60 70 80 HM

™
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=
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o
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=
o
=
=
=
=~
og
~
=
o5
~

I 1 1 1 1 1 1 1 1 1 1 1 1 1 1
5 10 15 20 25 30 35 40 45 50 55 60 65 70 HM

Puc? (a,6)

BbIBO/I: Camoopranu3zanys IpUMECHBIX HAaHOOOBEKTOB Ha MEKCIIOCBOUM MOBEPXHOCTU B
GaSe MOXeT cTaTh OJHUM U3 MyTel MOJIy4eHUsI HAHOOCTPOBKOB pazmepamu 10-12 Hwm.

JIUTEPATYPA:
C.M.Hpanak, C.B.I'aBpumoxk, 3.[.Komamok, O.C.JlutBun // ®wusuka W TEXHUKA
nosynpoBoaHUKOB (Poccust), 2008, .42, B.4, ¢.423-429.
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ABSERON YARIMADASININ BAKIOTRAFI ORAZILIORINDO
RADIOEKOLOJI CIRKLONMOLOIRIN TOoDQIQI

Q.Q.Mammadov, M.O.Ramazanov, V.H.Badalov,
M.9.Nuriyev, C.9.Nagiyev

Baki Doviat Universiteti
mamed r50@mail.ru

Isdo Abseron yarmmadasmin Bakiotrafi orazilorindo neftlo girklonmis torpaglarda aparilan radioekoloji
tadgiqatlarin naticasi verilmisdir. Segilmis 6 varsurut iizro radioaktiv sualanma monbalarinin ekspozisiya dozasinin
giicli (EDG) todqiq olunmus, bozi lokal arazilordo EDG-nin giymatinin otraf miihitin yol verilon radiasiya fonundan
¢ox ylksok oldugu miioyyon edilmisdir. Alinan naticalorin tohlili gosterir ki, EDG-nin 6l¢ii ndqtolorinin sayindan
(tezliyindon) asililig1 normal paylanmaya (Qauss paylanmasima) uygundur.

Molumdur ki, Abseron yarimadas1 6ziiniin neft vo qaz ehtiyatlara gore zongin bir srazidir
va 150 ildon artiqdir ki, bu arazilordon neft ¢ixarilir. 1901-1905 — ci illords diinyada hasil olunan
neftin yarisi, 1941-1945 — ci illords Ikinci Diinya Miiharibesi zamani ke¢mis SSRi-do istehsal
olunan neftin iso 70,1%-1 Azorbaycanin payina diisiirdii. Hazirda ¢oxlu sayda xarici vo yerli
kampaniyalarin istiraki ilo Abseron yarimadasinda intensiv siiraotds neft vo tobii yanacaq qazinin
istehsali, emal1 vo dasmmasi proseslori gedir. 2010-cu ildo Azorbaycanda 53 min. ton neft, 30
mlrd. m® gaz istehsal etmok nozerds tutulmusdur. Onu da qeyd etmok lazimdir ki, neft vo qazla
bagl biitiin proseslorin gedisindo otraf miihit miixtolif xarakterli zororli tullantilarla ¢irklonir.
Bels ki, bu tullantilarin terkibinds canli organizmlor {i¢iin son deracs qorxulu olan radioaktiv

sualanma monbalori *°U, **U, **Th, *K vo s. kimi maddslor do olur. Masslo burasindadir ki,

gostorilon tobii radioaktiv izotoplar Yer qabiginin asagi qatlarinda (esason Yerin litosfera
qatinda) yerlosirlor vo neftin ¢ixarilmasi proseslorindo Yeralt1 sularin vasitosi ilo Yerin st
qatimna (torpaq gatma) ¢ixirlar vo miixtalif

Caspian Sea

IEG_EI‘ Baku - Guba
<

Mashtaga

Baku-Balakhany

Baku-Shemakha

[E-Gg| Baku-Gurd Gapisi

Baku-Lokbatan 5 kim

Sokil 1. Dozimetrik 6lgmolor aparilan marsrutlarin Abseron yarimadasi xaritosindo goriiniisii

Baki — Lokbatan Baki — Quba
Baki — Qurd Qapasi — Baki — Binaqadi

nov yiikssk—erreryiliBédikiar $amasn monbolors cevrirtor—OtBaknihBalaxaniimlodon, Abseron
yarimadasmin ¢irklonmasi, homginin do "’Cs, *’Sr vo s. kimi siini radioniiklidlorin vasitasi ilo
do bas verir. Siini radioniiklidlor, istehsal miiossisalorinds, atom elektrik stansiyalarinda, atom
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bombalarinin partlayis1 zamani kimi proseslorde yaranir vo miixtalif miqrasiya tisullar1 vasitasi
ilo daha uzaq orazilors do yayilirlar.

Yuxarida deyilonlori nozoro alaraq Baki Dovlot Universitetindo Abseron yarimadasimnin
Bakiotrafi orazilorinds 3998 Ne -1i 3 illik Proyekt osasinda radioekoloji tadqiqat islori aparilir.
Proyekti Ukrayna Elmi-Toxnoloji Markozi (Kiyev sohori) idare edir vo Kanada Dovlati
torofindon maliyyalosdirilir. Bu isdo asas mogsad Abseron yarimadasmin Bakiotrafi orazilorindo
se¢ilmis 10 marsurut istigamatindo dozimetrik, radiometrik vo spektrometrik iisullarla radioaktiv
cirklonmo monbolorini askara ¢ixarmag, bu monbolorin cografi koordinatlarint vo asas fiziki-
kimyavi parametrlorini toyin etmok, tadqiq olunan orazilorin radioekoloji durumu haqqinda
molumat toplamaqdan ibaratdir.

Hazirda bu proyektlo bagli olan 6 marsurut iizro (Baki-Lokbatan, Baki-Qurd Qapisi, Baki-
Samaxi, Baki-Quba, Baki-Binogadi vo Baki-Balaxam1 marsurutlar1) radioaktiv siialanma
monbolorinin cografi koordinatlardan asili olaraq eksposisiya dozasini giicii (EDG) 6l¢iilmiis vo
bu parametri xarakterizo edon komiyyatlorin qiymatlori toyin edilmigdir. Buna misal olaraq Baki-
Lokbatan (B-Lb) marsrutu iizra yerloson Bibi-Heybot NQCI-nin orazisindo 6lgmolorin naticolori
Cadval 1-do verilmisdir. Belo ki, eksposisiya dozasm giici (EDG) MKC-AT 1125 tipli
dozimetrlorin (Belarusiya istehsali), 6l¢ii noqtolornin koordinatlar1 iso GPS cihazi (ABS
istehsal1) vasitosi ilo toyin edilmisdir.

Cadval 1. Baki-Lokbatan marsrutu iizro yerloson Bibi-Heybot NQCI-nin orazisinda
Olgmoalorin naticalori (B-Lb)

Tadgiqat Cografi koordinatlar EDQG,
orazilorin Kodu mkR/saat
B-Lb672 N40 20 00.1 E49 50 03.5 15
B-Lb673 N40 19 51.7 E49 50 10.3 3.9
B-Lb674 N40 1945.8 E49 50 07.5 4.4
B-Lb675 N40 19 45.9 E49 50 19.1 54
B-Lb676 N40 19 48.1 E49 50 21.6 47
B-Lb677 N40 19354 E49 50 26.2 5.4
B-Lb678 N40 19 26.2 E49 5022.0 5
B-Lb679 N40 19 20.9 E495011.7 29
B-Lb680 N401922.3 E49 49 57.9 187
B-Lb681 N40 19 16.4 E4949 57.4 8
B-Lb682 N40 19 05.6 E49 50 06.4 7.7
B-Lb683 N40 18 50.4 E49 49 56.8 15
B-Lb684 N40 18 50.1 E49 49 44.2 91
B-Lb685 N40 19 05.2 E49 49 35.6 140
B-Lb686 N40 19 18.5 E49 49 23.6 8
B-Lb687 N40 19 19.2 E49 49223 7.7
B-Lb688 N40 19 15.7 E49 49 28.7 10.2
B-Lb689 N40 19 17.0 E49 49 34.6 4.5
B-Lb690 N401922.2 E49 49 56.8 5
B-Lb691 N40 19 33.6 E494943.2 4
B-Lb692 N40 19 45.1 E49 49 34.3 42
B-Lb693 N40 19 55.2 E49 49 28.8 5.7
B-Lb694 N4020 14.4 E49 50 04.2 6.5

Eksperimental noticolorin tohlili gostorir ki, EDG-nin 06l¢li ndqtolorinin  sayindan
(tezliyindan) asililig1 normal paylanmaya uygun golir (Qauss paylanmasina):
)’
N(x)=Ade (1)
Bels ki, bu diistura daxil olan parametrlorin adlar1 vo qiymatlori Cadval 2-ds verilmisdir.
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Cadval 2. Dozimetrik 6lgmalordon alinan parametrlorin qiymatlori

Tadqigat Olgmoa EDG-nin giymoti, mkR/saat
aparilan noqtalorin
Marsurutlarm marsurutun maksimal sayl, | minimal | maksima | orta, | Ortakvadratik
uzunlugu, km A 1 M konaragixma,
adlar1 P
Baki — Lokbatan 101.0 694 1.7 187.0 5.7 10.0
Baki — Qurd gapisi 24.6 136 2.2 7.8 3.8 1.3
Baki — Samaxi 36.9 249 2.5 14.5 5.1 1.5
Baki — Quba 79.2 377 2.7 5.8 4.2 0.6
Baki — Binogadi 35.3 308 2.5 15.0 3.7 1.1
Baki — Balaxani 41.5 430 2.5 8.8 3.8 0.7

Sokil 2-do todqiq olunan Baki-Samaxi, Baki-Qurd Qapisi, Baki-Lokbatan vo Baki-Quba
marsurutlar: tizro EDG-nin tezlikdon (1) asililig1 gostorilmigdir. Qeyd edek ki, analoji asililiqlar
todqiq olunan digor marsurutlar (Baki-Binogadi, Baki-Balaxani) iizro do alinir.

Baku -Shamakha Baku - Gurd Gapisi

Frequency
o
o
Frequency

1.3 5 7 9 11 13 15 17 19 21 23 25 27 29 31
DR (.R/h)

9 11 13 15 17 19 21
DR (mkR/h)

23 25 27 29 3

Baku Lokbatan Baku -Guba

100

90 +

80 +

70 +

60 +

50 +

Frequency

Frequency
o
S

40 +

30 +

20 +

50 + ‘I
04+ L HLE :I:l:l:l:l:l:-: : 0
5

13 7 09 11 13 15 17 19 20 23 25 27 29 31 1
DR (uR/h)

3 5 7 9 11 13 15 17 19 21 23 25 27 29 31
DR (pR/h)

Sokil 2. EDG-nin Baki-Samaxi, Baki-Qurd Qapisi, Baki-Lokbatan vo Baki-Quba
marsurutlar: lizrs néqtolorin sayindan (tezliyindon) asililig1
Tacriibi naticolor gdstormisdir ki, Baki-Qurd qapist marsurutu {izro bozi lokal sahslordo
EDG-nin qiymati normal radiasiya fonundan (~5 + 12 mkR/saat) 2 tortib ytliksokdir (Cadval 1) vo
bu lokal arazinin koordinatlar1 miioyyon edilmisdir.
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AuzGasSes BIRLOSMOSININ NAZIK TOBOQOSININ
ELEKTRIK VO OPTIK XASSOLORI

V.i.Tahirov, S.S.Latifova, N.F.Qahramanov
Sumgqayit Doviat Universiteti

Elektronikanin inkisafina holledici tosir gostoron elmi-texniki istiqgamotlordon biri do
mikroelektronikadir. Mikroelektron qurgularin osasmni yarimkecirici materiallardan almmis
miixtolif strukturlu na3ik tobagolor toskil edir.

Maddolorin nasik toboagalorinin xassalori tabagonin alinma soraitindon, onun galmligindan
Bo yarimkeciricinin fiziki-kimyavi xassalorindon asilidir. Keyfiyyatli mikro 6l¢iilii idarsedici
elementlorin alinmast birinci ndovbodo nazik tobogonin alinmasinda istifado olunan
yarimkegiricinin parametrlori ilo xarakterizo olunur. Mohz buna goro do yeni fiziki xassoloro
malik yarmmkecirici birlogsmolorin sintezi vo onlar asasinda nazik toboagolorin alinmasi ¢cox vacib
masololordon biridir. Belo yarimkecirici birlosmalordon biri do I, III, VI qrup elementlori
ssasinda yaradilan AIBMcy! tipli ligqat yarimkegirici birlosmalaridir.

Odobiyyatda [1] miioyyan olunmusdur ki, A'B™CY! tipli yarimkegirici birlosmalori
Mendeleevin dovri sistemdaki II qrup elementlorini I qrup elementi ilo miisyyon qaydada
avozetmo yolu ile 2(A"BY") — A'B™C} " tip birlogmolorini almaq miimkiindiir. Burada,

valentlik vo har atoma diigon elektronlarin say1 saxlanilir. Bels birlosmoalor almaza bonzor
birlosmalor sinfino daxil olub homin qurulusda kristallasir. A'B"C” tipli birlogsmolorin

todqiqi gostorir ki, bu birlogsmalorin oksoriyysti halkoprit qurulusda kristallagir.

A'B™CY! birlosmoloriinds daha gox maraq kasb edon Au,Ga,Se, tipli birlosmadir.

Isdo A"B™C" sinfino monsub olan AusGasSeo monokristalinin nazik tobogalori alinmis vo bu

tabagalarin elektrik va bazi optik xassalari tadqiq olunmusdur. Birlosmonin rentgenoqrafik
todqiqi aparilaraq gostorilmisdir ki, birlogsmolorinin simmetriyas1 Pmn olan heksaqonal
sinqoniyaya malikdir. 4}B.C; tipli yarimkegirici birlosmalorinin keyfiyyati birlosmonin
bircinslilik doracasi vo kristalin tomizliyindon asilidir. Mahz buna gors ds todqigat mogsodi

iclin ¢ox tomiz vo tokmil kristallar tolob olunur. Belo kristallar orintidon istigamotlonmis
kristallagma iisulu ilo alinmigdir.

A;B?IC;/ ! tip birlosmolorinin oksariyyati ig1ga fotohassas kristaldir. Onlarim miixtslif

temperaturlarda fotokeciriciliyin spektral xarakteristikalar1 6yronilmosi onlar1 optoelektronika
iiclin daha perspektivli edir.

Au,Ga,Se, yeni tigqat monokristal birlosmasinin elektrik xassolori todqiq olunaraq

gostorilmisdir ki, Holl omsali vo elektrik kegiriciliyi asagi temperaturlarda asqar, yuxari
temperaturlarda iso moxsusi kegiriciliyo malik olan iki hissodon ibaratdir. Alman naticolordon
temperaturun Holl asililig1 nazors alinmagqla toyin olunmus gadagan olunmus zolagin eni, donor
soviyyasinin darinliyi uygun olaraq 0,06 vo 0,04 eV-a barabordir. Birlosmonin qofas parametrlori
toyin olunmus, fotoelektrik vo optik xassolorinoe asason moxsusi udma zolagi vo udma mexanizmi
Oyronilmisdir.

Au,Ga,Se, monokristalinin fotokegiriciliyinin kinetikas1 va liks-Amper xarakteristikasi
Oyronilmisdir. Bu kristal otaq temperaturundan asag1 temperaturlarda isiga az fotohassasdir. Otaq
temperaturundan yuxar1 temperaturlarda iso fotocorayan koskin artir. Alinan naticolor gostorir ki,
0,9+0,79 mkm intervalinda fotogobuledici kimi istifads oluna bilor.

Au3GasSey monokristalinin nazik tobagosinin alinmasinda osas sort yiiksok vakuumun vo
olverisli buxarlasdiricilarin olmasidir. Tobogonin alinmast hom althigin néviindon vo hom do
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onun temperaturundan asihidir. Altlagim temperaturu vo maddonin althgin sothino
cokdiiriilmasinin siirati kondensasiya olunmus tabagonin strukturunu miioyyon edir. Tobagonin
almmasina tosir edon an mithiim amillordan biri ds istifads olunan altligin tomizlik deracasidir.

AuzGasSey maddasinin buxarlanmasi adoton el soraitde aparilir ki, kamerada qalan qazin
molekullariin sorbost yolunun orta uzunlugu buxarlandirict ilo althq arasindaki mosafodon
boylik olsun. Bu halda qaliq gazin molekullar1 ilo buxarlanan maddonin atomlar1 arasmdaki
toqqusmalarin ehtimali ¢cox kigik olur vo atomlarin yerdoyigsmasi praktik olaraq diiz xstt boyunca
bas verir. Altliq tizorindo maddonin kifayot qodor yiiksok kondensasiya olunmasini oldo etmok
moqsadi ilo asason tadqiq olunan kristali orinmis halda buxarlandirirlar. Buxarlandirici kimi
yiiksok orimo temperaturuna malik molibdendon, volframdan vo tantaldan hazirlanmis
buxarlagdirici peglordon istifads olunur. Nazik tobogolori birbasa kegirici vo ya Omik elektrodlar
izorino elo ¢okdiriiliir ki, tobogo homin elektrodlar arasinda korpli rolunu oynasin.
Fotokeciriciliyi toyin etmok hor iki tip niimunslordon istifado olunmusdur. Daraq sokilli
niimunalords is1q elektrik sahasino perpendkulyar, "sendvi¢" tipli nlimunalords iso is1q stiasinin
diismo istiqgamoti elektrik sahasinin istigamatinds vo ya onun oksino olmusdur. Nazik tobogonin
qalinlig1 interferensiya mikroskopu vasitaesilo miiayyan olunmusdur. Niimunonin qalinhigt 450
A" olmusdur.

Au;GasSeo monokristali kiilgosindon kosilmis hissoni vakuumda buxarlandirma tisulu ilo
onun althiq tizorindo nazik tobogosi alinib yuxarida gostorilon iigiilla lazimi  kontakt ¢okilir.
Umumiyyatlo Aus;GasSey monokristalma akvadaq, giimiis pastvsi, indium vo bir sira metallarla
kontakt vurmaq miimkiindiir. Amma tacriibo gdstorir ki, indiumla vurulan kontakt daha cox
Omik oldugundan tocriibade mohz ondan istifads olunmusdur. Volt-amper xarakteristikasinin
miioyyan intervallarinda faza yiiklori ilo mahdudlanmis carayan oblastlar1 miisahide olunur. Bels
ki, gorginliyin kicik qiymatlorinds corayan siddoati gorginlikdon asili olaraq xstti qanunla doyisir.
Gorginliyin miioyyan qiymatinds kontaktlarda inxeksiya edon ylikdasiyicilarin konsentrasiyasi
niimunonin tarazliqda olan yiikdasiyicilar: tortibinde olduqda kvadratik asililiq miisahids olunur.
Gorginliyin miioyyan artirdigca onun elo giymati golib ¢atir ki, coroyan koskin artir. Bu todqiq
olunan niimunads miioyyon yapisma saviyyoalorinin vo talolorin varli§ii vo onlarin bosalaraq
yenidon dolmas: ila slagadardir. Isigin tasiri ilo ¢ixarilan VAX-dan goriiniir ki, gorginliyin ¢ox
kicik qiymatlorinds (107) carayan nisbaton zoaif doyisir. Miiayyan olunmusdur ki, Aus;GasSey
nazik tobogosi liclin keciriciliyin temperatur asililigr iki oblastdan ibarstdir. Algaq temperatur
oblast1 niimunonin asqar keciriciliyi ilo, yiiksok temperatur oblast1 iso moxsusi keciriciliklo
olagodardir. Bu oblastlarin analizi qadagan olunmus zonanin enini vo homg¢inin niimunonin
gadagan olunmus zonada asqar soviyyolorin miioyyonlosdirilmasine imkan verir. Nazik tobagolor
ticlin yiikdastyicilarin yiiriikliyiiniin temperatur asililigit molum olmadigindan qadagan olunmus
zonanin eni li¢lin almmis qiymot monokristal ti¢iin alinan qiymotdon bir qadar forqlonir. Aparilan
hesablamalar AuszGasSey nazik tobogosi {iclin qadagan olunmus zonanin eni vo asqar soviyyo
Ugtin uygun olaraq AE, ~2 eV, Ae = 0,4 eV qiymatlorini verir.

Au3GasSey  birlosmosinin - nazik  tobogesinin ¢ vo  monokristalinin  lilks-amper
xarakteristikast isiqlanma seli intensivliyinin 0—400 Lks intervalinda olan xiisusi kdzormo
elektrik lampasmin komoyilo ¢ixarilmigdir. Miloyyon olunmusdur ki, monokristal iigiin olan
xarakteristika iki oblastdan ibarotdir. Asililigin birinci oblast1 subxotti olub isiqlanmanin
0—200 Lks qiymating ikinci oblast iso superxatti olub isiqlanmanin 200 —-400 Lks intervalina
uygun golir. Todqigat noticosindo miioyyon olmusdur ki, isiglanma noticosindo yaranan
fotocoroyanin qiymoti is1q intensivliyindon dstli funksiya soklindo asilidir. Beloliklo
fotocorayanin is1q intensivliyinden olan 7, = AE" soklindoki asililiginda »n—in qiymeti
vahiddan kicik vo boyilik ola bilor. Bu gdstorici vahidden bdyiik olduqda asililiq superxatti,
vahiddon kicik oldugda iso subxotti adlanir. Amma homin kristalin nazik tobagosi ii¢lin 1o
asililiq xatti olub yalniz bir meyls malikdir. Todqiq olunan kristalin qadagan olunmus zonasinda
enerxilori miixtolif olan dorin vo dayaz tutma, rekombinasiya vo yapisma soviyyolori vardir.
Isiglanma intensivliyinin asagi qiymotlorindo Fermi kvazi soviyyelori arasinda olan yalniz dayaz
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rekombinasiya soviyyoalori prosesdo istirak edir vo onlar elektronlar vo desiklor iigiin eyni
zobtetma kosiyina malikdirlor. Darinds yerlosmis ikinci tip saviyyelor rekombinasiya soviyyalari
adlanir.

Is1g1n yiiksak intensivliyinde Fermi kvazi soviyyslori aralanir vo onlarin arasinda yaranan
hoam birinci vo hom do ikinci tip soviyyalor zabtetmo kosiyino gora forqlonirlor. Bunun
naticasinds fotokegiricilik artdigindan yilikdasiyicilarin yasama miiddoti boyiiyiir. Biitiin ikinci
tip soviyyolor iso rekombinasiya morkozlorino cevrilirlor. Intensivlik artdigca Fermi
kvazisaviyyosi kecirici zonaya yaximlasdigindan yapisma soviyyalori rekombinasiya
saviyyaloring ¢evrilirlor. Naticads elektronlar {i¢iin rekombinasiya morkazlorinin konsentrasiyasi
artir vo oksina elektronlari yasama miiddoti azalir.

Odobiyyatda analoxi liikks-amper xarakteristikasinda subxatti asililiq asqar fotokeciriciliyi
olan bir sira birlosmalordo do miisahido olunur. Tadqigat naticosindo AuzGasSeq nazik tobaqosi
iclin alman naticolors gors loqgarifmik miqyasda qurulmus liiks-amper asililigi  is1q
intensivliyinin baxilan qiymotinds xattidir. Doyma halinin yaranmasi is1q intensivliyinin bu
qiymotindo hoyocanlagmis biitiin elektronlarin valent zonaya kegmosi ilo izah olunur. Dalga
uzunlugunun 0,4 —-0,9 mkm intervalinda todqiq olunan niimuno iigiin keciriciliyin spektral
asililig1 6yronilmisdi.

Otaq temperaturunda todqiq olunan Au3;GasSey kristali {iclin spektrin maksimumu
monokristal {igiin alinmis dalga uzunlugunun A = 580nm qiymsatine nazaran bir godar qisa dalga
oblastina dogru siiriislir. Bu isa enerjinin AE = 2,14 el qiymstino uygun golir.

AuzGasSey monokristallarinin miixtalif temperaturlarda ¢ixarilmis udma spektrinin tohlini

gostormisdir ki, moxsusi udulma zolaginin konar1 zonalararasi diizgiin optik kecidlors uygun
golir. Buna goro do qadagan olunmus zonanin enini toyin etmok tiglin miixtalif temperaturlarda

Au;GasSeo kristallarinin udma spektrlori (OLhV)2~hv asilihig1 qurulmusdur. Qadagan olunmus

zonanin eni 1so kvantlarin boylik enerxi oblastinda spektrin diiz xotli hissosinin oxa
ekstropolyasiya edilmakls toyin olunmusdur.

Miioyyon olunmusdur ki, todqiq olunan birlosmonin qadagan olunmus zonasinin eni 200 K
temperaturda 1,20 el tortibindadir. Qadagan olunmus zonanin eni 300 K-ds uygun olaraq 1,35
eV-dur. Spektrlor optik kec¢idlorin {imumi xarakterini eyni ciir oks etdirirlor. Lakin udulma
omsalinin miitlaq qiymati temperaturun doyismasi ilo miixtalif kecidlor {i¢iin miixtslif ciir olur.
Miioyyon olunmusdur ki, Au3zGasSey monokristallarinin qadagan olunmus zonasinin termik
omsal1 temperaturun orta qiymsatindon geyri-xatti asilidir. Alinmis spektrlorini tohlili gostarir ki,
udulma oblastinin konar1 yaxinlhiginda asagi temperaturlarda miisahido olunan kegid eksiton
udulmasina, ikinci név udulma elektronlarin valent zonasindan ionlasmis donor soviyyaloring,
iclincli nov udulma isa elektronlarin dolmus akseptor soviyyslorindon kegiricilik zonasima kegidi
ilo olagodardir.
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KBAHTOBAS MEXAHUKA U HAHOTEXHOJIOI'UA

A.T'. Ka3piM-3a51e, A.A. CaamanoBa, B.M. CajiimaHoB
bakunckuii ocyoapcmeennvlil ynusepcumem

Kak u3BecTHO, KBaHTOBAsi MEXaHUKA - 3TO (hyHIaMEHTalbHas HayKa, U3y4arollasi CBOMcTBa
MeIbYallIuX 4acTHUl] BellecTBa. Ee 3aKOHbI OMMCHIBAIOT MOBEIECHUE 3JEKTPOHOB, AaTOMOB WM
Mouiekyn. To, 4To cripaBeaauBO B MUPE OOBIUHBIX T€J, C KOTOPHIMU Mbl UMEEM JEJIO0 B TEXHUKE
WM TIOBCEHEBHON KU3HU, HEPEAKO OKa3bIBAETCS HEBEPHBIM B MUPE aTOMOB.

Ou3nKu y)Xe HaKomwIM OOJBUIOW ONBIT B pa3paboTKe NpuOOpOB, NEHCTBHUE KOTOPBIX
OCHOBAHO Ha KBAHTOBO - MEXaHWYECKUX MPUHIUIAX. YKIaAbIBasg aTOMbl C TOYHOCTHIO /0
OJIHOTO-/IBYX CJIO€B, OHM MOTYT CO3/1aBaThb HMCKYCCTBEHHBbIE KPHMCTaJUIbI, MOJIEKYJIbl M JaXKe
aTOMBbI C 3a/laHHBIMH CBoMcTBaMH. Takue MOJyNpOBOJIHUKOBBIE CTPYKTYpPbl UMEIOT pa3Mephl B
HECKOJIbKO HAaHOMETPOB WJIM HECKOJIBKO JECATKOB aHICTpeM. XOTs YKa3aHHbIE pa3Mephl €llle
MPEBBILLIAIOT Pa3MEpPbl HACTOSIIMX aTOMOB, 3JEKTPOHBI B 3THUX CTPYKTYpax BeAyT cebds Kak
KBaHTOBbIE 0OBEKTHl. MOXHO BBIAECTUTH TPU OCHOBHBIX THUIIA MUKPOCTPYKTYp: KBAHTOBBIE SIMBI
(KA), autu (KH) u touku (KT), mpuyem, mocieaHue, MHOTJAa Ha3bIBalOT HMCKYCCTBEHHBIMU
atomamu. B manHoO# paboTe paccMOTpHUM Psii OCHOBHBIX MOJIOKEHUU KBAHTOBOW MEXaHUKH, YTO
ITO3BOJIUT MOJIY4UTh, 10 KpalHEH Mepe, KaueCTBEHHOE IPECTaBICHUE O XapaKTepe SIBJICHH,
Ha0JII0/JaeMbIX B KBAHTOBBIX SIMax, HUTAX, TOUKaX.

B kmaccuueckoil (u3uKe 3JEKTPOHBI JBHXKYTCSA IO TPACKTOpPUSAM. 3ajaBasi HadajlbHYIO
KOOPJMHATY U UMITYJIbC (MJIM CKOPOCTh), MOYKHO BBIYMCIHUTH TpaeKTopuo. OHaKO B KBAHTOBOM
MEXaHHUKE KapTHUHA JBUKEHUS COBEPIIEHHO HHas. DTa TEOpHUS HE OINMUCHIBACT JBMXKEHHS IO
TpaekTopuu. Jleno B TOM, 4YTO B KBAaHTOBOM MEXaHHKE HAaKJIAJbIBAE€TCS OrpaHUYCHHE Ha
TOYHOCTh, C KOTOPOM MOTYT OBbITh 33JaHbl HadallbHAs KOOPAMHATA U MMILYJIbC YacTHUIlbl. Eciu
KOOD/IMHATA YAaCTHUIBI U3BECTHA C TOYHOCTBIO AT, TO €€ HMIIyIbC MOXHO OMNPENEIUTh HE
TouHee, ueM Ap > (7/Ax). DTo 3HAMEHHUTOE COOTHOIEHHE HeompeieennocTeil [eitzenGepra.

PaccmoTpuM cHadama, Kak 3TO COOTHOIICHHME CKa3bIBACTCS Ha XapaKTepe CBOOOHOTO
nerokeHus. IlycTp yacTria nmomenieHa B 061acte pasmepom a. Torma pa3dopoc ee UMIYIIbCOB T10
MOPSAIKY BEIWYMHBI OyneT paBeH Ap > (h/a). Ecmu Ob1 MBI crieniy 3a IBUKCHHEM TPYIIIBI
KJIACCHYECKUX YaCTHUIl, KOTOPBIC JIOKAJM30BaHbI B OOJACTH a M MMEIOT HEKOTOPBIA pa3zdpoc
MMITYJIbCOB, TO YBHJEIH Obl, YTO 3TH YacTHIbl pasberatorcs. 3a Bpems At =2a/Au dactui
paz0bexurcs 1o obnacTu pasmepoM 2a. OkasbiBaeTcs, YTO IBWKCHHE OJHOW KBAaHTOBOM
YacTHUIIBl, HA KOTOPYIO HE JICWCTBYIOT BHEIIHWE CHJIBI, B W3BECTHOM CMBICIEC AHAJIOTHYHO
ABOJIIOIIUH POsI KJIACCHUECKNX 4dacThil. CIycTs HEKOTOpOe BpeMsi YacTHIIA, JIOKAJTM30BaHHAS B
OTpaHMYEHHOM 00sacTu, MOXKET ObITh OOHAapy)Ke€Ha B MHTepBaje OojbIIMX pa3mepoB. Kakoii
MMEHHO TIyThb BBIOEpPET dYacTUIla W TJe OHa OyaeT oOHapy)KeHa, NpeacKa3aTh 3apaHee
HEBO3MOXXHO. V3BECTHO TOJBKO OJHO: YeM TOYHEE OIpejelieHa HadallbHash KOOPAWHATA M YeM
MeHee TOYHO W3BECTEH UMITYIbC, TEM OBICTpee YacTHIla Oy/IeT YAaIsIThCs OT Ha4allbHOU 00JIacTH
nokanmu3anun. Ecim BHawanme 9acTuiia HaxoJIwiach B OOJIACTH d W, COTJIACHO COOTHOLICHHIO
HEOTIPE/ICNICHHOCTeH, pa30poc ckopocTeil Obul paBeH Au = Ap/m=h/am, 10 3a Bpems

At:2ma2/h o0nacTh JIOKamu3alUuu YyBelIuuyuTcs BaBoe. OmpeneneHHas TakuM o0Opa3om

BEJIMYMHA Af¢ 3aJjaeT BpeMsl pacIlibIBaHUs HadaJlbHOro pacnpenenenus. Heobxonumo ckazatsb o
[JIaBHOM OCOOEHHOCTHM KBAaHTOBO - MEXAHMYECKOIro omucaHus. Eciu B HEKOTOpPHII MOMEHT
BpEMEHHM 4YacTHIla HaxoJwiach B OrpaHUYEHHOM O00JacTH NPOCTPAaHCTBA, TO B Oyaylem
HEBO3MOXXHO  JOCTOBEpHO TIpEJCKa3aTh €€ MeCTONojokeHHe. MOKHO TOBOPUTH O
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pacIpeseNeHnH YacTULlbl B IIPOCTPAHCTBE M O BEPOSITHOCTH 3TOTO paclpeseseHus. BennuuHa,
OIMCHIBAIOIIAS ATO paclpeeicHue, moayumia Ha3Banue W-QyHKIUK WM BOJHOBOW (YHKIIMH.

o 2
VIHTeHCHBHOCTL 5TOH  QyHKIMM, a TouHee, ee kpazpar |P| ompenenser BeposTHOCTS
OOHApYKHTh YAaCTHILy B TOI WJIM HHOI 0OJIACTH, TOYHEE, BEPOSATHOCTH OOHAPYKUTh YACTHILY B
2
untepsane Az papna [P| Ax.

Wtak, kBaHTOBasi Me€XaHUWKA J1a€T COBEPIIEHHO HOBYI KapTUHY (QHU3NYECKOTO MHpa.
OnexTpoH nofodeH BosHe. OH MOXKET UCHBIThIBaTh UHTEPHEPEHIINIO, TPOHUKATh Yepe3 y3Kue
e 1 6apbephl, HO BMECTE C TEM COXpaHsET MPU3HAKK OOBIYHOM YacTullbl. JleCcTBUTENBHO, OH
UMEET CTpPOTO OIPENEICHHYI0 Maccy, 3apsj dJeKTpoHa Takxke ¢ukcupoBad. Kpome Toro,
0J00HO KJIaCCHYECKOM YacTulle, JIEKTPOH 00J1a1aeT UMITYILCOM U SHEPrHUeil.

HeobOxo1umMo paccMOTpeTh €l1ie 0JJHO MPOSIBJICHUE YUCTO KBAaHTOBOM MPHUPOABI AIEKTPOHA.
Oxka3bIBaeTrcs, 4TO B TOM Ciy4ae, KOrJa JBUKEHHE MPOUCXOJUT B OTPaHHMUYEHHOW 00JIacTH, €ro
SHEPTHsl UMEET CTPOr0 ONPENEIEHHBIE, TUCKPETHBIE 3HAYEHUS. 1'0OBOPAT, YTO CHEKTP SHEPruil
KBAaHTOBaH. Pa3penieHHble ypOBHM SHEPTHM JJIEKTPOHA, HAXOALIErocs B MOTEHIMAIBHON AMe
MOXKHO omnpenenuts mnpaBuioMm kBaHTtoBanus H. bopa. CormacHo mnoctymary bopa, B
MTOTEHIMAJIBHON M€ pa3pelleHbl JUIIb T€ TPACKTOPHUHU, A KOTOPBIX MMITYJIbC YaCTULBI p, H
IIMPHHA MBI @ CBA3aHBI COOTHOIIEHUEM p a = 7min, TA€ N - HOMEP KBAHTOBOIO COCTOSHHS.

OrnpenenuB O0TCIO/Ia pa3pelieHHbIE 3HaYSHUS UMITYJIbCa, HAIeM U YPOBHU YHEPTUU B SIME:
P 252
Pn ™ 2
—

" 9m 2ma?

Ortcroa BUAHO, YTO, MUHUMAJIbHAS DHEPTUs YACTHUIIbI, HAXOJAIIEHCS B sSIME, HE MOJXKET
ObITh paBHOW HyMIO. Bcerma cyiecTByeT Tak Has3blBaeMas SHEPTHsS HYJIEBBIX KOJIEOaHUM,

KoTOpast paBHa 7 h’ / 2ma’ . TlocMOTpUM, KaKo¥ MOPsJI0OK UMeeT BeJIUYMHA IIEPBOrO YPOBHS B

peanbHOM KBaHTOBOW siMe. Ecnu mmpuHa sMbel paBHa SHM, To umeeM E; = 0,02 3B. HyxHo,
OJIHAKO, UMETh B BUJY, YTO JIEKTPOHHAS Macca B KPUCTAJIE MOXKET CYHIECTBEHHO OTJINYAThCSA
OT MAcchl CBOOOIHOTO 31ekTpoHa m ~ 107'r. B TumuuHo#l cuTyarmn >(pgexTnBHas Macca B
KBAaHTOBOHW sIME€ B JIECSATh pa3 MEHBIIE MAacChl CBOOOJHOTO d3JIeKTpoHa. Torma mpu TOH ke
mupuHe sMbl moayduM E; = 0,2 3B. DTa BenmuunHa M ompenenseT XapaKTepHbIA macimTad
JJIEKTPOHHBIX YHEPTUN B KBAHTOBBIX CTPYKTYpax.

Tenepb, paccMOTpPEB OCHOBHBIE IOJIOKEHUSI KBAaHTOBOM MEXaHUKH, HEOOXOIUMBbIE IS
IIOHUMAaHHMS IPOLECCOB, IMPOUCXOIAUNIMX B IOJIYIPOBOJHMKOBBIX CTPYKTYpax, PacCMOTPHUM
HEKOTOpbIe po0ieMbl HaHOTeXHOIoruu.  [Ipocreiiias KBaHTOBas CTPYKTypa, B KOTOpOM
JBWKECHHUE JJIEKTPOHA OTPaHUYEHO B OJHOM HANPABJICHWH, - 3TO TOHKAs IUIEHKA WU IPOCTO
JNOCTATOYHO TOHKMH CJIOW IOJYNPOBOJHUKA. B TakMxX CTPyKTypax 3JIEKTPOH OKa3bIBAECTCS
3alepTbiIM B OJHOM HAIIPABJICHWH, YTO W INPUBOAUT K KBAHTOBAHHUIO JHEPTHU IONEPEHYHOIO
nBuKeHus. B To ke BpeMsi B JBYX JPYrUX HaIlpaBJICHUSX JIBUKEHUE 3JIEKTPOHOB Oyner
CBOOOJHBIM, MO3TOMY MOKHO CKa3aTb, YTO AJIEKTPOHHBIA ra3 B KBAaHTOBOM sIME CTaHOBUTCS
IBYMEpPHBIM. TakuM e 00pa3oM MOKHO IPUTOTOBUTH U CTPYKTYPY, COJEPIKALIYI0O KBAaHTOBBIN
Oappep, U1 4ero cieyeT MOMECTUTh TOHKUH CJIOH MOJIyIPOBOIHUKA C IIMPOKOH 3ampenieHHON
30HOM MEXIy ABYMS ITOJIYIPOBOJHHUKAMU C y3KOHM 3alpEIIEeHHON 30HOM.

OTU CTPYKTYpbl MOXHO C(OpPMHUPOBATh, HAlpUMEp, Ha TpaHUIE pas3aena JBYX
MOJIYIIPOBO/IHUKOB, TJI€ HAXOJIUTCS JIBYMEPHBIN 3J€KTPOHHBIM Ira3. DTO MOXHO CAeIaTh, €CIH
HAHECTH JIONOJHUTENIbHbIE Oapbepbl, OrpaHUYHUBAIOIINE JBUKEHHE 3JIEKTPOHOB €IlI€ B OJHOM
WIK JIByX HampaBieHusxX. KBaHTOBble HUTH (OpMUPYIOTCS B HIKHEH TOouke V-00pa3Hoi
KaHaBKH, 00Opa30BaHHON Ha IMOJIYIPOBOJHUKOBOM MOMIOXKKE. Eciin B OCHOBaHWE 3TOW KaHaBKH
OCaJITh IIOJYIPOBOJHHMK C MEHBIICH IIMPUHOM 3aIlPEIIEeHHOW 30HBI, TO AJIEKTPOHBI 3TOTO
MOJIYIIPOBOIHUKA OyIyT 3alepThl B IBYX HAIPaBJICHUSAX.

HccenenoBanus pa3MepHBIX KBAaHTOBBIX SBJICHHUSAX B MAJIOMCCIIEIOBAHHBIX U B TOXKE BpEMs
TIEPCIIEKTHBHBIX CIOHMCTBIX TOTYMPOBOAHHKOB A’B® OTKPBIBAIOT WIMPOKHE BO3MOKHOCTH s
KOHCTPYHPOBAHHUS Ha MX OCHOBE HOBBIX AJIEMEHTOB C IIMPOKUM CIEKTPOM (PYHKLHOHAIBbHBIX
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BO3MOXHOCTeH. MOHHO-KOBaJIeHTHasi CBSI3b MEXJAY aTOMaMHM B CJIOAX M ciaboe BaH-Iep-
BaaJbCOBCKOE B3aMMOJEHCTBHE MEXAy HUMH OOYCIIaBIMBAIOT CHJIBHYIO aHU30TPOIHI0 HX
(Gu3NYeCKuX CBOMCTB M SBIISIIOTCS OCHOBHOM MNpUYMHON HaOmofeHus psana 3PQeKTos,
HECBOICTBEHHBIX JIPYI'MM AaHU30TPOIHBIM MNOIynpoBogHuKaM. C Apyroil cTopoHsl, Oiarojaps
MaJioO¥ TJIOTHOCTH OOOpPBAHHBIX CBSI3€M Ha MOBEPXHOCTU CKOJIa (MEHEe 10" CM'Z), CJIIOMCTBIE
MOJIYIIPOBOHUKHM MOTYT HMCIOJIb30BaThCs B KAYECTBE MOIOKEK /U (OPMUPOBAHUS KBAHTOBBIX
TOYEK, BBIpAIMBaHUs (QYIEpPOB, MOJUMEPOB, a TaKXe JUIsl BaH-IEpP-BaalbCOBOM SMUTAKCUU.
@DOoTONPUEMHUKH BUAUMOTO, yiabTpaduoneroBoro u OmmkHero MK-nmanazoHoB crnexkTpa Ha
OCHOBE CJIOUCTBIX KPHUCTAJUIOB BBITOJHO OTJIMYAOTCS BBICOKOM DPaJHALlMOHHONW CTOMKOCTBIO,
MOBBIIIEHHOW (OTOUYBCTBUTEIBHOCTBIO U ObicTpoaelictBueM. Ha ocnoBe GaSe u InSe
peann30BaHbl MOYJIATOPHI JTA3€PHOTO M3TydeHUs B BUauMou u OmmkHei MK-o0nactu criektpa
W OTpe3aromire onTuiyeckue GuibTpbl. biarogaps O0ONbIION HETWHEHHON BOCIPUUMYHUBOCTH,
9TH COEMHEHMs 00JIaJatoT HEIMHEHHO-ONTHYECKUMH CBOMCTBAaMU, U B HUX OOHApYXEHBI TaKue
3¢ deKThl, Kak TeHepalysl BTOpoi rapMOHUKHU, IBYX(OTOHHOE IMOTJIOLIEHUE, MapaMeTpuyecKas
reHepanus CBeTa, onTuueckas OucTaObuiabHOCTb, TE€HEpaLHs JJA3EPHOIO U3JTyYeHUs U T.1I.

HenaBno namm meromom apoOsienusi nmpubopom «Pulverisette» Takyke OBLTH TOJIy4EHBI
HaHouacTulsl GaSe, ¢ pazmMepamu 2-5 HM, IPOBEJIEHBI UX CTPYKTYPHBII aHAJIU3 U UCCIIEIOBAHBI
UX CIEKTpbl NOTJOLIEHUS U JoMuHecueHuu (puc.l,2). KopoTKOBOJIHOBBIE MaKCHUMYMBbI
A~(300+400)uM, oOHapyKEHHbIE B ATHX CIIEKTPax, CBUJIETEIbCTBYIOT 00 YBEIIMYEHUH LIUPUHBI
3arperieHHoN 30Hbl HAHOYACTULL, 10 CPaBHEHUIO ¢ MaccuBHBIMU Kpuctauiamu (Eg=2,02 5B npu
T=300 K).
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Wavelength (nm)
Puc.1. Cnextpsl nornomenust Hanouactui GaSe. Puc.2. Criektpbl (hOTOTOMUHECIICHITUN

Ha”ovactul GaSe.

[IpoBenenHnblii Teopernueckuid aHanu3 Ha npumepe (GaSe mokaszan, 4YTO C
TEPMOJIMHAMUYECKHX COOOpa)KEHUII BO3MOJKHO CYILIECTBOBAHHME HAHOTPYOOK pamumycom 40-
48A°. Tlosmmee mis GaSe OHM OBUIM MOJYYEHBI IYTEM JIA3€PHOTO M TEPMHUYECKH
WHIYIIUPOBAHHOTO OTCIOCHHUS. M3BECTHO Takke O TMOJIy4eHUHM HaHOTpyOOok GaSe myrem
UcHapeHus U dKc(hoaranyy OpraHuKoM WM Yepe3 MEXaHU3M pOCTa Map-KHUAKOCTb-TBepaas ¢daza
B XoJe TepMmuueckoro wucnapeHus (GaSe Npu HCHOJIB30BAaHUM HAHOYACTHUI[ 30JI0TA Kak
Karanu3aTopa. YTo ke Kacaercs HaHOYaCTUIL (KBaHTOBBIX TOUYEK), TO JUISl MX MOJIy4Y€HUsI ObLIO
HCIIOJIB30BAHO PAJI METOJOB BBICOKOTEMIIEPATYpPHOrO XMMHYecKoro cunresa. [Ipm stom D.F.
Kelley, V. Chikan nonyunnu Hanowactuupsl GaSe, umeromue GopMy AUcKa JUaMeTpoM 2-6 HM
Y TOJIIIMHOM B YeThIpe MOHOATOMHEIE ciiou (Se-Ga-Ga-Se).

17



BDU,Fizika Problemlari institutu:<<Fizikanin Miifasir Problemlori>> IV Respublika Konfransi

Mukpockonuyeckasi HNOABHKHOCTh HEPABHOBECHBIX HOCHTe el TOKa B BixTiOy

HMHAYIHPOBAHHBIX NHKOCEKYHIHBIMHM HMIIYJIbCaMH Jia3epa
B.J.barues,llI.M.29¢enaues,B.X.lllap6aTos, H.I'.lapBuinos
HUU Dusuueckux [Ipobaem, baxunckuii I'ocyoapcmeennwiii Ynusepcumem,
A3zepbatiodcan

doropedpakTuBHbIE KpUCTaIbl TUTaHaTa BucMyTa, Bi12TiOy, , npomoimkaroT
MHTEHCUBHO M3Yy4aTbCs C LENbI0 NMPUMEHEHHUS B CUCTEMax YIpaBJIeHMs, MpeoOpa3oBaHUs U
3anucu ontuyecko uHpopmaumu [1,2]. [lpu 3TOM mpencTaBifiOT HMHTEpEC OCOOEHHOCTH
HEPAaBHOBECHBIX IPOLECCOB U IEpPEHOCa HOCHUTEIEH 3apsia MpH YIbTPAaKOPOTKHUX BpEeMEHax.
OcTaroTcsi HEBBISICHEHHBIMM 3HAYE€HMsI MOJBM)KHOCTH HEPAaBHOBECHBIX 3JIEKTPOHOB B
MOHOKpHUCTAJIX TUTaHaTa BUCMYyTa. MIMeroluecs uccieoBaHus B poICTBEHHBIX KpUCTAILIaxX U3
TOro Xe cemeiicTBa crmieHUTOB (Bi12Si020 , Bij2GeO2 ) manm 3Ha4eHHs OTIMYArOnecs Ha
HECKOJIBKO MOPSIKOB [3-5].

B nmanHoOil pabGoTe BmepBbIE W3y4eHBI HEpaBHOBECHbIC mporiecchl B BijpTiOz0 B
cyOHaHOCEKYHIHOM auarnaszoHe. VccnenoBaHuss TpOBOAMIUCH C MCIIOJIb30BAaHUEM JIa3epoOB Ha
ocHoBe AUI: Nd3*. JInurenbHOCTh ONTHYECKUX HMMITYJILCOB ObLIa: 35IC NPH JJIMHE BOJHBI
m3nydenuss 0,5398 wmkm. HHTepBall MHTEHCUBHOCTEW OCBEIICHUS: 0,001-1TBr/cm? AP
MAaKCUMaJbHON D3HEPrMU W3Iy4eHUs B OJAMHOYHOM wummyinbce 1,1 mJlx. HccienoBanus
MPOBOAMIINCH B 0Oactu Temmneparyp: 120-400K.

@OTOOTKIIMK MPOXOJIUI Yyepe3 MakcumMyM Iipu BpemeHnax 0,8+1,2Hc, co 3HAUUTENBbHON
3aJIep’)KKOM  BO BpPEMEHU OTHOCHUTENIBHO uMMyibca ocBeueHusi( puc.l) TemmneparypHas
3aBUCHUMOCTh MakcUMyMa (OTOOTKIMKAa uMen cienyromuii xapakrep.llpu narpese otl120K
¢doTooTKIMK poc Ha 25-30% Bbixoas Ha miato npu 200-250K. Ilpu nanbHeliiem HarpeBe BHOBb
HaOmogancs poct doTooTkimka(puc.2). Cramammuil y4acToOK MOKa3ayl HAIMYKE JIBYX BPEMEH
SKCMOHEHIMAILHON penakcanuu co 3HayeHusiMu B npexaenax t;= 0,6-1.2 vc u 1, =1.3- 2 HC B
obnactu Temnepatyp ucciaenoBanus.[Ipyu yMeHblIEHUU TeMIlepaTyphbl, T ¥ T, BHaYajle HEMHOTO
yMeHblIasch, npu T< 200K pactyr. [8].

Jig  onucaHus KUHETUYECKUX MPOLECCOB TPU OCBEIIEHHH MHKOCEKYHIHBIMU
UMITyJIbCaMHU J1a3epa B Kpuctaiuiax Bi,Ti0yg, 6bu1a npeioxkena Moens GOTOMHIYLIUPOBAHHON
MIPUMECHO-TEPMOAKTUBALIMOHHON  IPOBOAMMOCTH,YUUTHIBAIOLIUI CHEKTp  MPUMECHBIX
COCTOSIHMI B 3allperieHHON 30He YKa3aHHBIX KPUCTALIOB [6]. B mpeaemax Moaenu mpoucXoauT
JBYXCTYIEHYAThIH EPEX0/] JIEKTPOHOB B 30HY ITPOBOIUMOCTH.

60

40
I,

OTH.ea.

20

t,HC

Puc.1Penakcamust porootrinka B Bij2TiO20 npu ocBeleHHH TUKOCEKYHTHBIMH
(35mc) mmmynscamu nazepa A=0,5394 mxm nipu momrHOCTX: 0.3M/k(a ) u
0.45mIx(b ). Hanmpspxenue Ha obpasie: 260B, Temneparypa usmepeHus:
297K (a) u 120K(b).
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[Ipu ocBemeHny UMIYIBCOM JIazepa UMEIOIIeH sHepruro GoToHOB 2.3 5B, mpoucxoaut
BHYTPULIEHTPOBOE INPUMECHOE IOIJIONIEHUE C IEPEXOJ0M 3JIEKTPOHOB Ha JIOKAJIbHBIM LIEHTP
,QHEPreTUYECKU PACIIOJIOKEHHBIN y JIHA 30HBI MPOBOJUMOCTU. B nanbpHeiilieMm , 3J€KTPOHBI B
pe3ysbTaTe TEPMOAKTUBALIUMY, JI€JIOKATU3YSICh MONAJaloT B 30HY MPOBOAUMOCTH ,4TO IPUBOJIUT
K BcCHblIKe (OTOOTKIMKA BCIEJICTBUE OIYCTOLIEHUS LEHTPOB U PEKOMOMHAIIMM W3 30HBI
POBOAMMOCTU. PaccMOTpeB KMHETHYECKHE IPOLECChl B YKa3aHHOW MOJIENH, B IPEAIOJIOKEHUN
MaJjoCTH IMOBTOPHOTO 3aXBaTa 3JEKTPOHOB U3 30HBI IPOBOAUMOCTH Ha JIOKaJIbHBINA ypoBeHb Eum
10 OTHOILIEHUIO K pEKOMOMHAIIMY , [TPU HAaYAJIbHBIX YCIOBUAX T =const., m=m, n=0 npu t=0
Mbl HALUTM CJIEAYIOIIEE BbIPAKEHUE JIsi KOHLEHTpauuu (OTOMHAYLIMPOBAHHBIX 3JIEKTPOHOB
MONABIIMX BCJIEJICTBUE TEPMOAKTUBALIUH B 30Hy HpOBOI[I/IMOCTI/I[7,8]I

() =t (e e (M
V-,

I'me: n- KOHIIEHTpALKs HEPABHOBECHBIX MIEKTPOHOB B 30HE MPOBOJAUMOCTH ,
m- KOHIIEHTPALMs 3JIEKTPOHOB HA JIOKAJIbHOM LIEHTPE,
Nem - 9pdexTuBHas IIIOTHOCTh COCTOSIHUM B 30HE ITPOBOJUMOCTH IIPUBEJIEH ¥ Hasl K

YPOBHIO JIOKQJIFHOTO LIEHTpA.
y -Ko3(h(ULMEHT 3axBaTa JIEKTPOHOB Ha JOKAJIbHBIM LIEHTP.

T - BpeMs KHU3HU 3JIEKTPOHOB B 30HE MPOBOIUMOCTH.
TyT BO3MOKHBI 1Ba KpalHUX CiIy4as :

a)CKOpocTh pekoMOuHanuu ( 1/ 7 ) HaMHOTO OOJIBIIIE YEM CKOPOCTh TEPMUUYECKON TeHEPAITH
HEPABHOBECHBIX JIEKTPOHOB U3 JIOKAJTHLHOTO YPOBHS B 30HY poBoauMocTtu( ¥ Ncy) , T.e. 1/
7 >> y Ncy B atom cnnyyae kuHetnka  (OTOOTKIMKA ONPENENSETCS MOCTOSHHBIM ,
PaBHBIM CKOPOCTH TEPMUUYECKOH reHepauuu y Ncy

6) CkopoCTh TEPMUUECKON T€HAPAIIMH HAMHOTO OOJIBIIIE CKOPOCTH PEKOMOMHAINY;

1/t <<yN,, B oTOM cnydae kuHeTuka (POTOOTKIIMKA, ONPEAEISAECTCS BPEMEHEM >KU3HU

HCPABHOBCCHBLIX 3JICKTPOHOB B 30HC IIPOBOJUMOCTH.
60

30 4

20 T T T T

1 1 2 2
00 50 00 TK 50 300 350

Puc.2 TemneparypHas 3aBucuMocTh poTooTKIHKa B Bij2Ti020 mpu ocBenieHny muKoce-
KyHAHbIMU (351c) wummynscamu jazepa A=0,5394 MKM HOpManu30BaHHas K
morrHoctH 0,5m][x. Hanpsbxenue na o6pasie: 260B.

B [8]: mamu mokasaHo , 4To penakcamus crajaa GOTOOTKINKA OIMPEACIACTCS MPOIECCOM
PEKOMOMHALIMY, YTO COOTBETCTBYET YCIOBHIOl/ 7 << ¥N

dn(t)

N3 ycnoBus BeIxo/1a Ha MaKCUMyM BhIpaxkeHust (1) . P
t

=0, MBI MOXeEM B O0IIeM ciTydae

HaWTH BpeMsl BBIXO1a HA MAKCUMYM (POTOOTKIIMKA!
e YN

= 2)
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[loacraBuB B BeIpaxkeHue (1), Bpems BbIXoja Ha MakcuMyM (5), Mbl MOXEM HalTH
3HAYEHUE KOHIIEHTpAIlMM HEPaBHOBECHBIX AJIEKTPOHOB B 30HE IPOBOJAMMOCTH, HA MaKCUMyMe
($OTOOTKIIMKA:

1

Mt ) = m, (T7N,,) 7 3)
Amnanu3s Belpaxenus (3) , HOKa3bIBaeT 4YTO, IpU:
1/t >>yN_, N(tmax) = Mo TYNem <<my
1/t =yN_, N(tmax) = Mo /€
I/t <<yN,, N(tmax) = Mo

CrnenoBaTenbHO, 3HAa4MTENIbHOE HM3MeHeHHe (pocT) YNen mpu ycioBusax 1/7 <yN_ ,
MPUBOJIUT K HE3HAUUTEIBHOMY POCTY N(tmax) : OT My /€ K My, DTUM, TaK ke, 00bsACHsAeTCs ciadas
TeMIIepaTypHasi 3aBHCUMOCTh MakcumyMma (orooTkiauka . [Ipu pocte Temmepatypbl N(tmax)
JOJKHA ACHMITTOTUYECKU TPUOIMKACTCS K My,

Ecmm uMeTs BBUY, YTO HaudalbHas KOHIEHTpAIWsl HOCHTENEW Ha JIOKaJhbHOM YpPOBHE,
paBHa KOJIMYECTBY (DOTOHOB TMOTJIOMIEHHBIX TIIYOOKHM MPUMECHBIM IIEHTPOM Ea ¢ TOYHOCTHIO
KBAaHTOBOTO BbIXO1a —f3, T.€.

mo=pal  (4)
rae, o —kodbdumuent normomenust  BijpTiOx mpu A =0,5398 MM, paBHas o = 6.5cM”
[6], 1— u3aMepeHHOoe KOIM4ECTBO (POTOHOB JIA3EPHOTO UMITYJIbCa MAJAIOLIUX HA €AUHUYHYIO
TIJIOIAIh TOBEPXHOCTH oOpasia .B wacTHOCTH, pu MomHOCTH J1azepHoro ummynbca 0.3mJlx,
npu T, 1o popmyite (4) Hamu momydero mo- $3.3510 ev™. C npyroil CTOpPOHBI, TaK Kak:

N(tmax) = Mo , U N(tmax) = O pman TI€ Cpmax — YJAEIbHAS IPOBOJAMMOCTh HAa MAKCHUMyMeE
ey

(GOTOOTK/IMKA, MBI CMOXEM , HaWTH 3HaueHUe MUKPOCKOITUYECKON  IMOJBHKHOCTU

HEPaBHOBECHBIX HOCUTENeH B kpuctaiax Bij;TiOy . OneHku nanu cieayromue 3HadeHue: P

= 0.20M cm’c . OTto 3HaueHHE ONM3KO, K 3HAYCHHUSIM paHee HaWIEHHBbIM B KpHUCTaIax

Bi]zGCOzo 158 Bi]zSiOzo [5,9] .
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BPEMSI )KU3HU HEPABHOBECHBIX HOCHUTEJIEM TOKA B BI;;TIO,
IIPU OCBEIIEHUH TIMKOCEKYHJAHBIMU UMITYJIbCAMM JIAZEPA

B.2.barues,llI.M.J¢enaues,B.X.1llapoatos, H.I'./lapBuinos

HUU Duzuueckux [Ipoorem, baxunckuii I'ocyoapcmeennulil Yuueepcumem

Monokpucrtamnel TUTaHata BucMyTa, BipTiOy, sBassce doTopedpakTUBHBIMH,
BCJIC/ICTBUE COYETAaHUS B HHUX BBICOKOH (OTOUYBCTBUTEIBHOCTH U 3IIEKTPOONTHYECKOTO
sddekTa, NpoA0IKAI0T HHTEHCUBHO M3Yy4aThCs C LEIbI0 MPUMEHEHHUs B CUCTEMax yIpaBJICHMUS,
npeoOpa3oBaHus U 3amucu ontudeckoi nHpopmaruu [1,2]. Ilpu 3TOM npeacTaBisioT HHTEpEC
0COOEHHOCTH HEPAaBHOBECHBIX IIPOLIECCOB UM MEpEeHOCa HOCUTENEH 3apsiia MpH yIbTPaKOPOTKHUX
BpeMeHaxX. OCTaroTcsi HEBBISICHEHHBIMU BPEMEHA >KU3HM HEPABHOBECHBIX D3JIEKTPOHOB B
MOHOKpHUCTAJIX TUTaHaTa BUCMYTa. MIMeroluecs uccieoBaHus B pOACTBEHHbBIX KpUCTAIITIAX U3
Toro ke cemeiictBa cuwuieHUTOB (Bi112Si02 , Bij2GeO2 ) orpaHudeHbl UIMTEILHOCTHIO
HCI0JIb3YEMBIX JIa3€pOB B HECKOJIBKO HAHOCEKYH/ U Oouiee [3-5].

B nannoii paGore BmepBble Hu3ydeHa pernakcauus ¢oTtooTknnka B BipTiOz0 mpu
OCBEILIEHUM THUKOCEKYHIHBIMM HMIIyJibcaMu Ja3epa. lccrienoBaHusi NpoOBOIMINCH €
UCIIOJIb30BaHUEM J1a3epoB Ha ocHoBe AUI: Nd3*. JlnuTenbHOCTh ONTHYECKUX UMITYJILCOB ObLIA:
35nc npu nnuHe BoaHbl u3nydenus 0,5398 mxm. MHTepBan narencuBHocTeit ocsemenus: 0,001-
1TBt/cM® JAPH MaKCUMAJIbHOM DJHEPrUM H3JIY4eHUs B OJMHOYHOM wummyinbce 1,1 m/lx.
UccnenoBanusa npoBomminck B obmactu temmeparyp: 120-400K. JlnuHa BOJHBI OCBEIICHHS
JIA3€pHOr0 MMIYNbca, Obula OJM3Ka K MOJI0CE MPUMECHOTO HOTJIOMIEHHS] ¢ MaKCUMyMaMH IpH
2.145B u 2.655B B cmektpax ¢otonpoBoaumoctd  Bij;TiOy0 [6]. DPOTOOTKIMK WMENT
accuMeTpuuHyio ¢opmy. KopoTkuil HauyaabHBI Yy4acTOK MPOXOJSIINN Yepe3 MaKCUMYyM IMpu
BpeMeHax 0,8+1,2HC, €O 3HAYMTENBHOM 3aJEPKKOM BO BPEMEHH OTHOCHUTEIBLHO HMIIYJIBCA
ocemieHus. WM crmaparonuii yyacTok  (POTOOTKIMKA JUIMUTEIBHOCTBIO HECKOJIBKO JIECATKOB
HaHocekyHJ ( pwuc.l).AHanu3 cHagaromero yvyacTka I[IOKa3ajdl HalWyue JBYX BpPEMEH
SKCMOHEHIMAILHON penakcanuu co 3HayeHusiMu B npexaenax t;= 0,6-1.2 vc u 1, =1.3- 2 HC B
obnactu temmeparyp uccienoBanus (puc.2). Ilpu ymeHblieHUN TeMnepaTypsl, T; U T, BHadaje
HEMHOro ymeHpmasich, npu T< 200K pacryr.

70
60
Ip, 50
o
30
20
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Puc.1.Penakcanus porootriuka B BijnTiO20 mpu ocBelieHHH MTMKOCEKYHTHBIMH
(35mc) mmmynscamu nazepa A=0,5394 mxwm, npu momrHOCTsIX 0,3M/[x(a), 0,12mx(b)
Hamnpspkenue na obpasne: 260B, temneparypa usmepenus 297K .
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s oObsicHeHus QakTa 3a1epKKH (POTOOTKIMKA OTHOCUTEILHO UMITYJIbCa OCBELICHUS
Obula  mpemioKeHa  MoJelb  (POTOMHIYLUMPOBAHHOM  MPUMECHO-TEPMOAKTHBALIMOHHON
poBoAMMOCTU.B mpenenax Moaenu  MNPOUCXOJIUT JIBYXCTYIEHUYATBIM MEPEXoJ 3JIEKTPOHOB B

30HY npoBoauMocTH. [IpH OCBeIeHnN UMITYIbCOM JIa3epa UMEIOLIEH SHEPI U0 (POTOHOB 23
5B, IpPOUCXOIUT BHYTPULEHTPOBOE IPHUMECHOE IOTJOLIEHHE C INEPEXOJOM JJIEKTPOHOB Ha
JIOKAJIBHBI LIEHTP ,3HEPreTUYECKH pACIOJIOKEHHBIM Yy JHAa 30HBI IPOBOJAMMOCTH. B

JalbHENIIEM , 3JIEKTPOHbI B Pe3y/bTaTe TEPMOAKTHUBALIMM, JEIOKAIU3YACh IOMNAJal0T B 30HY
MIPOBOJMMOCTH ,UTO NMPUBOJUT K BCIIBIIIKE (POTOOTKIMKA BCIEICTBUE OIYCTOIIEHUS LIEHTPOB U
PEKOMOMHALIMY U3 30HBI TPOBOIUMOCTH.

PaccMoTpuM KuHETHYECKHE MPOLECChl B PACCMOTPEHHONW MOJENH, B IMPEINOJIOKEHUN
OTCYTCTBHSI (BCJIEICTBHE MaJIOCTH IO OTHOUICHHIO K PEKOMOMHALMM) IMOBTOPHOIO 3axBaTa
AJIEKTPOHOB M3 30HBI IPOBOJAMMOCTH Ha JIOKalbHbIN ypoBeHb Ey  Kunernueckue mponeccsl B
paccMOTPEHHON MOJENIH, B OOILEM cillydae, MOTYT ObITb PaCCMOTPEHBI CIEIYIOLEH cucTeMON
nuddepeHnrnaIbHbIX ypaBHeHui [7]:

dn =ymN_,, —nt

dt (1),
dm

L — _ymN.

a e

I'me: n- KOHIIEHTpalUsi HEPAaBHOBECHBIX 3JIEKTPOHOB B 30HE MPOBOJAUMOCTH, N-KOHIEHTPALIUS
AJIEKTPOHOB Ha JIOKAJIbHOM LEHTpE, Nem - 3Q(eKTHBHAS INIOTHOCTH COCTOSIHUI B 30HE
MIPOBOJMMOCTH IIPUBE/IEHHAs K YPOBHIO JIOKAJIBLHOTO LIEHTpA.

y -K03(QUIIUEHT 3aXBaTa 3JIEKTPOHOB Ha JIOKAIbHBIN LIEHTP.

T - BpEM4 JKU3HU IJICKTPOHOB B 30HC IPOBOAUMOCTH.

Puc.2 DxcnonenuanpHast penakcaiust potoorkinuka B BijnTiO20 mpu ocBemmennun
MUKOCEKYHIHBIMU (3511¢c) mmmynbcamu jazepa A=0,5394 MKM mpu MOIITHOCTSIX
0.35m/Ix(a ) m 0.23m/x(b ). Hanmpsoxenue Ha obOpasie: 360B, Temneparypa

mmepennst: 297K (a) u 120K(b).
Pelienye cucTeMbl IPU HAYaJIbHBIX YCIOBUAX T=const., m=m, n=0 mput=0 naeT

CJIEyIOlllee BbIpaKEHUE 1711 KOHLIEHTPAMH (OTOUHIYLHPOBAHHBIX JEKTPOHOB MOMABLINX
BCJICJICTBHE TEPMOAKTUBALIUYU B 30HY IPOBOJIUMOCTH:
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n(l‘) LM ( “IWNewt _ —t/r)
/ N, )

TyT BO3MOKHBI 1Ba KpallHUX CIIy4as :
a) CKOpoCTh pekoMmOunanmu ( 1/ 7 ) HaMHOTO O0JIBIIIE YeM CKOPOCTh TEPMHUIECKOM
reHepalnuy HePaBHOBECHBIX AIEKTPOHOB M3 JIOKAJILHOTO YPOBHSI B 30HY MPOBOIUMOCTH( ¥ Ncyv) ,

T.e. 1/ 7 >> yNcwm . Batom ciydae Beipaxenue (1 ) ayis cramaromero yqacTka peiakcalun

(hOTOOTKIIMKA UMEET CICAYIONTUNA BUI:
b)
chMt

n(t) = mo chMTe_ (3)a

T.e. kuHeTHKa craja POTOOTKIIMKA , IBJSSACH SKCIIOHEHIIUAIBHOM , OIIPEeIIAeTCs
ITIOCTOSIHHBIM , PAaBHBIM CKOPOCTH TEPMUYECKOU reHepanuu ¥ Ncy

6) CkopoCTh TEPMUUYECKON T€HAPAIIMH HAMHOTO OOJIBIIIE CKOPOCTH PEKOMOMHAINY;
1/t <<yN_,
B stom ciyuae, Beipaskenue (2) s KHHETHKH criafa GOTOOTKIMKA MPUOOPETAET BHUI:

n(t) zmoe-t/r @)

T.€. KUHETHKA crajia (OTOOTKIIMKA, ABJIASACH SKCIIOHEHIIMATILHOM, ONpeessieTcsl BpeMEHEM
KU3HU HEPABHOBECHBIX AJIEKTPOHOB B 30HE MPOBOJIUMOCTH.

Kak noka3piBaeT YUCIIEHHBIN aHaIU3 B 000UX CilydasiX KHHETHKa (POTOOTKINKA, UMEET
“BCHBILIEYHBIN  XapaKTep U aCUMMETPUUHYIO (QOpMy, KOI/a UMEET MECTO KOPOTKHM y4yacTOK
BBIXOJ]a HA MAKCUMYM M JUIMHHBIN Y4aCTOK peslakcaluu craja GOTOOTKIUKA.

Tak kak, Ha HameM H3KcHepuMeHTe B oOnacTu cnaja (OTOOTKIMKA, HaOIromaercs
HECKOJIbKO ~ BPEMEH JKCIIOHEHIMAJIbHON PEJaKcallii, 3TO yKa3bIBaeT Ha TO, YTO pellaKCallysl
crnajga GOTOOTKIMKA OIpPeNeIAeTCs IPOLEeCCOM PEKOMOUHAIINHY, YTO COOTBETCTBYET YCIOBUIO

1/t << yN,,, .CnenoBaTenbHO, BpeMeHa SKCIIOHEHIIMAIbHOM pellaKCallii HalJJeHHbIE Ha

HalleM OJKCIIEPUMEHTE, COOTBETCTBYIOT BpPEMEHU JKU3HH HEPABHOBECHBIX JJIEKTPOHOB,
MHIYIUPOBaH-HBIX UMITYJIbCAMU J1a3epa U3 MpuUMecHOU obnactu. Hannumne AByX BpeMeH KU3HH,
COOTBETCTBYET HAIMYUIO HECKOJIBKUX KaHAJIOB PEKOMOWHAIMH. DTO MOTJIO OBITh, KakK IMpsiMas
peKoMOMHALIMS HA UCXOJHOU npuMecHbId HeHTp (Ea), Tak e U 3axBaT Ha r1yOOKUe MPUMECHBIE
UEeHTpbI( LEHTPbl MPWINIAHUA), MPEICTaBISAIOMIME CO00M KOMIEHCHPOBAaHHBIE JIOHOPHBIE
YpPOBHU., U HMEIOIUE, CJIEeI0OBaTeIbHO OOJbIIOE CEYeHHE 3axBaTa M Majble BpeMeHa
pEeKOMOUHAIIHH.

1. Elvin WWeidner,Armin Kiessling and Richard Kowarschk — Optics Express,Vol.12,
Issue 20, pp.4993-4998,2004.2. Xiangqi Zhu, Jinlong Zhang and Feng Chen -
Chemosphere , Volume 78, Issue 11 March 2010, Pages 1350-1355

3. N.T.OBunnnukos, O.B.Aamun - DPTT, 1.25, B.7,1983,¢.2196-2198.
4. G.Lesaux, J.C.Launay and A.Brun Optics Communications V.57, number7, 166-
170.
5. J.P.Partanen ,J.M.C.Jonathan and R.W.Hellwerth-.Appl.Phys.Lett. 57(23) 3 December
1990, pp.2404-2406.

6. Sh.M. Efendiev, V.E. Bagiev, A.Kh. Zeynalli, V.A.Balashov,V.A.Lomonov,
A.A Majer.Phys.Stat.Solidi (a) 1981, v.63, N1, p.K19-K22

7.C.M.PoiBkuH ®OTO37EKTpUUECKUE SBJICHUS B MOJYIPOBOJHMKAX./, MoCKBa,

1963,496 ¢/
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Co 9SASLI NANOKOMPOZIT 9RINTILORIN
MAQNITOOPTIK XASSOLOIRI

Z.S.Musayev, V.I.Ohmadov
AzMIU, “Metal va arintilorin fizikasi” ETL, AzMIU “Fizika” kafedrasi

Isdo Coy(TiO,);x nanokompozit materialin magnitopotik xassolori Oyronilmis,
onlarin spektral asililiglart1 qurulmus vo miioyyon edilmisdir ki, perkolyasiya astanasi
yaxmliginda magqgnitooptik reaksiyanin amplitudunun todricon artmasi, ekvatorial Kerr
effektinin gliclonmosi vo ferromaqnit komponentin artmasi ilo ekvatorial Kerr effektinin
tadricon zoaiflomasi, maqgnit vo optik xassalarin kombinasiyasi ilo slagadardir.

Son illords nanoquruluslara olan maraq molum materiallarin  nanokristallik hala
ke¢cmoasi zamani onlarin keyfiyyotinin prinsipial olaraq doyismosidir. Nanodlciilii sistemlorin
forqlondirici cohoti ondadir ki, onlarin xassolori, yalniz onlarm torkibino daxil olan
elementlorin xassolori ilo deyil, hom do bu qurulusu yaradan obyektlorin dl¢iilorindon vo
onlar1 aywran sothdon asilidir. Noticodo nanotexnologiya vasitasilo yaradilan yeni maqnit
materiallarinda geyri-adi fiziki hadisolor miisahids edilir ki, bu da hom elmi baximdan, hom
do praktiki ndqteyi nozorindon ¢ox ohomiyyatlidir. Bu monada giicli maqnitooptik
reaksiyaya malik olan materiallar1 xiisusi qeyd etmok lazimdir. Bu materiallar geyri-maqnit
araliglabir-birindonayrilmis 3d-metallar1 osasinda olan nazik tobogoli nanodonslonmis
nanokompozit materiallaridir. Nanokompozit materiallar tadqiqatgilarin  digqstini bir nego
sobobdon colb edir. Bunlardan biri, kicik O6l¢iilii zorrociklorin  fudamental xassolori,
materiallarin qurulus toplananlarinin  hondasi o6l¢iilorinin  kigilmasi ilo olagodar olan
nanohissociklorin elektron, kristallik vo fiziki xassolorinin, xiisuson onlarda enerji
soviyyalorinin vo sothi qiivvolorin  kvantlanmasi, kigik metallik zorraciklorin elektron
statistikasinin faza ¢evrilmolorinin fluktuasiyalaridir. Digari iso, nanokompozit materiallari
praktiki totbiq etmok moagsadi ilo onlarin fiziki xassslorinin §yronilmasi, maqgnitooptik vo
magqnitdtiiriiciilorinin xassolorini 6ziindo birlogdiron yeni materiallarin axtarisidir. Nozoro
alsaq ki, maqnit nanokompozitlor ferromaqnit zarrociklorin dielektrik matrisas1 daxilindo
olan iki fazali sistemdirlor, onda onlarin xassslorinin yaxsilasdirilmasi liclin istifado olunan
biitiin iisullar1 iki istigamats ayirmaq olar:

-matrisant dolduran zorraciklorin torkibinin, Olgiilorinin vo konsentrasiyasinin

optimallasdirilmast;

-matrisa materiallarinin doyisdirilmasi.

Bu problemlori aragsdirmaq tiglin TiO, matrisasina daxil edilmis polikristallik Co oasasl
nanokompozit materialin maqnitooptik xassalori dyronilmisdir.

Bunun {iclin TiO, matrisasina daxil edilmis Co zarraciklorindon ibarat olan vo he¢ bir termiki
emala moruz qalmayan nanokompozitlorin ekvatorial Kerr effekti todqiq edilmisdir. Ekvatorial
Kerr effektinin 6yronilmasi zamani askar edilmisdir ki, Cox(Ti10;)1x nazik tabagoalorinin spektral
asililiglarmin  formasi, bircins polikristallik kobaltin ekvatorial Kerr effektinin spektral

asililigimdan koskin forqlonir (sokil 1).
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d’-foa

Solik 1. Nizamsiz Cox(Ti0;);x nanokompozitlori ii¢iin ekvatorial Kerr
effektinin spektral asililiglar1.

Cox(TiOy)1x orintilori tiglin spektrlorin formasmin doyismosi vo ekvatorial Kerr effektinin
ampilitutunun oshomiyyastli doracods boylimosi dalga uzunlugunun noinki infraqurmizi, hotta
ultrabandvsoyi oblastinda da miisahids edilir. Magnit komponentinin konsentrasiyasinin artmasi
ilo ekvatorial Kerr effektinin spektral asililiglarinda 1eV-da manfi anomaliya miisahids edilir vo
todricon boyiiylr, 3,5 eV-da iso miisbat, maksimum miisahids edilirr. Ferromaqnit komponentin
konsentrasiyasinin 30-dan 75% - o qodor artmast Cox(TiO2);x nazik tabagoli orintilorin
maqnitooptik reaksiyanin artmasina gotirib ¢ixarir vo 3,5 eV -daki maksimum todricon spektrin
ultrabondvsoyi hissasing siiriistir.

Metallik komponentin konsentrasiyasindan asili olaraq orintinin mikroqurulusu doyisir, bu iso
maqnit, optik vo maqnitooptik xassolorin doyismosino gotirir. Perkolyasiya astanasina qodor
nanokompozit, dielektriko daxil edilon izolo olunmus ferromaqnit hissociklordon ibarat olub
superparamaqnit halinda, perkolyasiya astanasindan sonra iso nanokompozit bir-birindin ensiz
dielektrik toboagalori ilo ayrilan biitov metallik oblastlardan ibarst olub, ferromaqnit halinda olur.
Perkolyasiya astanasi yaxmliginda kompozitlorin morfologiyas1 elodir ki, ferromaqnit
hissaciklori bir-birindon ayiran dielektrik tabagqosi minimal olur. Baxmayaraq ki, bels arintinin
ferromaqnit komponentlori birbasa kontakda olmurlar, lakin onlar arasinda qarsiligh tosir
movcuddur. Ona gors do perkolyasiya astanasi yaxmliginda maqnitooptik reaksiyanin
gliclonmosi, nanokompozitin mikroqurulisu ilo olagadar olan maqgnit vo optik xassalorin
kombinasiyasi ilo toyin edilir. Belsliklo, aparilan todqiqatlarin noticasi gostarir ki, Cox(T102)1«
nanokompozitindo magqgnitooptik reaksiyanin amplitudunun bircins polikristallik kobaltin
ekvatorial Kerr effektindon bir ne¢o dofo bdoyiik olmasi, dar spektral diapazonda magnitooptik
reaksiyanin kifayat gqodar giiclonmasi nanokompozitin mikroqurulusu ilo alagadardir.

25



BDU,Fizika Problemlari institutu:<<Fizikanin Miiasir Problemlori>> IV Respublika Konfransi

Metal - yarimkegrici kontakth cihazlarda metalin rolu

S.Q. Isgorov
BDU

Metal — yarimkecrici kontaktinda (MYK) gedan fiziki proseslor kegon asrin
ovveolindon bori todqiq olunur. Elmi uqurlar vo texniki tadbiqlor ¢oxdur. Cap olunmus
monoqrafiyalarin, icmal va orinal magalalorin say1 hesaba golmoz. Buna baxmayaraq hals bu
giino kimi kontaktda gedon proseslords metalin rolu axira kimi aydinlagdirilmayibdir. MYK -
na hasr olunmus adobiyyatda “kontaktda gedon biitiin proseslerds masuliyyati yarimkegrici
dasiyir”- ideyasi aparicidir. Elmi adabiyyatda metalin vo onun kristallik strukturunun
kontaktin elektrofiziki xassolorina tasiri nazors alimmir vo diggoatdon konarda qalmisdi.

Boyiik alim Valter Sottky MY K nozariyyasini yaratmis vo gostormisdir ki, metal ilo
yarimkegcrici kontaktinda omsals golon potensial baryerin hiindiirliiyti (®y,) metalin ¢ixis isi (Dy, )
ilo yarimkecricinin elektron qgomlugu (y ) forqino borbordir:

@, =Dy - 1 (1)

Sottki nozoriyyainos gora, n-tip yarimkecrici ilo metalin kontakti tigiin, agor @,, >y sorti
Odonilorss onda kontakt diod, 6donilmozss onda kontakt omik xasssays malik olmalidir. Bozi
istinalar1 nozora almasaq, tocriibado bu sads vo dogru miinasibat 6ziinu dogrultmur.

Baryerin hiindiirliiyii @}, toxunma sorhadinds yaranir vo bu sorhadin bir torafindo metal
va onun fizikasi, digar torafindo yarimkecrici vo onun fiziks1 dayanir. MY K —nin elmi vo
texnoloji problemloari ilo adston yarimkecirici miitoxasislor mogqul oldugundan, onlar hesab
edirlor ki, kontakta gedon proseslorin asas sobabkar1 (subyekti) yarimkegricidir. Bu miitoxosislor
metalin subyekt kimi rolunu gobul etmirlor. Onlarn diisiincosine gors yagis yagarkon yer hansi
rolu olnayirsa, MYK —da gedon elektron proseslordo do metal banzar rol oynayir.

Bu moqalads forqgli baxis irali siiriiliir: nozors almaq lazimdir ki, kontakda gedon proslera
metal ¢ixis isi ilo daxil olur. Cixis isinin tobiotini, emissiya elektronikasi dyronir. Demoali, MYK
—da gedon proseslordo emissiya elektronikasinin nailiyystlori do nozors alinmalidir.

Emision elektronikaya gora polikristal quruluslu metalin ¢ixis isi sathin koordinatindan
asilidir vo sothin miixtalif noqtalari tiglin miixtslifdir. Daha dogrusu polikristallarin sathi
miixtalif Miiller indeksino malik {izlordon toskil olundugundan bircins deyildir. Istonilon metal
ticiin tocriibadon tapilan ¢ixis isinin qiymaoti, onun lokal qiymatlorin orta gqiymstindon basqa bir
sey deyildir. ©gor baxdigimiz soth iki kristallitin {izlorindon togkil olunmussa, onda ¢ixi1s isinin
orta qiymati iigiin yazariq:

5 _ CI)]S] + q)2S2

S+,

Burad S; S, vo w1, W2 uygun olaraq, birinci va ikinci kristallitlorin sahalori vo

—0d +0.0,=Y0d @

onlarin nisbi sahaloridir.

Diistur (2) —don asagidak1 naticolor alariq:

a) ogor @; = @, olarsa, onda sothi ¢ixis isino gors bircins hesab etmok olar;

b) ogor @; # @, olarsa, onda sath ¢ixis isino gora qeyri bircinsdir. Aydindir ki, ¢ixis
isinin orta qiymati no @; -y, no do ki, ®,-ys barabar olmaya bilar.

Metal sathinin ¢ix1s isino gors bircins vo ya geyri bircin olmasi, MYK —da gedon fiziki
proseslors ciddi tosir etmolidir. Belo ki:

a) ogor hom @;, homdo @, y -dan boyiik olarsa, onda kontakta iki diodun paralel
birlosmasi kimi baxmagq olar vo tam kontaktin baryerinin hiindiirlyii, ham birinci, hom ds ikinci
diodun parametrlorindon asili olar [ 2-3]. Belo kontak diod VAX —1na malik olar. ®; = ®,
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olarsa bels diodun VAX c¢ox vaxt ideala yaxin olar (Sakil 1b va 1c¢). b) agor hom @, , hom do
®, 1y -dan kigik olarsa, onda kontakta iki rezistorun paralela birlogsmosi kimi baxmaq olar vo
tam kontakt rezistor xassali, yoni VAX omik olmalidir (Sokil 1a).

c) agor tam kontakt1 togkil edon elementar kontaktlardan birinin baryerinin hiindiirliyi, x
-dan boyiik, digeinin ki isa x —dan kigik olarsa, onda tam kontakta diod vo
rezistorun paralel bilogmosi kimi baxmaq lazimdir. Bu halda kontaktin xarakteristikasi kifayyot
godor miirokkab vo deqradasiya olmus olar [4].

+V

+V . +V

4

A

v

a) b) c)

Sokill. Metal-yarimkecrici kontaktin voltamper xarakteristikast.

Sokil 1-do vahid texnologiya asasinda hazirlanmis Al — nSI kontakin xarakterografda ¢okilmis
voltamper xarakteristikast kontaktm sahoindon asililig1 gostorilmisdir. Bu BAX —lar1
yarimkegrici partnyorda gedon prosslorlo yox, metalin emision geyri bircinsliliyi ilo izah etmok
daha asandir. Bunun ii¢lin imumi kontakta elmentar kontaklarin parallel birlogsmosi kimi [5]
baxmagq kifayatdir.

Metal - yarimkegirici kontak ticiin toklif etdiyi qeyri bircins model (kontaktin goxsayl
elementar kontaktlarin paralel birlogsmasi kimi baxmaq ideyas1) homkarlar toraofindon yiiksok
qiymaotlondirmisdir. Belo ki, Ukrayna vo Moldova alimlori torafindon MYK —a belo baxis
layiqinco qiymatlondirilmis [6] vo bu ideyanin miisllifinin familiyasi diinyada bu sahanin
banilori sirasinda ¢okilmisdi.
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Cu;insSy MONOKRISTALINDA CEVIRM®O VO YADDAS EFFEKTI

L.H.Hasanova, 9.Z.Maohammoadov, S.9.Cahangirova
Baki Déviat Universiteti

Isdo miixtolif soraitdo yeni {iicqat CuszinsS¢ monokristalinin stasionar VAX-lari
¢ixarilmigdir. Baxilan kristal CuinS, — In,S; sisteminin dyronilmosi noticosindo alinmusdir.
Layvari qurulusa malik olan  CusinsSy monokristali monoklin strukturda kristallasir vo
parametrlori a = 6,60; b =6,91; ¢ = §,12; B =89; Z =1 [1]. Goriindiiyli kimi elementar 6zoayin
parametrlorino gora bu kristali kvazitetraqgonal sinqoniyaya da aid etmok olar.

Cevirmo vo yaddas effektlori ilk dofo amorf vo siisovari materiallarda miisahido
olunmusdur. Miioyyon edilmlsdir ki, ¢evirmo vo yaddasa

malik elemntlor dord miixtalif VAX-dan birino mali ola bilor T gk o
[2]. 26l o
1. Monfi miigavimato malik VAX. Bu halda stabil Sal .
xarakteristikalar miisahido olunur. N A
2. Monfi miigavimato vo yaddasa malik VAX. Bu (_74[56(\]2)0%0]”:"
halda iki stabil hal olur: a) monfi miigavimots . s
malik, b) alcagomlu hala ¢evirmays malik hal. § ’5 001 UL (V)—=—
3. Yiiksok vo algagomlu hallar arasinda qeyri-stabil S 12 =
cevirmaya malik VAX. : 4 E
4. Cevirmoys vo yaddasa malik VAX. Burada iki f Z i
stabil yiiksok vo alcaqomlu hal miisahido olunur. ] ¢

Gostorilon  xarakteriskalar layvari  yarimkegirici

birlasmalarda do alinir Sok.1. 273 K temperarturda ¢evirma rejiminda

CusinsSy monokristalimin VAX-s1.
CuslnsSy monokristalini todqiq etmok Ticiin laylara
perpendkulyar istigamotdo indium vo glimiis pastasindan kontaktlar vuraraq, otaq temperaturunda
statik VAX-s1 ¢ixarilmisdir. Miioyyon edilmisdir ki, astana gorginliyinin qiymaoti (U,) vo VAX-1n
formasi1 kontakt materialindan asili olmayib, totbiq olunan gorginliyo goro simmetrikdir (Sokil 1).
Miixtolif maddolordo miisahido olunan c¢evirmo effekti osason istilik vo elektron
mexanizmlor ilo izah olunur. Cevirmo effektinin istilik vo elektron mexanizmlori astana
gorginliyinin, (U,) kontaktlararas1 mosafodon asiliqlarma 300 350 400 T.K
goro forqlonirlor [3]. Elektron mexanizmo goro astana 500 T T T
gorginliyli niimunonin qalinligindan asili olmur, istilik
mexanizminds i1sa bu asililiq cox mirokkab xarakter .
dastyrr. CusinsSo monokristalinda ¢evirmo  effektinin 2 300
mexanizmini aydinlasdirmaq {i¢iin U,-nin kontaktlararasi 200
mosafodon  astiligi  Syronilmisdir.  Olgmolor  otaq

Z 400

temperaturunda  aparilmisdir.  Nimunslorin  qalmligi 10or

(70+160 mkm) olmusdur. Naticolor gostermisdir ki, 100 150 200
CusInsSy monokristalinda astana sahasinin intensivliyi d, (mkm)
niimunonin qalmhgi dayisdikco praktiki olaraq sabit qalir, $ok.2. CusinsSy monokristalinda astana
yoni U, niimunonin qalinligindan demok olar ki, xotti g“"‘“‘”‘;;‘;;;‘iﬁlﬂ?j;‘;“é‘f zgllzlgll;éan(l)vg

asilidir (Sakil 2).
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Alinan naticolora goro CuslnsSy monokristalinda cevirmo effekti elektron mexanizmlo
izah oluna bilor. Amorf yarimkegiricilordo ¢evirmo effekti qadagan olunmus zonada miioyyon
lokal energetik saviyyelorin olmasi ilo izah olunur. Bu soviyyslara kecid yalniz nozars alinacaq
godor aktivlosmo enerjisino malik baryerlor vasitosilo olur. Forz edilir ki, yarmmkegiricinin
gadagan olunmus zonasida basqa soviyyolor sistemi var, bu soviyyslordo kifayot qodar bos yer
var vo bu yerlor sigrayish kegiriciliyin bas vermosino sorait yaradir. Tarazlighh hesab olunan
baglayici halda yiikdasiyicilar birinci sistem soviyyalords olur. Giiclii elektrik sahasindo daxili
tunel emissiyas1 naticosindo elektronlar ikinci hala, sistem iso kecirici hala kegir. Baryerlorin
olmas: elektronlarin tarazliqli hala kegmasins mane olur vo “yaddas” yaranir.

Layvari kristallarda da ¢evirma vo yaddas effekti analoji olaraq izah olunur. Bels ki, laylar
arasinda zoif Van-der-Vaals olaqosi kristalda deffektlorin yaranmasma sabab olur. Deffektlor
gqadagan olunmus zonada lokal energetik soviyyalor yaradir ki, onlar ¢evirmo effektino sobob
olur. Bundan basqa xiisusi halda injeksiya noticosindo dolmus lokal soviyyolorin termosaho
ionlagsmasi da bas vero bilor. Elektrik, optik, fotoelektrik, termik stimulyasiya carayani vo hacmi
yiiklorlo mohdudlanmis corayanin todqiqi gdstormisdir ki, CusinsSe monokristalinda dorin asqar
saviyyalori vo yapigsma moarkozlori var, keciricilikda iso sigrayish kegirmo mexanizmi miihiim rol
oyynayir [4, 5]. Ona goro CuzinsSe monokristalinda cevirme effektini keyfiyyatco izah etmok
iiclin elektron mexanizmi slverisli hesab olunur.

Mblumdur ki, astana goginliyinin temperaturdan asililigi mihim shomiyyst kesb edir.
Ona goro temperaturun CuslnsSy monokristalinin statik VAX-na tosiri dyronilmis vo miioyyon
olunmusdur ki, temperatur asag1 diisdiikco astana gorginliyi artir (Sakil 2).

Asag1 temperaturlarda astana gorginliyi hom do isiglanmadan asili olur, belo ki
isiqlandirilan niimunalorde astana gorginliyi azdir. Bu iso onunla izah olunur ki, temperatur va
isiqlanma sigrayislt kegiricilik mexanizminds miithim rol oynayan asqar saviyyeolorinin
kompensasiya dorocosini doyisir. CuzinsSe monokristalinda mocburi sigrayish kegiriciliyin
miisahido olunmasi bunu tosdiq edir.

Cevirmo miisahido olunan niimunslor uzun miiddst slave enerji sorf etmadon kegdiyi
yiiksak kegiricilik halini saxlayir. Cevirmalorin say1 10* dofaya catir. Bu xassasine gora CusinsSo
totbiq liciin yararlhidir. Maddonin layvari olmasi isa istonilon qalinliglt niimuns hazirlamaqa imkan
Vertir.
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SIRVANNEFT ORAZISINDO RADIOEKOLOJi TODQIiQATLAR

R.E.Bagirov', A.M.Moharramov?, S.A.Hiiseynova'

'MAKA Ekologiya Institutu
?AMEA Radiasiya Problemlori Institutu

Osas neft yataqlarmin yerlosdiyi Abseron yarmadasinda neftlo ¢irklonmis torpaqlarda
osasl radioekoloji vo ekokimyovi todqiqatlar aparilmis, bozi orazilordo radioekoloji fonun
formalagsmasinda neft amilinin rolu miioyyon edilmis, radionuklidlorin paylanma xorirasi vo
radiasiya fon xoritosi tortib edilmisdir [1,2].

Abseron yarmadasindan sonra Respublikamizda neftlo zongin orazilordon biri Kiir-Araz
ovaliginin torkib hissasi olan Sirvan diiziidiir. Bu orazi hom do ohalinin maskunlugunun six
olmasi ilo forqlonir.

“Sirvan OIL” Birgo Miiossolori madonlorinin yerlosdiyi Kirovdag yatag: Sirvan diiziindo
on boyiik onsor neft yatagidir. Yataq 1955-ci ildo kosf edilmis, 1956-c1 ildon istismar edilmayo
baslanmisdir. Hal-hazirda 600-3500 m dorinliyindo 13 mohsuldar sahoni ohato edir. Abseron
yarimadasindan forqli olaraq todqiqat obyekti kimi secilon Sirvan diiziindo neft yataqlari
orazisindo osasli radioekoloji tadqiqatlar aparilmamis, radioekoloji soraitin formalagsmasinda neft
amilinin rolu askara ¢ixarilmamigsdir.

Qeyd olunanlar1 nozers alaraq, Sirvanneft rayonu orazisinin miixtolif yerlorindon
gotliriilmiis  torpaq niimunolorindo dozimetrik vo spektrometrik G6lgmolor aparilmisdir.
Dozimetrik dlgmolordo MKS-AT1125 dozimetr-radiometrindon istifado edilmisdir. Olgmolor
gostarmisdir ki, niimunslorin gotiiriildiiyli yerlorde ekzpozisiya dozasmin giicii (EDG) 5-7
mkR/saat arasinda doyisir. Siialanmanin giicii nisbaton yiiksok olan yerlords spektrometrik
todqiqatlar tigiin niimunolor gétiiriilmiisdiir. Torpaq niimunalorinds radionuklidlorin aktivliklori
Canberra (ABS) firmasmin istehsali olan yiiksok tomizlikli germanium detektorlu (HP Ge)
gamma-spektrometrdos toyin edilmisdir. Qeyd edok ki, gamma-spektrometrik 6lgmalor maye azot
temperaturunda (T-77,4 K) aprilmis, niimunslor iso tobii obyektlordon gotiiriildiyii sokildo
saxlamlmigdir. Impulslarin enerjiys (kanallara) géro paylanma funksiyasina osasen radioekoloji
parametrlorin (radonuklid torkibinin, aktivliyin, enerjinin) toyin olunmasi bu mogsad ii¢lin
islonmis “GENLE2K” programi asasinda hoyata kecirilmisdir.

Tadqigat sahosindon gotiiriilmiis torpaq niimunolorinde askar olunmus radionuklidlorin
torkibi, xiisusi aktivliyinin va slialanma enerjisinin qiymaotlori codvalds verilmisdir:

Cadval

s/ | Nimunalor
s | In novi Xisusi aktivlik, Bk/kq

(torpaq) vo
kiitlosi, q Be-7 |Cs-137| K-40 | Ra-226 | Ra-228 | U-235 | U-238  Acff

1 | Madan 1,
bitki
ortlyii
olan arazi,
235.8 7.4+£3.04.2+0.5 | 621 £17 [28.5+£0.9 (30.1£1.7 4.0 £0.6|{ 80,4 |120.7+£2.9
2 | Madan 1,
kohno neft
anbar1
orazisi,304.5| 2.3 2.0+0.4| 473 + 14/19.8+0.8 26.0£1.3 | 3,6 72,4 | 94.1£2.2
3 | Madoan 1,
quyu otrafi
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orazi,258.3 2.0 1.1 125+13 | 2030 £ 6| 4.4 £ 0.9 267,0 [5366.7 2046+16

4 | Madan 2,
bitki
ortlyii
olan arazi
151.5 1.5 1.2 54 1274421 P29.5+4.1| 242,0 |4864,2/65.6 £1.7
5 | Madoan 2,
quyu otrafi
orazi,
149.5 6.4+1.8]1.5+0.2| 3169 [20.5+0.613.9+1.1 | 2,2 44,2 | 1317£21

2, 3 vo 4-cii niimunalorde Be-7 izotopunun detekts oluna bilon aktivliyi (MDA) uygun
olaraq 2,3; 2,0; 1,5Bk/kq, 3 vo 4-cii nlimunalords Cs - 137 izotopu {i¢iin bu qiymat uygun olaraq
1,1; 1,2 Bk/kq, K-40 izotopu iigiin iso 4-cii niimunado 54Bk/kq olmusdur.

Cadvaldon goriindiiyii kimi 3-cii vo 5-ci niimunanin Aeff yol verilon normadan xeyli
boytikdiir ki, bu da homin arazilords ¢irklonmonin ¢ox olmasi ilo izah edilos bilor.

Olgii islori AMEA-nin Radiasiya Problemlori Institutunda aparilmisdir.
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FeGaIlnS; MOHOKRISTALININ DIELEKTRIK iTKiSININ TEZLIK VO
TEMPERATURDAN ASILILIGI

N.N. Niftiyev, “M.B. Muradov, "F.M. Mommadov
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Son illor d vo f tobogolori tamamils dolmayan elementlor daxil olan {iclii xalkogenit
birlosmoalar coxkomponentli yarimkegiricilor sinfins aid olub geyri-adi fiziki va praktik totbiglori
sayosindo intensiv todqiqatlarin obyektino ¢evrilmisdir. Bu birlosmolor  igorisindo
fotoelektronikanin yeni nasil cthazlarinin funksional diopazonunu genislondirmok ti¢iin bdyiik
potensiala malik olan fiziki proseslori az 6yronilmis AB,X4 (burada A-Mn, Fe, Co, Ni; B- Ga,
In; X-S, Se,Te) tipli maqgnit yarimmkegiricilori xlisusi maraq kosb edir. AB,X4 tipli birlogsmalor
sinfino aid olan FeGalnS,4 monokristali Bricmen metodu ilo almmisdir. Rentgenoqrafik
todqiqatlar gdstorir ki, FeGalnS4 monokristali qofos parametrlori a=3,81; c=12,17A; c/a=4,65;
z=1 foza qrupu P3m olan ZnIn,S4 birpaketli yarimtip qurulusuna kristallasir [1]. FeGainS,
monokristalinin bazi fiziki xassolori [ 2 - 4 ] islorindo todqiq edilmisdir. Dielektrik itkisinin
tangens bucagmi 6lgmok iigiin qalmhgi ~ 0,Imm olan kristal 16vhalora giimiis pastas1 vuraraq
kondensatorlar hazirlanmis ve 6lgiilmolor E7-20 ( 25 + 10° Hz ) reqomli immetans 6l¢ii cihazmin
komayi ils aparilmigdir. Niimunays 1V 6lgma gorginliyi verilmisdir.
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Sokil 1- do FeGalnSs monokristali tiglin 296K temperaturda dielektrik itkisinin tangens
bucaginin tezlikdon asililiq grafiki tosvir edilmisdir. Sokildon goriiniir ki, tezlik artdiqca itgi
bucaginin tangensinin qiymoti azalir, yoni tgd~1/w tors miitonasiblik asililigi 6denilir. FeGalnS,4
monokristali yiiksok kompensasiya edilmis yarimkegirici oldugu tigiin dielektrik itkisinin tangens
bucaginin qiymati kifayot qodor boyiik olur. Dielektriklords itki bucaginin doyison
elektrik sahasinin tezliyindon asililigina baxaq. Tutaq ki, paralel birlosmo zamani dielektrik C
tutumuna malik kondensator vo R aktiv miigavimoatli naqil ilo ovoz edilmisdir.

Bu zaman itki bucaginin tangensini bels ifade etmok olar:

I, ! o
g6 =—+= = .
I, wCpR s 0

”

(1)

Burada J, — R miigavimatine malik naqildon kegon aktiv coroyanin, J, -iso C tutumlu
kondensatordan kegon reaktiv coroyanin qiymotidir. o=2nf- tezlik, ¢ -elektrikkeciriciliyi, € -
elektrik sabitidir.

7ﬁ

tgd

Igf,Hz

Sokil 1. FeGalnS, monokristali ii¢iin 296K temperaturda dielektrik itkisinin tangens
bucagimin elektrik sahasinin tezliyindon ashilig.

FeGalnS; kristalinda  vo  tezlikdon asili olaraq az doyisdiyi iic¢ilin itki bucagmin
tangensinin tezliklo tors miitonasib tgo~1/w  asililigi ddonilir. Aktiv keciricilik kifayst qador
yiiksok oldugu iigiin qrafikdo relaksasiya maksimumu miisahido edilmir vo itki bucagmin
tangensi tezlik artdiqca azalir (sokil 1.)
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In(tgd-w),Hz
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Sokil 2. FeGalnS, monokristali iiciin 296 K temperaturlarda In ( tgd ‘o ) ~ Inw ashilig.

Sokil 2- do FeGalnSs monokristali tiglin 296K temperaturda In(tgé-®) - nin Inw - dan asililiq

grafiki qurulmusdur. Malumdur ki, dielektrik itkisinin tezlik asililig

keciriciliyin mexanizmindon asilidir. Belo ki, elektrik kegiriciliyi 6zl tezlikdon asili ola bilor.
Sigrayls mexanizminde o~w® (S<1) olur. Kegiricilikda {stiin rol oynayan miixtalif
mexanizmlor {ligiin dielektrik itkisinin tangens bucagmin tezlikdon asililigini1 asagidaki kimi
ifado etmok olar [5]:

tgo(w) ~ (Cl)_1 + ) zona mexanizmi ()

5-2
g6 () ~ w(w’* +1) sicrayls mexanizmi  (3)
(2)-don goriiniir ki, keciricilikdo tiigtiin rol oynayan zona mexanizminds tgé-o = flo)
koordinatinda diiz xatt asililig1 miisahido edilmalidir. Sokildon goériiniir ki, alinmis oyri diiz xotto
yaxin olsa da ondan bir qodar forqlonir. Bizo elo golir ki, bu monokristalda elektrik kegiriciliyi
zona va sigrayls mexanizmi ilo sortlonir.

Sokil 3- do FeGalnSs monokristali liclin miixtalif tezliklordo lg(tgd-w) ~ f(1/T)
asilihq qrafiki gostorilmisdir. Qrafikdon aliman oyrilordon goriintir ki, asililiq asagi
temperaturlarda diiz xatt kimi 6ziinii gostorir. Yuxar1 temperaturlarda iso diiz xotdon forqlonir.
Molumdur ki, temperatur artdigca tgd -nin artmasi onu gostorir ki, todqiq olunan temperatur
intervalinda dielektrik itkisi asasan kegiricilik corayanindan toyin olunur:
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6,5 7

lg(tgd-w),Hz

5,5

2,5 3 e 35
10°T,K

Sokil 3. FeGalnS, monokristali tigiin miixtolif tezliklordo lg ( tgd-w ) ~ 10°/T
asliligi f, Hz; 1-5-10%, 2-10°, 3-2-10°, 4-5-10%, 5-10°.

1
tgo(T) ~ gexp(—AE(7 /kT) (4)

(4) don goriiniir ki, asagi tezlikli oblastda (G)T <<1) elektrik kegiriciliynin asas rol

oynadig1 dielektrik itkisi lg(tgd-w)~f(1/T) koordinat sistemindo diiz xott asilili§1 olmalidir.
Uygun diiz xottin meyl bucagi keciriciliyin aktivlosmo enerjisini xarakterizo edir. Asagi
temperaturlarda movcud olan diiz xott meyllorindon aktivlosmo enerjilori hesablanmisdir.
Noticodo molum olmusdur ki, 5-10*+10°Hz tezlik intervalinda aktivlosmoe enerjisi 0,16
+0,095eV qiymatlorini alir.
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BBEJIEHUE
Teepasie pactBopsl CdiHg; s Te saBastoTCS MepCeKTUBHBIMA MaTepuaiamMu i (pu3uku

MOJIYIIPOBOAHUKOB B TBEPJOTEIbHOM 3JIEKTPOHUKU. DTU MaTepHalbl yXKe€ HIUPOKO U YCHEHIHO
UCIOJB3YIOTCS JUISl CO3JAHUS PA3IUYHBIX TEPMO- M (DOTORIEKTpUUECKUX IpeoOpazoBaTelei,
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HK-doTonpueMHUKOB M B psle ApYTUX NPUOOPOB TBEPAOTEIBHOW 3JIEKTPOHUKU. MHorue
cBoiictBa u ocobennoctu MoHokpucTtaimioB CdiHg; Te eme He BbIsABICHBI U TpeOyrOT OoJiee
riyookoro usydeHus. I[lo3TomMy KOMIUIEKCHOE HCCIIEIOBAaHUE DJIEKTPOHHBIX CBOMCTB C
YaCTUYHO-HEYNOPSA0UEHHON cTpyKTypoit MoHOkpuctamioB CdyHgi.<Te HecoMHEHHO sBsieTcs
aKkTyanpHOH. OUYeBHUHO, YTO HCCIIEJOBAaHHE 3JEKTPOHHBIX CBOMCTB 3TOT0 MOJYNPOBOIAHHKA B
HCXOJHOM COCTOSIHMM M TIOCJI€ TIOJIBEPraHus BO3ACHCTBUIO PA3IMYHOIO THUIIA O0JIyYeHUI MOXKET
[IOMOYb BBISIBJICHMIO €r0 MHOTMX HOBBIX MHTEPECHBIX KakK C YHMCTO HAy4yHOW, Tak u
MPaKTUYECKOW TOYEK 3PEHUsS CBOMCTB M OBITh BECbMa IOJIE3HBIM JUISl BBIICHEHHSI MHOTHX
HEpPELIEHHBIX BOMPOCOB M0 BIUSHUIO PaJHaLUU Ha 3JIEKTPOHHBIE MPOLIECCHI B TBEPAbIX TEJaX .
OnexTpoHHbIe cBolicTBa MOHOKpUCTAIOB CdyHg;.«Te cuiibHO 3aBUCAT OT CTPYKTYPHBIX
HapyIIeHUH, BO3HUKAIOUIUX I0J ACHCTBHEM paJUAllMOHHOTO H3JIyY€HUS U MX BIMSHUA Ha
¢usnueckue cBoicTBa KpucTauioB. BompocaM B3aMMOJEHCTBUS YacTHI] BBICOKMX SHEPruil ¢
TBEPABIMU TEJIaMHU, BbIICHEHUIO IPUPOIbI PaJUAIIMOHHBIX 1e(EKTOB, KHHETUKUA UX 00pa30BaHUs
U CTaOMJIBHOCTH MOCBSIIEHO Ooiyblioe kojaumdectBo padoT [1,2]. Ilpu obnyueHun ramma-
KBaHTaMM B J3THUX MOHOKpUCTalIaX oOpa3yloTcsi paaualuuoHHble JAeexTsl DpeHkens
MPEUMYIIECTBEHHO JIOHOPHOrO THMa. BceriencTtBue MuUrpanuu paadaldoHHBIX —Je(EKTOB,
CO3JaHHBIX T'aMMa-KBaHTaAMH U JJIEKTPOHHBIM OOIY4YEHHEM, IpPH MajblX [03aX OOJydeHUus
TOYEYHBIE paJMallMOHHbIE AE(PEKTHI CKAIJIMBAIOTCS B BUJIE KJIACTEPOB U 00JIydE€HHBIE KPUCTAILIbI
CTaHOBSTCS MPOCTPAHCTBEHHO 00Jiee HEOAHOPOJHBIMU OTHOCUTENBHO UCXOAHBIX. [Ipu Gonbimx
703ax paauanuoHHoOro oomydeHuss MoHokpucramibl CdyHg) <Te BrIcCOKOro coctaBa CTaHOBSTCS
MIPOCTPAHCTBEHHO 0o0Jiee OJHOPOJHBIMU II0 CPaBHEHUIO C MCXOJHBIMH - IPOUCXOIUT
MIPOCTPAHCTBEHHOE YIOPSAI0UEHNE KPUCTAIUIOB BCIEICTBUE ""paMallMOHHOTO JIETUPOBaHUS'".

Pe3yabTaThl M UX 00CyKIeHHE

B mnacrosmeit pabore mNpUBEACHBI pe3yabTaThl MPOBEICHHOIO HAMM HCCIIECAOBAHUS
TEPMO-3./1.C. TOPAYMX HOCUTENEH 3apsifa MpU Pa3IMYHBIX YCIOBUAX B HEOONYUEHHBIX, a TAKXKE
00Jy4eHHBIX FraMMa-KBaHTaMU MOHOKpucTaiax n- u p-tuna CdyHg; «Te B mupokoM nnteppaie
temreparypsl T=77+ 400 K wu cocraa 0,50 < x < 0,95 npu pazauyHbIX J103ax

(D, =10° +4-10° P). VcranoBieno, 4to B HeoOmydeHnsix kpucramnax n-CdHg, . Te mpu Bcex
PAacCCMOTPEHHBIX YCIOBUSX TEPMOJ.1.C. Topsauux Hocutened 3apsga Ur > 0 (OTHOCHUTETBHO
KOHTAKTa, HAXO/ISIIETOCs B CHJIBHOM 3JIEKTPUYECKOM TI0Jie), a B kpuctaax p-tuna Ur < 0. B
000MX THUTIAX KPUCTAILIOB IMPU PACCMOTPEHHBIX YCIOBUAX 3aBUCUMOCTD |U T| OT HANPSDKEHHOCTH

JJIEKTPUYECKOTO IO/ IOJYUHAETCS CTEINEHHBIM 3aKOHAM |UT|~E2 u |UT|~E B oOnactu

OTHOCHUTEIILHO CJIa0bIX U 0o0Jiee CHIIBHBIX TPCIOIIMX 3JICKTPHUYSCKUX ITOJICH, COOTBETCTBEHHO.
Benuunna |U T| IIPU STOM 3aBUCHUT TaKXKe OT cocTaBa obpasia - ¢ poctoM x (konmuectBa CdTe B
cocraBe) B o0Opa3lax n-TUMa OHa BCE BpeMs yMEHBIIAETCS, a B 0o0pas3lax p-THUIa MEHSETCS
HEMOHOTOHHO (CHaJaJla yMEHBIIIAeTCs, a MOTOM pacteT). [Ipu MpoYnx OJMHAKOBBIX YCIOBHSX C
pPOCTOM TeMIepaTypsl B 000MX THUIAX KPUCTAJUIOB |U T| MeHsieTCs HeMOHOTOHHO. OMHaKo, B

Kpuctajlyrax n-Tuia 3aBUCHUMOCTDH |UT| OT TEMIICPATypbl MPOXOAHUT YEPEC3 MAKCHMMYM, a B

KpHUCTaJIJIaX pP-TUIla, HA000POT - Uepe3 MUHUMYM.

[Ipy Bcex pacCMOTPEHHBIX HAMH YCIIOBMSX IIPOLIECC PEIAKCALUHA TEPMO-3.1.C TOPSUYHUX
HOCHUTENIeH 3apsaja B HEOOJYYEHHBIX KpUCTAJIaX MMEeT Oe3MHEPLIOHHBIM XapakTep W Bpems
penaKkcauyy pyu 3TOM HE IIPEBBIIIACT ~10% c.

[Tocne 06myueHus: ¥ —KBaHTaMU B U3y4aeMbIX HAMH 00pa3liax MEHSIOCh KaK YHCIEHHOE
3Ha4YEHHE, TAK U XOJ €€ 3aBUCUMOCTH OT HAIPSHKEHHOCTH JJIEKTPUYECKOTO IoJisl. B gacTtHOCTH,
YCTAHOBJIEHO, YTO B OOJIydEHHBIX Y —KBaHTaMu 00pasliax B 00JacTH OTHOCHUTEIbHO HU3KUX

TEMIIEpPATyp W HEBBICOKMX TIPEIOIIHUX 3JIEKTPUYECKUX IIO0JIEM 3aBHUCHUMOCTH |UT|: f(E)

noA4yuHseTcs: Oojiee PEe3KOMYy CTEINEHHOMY 3aKOHY, 4eM OOHapy)KeHHOMY B HEOOIy4EHHBIX
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oOpasmax kBagpaTuayHOMY. [Ipy 3TOM B 3aBHCHMOCTH OT J03bl OOJy4EHHS U COCTaBa 0Opas3IoB
HoKa3aTenpb crerneHu B 3aBucuMoctH U, ~ E’ nocruraer ~ 6. C pocToM 103bl OOJNy4eHHS OT

D, = 10° P 1o D, =4- 10° P cHauana 310 OTKIOHEHHE (BEIMUHHA 7 ) YBEIHUMBAETCA, a Jallee
yMeHsbIIaercs u npu D, =4- 10° P pasnsiercs ~3 (puc. 1).

B obny4eHHbIX y —KBaHTamu 1pu D, =4- 10° P xpucramiax n-CdHg;Te npu Gosee
BBIOKMX HANPSYKEHHOCTAX AJIEKTPUYECKOTO IIOJIsi 3aBUCUMOCTD |U T| = f(E) mnomuuHsercs
3aKOHY |U T| ~E%. C pocrom TeMmepaTypbl KpYTH3HA II€pBOH O0OJACTH 3aBHCHMOCTH

|U T| = f(E) nocrenenHo ymenbuaercs u npu I > 150K xpussle 3aBucumoctd U, ot E mid
00Jy4eHHBIX ¥ —KBaHTaMH 0Opa3lOB COCTOST U3 HaYaJIbHOTO KBaJPaTUYHOTO U MOCIEAYIOUIETO
JUHEWHOro y4dacTKOB. IIpm OTHOCHTENBHO BBICOKHMX TeMmmeparypax Kpusble U, (E) i
o0mydeHHbIX ¥y —kBaHTamMu KpuctamwioB p-CdiHg;Te Takke coctoar u3 HaYaIbHOTO
KBaJIpaTUYHOTO U MOCJIEIYIOLIEro JUHEHHOIO yJacTKOB.

Bennunna |U T| B 00myyeHHBIX y —KkBaHTaMmu Kpuctamuiax CdiHg; «Te n- U p- TUIA
3aBUCUT OT TEMIIEpaTypbl HEMOHOTOHHO. IlonokeHue >SKCTpeMalbHBIX TOYEK KPUBBIX
|U T| = f(T') npu 3TOM OKa3bIBAETCs 3aBUCHMBIM OT HAIIPSDKEHHOCTH TPEIOIIErO AIEKTPUUYECKOTO

I10JI4.

0,8

“ b 8w 2 .

Puc. 1. 3asucumocmo |Uyr| om E 6 kpucmannax n-Cd,Hg,..Te (a)
p-Cd.Hg,..Te (6), 0bnyuenuvix y- Keanmamu ¢ pasiuidHo 00301

D, P:1-0;,2-10;3-10°4-10; 5~ 4-10°
T =77 K; x = 0,82

Bansaue Y — O6J'Iy‘lCHI/I5[ Ha TCPMO-3.4.C TOpAINX HOCHTENeH 3apsaa B U3y4acMbIX HAMU

kpuctaiax CdiHg;«Te momumo npyrux ¢akropoB (THIa HNPOBOJAUMOCTH, J03bl OOIydYEHMS,
TEMIIEpaTypbl) 3aBHCUT TaKKE€ OT COCTaBa HM3y4yaeMbIX O0OpaslloB - C POCTOM X OHO
yBenu4yuBaercs (puc. 2).
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Puc. 2. 3asucumocms |Ur|g-|Uy|, om x (kpusevie 1 u 2) u
T (kpusvie I' u 2') 6 monokpucmannax n-Cd.Hg; .. Te
(kpuswie 1 u 1) p- CdHg,..Te (kpusvie 2 u 2).

TK:1,2-77K: E=10"B/em; Dy= 4:10% x = 0,82.

O6nHapyxeHo, 4TO B OOJydeHHBIX oOpasllax B OTIWYHE OT HEOOJYy4EeHHBIX, MPOILECCHI
penakcaruu U, B 00JacTH HM3KHX TEMIIEPaTyp M HEBBICOKHX 3JIEKTPUYECKUX IOJICH MMeeT

MEIJIEHHO penakcupyromuil xapakrep. C pocToM 103bl  00gydeHHs BpeMs penakcauuu U,
MEHSETCS HEMOHOTOHHO - CHayaJjla YBEJIMYMBAETCs, a IOTOM pe3Ko crajgaeT. OHa yMeHbIIaeTcs
TaKXXe C pOCTOM TemIepaTyphl. Takxke BBISIBIEHO, YTO ¥ —OO0JlydeHHUE Ha 3HaK TEPMO-3.1.C B
HN3Yy4aCMbIX KpUCTAJIaX HE BJIUACT.

TeopeTndeckuii aHaIN3 3TOTO SBJICHHS TTPOBOIUIICS IS POCTPAHCTBEHHO OJTHOPOHOTO
MOJIYITPOBOIHUKA C TOYEYHBIMU JeheKTaMu | ]. Ilpu >TOM mpeanosaranoch, 4T0 paccestHue
HOCHUTeJNeH Ha Ae(eKTax UMeeT yIpyruil XapakTep, U B OCHOBHOM, OTPaHUUYMBAETCS PACCESIHUEM
Ha aKyCcTHYeCcKnX (POHOHAX, a KOHIICHTpaIUs CBOOOIHBIX HOCUTENEH 3apsiia He 3aBucHuT oT E. B
pe3ynbpTaTe OBLJIO YCTAaHOBJICHO, YTO MPU TAKUX YCIOBHUSAX TEPMO-3.1.C TOPSIUUX HOCHUTEICH
3apsia MOXKHO MPEJCTABUTH KaK:

%k
U, =*| 5 gy 2EEm kL) | [T (1)
e |2 nh’ 1,

rae  k -nocrosinuas bBonbumana, 7 -Temmeparypa peIIeTKH, € -3apsi OICKTPOHa, O -
MOKa3aTellb CTENICHH B 3aBHCHMOCTH BPEMEHH pelakcalii 7  OT SHEPTHU HOCHTEJEH 3apsia,
m -3 dexTrBHAs Macca HOCUTENEW 3apsga, /M - KOHIEHTpanus CBOOOJHBIX HOCHUTENEH
sapsija, /1 -nocrosiuas [lnanka, T, -addexTuBHas TemiepaTypa HoCHTeIei 3apsia.
[TockonbKy mpuM [TOMHUHUPOBAHUM PACCEAHUS HOCHUTEIEH 3apsJa Ha aKyCTUYECKHX

(GoHOHAX — OIpENENAETCS B BULIE
0
|
7, 1 3 puyE 21>
Ce = (14| 2| B0 : )
I, 2 8§\ v
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rae M, — HOABMXHOCTH HOCHMTEJEH 3apsaia B C1aboM 3JIEKTPHYIECKOM IIOJIE, U -CKOPOCTh

3ByKa B M3y4aeMOM KpHMCTalIe, TO MOKHO CKa3aTh, 4YTO 3aBUCUMOCTE — oT E mnpwm
0
OTHOCHUTEIIbHO MAJIBIX 3HAYEHHUSX HAMPSIKEHHOCTH TPEIOIETo AJICKTPUUECKOTO MoJjs (Koraa

RY/4 E
_(nuo )2
8 v
RY/4 E
_(,UO )
8 v

nomkHa 3aBucetb U, or E. Ilpu Ooiee HM3KHMX TeMIeEpaTypax, KOI[a pacCesHHEe Ha

<1) moyKHA MOJUMHATHCSA KBAaJIpAaTUYHOMY, a IpHU OoJjiee CUIBHBIX MOJAX (Korja

2 .
>1) nunelinomy 3akoHy. U3 cpaBHenus (1) u (2) BUIHO, UTO MO TaKUM K€ 3aKOHaM

aKyCTHUYeCKuX (pOHOHAX HE TOMUHUPYET, WK J1a’ke He NpeobaaaeT, OTKIOHEHHE 3aBUCHMOCTH
U, ~E or Bbllie YCTAaHOBICHHBIX OyleT HE TaK YK 3HAUMTENbHOE. [109TOMY MOXXHO

3aKJIIOYUTh, YTO IPU YCIOBHUSAX YIPYroro paccesHus HOCHUTeNeH 3apsaa Ha KoyeOaHUsX
pEelIeTKH U IpPUMECAX B O0JIACTU OTHOCHUTEIBHO HEBBICOKHUX IMOJEH JOJDKHA HaOMI0IaThCs

2 y
3aBucumocts Buga U, ~E*, a B o6mactu Gonee cubHbix moneit Uy~ E .

N3 cpaBHEHHS MONYYEHHBIX HAMH SKCIEPUMEHTAIBHBIX PE3yIbTaTOB CO CACIIAHHBIMU
TEOPETUYCCKMMH BBIBOJIAMH MOKHO CKa3aTh cienyroiee: B n3ydaembix kpuctamnax CdyHg «Te

1o obmydenus 3aBucumocts U, or E xopomo momdumsiercst paspaboTaHHO# B [2] Teopuu.

OTO CBHUJETENBCTBYET O TOM, YTO MPU 3TOM TOpSYUME HOCUTENU 3apsja B OCHOBHOM
B3aUMO/JICHCTBYIOT C TOUEYHBIMU HEKOHTPOJIMPYEMBIMU JIe(heKTaMu.
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AuwinsSey MONOKRISTALININ ALINMASI VO ONUN ELEKTRIK
XASSOLORININ TODQIiQi
S.S.Latifova
Sumgqayit Déoviat Universiteti

Elm vo texnikanin miasir inkisafi yeni yarimkegirici birlosmolorin alinmasini va
onlarin praktik totbiq saholorini miioyyanlosdirmayi talob edir. Bu mogsadls yeni maddalarin
axtarisinda daha olverisli tisul mévcud yarimkegirici maddslorin torkibine asgar vurmagla
daha miirokkob torkibli birlogmolorin alinmasidir. 9dobiyyatdan malumdur ki, [1] I, IIT vo

VI qrup elementlori asasinda AUBV! tipli birlosmolora oxsar olan bir sira perspektivli
birlogsmolar almaq olar. Belo birlosmolordon biri do A3IBs!CoVT — tipli tigqat birlogsmoalordir.
Bu tip birlogsmolor 6z fiziki xassolorino gors genis totbiqi ohomiyyato malikdir. Bu birlogsmolor
tokco yarimkegirici xassoyo malik olmayib bozi torkiblordo yarim metal, maqnit
yarimkegirici, ferrit vo s. xassoloro malik olur.
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Isdo ABsCoV! tipli yarimkegiricilor sinfine monsub olan AusinsSes iigqat
birlosmalorinin elektrik vo qalvonomaqnit xassolori genis temperatur intervalinda todqiq
olunmusdur. Bu mogsodlo AuinSe>-In»Se; kvazibinar kesiklori termogqrafik iisulla tadqiq
edilmis, hal diaqramlar1 qurulmus, kristal parametrlori toyin olunmus vo bu birlosmanin
monokristalinin alinma texnologiyasi islonmisdir. A3IBs™CoV! tipli birlosmolorin sintezi vo
onlarin monokristallarinin alinmasi zamani texnoloji rejimi miioyyon etmok ti¢lin hor bir
halda ATBIIC,VI- B,MIC;3VI kvazibinar kasiklorinin hal diaqramindan istifado olunmusdur.
Alinan ti¢ggat yarimkegirici birlosmolorin kristal qurulusu vo Laue-simmetriyasi miioyyan
edilorok hor bir kristalin parametrlori rentgenoqrafik todqigat tisulu ilo hesablanmisdir.
Miioyyan olunmusdur ki, A3'Bs™CoV! tipli birlosmalorin Laue simmetriyast heksaqonal
sinqoniyada P6/mm —dir.

AusinsSey birlosmolori stexiometrik torkibdo komponentlorin uygun torkibdo
garigdirilib, birbasa 950° C-do oridilmosi ilo xiisusi rejimlo alinmigdir. Bu birlosmonin
monokristalini almaq birlosmonin torkibinds olan selenin yiiksok buxar tozyiqino malik
olmasi ilo xeyli ¢atnlasir, ¢iinki buxarlanma naticasindos kristallasma prosesinda stexiometrik
torkib doyisir. Yaranan bu proses monokristal alinmasina mane olur. Ona goro todqiq
olunan birlogsmonin monokristalinin alinmasinda xiisusi todqgigat tsulu totbiq olunmusdur.
Allnan monokristallarin retgenoqrafik todqiqi aparilaraq kristallarin monokristallig
yoxlanilmig, kristalin miioyyan Kkristalloqrafik istigamotlori toyin edilmis, alinmis kristalin
kimyovi torkibinin birlogsmonin torkibine uygun olmasi miioyyon olunmusdur. I-ci sokildo
AuslnsSey monokristalinin laueqrami vo firlanma rentgenoqrami verilmisdir.

Sakir 1

Sokildan goriiniir ki, zonalardan birinds reflekslor diizxatt istiqgamatinds diiziilmiisdiir. Ona
perpendikulyar istigamoti xarakterizo edon zonalarda iso reflekslor ¢evro qdvslori boyunca
dizilmisdiir. Laueqramin noqtalorinin diiziiliisii gostorir ki, reflekslor bir sira paralel
mistavilar ailosindon alinmisdir. Bu ciir reflekslor yalniz monokristal qurulusdan alina bilor.
AusinsSeo kristalinin laue simmetriyasmim heksaqonal sinqoniyada P6/mm oldugu miioyyen
edilmisdir. Bu onu gostorir ki, tadqiq olunan AusinsSes kristali in,Se; birlosmasi ilo
izostruktur qurulusa malik olub kristal qofasin asagidaki parametrlorino malikdir:

0 0
a=9,454 ,b=a,c=1954 Elementar 6zoyin olgiilorinin In»Se; birlosmosino nisbaton
AusinsSes birlosmoesindo daha kicik oldugundan giiman etmok olar ki, Au*! ionunun
tetraedik ohatodo daha kigik 6l¢iiyo malik olmasi vo bu shatods tutulmus diiyiin noqtalorinin
artmasi ilo olagadardir. Alman AusinsSes monokristalinin elektrik xassolorini todqiq etmok
ticiin monokristaldan diizbucaqli formasinda niimuns hazirlanmis vo niimuno iizorino In,
Ag vo akvadak elektrodlar ¢okilmisdir. Giimiis elektrod vakuumda niimuns iizorino
buxarlandirma yolu ilo g¢okilmisdir. Nimuno {igiin volt-amper xarakteristikasinin
toadgigindon aydin olmusdur ki, giimiis vo indiy metallar1 ilo yaradilan kontakt daha ¢ox
omik kontaktdir. Ona goéro niimunonin elektrik kegiriciliyi giimii elektrod vurulmus
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monokristal niimunalords dl¢iilmiisdiir. Miigavimati ¢ox da bdyiik olmayan niimunalar iigiin
elektrik kegiriciliyi vo Holl omsalinin o6lgiilmasi ikizondlu kompensasiya tsulu ilo
aparilmisdir. Yiksokomlu niimunalor tigiin isa dérdzondlu 6lgii metodu totbiq olunmusdur.
Odobiyyatdan [2] molumdur ki, kubik kristallarda akustik rogslorden sopilmo
3

mexanizmindo yirikliylin temperatur asililign g ~7 ? ganunu ilo ifado olunur. Lakin
AusinsSes kristalinin qurulusu daha miirokkob oldugu iigiin akustik rogslorden sopilmo
ganununda yiiriklik temperaturdan daha miirokkob formada asili olacaqdir. 2-ci sokilda
AusinsSey monokristal iigiin elektrik keciriciliyin vo yiikdastyicilarin konsentrasiyasinin
temperatur asililigi gostorilmisdir. Kegiriciliyin temperatur asililigindan goriiniir ki, asagi
temperaturlarda (T < 150K ) keciricilik temperaturdan zoif asihidir. Bu intervalda
yiikkdasiyicilarin konsentrasiyasi da temperaturdan zoif asilidir. Amma temperatur artdiqca
konsentrasiya 150k <T <220k temperatur intervalinda siiraotlo artir, sonra asililiq
zoifloyorak sabit giymoto yaxinlasir. Konsentrasiyanin temperatur asililigindan miioyyon
olmusdur ki, todqiq olunan kristallarda enerji dorinliyi miixtolif olan iki név asqar
morkozlori dayaz vo dorin enerji morkozlori mévcuddur. Dayaz enerji morkozlori algaq
temperaturlarda dorin enerji morkozlori qismon yuxari temperaturlarda ionlasir.
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Sokil 20. AuyIng Se, —da elektrik kegiriciliyinin (o) ve konsentrasiyanin (n)

temperaturdan asililig1.

Sakil 2.

Au,IniSe, monokristalimin qadagan olumus zonasindak: asqar saviyyalorin darinliyini
konsentrasiyanin temperatur asililigindan kristalin neytralliq tonliyini arasdirmagqla tapa
bilorik. Bu tonliyin halli miioyyan sortlor daxilinds asqar saviyyalorin enerjisi {igiin

_ 2KT -tgo

0,4343
ifadosini verir. Burada rg¢ -diizxottin meyl bucaginin tangensidir vo onun qiymati
n= f(t)asilihigindan toyin olunur. Aparilan uygun hesablamalardan asqar morkozin
ionlasma enerjisi tg¢iin AE =0,15¢/ va todqiq olunan niimunonin gadagan olunmus

zonasmnin eni dciin 1,4eV alinmisdir. Bu noticolor AusinsSes monokristali iiciin optik
olgmoalordon alinan naticalorlo uygunluq toskil edir.
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CHARACTERIZATION OF CulnSe; THIN FILMS
FROM NANOPARTICLE PRECURSORS

V.F. Gremenokl, A.V. Mudryil, A.V. Korotkil, E.P. Zaretskayal,
N.N. Mursakulovz’s, N.N. Abdulzadez, Ch.E. Sabzaliyeva2
IState Scientific and Production Association “Scientific-Practical Materials Research Centre of
the National Academy of Sciences of Belarus,
*Institute of Physics, Azerbaijan National Academy of Sciences

This paper focuses on the selenization of nanosized (Cu + In) precursors and the
microstructural and photoluminescence (PL) properties of the formed CulnSe, (CIS)
layers with different Cu/In ratios. The films have polycrystalline structure with grain
sizes up to 2 um and a nearly uniform elemental distribution in the bulk of the layer. The
PL experiments show a strong energy shift of the PL bands in the near-band edge
spectral region with temperature, excitation power and stoichiometry. These results may
be explained consistently with a model for highly compensated semiconductors where
potential fluctuations are caused by charged defects or impurities.

Keywords: CulnSe, -1: Photoluminescence — 2: Defects - 3

1. Introduction

The chalcopyrite semiconductor CIS attracted a lot of attention in recent years mostly because of the
direct optical band-gap of about 1.05 eV, which lies close to the optimum value for high efficiency
photovoltaic conversion and its high absorption coefficient of ~ 10° cm™ [1-3]. Polycrystalline thin film
solar cells based on Cu(In,Ga)Se, absorber layers have recently been demonstrated to achieve conversion
efficiencies exceeding 19% [4]. The physical properties (optical, electrical, structural et. ¢.) of CIS thin
films are strongly dependent on the method of preparation and the growth condition employed. It has
been reported that intrinsic defects and their complexes play a significant role in determining the
parameters and performances of devices [5,6]. In this study we describe the effect of different deviation
from stoichiometry on the quality of the CIS thin films. Experiments are presented which characterize the
structure and photoluminescence properties of CIS films. It is found that optical transitions in the near
band edge spectral region of CIS compound may be explained taking into account a high concentration of
intrinsic defects and heavy compensation

2. Experiment

A sequential non-vacuum process was used to deposit CIS layers on molybdenum coated soda-lime
glass. First, a precursor paste was prepared containing copper and indium metallic nanoparticles in the
desired ratio in alcoholic suspension.
The suspension was then sprayed on the preheated substrate (~ 100 °C) by electrospray. In a second step,
the precursor layers are selenized during 15 minutes in a selenium/nitrogen gas mixture at 580 °C. Sample
02-12 was selenized during 15 minutes at 580 °C according to [7]. Samples 02-22 and 02-26 were
selenized for 20 minutes at 520°C according to [8]. The surface morphology was investigated by scanning
electron microscopy (SEM) and the composition determined by Energy-Dispersive X-ray Analysis
(EDAX) and Auger Electron Spectroscopy (AES). The PL spectra were analyzed using a 0.6 m
diffraction monochromator. A liquid nitrogen cooled Ge p-i-n detector was used for the PL experiments
signal detection. Signal amplification was based on Lock-in technique. For excitation, the 488 nm line of
the Ar+ laser was used in the PL experiments. The samples were immersed into liquid nitrogen or helium
during the measurements of the PL at 78 and 4.2 K respectively. Temperature dependent measurements
from 4.2 to 300 K were carried out in an evaporation cryostat equipped with suitable heaters and
temperature sensors.
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2. Results and discussion

Table 1 contains the average values of Cu, In and Se amounts determined by AES method for the
investigated films. The samples in Table 1 are labeled as 02-12, 02-22 and 02-26 in decreasing order of
Cu/In ratios.
Table 1: The chemical composition of CIS thin films determined by Auger electron spectroscopy.

Composition
ratio
Cu In Se | Cu/ln | Se/M
02-12 | 28.00 | 27.85 | 44.15| 1.00 | 0.79
02-22 | 19.00 | 29.14 | 51.83 | 0.65 | 1.07
02-26 | 16.75 | 28.26 | 55.10 | 0.59 | 1.22

.. 0
Sample Composition (at%)

It is necessary to note that we revealed a discrepancy in composition of the CIS films measured by AES
and EDAX methods. For 02-12 the elemental composition of Cu, In and Se determined by EDAX is
26.3%, 25.6% and 48.1% respectively (see the AES data in Table 1 for comparison). The analogous
discrepancy was also found for 02-22 and 02-26. The inhomogeneous elemental distribution on the
surface and through the film may be due to different analyzed depths and sizes of the analyzing beam. For
an analysis of our optical experiments (see bellow) we used the average composition (Table 1) obtained
from the AES data. In our PL experiments we excited the sample by a laser beam with spot size of about
of 1 —3 mm’.

For film 02-12 a compact layer is obtained. Fig. 1 shows the PL spectra of CIS films

At 4.2 K, only one broad recombination band is observed. It can be seen that the broad band has
an asymmetric spectral shape with a longer tail towards lower energies. The intensity and the
spectral shape does not change significantly from sample to sample but the FWHM and energy
of the PL bands varies with the temperature.

In order to identify the origin of the broad peak in the CIS films additional experiments have been carried
out. The band shifts towards higher photon energies with increasing excitation intensity . These shifts are
very large and are about 6, 7 and 9 meV per decade for high-energy band in samples 02 — 26, 02 — 22 and
02 — 12 respectively. Such a large shift of the high-

energy bands in our experiments is in contradiction with — 02-12
donor— acceptor pair (DAP) recombination processes. 02-22
The smaller blue-shift of about of 2 — 3 meV/decade C02-26
with increasing laser power is well known for donor-
acceptor pair recombination in semiconductors [9 11].
Our experimental results may be consistently explained
in a model for highly doped and compensated
semiconductors where potential fluctuations are caused
by charged defects or impurities [12]. This model was
successfully used to explain PL data in Cu(InGa)Se,
thin films [13]. The statistically distributed potential
fluctuations are formed due to the presence of high
concentrations of charged donors, acceptors and other iy
point and bulk defects. The spatial fluctuations in 0.7 038 0.9 1.0 11
semiconductors films cause fluctuations of the band gap Photon energy (eV)

energy and the widening of the defect levels within the Figure 1: PL spectra of CIS thin films taken at
forbidden gap of CIS and so-called band tails are different temperatures.

formed [12,14]. The blue energy shift of the PL bands

with increasing excitation power or temperature can be explained by changes of the carrier distribution in
the energy states of band tails.We also can not exclude some contribution in the appearance of our high-
energy bands from DAP recombination with the participation of shallow donor levels and relatively deep
acceptor states. Probably, the high energy peak is a superposition of both types of recombination
processes — with participation of band tails and DAP transitions.

We could not detect any significant changes in the spectral position of the band at 0.8 eV with
temperature and excitation power. Therefore the observed luminescence peak could be ascribed to a
recombination on deep level near 250 meV, more probably, Cui or Ini [15]. In addition to earlier results

N\ 300K

PL intensity (a. u.)
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[16], this study of the optical properties of CIS films as a function of composition shows that the PL
spectra for slightly In-rich material are strongly depend on Cu and Se content and their ratios

3. Conclusions

The CIS films prepared by selenization of nanosized (Cu + In) precursors have polycrystalline structure
with grain sizes up to 1 — 2 pm and a nearly uniform distribution of the elements in the bulk of the layer.
PL experiments revealed strong energy shifts of the optical transitions in the near band edge spectral
region of CIS films with stoichiometry, excitation power and temperature. The shape and spectral
position of the PL bands in slightly In-rich CIS material strongly depends on the Cu and Se content
(Cu/In or Se/M ratios).
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