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fsimdzj HdW W EZL Jdadets?2 dedL S tslsj B j cOlskztcdzs?2 Bt OB
2.CC MY j tod d3j dzls
1 todzd L 1€ s3] | tc Ofs i s @atRdstE @ ISigltg a5 d te ts 9Gsdisids GRdz d
Ni dzOBdz¢ HOJjIsw BMjHOdd] §teddsd Mder = Holsd ydy c
6] (tdfm. 1)

Q) B )
tdfm. 1. Rs MddBSd HdMEsS Oydtsdzdzr = tBtcOL
sBtcOBSISC d
4G zOBhdetds j[tlc B tsBtcOBSISC O tsBteOL ytsa Si ¢ Ni )
Mo ddzlsjtco Odzj BPBA] wOlolztds jaF0zdd 4 yYoOmtse
dzd dzj 2dzr = yd fsyddD oMot B8z rf S dzOdsA@ Isw o daylgds
fdzy Hiplse dj d3 MOy HjddY o ydyf dlsOlstse TGO  dzc
fsdzeyddzd mMatyd?2 tjLEzd O (ttdfMm. 1.8B) o tcj
ftod IjdBfjtwOlofg] dfeOCyOdEazts dL tedm. 1 tj L L
1 OB dz¥ HOj d3lz ® COtels d dzlz d3ts ) dzts ts B 1 jWifigielzdRls ¢
ftcj ydf JlsOlstseo ( S dzOMiIsj tetso) dz0O HIMdzs S Oyd s dzdz” -
R dzls j to j @O d dzO  dzO B Elzf 11 dOf dethW O Yy estdz82 § O - . 1t
s cdq3gssBtcOB IS¢ d ) dzd sBtOL 28 Ismyw f tod d3j M
Wested' (tedfy. 2. ) .

Q) B )
tdm. 2. Rs MddkB¢d BjLHdMAEZSCOyYydtsdzdz" = 5B tcC
]l tcOBldsjjtcdfstsBtcOBSISC O BjL HMdzsS Oydusdedz’ =
sjyjddd 4 yoOfmtse fHtedo jdkzs ¢ tBtcOL o Odds  jls
tod M. 126 FOS i Iz dfff Ssdeidxf| j @20 Is Flc @R M [ 2. B ) .
3t jLbkd O  wBMEYHj dd j
[ OdzdzO" tOBISO jMis! §sfrlscO el whddls! d3j -
ZOB dzs HOJ B & MC Y dzj ded 2 20 s fipdietd ) o @OWBafidOjscgdyj f
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¢ BdzyJ dals eufduf dgt€ YAy d sdzdz” = § Isdjfiglis t5 y ddjCd@)epld g QRlzC
ftedojHPezEzsBEER [ 7

] SH dOLo9Odzdjd3 BJjL HIMdzsCOydtsdzdzr 2 §f SHtGOL Iz
dz2dL Cts2 f dzslsdesfils: ¥ dzd dzj 2 dz' = -H.JIEzsE O d 2d L $ t§ dd
HgMdsCOoydd &scekls ¢jdjtedtese Ol MW o  of tetsy f
Ctod fmils Odzdad ju'j MBI®WPO L dzd itz &BJ Pde'sBs o, ¢ i zef Yy 2
Si OlstsBAE @H dz s dztsd Isojrd B § Isj B j tcOlskzter o1 L T 9
ROf Wy jdedj Stbtserj o MmMotss GUjjH' MfshesHh
HgMdsS Oyd2 dhssyddSoRd Sistter 5 o W6 dv s[lsipits 2
LOSdjdedzr 2 Mjcdsjdas HIMEsCOydd, mismssdr 2
MCtsdz yjdzedw dBsy ils wodzwhbdmM®. dMissydzed C sd3 A tc Odgl C

Il OBl [7] ftijHdtsyjdd Isjtsteilsduyd s ow fi:
MC s dj dzd?2, oL AJCOshdR §tod AdOEECYH ©dzd ¢t oCRikE
HOdzdzts?2 BtsH jdzd HJ ZOBISC O HMdzsS Oydsdedetsets fj 6 c
EtcOodgj ded j 5, EZuydlsr a0 hdds oawLCtsj] Isteditsy jdedj H
odzi hdzaij 4 Jteddztsy j dedetsy dOftewy jdedy, O OCYJ €Cted

Il MzEy0] S$SBEcHO HA&ddO Mmjc dj dadad dgdztetas| oty diz,
Md3d h ddzedw Issyd ¢ HJMdESE yiffkdEsE s0Hj 8 B dzs O8O0
1)

~

n_to B— (1)

GHJogkMmddd] MsL HOo Of d3ts § tc @ tipls F U dadff Mt d3 |
HMdzs € Oy d tsdedzf: ~d §lmziBd elz& jj dzOf tew y j dzd §
CststoH d dzQ)s Odzd 3G dzd B3O dz! detsy dzOf tew y j dzdj dzl 5B
HdMdzcC Oydsdedzts?2 § jlsdzd Mstslse jIsmise j dzdats.

st sdzjy Qs jH j dzW jIs oL OddBsHj2MiIse dJ HJ f
MCtsdz! 3 4 ded W .

1 jtco OW HdMdzsS Oyd sdzdzOW  ff j Is dzv sSBOL 59 Odz
WdSmdolzjIsimMw d&zO tsftcj HJ dzy dedesdz tcOMMmisswdzad . s
¢ ftojHr HEMj 2, dmyfrIsr 90jls oLEOMOs N jj &k
fsmisj §J dzdztsdslz L Ofgyjuddrfjvded ¢, j o Asde ydetsds dlsts
tojLzdz sOIsj Wistedzd tolz j Isiyw H Mdzs € Oy d ts dzdzts §
oLOdBsHj2AMsoakzes s ftsMmtcj HMisoasds MtsBMise j dzdz’ =

tdfm. 3. [BHjd MStfdjdd " HJEsSOYyJ!
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1 s o3 tod tesMis© MC sy dzj dzd W o dzd W dzd J Mtso s
Eiddzde Oj Ispw , yls ts SlstcO) O4 Isfmw dzO OB TsIlsj
ftcj CtcOh OjIsMw IsscHO, ¢ t&ad] hiizizOtedesh de@l Y
M¢ Y dzjodzf |§ @sdzts o d Isfw  d3d et B L CxRa b dafjy Ecs sH d B 6
OCIsdeo Oydd dmistsydzd ¢ O.

47 OC dzs yd dzd 4

sOC odHdts dqL tedfm. 3 Wistedd®O Ctsdzyd dested yd MS dn
M WdkOdd BiOL saod@zd@f] §yfaEs O Wjdedlf dzsy  Is+ Y e
sjtedzd ud MEts?2 fsBE@BSISdY 6 Jjdzj scOydw CsdeyJ dzlsted
m¢ sy dzj dzd 2 d mis s ydafH @.d3d [ JeHOSHE LO) dz/ dz' | d3t©dsisissr
fticdlswedeo @y @Bl tclzc sa g K)dzts ¢ Gspde'dl dz® M Is | tejdds did .

] ZOetsHOteY o MsC 82 MEttsMmisd ttn d&ZOYHJjddw § JIsdzd

M dlsOdz detsy drLbkydddd sy mmtse oL OJdBtsH | 2 Mis
OlstsdBzOd Hteddidd Md ftsLotsdzdls © HOdz dzgj 2h jJd3 dzzyh J
d fttdetstectss dzO dn tsMmdatse § .
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n-GaP BINAR BIRIKMASIDA TOK OO6TI SH MEXANI ZMLARI |
HARORATGA BOGaLI QLI Gl

A.S. SaidoV, Sh.N. UsmonoV, H.Sh. Abdullayet, O. zZ. T d.X.gldilovd o v
106zR FA S. A. Az i-texoika institutimioshkeghiahri, FCh. Aytnkatov
kodchasi 2B.
2Chirchiq davlat pedagogika universiteti Chirchiq shahri, Amir Temur ko'chasi 104 uy.
E-mail: habibabdullayev04@gmail.com

Yari moot kazgichlii guril mal arni | oyi hal a
parametrl| arini ani gl ash, Xususan, yari moot
o6l chash usul i keng tarqgal gan met oddydalenksla n b
namunaning elektrofizik parametrlaris ol i sht i r ma el e k)t asosiyzarydd a z u
tashuvchilar konsentratsiyast)(va harakatchanliginiA) yuqor i anigli kda

beradi [1]. Mazkur omillarni inobatga olgan holda, Te bilan legirlangaarli GaP binar
birikmasida zaryad tashuvchilarning transport mexanizmlarr80 K harorat diapazonida tadqiq
etildi.

Yari moot kazgich namunal arining elektrof

kontaktlar olish juda muhim ahamiyat kashb
gooshi mcha ©parazit gar shili k va z aoldiairolibj] p C
namuna el ektr parametrlarining aniqgqroq -gqiyn
GaP namunasida NbhgiSiGa P koop gatl aml. struktura as:t
Namunaning solishtirma elektr garshiligi hamda Xollkdei t si yent i ni ani ql e

Van der Pau usulidan foydalanildi.
Namunalarning elektrofizik parametrlari HMSO 00 ( ECOPI A, Janubiy
majmuasi yordamida8 40 K har orat oraligoida tadqgiqg e
O6l chashlardan ol din namuna 5 dagiga dav
K haroratda azotli muhitda ushlab turildi. Mazkur ishlov hamunaning sirt faolligini kamaytirish

orgali oc6lchash natijalarining anigligini o
1018- .........oo'.oooo-oooooo
..!..
™ 1017_ ..
£ :
© L]
< 10% .
105

150 300 450 600 750
T,K
1-rasm. n-GaP namunasida zaryad tashuvchilar konsentratsiyasining haroratga
bogdliqligi
1-rasmdan-GaP namunasida zaryad tashuvchilar konsentratsiyasining haroratga bogliglik
grafigi keltirilgan. Ushbu rasmdan kodéni ni l
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tahl il

GaP namunasida zaryad tashuvchilar konsentratsiy@@0=tm? dan ~1.220'® cm® gacha
grafik Sshuni
konsentratsiy:

monoton tarzda ortadi.
lrasmda kel tirilgan
borganda zaryad tashuvchil ar
gacha ortishida esa ~10 marta ortishi kuzatiladi. Demaki@@ Kharoat | ar or al i goi
tok o006tish mexanizmida erkin elektronlarni
Haroratning 80 K dan 110 K oraligd6éida erk
bogoliqgligi eksponensial gonunga body sinad
e £€Q Q)
buyerddO inGaP da el ektr oo6tkazuvchanlik tur
markazlarining energetik sath,i Boltsman doimiysi,T i absolyut harorat. Namuna Te bilan
legirlanganligi boisidanO T e kirishma atomlarining i on |
Hagigatdand & "Qp¥Yb og 61 ani88ihl 1g0r akf iogrial i go6i da aynar
bilan juda yaxshi ekstrapolyatsiyalanadi . |
hisoblab topilgariO ning giymati 70 meV ni tashkil etdi. Demak Te atomlarining energetik
sat hl ar. GaP od6tkazuvchanli k zonasi tubi dan
2-rasmdan-GaP namunasining solishtirma el ektr
grafigi keltirilgan.
12+ oo,
ElOA /./ *o\...\
g s J
< ; "o,
— 6 ?
= 4 ,/I
2{ ¢
01 s
0 100 200 300 400 500 600 700 800
T (K)
2-rasm.n-GaP namunasining solishtirma el ekt
bogdliqgliagi.

Grafi kdan koorinib turibdiki harorat 80
el ektr o6tkazuvchanligi monoton tarzda ort.i
boradi.

3rasmdan-Ga P namunasida zaryad tashuvchilar
grafigi keltirilgan. Grafi k tahlil:@ shuni
el ektronl ar harakatchanl i gi Amangon tarzdaikarashi , S
kuzatiladi. Demak 90 K gacha erkin elektronlarning sochilishida ionlashgan kirishma atomlarining
tadsiri, 90 K d a-rkristélldp@njard atammiaa issiqlik debrdnema rarakatining
tadsiri muhim rol odébynar ekan.

: yari modébt kazgich materiallarnin
bogdl i qg:
(2)

Ma ol umki
zaryad tashuvchilar konsetratsiyagia va harakatchanligig a
. Y NEYATY,
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2501 ¢,
200- Y
\
= 1501
K2 b\o
= 100 .
50 ‘o.oo......

o
0 100 200 300 400 500 600 700 800
T (K)
3-rasm. n-GaP namunasida zaryad tashuvchilar harakatchanligining haroratga
bogoliqgligi

yaoni , harorat oo6zgar imakianbzimami ngmovad:
tashuvchil ar konsentratsiyasining oo6zgari sl
ham tadsir qil adi

Demak, past haroratlarda 90 K gacha ' A@ Bhamunasida tok o6t |
erkin elektronlarnning ionlashgan kirishma atomlarida sochilishi,®® 0 K har or at | ¢

sayoz donor sathlaridan elektronlarning termik generatsiyasi, 13204 0 K or al i ¢
elektronlarning fononlarda sochils h i muhim rol od6ynar ekan.

Te bilan legirlangan 4GaP monokristall namunalarida 80 4 0 K har or at | a
oot kazil gan eksperi ment al tadgiqgotl ar Z e
harakatchanligining haroratga bogoliglik xu
koo6r s at dtioghishj bilah aaryadrtashuvchilar konsentratsiyasi <4%-a@2 dan ~1-1862
cm®igacha ortadi, bu esa donor atomlarining t

donor sathining ionlanish energiyasi ~70 meV ga teng ekanligi aniglandi. Elektronl
harakatchanligining tahlili esa past haroratlarda zaryad tashuvchilarning sochilishi asosan
ionl ashgan kirishmalar bilan, yugor. har or a
Ol'ingan natijalar GaP asosidagi yarimoot
jarayonlarining fizik mexanizmlarini chuqurroq tushunishga imkon beradi. Aniglangan transport
parametrlaridan GaP asosidagi optoelektron va yugori harorat sharoisdlovchi
yari mootkazgich quril malar (masal an, yor ug:
komponentlar)ni loyihalash hamda ularning ish rejimlarini optimallashtirishda foydalanish
mumkin. Bu esa GaP asosidagi materiallarning zamonaviyorldktronika va optoelektronika
texnol ogiyalarida qodéll anilish imkoniyatlar
Adabiyotlar:
1. Schacham, S. E., & Finkman, E. (1986). Ligmbdulated Hall effect for extending
characterization of semiconductor materials. Journal of Applied Physics, 60(8),23860
https://doi.org/10.1063/1.337071
2. Saidova A. S., Usmonova Sh. N., Turgunova O. Z. Investigation of the Features of the
Thermovoltaic Effect in GaSh, GaAs and GaP Binary Compounds // Applied Solar Energy.
2023.71 Vol. 59.71 = 4 P. 400G 409.
3. Schroder, D. K. Semiconductor Material and Device Characterization / D. K. Schir@tdr.
ed.i Hoboken, New Jersey: John Wiley & Sons, Inc., 2006.72.
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MARGANETS BILAN LEGIRLANGAN KREMNIYDA FAZAVIY VA
STRUKTURAVIY OO0ZGARI SHLAR

Sh.B.Utamuradova, J.J.HamdamovH.J. Matchonov, F.J. Matchanova,
F.R.Yo 61 d,GsNMuomatova, E.A. Erkayeva
O6zbekiston Milliy universiteti huzu
mikroelektronikalmiy-t adqi got i nstituti, Toshker

Kremniyni o6t uvechi el ementl ar bil an | eg
muhandi sligining strategik muhim yoodénali sh
magnit va issiglik xossalari spektrini kengaytirishga qaratilgarel8chentlarmg keng doirasi
orasida marganets alohida edtiborni tortad
shuni ngdek Si kristall panj arasida spinga
yuzaga Kkeltirish xususiyatiga ega-21 Kremniymarganets (SMn) tizimi murakkab ikki
komponent| i tizim bodlib, o6zgaruvchan tar
fazaviy diagramma bilan tavsiflanadi. Eng
fazalar MnSi, MaSi; va Mm1Siie kabi kremniyga boyrog birikmalardir {3].

SFMn  t i zi mi booyicha sezilarl.i mi gdor dagi
bod6éli shiga qgar amay, bir qgator muhi m masal a
jarayonida fazaviy o6tishl ar ni nglanmaganaTeimkml a
ishlovning dastlabki bosgichlarida marganets atomlarining joylashuvi jumladan, tugunlararo va

klaster holatlari noaniq golmoqda. M8izf azasi ni ng hosil bool i sh
termi k i shlovda MnSil igay egtaayrtlai cohbaz goadri gsahn i lerh

Past haroratlarda silitsid hosil boodolishi
giyinchilik tugdédiradi, chunki 49iuda eriaa atom t d

kodérinishida bool i shi m-dlifraksiyanusullaB bilandfargfashhygigin, a t |
birog yuqori sezgirlikka ega tebranish spektroskopiyasi aynigsa, Raman spektroskopiyasi
yordamida gisman aniglash mumkin-§h Shunday gilib, Mn bilan legirlangan kremniyda
mar ganet s silitsidl amnifaza bagarofliging termikh shdov Iberisb o 6
sharoitlariga bogoliq ravishda oo6rgani sh ¢
nanotexnologiyalar kesishmasidagi dolzarb vazifa hisoblanadi.

Dastlabki material sifatida solishtirma garshiligi 1 dan 40@m gacha bo

monokristall pvant ur dagi kremniy plastinkal ar. i shl
met al | mar ganets bilan | egirlash moysiz tu
yugqori vakuuml i’-10hTbi t dat ¢ Pmav alkOu u ml | bugodl

oshirildi. Marganets bilan legirlash yopiq vakuumli kvarts ampulalarda 600 darf.2f2@ha
boél gan haroratda 0,5 soatdan 10 soatgacha

amalga oshirildi. Diffuziyadan sodng, namun
sovutil di. Ushbu t ur | ifazalarihing merfelogiydsigakva §i kritadla | i
panjarasida ichida Mn ning tagsimlanishiga
o6zgarishlarning deyar/l.i muvozanatl i v met
Strukturaviy madélumotl ar koorsatadi ki, [
paydo bodl i shi va o06sishiga olib keladi,
MnSi YaStmobzgari shini yuzaga kel tiradi. Bu o6
zooOrigishlarning ortishi va aniq Asi | itsioc
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legirlangan kremniyda&d , 54 eV chuqur sath MnSi biri km
kompl eksl ar bil an o6 zMdeVkhuguddath guqari lsilitsid fakasi 6 r
MnsSizh osi | bodl i shi va nomuvofiqgq dislokatsiy
erishadi. 0, 20 eV sayoz sathi Asilitsid/ Sio chec
aks ettiradi, ularning hissasi birikmalarning yiriklashishi bilan ortib boradi.

T g 2 .
s IE 7N

%
bl 2200 2

1800.00

1400.00
1000.00
A0
20000
20000
-600.00
-100000
-140000
BEULT

-220000 25
7100 7150 7
-251936 x-avis [jum]

-1000 1000 3000

4000 3500 3000 2500 2000 1500 1000 500
To'lgin soni sm-!

l-rasm. 1200C har or atda t er miSkMa>ndmurasinhgn S 00
kimyoviy Raman tasviri: signal jadalligi tagsimoti (rangli shkala, 3D), faza kontrast
xaritasi (yugori oo6ng burchakda) va tanl ang
(pastki gismda).
Ol i ngan eksper i m&dn tizamida tenadiihamik oa diffaziya omillari

tadsiridabolgs gihc hfmazaviy oo6zgarishlar sod
o0zgar i s hl sstruktdraviyntahtil,eham Ramam kombinasion sochilish spskivpiyasi
yordamida tasdiglandi. Us hbu usul | ar ki my
daraj asi dagi strukturaviy oo6zgarishlarni ak
Rentgen nurlarining difraksi yMaszimiddgiofdzg i c h
tarkibining termodinamik ishlov berish har

| ssiglik bilan 1ishl ov b e tCidifaktogrammaladiaasdsankdnd i
va yaxshi ajralmagan difraksion maksimumlar kuzatiladi. Bu holat kristallanish darajasining
pastligini, panjara nuqgsonlarining sezilarli migdorini va yuqori gatlamning gisman
amor fl ashganl dngngn282%®0o @i $ @ tdaadkiss.i kvumg ar ni ng p
Mn atomlarining panjara oraligdéidagi bodshl
parametrining kengayi shi bilan bogdéliqg bool
Monokristall kremniy va MaSi; hamda MnSi silitsid fazalariga mos keladigan difraksiya
chooqgqil ari ani g gkK383yahga ehsbhhbhadtizagdhbhichag:

gayd etilgan bodlib, bu kod6p komponentl i K r
600700C ga kootaril ganda, Mn Si inter metall b
chodqgqgil ar shakl |l anadi . ° B&Iy 47, wa 358 burclaaklasda a n i
kuzatil di . Shu bilan bir v aga(2RQusaglanbegaldni y c h

Raman spektroskopiyasikremmya r ganet s t i z i mgandslkingbosgithaya a t
bosqgich kuzatish imkonini berdi. Yuqori haroratda termik ishlov berishning dastlabki
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bosqichlaridaMeSizrs i | i t sid fazasining hosil bodlishi
o6ti shidifemakgeémomn madl umot | ar v a -15] bilan nuvofegd a b |
keladi.

1200°C haroratda termik ishlov berilgan-§i<Mn> namunasida faza va kimyoviy
komponentlarning tagsimlanishini vizualizatsiya qilish kimyoviy Raman xaritalash usullari
yordamida amalga oshirildi {fasm). Ushbu metodologiya yuqori aniglikda fazoviy va
spektroskpi k madél umotl arni bir vaqtning odzida ¢

Olib borilgan tadgigotlar SMn tizimida termik ishlov berish davomida fazalar
shakllanishining aniq ketreetligini aniglash imkonini berdi. Bu natijalar rentgdifiraksion
tahlil va Raman kombinatsion sochilish spektroskopiyasi yordamida tasdiglandi.

Shunday gi i b, o IMinn gtainz i md @lau mfoa 4 ar h &9 |
eksperimentah azar iy sxemasi ni tadminl aydi h amd a
asosiy mexanizmlarini yoritib beradi. Bu, aynigsa mikna nanoelektronika sofzida,
boshqgaril adigan faza tuzilishiga ega bodl ga
amaliy ahamiyatga ega.
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LiINbO 3 YUPQA PLYONKALARINING KRISTALLIK DARAJASIGA TERMIK
| SHLOV BERI SH JARAYONLARI NI NG TAOGS

Z.T. Azamatov!, A.B. BaxromoV}, A.A. Sapaevad, M.Sh. Suyunova
106zMU huzuridagi yari moodt kazgitadidotar f i
instituti, Toshkent.
2Navoiy davlat konchilik va texnologiyalar universiteti. Navoiy.
e-mail: abrorbahrome0101@gmail.com

Tadgigot doirasida monokristall kremniy (S)@sosi yuzasida litiy niobati (LiNb§pyupga
plyonkalarini sintez qilish jarayoni yuqori chastotali (RF) magnetronliglazmali purkash
usulida amalga oshirildi, bu esa dielektrik materiallarni purkashda nishon sirtida zaryadlar
tooplanishining ol dini ol ob|ligiagmaadmznlyac
nishon (target) sifatida tarkibi 99,99% yuqori tozalik darajasiga ega, diametri 50 mm va qalinligi
5 mm o0 61| c hskendmik materidibnCioydalanildi, bunda dielektrikning past issiglik
o0t kazuvchanligini kompensatsiya dqgilish va
ni shonning teskari tomoniga mis (Cu) kont ak
orqali issiglik muvozanati saglab turildi.

Vakuum kamerasidagi qoldiq gazlar molekulyar nasos yordanudalanadi plazma
muhitini yaratish uchun 120 sccm ogim tezligida inert argon (Ar) gazi yuborilib, ishchi bosim 3
Pa migdori da t ur g donlarining sighanisirtini dardarali boimhardimenailisii r
va purkalanayotgan zarrachalarning od6rtach
energiyani saglab golishi uchun zaruriy fizik sharoitni yaratdi. Plyonka kondensatsiyasi nishonga
150Wmiqdo i dagi 06z gar uv hdrgalnamalga bshidgldi, buesatlitiy vamiebiyi s
atomlarining barqgaror stexiometrik ogimini shakllantirishga xizmat qildi, bunda nishon va silisiy
tagli k orasidagi masofaning 40 mm etib bel
diffuzion harala t i n i faollashtirib, o6sayotgan plyo
ortigcha bombardimon qilinishining oldini olish imkonini berdi.

Olingan LiNbQY/Si geterostrukturasining kristallik darajasini oshirish, amorf fazani trigonal

strukturaga od6tkazish va ichki mexani k kucl
havo muhitida i kki bosqichl i di f bosgicledalsaioratl t
5AC/ min tezlik bilan 550AC gacha koo6tarilib
davomida izotermik wushlab turildi, shundan

donachalar chegarasini bargarortassh uchun harorat 700°C gacha oshirilib, 45 minut davomida
termik modifikatsiya gilindi. Jarayon yakunida kremniy va litiy niobati orasidagi termik kengayish
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koeffisiyentl ar:i farqi tufayl i yuzaga kel
minimallashtirish va mikrey or i gl ar hosi | bodélishining old
haroratigacha nazorat gilinadigan gradiyent bilan sekin sovitildi.

Tadgiqot doirasida shakllantirilgan LiNR(3i geterostrukturalarining faza tarkibi, kristallik
darajasi va strukturaviy simmetriyasini aniglash magsadida Raman spektroskopiyasi tahlili
o6tkazil di. L &) konayharoratidgakregdnal krigtdllik $iske@asining R3c fazoviy
guruhiga mansub bod6lib, ushbu simmetriya gu
ferroelektrik va nolineeoptik xossalarini belgilab beradi [1,2]. R3c simmetriyasining
fundametal xususiyati unda inversiya markamig (markaziy simmetriyaning) mavjud
emasligidir, bu esa kristall panjarasida musbat va manfiy zaryadlar markazining siljishiga va
natijada spontan qutblanishning vujudga kelishiga zamin yaratadi. Raman spektrlarining giyosiy

tahl il s h u miik isklav berish gatayoni plhjorikaning aenorf holatdan aynan ushbu
maqgsadl i R3c fazasiga od6tishida hal gi Il uveceh
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Termik ishlov berilmagan namunaning Raman spektrida (qgizil chiziq) fonon modalarining

intensivligi oO0ta past bodl i b, spektr yoy
dastlabki holatda asosan tartibsiz amorf tuzilishga ega ekanligidan daladt. bkki bosqichli

termi k i shlovdan sodéng esa, spektrda oo6tkir
pl yonkaning tooliq kristallanganini vV a R

shakllantirganini isbotlaydi. Nazariy jihatdan bshsimmetriya guruhi uchun ruxsat etilgan
7Az+ 13 E opti k tebranish modal aridan asosiyl a

Spektrning 15220 cm® sohasidagi past chastotali tebranishlari (E vanfdalar) Lf
ionlarining kristall panjarasi ichidagi uzoq masofali harakati ve*Nbnlarining kislorod
oktaedriga nisbatan siljishi bilan bogoliqg
co0qi bodéyl ab tartiblanishini angl at adi

Yugoridagi rasmda LiNbe&)Si geterostrukturalarining Raman spektrlari: (1) termik ishlov
berilmagan namuna; (2) termik ishlov berilgan namuna.

240-280 cm! sohasidagi kuchli tebranishlar {ZO) va E(TO) modalar) N bog 6| ar i
egilish tebranishlariga hamda-O0 bogdél arining valent tebran
chodgqgilarning keskinligi litiy va kisloro
tasdiglaydi. Spektrning 32870 cm! va 430450 cm' sohasidagi modalar NQktaedrining
deformatsiyasi va @b-O burchaklarining tebranishlari natijasida yuzaga keladi. Xususan, 434
cmtatrofidagi chodqgqi lai txioys nbioodblagtainni anggo sR 3yc
bodl i b, namunada boshqga nQOsywhLiNbsOg kayvjudkimaslgiaiz a |
isbotlaydi.
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Spektrning 520.7 cths ohasi dagi domi nant chooqgqi si
tarti bl optik fonon (LO) modasi ga mo s k
intensivligining ortishi LINbQ plyonkasining kristallanishi natijasida uning optik shaffofligi
yaxshilanganini va | azer nurining tagl68k«ka
cm! sohasidagi keng va intensiv moda;(0) va E(LO) esa Nb@oktaedri ichidagi NKO
bogdl arining chodzilishi (neng rsleakllanishi rplgonkada i |
ferroelektrik xossaga javob beruvchi okt ae
Shuningdek, 80®00 cm® sohasidagi ikkinchi tartibli fonon modalarining aniglanishi
namunaning yuqori strukturaviy sifatga ega ekanligini yana bir bor tasdiglaydi. Xulosa qilib
aytganda, Raman spektrlarining giyosiy tahlili LINg&I geterostrukturalarining bargaror R3c
fazasi bodyicha shakl |l anishi fagatgina nazc
va bar cha lamibhgomaazanath krigtallografik nugtalarga joylashishini ilmiy jihatdan
asoslaydi.
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ZnxCd1xS/ITO BIRIKMASINING TASNIFI

S.A. Muzafaroval, N.A. Axmedové, O.Sh. Norqulov
106zbeki sthoweMisli tieyiuhuzuridagi Yarim
mikroelektronika ilmiytadgiqot instituti,
206zbeki st on MFidikh fakyltetlIoshkerd shahii, Olenaizor fumani,
Universitey kob6bchasi, 4
e-mail: nilufaraxmedova564@gmail.com

Yari mob6bt kazgi chli yupga qatl amlar noyob
ega bodli b, ul ar yordami da y @mQghiS shuhdgydyapga t e
gatlamlardan birb 0 6 | i b, uni tur | i x il tagli klarda, t

olish mumkin. ZrCdixS tuzulmasi ZnS va CdS ning turli xil nisbatda birikishidan hosil
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bodl aliVigagour uhi ga mansub vy 8uyerdaod® tutniagznliulashi ma
boélib, 0 O x O 1 oraligdéida obzgaradi. Tar
va optik xususiyatlarini keng diapazonda bo
optoelektronika va fotonikaohalarida katta ilmiy va amaliy ahamiyatga ega. Bunda ZnS keng
taqi gl angan sohaga gaminay36reV nitashkil étealizQy$ esdnjsbatard a
tor taqi gl an g a,uning § biyangtia~2,4 ey aa tbng [L,2]i Ushbu ikki material
asosida hosil bo6él gan zZn Cd S qgattiq eri
uzluksiz ravishda od6zgaradi
CdS: g=2.42¢eV; ZnS: E3.63.7 eV
Zn Cd §0X) uxEzks i (1-X)Ecds- b-Xx(1-x)

bu yerda ® egilish parametri (odatda 0.8.6 eV).

Natijada ushbu materialning optik yutil:@|
yorugoli k diapazonigacha sozlanishi mumkin.
uchun istigbolli materialga aylantiradi.

Yuqoridagilardan kelib chiggan hol da, bi
o0stirdik, uning fotoelektrik xususiyatl ar|
gopladik.

ITO goplamasi IfOsvaSnQk o mponent | ari dan tashkil topec
el ektr tokini va yorugol 99l0ni% (ikno Q) r iynaaxds hgia nt
o0t kazuvchanligi metall ga yaqin, unda o't k:
haraka | ani s hi uchun qul aydir. I ndiy qgalay ok
x 3,54 eV ga teng va taxminan 10 Srmaryad tashuvchining maksimal konsentratsiyasiga ega.
Elektronlarning chigish ishi 4,55 eV. ITO substratlarda yaxshi yotadi, ham qattiq, ham
kimyoviy juhatdan inert hisoblanadBu Xxususi yatl ar. tufayl. u
sifatida turli tagliklar, yupga gatlamlar ustiga qoplanadi [3].

ITO ZnCds

Vacuum IeveI_ET(D 7777777777 Ec (ZnCdS)
Ec (ITO)

Piro
Ef

Ev (ITO)

Vacuum level_ E
Zn

1-rasm. ITO va ZnxCd1xS ning energiya zonalari diogrammasi:
E-co00t kazuvc ha aValeit zonay E-FResni sathi, Eg- tagiglangan soha
kengligi,” -chigish ishi, YAHo 6 t k az uv c hanl iYIE- alen maisiliishii | j i s
Zn Cd S yupga gqgatl ami yari modt kazgi ch
gurulmadaMolibden taglik ustida harorati 630 taglik va 940C manbaa sharoit
Olingan tuzulmaga 1®Tor. bosim va 20 W quvvat ostida t=40 min. davomida ITQQ#+F95%,
SnG=5%) goplamasi yotgizildi, galinligi d=200nm.
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ITOvazZn Cdnt i pS i 00t kazuv c kialasl tutasggandaeutpmingb o
energiya zonalari moslashad|ektronlar yugori konsentratsiyali ITO dahn Cdtomon S
harakatlanadi. Fermi sathlari tenglashib, zonalar egiladagfn) va natijada Omik aloga hosil
bodél adi. Tuzul ma el ektr manbaaga ul anganda,

Kelgusidagi ishlarimizda yugoridagilardan kelib chiggan holt#g-Zn«Cdi.xS/ITO
birikmasining sirt morfologiyasi va elektrofizik xususiyatlari tadqiq gilinadi.

ADABIYOTLAR
1.S. S. Srinivasan, J. Wade, and E. K. Stef
nanocompos i JoarnahohNasomateaid)ssol, 2D06, Article ID 87326, 7 pages, 2006
2.A. Vazquez, D. B. Hern “andétr est i , and S-:  tr@horetcglepésitiom of,
CdS coatings and their photocatalytic acti
Applied Surface Scienceol. 386, pp. 412417, 2016
3. N. Al-Dahoudi, M.A. Aegerter, Comparative study of transparent conducti@:8n (ITO)

coatings made using a sol and a nanoparticle suspeisionSolid Films Volume 502, Issues
1i 2, 28 April 2006, Page$93197.

IFfrecURrRE "l duudmflorrr rrATSUL] 1 st
JrartLdov LS Yrtomiri3fr SHtdufooRrw ou ] [
srRef [T Lré¢ 1o

Z.1l. UVsO®kBkztOHe O, r.r. MOBHOMBSS, |
1RR WdLdS¢d fsdzkftcsotsHdzd C 59 d [d3ffdkebsdse g Q\ls
vLBJ S dMmils Odz, 10006¢Cd ¢ @izO)y Gets, £ Gz
E-mail: gulayimtursinbaevd 707 @mail.com

stej Bdzd2 wWodwjlsfmw tHddd dL dzOdetdjj hdsst
BIC st dzj SktesdzdCd d fodbftesosHnddCsoc?2 IsjndedC
L dzOydlsj dz' dets? Mlsjfjded BYtejHjdvs siw dzOdzd ydJ d
ey hyisCd. dJipgasjd YtojHMmsOodvsls fteddjmd ¢t
M smse d’ MSLHOsOl! cdkesCd) ! djtedjlsdyuj MSdj
fkh jilse j dedes o dzdWIs! 20 §esyjmMmr ¢jdejteOydd d

s uydmdzz dzO0detsdzj J dLEzyj degdzg" = f jtojmtsHdAE 7 |
CsBOd Is (Co) d Rtsd (Cr). GClsd ! dzj &3j dzls’ B dz
Bsckls Wsttdkdtese Ok! o Ctoj dddd ©OL ddyds j HJW,
Hsdzetstodz = d (JQoyfjdijldgt@dz ~f jtoj ntsHdzr §| 4 dzj d3j dzls T
LOYtejhy decets? Ltsdzgj YodzzftcsotsHdzdC O, Chilstster j
HiWjCldzgs?2 Mk (8Etr &Olsjted Odo

I dOmlstswh jd& seBLBE] ©OMMEOieds Oj sfv & d!
Wstesdteso Odedd HJWjCldats?2 MmlstkSlkzter Ctej dgded v,
{MsBtsj o dzd 3Oded j [EH ] dzidjdsdiEe  o(LoO dul§simly datdfislsidd, € r fTte
Ms MowL Odedz” B MsMissw ddw i3d Oltsd@sse S dMdastetsH O
o' ftsdzdzgj dz dzO tsmdetse j tojL kzdz sOltse, f tsdzzyj dzedz" =
(DLTS) d ddWtcoCtcOmdes?2 Mf j SlstesmMEsfdd (rRs) [ 1
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] Ctcj dzdzd d , or ttOh | dzdets 3 BB SBHESM Y ShateOdz fr
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lted o MeCtsls] 3 J tOlsktedz" » tsBtoOBSISE OR CdMdzstetsH
mMemistsw dzdw dai MEeERIs@gztlzy sC j Ctoj dzded v . 1l yOMmls dzts fr
olststets?2 WOLT so¢dr C€0OC Si O d Si O . Clsd Mmls
ftetsyd MMmr HiW ] SIsseBtcOL soaOQdzdY d oL O dii3sHY.2 Mise (

] L €My J od d3d dzls O dz! dzts 2 yomisd MmlsoOls: d dmhi tsdz
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9001200 AC 9 Isjyjdedj 2 yOmtse. [ dzv  OdzOdzd L O
Mfd CtesMi s JTSHf(RGSHssMOBY v, { OBBOdetso ME OW fn
EHjd dzesets M tetsisd o dzj dzd v , O OS¢y t]j dzlscj detsml
fsLotsdzddz tsyj dzdIs! COo¢ dL d3j dzj dzd J mMtsmistsw dzd v
L dzj 3] dzlstse dzO MY j € st©Ldsdkzlz B2ts SndsAn skt s eHdp V2l Sds dif = |

I mMdzso dzts?2 tej L E2dz' IsOIs MIsOIs: d Mtsmissdls o Ists d3
Ctoj B3ded?2 ftocdotsHdls € Edgjdz " jdedy Ctsdzyd delstceOydd
dzO0 T3 ®%, Yylsts 2COLT 90]jls dzOdfuzsdgis)y OlsR@GHd J 2 thiy
Jhy Bgdzj gz &) 1 WWJCIls HOYIs ftej HO OtcdIsj dz dzOwWw o
slsydeO fted 1100 AC CwsdzyjdzsteOydw wsifilsdyug ijfiSd G
50% omdzj Hmlsoady MOYHjddY CdhMdcsl @®d S5 Ez20Q 0
fJjtojnBHAEE" { dj 3 tcsMiss ML HOE s MtseB Mise j dadz" |
9 Cdzs yor Ismw o Htesyj Mmr fJtejtcOMftcj HYydzj dzdVW Is ] m

1 jtejaBBHAZ J 4 dzj d3 dzlsT odzdwels dzO Ctoj d3dzed 2 dzj
FPtesodzj 2 o LOftejhydedets?2 Ltsdgj, dets d ydjtejLr dL &3y
UMk Odztse dzj dzts, ybt ftod &Odudd UPHEEESSOOs i
LWWjClsdodesfmls: VWsttdkdiese OdedY cdzkesCdn yj dalstetse
i SiO0 fdhklsflsokjl o odHj o jteh desilsdzs?
HgWW ko ds fjejntHdy & L dzj ) delstse o dosjpi ® iiglztse ts Of
Nji fjjrcHdses 1 djdjds0 &0 mets2mise O §tsj dsdzd"
WOLBe" &5 MuMmsswddjd CdMdsesHO, O ©OCYj Lbkf
=B

10 Shdss] ©OMMBslktE] dds?2 Nisols! d &ty ds fi)
Ldzj osj delstse o Ctoj dsdedd desmdls Mdzsydz” 2 Bdesaet
WsttdRdekyls cdketCd) btsodd o LOfjhy dedats? L 5c
Ldzj B dzlst OC IsHfjofElso ke B dis S dMbstsHsd d Hisk
ftod d3j MW &d . Rmn Yo jHjddj o CtdMmlsOdddylj Mt s:?
fsdzsy jdzdj 5, LOBYHEO' &3 Mefsswddjd d bkhdssed"
i sheed dddyddiess Ols! GBtOLISs V(| § Oisl jSE i
fsLodY jIs wOMMAEOcde Ols!  jtojitHdy j L dzj Bj dals”
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VLB SCdMsOdZO, uvOhCjdals, viLBj SdMmMlsO
29 COHjBBdY [l tiMmMfkeddSd viBjSdmMisOds

sOCdL o jMmisdes yJ dzj dzOff tcOo dzj dzdzts j Ef tcOo dzj dzd J
fcdzzf csotsHdzad S B n BOLjtcdOdzse Iy &3 dzj e Jtctso
dgmf sdz? LEjlksMmw o d&JStost dzj Clstotsdzdats? f tetsdir " dzj dzdzl
fteddsi Mdzr = o Bl juB Gf tcsdzAyCdsty oias(HOHE OlssfiZse § L
gL o3j dgv Is Ctsdzyd dzgsteOyds d Isdf dzsfpdlsjdzj?2 L Ots!
Fiesodzw Ajtoedsdd d Htkzedy 90y dzaj 2N d f OtcOd3j Ister
MC sy djddy ftddjmnd ~ Obtdktss, Gldst dmL O fhtafijds]
fcdzzf ctso sHdzgd S s " 2 BOIs j ted Odz, sOC % § mMizh j-
L dzj CtesWdLduimMédy Meas2MlsoO®© BOLjtedOdzO [ 1, 2] .
ftod HdW W EZL d tsdzdets o3 dzj e dtetseo Odzd d fcdzztf tctso St
CtedMis Odzdzd yd ME 52 d3jed ®adzdsL dzgtsdz HIW W k2L dd d oL O
mMtseMmlse jdzdz" d&3d H W J SISO Cted Mis ©dzdzO.

] sdzlz y g dzdzr § L Sy J tod d3j dzls Odz! dz" J tejLEzdz sOIs
Wistedsd totso Odzd Vv dz@ydets fig Siftstf ol jokg R ~dzd A lg slzists 99 ¢ to j d3dzd d
HgWWEZLddzdese s dzj cdteso Odzedw fted or MsCdna Isj &3 J
fsCOLOdzd, vyt dOddydj Mdd d&Eesce o jf ASdusdsts dadzkls tLdt
9 OC Odzmd ts dzdz" ~ i sts, HdMdzsS Oyd 2 d ®BdStslstej h d
MtezCIskztey Si [ 3], ftodotisH ddzgd €Jj dz'8 @ L eioddgtriids ts i) §
WoLr . 18 ojtej { tctsuizdaiyg jsded e tsrd IindOL df e d Is skes Ols ts
L Isk Ltsdze ftesHtsSdY Oj Isfhyw d, Bd&ZOGBHOKGW dzj MisOB
slsdetsdlsj dz2 dets flsOB ddz! detsects fdzsw o ts o dzzlstej dzdzj :
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RLAJ dzgj dzdy GJBd3i stedyd MEs2 Woteds d tOEdk) tcO
O des ¢ s dzj dzd 2 , Wisted3d ezt h da mw ) sBi J d3d B3ts
otsLdz Cdztse jdede tcOL desmisd HOo dzj ded?2 dzO0O G tcOded yd
ColststcOV OB WORZPUFE MY cdz@ Bdzse 58 ME S dzjd dzgdv d B C
vOCdd3 BBKOL A3 dzO tsmdetse | f tsdzlz gy fjjdetdzo Bzr g ¥ @ Gzl
odzdwehdd3 dzO tOL d3jter d Wtstedzr ftedd3dd mMder =« ME s
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[ s tcOIskztcO
1. Turgunov N.A, Berkinov E. Kh., Turmanova R.M. Influence of heat treatment on the electrical
properties and morphology of impurity accumulations of silicon doped with nickel // Science and
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2. Turgunov N., Zainabidinov S., Berkinov E., Akbarov, Sh. Influence of the clusters of impurient
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SIRKONIY BILAN LEGIRLANGAN KREMNIYDAGI TUZULMAVIY
O&GARISHLAR
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Sh.B. Utamuradoval, ShKh. Daliev}, Sh.A. Ismoilov!, Sh. Abdullayeva?

'06zbeki smowveMisl tieyiuhuzuridagi Yarim
mikroelektronika ilmiytadgiqot institutj ToshkentOd&bekiston
2°06zbekiston Milliy universiteti fizi
So@ngyillarda yari mootkazgich va optoel e
(S)xususiyatl arini modi fi katsiya qilish va
el ementl ar bilan I egirl ab, ul arning optik v
tadgiqot ishlari olib borilmoqgda. Ushbu elementlar orasida Siyidanshmasi muhim ahamiyatga

ega [H4].

Bunday kirishmalar kremniyning elektroot!l
muhim xususiyatl ari ni Yeqorizemparaturd®irkoniy(Zri atoklarin i n i
bilan I egirlangan monokristal/l Kremniyning
yordami da oo6rganish natijalari kel tirilgan
solishtirma qar s h tipliimgnokrishlbkre@mydan foyddlamitdii g an n

Sirkoniy atomlari bilan legirlash jarayoni 1200°C temperaturda 12 soat davomida
vakuumlangan kvarts ampulalarda diffuziya usuli bilan amalga oshirildi hamda diffuziyaalann g
namunalar tez sovitildi.

Sirkoniybi | an | egirl angan kremniy namunal ar i
termi k ishlovning kristall strukturasi taods
Raman spektrlarining tahlili-L as mda kel tiri | gan hamglandinl®316qg uy

cm?, 180,07 crt, 311,89 crit, 523,93 cit, 952,38cmt. Bu chodqgqgi |l ar mona
akustik TA, LA va optik TO, LO piklar hamda

cm?, 180,07 cmchodqqi ®hani keedadi, Hu solkada snugsonlar amorf hususiyatni
kodr sat adida2LA dkdstik8dha deyidi bujoydaharBb i | an kuchsi z
hosi |l bod6él adi va b3, amorf sohaga tegi shli [

15000

10000 +

Intensity

5000

T T
0 500 1000
Raman Shift cm™

1-Rasm. KEF35 Om-cm. Dastlabki kirishmasiz (etalon) namuna.
523,93cm? dagichodygi Si-Si kimyoviy bogdanishniberadj bu optik sohadeyiladi 952

cmlchodqaqi hosi | bodl i shi opti k soha deyil ad
n-Si ga Sirkoniy atomlarini 1200°C da 12 soat davomida diffuziya gilindi va Sirkoniy bilan
l egirl angan namunal ar i ham Raman spektromet
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2-Rasm KEF-35Om-cm. Dastlabki kirishmasiz (etalon) namuna, 2. n-Si<Zr >
T=1473K, t=12 soat tez sovutilgan.
Sirkoniy (Zr) bil an 2garighlamilZasmdaaknzatishanmmkma | a
Bunda akustik, amorf, opti k-260eharbligda dneof skha 6 r i

kamayi b bormogda bu Zr atomlari kristal!]l p
hamda 180 cmhid a g i pi k yodgolganligini koodrish mu
o060l chami dan katta boolganligi namunani hosi
gilmoqda [3].

Zr atom diffuziyalanish natijasida nhamunaga ichkarishiga kirib borib kristal panjaralarni
madlum darajada defor mat SdalSimod eé& ubymir ati
pik markazi 311 cm siljishi orgali tushuntirish mumkin.-gr af i kda hosi | b ¢
piklarda bunday holat kuzatilgan. Undan tashqari 429 dna y an g i pi k payd:
albatta Zr atomlariga tegishli deyish mumkin [1].

Opti k sohaga tegdmlsddqqgibmiéd dyaanh &M 3i ctmensi v
mumkin. Zr atomlari hisobiga kremniy kristal panjarasida tugunlar markazida joylashib,
nugsonlarni qgisman ortishiga hissa qodshmog
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21002118.
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KREMNIY MONOKRISTALINI TERMIK OKSIDLASHNING
IQ-SPEKTROSKOPIYASI TAHLILI
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Sh.B. Utamuradova, J.J. Hamdamov, Y.Z. Mardiyev, M.O. Rahmonova,
O.H. Ollayarova
O6zbekismowveMisli tieyiuhuzuridagi Yarim
mikroelektronika ilmiytadgiqot instituf Toshkent, Odbzbeki s
E-mail: yolginmardiyev96@gmail.com

Kremniyni termi k oksidlash yarimootkazgi
asosiy jarayonlardan biridir. Si/ SiO chega
(metaltdielektriky ar i moot kazgi ch) s t r u kteristikalidina brelgilaydin g
[1]. Infraqizil Furyespektroskopiyasi SD-S i bogoél arining tebranish

oksid plyonkalaridagi | okal nugsonlarni ani
va suv bugodi darninyg@gususiyatlarini splishtirishg odorod \a gidroksil guruhlar

mavjudl i gi oksidning va uning kremniy bilar
4].

Tajribani bajarish uchun -tipli monokristallik kremniydan foydalanildi. Namunalarni
tayorl ashda kremniy slidkalar tayorl andi ,
hamma tomonida 30 mkr olib tashlandi, bunde28 makkali kukundan M8 g a dchamdao 6
bodél gan kremniy karbit kukunidan jilvirlas
namunalrimiz bir xil 1700 mkr o6l chamda bc
bosqichidan od6tkazil di

nSi sirtida oksid qatlam o6stirishda i kki
gilindi. Birinchi usulda BS i namunami z qurug kislorad muh

muhitida oksid gatlam od6stimribsh axmdl gdhaoohi
soat davomida amalga oshirildi.

612
737
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1-Rasm l-dastlabki namuna; 2-quruq kislorod mubhitida oksid gatlam oéstirilgan
namuna; 3-suv bugd orqgali oksid gatlam odstirilgan namuna.

Barcha namunalarning 1Q spektrlaridaGss i laraniggoturli tebranish modalariga mos
keluvchi xarakteristik yutilish polosalari kuzatiladi. Dastlabki namunada-Sii b ogol-ar 1
1 asimmetrik tebranishlariga mos keluvchi intensiv yutilish polosasini kuzafishug kislorod
muhitida oksid gatlam hosil gilingan namunad#&s i bogoning pillgasiidir k a
hamda suv bugodida oksid gat | a¥msijipaaligini l-raspdal i n

Transmittance (%)

;
\ )
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mumki n. Bunda siljishlarga mos ravishda opt
kuzatildi, dastlabki namun@and quug kidlomd rauthitidk o n s
osidlagan namunamida ki ¢’y odukohsesgatdat sky
gilingan namunada esa K ¢me tashkil gildi. Gtirgan atijaltda a t
optk faol kislorod konsentratsiyasini ortishi va pik markazlarining siljishi namuna sirtida oksid
gatlamni zichlashib borisha plyonka galinligini ortishini2 0 nm gacha kodr sa

|l Q spektri natijalarida qurug muhit va s
gooshimcha yandghowpiilkl mo &li ga#6l0i ini7 0Ok @dwr § a tsn
SiOiS i bogdéining mayatni ksi mon tebrani shd k u

bogoél arini kodrsat mogda. B u rtpikanarkari kukatjlgan bu b a
OC bogol ar i-88&cmfpilaresd &Q s8ilf7rati da adabiyotl ard

O &azilgan 1Q tadqiqotlari# i p | i Kremniyni termi k oksic
oksid plyonkal ari tuzilishiga jiddiy taosi
ki sl orodda oksidl ashga ni s b a ta&kazlar koRsemtratslyisipa s
(9L1O0T sm j) ega oksi d h®SH tipiddgiogidtoksiBahgarg a
kompl eksl ar hosi | bool i shi va twuzilishning

mikroelektronika asboblarida dielektrigatlamlarni shakllantirishning texnologik rejimlarini
optimallashtirish uchun ishlatilishi mumkin.
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GAZ TASHISH USLUBI ASOSIDA TEKSTURALI KREMNIYNING SIRTIGA
YUPQA QATLAM CdTe BIRIKMASINI O6 STI RI SH
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S.A. Muzafaroval, N.A.Axmedova, O.Sh. Norqulov
MirzoUl ugobek nomidagi O6zbekiston Mi
Yari moot kazgichl ar f i ztadkjigosimstitutia mi kr o e
Mi r zo Ul aungiodbaeki 06z be ki sFizikarfakuetilo01v4dy un i
Toshkent shahar Ol mazor-ug umani, Uni

CdTe uchuntagiglangan soha kengligi xona temperaturasida E=1.45 eV. Erish
temperaturasi Cd uchun T=3Z1 Te uchun T=45%va CdTe uchun T=109€ ni tashkil giladi.
Kremniyning tagiglangan soha kengligi=1.12 eV va erish temperaturasi €6a1414C ni
tashkil giladi.So 6 n g g i yillarda Si va yupga CdTe o060r
tadqgigot ishlari amalga oshiriimoqda, chunki bu materiallarga asoslangan geterostrukturalat
guyosh energiyasini elektr energiyasaydantirish uchun va namlikni qayd etuvchi detektorlarda
yuqor i effektivlikga ega bodélgan quril mal ar
sifatli Si- CdTe birikmalarni ishlab chigarish giyin, chunki Si va CdTe ning panjara parametrlari
10-15% ga farq giladi, bu Si/CdTe yuzasida sirt nugsonlarining yuqori zichligi shakllanishiga olib
keladi [2]. nSilpCd Te geterostrukturasida bufer vazi
shakllantirish orgali sirt nugsonlarining past zichligi bikwmori sifatli Sit CdTe birikmalarni

i shl ab chigarish mumkinligini koorsatdi . U
dar aj al i CdTe yupga gatlamlarni o6stirish,
si fatida aninki tark kil tapgliRlgrda yuptm &CTe yupga gatlamlari turli xil

texni kal ar bilan o06stirilishi mumki n. Yar i
oO0stiruvchi guril ma asosida Si va yupga Cd°
tashi sh usul.i bilan o0b6stirish | ar apvabuglahsh v o
moslamasining harorati; §a garab CdTe plyonkalarining tuzilishi, morfologiyasi va tarkibini

o'rganadi . AYari mobtkazgichli yupga qgatl aml
guril masi o0 yordamida teksturali Si 4bitipiga ust

p-CdTe tipli gilib tanlandi.CdTe namunasim=150 mg; Manba haroratij3~756800 &; T,
=Substrat haroraffr= 350400 &; Vodorod oqgimi tezligi 1 L/soat; [2]. Yupga n gatlamning atom
tarkibi mTe/ mCd = 4 935640045da, R35 300ndth;<CdTe balintige z | i
=20+50mm; Od6si sh [flaqt i 30 min

[ n-Si/p-CdTe VAX Light

= 7,0x10°

6,0x10°
5,0x10°
4,0x10°
3,0x10°
2,0x10° -

1,0x10°

0.0

r T T d
-6,0 -4,0 -2,0 afo 2,0 4,0 6,0
-1,0x10° - uw)

l-rasm.nSivapCd Te getrostrukturaniimgperyor ug?~6
xarakteristikasi.

Al n-Si/p-CdTe Ni strukturada orga kontakt sifatida ABnustiga va oldi kontakt sifatida
esa Ni pCdTe gilingan. n-Si/jpCd T e geterotuzil masi niramger yo
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xarakteristikasi tadqiq qil i ndiharak&@d Ihambyars h
gilishini kodrsatdi . Toogori y 0 6-n a loiés h &s&h
bodél gani ni tasdiqglaydi . Teskhaii opoosahi slgd.
bil diradi. YorvuyokiakatserdatobkanganhovVvoltail
Grafikdan ochiq zanjir kuchlanishi£)0.1-0 . 2 V deb bahol andi . Qi sq:é
bu interfeys rekombinatsia si va kontakt yooéqotishlari bil

[ n-Si/p-CdTe VAX Dark |

6,0x10°

5,0x10°

4,0x10°

IA)

3,0x10°

2,0x10°

1,0x10°

r T T T T 1
-6,0 -4,0 -2,0 ojo 2,0 4,0 6,0

uw)

2-rasm.nSilpCd Te getrostrukturaning qorongoul
Togodbri yoodnalishda tokning ( mA) -ketaqarshilikkai d a
ega ekanini k odr s atS#ECdTe geferotuzilmgasi nasosida tfoitoyohaik a r
guril malar yaratish mumkinl i gi nilashkichinkrenanty a d i
yuzasini teksturalash va interfeys sifatini oshirish muhim ahamiyatga ega. Shottkiryokigpd t i s
mavjud bodol adi [ 3] . Strukturada el ektron o:¢
00sish kuzatil adi .ooStkrawkutvicrha Ixiurs utso man lgamaee
tashuvchi injeksiyasi kuchayadi.
n-SilpCd Te geterotuzil mas-ampeg xxarakgéirdagi

O6l chash natijalari strukturaning aniqg dioc
yooénali shda tokning eksponensialkoér sadsMdi .¢
oraligdéida tokning eksponensi al 00si shi d

yooénalishda tokning juda kichik giymatl ar.i
nugsonlarining kamligi va sirt ogish tokiaing pastligi bilan tushuntiriladi. U=5 V da tokning
(mA) tartibiga yetishi strukturaning past ketiket garshilikka ega ekanini bildiradi. Olingan

natijalar nSi/p-CdTe geterotuzilmasida sifatip o 6t i sh hosi | bodl gani

mazkurst r ukt ura asosida fotovoltaik qurilmal ar
¢ dabiyotlar:

.11 6dchuk, G. A., Kusnezh, V. V., Rud?é, V. Yu.

Photosensitivity of #fCdS/pCdTe heterojunctions obtained by chemical surface deposition of
CdS, Semiconductors, 2010, vol. 44, no. 3, ppi 3286.

2. Sh. B. Utamuradova, S.A Muzafarova. Z.S Kenzhaeva. Study of surface statesidfGn
pCdTe structures based on latgeck polycrystalline films pCdTe I0OSR Journal of Applied
Physics (IOSRIAP) Volume 14, Issue 1, and SefJan Feh 2022),pp. 51-56.

3 [ zLOWOttso © v. ¢. RMMdzjHsO Odzed ] Whlstsykzeo Mlse dlsj
COHBdW. sOdZHdHOIsSME AW 2H gy ] elsOydvw, 1983.
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VOLFRAM BILAN LEGIRLANGAN p-TIPLI MONOKRISTALL
KREMNIYNING STRUKTURAVIY , ELEMENT VA ELEKTR XOSSALARI TAHLILI

Sh.X Daliev, J.J. Khamdamov, Y.Z. Mardiyev
O6zbekismowveMisli tieyiuhuzuridagi Yari mootk
iImiy-tadqigot institutj ToshkentOdzbekiston
E-mail: yolginmardiyev96 @gmail.com

Bugungi kunda kremniy (Si) eng keng qoo6

sifatida yetakchi oo6rinni egallaydi. Kremni
tezlikdagi fotodiodlar, radiatsiyaga chidamli detektorlar, xotira elaari, shuningdek, quyosh
batareyal ar i va boshga koo6plab elektron qgt

qurilmalarning ishonchliligi va bargarorligini belgilovchi asosiy omillardan biri bu materialdagi
ichki va tashqgi nuqgsonlar tabiatid[d-3]. Ushbuishda ptipli monokristalli kremniy (pSi)
namunalariga yuqori haroratli diffuziya usulida volfram (W) kiritishning materialning elekir,
tarkibiy va strukturaviy x o bdlanralarrasospalliGaddy si r
K haror at | &% soat deawdmidg difiuziya qilibib, tez va sekin sovutish rejimlarida
tayyorlandi. Solishtirma qgarshilikning qatlagmat | am od&l chovl! ar i, Ra ma
(energiya dispersiv rentgen fluoresgeva FTIR (infraqizil spektroskopiyausullari yordamida
tahlillar olib borildi.

Natijalar shuni ko@iSs atmbinloik,r i o lafl r aara ma n @
turinint i pga o Oarigaedavomida{bii . namunaga vol fram ato
10 soat davomida diffuziya gilinganda dastlabki namunaning solishtirma garghiligio . 35 Y L
dan ortib ketdi yani {8i<W> namunalarida solishtirma garshilikningsirida 0. 47 YL cm
b o 6 | -8i<W>namunani sirt gatlamidan bosgichma bosgicte Idib borilganda solishtirma
garshiliky =0.36YL. ¢ m g a . Buthalaadabigotlarda keltirilgan volframning kremniydagi

donorlik xususiyati hagidagha @ | umot | ar bi Il an mos tushadi [

Raman spektroskopiyasi tahlilida ~244 sn
pi kl arning paydo bodalishi kremniy yuzasida
tasdigladi bunir asmda kodéri sh mumki n. A d aim siligsmining ma @
xarakterl: Raman pi kl ar i aynan shu chastot e
pi ki mar kazining ~308 sm 1 dan ~319 sm I
kuchl ani shl ar hosi |l bodal garmloil @itdakatdal od @l

atomlarining kremniy panjarasiga kirib borishi natijasida yuzaga keladi [7].
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1-rasm. Namunalarning Raman spektrlari:
1. Qora chi zi-§i;2bQuzsdhiticgpterngilkdishloviberifgan p-Si (nazorat); 3.
Kodék chizig volfr&®&mWhbilan | egqgi
EDX-8100 spektrometriyordamidaotikazilganelementtahlili diffuziya haroratil 1 0 O
danl 2 5 @achaortishibilanvolframmiqdori1.375%dan1.500%gachaoshishinikodrsatdi Bu
di ffuviya qgonunlariga mos kel adi va dif fu
izohlanadi [8,9]. Sekin sovutilgan namunalarda W miqdori tez sovutilganlarga nisbatan yuqori
ekanligi aniglandi, bu muvozanat holatida volframning eruvchanligjoyi ekanligini bildiradi

[ 8] . Yugori haroratlarda (1250AC) WSi dan
kuzatil di, bu adabiyotl arda keltirilgan mada
| Q spektroskopi yasi natijalariga kodara,

faol kislorod va uglerod konsentratsiyasining kamayishi aniglandi. Sekin sovutilgan p
SkW>namunasida kislorod konsent r atgachay agkiod 7,
konsentratsiyasi esa 8, 4L1071 -rasmmljagdvaly Hatjadd , 2 1
kremniy monokristali hajmida volfram atomlarining mavjudligi ushbu atomlarning kislorod va
ugl erod bilan o6zar o wtakibslagiroptia &dl markazlamnaigdarini a s |
kamaytirishi bilan i zohl ash-CnumkKBFCl,m2§ 1§ B%
(SFO) , 89 10HK)M VvV a ( B1-0-3%i) tsbranish m¢d&ari qayd etildi [12].

611 737 818 891 1107

s,
" 2.p-Si,

'con

/\/\‘W

Transmittance (%)
/
2
&b}
\
)

T T T T
600 800 1000 1200

Wave number (cm™)

2 Rasm 1.Dastlabki namuna, 2. Nazorat namunat= 1 2 5 ®=15s, sekin
sovutilgan, 3.p-SkW>t= 1 2 5 =15s, sekinsovutilgan.
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1-jadval
Namuna nomi Optik faol kislorod Optik faol uglerod
konsentratsiyasi konsentratsiyasi
(cm?®) (cm?®)
Dastlabki namuna (8i) 7, 7Y H1 8, 4 H1
Nazorat namunp-Si, t=1200 4, 77 H 7, 6Y H1
t=15s, sekin sovutilgan)
p-Si<W> namuna (t=1200 2, 3¥H1 2,21 H
, t 7sékb sawutilgan)

Olingan natijalar volfram bilan legirlash kremniyning nafagat elektr xossalarini, balki uning
tarkibiyvast r ukt uraviy xususiyatlarini h a-wolframu b d a
silitsidi (WSi ) hosil bodl i shini va panjar
Bu esa mikroelektronika qurilmalari, xususan, integral mikrosxemal&ontakt tizimlari uchun
istigbolli material yaratish imkoniyatini beradi.

ADABIYOTLAR :
1. Kh.S. Daliev, Sh.B. Utamuradova, O.A. Bozorova, &mndkh Daliev, "Joint effect of Ni and
Gf impurity atoms on the silicon solar cell photosensitivifgiplied Solar Energy (English
translation of Geliotekhnikay1(1), 8081 (2005).
2. K.S. Daliev, Sh.B. Utamuradova, A. Khaitbaev, J.J. Khamdamov, Sh.B. Norkulov, and M.B.
Bekmuratov, "Defective Structure of Silicon Doped with DysprosiugastEur.J.Phyq2),283
(2024).https://doi.org/10.26565/231433420242-30
3. Sh.B. Utamuradov&h.Kh Daliev, J.J. Khamdamov, Y.Z. Mardiyev, "RAMAN
SPECTROSCOPIC ANALYSIS OF TUNGSTEN SILICIDE (WSI2) PHASEORMATION
AND LATTICE STRESS IN PTYPE SILICON,"RESEARCH FOCUS/OLUME 4, ISSUE 11,
2025, ISSN: 218B833
4.Y. H. Lee, R. L. Kleinhenz, and J. W. Corbett, "EPR of tungsten in sili¢gplied Physics
Letters vol. 31, no. 3, pp. 14444, 1977.
5. L. Romano, A. M. Piro, M. G. Grimaldi, and C. Bongiorno, "Raman spectroscopy analysis of
defects and strain in ion implanted Sigurnal of Applied Physi¢sol. 121, no. 23, 235105, 2017.
6. I. De Wolf, "Micro-Raman spectroscopy to study local mechanical stress in silicon integrated
circuits,” Semiconductor Science and Technology. 11, no. 2, pp. 13954, 1996.
7. A. G. Milekhin, M. S. A. Guedes, L. A. M. G. G. de Souza, et al., "Structural and vibrational
properties of tungsten silicide thin films grown by magnetron sputterdogrhal of Applied
Physicsvol. 129, 015301, 2021.
8. Klaus Graff, "Metallmpurities in SilicoDevice Fabrication,” Spring&ferlag Berlin
Heidelberg 1995, DOI 10.1007/9B36425712%3.
9. P. W. B. Duchateau, A. E. T. Kuiper, E. G. C. Lathouwers, & A. H. Reader, "Surface and
interface ef f ec tlaurnal af VatuBm Scierfceo& TaehhologyIa(1); 6 10,
1993.
10. Shimadzu Corporation, "ED:8100 Energy Dispersive -Kay Fluorescence Spectrometer,"
Shimadzu, China, 2024.
11.J . S. Byun, et al .,
Technology187(23), 146 153, 2004.

"Gr owt h k Surfazd & @oatinge f  \

43


https://sh.kh/
https://doi.org/10.26565/2312-4334-2024-2-30
https://sh.kh/

Il ZE3LORI EUSOILIRY[OT ARIRsGER 1o CLRfaQ
fovrtrROJZUL S/ RLR JOOLT I OTR

12.A. G. Milekhin, M. S. A. Guedes, L. A. M. G. G. de Souza, et al., "Structural and vibrational
properties of tungsten silicide thin films grown by magnetron sputtedogshal of Applied
Physicsvol. 129, 015301, 2021.

Ruu /[ [
{

rdlorvrRr SJrsvt{ARTRY[HESRM "l [BuuUl
sttt

RedL o) frufrlf Sanrsvd mIJ] ¢

Z.1l. uvVssO®kzOHtSa O, ¢. 1. visjdfvymses OP2([ & fizdz
1 Oz ydgdndzj Hise Olsj dzr MEd2 ddzmisdlskzls WdL d&
BICtesl dz SIstesdzed ¢ d fted L vuvir dd3. [ dteL

email. aysarauteniyazov@gmail.com

s ts dzls RO 4s G drdizlz ff tc 0ol 5 Hsded (sB dzOMis' M ted C smdetso §
1L dzj Slstedyj MSd2 bts¢ dBiYHE BjlsOdZtd d (oddzit
dmf sdz LEs IsfMw HdzW dLeEBlBtoadzjddy orf MsCC Oy M
ddzls j ctcOdz! dets? RS tetsmna j d3j . { GBucdzdlzsdh i dp M BB B EHIS .
fcdzzf cso sHdzed S 53 f tod dna Csdzls OC Is § Wy dzW j Isfpw
HgWWEZLdtsdgder = d Htej2Wtseorn foksise. Clsd §tslsts¢
9" tcQodzdo Odzdj ktesodz] 2 dOFtefzgd] © tBtsdn ®KEOIjtedO

1 tod ML HOdzd d fcdzEf tcsotsHdzed C s R f tod B Stc
B SCtotst dzj SIstetsdzd € skzctsf &zOe € (4§ a3 Is O dzdz' d C
Isj tedisH d dzOd3d w4 MS d o&3d smtse § dzdetsmis W d3d Mls OB d dz!
fdtemfjSlsdedzr 3d { dzj CstesW gudsudsis'd B3d she 5§ &zBo ©
Ctoj G3dzfiMe sS85 dMf sdz? L 2 Isypw 9 COyJ mMlse j sdizd yd fr
LOotstedzr » 1 dzj CIstctsHise o Iz Mmlsta®s 2difds odahL Sdix(cCtdo iy i
o' MsC 82 bjttddduyj MSs?2 MisOBddz desMmisd [ 2] .

RL ® j fls dats, ts st dz' d3diz C Istetsi d L d v OO dsd) ted s c
i sdzlz f te ts 0 ts5 HARIAYISS ReodWCHAnRY ¥ Nsdnty d dzOff toj N jLdedif2As H o d X dats iy s
zH j dz! figsstfite s Is d eodrjj gl L, dds(j, A3 J tc @ D& @z jt dagfj"te d ez L Oy d
i tcd 3 dgQ@ R@deB M s offj talslastOH dAEMIs faB Y r dzj dedw ke tsf dzOo
dzO f 59 tcn dzsis Cted dgdzd v, dz0 dzq B ' didtc ] dfdzds.
Cdzj CtesWdLduimMSdy ~rOtOCIjtedMmisdSd 1Isdr € tsdzls(
MmMtsdzdzO M f s d3tsBEcopta HYISZO0B. ts tc O

44


mailto:aysara.uteniyazova@gmail.com

Il ZE3LORI EUSOILIRY[OT ARIRsGER 1o CLRfaQ
fovrtrROJZUL S/ RLR JOOLT I OTR

3000

1, cM¥ Bc

2500
2000 1
1500 1

1000

500 —//

T T T T T T T T 3.0
3.0 32 3.4 3.8 3.8 4,0 42 44 456 10°/T."K

o

tdmyDadmd dssmis! §sHody detsMisd desmdlsg dzj 2
1- n-Si; 2- Ta/n-Si

Z 16 4

0214_
12 4

10

. . . . . . ———
30 32 34 36 38 40 42 44 4610%T,K

tdm.) d.dmMddBsmMis: EHjd dtcts Mt tcObrfd; dzj ded v
Ta/n-Si
1 sdzzyjdedz j tojL zdz IsOIsT iSO LkGidpcflz! day lsigs dsjtf ded
10 3pdg ftoddij ! ¢ TsPutpOa®dIs( ¢  dL d3j dzj dzqd ® 1
AnOteOCIsjtedMmMisdS. RL MOodzj dzedwv tdMmbkdzC s 9oh-Sid 2
ftcdotsHdls € dLd3jdzjdeds Isdf O fteseotsHdhBsMmisd, Ed
FoJjdduyjddst EHjd dsets MmMsfttslsde dzj dzdv BKLOL yO.
Ylstsdzj dz! M jdedj titsHo dy detsflsd tSBEZMdzse dzj dets Isj d3, Y
Yyd dzlstetseo tOMmMmj wdedw dztsmdlsd dzj 2 L OteWHO.
] disj tc@Iskzte©
lide. AdLdCO todkzzftctsosHdzdSCtsHT =7 foHEBEBHE 4. 1 J
2. [18t0OteC O z. wddkdydHtcIH7dBDS Gt 1 R 4 .
3. ngdrngoeody. [ ., sOdzOhdzdStse u. )| Ok 676y § sdzlz

45



Il ZE3LORI EUSOILIRY[OT ARIRsGER 1o CLRfaQ
fovrtrROJZUL S/ RLR JOOLT I OTR

VOLFRAM BILAN LEGIRLANGAN p -Si MONOKRISTALL KREMNIYNI EDX
TAHLILI

Sh.B. Utamuradovad, Sh.Kh. DalieV, J.J. KhamdamoV, Y.Z. Mardiyev?,
M. Qambarova?

O6zbekistmowveMisli tieyiuhuzuridagi Yarim
mikroelektronika ilmiytadgiqot institutf Toshkent!, Ob6zbeki s
O6zbekiston Milliy universit?eti fizi

E-mail: yolginmardiyev96@gmail.com

Yari modatkazgichl:i materiall ar orqal.i zZa
kremniy monokristallarini volfram bilan legirlash muhim ahamiyat kasb etadi. Volfram kremniy
bilan kimyoviy birkkmalars i | i si dI| ar hosi | gilish XxXususiy
mikrosxemalar va kontakt tizimlarida keng foydalaniladi [1]-tigh kremniy (p-Si)
monokristallariga volfram diffuziya gashlai s h
xususan silisid fazalarining hosil bodl-i shi
8100 energiya dispersiv rentgen fluorescent spektrometri yordamida tahlil gilindi.

Tadqgi got obaekti gilib (111) orienttgplt siy
kremniy monokristallari tanlangan. Namunal &

mkr olib tashlandi, keyingi bosgichda kimyoviy ishlov berildi [1]aybrlangan namunalrni
(Magnetron Sputtering Machine Price) uch nishonli magnetron orqali (W) volfram atomlaridan
tashkil topgan gatlam hosil gilindi. Barcha namunalatni diffuziyon pechda-115® 0 har
oraligdéida vakum s ha tgaashirida, tez va Sekirssavotildi. [d]li f f u z i
Di ffuziya amaliyotini yakunl angl@n(Enargiya s o ¢
dispersiv rentgen fluorescent) qurulmasi orgali sirt galamini taxmirlp 3nkr galinlikkacha
bodél gan qi smidagi at 8100 qunrimasi ugasi samarali ISDHjlicca n d i
Drift Detector) detektori bilan jihozlangan
talab gilmaydi [34]. Qurilmaning energiya 140 eV dan kichik, elementlarni aniglash diapazoni
esa ugleroddan (C6) urangacha (U92) ni tashkili¢tdd Rentgen trubkasidan chiggan yuqori
energiyal. rentgen nurl ari namunaga yodnal
elektron qobiglaridan elektronlarni urib chigaradi. XususartqoKigdan elektron urib
chigarilganda, yuqori energiyali L k0 M qobiglardan elektronlar § o bi qdagi boda:
[

odt adi va bu odtish jarayonida el 4ffluoescensa X
nurl ani sh Bdsi |lHabotliadikimyoviy el ement odzi
uchuwn , hosi |l bod@l gan nurl anishning energiyasi

Dastlabki namunaning tarkibi: $i199.964%, Ph 0.017%, Cu 0.010%, F& 0.005%, Rb
T 0.004% ni tashkil etgan. Volfram diffuziyasi 1150°C, 1200°C va 1250°C haroratlarda 15 soat
davomida amalga oshiril gan. Sov @bhamgnhlaringlzrl i g
gismi tez, ikkinchi gismi esa sekin sovutilgan. Barcha namunalar-8030 spektrometrida tahlil
gilingan.
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Vol fram diffuziya qilingan namunal arda
oralikda aniglangan. Eng yuqori giymat (1.500%) 1200°C da sekin sovutilgan namunada, eng pas
giymat (1.375%) esa 1150°C da tez sovutilgan namunada kuzatilgan.

Namunal Foyizi Harorati Sovutish line
nomi % tezligi

(p-Si) 97.536 SiLa

p-Si<W> 97.817 1150 Tez SiKa
(Si)

1.375 1150 Tez WLa
(W)

p-Si<W> 97.536 1150 Sekin SiKa
(Si)

1.476 1150 Sekin WLa
(W)

p-Si<W> 97.682 1200 Tez SiKa
(Si)

1.433 1200 Tez WLa
(W)

p-Si<W> 97.553 1200 Sekin SiKa
(Si)

1.500 1200 Sekin WLa
(W)

p-Si<W> 97.338 1250 Tez SiKa
(Si)

1.482 1250 Tez WLa
(W)

p-Si<W> 97.424 1250 Sekin SiKa
(Si)

1.462 1250 Sekin WLa
(W)
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Harorat ortishi bilan W miqgdorining biroz oshishi diffuziya koeffitsientining haroratga
bogdaliqligi bilan izohl anadi

Vol fram va kremniy orasidagi odzaro tads
bodl i shi mumlaidh.umAda b kSysgtamakida asosan ikkiirdagi silisidlar:
WS i va W Si mavjud [9]. iST@WAC gqloar armrats hawma
va kremniy orasidagi reaksiya natij asshdha t
qodl |l anilganilBandcCht ean WSL150hosil bodal i sh
sharoitda silisid hosi/l bodlish jarayoni | a

Yuqori haroratlarda (136 350 AC) esa WS dan tashqgar.i
mumkin [9]. W Si odatda WSi /W chegarasi da
bodal i shi WS i ning yuqor.i h ar o r rang djralib chigishma n

bilan bogdaliq. Bizning tajribamizda 1250AC
1.462% ga) va S, Ca kabi el ementl arning migq
kodrsatadi

Volfram bilan legirlangan 45i monokristallarini EDX8100 usulida tahlil gilish quyidagi
xulosalarni chigarishga imkon beradi:

1. Volfram diffuziyasi natijasida kremniy sirt gatlamida silisid fazalas s o s an WS %
W Si hosi | bodal adi . Bu fazalarning hosil
odzgari shi bilan namoyon bodl adi

2. Diffuziya haroratining ortishi (1150°C dan 1250°C gacha) bilan volfram miqdori 1.375% dan
1.500% gacha oshadi, bu Arrhenius gonuniyatiga mos keladi.

3. Sekin sovutilgan namunalarda volfram miqgdori tez sovutilganlarga nisbatan yuqori, bu
muvozanat holatida W ning eruvchanligi yugqgo
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LANTAN ATOMLARINING MONOKRISTAEL KREMNIYGA
DIFFUZYASINING RAMAN SPEKTRMETRI TAHLILI

Sh.B. Utamuradova, J.J. Hamdamov, A. M.
O6zbeki smowveMisli tiey iuhuzuridagi Yarim
mikroelektronika ilmiytadgiqotinstituf Tos hkent, OO0zbeki s

E-mail: jonibek.uzmu@gmail.com

Yari modétkazgich materiall ar orqgal.i tur |
i shlab chiqgish wva takomillashtirish zamona
gol mogda [ 1]. Yari moot kazgichl i raegumi lymaloazri
xususiyatlargaeg®i r oq, uni yanada takomillashtirish
kerak. Kremniy kristall panjarasiga boshga elementlarning atomlarini kiritish uning
Xususiyatlarini sezi | an samarall elekteon qudimalamidyaraishr t

uchun yangi imkoniyatlar ochish imkonini beradi [2].
Kremniyga har xil turdagi nodir yer elementlarni legirlash orgali yangi slisid, slikad

fazal arini hosi | bool i sh, namunal arda mol el
o6gani shda Raman spektroskkKmpe mmaisy ( fis)osu ¢h
atrofidagi birinchi tartibli opti k fonon ch
termi k ishlov berilganda, boshga el ementl ar

bodaladi [1(3)].

Tajribani bajarish uchun-8i (KEF35 om-cm) namuna tanlab olindi. Dastlab namuna
mexanik ishlov berilib sirt gatlamidan notekis gatlamlar olib tashlandi, kimyoviy tozalash
bosqichlardan odétkazil di. Tayy equrdinadidayugoa k e
vakum ostida Lantan atonlari bilan qoplaplandi. Namunalarni kvars ampulada vakum sharoitida
13003 haroratda 5 soat davomida diffuziya amalyoti olib borildi hamda namunalar tez sovutildi.

Lantan bilan | egirl angan Kkr e rnchab,)kirishraatamin a |
kristal!l strukturasi tadsiri aniqglandi . [
spektrlarining tahlili r asmda kel tirilgan va unda quydacr

311,89 cnt, 523,93 ¢, 952,38cmt. Bu chob6qgqil ar monakri st al
va opti k TO, LO piklar h a md d31,88ochieké&ng pik: aur b c

49


https://instrument.com.cn/
https://mass.co.jp/
https://analysis.org.cn/
https://instrument.com.cn/
mailto:jonibek.uzmu@gmail.com

Il ZE3LORI EUSOILIRY[OT ARIRsGER 1o CLRfaQ
fovrtrROJZUL S/ RLR JOOLT I OTR

chodgqi odatda kremniyning akustik fononl ar
amorf fazaning mavjudligidan dal ol at beradi
amorf kremniy (RSi ) da 150 cm T g a atiadi [4]b341580 grhda 2lAe n g
akustik soha deyiladi bu joyda ham/&ibi | an kuchsiz bodgo6l ani sh

sohaga tegishli [4].
52393 cmdagi c hS0i 6 gkgiimySoivi 'y bogoél ani shni ber :
cmichodqggi hosil bodlishi optik6l.soha deyil ad

14000 -
12000 -
10000 -

8000

Intensity (a.u)

6000 o
4000

20004 g 2 g

04
T T
Q 500 1000

Raman shift (cm™')

1-Rasm. Dastlabki namuna (KEF35 om-cm)

Lantan (La) bilan | egir | armapada kusaismmuankin.a r ©
Bunda amor f, akusti k, opti k sohalarda o00zg
anigalangan piklar 118,9 ¢cm256,4 cmi, 311,89 crt, 374,54 crit, 463,2 cml, 523,93 cr,

661,43 cml, 952,4 cmt. 118,97cm*past chastotali bu chodqaqi
panj arasi dagi | ok al tebranishl arini hosi | C
godshi mcha past chast ataalgii qmmdadlaardahdsi Ibidialr
modlar 1001 50 sm T oraligdidackaoadaaqgil gant adm] si 2
l antan oksi di (La O ) ga tegishli. i3a0sm ni
oraligaida bir necha choaaqqilar qgayd etil g:e
rejimiga mos keladi. 311,89 chyugorida aytilganidek, Si ning 2TA piki. Bu pikning mavjudligi

La diffuziyasi Si ning fondohespegaShamy dkizg
bilan bogdl i g-400crmo®al ugbuda 3B0Dr necha Rama
Shuni ngdek, kremniy subst r a#50adm gtiofidogikdberati, q a t
ammo 374 unga mos kelmaydi. 463@'c ho G q qi Si O ning (krist
Raman chodqqi si gadrkjyansch 464 griedakiuanlipik bba[8].8l esandjffuziya

jarayonida vakuumda bodal sa ham, s i reirdaatano k s i
oksi di (La O ) ning yuqgori chastotaldi mo d | a

14000

———=52303

12000 +

10000 +

8000

Intensity (a.u)

6000

4000

2000

61,43

|

952,38

T T
o] 500 1000

Raman shift (cm™)
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2-Rasm. nSi<La> Lantan diffuziya gilingan namuna grafigi

n-Si va n-SikLa> namunalarining Raman spektrlari tahlili shuni ko@satdiki lantan
diffuziyasikremniyspektrigasezilarlitadsir kotrsatganY a n g i chodqgqgilar (11¢
cmt) lantanning kremniy bi lkelgan. Oldr asasandantaresifitsidi, r i
l antan oksidi va kremniy oksidi bilan bogétal
(524 sm 1) saqlanib qgqol gan, bu esa kristall
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TITAN BILAN LEGIRLANGAN KREMNIYNING RAMAN SPEKTROSKOPIK
TADQIQI

Sh.B. Utamuradova, Sh.X.Daliye\t, J.A. ErgasheV, M.R. Ro&iyeva!
106zMU huzuridagi Yar imikroetektrknika gi chl ar
ilmiy-tadgigot instituti
206zbekiston texnik jihatdan tart:i
O6zbekiston Milliy metrologiya ins
javokhire@mail.ru

Yari modétkazgich materiallarning fizik xo
biri bu wul arni tur |l i kirishma atomlar:i bi
elementlar bilan legirlangan kremniy asosidagi materiallar mia@pbelektronika qurilmalarini
yaratishda keng qodél |l anil mogda. Xususan, ti
natijasi da panj ar a parametr|l ar. o6zgari shi
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nugsonlar zichligining ortishi kuzatiladi.
Mazkur strukturaviy oo6zgarishlar materi a
Shu sababli kristall panjarada yuz berayotgan deformatsion jarayonlarni aniglashda Ramai

spektroskopiya usuli yuqori s ez uvtadkifatidd kenig k a
godél Il anil adi

Ushbu ishda titan bilan legirlangartipli kremniy monokristallarining kristall tuzilishida
yuz beruvchi o6zgarishl arni Raman spektros

boshlango6i ch s a#2ils2ibdqtéimomaal q gros Wial ib&idamgnalari n a
tanlab olindi. Titan elementi bilan legirlash jarayoni termik diffuziya usuli yordamida amalga
oshirildi. Namunal ar dastlab kimyoviy tozal
tashlash magsadidaFH er i t mas i bilan ishlov berildi. S
vakuum sharoitida (18107 Torr) 1 v ¥4 qurimasida Si sirtiga termik purkaldi. Namunalar
1200°C haroratda 15 soat davomida kvars vakuumli ampulada diffuziya qilindi.

Raman spektroskopik oélchovliar xona har ol
Sensitivity Spectrometer yordamidd102 00 c¢cm 1 todl gin sonlari
(1-rasm).

l-rasmda dastlabki (Bi), nazorat (fSinaz) hamda titan bilan legirlangan -@i<Ti>)
namunalarining Raman spektrlari keltirilgan. Raman spektrlarining tahlili natijasida kremniyga
X0s(StSi') bodél gan birinchi t arSinaminasiddFc®52a@nadRA cC
! da kuzatildi. RSihazU S h b U ¢ h®c&523188cmi Yadha siljishi kristall panjarada issiqlik

i shl ovi natijasida yuzaga kelgan qol di g el
bilan legirlangan Bi<Ti>namunasila esa TO fonon chodqgqgi sinin
tomon siljib, 310=524.23cm 'ga teng boodl i shi aniqlangan.
kremniy kristal!]l panjarasiga diffuziyalanis

elastik siqilish kuchlanishlarining ortishi bilan izohlandi.

| ﬂ

Heigh FWHM: 27.2447 -
. Y <> n'S'naz.
3 h————— | S
8
2 T =522.7248201
»
c
o
-
£

FWHM: 26,5727 n-Si
-

FWHM: 29.0485 n-Si<Ti>
< >

T T
0 500 1000

Raman shift (cm™)

1-rasm. n-Si va nSi<Ti> namunalarning Raman spektri.

Shuningdek, legirlangan namunada pik kengligining ortishi: FWHM=2en04
fononlarning sochilish ehtimoli ortganligini hamda kristall panjarada strukturaviy nugsonlar
zichligining oshganligini kodérsatadi . I nt e
(28.28 Y 30.92) material da p asiplaydi @advay.r t i bsi
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Titan atomlarining diffuziyasi natijasida kristall panjarada strukturaviy nugsonlar va lokal

def ormatsiyal ar hosi | bodl gan, bu esa f ol
chodgqisining integral kengligining ortishi
1-jadval.

Namunal arining Raman TO fonon chobo

Namuna Center,3to ( ¢ m Area Height FWHM ( c l.Breadth

n-Si 522.7248201 343330 12137.9 26.5727 28.2858

N-Sinaz. 523.8844257 160870 5547.05 27.2447 29.0011

n-Si<Ti> 524.2349317 331844 10731.9 29.0485 30.9212

Ramanspektroskopikahlil natijalarititan atomlariningn-tipli kremniy kristall panjarasiga
diffuziyalanishi natijasidastrukturaviy deformatsiyalaryuzagakelganligini kogsatdi n-Si<Ti>
namunasidd O fononchaigisiningyuqoritodgin sonlaritomonsiljishi kristall panjaradalastik
sigilish kuchlanishlarihosil bodganligini bildiradi. Pik kengligi (FWHM) va integral kenglik
(I.Breadth giymatlariningortishi esatitan kirishmasitagsirida materialdastrukturaviynugsonlar
zichligining oshganligini hamda fononlarning panjara bodylab erkin targalalish ehtimoli
kuchayganliginitasdiglaydi
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VL Ad sbdmMbczSssteMEtsgd By twishlfo jlsifdalcRbta gzt
yd degste, kdz. g tstedsdz, 33, vOhCjdals, v
E-mail: javohirabduraximovtohirovic®@gmail.com

vtsdeC dj fdzjdeSd zZr O ftedodzj SOt ls o ded BBOdzd
cdBduj MSs2 MsOoBddr desfisd d EddCOod d & sfls
fJdtemMtf jSCilsde dzr dsd H dzw BICtotst dzj Slstetsdzd-4 . udp sBffls
f dzj detsC dzOf oW Bz ¥ JL2Oolsdjfijevdiss sBlic Ok B e® o, GMse j dadat
CdMmdztstetsH) d Isj B j cOlskzter |, Cslstster § stftcj HJ dz
Bdes @ sMdzts2 dets?2 MlstekzClskzter , toj Ctod Mls Odzdzd7L]© yAf ¢ dz d¢
H O dzdzts 2 tcOB tsisT W dzw j Isfyw ¢ ts dadtsudgefiusdod) dzdstf js d udifr
MstczClskzteds 7  Gtelf) dgsl€ic tfotc dZ ro0 MsC sls j B j te Ols [z to dats
ey @MY Bdz! L 5o Oded J &3 { dzdzd f s Ry Istedd, O BOCYJ
fdzj dzC d,  dzslsdztsfmils? 8, o dzzlstej dzded a3 dzOf oW y § dzd 4 O3

] stsdzS dr fdzv d&zS 0" Zr O stsdzh ddzts?2 O 600  dac
dzOB dz¥ HOj Isfqw fndzts ) dzOW 1 9tsdzs ydw stsdzh ddzr ,- tsB
ndBdud Médn fttsyjmMimtse o Codduyl Misej ddets Byj dad
ftosyj MinJ Is j tod3d yj fisSHEsRS fr) dssRtel@evts Is fnds ez C sz t6 © Is t
Bdets e sMdzts2 dzlzs ¢ j Isj ei/skizClskzic)lz, Zulds / Fcsdlso j oy
MHoedetsda q d o, SlstcO) O h dd3 Wistedzdtctso Odzadj HETY
sj &3 j cOIskzter HdWWEL dw ¢ d fydzts tc spHtXs | dedniE fis@,W § IS
sCdmdzdisj dz' dzr § t6j OSydd dzO ftse jterndzsmisd d ddzlsy
f OtcOBBdZd Y MEBs2 SddzilsdsSj, O Jjet Btod hd2 dBtsdzw
d Eeojddyjddj tBh j2 fldujmMiéts?2 Istsdh ddr § dvy dC

] Ote Odzdzj dz' dzts tifiglrdat® o ditisH 0 rtc@ O j Isfyw  toj C tod fMls O dzdz
Mdedy Oj s fstedMmlssMmils! d Mdzj eSO kdgjdz' hOjIs WdL d-
Is ts dzh d dzg' sftcjHjdvjlsmMy Codtikztejdydj?2 syl mmnt
OCIsdo dzr Mty s Cdztsw  (dy ), ftod 1 Istsdz 9 € dMmdzst
sCMdHdsets Masw, ybbt ke jddydeOjls tBhkzy filsd:
fndzts w MsLHOY Is Bdzts ¢ s dzts 2 dzlz 8 ddzls j oW j toj dzyd sd
ddalsj oW j o dzydd, M ded g lomQy Glagfdardds2H "'y sMise datsfyls
corBjdzdeaOdzdje vyojlsO f{ dzv dz€ (.

l 90CkEdGdes?2 MtejH) BCdMdzjdedy oylsd wslsfizls

fMlstekS skt ZrO /Si(111). & bkejddujddjd Ijd
fsHody dzsfls! Obsdkse, fesdmMisHdl ©jCedmlsoddd
CeOddyoOn L ji@YlEmvizdjdy BOMsOedd dr j ®OLT Mls

Zf dztslsdgw j Isipw  d ff dztsls dzts iy ls ¢ o jddyds Of lsmw . J
Edsj dz' h ©j Isfyw , fsCOL O] dz ftoj dzscBdzy dzgd™w n o 5L
gL d&3j dgv j Isfqw d3j H dzj dzdzts.

lted o' MsCdm Isj B jteObkzeOR (~1200 AC) ftot
pdelzlstej dgdzd »  dzOf tew ) jdzd 2, fted 1 lstsd yYtej L o) todats
By jls EmMdddls!: tomMmjvwddy. [HRZOSCE BMOW filsd:
dqdzd Mdzj cC OV kg daskb @ gd)] tsls CdmMdzstetsH dats? Mtsj H T
sflsdyj MSdn f OOl stetso sftejHjdvjlshw d m¢ dzs
(Hjdm¥dSoydqw, tjStedmlsOdddL Oydwy, tj zOSmoydw
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sBjMfjudeOw Atseshjj Moslse jlsMisedj H datshdts? dat
] HOddks?2 tOssl) IktsdSdj §djdid ZrO fGH:
9T MBS dD Isj B j OOl o 90CkEdj d CdMmdsEsH dat
gL osj toj dzd 2 dzOB dzt HOdzd M)! L dBj dzj dedwV M dtedder L Of
Hdzd def o Szilatles € og ) L Qazd fd dssflsd &l Isj &f j Okt
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tdm. 1. Cdaddfhsdilstedud M dd H O @Gd 15t 7
sBtcOBBISSCd ftod o MsC 2 Isj B jtcOskztcy o o 0OF
) o OCkZkdyy ~dddyd MSd?2 MsMmls 0o f dzj dets ¢ ftcO
sCdmdzj dedj Bdded ZOdz! dets. wtstslse jIsMmise j dadets, L dzOy g
Hts 5,05 11 fttd 1200AC. Clbtls tisMmils tsBi WMmdaw j Is
ftcdotsHWO d dBds dzj 4 f zslsdzs iz twOMY sdztsy j dzd ¢ Ols tsd
 dzlz yh § dzd BsteW sdzsedd o jtendatsMmisd. ) toj L zdz
fsorhoslsmy, tfbduimédd ¢§tbjted oB3ddd B30d do ,
WigCts  dzOMmr h j dedats. 4@ s B 65 fzdzin Is oL O NeQwh j dedetb @z L S
dzZOB dz¥ HOj Isfqw  9i12B §OHz@L Glzg M250) .
lted bjttdddud MEts?2 BtOBBISSC] o CdmMdzsteH dats 2
s¢Cdmdzv j v, Wstedzd tclz W Bdets e sMdzts 2 dzr 2 s¢ MdH der
FojdzdydeoaOjls cttOHdj dzls ftsCOL O] dzv  toj dztsdgdzj dzd
toj L zdzt sOIsj hjdded=i20 LLtCdftc jBg Mmdedy Oj sfqw f 4, 85
1200 AcC. lr M d?2 Cs1 WWdydj dals f ¢ dztsh j ded W
gqdzlsj teW jtoj dzydtsdedz” § + WWJiGClsr d hjtesrtseo Olssfmis!
mMdzd y j dzadj tslstcOy Olsj dz' dats 20 L h t<Ohy'ts BHIzEENABQ] . o dedE IS © & (
H Of OL BAA0 2B, Ykt mMttlse jlsMisekzjls kd3j dz M j dad
v OB dzd Yy@o mMddizssmis: Eg d Mttslse jlsMmlseokzs h j2
Zr O tsls Isj BB j tOls
Ego &g ¢ Eg o &g 9
o 0CEZIoOC kI CdMmdtste] € d dzts tg Vtod d3d 4O
(1 ( dzd3) (+1) (dzd3)

vd By
szt O

I 920Cbkkdj
600 4,95 250 4,85 255 Mis OB d dz' dzO;
dzOy O dz' dzts §
| 90Cbkbdj B
o Cdmdstt
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BOS fd &30 dz!
i dzts Is dz4 dzd
CdMmdzstetsH
ddzts ¢ s ) dzts 2 dzr
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IZOVALENT KIRISHMALARI BILAN LEGIRLANGAN KREMNIYNING
ELEKTROFIZIK VA ENERGETIK XUSUSIYATLARI

SH. B. Ut amuradova, B. R. Bokiyev, O
O6zMU huzuridagi Yari moo6t k az g itadbidotainstiutf, i z i
Toshkent, Obzbekiston.
E-mail: bogiyevb@gmail.com

n-tipli kremniy (n-Si) asosida galay (Sn) va germaniy (Ge) atomlari termodiffuziya usuli
orqal. kiritilgan yarimodétkazgich namunal ar
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elektrofizik xossalari votamper xarakteristikalari (VAX), voltarad (GV ) 0060l chovl ar
sigoéi mli chuqur sathlar spektroskopiyasi (
eti | di [1]. OOl chovl ar ke n gaqilingamizovakerit kirghmaladri g ¢
elektr maydon taqgsimoti, tashuvchilar konsentratsiyasi va nugsonlar energetik spektriga
koorsatgan t absi r-Si<Soshtuzimalaridat xana Ihardratidg {300i Kh idhki .
potensial qiymatir atbda a( M7 7K) Ves g a\ski h&arl, 0
(1-rasm).

NC2vs V 1/C2vs vV
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1-rasm. 1100 °C haroratda olingan RSi<Sn> namunalarining voli farad
xarakteristikalari (1/C2i1V): (a) T =300 K, Vbi=0,75V; (b) T=77 K, Wi = 1,05 V.
Bir xil teskari siljish sharoitida kamba
Si <Ge> twuzil malariga nisbatan sezil arl:i da
darajada faollashuvi, erkin tashuvchilar konsentratsiyasininghotiemda Debay uzunligining
gisqarishi bilan izohlanadi. XususanSikSn> tuzilmalarida Debay uzunlighth 0, 095 mk

teng bodli b, bu el ektrostati k potensial nin
el ektrostatik p r eatadil[2]. #Aksiackd, kSe&@e> stuziimalarida kicbkod r

potensiallar 300 K va 77 K haroratlarda mos
kambagodall ani sh sohasi sezjbamkm) dhpbpéa)] adhi
rasm).

1C2vs VvV YC2vs v
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2-rasm. 1000 °C da olingan rSi<Ge> strukturalarining volt -farad xarakteri (1/C3
V):(a T=300K, Whi=0,42V; (b) T=77K, Vbi=0,80 V.

Bunda Debay uzunligidd 0, 362 mkm gacha oshgani Kuz:
ni sbatan pastligi hamda zaryad zichligining
Ge bil an l egirl angan tuzil mal ar da el ektr
tashuvchilarimg fazoviy tagsimlanishida sirtga yaqin sohalardan chuqurroq hududlargacha
sezilarli o6zgar i s h-SikSmznamunalaadd futishkBsiii S 4t @ah 1 i 1L
s m] b o 60,3pbawnendeigiya sathiga mos keluvchi chuqur markazlar magjudh i Koodr
Us hbu energetik sath taqgiglangan zonaning
rekombinatsiya jarayonlarida faol ishtirok etishi ehtimolini oshiragbi+iGe> tuzilmalarida esa
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& 20®8 K harorat olrdal3i,gréildal Ok uiz atsinijg@B3ueVi s h
energeti k sath aniqlanib, bu sath haBundayh uq
markazlarning mavjudligi tashuvchilar umrining qgisgarishiga hamda noideal rekombinatsiya

jarayonl arining kuchayishiga olib kel adi.
diffuziyasi natijasida #B5i asosida nisbatan tezroq elektrostatik @f i | shakl | a
kambagodall ani sh qat lleatmmagdommigg ytqorir gradiyemti kuzatiladi. ¢ h
Biroq, bunday strukturada taqgiqglangan zon
mar kazl arning hosil b o G ReadHhail | q d YSIRH§ t imeixka,n i
rekombinatsiya jarayonlarini fashtirishi mumkin. Germaniy (Ge) atomlarining diffuziyasi esa
donorl arning faoll ashuv dar aj asi ni sbatan
mar kazl arning mavjudligi tufayl i SRH mexa
kuchayishiga olib Keshi aniglandi [5]. Natijada, Ge bilan legirlangan tuzilmalarda zaryad tashish
samar ador |l i gi pasayi shi hamda volt amper
kremniy zamonaviy mikrova optoelektronika sanoatining asosiy materiali hisoldarBiroq
uning ¢tozaé holatdagi xossalari, Xususan,

tashuvchi harakatchanligi hamda tashish jarayonlarining murakkab mexanizmlari tezkorlik,
spektr al gamrov Vva ener gi y atgas @labmmisar doim ham i
tool iqg gondir a ol maydi [ 6] . Shu sababl i,
boshqgari shning muqgobi l usullari, jumladan,
ortib bormoqda. Klassik legirlashda donor \akseptor kirishmalari orqgali tashuvchilar
konsentratsiyasi va sol i s h-guruheaementaa (CsGe,Sh,PR b
bilan izovalent legirlash texnologik va funksional nuqtayi nazardan tobora katta amaliy ahamiyat
kasb etmoqda. Uthu el ement | ar kremniyga 1izoel ektrc
almashtirgan holda, birinchi yaginlashuvda tagiglangan zonada aniq donor yoki akseptor sathlarin
hosil gilmaydi. Biroq ular zonali strukturani, elastieformatsiya holatini, lokal exanik
zooOrigishlarni hamda kremniyda mavjud nuqgs
Mazkur tadsirlar natijasida kremniy asosi d:
«gotishma injeneriyasi» (alloy engineering) konsepsiyalammalga oshirish imkoniyati yuzaga
keladi. Jumladan, Si/SiGe, 1S n , Si GeSn kabi kodp komponen
zonalararo energetik tafovutni boshqarish, tashuvchilar harakatchanligini oshirish, optik yutilish
spektrini kengaytirish hamdauigimalarning funksional samaradorligini oshirish mumkin [7]. Shu
jihatdan, izovalent legirlash kremniy texnologiyasining keyingi rivojlanish bosgichida muhim

il miy va amaliy yoodénalish sifatida qgqaral mog
Adabiyotlar :
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QUYOSH ELEMENTI FOTOELEKTRI K QUVVATI G,
I NTENSI VLI GI NI NG TAOGSI RI

M.A. Alinazarova?l, H.A. Mamajanova?
!Namangan viloyatPMM, Aniq va tabiiy fanlar metodikasi kafedrasi mudiri, dotsent
Namangan davlat texnika universiteti tayanch doktoranti

Bugungi kunda dunyo migyosida, Xususan,
manbal ari dan samar al i foydal ani sh strategi
resurslarining cheklanganligi, ekol oginkg mu a

ortib borishi quyosh energetikasini rivojlantirishni dolzarb masalaga aylantirmoqda. Quyosh
elementlari asosida ishlovchi fotoelektrik tizimlar ekologik toza va bargaror energiya manbai

sifatida keng qodéll anil mogda.

Quyosh elementining chiqgish quvvat.i bev
at mosferadagi o6zgarishlar, kunning turli v
kabi tashqgi taodsirlar nat i j adiShasabablifomelektikv | i
guvvatning yorugolik intensivligiga bogdlinq

guyosh panellarining real ish sharoitidagi samaradorligini aniglash uchun muhimdir.

Mazkur mavzuning dolzarbligi shundaki, modellashtirish orgali quyosh elementinirg volt
amper xarakteristikasini, maksi mal guvvat
sharoitlarida oldindan prognoz qilish imkoniyati yaratiladi. Bu esa&rgya tizimlarini
loyihalashda, optimal ish rejimini tanlashda hamda avtomatik boshqgaruv tizimlarini ishlab

chigishdailmiya mal iy asos boo6lib xizmat qgil adi
Shuningdek, zamonaviy ragamli va hisoblash texnologiyalaridan foydalanib fizik

jarayonl arni model |l ashtirish tadélim va iln

Shuning uchun guyosh el ement i fotoel anktri

modellashtirish orqgali hisoblash mavzusi ilmiy, amaliy va energetik nugtai nazardan dolzarb
hisoblanadi.

Ushbu ishda quyosh el ementining fotoel ek
nazariy va amaliy jihatdan modellashtirish asosida tahlil qilindi. Tadgiqot jarayonida
yari moot knazogoitcihslhil ip quyosh el e me nvliginingnartdhe | i

natijasida hosil bodél adigan fotot ok, di od
o6zgari shi aniqgl andi
Yari modét kazgichli QEl arining harakteri st

modellashtirish turli dasturiy mahsulotlar yoki interfaol ragamli platformalardan foydalaniladi.
Masal an APVLIi ght hous o0 t-SizaSinGe GaAs valh.k.) aspaidaéasii a |
giinganpn-o 6t i s hl i QEl arining fotoelektrik har al
yordamida QEning alohida elementlarining fizik parametrlarini (legirlash darajasi, kirishma turi),
konstruksion elementlar (bazeunitter, izotip gatlam, sirtiy optic gatlam, metal elektrod kabi)

59



Il ZE3LORI EUSOILIRY[OT ARIRsGER 1o CLRfaQ
fovrtrROJZUL S/ RLR JOOLT I OTR

geometric parametrlarini (galinlik, kenglik kabi) va boshqga (material turi) parametrlarini

obzgartirib, QElarining spectral (optic) ha
jadvallar yoki grafi klar koorinishida ol i sh
ASent aurus TCADO dasturiy tizimidan foyc
kengaytirish mu mk i n [ 2] . Juml adan b u ti z
rekombinatshiya mexanizmlarini, h amda orgae k or
olib, QEning barcha harakteristikalarini va asosiy fotoelektrik parametrlarini hisoblash mumkin.
Bu tizim [3] asbokt e x nol ogi k model |l ashtirish usul:| b
o6tkazish mumkin. Tizi mni nagd|ludmoat |kaurt ubbahzoansai s
i fodal ar va raqgamli madlumotl ardan avtomat
Fotovoltaikada keng qoollanilishi mu mk i n
dasturiy tizimini kodorish mumkin [4]. Bu d
beradi. Shuning uchun undan turli jarayonlarni avtomatlashtirishdayi ysaytlar yaratishda,
maodl umotl ar ni visuall ashtirishda keng foyd
obdektl arga qgaratilib, kodl ar ni tizimlashti
tushunilishiga olib keladi. Kodlarni ydz ishga tushirishda hatoliklarni oson va tez topishga va
uni bartaraf qilishga imkoniyat kengroqdir.
instrumentlari va xizmat paketlari mavjud. Alohida vizuallashtirish, grafik va diagrammalar
qurish, )m 6l umot | ar bazasi yarati sh, tezkor pro
dasturning qoollash sohasini kengaytirib bo
Quyosh el ementining chiqgish Xususiyatl a
intensivliigiga bogdbéliq odzgarish jarayonin
amalga oshirildi. Buning uchun gWoycouosilimgsigal e me
olingan boshlangéich parametrl|l aridan foydal
Maodél umki , real quyosh el ementining VAX t.
IZIL_ISgeXaVHRSg_lg_VHRS

koorinishga e @82 J/Kb BoltspnanrdainaysikT=3D0 K3 §=1B0°KI,

n - noideallik koeffitsiyenti, I - fototok, k-t 0 0 y i n i ss Ketmaket kjarshilik,Rg - parallel
garshilik.

APyt hono dastur.i i mkoniyatlaridan foydal
fotoelektrik quvvatiga yorugolik intensi\
intensivliigining va diod noi deal &bickigilayoagant o r
fotoelektrik energiya quvvatiga t a6rmsmdagi mo
grafik shaklida ifodalandi.
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3D Surface: MPP vs lllumination and Ideality Factor
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1 - rasm. Quyosh elementi ishlab chiggan fotoelektrik quvvatining yoritish
i ntensivligi va noideallik koeffitsi
l1-rasmddgiha3mloiéo grafi kdan koori shi mi z mumk
noideallik faktorining ortishi bilan QE tomonidan ishlab chigilayotgan maksimal quvvat kamayib
boradi.

Xul osa qilib shuni aytishimiz mumkinki, \
diod noideallik faktoriga nisbatan keskinroqdir. Yuqori nur intensivligida diod noideallik faktori
ham chiqgish quvvatiga kuchlirogqg taodsir etad

Olingan natijalar quyosh panellarini samarali ishlatish, ularning optimal ish rejimini tanlash
hamda energeti k kodérsatkichlarini prognozl a

Mazkur tadgigot qgayta tiklanuvchi energiya manbalaridan foydalanish samaradorligini
oshirishga, xususan, fotoelektrik tizimlarning nazariy asoslarini tahlil gilishga xizmat giladi.

Foydalanilgan adabiyotlar roéyhati:
l.g. 1 02dz20BdHddzetse, . ¢odzdjo, [.[EkZ2HddsoO. [Mmtss
c fs9jten dztsils dzts? s CSMlskztcs? d J ot o dzd v dzd |
ftoj BBOLSOOIjdzi 2. [/ ¢dzv Isj @SHAEEJ, o d2C0v1-98,(Bj2tc ¢2j &«
317). https//www.doi.org/10.15518kjaee2019.2833.018025ISSN 16088298 frin)
2.J.J.G'ulomov, R.Aliev, J.1.Qahhorov, B.R.Tursunov. SUMns Characteristics of Silicon Solar
Cell: Experimental and Simulation Study. // Journal of rand electronic physics, 2023, Volume
15, Issue 2, (b pp.), DOI: 10.21272/jnep.15(2).02019
3. Odzq Ly RPtsH jWwias Is 54 dzj € Is wWzdf v otz tSknP@vgSystems
f OCjIO Mat LA /G itcmiglsif §Is dw or mh dn Zzud B dz" -
L dgjted jlsdyuj MSdr B y.HJGA .dzad 2528 J&. 22D .
4. Muhammad Naveed Akhter, Saad Mekhilef, Hazlie Mokhlis, Noraisyah Mohamed Shah
Review on forecasting of photovoltaic power generation based on machine learning and
metaheuristic techniques. // 27 March 2019.https://doi.org/10.1049/ietpg.2018.5649
(https://ietresearch.onlinelibrary.wiley.com/doi/full/10.1049fiey.2018.564P
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OXYGEN PRECIPITATION DISTRIBUTION IN SILICON DURING HIGH -
TEMPERATURE THERMAL ANNEALING

R.R. Burkhonov!, G.Sh. Ochilov&
Nanotechnology Development Center, National University of Uzbekistan
National University of Uzbekistan, Physics Program

Samples subjected to higbmperature prannealing exhibit a stable increase in oxygen
precipitation, which depends on the annealing time and temperature. Measurements of the densi
of oxygen precipitates indicate that oxygen deposition within the waferruniform, reaching
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peaks near the surfaces and a minimum in some regions of the sample. High annealin
temperatures lead to the formation of defects that serve as precursors for the subsequent nucleat
and growth of oxygen precipitates [6,7]. Previous studies [1] have rshibat the suitable
temperature range for the growth of oxygen precipitates is from 870 to 1100°C, since in this rangt
the formation and dissolution of oxygen precipitate nuclei is minimized [2].

In this work, we studied the process of enhancing the kinetics of oxygen precipitation due to
vacancy injection at high temperatures in polished silicon wafers with a resistance in the range o
} =1020q cm . The initial concentration of interstitial oxygen in the sample was measured using
a Fourier transform infrared spectrometer ¢
subjected to rapid thermal annealing in an argon atmosphere at tenmgsefaior 850 to 1250°C
for times from 1 to 45 s, depding on the temperature.

T
2r ® 950°C ‘
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1o A 1250°C A ]

—
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& @
2 @
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Fig. 1. Dependence of the density of precipitates on the time of heat treatment at
1250°C for 45 s in an argon atmosphere.

Cooling rates of about 55°C/s were used. Samples treated by the rapid thermal annealin
method were subjected to a tstage treatment consisting of 5 h at 850°C and 18 h at 1150°C in
an argon atmosphere. The residual oxygen concentration and the oxggeitaie density were
measured by etching cleaved crssstions of the samples with an etching solution. The
dependence of the percipitated oxygen concentration on thenpealing time at different
temperatures was recorded by counting defects undggtaal microscope at 800x magnification
[3,6,7]. Typical oxygen precipitate density depth profiles for three different annealing times at
1250°C are shown in Fig. 1. A significant increase in oxygen precipitation was observed with
increasing heat treatmetime. This increase also strongly depends on the relative value of the
heat treatment temperature. Crgsstion etching showed that this increase in oxygen precipitation
is not uniform throughout the entire thickness of the sample: the precipitatisitydecreases
throughout the entire thickness of the wafer, and density peaks are observed near each of tt
surfaces.

The data in Fig. 1 show that short heat treatment times above 1050 °C are extremely effectiv
in increasing oxygen precipitation during subsequent treatment at 850/1150 °C. Subsequer
annealing at 900 °C for 4 hours and at 1100 °C for 16 hours preveittsraddrystal nucleation
and, under normal conditions, has an effect solely on the growth of existing nuclei (Fig. 2). Thus,
we can state that higlemperature heat treatment creates a new type of defects that can be, at leas
partially, stabilized as ggen precipitate nuclei during treatment at 850/1150 °C. We will refer to
these defects as higamperature nuclei to clearly distinguish them from the nuclei into which
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they transform, as well as from the nuclei formed at a lower temperature and themselves
precipitated [4,5,8].

— 1250°C

Perticipated Oxygen(10'” cm™)

Depth(zm)

Fig. 2. Precipitate density distribution profile by depth after heat treatment at 1250°C

for 45 s in an argon atmosphere.

Currently, the nature of these defects is not fully understood; there is experimental data
indicating a correlation with the argon environment during {téghperature processing. It is
known that many of the observed phenomena of oxygen kinetics in sibodme described within
the framework of the classical theory of homogeneous nucleation [1,2] and dHfinsiteal
growth [3,4]. However, recently, numerous heterogeneous effects on oxygen nucleation have bee
observed: high concentrations of dopantsyels as the concentration of carbon or a silicon layer
on the back side of the wafers, can significantly affect the kinetics of oxygen precipitation.
Increased oxygen precipitation has also bebserved near surfaces with a high density of
oxidationinduced stacking faults. In all these situations, the role of internal point defects appears
to be significant.

Thus, this study experimentally investigated the distribution of oxygen precipitation density
in silicon wafers subjected to rapid thermal annealing in an argon atmosphere at temperature
ranging from 850 to 1250°C. It was determined that the precipitdéinsity increases throughout
the entire sample thickness, with density peaks observed near each surface and a significa
increase in oxygen precipitation, unevenly distributed throughout the sample thickness, with
increasing heat treatment time.

Literature :
1.F.S. Ham, J. Phys. Chem. Solids 6, 335 (1958).
2. P. Fraundorf et al., J. Appl. Phys. 58, 4049 (1985).
3.Y. Yamanaka, Jpn. J. Appl. Phys. 31, 2519 (1992).
4. G. Borionetti et al., ASTM STP 990, 1989.
5.L. Fu, D. Yang, X. Ma, G. Yang, Q. Duanlin. Journal of Semiconductors, 2007.
6. X. Zhang et al., Materials Science in Semiconductor Processing, 2018.
7.Z. Li et al., Journal of Crystal Growth, 2024.
8.Y. Wang et al., Materials Science in Semiconductor Processing, 2025.

66



I ze34¢. [retlGJrsuvtfirsd 1o Cfrsvtfur.

'l z&3zl1¢. [fRrRstfSCJrsutf1rRSG 1o Cf st
fuoof Tl ot R

YARI MO6TKAZGI CHLAR FI ZI KASI DA CHUQUR
PARAMETRLARI NI ANI QLASHDA ARRENI US GRAFI

X.S. Daliye, F. F. 7 B.O.\tdorgxienova®

*06zbekiston Milliy wuniversiteti huzurida
ilmiy-tadqigot instituf Tos hkent , O6zbekiston.
PMi rzo Ul ugo6bek nomidagi OO6zbeki st

fazliddinjon08088@gmail.com

Soonggi yillarda aralashmalarning o6zaro
markazlar fizikasining eng muhim muammolaridan biri hisoblanadi. Kremniyning tagiglangan
zonasi da chuqur energetik hol at !l ar rnia 0 shiors

yari mootkazgichning el ektr va fotoelektrik
klasterlar va ikkinchi faza ajratmalari shakllanishiga olib kelishi mumkin [1].

Yari mootkazgichli materiall ar, Xususan,
o6rganish zamonaviy mikroelektronikaning d
asosiy parametrlariionlanish energiyasid ) va tutish kesimi,() hisoblanib, ularni aniglashda
Arrenius grafigi usuli eng ishonchli yechim hisoblanadi [2].

Arrenius tenglamasi DLTS (Deep Level Transient Spectroscopy) uchun

Q "YAgpL (1)
- kg bolsman doimiysi;
- enemmissiya tezligi;
- materialga xos doimiy koeffitsiyent;

- YE aktivlanish energiyagi o 6t kazuvchanli k zonasi tubig.

-T?buyerdakvanme x ani k hi sobl ar tufayl:i god6dshim

Yuqoridagi (1)i f or mul ani |l ogari fimlasak formul a ¢
de ag o - )

Bunda y or dénnait,a xo 6agbisgiasts ao lodak gBo6go6éri ¢

Bu grafik arrenius grafigi deyiladi. Eksperiment davomida olingan natijalar asosfl@ vijning
1000/ T ga bogoliqgichk zgapfi ¢dliosichi Dbioloadjian (1
(tangens burdhmagidy i t omdagishreemeaydyasing @k beradi. 1 chizma
misolida fiEksperimental Arrenius grafiklarikeltirilgan. Ar r eni us gr afi gi da
sifatida -Ig(—ning tanlanishi bejiz emas. Bu fizik jarayonning chuqur sathlarga (tuzoglarga)

bogdéliqgligini k odr s «t- dudeérkin ta¥havchilan &odserkratstygsiniagh |
tuzoglarda tutilgan tashuvchilar konsentratsiyasiga nisbatini ifodalovchi parametrdir.
Yadni: - — (3)

Ha r o r taritishi kilanduzoglardagi elektronlar termik energiya hisobiga ozod elektronga
aylanadi.
—koeffitsient.i haroratga eksponentsi al b

— 3Q0H- (4)
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21 _IgG

Ec-0.39 eV

1 : 4 f L . 10°
5 6 7 9 10 11 T.K

l-chizma.Yar i moot kazgi chdagi chuqur sathl ar:
haroratga bogoliqgliagi.

Yugoridagi nazariyhisoblarimizni hisobga olish uchunchizmada tajriba grafiklaridan
kodri s hl-mhzmdday ra r itkazgichdagi chuqur sathlarning emissiya koeffitsientining
haroratga bogodéGr aflii lgd a kioldok is axiill gbhaond | magan t
uchunA vaB markazlari mavjud ulaA c hi zi qi ( k 006 k) Ushba graikdagih i z
chizigning o0ogo0ish burchagi ( g1 ym®)lbergdi. Thizig i z g

ganchali k tik bodélsa, sath shunchali k chuqu
A chi zi @u sathnkng ékkvjanish energiyask E E-0.23 eVga teng. Bu sath
ni sbatan fisayozo boolib, o6tkazuvchanlik zo
B chi zi gBo isath (uchunzaktivignish energiya yuqorirogfa = Ec-0.39 eVga
tengligini kKo[B]r i shi mi z mumkun
Tajriba natijalarining Arreni us grafigi
namunal arda i kKki X i chuqur sath mavjud. C
energiyalari - 023 eVvakE-0. 39 eV ga teng. Toogori ch
yugoriligi ushbu markazlarning termik aktivlanish xarakteriga ega ekanligini va Arrenius
gonuniyatiga todliq booysunishini i sbotl ayd
Yugoridagi chizmadan koorinadi ki Arreni uct

joylashuvi, nugsonning tabiati, rekombinatsion markazni va namuna tipini (p,n) aniglashda
yordam beradi.
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OPTOELECTRONIC DEVICE FOR MONITORING DUST ON
PHOTOELECTRIC MODULE SURFACE S

O.Kh. Kuldashov, D.O. Nabiev
Research Institute of Semiconductor Physics and Microelectronics Republic of
Uzbekistan, Tashkent

Solar energy is increasingly becoming an important renewable and environmentally friendly
source of energy in modern energy systems. Factors such as environmental pollution, globe
warming, and the depletion of traditional fuel resources are increasingeduefor sustainable
technologies in energy production. From this perspective, photovoltaic technologies have grea
potential to ensure energy security, reduce carbon footprints, and increase economic efficiency
[1].

However, the actual efficiency of solar panels depends on a number of external factors,
among which dust accumulation on the surface is noted as one of the most serious problem:
According to scientific sources, the layer of dust on the surface of thés ante as an optical
barrier, significantly reducing the amount of light reaching the photovoltaic elements. This, in turn,
leads to a decrease in the useful work coefficient in photovoltaic plants [2].

Studies have shown that dust accumulation can reduce the output power of a peé8@fdy 5
within a few days, and this figure is likely to be even higher for panels that have not been cleane
for a long time. Especially in regions with dry and windy clirsatBe level of dust accumulation
increases sharply, further reinforcing the need for regular maintenance of photovoltaic
installations. Therefore, monitoring, detecting and developing effective cleaning methods for dust
accumulation on the surface of sofsnels is one of the most relevant scientific and technical
directions in the field of photovoltaics. In this regard, the possibility of assessing the efficiency of
panels in real time is expanding through the use of optoelectronic methods, specysas anal
methods and automated monitoring systems.

A singlewave twoechannel optoelectronic device was developed to control dust
accumulation on the surface of solar panels. Its operation is based on the comparison of optic:
radiation intensities passing through a transparent glass placed next to tlemgameopen space..

The photoelectric module is an optoelectronic device designed to detect dust on the surfac
(Fig. 1), which includes a generator 1, two infrared emitting diodes (LED1, LED2) and
photodiodes (FD1, FD2), comparators 2 and 3, a photoelectric signal procesgirng an
indicator 5 and a transparent glass 6.

During the research, the proposed singéelength, twechannel optoelectronic device for
detecting dust accumulation on the surface of solar panels was tested in laboratory and natur
lighting conditions. The measurements were carried out by compagmadiation flux passing
through transparent glass and the reference radiation intensities received directly in the open al
The experimental results showed that the difference between the signals received from th
photodiodes increases with the formatmf a dust layer on the glass surface. In cases where the
amount of dust is small, the valuafsthe signals of both channels are close to each other, and the
difference is kept to a minimum. As a result of the increase in the dust layer on the sheface,
radiation intensity recorded by the photodiode under the transparent glass decreases significantl
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Figure 1. Block diagram of the optoelectronic device for detecting dust on the
photovoltaic module surface.

According to the measurement results, it was observed that the relative difference betwee
the photoelectric signals increases proportionally with the increase in the level of dust on the
surface. This confirms that the device is capable of accuratelystafdy recording dust
accumulation. The results obtained show that the proposed optoelectronic method is effective il
monitoring dust on the surface of solar panels. The proposedhiarmel optoelectronic method
is a convenient and reliable solution feattime monitoring of dust accumulation on the surface
of solar panels. The main advantage of the method is the ability to reduce the influence of externe
lighting changes by comparing the radiation transmitted through transparent glass with the
refererce radiation flux in the open space.

Compared to traditional methods, the proposed device allows to achieve high accuracy base
on relatively simple elements, without requiring complex spectral analysis equipment. Also, the
use ofinfrared lightemitting diodes increases the stability to external influences and ensures
repeatability of measurements. The important point is that this optoelectronic method is maximally
approximated to the constructive glass surface of solar panelshanmeasurement results
correspond to practical operating conditions. This allows for timely planning of cleaning work,
reducing operating costs and increasing the overall energy efficiency of photovoltaic systems. A
the same time, in the future, it i®gsible to further expand the possibilities of integrating the
device with automatic cleaning systems.

Based on the principle of comparison of radiation intensities measured through transparen
glass and in open space, the proposed device made it possible to record the dust level in a reliak
and stable manner. The obtained results confirmed that theed®schigh accuracy in practical
operating conditions and is an effective solution for increasing the efficiency of solar panels and
organizing cleaning processes in a timely manner..

Literature :
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on the performance of PV modules” // J. Astron. Soc. Egypt. vol. 13, no. 1,88, 2005.
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n(Si2)1x(GaP) EPITAKSIAL QATLAMLARI ELEKTR
O6TKAZUVCHANLI GI NI NG AKTI VLANI SH ENER

A. S. Sai dov, Sh. N. Usmonoyv, 0. Z.
O6zbekiston Respubli kasi Fanl a-texnkangitdte mi y
*otabeksemicon@gmail.com

Ushbu ishda suyuq fazali epitaksiya usuli bilan olingéBi.)1.x(GaP) epitaksial
plyonkal arida solishtirma el ektr o6t kazuvec
Tajriba Van der Pauw [1] metodi orgali HMS 7000 Hall effect measurments system qurilmasida
80 K dan 750 K gacha b-a)dasng).dNamunagaeomik lkohtaktanateriali b
sifatida Ag va kontaktni mexashkatadsirl ¥ad
materiall arda el ektr o6t kazuvchanlikning t
konsentratsiyasi va ularningatakatchanligi bilan belgilanadi. Shu sababli temperaturaning
obzgarishi materi al dagi zaryad tashi sh me
yari moot kazgichl arda el ektr o6t kazuvcha
00t kazuvchaarish lernergiyagini anifglash mumkin [2]. Tajriba natijalari elektr
o6t kazuvchanlikning t e mfdempesature r iktgyvalida baktigatsion q |

xarakterga ega ekanligini kodérsatdi. Akti va
quyidag eksponensi al bogdél anish bilan i fodal ar
” ” A g D 'Oj TQ"Y (1)
buyerdal Tt emperaturaga chiziqli HB o qkivanish bo
energiyasi, K Boltsman doimiysiT i 7lemper7lemperature.
5,0 1
5,5- ~ 48] b)
- a) <
5ol P. ..\ = 4,61
» " 4,44
£ 4,54 l- ; 22 ]
. g 4
S 40- - < 401
£ 35 3381
.\I\. 3,61
3,04
. . . . . . . 3,4 : : : : .
0 2 4 6 8 10 12 14 7 8 9 10 1
1000/T, 1/K 1000/T, 1/K
1-rasm. (Sk)ix(GaPk namunasis ol i shti rma el ektr o6tkaz

b og 6l iiddgarifgmik vaa1l)DOO/T 06 q | ah) idgaafikning chizigli
ekstrapolyasiyalangan gismi.

El ektr o0t kazuvchanlikning aktivlani sh
koordinatalarida O = f ¢blrasm)Grafikningkhiziglygsmiglekta f i ¢
o0t kazuvchanli k bitta asosiy aktivatsion m

mos keladi. Mazkur chizigli gismning giyaligidan aktivlanish energiyasi hisoblab topildi.
Hi sobl ash nat i j hdatem ichua akkviarish energiyd&§idt ak2>s ime V g a
ekanligi aniglandi. Ushbu giymat donor aralashma madakizing ionlanish energiyasiga mos
kel adi . Bu hol at tadgig etilayotgan plyonlk
kodérsatadi . Past temperatural ar sohasida d
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bodl i b, bunda zaryad tashuvchilar konsentr

ortishi bilan donor atomlari astekin ionlashadi va erkin elektronlar konsentratsiyasi ortadi,

natijada el ektr 06t kazuvchanl hakjalarh(Bin(GaPxt a d

epitaksi al plyonhkakavctdanl ekekng bémper at

mar kazl arning termik i1 onlani shi bilan bel gi

mat eri al dagi asosiy donor sathining energet

h a md réa tem@eratura sohalaridagi elektr xossalarini tushuntirishga imkon beradi.
Adabiyotlar:

1.L.J. van der Pauw. A method of measuring specific resistivity and hall effect of discs of arbitrary

shape. Philips res. Repts 1:3,1958.

2.D.D. Nedeoglo et al. Electrical properties efype epitaxial GaP layers. Phyat. sol. (a) 36,

659 (1976)

| SSI QXONALAR UCHUN YORUGOLI K DI ODLI FI1 1

S.Q.Qarshiyev
Mi rzo Ul ug 6®abdkistonditiy whisegsite® 6 zbe ki st on, Tosh
Ol mazor koochasi 20 wuy. 1000609
e-mail:suxrobgarshiyev1003@gmil.com

Hozirgi kundas unéiy vyoritish sharoitida o6si ml
bi otexnologik rivojlanishning muhim yoonal.i
maml akatl arda haydal adi gan yer maydonarighi i ni

sharoitida oziep v q a t xavfsizligini t a6 mi n l|nalsshiotlahirma md a
i shlab chigarishini yood6lga qooyi shning str a
Hi moyal angan yer sharoitida od6simliklarrt
eng muhim parametrl ardan biri yoritish tiz
asosiy energiya manbai , bal ki 0 Gyomakiiva | ar
mahsul dor !l i gini boshqgaruvechi muhi m omi |
texnol ogiyalarining j adal rivojlani shi K u:
(chodégdél anma | ampal ar, natriy v ankor| gudamishn e s
spektrini boshgari sh i mkoniyatiga wega bool
svetodiodli fitonurlantirgichlar fotosintetik faol radiatsiya diapazonida {#Z00 nm) spektrni aniq
shakllantirish imkonini beradi va bu fotosintee6 si ml i kIl arni ng vegetat
uchun opti mal sharoitlarni tadédminlaydi [ 2] .
O6zbekiston Res pssigxdnalakagaissih | solga rxooi étjiadlai gi ni |
ri vojlanayotgan tar mogl ari dan biri hi sobl ;

mamlakatdagiissigxondarning umumiy maydoni taxminan 6,5 ming gektarni tashkil etadi.
Ularning taxminan 1,1 ming gektari (17 %) gidroponika qurilmalariga, 4,9 ming gektari (83 %)
esa tuproq substratiga asoslangssigxond ar ga t od6gor i kel adi . Bu
yugor i intensivlikda rivoglilhmbhbagbt¢aganshi ha&w
yoritish tizimlari bilan integratsiyalashgan energiya tejamkor komplekslarini ishlab chigish
zarurligini tasdiglaydi [3].
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Shu sababli, gayta tiklanuvchi energiya manbalaridan foydalanish bilandsigeonalarda

yoritish parametrl arini takomil Il ashtirish
rivojlantirishning ustuvor yodnalishl ari dan

|l shl ab chigilgan fitonurlantirgich pomid
Quril ma konstruksiyasi korpusdan (1) I bor @

nurl anuvchi yorugolik diodl ar +8@jnmudiapazonida oy
uzluksiz spektrni shakllantirib, fotosintetik faol radiatsiya sohasiga mos keladi.
Fitonurlatgichtarkibiga quyidagilar kiradi:
Tk o § o r u diadlari(-nur | ani sh t o®OgmMmn uzunl i gi
1qizily o r u diddlari(3- 600650 nm diapazonda;
fichuqur qizily o r u diadlari(4fi 650700 nm diapazonda;
fluzoq qizily o r u diadlari(5§i 700-800 nm diapazonda;
T yumi no fyarl u didklai &k gayta nurlanish maksimumi spektrning
yashil sohasida (56600 nm).Qur i | mani ng el ektr tadminot:i q
zaryad kontrolleri (8) va akkumulyator batareyasi (9) yordamida amalga oshiriladi. Bu esa
mar kazl ashgan el ektr taodominoti mavjud bodlr
bargaroi s h| a s h i n iEkspluatatsia jarayanidd parametrlarni bargarorlashtirish uchun
yor ugddilodk drayver. (10) gool |l anil adi . U |
parametrl arining uzoq muddat bargarorligini
Mi krokontroller (11) o6simliklarning o00si
guruhy o r u diadlarinikg nurlanish intensivligini £2 % aniglikda boshqgaradi.
l-rasmday o r u diadli fitokurlantirgichning bloksxemasi keltirilgan.

7 8 > 1‘0 o % %N % XT 2
Y % % v Y% T3

2] o] Hu e S

I 1 '
* % % %% [
A A A AR A & el

1.Y o r u gdiodli fiténurlantirgichning blok -sxemasi
O6t kazil gan t adcsigkonasthlaaroi hadiaj adisd anl i k| &
uchun moodl jall anganr udikad fitaaurgndrgich élhlad ohkgiddr. Taklif
etilgan qurilma fotosintetik faol radiatsiya diapazonida {80 0 n m) nurl ani s h

kodp sypoerkugtd loidk ar maj muasi dan tashki.l topg
jarayoni ni faoll ashtirish, vegetativ o006si s
giladi.,Qur i | mada kodk, qgi zi |, chuqur qngairghlikda a u
gool Il anilishi o6simliklarning biologik ehti
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beradi. Tizimning quyosh fotoelektr moduli, zaryad kontrolleri va akkumulyator batareyasi orgali

tadminlanishi wuni avtonom va energiya tejan
Shu tariqa, i1shlab chiqgilgan fitonurl ant

energiya tejamkor, boshqgariladigan va yuqori samarali tizimini yaratish imkonini beradi hamda

Obzbekiston sharoitida 2z amo nvajlantirighgaxigmat dgiladi e n e

Adabiyotlar :

1. Mironyuk S.S., Smirnov A., Sokolov A., Proshkin Y. Optimization of spectral composition and

energy economy effectiveness of phy@adiators with use of digital technologies // Handbook of

Research on Energyaving Technologies for Environmentalyiendly Agricultural

Development. 1GIGlobal. 2020. Pp. 19212.

2.D. Bisht, D. Kumar, D. Kumar, K. Dua, D.K. Chellappan Phytochemistry and pharmacological

activity of the genus artemisia Arch. Pharm. Res., 2021. 44. pp4 289

3. D.K. Kwon, J.M. Myoung. Wearable and semitransparent presamstive lightemitting

sensor based on electrochemiluminescence ACS Nano. 2020.14. pi8 72816

MODELING THE CHARACTERISTICS OF A FIELD -EFFECT TRANSISTOR
WITH A QUANTUM DOT ARRAY CHANEL

A.R. Khudaybergenov
PhD Student, Karakalpak State University
abdumuxammedxudaybergenov@gmail.com

This study considereshumericalmodeling study of a fiel@ffect transistor (FET) with an
array of quantum dots (QDs) forming a channel. Utilizing the Coulomb blockade effect and the
density of states in the QD array, we investigate how quantum dot size distribution affects the
currentvoltage characteristics. Simulations show how the accuracy of distribution is improved by
increasing the number of particles in an array and how it affects device characteristics. This mode
can be used in the development of future nanoelectronic devices.

Field-effect transistors (FETs) with quantum dot channels have attracted significant attention
due to their potential applications in nanoelectronics. Quantum dots (QDs) are nanoscale
semiconductor particles with discrete energy levels. QDs have they abikixhibit quantized
transport effects and Coulomb blockade when placed in an array between source and drai
electrodes. These effects have a significant impact on the characteristics of the device.

This study focuses on modeling the transport properties of a FET with a QD array channel.
The main objective is to understand how QD size distribution affects the evottage (1'V)
characteristics and electron occupation numbers, providing insiglitsdfoe device optimization.

We consider a series of quantum dots placed between electrodes without interactions among thel
The size distribution of the dots is the primary factor affecting transport. The distance between
electrodes is fixed, so the effa@ barrier widthd depends on the QD size

0 Th| Q0 (dedarari er parameter)

The size distribution can be modeled using a Gaussian (normal) distribution:
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The density of states for a quantum dot with broadehiisy
o~ P r
©0 = O © r

The Fermi functions at sourc&) and drain’Q)) are:
N P 5 P
Q0 TXgm awaay °° 5 Agoray
The tunneling current through the QD arragiigen by:
Q -
"Ow o 00 YIQO ™0 Q0
Here,t [ ¥co and"Yincludes Coulomb interaction:

"y gmb*vs»aﬁ a6 0 O

The calculation algorithm involves the following steps:
1. ComputeY and( for a given QD radiu¥:

. S r N
Y TeVLhnm 0 0Q0Q0
2. Apply voltagewand solvefoeO usi ng Newt onds met hod:
Owd o 0 S 0 0 S'ch Yo Q0 Q0 QO m

3. lterative scheme:

‘ . Ow
R A
Tw
4. Stop whergn WS p T or maximum iterations reached.

QD Size Distribution, N = 500
o T T T T

Number of Particles
Now B o, O
s & & ©5 o
T T T T T

3
T

o

3.5 4 4.5 5
Quantum Dot Size a (nm)

Figure 1:Quantum dot size distributior particles
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Figure 3:17V characteristics for QD array FET with differend= values.

Figuresl and2 show the size distribution fob, o, (i U @daNd Oy 4 ¢ i U EJLIT
Increasing the number of particles improves the symmetry and accuracy of the distribution,
illustrating the law of large numbers.

Figuresl and 2 demonstrate the statistical behavior of the quantum dot (QD) size
distribution for two different ensemble sizes. Bor v T, moticeable fluctuations appear in the
histogram, indicating insufficient statistical averaging. There is a possibility that such deviations
may lead to unintended anomalies in the calculated density of states and transport characteristic
Meanwhile, theprofile obtained for0 v T T mepresents a smooth Gaussiike shape,
indicating that we are approaching the expected theoretical distribution. This result emphasize:
the importance of having large ensemble sizes for reliable numerical modeling ofayB dire
electrical transport characteristics shown in Biglearly reveal the influence of the average QD
size® on device performance. As increases from 3.5 nm to 5 nm, the drain current increases
significantly.

In this work, a theoretical model describing the density of states in a quantum dot array was
developed by incorporating realistic size distribution and level broadening effects. The proposec
method makes it possible to accurately model the electrongptvetrcharacteristics of QbBased
field-effect transistors.The numerical findings show that increasing the number of particles
significantly improves the statistical accuracy of the size distribution, which leads to more precise
transport simulations. Thealculated 1V characteristics reveal a strong dependence of device
performance on the average quantum dot size. An increaser@duces quantum confinement
energy and Coulomb blockade effects, thereby enhancing carrier transport through the QD array

References
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G 06 OV A KKREMNIYNING LITIY -ION BATAREYALARNING ANOD
MATERIALI SIFATIDA QO A&.LANISHI ISTIQBOLLARI

O. Inoyatov
O6zMU hwuzuridagi Yari moot kaz g i-tadbidotinstitut, i z i
Toshkent, OO0zbekiston.
Jahonday ar i moot kazgichlar fizikasi sohasi da

litiy -ion batareyalari uchun yangi turdagi anodlarni ishlab chigishga qgaratilgan tadgigotlarni keng
doirada od6tkazmoqdal ar [ 1].

Xususan, BadeNyurtemberg Quyosh energiyasi va vodorod texnologiyalari markazi
(ZSW) olimlari FACILE loyihasining sanoat hamkorlari bilan birgalikda iy batareyalari
uchun yangi turdagi anodl| aamad a ni asvhi lzgamybddecabii i gt dn
necha barobar kodproq saqlashga qodir bodl
almashtirish.

Grafit zamonaviyii on akkumul yator | ar i u c-tasmip ansmoa n d
chekl angan xus u sxmnans370gnd@oatig. liméag reazariy jihatdan 1000
mABoat/ g va undan yuqor.i bodél gan kremniy to

@ = L - §7§ ~ Graphite

Lithium

! e 0000}

0 .0.0.0.0 @ cobart

> S LR ) () oxygen
/ST o\eye) e - I

. _eseseE T
" -‘ ® CD_ED O 23 . Solvated

- eoe ee ,\ lithium ion

e Li’. 90 0 o

: A OO0 ey Discharge

Charge

1-Rasm Litiy -ionli batareyaning tuzilishi

Kremniy anodlar uchun uzoq vagtdan beri istigbolli material hisoblangan, ammo zaryadlash
paytida uning hajmli kengayishi strukturaning buzilishiga olib kelgan.

Hozirgi kunda jaxon migyosida jadal rivojlanayotgan energiya tejamkor materiallarni
olishga garatilgan soxada gbéovakl i yarianimo 6t
batareyal arning (ul arni yuqgqor i afga 36094140t Kk
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ko6l | ashga qgaratilgan faol tadgiqgotl ar ol il
olishning istigbolli usullaridan biri bu gidroflorik kislotaning suvli eritmaggxi asoslangan

el ektrolitlar tarkibida monokristall.] yarir
berish texnologiyasi. Hozirgacha asosiy mat

Ushbu loyihada mavjud sanoat akkumyat or | ar i ni ng quvwaatzirnyiad
siklini 1000 ga yetkazish magsadida mualliflar monokristalli kremniydan tashqarioltily

batareyal ar anodi sifatida foydal ani shi m
kremniyga asoslayan materiallardan foydalanishni rejalashtirishmoqgda

Goovakli kremniy, tur | i fazal arga ega kr
elektrokimyoviy hujayra ishlab chikighi zarur Ol inadigan goéowenk ! i
bat areyal arda mavjud bodél gan grafit anodini
i mkoniyatini tekshirishga oid izl anishlarni
Buning ratijasida materialning solishtirma hajmining moslashuvchan kengayishi va tiklanishi
tufayl. bat amr &zyragnadkdil@ nfi z alrOy0aldd gacha oshiri shi

Adabiyotlar :

lskdzso O v. [ ., wSkdHddz ¢. [ . -§ tizgzblzls & ts@6zC [p d3ids(

Zsoscet §wsCtdjddY // SdjChkesidddy. 2012. u.
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QUYOSH ELEMENTLARI UCHUN KREMNIY ASOSIDAGI OKSID
GETEROTUZILMALARINING ELEKTR XUSUSIYATLARINI TAQQOSLASH

Sh.X. Daliev, F.A.Saparov
M. Ulugo6bek nomidagi O6zMU huzuridagi
mikroelektronika ilmiytadgiqot institut, O6zbeki st on, 100057,
Yangi Ol mazor kod6échasi, 20

e-mail; sfa@inbox.ru

Quyosh elementlari texnologiyasida oksid
y a r i tkazgiohdyuzasini passivatsiya qilish, elektr transport jarayonlarini barqgarorlashtirish
hamda optik Xususiyatl arni yaxshil ash or q
koorsatadi . Shu sababli kremniy asnngfizidhweagi
el ektr xususiyatlarini tagqoslab oo6rgani sh

Kremniydan fargli ravishda, ZnAIO va CdO oksid plyonkalari magnetron purkash usuli bilan
tagli k qgizdirilmasdan yYyohok&t hosl bamoadl asbs
shakl |l anadi . Sirt diffuziyasining pastligi,
gatl amining mavjudl i gi nanokl asterl ar y oki
cheklaydi. pSi / Si O t/luZznAlmasi da Si O gat | ami Kremni
bufer vazifasini bajaradi va epitaksial moslashuvni kamaytiradi.

1073 4

H
9
-
I
[

=)
L2
- .
£ -
T
A,
— 10-5 4
Z 10
1064 ° ZnAlO (Dark)
ZnAlo fit, n=8.8
* (CdO (Dark)
—— CdO fit, n=16.4
1077 T T T T T
0.0 0.5 1.0 15 2.0 2.5 3.0
U (v)

1r asm. Qor on g éW(yaannlagarifmik} xdraktetistikd va aniglangan
samarali idealilik koeffitsienti n

Toki kuchlanish (i U) xarakteristikalarining tahlili pSi / Si O [/ Zi8 Al 8i ® a/ Q

geterotuzilmalari oo6rtasida sezilarli fargql
gat !l aml i tuzil mal arda tok qi ymathlgar iboywd o rq
gonuniyatiga yaqgin va n & 16.4 ga teng. ZnA
00si shi ni sbatan sustroq ekanl i gi kuzatil a

shuni kodSis/aSmalix4t,uzpi | mas.i el ekt r dielékk dan
yarim odbétkazgich ( MDY a)hasrtarkuak tnu r ansa ngoay oond Xgsi
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gatlami dielektrik rolini bajarib, zaryad tashuvchilar transportini cheklaydi va tokning
kuchl ani shga bogoliqgligi ni sbatan sust o00si
samarali ishlash uchun zaryad tashuvchilarning erkin transportivamyugq el ekt r o006t
talab gilinadi.

1-jadval
ZnAIO va CdO oksid gatlamlarining elektr va fotoelektrik parametrlarini t;qqoslash
Parametr ZnAIO CdO
Todgori sil] Pastroq Yugoriroq
Teskari siljishda sizib chigish tok Yugoriroq Pastroq
Fotojavob (Lighti Dark) O6r t aq Kuchlirogifodalangan
VAX (Volt -amper xarakteristika Yomonroq Yaxshiroq
simmetriyasi
U > 2V da I(U) ning tikligi Kichikroq Kattaroq

Grafik tahlilidankodinib turibdiki, ZnAlO gatlamlituzilmalardatok giymatlariningpastligi
va transportjarayonlarining cheklanganligiushbu materialningfotovoltayk qurilmalardafaol
gatlamsifatida godlanishini madum darajadacheklaydi Shundayqgilib, odkazilgantaggoslama
tahlil CdOasosidagoksidqatlamlarielektrtransporiususiyatlarjihatidansamaralirogekanligini
kodsatadi Olingannatijalarkremniyasosidagoksid geterotuzilmalarinoptimallashtiristhamda
guyoshelementlaritexnologiyasidamos materiallarnitanlashuchun muhim ilmiy asosbodib
xizmatgilishi mumkin

KREMNIY ASOSLI QUYOSH ELEMENTLARINING ELEKTROFIZIK
XOSSALARI GA KI R SHMA ATOMLAR KLASTERLARI

Q.A. Ismaylov, Z.T. Kenjayev,J.OJ al gbasov
Berdaqg nomidagi Qoraqalpog davlat universiteti

Ushbu tezisda kremniy (Si) asosli quyosh elementlarida samaradorlikni belgilovchi asosiy
el ektr of i zidkzakad tashavahilak korsdntratsiyasi (n, p), harakatchar)likéyot
davomiyligi () hamda rekombinatsiya markazlarining energetik spektrkirishma atomlar
(Xususan, Ni ) kl asterl ar. bilan bogoliqg m
di ffuziyasi, termi k i shlov berish vdashavur |
jarayonlari kompensatsiyalanish darajasi, tepgdsh, rekombinatsiya kanallariga olib kelishi
kodorsatib beril adi

Kremniy fotoelementlarida foydali ish koeffitsiyentini cheklovchi asosiy omillar ichida
materialning elektrofizik sifati{{ , n/ p, rekombinatsiya sgektr
Aynigsa, yuqori samarali arxitekturalar (TOPCon/HJT/bechktact) kontakt va sirt
rekombinatsiyasini keskin pasaytirgani sababli, hajmiy nugsonlar, chuqur sathlar va klasterlarning
tadbsiadia ygamgil arl i bodél i b bor magdpae. PERDBDYawn
texnol ogiyal ar ga o0 0t bueda fypaiptastisaysitptd, geiterirng aaydefeke t i
injiniringiga talabni oshiradi.

2. Elektrofizik parametrlarni belgilovchi fundamental omillar

Quyosh elementlarining elektr parametrlarini (Voc, Jsc, FF) materialning quyidagi uch
Ai chki o kodrsatkichi boshgaradi [ 1] :

(i) Zaryad tashuvchilar konsentratsiyasi (ndp)egirlash va kompensatsiyalanish natijasi.
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Kuchli kompensatsiya holatida Fermi sathi s
sathlar zaryad holatlari rekombinatsiya tez
(i) Harakatchanlik §) 0 fonon sochilishi bilan birga, aralashma atomlari, dislokatsiyalar
va donachal ar chegaral ari ( pol i k rketsgarshilikl S
komponentl arini va tok yooqotishlarini os hi
(iii) Hayot davomiyligi J 8 Shockley Read Hall (SRH) rekombinatsiyasi asosan chuqur

sathlar (kirishmalar, komplekslar, klastrofi defektlari) bilan belgilanadipasayishi Voc va

Jsconi chekl aydi
Har or at omi | i ham Eg va rekombinatsiya
hammualliflar kremniy o006t ka z-hamakatea ordali epergetikn g
taqsi ml ani sh haqgida xul osal ar berishni kodr
3. N i kirishma atomlar:i kl asterl arining 1
Ni kremniyda tez diffuziyalanuvchi Kiri st

holatida ham chuqur energetik sathlarni shakllantirishi mumki@].[Muhim jihat shundaki,
Ni 6ni ng madélum ter moddnada R ¢ h g 6 iklasteHaaningl & u

061 c hami vV a konsentratsiyasi di ffuziya h a
spektroskopiya asosida kodérsatil gan.

Kl asterl|l ashuwqgarkskhi oxinatfigjaa abnmear i shi  mumki

1.Getterlash effekti: klaster/ kompl eksl ar
va ul arni el ektr faol b BNnd dshivady Mualliflér §4/5]aNi lglan o 6
|l egirl ashdan sodong kremniyli quyosh el ement
umumiy samaradorl i kning oshishini kodr sat ga

2. Chuqur rekombinatsion markazlar: agar klasterlar zichligi va energetik spektri SRH
rekombinatsiyasini kuchaysblp a s ay a d i va Voc cheklanadi . St
boshgqgarisho (TI B rejimi, sovitish tezligi,
aylanadi.

llImiy tadqgigotlarda [68] bilan legirlangan kremniyda termik ishlovning elektr
o0t kazuvchanli kka sezilarl:| tadsirini koor ¢
tagsimlanishi (qattig eritmaning parchalanishi, komplekslanish) elektrofmakametrlarni
o6zgartirishini taobdkidlaydi

Bunday jarayonlarda materialning kompensatsiyalanishi ortishi mumkin: solishtirma
garshilikning o6sishi, Ayarim i zolyatoroga

giluvchi mexanizmlar yuzaga chigadi. Kompensatsiyalangan tizimlarda past leadar&opping

conduction (chuqur sathlar orasida zaryad

yuqori bodélib, bu hodim,&V mlneakidgi)alohfda kelgiar betadia g n
Ni legirlangan kremniydeo-nur | ani sh rekombi natsion xo0s

o6rganish radiatsion defektl ar va Ni bil an
xizmat qiladi. Mualliflar [7,8] tizimida rekombinatsion/fotoelektrik xossalarning nurlanishga
bogo@loizgari shil arni aniglashgan.

Mazkur yoonalish amaliy jihatdan ham mu
muhitida ishlamasd a |, Afdef ekt i njiniringodé nuqtai naz

spektrini aniglash va klasterlarning stabilizatsiya rolini baholash uchun agsidgir.
Ni diffuziyasi orqali kremniy quyosh elementlari samaradorlikniZB96 oshirishga olib

kel i shi k 660 Nikiashmal atpmlari klpsterlari shakillanish mexanizmlari va fizik
asoslari ochib berilgan. Shuningdek, Ni klasterlari tuzilishi va migradss i bodyi cha &
i shl ar mavj ud bodl i b, unda Kkl aster par ame:!
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mumkinligi muhokama gilinadi.

Xulosa
1.Kremniyda kirishma atomlar klasterl ar. ( xu
kod6rsatadi : ma ol um Imiaastorishi, da@shgag sharditdar eisan chuquo r
rekombinatsiya markazlarini kuchaytirishi mumkin.
2.Termi k ishlov va sovitish rejimi kl aster

kompensatsiyalanish darajas{]) va rekombinatsiya spektrini aniglaydi.

3. Yuqgori samarali ftype arxitekturalar (TOPCon/HJT/backont act ) g a 006t
klaster/defektlarni nazorat qilish materialshunoslik darajasidagi eng muhim vazifalardan biri
bodli b qol adi.

4.1 R/ FTI R, DLTS, PL xarital ash kabi met odl| .
texnologi k rejimlarni optimallashtirishda a
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QUYOSH ELEMENTLARI SAMARADORLIGINI OSHIRISHNING YANGI
USULLARI: STRUKTURAVIY OPTIMALLASHTIRISH YONDASHUVI

Q.A. Ismaylov, Z.T. Kenjayev, X.X. Bauetdinova
Qoragalpoq davlat universiteti

Ushbu tezisda quyosh elementlari samaradorligini oshirishning aynan strukturaviy

optimallashtirish yodonalishidagi eng yangi
kristalli kremniy (¢Si ) fotoel ementl ari da r eWiosmkonakdt s i
yooéqotishlarini pasaytirish va optik yutild@
( TOPConNn) , kremniy geterooo6tishli (SHJ/ HJT)
perovskit kremniy tandem tuzilmalari. llmiy maabl ar d a g i tasdi gl angan
sanoat trendlariga tayangan holda, yaqin istigbolda yuqori samaradorlikka olib keluvchi
yooénalishlar asoslab beril adi

Kremniy quyosh elementlarida Foydali ish koeffitsientini (FIK) cheklovchi omillar ichida
strukturaviy nugtai nazardan eng muhimlar4f1
M sirt va hajmiy rekombinatsiya (zaryad t a
1 kontakt rekombinatsiyasi va kontakt garshiligi (Rs),
1 parazitik optik yutilish (aynigsa kontakt gatlamlari va metallizatsiyada),
T yor ugol i k ndarajdsiningiydiarli @akligi.s h
So6ngxyiyi3dl dagi texnol ogi k sakrashl ar ayn
passivatsiyao va fAarxitektur aomapd@ladn irykea mta g
PERCdan#t ype pl atformal arga odé6tisah asosiy tren
TOPCon konsepsi ykarsa mmiky akscAytkiapkgta@it c1iilO u Itturna
doplangan polS i gatl aml ar i bilan al mashtirib, bir
1 sirt rekombinatsiyasini kamaytiradi (yaxshi passivatsiya),
1 kontakt selektivligini oshiradi (elektron/kovakni ajratish),
T metall kontakt ostidagi yoo6gotishlarni P
TOPCon texnologiyali panellar samaradorligi 25.6% darajasiga [2] yetganini takidlash
joyi z. Shuni ngdek, sanoat yoonalishida TOF
optimall ashtirish yondashuvliari) wul ushi t ez
Ammo , TOPCon samar ad®i | iggal i hd & gii ¢ haf p@ap
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Ametallizatsiya bil an mo s | a s h t5v gatlarb igdlidigini ¢ h
optimall ashtirish ham alohida tadqgiqot yodn
HJT texnologiyasi <Si plastinasi yuzasida amorf kremniy%aH) passivatsiya gatlamlari
va shaffof o0t kazuvchi oksidl ar (TCO) yor

arxitektura aynigsa yuqori Voc (ochiq zanjir kuchlanishi) bilan ajralib turadiMa 6 | u mo t
ntype HBC (orqgqa kontaktli geterooo6tisbBlba) Kk
sof kremniy texnologiyalari uchun juda yugori natijadir.
Amaliy tomondan HJTning muhim muammolaridan [@ri metallizatsiya va interkonekt
(aynigsa Ag sarfi) kKadluisth,0 sra6 mgng is gyai loldéar kd
IBC (Interdigitated Back Contact) va HBC (heterojunction back contact) konsepsiyalarining
asosiyowdaydyiorugol i k kiradigan) yuzada met
olib tashlashBuning natijasida:
M soyalanish yoégotishlari kamayadi,
1 optik yutilish ortadi,
1 old yuzani passivatsiya gilish osonlashadi.
Olimlar [3,4] orga kontaktli yondashuvlar modul darajasida ham yuqori natijalarga olib

kel ayotganini koorsatadi (masalan, | BC modu
bergan).

Yuqori samaradorlik texnologiyalari (TOPCon, HJT, BC) sanoatlashtiriiganda asosiy
cheklovlardan bird metallizatsiya narxi va bargarorligahu sababli ilmiya ma |l i y y o0 n
[5-7]:

1 Ag pastalarini optimallashtirish,
1 Ag miqdorini kamauytirish,
1 Cu(mis) asosida metallizatsiya/elektroplating kabi yechimlar jadallashdi.

Masal an, TOPCondda Agob6ni gqgisqgartirish va
il miy ishlar koopaymoqda [ 6-modullBroiny dasish sitodasi h q a
bodéyicha ham sanoat mi gyosi dairqgatartxilgsadatdaham b o 1
ekranli bosma usul h a n u z-da,uGut uushl ortd i boragotggni a n
tadkidl anadi [ 6, 7] .

Bir-bi ri ni Atodl diruvchi 0o spektral -kgtwhshl i s
(tandem) nazariy chegaraniiSoshiamace¢im sBSOuwgy:
tez odbdbsayotgan platforma bool i b, Xususandlismd an
maydonda Zerminal perovskit/kremniy tandem uchun 34.85% samaradorlikka erishilgan [3]. Bu
natija strukturaviy optimallashtirishning
sifatida qaraladi.

Xulosa

Strukturaviy optimall ashtirish boékgtlikdaha ¢
umumlashtiriladi:
1.ntype platformalar (kam degradatsiya va yu
2. Rekombinatsiyani keskin kamaytiruvchi passivatsiyalangan kontaktlar (TOPCon) va HJT/SHJ
yechimlarini kengaytirish,
3.0pti k yodéqotishl arni kamaytiruvechi orga ko
4.Texnol ogi yani arzonlashtiruvchi va barqgaro
uzog muddatli istigbolda esa samaradorlik sakrashini beruvchi peiidugkitniy tandem
strukturalar.

Foydalanilgan adabiyotlar:
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APPLICATION OF MACH -ZEHNDER INTERFEROMETER IN MAGNETO -OPTICS

N.O. Abdulxafizova, O.0O. Ochilov
Center for the Development of Nanotechnology under M. Ulugbek Natiomnadrsity of
Uzbekistan
abdulxafizovanargiza@gmail.com

Introduction: The MactZehnder interferometer is used to detect changes in the phase shift
between twocollimated beams separated from a light source. The operating principle of the
interferometer is based on measuring the phase shifts between two beams caused by changes
the sample or the optical path length. This optical device is hamed after Ludwig (btac of
Ernst Mach) and Ludwig Zehnder. In 1891, Zehnder described this interferometer, and based o
his proposal, Mach developed the optical device in 1892.

The MachZehnder interferometer is a modern variant of interferometric methods and plays
a significant role in magnetoptics. It can be used as a magnetic sensor to detect magnetic fields.
Magnetaeoptics is a scientific field that studies the influencenmdgnetic fields on optical
properties, with one of its key principles being the Faraday effect. This effect is related to the
refractive index and transmission coefficients of a material. It is crucial for magpetal
research and technologies, sushte development of sensors and lasers [1].

This article analyzes the application of Matkhnder interferometry in magneobptics,
highlighting its advantages and practical significance.
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Figure 1. Schematic of the MackzZehnder Interferometer
In Figure 1P represents the projection scre8iis the laser sourc#)1 andM are plane mirrors,

P1 and Bare polarizers, EM is electromagnetic field whileabd D are beansplitting prisms.

Application of the MackzZehnder Interferometer in Magne@ptics

The MachZehnder interferometer is widely used in magragttics. This interferometric
method enables highly accurate measurement of changes in magnetic fields. With the help c
MachZehnder interferometry, the following magnetptical phenomena can beigted:

Faraday Effect:This interferometer allows detecting and measuring the influence of
magnetic fields on light waves, which is particularly useful for analyzing optical materials and
structures [2]. Depending on the strength and direction of the magnetic field, the igspcaise
of materials (such as the polarization angle) changes. The Faraday effect is employed to stuc
magneteoptical properties in nanostructures, such as quantum dots, nanotubes, and othe
nanomaterials.

Additionally, by modifying the Faraday geometry within the interferometer, it is also
possible to investigate th&err Effect

Advantages of MaclZehnder Interferometry

Due to its structural features and operational principles, the Makhder interferometer
differs from other interferometers. This interferometer utilizes two primary optical elements: a
beam splitterand abeam combinerThe application of the MaeBAehnder interferometer in
magneteoptics offers several advantages:

Sensitivity: One of the most significant advantages of the Maehnder interferometer is
its ability to detect extremely weak magnetic fields. This interferometer can measure magnetic
fields as low aslO nT (nanotesla)Compared to other interferometric systems, this level of
sensitivity is approximately0 times highef3]. Thus, the ability to observe and measure small
magnetic field variations makes this method highly valuable for magmueical research [4].

PrecisionThe results obtained using MaZehnder interferometry have very high accuracy,
with measurement repeatabiligss than 0.1%T his high precision minimizes unexpected errors
in measurements and ensures the reliability of results in scientific experiments [5]. Therefore, this
interferometric method is widely used in delicate research fields, such as the smidyoofind
nanomagnetism

High Efficiency: Mach-Zehnder interferometry demonstrates high efficiency in analyzing
optical changes. This interferometer, for instance, can perfod®0 measurements within 1.5
milliseconds Such speed and efficiency allow ré@he monitoring in laboratory settings,
facilitating fast and effective measurements in practical research [6]. This capability is particularly
useful for dynamically studying magnetic fields.

Conclusion

Due to its multidirectional, symmetrical, and precisely controllable design, the Mach
Zehnder interferometer stands out from other interferometers, siibredson, FabryPerot, and
Jamin interferometersThe benefits of this interferometer are closely linked to its extensive
applications inoptical systems and quantum technologias it enables precise interference
measurements and provides high sensitivity in controlling optical properties.

In particular,magnetic sensonsased on the MaeBehnder interferometer allow studying
the Faraday effect, the Kerr effect, and other magoptical phenomenan ferromagnets,
semiconductors, and nanocompositéhis enables the investigation of interactions between
magnetic and optical propertiethe dynamics of electronic and magnetic momertsd the
emergence of new effects in nanostructures
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Thus, theMach-Zehnder interferometer plays a crucial rolenagneteoptics and various
branches of physi¢ssignificantly contributing to the study dérromagnetic nanostructures,
materials science, and the advancement of new technalogies
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INVESTIGATION OF NONLINEAR OPTICAL PROPERTIES Ag .S QUANTUM
DOTS THIN FILM

Y.A. Buriyev, Sh. R. Kamalov
Institute oflon-Plasma and Laser Technologies of Uzbekistan Academy of Sciences
buriev.y.a@gmail.com

Ag2S is a semiconductor with a moderate band gap of approximately 1 eV and a relatively
high optical absorption coefficient, which makes it a promising material for photovoltaic
applications. It hashowedthat reducing the nanocrystal size to around 3 nm increases the band
gap to atleast 1.1 eV (1120 nm), as a result of weak quantum confinemen{ &f#¢cihis effect
becomes particularly significant when the radius of these species is smaller than the exciton Bor
radius[3]. Nevertheless, the nonlinear optical properties ofSAguantum dots in thifilm form
have not yet investigated. Due to above reasons, we decided to study the nonlinear optice
properties of AgS quantum dots (QDs) thin film. Firstly, we measured absorption, fluorescence
spectr of a 30m thick film. The QDs film showed a fluorescence peak centered at 970 nm,
covering the neainfrared spectral range from 800 to 1200 nm when excited at 462 nm. The
morphology of the sample was studied usidgE®L JEM-2100transmission electron microscopy
(TEM). Their average particle size was found to be 3.6 nm. We used a femtosecond laser (Jasp
20, Fluence Technology) with a wavelength of 1030 nm, a pulse duration of 200 fs, a repetition
rate of 300 Hz and standaresgan method for determination nonlinear optical properties the film.

Tsatra(2) = (17 q(2)/242) x (1 +lo/lsat ((2/20)? + 1)) (1)

Hereq(z) =lobLert/ (1+ (z/20)?), lois a laser peak intensity at focus (z =f0js the nonlinear
absorption coefficient attributed to TPA Z k(wg)%/2 is a Rayleigh lengttk = 24/ is a wave
number,Less = (1 - exg-acL))/ao is an effective length of samplegy is a linear absorption
coefficient,L is a thickness of the studied film, ahkglis a saturation intensity of the samplé&e
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