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Xulosa. Integral tenglamalaring nazarivasiga ko‘ra [9], yuqorida keltirilgan Volterra tipidagi inte-
gral tenglamalar sistemasi bir giymatli va qo‘shimcha shartlarsiz yechimga ega bo‘ladi.

Keyin masalaning yechimini ) soha ichida (11) formula orgali, qolgan sohalarda esa Dalamber formu-
lasi yordamida Koshi masalasining yechimi sifatida topamiz. Teorema to‘liq isbotlandi.
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Tursunov Orzibek Bahrom o‘g‘li (Toshkent davlat Texnika universiteti “Raqamli elektronika va
mikroelektronika” kafedrasi mustaqil tadqiqotchisi)
MONOKRISTALL KREMNIYDA RUX VA SELEN ATOMLARINI DIFFUZION LEGIRLASH
ORQALI SizZnSe BINAR NANOKLASTERLARNI HOSIL QILISH VA ULARNING
ELEKTROFIZIK XOSSALARI

Annotatsiya. Ushbu maqolada monokristall kremniy (Si) panjarasida rux (Zn) va selen (Se) kirishma
atomlarini ikki bosgichli past haroratli diffuzion texnologiya yordamida kiritish asosida Si’ZnSe tuzilishi-
dagi nanoo ‘Ichamdagi binar birikmali elementar yacheykalarni shakllantirish natijalari bayon etilgan.
Tajribalar KEF-100 (Np=4-10" sm™) va KDB-0,5 markali monokristall kremniyda T—1150°C haroratda,
t=1+4 soat davomida gaz fazasidan diffuziva usulida amalga oshirilgan. Skanerlovchi elektron mikroskop
(SEM JSM-IT 200), rentgenfazaviy tahlil (XRD PANalytical Empyrean), Raman spektrometri va UV-1900i
Shimadzu spektrofotometri yordamida olingan kremniy namunalarining element tarkibi va optik xossalari
o ‘rganildi.

Kalit so‘zlar: kremniy, diffuzion legirlash, ZnSe binar birikma, nanoklaster, taqiqlangan soha keng-
ligi, fotoelektrik xossalar, infraqizil fotodetektor.
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®OPMUPOBAHUE HAHOPA3SMEPHBIX BUHAPHLIX COEJJMHEHUM Si;ZnSe B
MOHOKPUCTAJUIMYECKOM KPEMHUHU ITYTEM BBEJAEHUA ATOMOB IIPUMECEH
I[IUHKA 1 CEJEHA IIOCPEJACTBOM JIBYXCTAIUIHOT'O HU3KOTEMIIEPATYPHOI'O
JUO®PY3IUOHHOI'O ITPOLUECCA

Annomauus. B dannoii pabome onucwiéaemecs Qopmupoeane HaHopasme PHovix OUHAPHBIX COeOUHe-
Huil Si>ZnSe 6 MOHOKPUCTIATIUYECKOM KPEMHUL NYyMeM 86e0eHUsl AMOMO8 npumeceti yunka (Zn) u cenena
(Se) nocpedcmeom 08yxXcmaouiiHoO20 HUSKOMEMNEPAMYPHO20 OUPPYIUOHHO20 npoyeccd. IKcnepumeH ol
npoeoounucs na kpemuuu mapox KEF-100 (NP=4x10" cy”) u KDB-0.5 npu memnepamype T=1150°C ¢
meuenue t=1+4 u memodom cazoghasnoii oupdysuu. InemeHmMHblll COCMAB 1 ONMUYECKUE COTiIcmEa 00-
pasyos uzyuanucs ¢ nomopio COM (JSM-IT 200), penmeenogcxoii ougpparyuu (PANalytical Empyrean),
pamanosckoli cnexkmpomempuu u cnexmpogomomempun UV-1900i Shimadzu. Hlupuna sanpewenoti 30-
Hut Si2ZnSe, obpazosantozo Ha nosepxrnocmu Si, dviia onpedenena memooom Tayrka u cocmaeuna Eg(Siz
ZnSe) =1,24 5B.

Knrouesovie cnosa: xpernuii, Ougpghysuonnoe ne2uposanue, OuHapHoe coedunenue ZnSe, HaAHOKIAC-
mep, WUPUHA 3aNpeyeHHOT 30Hbl, POMOINEKMPUIECKUe CEOUCMEA, UHPPAKPACHBII POMOOemeKmop.

FORMATION OF SLZNSE BINARY NANOCLUSTERS IN MONOCRYSTALLINE SILICON
BY DIFFUSION DOPING OF ZINC AND SELENIUM ATOMS AND THEIR
ELECTROPHYSICAL PROPERTIES

Annotation. This paper reports the formation of Si-ZnSe nanoscale binary compound unit cells in
monocrystalline silicon by introducing zinc (Zn) and selenium (Se) impurity atoms via a two-stage low-
temperature diffision process. Experiments were carried out on KEF-100 (Np=4x10" cm™) and KDB-0.5
grade silicon at T=1150°C for 1=1+4 h by gas-phase diffusion. The elemental composition and optical
properties of the samples were studied by SEM (JSM-IT 200), XRD (PANalytical Empyrean), Raman
spectrometry and UV-1900i Shimadzu spectrophotometry.

Keywords: silicon, diffusion doping, ZnSe binary compound, nanocluster, bandgap, photoelectric
properties, infrared photodetector.

Kirish. Zamonaviy nanoclektronika va fotoenergetika sohasida kremniy asosidagi yarim o‘tkazgich
materiallarning elektrofizik va fotoelektrik parametrlarini kengaytirish dolzarb muammo sifatida kun tarti-
bida turibdi. Elementar Si ning taqiglangan soha kengligi (E; = 1,12 ¢V) va spektral sezgirligi A < 1,1 mkm
oralig‘ida cheklangan bo‘lib, infragizil (IQ) va ultrabinafsha (UB) nurlanish diapazonlarida ishlaydigan
fotodetektor va fotoelementlar yaratishda bu holat asosiy cheklovchi omil hisoblanadi [1-3].

AIIBVI birikmali yarimo‘tkazgichlar, xususan, rux selenid (ZnSe, E,=2,70 ¢V, to‘g‘ri zonaali o°tish)
— LED, lazerlash va IQ detektor texnologiyalarida muhim o‘rin tutadi [4,5]. Biroq ZnSe kristallini alohida
substrat sifatida ishlab chigarish texnologik jihatdan murakkab va gimmat. Shuning uchun Si kristall panja-
rasida ZnSe tuzilishidagi binar birikmali nanoklasterlami hosil qilish ikkala material xossalarini birlash-
tirishning qulay va igtisodiy magsadga muvofiq yo‘lidir.

Mavzuning o‘rganilganlik darajasiga ko‘ra, Hu va boshq. [6] Si/ZnSe qobigli nanostrukturalarni sin-
tez qgilishdi. Baxodirxonov va boshglar [7;8] kremniydagi I[I-VI guruh elementlari asosidagi birikmalarni
o‘rganishdi; Saidov va boshglar [9] (Si?);-«(ZnSe); qattiq eritma fotoelementlarini tahlil gilishdi.

Ushbu magolaning magsadi—(i) monokristall Si da ikki bosqichli past haroratli diffuzion texnologiya
yordamida Si*ZnSe binar nanoklasterlari hosil gilishning optimal shartlarini aniglash, (ii) hosil bo‘lgan na-
noklasterlaming element tarkibi, tagiqlangan soha kengligi va fotoelektrik parametrlarini zamonaviy tahlil
usullari bilan eksperimental tasdiglash.

Materiallar va usullar. Boshlang ich material sifatida n-turdagi KEF-100 (Np = 4-10'* sm™) va p-
turdagi KDB-0,5 (Ng = 3-10!7 sm®) markali monokristall kremniy plastinkalari tanlab olindi. Namunalar
STX-402 olmos ipli keskich bilan 10x8x1 mm?® o‘lchamda kesib olindi va M14/M5 olmos kukuni bilan
mexanik ishlov berildi. Sirt tozalash uchun HNO3:HF = 4,5:1 eritmasida kimyoviy yemirilish amalga oshi-
rildi.

Kirishma atomlari sifatida kimyoviy tozaligi 99,99% bo‘lgan Zn va Se elementlari tanlandi. Diffu-
ziya jarayoni vakuumli kvars ampulalarda (P = 10*+10° mm sim.ust.) TK-2-3-17A2 markali gorizontal
elektr pechda amalga oshirildi. Harorat ko‘tarilish tezligi: 5°C/min; diffuziya rejimlari: T = 900+1250°C, t
= 1+10 soat.

Selen kirishma atomlarining Si sirtida kuchli eroziya hosil qilishi ma’lum muammo [10]. Uni bartaraf
etish uchun M.K Baxodirxonov ilmiy maktabida ishlab chigilgan va ushbu tadqiqotda qo‘llanilgan ikki
bosqichli texnologiya quyidagicha amalga oshirildi:
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