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PHYSICS

VIK: 538.911. 935. 958. 975

ZnO nneHKaCUHUHT ONTUK Xoccanapu.
X.K.MaHcypos!?, X.A.Maxmygnos’, M.5.PacynoBa?

17 M.Bo6yp HOMUIArk AHIHAKOH IaBIAT YHHBEPCUTETH, ¥ 36ekucton, 170100, AHxmkoH maxap, YHUBepCHTeT Kydacu 129
2 AHIVKOH MaIIMHACO3TUK HHCTHTYTH

2023 nnn. 25 oktabpaa 6epunrax; 2023. nun 19 Hoabpaa Yon 3TUL y4yH Kabyn KUnuHraH

AHHoTaumsa. Maskyp nwga ZnO tonka katnamnapuHi OfMHUL TexHonornanapu, bolka matepvannapgaH
ad3annnk TOMOHNapu, MU3MK-KUMEBUN XyCycuATNapu ypraHumnraH. n-ZnO nreHKacvHU OnNull YYyH 30Mb-refb
TEXHOSMOTUACUHWHT  CNPen-MMponn3 ycynu xampga ranmui atomnapu KupuTunraH Bogopod aTmocdepacupa
OKCMANAHVL — TUKMaHULWW (KanTanaHuw) peakumsacu bunaH OfNMHULL YCyrapu xakuaa MabnymoT kentupunraH. Pyx
OKCMAMHWUHI ONTMK XOCcanapu acocuaa ONnuWHraH HaMyHamnapHW 3MEeKTPOH KypurManapga KynnaHunuwm bynunya
nnmuni Taknnd Ba Taecuanap y3 ndogacuHy TonraH.

Kanut cy3nap. ZnO nneHkacn, 3onb-renb,
reTepoTy3unmMacu.

doTonoMuHecUeHUms, cnper-nuponua, Nn-ZnO/p-Si

Annotation. In this work, we studied the technology for obtaining thin layers of ZnO, its advantages over
other materials, and its physicochemical properties. Information about the spray pyrolysis method of sol-gel technolo-
gy for the production of n-ZnO films, as well as methods for obtaining a redox (reduction) reaction in a hydrogen at-
mosphere with the introduction of gallium atoms. Scientific proposals and recommendations on the use of samples

based on the optical properties of zinc oxide in electronic devices are reflected.
Key words. ZnO film, Zol-gel, photoluminescence, spray pyrolysis, n-ZnO / p-Si heterostructure.

Byrynru kynna, ynrpadunadma (Yb) ¢oto
KaOyIutaruaiap THKOpaT Ba XapOuit Makcamiap/a,
XKyMiagaH, CHFUH aJaHTaCUHH KAl KWIMII, CyBHU
To3asall, KIMMaTOaxo KOFO3Jlap Ba BalIOTATapHU
CaHOKAAH YTKa3WI, a30H KATJaMHUHU TEKIIHPHII,
pakeTajapra CHUrHajmiap Oepuil TH3UMJIapud Ba
0OIKa WIMHH TaIKMKOT Ba MIUIA0 YHMKAPHII
coxanapja KeHr Kyyutanuimora [1, 1972-1976-6.].
lapum Oynpmait Typmarum ¢oto KaOyimarudmap
Kytorab caHoaT Ba TIDKOpaT WyHAIUIIIapUia
MakcaJUlM KYJUIAaHWIMII HMMKOHHSTIApH KaTTa
Oynumura kapamacnas, yiap (GaN (~ 3,45 3B) Ba
SiC (~ 3,26 5B)) HUHI' TaH HapXJapHHU FOKOPH
9KaHIIUTH,  I[IYHUHT/IEK,  OOIlKa  OMMaBHH
KYJJIaHWIAUraH sSpUMYyTKa3rud Marepuai, Si
OWIIaH XMW PaKoOaTIom OYIa OIMaCIUTH KYTi1a0
3JIEKTPOH KypHiMajap — Kaia Kuiaruusiap, yiodarad,
KaOyJuarn4jiapHu Ky MHKIOp/Aa UIad YuKapuil
xamaa camapany (OWIATMHUIINATA —TYCKUHIUK
kuanb xkenmmokaa [2, 1680-1682-6].

XKaxonnunr kymmad ommmiiapu  OyHjan
Mojjanapra pakooarbapomn 0ynaa onagurad ZnO
(~ 3,24 5B) xaTnamiapuHHU OJUII YCTHIA MIIMHIA-
TaIKUKOT WIIIapuHu onub OopMokmamap. Pyx
okcuan (ZnQO) HaHOKpHCTAIApH TYFpU 30HAJM,
cnektpHuHr ynrpabunadma (YB) coxacuman kyk
coxacuraya Oynran JranazoHja KyWIn
WHTCHCUBIIMKIATH HYypJaHWII OepHinm, Ky3ra

KYpUHYBUH coxaga Iokopu maddodumkka Ba
FOKOPH 3JICKTPOH XapaKaTYaHIUKKa dTajJuru cabad
OmoTnOOMETNAa KyE€m HypWUAaH HWHCOH TEPHCHHU
XUMOsT KWIYBUM cypTMaiapia ¢aon Momna,
EPYFIIUK TUOJUIapH, OpraHWK KyEll eJeMeHTIIapH,
ra3 1aT4uKIapH, (OTOKATAIUTHK 3JIEMEHTIIAp yUyH
HCTUKOOJUTN MaTepuall cudarua KapaaMoka.[3]
n-ZnO/p-Si reTepoTy3UIMacH
(hOTO3JIEKTPUK XOCCAIAPUHHU YPraHWIraHAa, S’bHU
HamyHa cuptu 2000 JIx raua épuruirania BaJICHT
coXacuaaru 3JEeKTPOHJIAp KYN COHJIM (OTOHIAp
OunaH ¥3apo TabCUp HATHWXKACUIA YTKA3yBUAHIUK
coxacura ytumu, Ba Oy 3ca y3 HaBOaruga cait
KYWIAHUIIHUHT ~KUAMATUHH ~ OpPTHINNra  OJHO
kenagu. Iy cababiu, €pUTHNTaHIMKHUHT KHYUK
KUAMaTiapuia HOMYBO3aHaT TOK TallyBUYHJIap
KOHCEHTparuscu n~ne.1* KoHyH Oyiinda y3rapamu
Jeinin MyMKuH. By epna, o - kod¢dunment, I -
¢oToHNMAp COHM, Ng - TOK TaIIyBYMJIAPHUHT
MyBO3aHaT KOHCEHTpauusicn. TaAKUKOT JaBOMHIA
épuTmiramMKHUHT Kuiimatn  Ec = 2000 JIk ra
eTKa3WiraHja  CcainT  KyWIaHWII  MakcHUMal
KUMaTHU KaOyn Kwinu. by KuiimMatnan keiuH
CalIT KyWIAaHHIIMHU KaMalulM Ky3aTWigu. by
(OTOHNIAPHUHT BaJICHT JIEKTPOHJIApU OMIIaH ¥3apo
TabCUPU TAOMATUHMHI Y3rapuiuyd OwiaH OOFIUK
0ynu0, yHra Kypa 3HEPreTUK TYCHKHHHI OPTHUILU
HaTW)Kacula KBaHT-MEXaHMK XOcca fo3ara Kema
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oonutaiiayn. CanT KywIaHHI EPUTHITAHIUKHUAHT E.
= 2500 JIx kmitmMaTturada kamaiu® 0opud, cyHrpa
CaNT KyWIaHWII KuiAMaTH y3rapmaii komaam (3.1.2-
pacm). Hlynnait Kuimb, EpUTUITaHIMKHUHT KUYUK
KUMMaTiapuaa canT KydJaHWII EPyFINK OKMMHIa
MyTaHOCHO paBHIa opTamu. bHUpPOK, EpyFiInK
OKMMUHHHT SIHaJa OPTHIIM OWJIaH MYTaHOCHOIHK

Oy3umaju. by aca n -coxazaa
(OTOIJICKTPOHJIAPHUHT  3apsiid  Ba  P-coxana
(hoTOKOBAKIIAPHUHT KaMaiTaHInTu Omtan
W30XJIaHa/IH.
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3.2.2-pacM. Nn-ZnO/p-Si  rerepoTy3UIMACHHUHT

EpyFIuK Xapakrepuctukacu |73, 475-479-60.]

Ilyan tapkumrad ytum kepakkw, ZnO
KaTiamuapu Typad  XWl — ycymjnap — OwiaH
ONIMHUIINTA KapamaclaH, yjap acocujaard Oapua
HaMyHaJlap ONTHK HypJap €KH JIEKTPOHJIAp OKUMU
OunaH rasaCHIAHTUPUII  HATIDKACHIA  XOCHI
Oynran crnektpan (OTOIFOMHUHECUEHIUACH Y3ura
XOC UKKH cOXa: OWPWUHYUCH SIIWI PaHIIH
HypaaHuin crekrpura terunum (A ~ 500 aM, AL ~
100 HM) KeHr coXa; MKKUHYWCH TYFpUIaH TYFpu
AJICKTPOHJIAPHUHT  PEeKOMOMHAIUACH — Ty(dahiu
xocusl Oynmamurad Yb HyprmaHum cnektpura mMoc
kenyBud (A ~ 380 HM, AL ~ 15 HM) HHrHYKa
coxamapura ofra Oymamu. DOTOIIOMUHECIICHITUS
CHEKTPUHUHT  YYKKWIAPW  HMHTCHCUBIATH  Ba
VJIAPHUHT SIPUM KEHIJIMTHra HUCOAaTu pyX OKCHUAM
Ty3WJIMacH TapKUOWJard HYyKCOHJapra OOFJINMK
oymamu [1]. Ky3ra KypuHYBUM HYpJIAHHII
CHEKTPHIAru KEeHI COXAaHWHI Ky3aTwiaumd, ZnO
KaTJIaMJIapy acoCHJard HaMyHallap TabKUKIaHTaH
coXacujaru XyCycuil HyKCOHJIap Ba KHpHIIMaiap
Ty(aiinu ro3ara KemaguraH AOHOP €KUM aKLENTOp
catxjap OwraH OornmK Oymamu. 1- pacmaa pyx
OKCHJ  MOHOKPHCTAIMHUHT  JIFOMUHECICHIIUS
CIIEKTpU KenTtupwiran [2]. MOHOKpUCTAT PyX
OKCHIH KaTJlaMmJiapu rajuIii aTomIapu
KUPUTHITaH BOJIOPOJI atMoc(epacua
OKCHJAJIAaHWII  —  THKJIAHWUII  (KalTaJaHWII)
peaknusAcy OWiaH ONUHAIM, JKapaéH TarjiuK y4yH
500 = 670 °C Ba ko3oHuYa (Turen) yuyH 720 +
750 °C xapoparma amanra omuprmiagd. Kelnaru
oockuuga m > 40 pgakuka MoOainumma 700 +
750 °C xapopar opanufuna XaBo €KUM KHCIOPOJ

aTMocdepacu OOCMMH OCTHIA TaJUIMi aromiapu
OwmaH Jerupianrad pyx okcuam m > 40 makuka
MoOaitHIIa 550 °C xapopatdga BOIOPOX
atMocdepacuaa ymmab typuwnaan. Yb coxacura
TETUIIIN OYJIraH CIEeKTpal JIOMUHECIEHIUS SPKUH
9KCUTOHJIAPHUHT pexoMOnHaIsICcHTa, y3yH
TYIKUHIAp coXacura Teruuum OynraHu — 3ca
9NEKTPOH-KOBaK >Ky(PTIapHHUHT pPEKOMOMHALMOH
HypJaHHIIIra acocianam [1].
12

450 500 550 600
A, HM

1-pacM. OKCHUIAHMII- THKIAHUII peakuusicu
OnJaH OJMHTaH PyX OKCHAH MOHOKPHCTAJTMHUHI

JIIOMHHeCHeHI s ceKkTpu [2].
2.81

400

2.75 2.58 2.47

3.44 3.26 3.09 2.95
1,0 4 3 : ¢ ;
1:?'1:
o8 4
5 Py
S o6 * }'x
5 [y
& i ke
S o4 / %
X . k<3 >
IS | e
< hi ES
0,2 4 - F e
1 ﬁ{ [l T R Y G S S S S
0.0 T T T T T T T T
360 380 400 420 440 460 480 500 520
2-pacM.30J1b-TeJIb TeXHOJIOTHCH
oujian OJIMHI aH n-(ZnO) MJICHKACUHUHT
(doTosroMUHeCTIEHIMA CIEKTPH
MabaymMku, pyX OKCHUAM  Ty3WIMAacHiaa
KHApUIIMaIap KAPUTHIII €K KpHCTAILI

NMaH)KapaHWHT WYKH HYKCOHJAapH OuiiaH OOFJIHK
Oynra" Typiu HYyKTaBHH HYKCOHJAp, HIYHHHIIEK,
TalIKK Tabcupiap Tyaiam Mak/ulaHaéTraH
PEeKOMOMHAIIMOH MapKas3nap Ky3ra KYpHUHYBYH
HYPJIAHWIITHH IOTUIIUII CIIEKTPUra TETHILIN OYIIraH

COXaHMHT TMaigo Oymumwura omubd  Kenajw.
Kucnopon aTomI1apu eTUIIMan KOJITaH
BaKaHIMSUIAp, IIyHUHTAEK, OOIMIKa  Typaaru

HYKCOHJIAp TabCHPHUIA PYyX OKCHUAU Ty3HIMAallapH
tdhotomromunectieHusa  ciektpuga 450550 HM
TYNKUH y3yHJIHUKAArd HyPJIAHUII CHEKTPUHUHT
paHrIM  coXach  HHcCOaTaH  KYIPOK
Ky3atwinagn [3]. PyX  OKCHUAMHHMHT  ONTHK
xoccajapura yiap acocuaa OJIMHIaH
HaMyHaJapHUHT (MOHO &KW TIOJHM) MYyKaMMaJUIUK
Japakacw, SbHUM  KPUCTAUIMK  TY3WIUIIMIA
HYKTaBUM HYKCOHJIAp Ba MUKPOKYWIAHUIUIAPHU
F03ara KeJIHIIN KyWIH TaAhCUP dTaIH.

N-ZnO TJIEHKACUHU OJUII YYYH 30Jb-T€Jb
TEXHOJIOTUSICHHUHT  CIIPEU-MUPONIU3  YCYJNHMJaH
doiinananunau. TaiiépnaHrad MIMIIA TarMKIapra
2500 aiu/mMuH  Tesnumkaa xasoma 20  coHus
JaBOMHJA LeHTpadyramam KypruiMacH OpKalu

AT
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3puTMa TOMU3WINO Typunaau. OMuHraH mieHka 15
nmakuka gaBomunaa 120° C na kyputwiagu. Xyiian
Ba KYpHUTHII >Xapa€HW Kepakil KaTWHIAKIATH
mieHKka omum yuyH 10 maprarada TakpopiaHaIu.
Konauk opranvk MopmanapHu onu0 Tamuiam Ba
ZnO TUIEHKAJApUHUHT KPHUCTAUT TY3WIHIITHHU
OJIUII YYYH KaTJIaMJIApHU XYJUTAll Ba KypPHUTHIIIAH
cynr, ynap 550° C xapoparaa 30 nakuka JaBoMuIa

KH3UPHIIIH.

Verupunran n-Zn0O/p-Cu
reTepOTY3UIMACHHIHT DOTONOMHHECIICHITHSI
XOHa Xapoparua, TeCKapu COYHJTHII

reomerpusicuga LabRam HRS800 cnexkrpomerpun
épmamuaa  onuMHAM. MoanaHu KY3FaTHII Y4YyH
WKKWIAHTaH YacTOTAId Arz Jia3epy HWIUIATHIIIN
(xy3ratunn umsury 244 aM, Kysratam suaamra 102
goton/c'cM? , HaMyHa CHpPTHra TyHIa&éTraH
HypiaHull KyBBaTH ~ 2.5 MBT). Jlazep HypunHm
¢okycnam yuyyn 40 wMapTa KaTTalallTHPYBUd
oOBbeKTHBAAH (hoimamaHuiInyd, HaMmyHara TyIITaH
Jmazep Hypu AuaMeTpu 3 — 4 MKM HH TallIKWJI
3Ta/IN.YpraHuIu. DOTOTOMUHECIICHIINS
VCTUpWIITaH KaTJiaMra HyHaITUpUITan A, = 325 HM
TYIKWH Y3YHIUTHIATH Jla3ep HYpJIaHWIIH OWJaH
ranaéHaaTupwiagd Ba KaityBum wummync CJJI-7
KaiiJl KWIrn4u OWiiaH KaOys KWIUO OJIMHIM.

2-pacMyiary 30J1b-Tellb yCYyJIU/Ia OJIMHTaH N-
ZnO/p-Si reTepOTY3UIMACHHUHT
(OTONFOMHUHECTICHIMST ~ CIICKTPU  KEJITHPHIITaH.

VYHza EpyFiIuK HypU TYIKUH Y3YHIUTHHAHT Awax =
377 HM nma CHOeKTp MakKchMal KHWMaTHH KaOym
KO, Oy uykku ZnO HUHT TabKUKJIAHTAH COXa
keHrnuru 3,26 ra Tyrpu kemaau [4]. ByHpman
TalIKapu n-ZnO/p-Si FETEPOYTHUIHUHT
doromomunecnennust crnektpuga  400-410 HM
OpaNUKIArd SHTH JYHTIMKHUHT Taiao Oy IurmmHu
KYpuIIMMu3 MyMKHH. By 3ca kyn KaTiamiy ronka
napJaajsapHu KaTjlaMJId YCTHpUII >kapaéHuaa
TarauKk ~ OwiaH  IomMKa — KaTiiaM  T[amxapa
napamMeTpJiapuHil  MOC ~ KeJIMaciluru xucoOura
HYKCOHJIADHH CHpTra Kyuumu ca0abiu Iomka
KaTiaM Io3acuja Taijo Oynran ryM0a3cHMOH
HAaHOOOGKTIIApHM  XOCHWJ  Oynrannmuru  Owiad
n3oxyaHaan[S]. byHnaii HaHOOOEKTIAPHUHT FOTIKA
Katiam cupTuaa HIAKJIJIAHUILIT XaKMHAN
HYKCOHJIADUHUHI KaMaluIIUra Ba MOHOKPHUCTAITHH
MyKaMMaJJIMIK ~ JapaKaCMHW  OpPTHIIMra  OJu0
KeJau. Bynnan TaIlKapH n-ZnO/p-Si
TeTePOYTUIIHUHT (OTONIOMHHECHEHINSI CIIEKTPH
OIITHK MaIa3oHu KEHTas/Iu. n-ZnO/p-Si
reTepOTy3UIMAaCHHUHT XOHa xXapopaTruaaru
(hoTOMIOMIHECIIEHINS CIIEKTpUAA OOIIKa TypAaru
HYKCOHJIapra MOC KeJaJuTaH OSMHCCHSIaHyBYH
YYKKWJIApUHUHT  Ky3aTWIMarawiura — (Macajia,
ZnO mnenkacupa ~ 550 HM kuciaopon Tydaniu

Scientific Bulletin.

Xocun ~ OynmaguraH  YM3UKHUHT  OMUCCHUSICH)
reTepOYTUITHUHT (POTOTYMUHECHEHIINSI CIEKTPUHU
Ky3aTuiaumuaa OyHIOall HyKCOHJApHHM yJIyLulapu
KMYMK KUMMaTna SKaHIMIMHH Ba Oy 3ca IOIKa
mapja ONTHK  XOCCAJApUHH  SIXUIMJIAHWIIHU
TabMUHIANAN. SIpHU OyHOall MoAmaHM, afHUKCA ~
377 HM TYAKUH Y3YHJIHUKIN ONTHK JHAara3oH/a
ynTpabuHadIa HypJIapuHA YUKapyBUd €KU KaOyi
KWIyBYM Kypuiama cudatuga  QoiaanaHuil
AMKOHWHH Oepaim.

Anaduéraap.
[1ar.2202010 Poccwuiickas ®enepanus, MITK’
CO01T'0 09/02. Crioco6 moNy4eHUs] MOHOKPH-
CTAJUINYECKOT0 OKCUAA IIMHKA C OBICTPBIM H3-
JydeHueM B yJabTpaduoneToBoli obmactu
criektpa / M. P. Pabananos, P.A. Pabananos;
3adBUTENs M MaTeHTrooOnanmarens [larecran-
CKU{ TOCyNapCTBEHHBIM yHUBepcHUTET. - No
2001131694/12; 3asmn. 23.11.2001; omyOm.
10.04.2003, Bbromn. Ne 10.
Bypako B.C. Mopdonorust u ontudeckue
CBOMCTBa HAaHOCTPYKTYp OKCHJa LIWHKA, CHH-
TE3UPOBAHHBIX METOAAMH TEPMHUYECKOTO U
aneKTpopaspsiiHoro pacneiierus / JKypHan
texauueckon ¢pusuku. — 2011, — T. 81. —Bpim.
2.
Ozgiir U.et al. Journal of Applied Physics 98,
041301 (2005).
https://doi.org/10.1063/1.1992666
Bellingham J. R. Intrinsic performance limits
in transparent conducting oxides. / Journal of
Materials Science Letters. — 1992. Ne 11. —P.
263-265.
A.Il. TapacoB. JlroMUHECUEHUUS MUKPO-
CTPYKTYp OKCH/Ia IIMHKa W BJIHMSHUE Ha Hee
MOBEPXHOCTHOTO IIJIa3MOHHOTO pPE30HaHCa M
MarHuTHOro moisl. Jlucc.xann.¢pus.-MaT.HayK.
MockBa: MOTH, 2019.
X.A. MaxmymnoB. ZnO 1omka mHapAacUHUHT
TY3UJIMaBHI xoccanapu. DU3UKaHUHT
pHUBOXHIA ($yHIaMeHTaI-MHHOBALMOH
TaJAKUKOTIIAp Ba YHUHI HCTHKOOIIapu //
PecrryOnuka wnmMuii-amanuii KoH(QepeHIHsICH
marepuamiapu. —lomkeHT -2021 #wun, 14-
OKTA0pb

1.

MancypoB XoTamM»OH AHIWKOH JaBiat
YHHMBEPCUTETH JOLEHTH, (uU3MKa —MaremMaTuka
(dhannapu Homzonu

Maxmynos Xympyiioek AOxyJazsu3oBu4
AHmmKOH — maBmar  yHUBepcutetm — PU3MKa-
mMatemMaTvka (akynTeT YKyB wuwiapu 6yinmnya
AeKaH YpruH6ocapm

PacysoBa Mapxa6o botup:xon Kusu
AH}II/I)KOH MAaIInHAaCO3JIMK MHCTUTYTHU

1-60ocKknY TassHY JOKTOPAHTH

Physical and Mathematical Research Vol. 5 Iss. 2 2023


https://uzjournals.edu.uz/adu
https://uzjournals.edu.uz/adu/vol2
https://uzjournals.edu.uz/adu/vol2/iss2

