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PHYSICS

VIK: 538.911. 935. 958. 975

AntoMuHUM atomnapun kuputumnrad ZnO nneHkanapuHUHE ONTTUK
Ba 3NeKTPOdn3nK Xoccanapu

LU.X.Mynunes?, B.0.Fynomos?, H.l0.lOHycanues®

LAHIMXKOH aBIAT MeIaroruKa uHctutyTH, 1703401, AHmokoH ., Aycrnuk kyuacu 4-yii
2AHIVKOH MalIMHACO3TUK HHCTHYTH, 1703401, Aramkon ., BoOyp mox Kyuacu 56 yit
SAnnmxoH nasnat yausepcutetH, 170100, ARIMKOH maxpu, Y HUBEpCUTET KyuacH, 129 yii

2023 nun. 30-oktabpaa 6epunran; 2023 nnn. 26-Hos6paa 4on ety y4yH Kabyn KunuHrax

AHHOTauus. Ywoby uwaa vyktnpuw ycynu épgamuaa cod Ba Al atomnapu 1% gaH 5% rava kuputunran ZnO
konnamanapwv yctmpungu. Al atomnapun mukgopn 1% 6ynraH ZnO nneHkanapvHUHT CONULITUPMA KapLUWUIN SHT
KNYMK KMAMaTHW kabyn kunuwm Ba 2% AaH tokopu 6ynraH kuiMaTtnapaa aca ynapHuHr acta cekuH optub 6opuiin
aHuknaHaum. Al atomnapu mukgopw 1% OGynraHuaa 3apsig TallyBuunap KOHCeHTpaumsicu sHr tokopu 2.3:1018 cm-3
KMimaTHu kabyn kunuwm xamga kvpuiima mukgopu 5% rava optuwm 6unan 2.9-1017 cM-3 rava kamanmb 6opuin
aHuknanam. Al atomnapu 1% gaH 5% rava kuputunrad ZnO nneHkanapvaa 3apsj TalyByunap xapakaTyaHnurm pe
HUHT KMMaTu pgactnab kupuwma mukoopu 2% rava OynraHoa kamanuwimv, CyHrpa yHAaH loKopu Mukgoprapaa
OPTULLIN aHUKNaHAWN.

Kanut cy3nap: uyKktupuw ycynu,
TalyBuYMnNap xapakatyaHnuru.

Abstract. In this work, 1% to 5% Al atoms dopend and undopend ZnO films were grown by dip-coating method.
It was found that the resistivity of ZnO films with the content of Al atoms at 1% takes the smallest value, and at values
higher than 2%, it gradually increases.. It was found that the concentration of charge carriers takes the highest value
of 2.3-1018 cm-3 when the amount of Al atoms is 1%, and it decreases to 2.9-1017 cm-3 when the input content
increases to 5%. In ZnO films with 1% to 5% Al atoms, it was found that the charge carrier mobility pe initially
decreases when the input content reaches 2%, and then increases by a larger amount.

Key words: dip-coating method, zinc-oxide, aluminum, resistivity, concentration, carrier mobility

AHHOTauus. B pgaHHon paborte nneHkn ZnO c copgepxaHuem atomoB Al oT 1% 0o 5%.6binn BbipalleHbl
METOAOM MOrpyXeHnsi. YCTaHOBMEHO, YTO yaenbHoe conpoTueneHue nneHok ZnO ¢ cogepxaHuem atomos Al 1 %
NPUHMMaET HaMMEHbLLEE 3HaYeHUe, a Npu 3HaveHusx 6onee 2 % OHO MOCTEMEHHO YBENUYMBAETCS. YCTaAHOBMEHO,
4YTO KOHLEHTpaUUs HocuTenewn 3apsga npMHumaeT Hanbonbluee 3HadveHne 2,3:1018 cm-3 npu konnyecTee atomoB Al
1% v cHuxaeTtcs go 2,9-1017 cm-3 npu yBenuyeHun copepxannsa Beoaa a0 5%. bbino o6HapyXeHo, YTo B NNeHKax
ZnO c copepxaHuem atomoB Al oT 1 o 5% NoABWXHOCTb HOCUTENEN 3apsifa Ye cHavana yMeHbluaeTcs, Korga
BXOAHOE cofepaHue gocturaeT 2%, a 3aTem yBennunBaeTcs B GOnbLUEN CTENEHMW.

KnroueBble cnoBa: MeToa NOrpyXeHusl, OKCua, LUHKA, antoMUHUNA, yaenbHOe COMPOTUBIIEHME, KOHLEHTpauus,
NoABUXHOCTb HOCUTENEN.

pyx OKCWAW, anioMUHUIA, CONUWTUPMA KapLUMIWK, KOHCEHTpauus,

Bbyryurn kxyHma Zn0 1onka IUIGHKaJapu
y3uauar kenr (3.37 5B) TakukiaHraH coxara
sranmuru Tydaiinu maddod Ba onTosaIeKTpOHUKATA
UCTUKOOJUIM KYJUIalll HMMKOHUSTH, IIyHUHIJIEK,
KYK-yiTpaOuHadiia Ba OK EpYyFIMK HypJIapuHU
YUKapaJuraH, KeHI TaKUKJIaHTaH coxara sra GniN
(3.4 »B) Ouman pakoOarOapmom Oyma onwmy,
OyHzaH Tamkapu, ZNO MOHOKPUCTAIUT KaTJIaMmilapu
GaN (skcuron Oofmanumir suepruscun 25 meB)ra
HucOaTaH Y3UHUHT CHHTE3 KHJTHII
TEXHOJIOTHSICHHUHT  COJJIANIMTH,  KaMXapiJIUTH
xama SKCUTOH Oormanumt 3HEprusicu 60 MaBra
TEHJIMTH Kabu Oup Katop ad3anm XycycHATiapu
*kaxoH Mmukécuma (aomuar onmmub Oopaérran coxa
BaKWJUIApW Opacua KaTrTa KU3UKHUII YHFOTHO, KEHT

Scientific Bulletin.

KYJIaMJId WIMHHA TaJIKAKOTIIAp OJIMO OOpHIMOK/A

[1,2,3,4].
JlexuH, XaHy3raua Zn0 IOIIKA
IUICHKAIAPUHUHT ~ ONTHK  Ba  DJIEKTPO(U3UK

XOccaJlapy Xam/la YHEPreTHK coXa y3rapHuiuiapura
TYpJIM KOHCEHTPAIMSIN KUPUIIIMA ATOMJIAPHUHUHT

TabCUpIApU Oyiinua UIMAR TagKUKOT
UIUTAPUHUHT ~ CTUIIMACIUTH, yJap acOCHIaru
TaIIKA TabCHpIIapra Cesrup Oynran

KypWIMaJIapHUHT OapKapop WIUIall TH3UMHAA
TYpIM MyaMMOJIapHH [03ara KeITHPMOK/IA.

[y myrocabat OuiaH ymoy TaaKUKOT WA
30JIb-TEIBHUHT  YYKTUpUII  yCynu  EpaaMuiaa
onmuarad cod Ba 1% man 5% raya Al aromnapu
kupuTiiIrad ZnO 10TKa MJICHKAIAPHHUHT — ONTHK
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Ba  OJJEKTpOM3MK  XOccalapura  KUpHUIIMa
aTOMJIAPMHUHT TabCUPJIApU TAAKUK KUJIMHIAH.

Onrtuk xycycusitjiap

Verupunran ZnO 1omKa IUIGHKanap ONTHK
YTKa3yBYaHIMKIApUTa Al KHpHIIMa
KOHCEHTPALMSICUHUHT TabCUPH XaMJa Ma3sKyp
KaTiamiap Y4yH SHEpPreTHK coXaiap KEeHIJIUTH
ypranwngu. 1-Ba 2-pacmiapaa (TYK CapuK paHIIH
STPH YHM3UKJIAP) OOPOCHIMKAT OWHA TarJIATHHIHT
ONTHK YTKAa3yBYAHIWIH Ba FOTHIMLI CIEKTpIapu
kentupwirad. ['padukinapaan oifHa TarJIMKHUHT
IOKOpH YTKa3yBYaHIWK mgapaxkacu 307 HMOaH
OonutanumuHA Xamaa 4.02 5B sHeprusum KecKuH
IOTWINII YerapajapuHi TakAUM STraHUHH KYpHII
MyMKMH Ba Oy KwuiiMatnap agaOuériapna
KEeATHPWITaH KuMMaTiapra >KyJa XaMm SKHH
SKAHJIUTH TacIUKIaHIu [5].

lynunraek, 1-pacMaa yerupuirad cod Ba Al
atomnapu 1% nman 5% rava xuputwiaran  ZnO
IUIEHKAJTapUHUHT ONTHK YTKAa3yBYaHIMKJIAPUHUHT
rpadukiapu KenTupuirad. Pacmpan Gapua romka
IUIEHKaTapHU KYpPUHYBYH Ba WMH(paKU3WITa SKUH
HypJsaHu coxanapuna 74 % nan 92% rava okopu
YTKa3yBUAHIUMKHH HaMOEH HTAETTaHUHU KYpPUIL
MyMKHH, Oy 3ca ¥3 HaBOaTuaa TalKWK dTanaéTran
HaMyHajap ONTO3JIEKTPOH KyprimManapaa maddod
oifHa cudartnna ¢GolJaANaHUII HWMKOHUSATIAPUHA

Oepanam.
100

Transmittance (%)

5(I)O 660 760 8(I)O
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1-pacm. Cod Ba Al atommapu 1% man 5% raua

KHPHUTHIITaH ZnO TNNeHKaJapUHHUHT — OITHK

YTKa3yBUaHJIUK CIIEKTPJIAPH.

T
30 400 900
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IOTWJINII CIIEKTPIIApH.

OnuHraH HaMyHIApHUHT OyHIail FOKOpH
YTKa3yBYaHIMK Japa)kacl T'€KCOTOHAT KpPUCTAJI
namwkapanuar ¢ yku  (002) Texucnuk 6yitnad
Wynantupwiranga optub Oopagu [6].  Jlekun
yctupuirad 1oieHKanapaa Al aTtomiap MHUKOpH
opTHO OopuIIM OWIaH ¢ YKUHUT OPTUIINA Xamjaa
CyOKpHCTAIIUT YIT4aMIapuHUHT Typiu
KuimMaTiiapaa y3rapu6 Oopumr FOKOpH
VTKa3yBUaHJIUK JapaKaCUHU KUYUK KHWMatiaapnaa
(81.36 %mnan 74.33% raua) kamalumura oau0
KEeJraH.

yauaraex, 1-pacvaan ZnO mieHKaCHHUHT
ONTUK COXaIH YTUIIMTa MOC paBHUILAA aKcapu
ycTupwiral IonkKa IUIEHKanap ynarpabuHadia
coxacu sikuauga 381 HM maH 373 HMrada KeckuH
IOTWINII YerapajapiHd TAaKOUM 3TraHUHM Xamzaa
WyHanTUpuiaéTran HypJ1ap OKUMU
CyOKpuCTaJUIMTIIAp dYerapajapuia XaMmia IUICHKa
CUPTHH coxajlapuja IIaKUIaHraH KpUCTALIUTIAp
Ounan TabCUpJalraHaa VYTKa3yBYaHINK
cnekTpuza 3aud YTKa3yBUAHIMK Japa)kalapu
HaMOEH OYITaHWHU KYPHII MYMKHH.

2-pacmaa cod Ba Al arommapu 1% man 5%
raua KUPHUTHIITaH ZnO  mIIeHKaJapUHHUHT
ynrpabuHadimra xamaa KYpUHYBYH HYpIApHU
IOTUII CHEKTpIapyu KeaTupwirad. Ymoly pacMaaH
cop ZnO r1uteHkanmapu yiTpabuHadiia coxaia
OMHCCHSABUI uyKkucu TaxmuHan 381 uwmma, Al
atomsapu 1% nan 5% raua xuputmwiaradn ZnO
IUIEHKaNapja 5ca OMHCCHSIBHH UYKKHIApD MOC
paBumga 382 uu, 379 M, 376 uM, 374 HM Ba 373
HMWJIapJa HaMOEH OYNTaHIMIMHU KYPHII MYMKHH.
OnuHran cnekpan HaTWwKIapaaH ycrupwiran Zn0

IONKa  IUIEHKAJapHUHT  TabKMKJIAHraH  coxa
kenrru Tayc momenu acocuma [7]
ahv = B(hv — Ey)*/? (1)

upona EpaaMuaa aHUKIAl MyMKuH. By epna
a ot kKodQduuueHTr, hv GOTOH dHEPrUscH,
B sca 3nekTpoH-KOBaK XapakaT4yaHIUTUra OYFINK
oynmran udoma ong xoddpdunmentu. (1) udona
épnaMmia aHWKJIAHTAH KaTTaaukiaap 1-xagBaira
KUPHUTUITaH.

1-xanBai
Al % | Aparna 1 2 3 4 5
SR ii{
3 Macus3
A (mm)| 381 382 | 379 | 376 | 374 | 373
Eq 3243 | 323 |32 | 32| 330 | 331
(eV) 9 6 9 7 8
by sca ¥3 maBOatmma ZnO TUICHKACHHUHT
03'0 o . 7 SHEpreTuk coxa KeHrymruHu 3.243 gan 3.318 3B
’ o TE. ev ’ raya OpTaéTraHWHU  KypcaTaau. OHEPreTHK
’ COXaHMHT OyHAal OpPTHUIIN Bypcrenn-Mocc

2-pacm. Cod Ba Al arommnapu 1% nman 5% raua
KUPUTUITaH ZnO mnNeHKaJapUHUHT  OINTHK

Scientific Bulletin.

HazapusiCH, SbHU JIeTeHepaTCHsUIaHTaH (KupHIIMa
MUKIOPH OpPTHO KeTraH) spUMYTKa3ruwiapiaa

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

AnOMUHMIA aToMnapy Knputunrad ZnO NioHKanapuHUHE ONTUK Ba 3MeKTPOPM3nNK Xoccanapm 17
depMu  caTXWHU  YTKAa3yBYaHIMK COXacCHAaH OWpHKManapura TETHUIUIM  OOIIKa  TypJard
CWDKMIIY OMJIaH M30Xj1aHamu [8,9]. KPUCTAJUIUTIAD IIAK/UIAHUIIMHUHT  KaJaliiaiia

3-pacmyia (KYK paHTJIH STPH YM3UKra KapaHr)
XOHa Xapoparuzma TYpPT 30HAIH YyCyd &paaMuna
ymuanran cod Ba Al atommapu 1% man 5% raua
kuputwirad  ZnO IUIeHKATApUHUHT COJUIITHPMA

Kapiwwury  ( p) HH  KHpHIIMAa  MHKIOpUra
OOFMUKJIMK rpadurn  Kentupwiran. Pacmaan
ycTupuiran IUIEHKAJIApHUHT COJIUIITHPMA

Kaprmuryd Al atromimapu MEUKAOpHTa Kapad Typiu

XUJ1 KHfIMaTJ'IapFa OpUIITaHUHA KypI/IIH MYMKUH.
44 r2.510" 20

o —e— clectrical resistivity [1s
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3-pacm. Cod Ba Al aromnapu 1% nman 5% raua
kuputiiran  ZnO TUICHKaTAPUHUHT CONUIITHPMA
Kapuwwmary  ( p) ,  3apsg  TalryBuYHIap
koHcenrparmsac (Ne) Ba xapakaTdamyiurd (i)
KHPHIIMa MUKJIOPUTa OOFIIUKITUTH.

[10-17] TtaakukOT wWHUIApH MyayUTH(IAPH
TOMOHHUIAH TYypJM XWI YCTHPHII YCYyJUIapu
épmamuna  omuHradn  ZnO  IUICHKAJTAPUHUHT
CONUINTUPMA  KapIIWIMKJIApH  KUWMaTapUHUHT
Y3rapuiy KpUCTAL1 MNamKapaiapla KHPHIIMa
aTOMJIADMHHUHT  ¥3ap0  alMalIMHYBHU YyJIQPHUHT
KOHCEHTpATCHSICH OPTHUIIM OWJaH TYypiad XU
XoJatiap/a HaMOEH OYJIMIIM OpKajdu M30XJIaHTaH.
BusnuHr X071 yuyH xam Al atomnapu mukznopu 1%
Ooynrannaa ZnO MIEHKAJIAPUHUHT COJIMIITHPMA
KapIIMIUTH 3HT KU4uK Kuitmatau (0.57 Q-cm) HE
XaMmJa KUpHUIIMa Y1yl opTud Oopran capy YHUHT
KHIIMAaTH acTa CeKuH opTud 00opubd 5% erranna (2.4
Q-cm) HU KaOyn Kwirad. By xomatHu ycTupuiran
IUICHKQJIapDHUHT  PEHTICHOTY3WIMAaBUH  TaxJIuiI
HaTHXJIApU acocuza, sbHU Al aTomiiapu MUKAZOpH
1% raya oprumm OwinaH acocuid  QoH
KUpHILIMaJapuIaH (ZnO IEHKAIapU
cyOKpucTajuiuTiap  OyIMHMII — yerapajapuiaa
aJIcOpOCHsITaHTaH X0J1/1a TallyBYMJIap YIyH TyTKHY
MapKaziapu BazupacuHu OaxxapyBuH)
KHCIOPOIHUHI  KpUCTaJl  Mamxapa  Oyiinad
HOTEKUC TaKCUMIIAHWIIMHU KaMainb KeTHIIH
xamza 2% naH OKOpH KUPHIITMaIap
MaBXyAjapuaa (TallyBUMHUHT KOHCEHTPALMsSCUTa
XHcca KyIIMaiauran Ba IUICHKaJaru JekTp ¢aoi
OynMaran Al MUKIOpPYM OpTHINM HATHXKacHIA
namwkpa Oy3wmumura onud KelyBUM XaXMHN
HyKcoHnap) sHru Typraru ZnO xamaa AlOs

OopuIy OWIaH TyIIyHTHPHII MYMKHH.

IllynuHraek, xona xapoparuga Ban nep Ilay
ycyau ownan cod Ba Al atommapu 1% nan 5% raya
KUPUTUITaH ZnO mnneHKaJapuHUHT  3apsij
TauryBumiap KoHceHTparmsicn Ne aHukmanmu (3-
pacMm, KU3WJ paHIiid 3TpH 4M3WK). Pacmman Al
atomsiapu  MuKIopu 1%  Oymranmpa  3apsin
TAllyBUWJIAD  KOHCEHTPALMACH  SHI  IOKOpHU
kuiiMatan  (2.3-10® cm®) mm xampa kupumma
MUKIOpU 5% rada oprumm Omman 2.9-10Y7 cm®
radya Kaimb Oopamu. [18] TaakMKOT wWIUIApH
MyalTuQIapd TOMOHUAAH Onu0 Oopwiran Oup
KaTop TaAKUKOT HIUIApHAa 3apsii TallyBUHIap
KOHCEHTpPAIMsSICH ~ OPTHIIM  XaMJa IUIeKHaJap
COJMIUTHPMA KapUIMJIUTMHA Kamaiimmm 1% raua
Al artomnapu KkupuTHO WIAKIUIAHETTAH IUICHKA
KpUCTAJUI ~MAH)Kapacuja KUpUIIMa aToMJapu
nonnanagu Al*® Ba ymap Zn*? Gunan y3apo ypun
aNIMalIMHUII  HATIKAacUAa dSpKUH JJIEKTPOHIIap
Xocunl Oymum, 1y OwnaH Oupra, Al aTomuapu
MUKJIOpY OpTHO OopHIy OWIaH 3aps TallyBYHIap
KOHCEHTpALMSICH KaMaluIIM XaMIa IUIeKHaiap
COJMINTHPMA KapUIMIUTHHUHT KHAMATH ca OpTHO
OOpHIIM KUpUIIMa MHKJIOPH eTapiuya OKOpU
(srpHU, TaxMuHaH 2% AaH OPTHK) OyiaraHna akcapu
Al arommapu HEHTpaJUTalIMIIM ~ HATHYKACUA
namKapaja Oy3winiuiap INaKUIAaHWIIA acochaa
M30XJIaHTaH.

XyJioca

VTKa3uiran JSKCIepUMeHTAl TaAKHKOTIap Ba
yJlap acocusa OJIMHIaH HATHKAIAPHHT TaXJIHUIAPH
acocuza KyHuaarmiapHy XyJioca KWINII MyMKUH:

Yyerupuirad cod Ba Al arommapu 1% nan 5%
rada kuputwirad ZnO mieHKanapu KYpUHYBYH Ba
nH(paKU3WIra sSIKHH HypJlaHuII coxanapuga 74 %
maH 92% raga OKOpHM YTKa3yBUYAHJIMKHH HAMOEH
STHIIH aHUKJIAH/IH;

Al aromnapu 1% nan 5% raya KupuTWITaH
ZnO 1nieHKanapuaa 3MUCCUSIBUM UYKKHUIIAp MOC
paBumga 382 wmman 373 HMrada Kamanuim,
SHEPreTUK coxa KeHrnuru 3ca 3.243 nan 3.318 5B
raya OpTHUILM aHUKIaHuO, Oy PepmMu caTXUHU
VTKa3yBYaHINK COXAacHJIaH CWDKHIIKM  OWjaH
U30XJIaHAIN;

Al aromnapu muxzopu 1% Oyaranuga 3apsin
TallyBYMIIAP KOHCEHTPALMACH SHT roKopu 2.3-10%8
cM?® KuiimMaTHM KaOyJl KWIMIOM XamJa KUpHIIMa
MHUKIOpU 5% rada oprumM Omman 2.9-10Y7 cm®
rada KaMaiuo® OOpHIIY aHUKJIAH/IH;
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