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MOJIEJIOBAHHSA @ YHKINIOHAJIBHUX XAPAKTEPUCTHUK
COHAYHHUX EJIEMEHTIB HA OCHOBI ZnO I TiO:

Anomayia. Y CcTaTTl PO3TJISAHYTO OJHOIEPEXITHI KOHQIrypaiii
COHSIYHUX E€JIEMEHTIB, IO ABIIAIOTH COO0I0 TETEPOCTPYKTYPHU 3 OKCHIHUMHU
wriBkaMu ZnO 1 TiO, B SIKOCT1 €IEKTPOHHOTO TPAHCIOPTHOT'O MaTepiaty Ta
HamiBIpoBiTHUKOBI miakIaaku Si, GaAs ta CIGS B SKOCTI MOTIMHAIEHOTO
Martepiany. 3 BUKOPUCTAHHSIM YHCEJIBHOTO I1HCTPYMEHTY MOJICITIOBAHHS
COHSIYHMX eJeMeHTIB mnporpamu WXAMPS otpumano ¢oroBonbraiuni
napameTpu ((pakTop 3aMOBHEHHs, HAMpyra XOJOCTOTO XOJy, IIUIbHICTh
cTpyMy  kopotkoro  3amukaHHs Ta  KKJ[)  rerepomepeximHux
dotoenexkrpuynux mneperBoproBauiB  ZnO/Si, ZnO/GaAs, ZnO/CIGS,
Ti10,/S1, TiO,/GaAs, TiO,/CIGS. MakcumanbpHe 3Ha4eHHS €hEKTUBHOCTI
24,84 % oTpumaHO MpU MOJETIOBaHHI napaMmeTpiB cTpykTypu ZnO/GaAs.
Po3paxoBano  temmepatrypHi  3aiexHocTi KK mocmimkyBaHuX
¢doToneperBoproBauiB y Mmexax temneparyp 280-330 K. BcranosneHo, 110
3MiHa €(EeKTUBHOCTI (POTONEPETBOPIOBAYIB HA OCHOBI TE€TEPOCTPYKTYD
Zn0O/S1 1 TiOy/Si npu 3miHI Temneparypu craHoButh 3,31% 1 3,43%
BIJIMOBIJTHO, [UJISl 1HIIMX PO3MVIAHYTUX CTPYKTYp JlaHa BeJIUYMHA He
nepesuiye 2,7 %.

Kniouosi cno8a: COHSIYHUU €JIEMEHT, reTeponepexis,
HaIIBIPOBITHUKH, KOMIT FOTEpHE MOIeIOBaHHs, WXAMPS.

Ilocmanoska npobremu. CoHSYHA EHEPreTHKa BITHOCHTBCSI J0O
HaWOLIBII MEPCIICKTUBHUX BITHOBIIIOBAILHUX JKEpen eHeprii. OmxHak s
MaKCHMAaJIbHOTO BUKOPUCTAHHS BCIX MOXKJIMBOCTEM TAHOTO JKepea eHeprii
HEOOX1JJHO PO3BUBATH TEXHOJIOTIi (DOTOBOIBTAIKH, sIKa Ma€ BEIUKUU
noteHuian. Ha cporogHi OCHOBHOW 3amauyeto  (OTOBOJIBTAIKH €
3/ICLIEBJICHHSI €JEKTPUYHOI €Heprii, W0 BHUPOOJSIETbCS COHSIYHUMHU
enementamu (CE). st qocsirHEHHS I1i€i METH HEOOXITHO IMiABUIIYyBaTH
edekTuBHICTh Ta 3HMKYyBaTH BapTicTh CE. bnusbko 85 % Bin 3araibHOTrO

© A. @. Ianenuyk, €. B. @ininoBuy
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00csiTy BUPOOHMIITBA CKJIa/JalOTh COHAYHI €IEMEHTH Ha OCHOBI KPEMHIIO.
OpHak Maibke TOJOBUHY 3arajibHOI BapTOCTI KPEMHIEBOTO COHSYHOTO
MOJIYJIS CKJIaJla€ BapTiCTh BUXITHUX KPEMHIEBHUX IJIACTHH, Y 3B SI3KY 3 UUM
BUHUKA€ HEOOXITHICTh 3aMIHM MOHOKPHCTAJIIYHOTO KPEMHIiI0 abo OiibIi
TOHKMUMM  IUIACTUHAMHM  MYJbTUKpUCTaIiyHOro  Si, a00  1HIIMMHU
MEPCIEKTUBHUMH MaTepialaMu.

Cepenl OTHOTIEPEXITHUX COHSYHUX C€JIEMEHTIB BUIUISIOTH KPEMHIEBI,
Ha OCHOBI HaIBIPOBIIHUKOBUX 3’eaHaHb A3B5, A2B6, A1B3C6 Ta
smimadi [1]. ®oroneperBoproBaui (PII) Ha ocHoBl A3BS5 (GaAs, GaAlAs,
GalnAsP, InAs, InSb, InP Ta iHmi) BOJOAIIOTH Maike 1AcaTBHUMU
xapakrepuctukamu, a ix KK][ moxe nocsratu 30 %. Jlng ontumizaiii
napamMeTpiB COHSYHHX €JIEMCHTIB BUKOPHUCTOBYETHCS IMHPOKHHA CIIEKTP
HaIIBIPOBITHUKOBUX 3’€qHaHb A3B5 B pi3HOMaHITHUX KOMOIHAIlSX, alie
YacTillle 3a BCE 3HAXOATh 3actocyBaHHs (GaAs Ta InP. Sk aGcopOiiiinumii
map npyu BUPOOHUUTBI (POTONEPETBOPIOBAYIB MOKE OyTH BHUKOPHUCTAHO
HamiBrpoBigHukoBe 3’ eqHanHs CIGS (Cu(In,Ga)(Se,S),) [2], siki Ha naHuit
MOMEHT 3aiiMatoTh OJIU3bKO 2 % 00CATY CBITOBOTO PUHKY TOHKOILTIBKOBUX
COHSTYHUX €JIeMEHTIB [3].

[Ipy BHUrOTOBJICHHI COHSYHUX €JIEMEHTIB B OCTaHHI JIECATUIITTS,
3aBISIKM  TMepeadadeHoMy  BHCOKOMY — 3HAQYE€HHIO  e(EeKTHUBHOCTI,
3aCTOCOBYIOThHS €JICMEHTH Ha OCHOB1 HAIIBIPOBIIHUKOBUX OKCH/IIB METaJIIB
(Ti0,, ZnO, CuO, Cu;0, SnO, Ta iHmi). 3 ogHOTO OOKY, TOHKI IIIIBKU
OKCHUJIIB IHPOKO BUKOPUCTOBYIOTHCA SIK MPO30PI MPOBITHI €IEKTPOAH B
COHSIYHMX €JIEMEHTax. 3 THIIOTr0 % OOKY, Il TUTIBKY IIPEICTABIIAIOTH 3SHAUHHM
iHTepec sk (¢GotoakTuBHUNA mmap DIl 3aBasku A0OpOMY y3rOJIKEHHIO
CHEKTPIB iX TMOIVIMHAHHS 31 CHEKTpaMu COHAYHOTO BHUIIPOMIHIOBAHHS.
Bupi3HstoThCS cepel] BUIIENepepaxOBaHUX OKCUIIB TUTIBKM OKCHLY LIMHKY
Ta JIOKcUy TuTany [4, 5]. Bukopucranns Tonkux miiBok ZnO 1 TiO; npu
BUTOTOBJICHHI (DOTOEJIEMEHTIB Ha OCHOBI P-N-NIEPEXOJIIB MOXKE 3HAYHO
MIJBUIIUTH €(PEKTUBHICTh MEPETBOPEHHS COHSYHOI €HEprii 3a paxyHOK
PO3IIMPEHHs Jllana3oHy B yiabTpadioieToBy 1 (pi07eTOBY 001acTi COEKTPY
[6, 7].

JlocuTh EPCIIEKTUBHUM HANPSIMOM € JOCTIIPKCHHS OJTHOMEPEXiTHUX
(b oTONEepEeTBOPIOBATILHUX CTPYKTYP, B KX K €IEKTPOHHUHN TPAHCIIOPTHHMA
MaTepiai 3acTocoBYIOThCs OKkcuaHI iBKU ZnO 1 TiO,, a sk mOraTuHaILHUN
map — MIKIaJKu KpeMHio Si, apceHiny raniro GaAs abo ceneHizy Mifi-
1gairo-ramro CIGS.

Ananiz ocmanHix docniodxicensb. MeTaaooKCUIH1 HamiBIpoBiAHUKYA ZnO
1 TiO, MaroTh mUpoKy 3a00poHEHY 30HY (~3 €B) 1 BHCOKI MOKa3HUKH
MPOBIAHOCTI, BOHU MPO30p1 Y BUAUMOMY Ji1aa30H1 ONTUYHOTO CIEKTPY, HE
TOKCUYHOCTI Ta MalOTh HEBUCOKY BapTICTh, 1110 103BOJISIE BUKOPUCTOBYBATH
iX mpu BUpOOHUITBI npuiiaiiB GotoBosbTaiku [8-11]. Ha choroani 6arato
HAyKOBUX KOJIEKTHUBIB MPAIIOE€ HAJ JOCIIKEHHIMH B 0071aCTI ONTHMI3aIii
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napametpiB @Il Ha ocHOBI ganmx okcuniiB. Ilpu mpoMy B mdiTepaTypi
MOBIJOMJIIETBCS  TIPO  MOJICIIOBAHHS  3HAa4eHb €(QEKTHBHOCTI  JIS
reteponiepexoaiB ZnO/Si ta Ti0,/Si B mupokux mMexax Big 6 % mo ~24 %.

Tax B po6oTi [12] orpumano KKJI 17,16 % (Voc=675,8 meB, [5¢=30.24
MA/cm? 1 FF=83,96 %) mpu Bukopucranui n-ZnO sK eIeKTPHYHOIO
BUMNPOMIHIOBaYa Ha TMIAKIAAMI C¢-Si  p-TUIY MPOBIAHOCTI, OJHAK
nociikyBanucst  cTpykrypu ZnO:B(n)/ZnO/c-Si(p). R. Pietruszka i3
CIIBaBTOpPaMU MIATOTYBAJIM COHSYHI €JIEMEHTH Ha OCHOBI FE€TEPOIEPEXOY
atomuuit map ZnO/p-Si, 1m0 neMoHCcTpye epekTuBHICTh 14 % [13]. 3rigHo
imitanii B mporpami PC1D edextuBHicte M=24,8 % COHSYHOI eHeprii
rereponepexony ZnO/Si gocsraeTbesi IpU 3HAUYEHHAX TOBIIMHU 0a3u 400
MKM, TOBIIMHU BUMpOMiHIOBa4a 20 MKM, KOHILEHTpAIlii HOCIiB 3apsmy
1,1-10" ¢m™ Ta 5,1-10'° cm™ B 6asi i BumpominroBaui Bimmosimmo [14].
Jiokcua TUTaHy OOCUTH JOBIHH 4Yac JOCHIIKYBaBCS SIK MPOCBITIIIOIOYA
IUTIBKA ISl KPEMHIEBUX COHSAYHUX eneMeHTIB [15]. IIpoTe aBTopamu mparii
[16] mokaszaHo, 10 HaHeCceHHs Ha m-Si HaHopo3MipHoro TiO, mo3BosiE
3HAYHO MOKPALIUTH €(PEKTUBHICTh COHTUHUX OaTapeii 3 17,18 % no 17,87 %
npu ToBiuHI mapy TiO; 55,2 HMm.

TakuMm 4YMHOM, 3alPONOHOBaHI KOHCTPYKIII COHSYHUX KOMIPOK Ha
ocHoBl ZnO/Si 1 TiO,/Si MOXyTh OYyTH OJIHIEIO 3 KpalluX aJlbTEPHATHUB
3BUYAMHUM KPEMHIEBUM COHSYHUM €JIEMEHTAM.

VY Bumnanaky Bukopuctanus CIGS-minkmamox edexktuBHICTE B 17 %
nocsiraetbest npu ToBimMHI mapy ZnO 100 HM 1 3HAYEeHHI MIUPUHU
3a0opoHeHoi 30HU 3,4 eB [17]. MoxiauBl MapupyTd IJis MiABUILICHHS
BUPOOHMIITBA HA PiBHI epekTuBHOCTI 20 % 00roBoprotoThes B poOoTi [18].
VY nocnimxenti [19] ebekTUBHICTS MEPETBOPEHHS COHSIYHOI €HEprii gocsrae
MaKCUMalbHOTO 3HaYeHHs 12,38 % mpu BUKOPUCTaHHI OKCUIY 1HIS-0JI0Ba
SK BIKOHHOTO OKCHJy, liIoKkcuay TuTaHy T10; gk OydepHoro mapy n-tuiy 1
marepiainy Cu(In,Ga)Se;.

Hemo Bumor € edextuBHicth CE  mnpu  BUKOpUCTaHHI
HaITIBITPOBITHUKOBUX 3’eqHaHb A3BS5, 1 O6e3mocepesHb0 HamiBIIPOBITHUKA
GaAs. Kpim Bucokoro KKJI, nani ¢otonepeTBoproBayi XxapakTepu3yOThCs
BHUCOKOIO CTa0UIBHICTIO TIapaMeTpiB Ta CTIMKICTIO 10 J1i HABKOJHUIITHHOTO
cepenopumia. Xin Jin ta Naiyun Tang micnst ontumizaimii COHSYHHUX
enemeHTiB ZnO/GaAs y mporpami Silvaco Atlas moBimoMiIsItOTE PO
edeKTUBHICTh, mepeTBopeHHs1 eHeprii 22,84 % [20]. Tpoxu HIWKYUM €
sHaueHHs1 KKJ]I 11t consiuHux eneMeHTiB Ha OCHOBI CTpykTypu T10,/GaAs
[21]. Hanuii QoroenemMeHT Jocsrae MiABUIICHOI IIUIBHOCTI CTPyMy
KOpPOTKOTO 3aMuKaHHA Jsc=24,82 MA/cM?, 1110 IIPU3BOAUTH 10 MOKPAIIECHHS
e(heKTUBHOCTI 10 3Ha4YeHHs 19,66 %.

OpnHak aHani3 HAyKOBUX JIKEPEN CBIIUUTh, 1110 MUTAHHS JAOCTIIKEHHS
JAHUX CTPYKTYpP BCE WIE 3aJTMIIAETHCS BIIKPUTUM 1 OTPEOY€E NETaabHOTO
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BUBYCHHS 3 METOI0 TIOJAJBINOI ONTHMI3AIlli KOHCTPYKIIH 1 Miadoopy
MaKCHUMaJbHO €(heKTUBHHUX MapaMeTpiB.

Dopmyniosanns memu cmammi. MeTOIO AOCHIIKEHHS € YUCIOBE
MOJICTIOBaHHSI ~ (DYHKIIIOHAJIBHUX  XapaKTEPUCTUK  TeTEpOINepexigHuX
COHSIYHUX €JIEMEHTIB Ha OCHOBI IJIIBOK OKCUAY LIMHKY Ta JIOKCUAY TUTAHY,
a TaKOX pO3paxyHOK TeMIiepaTypHux 3anexxHoctert KK/,

OcHnosna uwacmuna. Jlyisg anpoOarlii HAyKOBO-TEXHIYHUX pIlICHb B
obyacTi omTuMi3allii IMapaMeTpiB KOHCTPYKIIH (OTOmepeTBOPIOBAYiB
aKTyaJIbHUMH € 33/a4l MOJEJIIOBaHHS MapaMeTpiB COHSAYHUX EJIEMEHTIB 3
BUKOPDHCTAHHSAM IporpamMHOro 3a0e3meueHHs. [  MojemOBaHHA
¢dynkuioHanpHuX xapaktepucTuk DIl MoxyTh OyTHM 3acTOCOBaHI Taki
nporpamu sik AMPS-1D, SCAPS-1D, PC1D, AFORS-HET Ta inmii [22-25].
BiJIbHOPO3MOBCIOIKEHO0, MPOCTOI0 Ta epekTnBHOIO npu BuBYeHH1 CE €
nporpama WXAMPS (Bepcizs AMPS (Analysis of Microelectronic and
Photonic Structures)). Jlanuii mporpamMHuii 3aci0 JO3BOJUB 3MOJCIIIOBATH
(yHKI10HATIbHI XapaKTEePUCTUKH TOCHIKYBaHUX (OTOEIEMEHTIB (puc. 1).

Bepxuiil Konrak

= g

T HikHIN KONTAKT
Pucynox 1. Cxematuune 300pa>keHHS 3MO/IeThOBAaHUX (DOTOEIEMEHTIB
3HadeHHs I BXIJIHUX TapaMeTpiB IIapiB, 10 BUKOPHUCTOBYBAIHCS

st MozemtoBanHa @I, obupanucst niTepaTypHUX JDKEpeNl 1 YHCIOBUX
nanux. Jleski 3 HUX HaBeACHO B TaOaMI 1.

Tabnuys 1
[TapameTpu mapiB AOCTIHKYBaHUX CTPYKTYP

ToBumna | Konuenrpartist [Hupuna JlienexTpuuHa

Marepian | mapy d, JIETYH0Y01 3a00pOHEHOT | MPOHUKHICTH

MkM | gomimku N, cm™|  30HUM E,, eB marepiaiy €
Zn0O 0.2 1,0-10'8 3,30 9,0
Ti0, ’ 1,0-10" 2,26 10,0
Si 1,5-10'° 1,12 11,9
GaAs 3,0 2,0-10" 1,42 10,9
CIGS 2,0-10° 1,15 13,6

SBTSATU. 12. 1. 20
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BuwmiproBannust mapametrpiB CE Oyno mpoBemeHo mpu  CHEKTpi
BUMIPOMIHIOBaHHS, 0 BiamoBimae AMI1.5 Ta iHTEerpambHIN OIIIBHOCTI
noToKy Bunpominiosanns 1000 Br/m? [26]. Temneparypa cranosuna 300 K.

3 wxAMPS 3.0 Oyno oTpuMaHO TyCTHHY CTPyMy KOpPOTKOTO
3aMUKaHHA Jsc, HAPyTy X0JIOCTOTO X0y Voc, KoedirieHT 3amoBHeHHs FF 1
KoedilieHT KopucHOi aii 1. OTpuMaHi 3HaYEHHS 3aHECEHO 10 TaluIll 2.
Bonbr-amnepni  xapakrepuctuku  (BAX)  JOCHKEHHX  CTPYKTYp
IIPE/ICTABIICHO HA PUCYHKY 2.

Tabnuys 2
®oTOBOJIBTATYHI MTAPAMETPH JAOCTIIPKYBAHUX CTPYKTYP
I'yctuna ctpymy Hanpyra ®akrop | KK/ n,
CTOVKTYDa KOPOTKOTO XOJIOCTOTO  |3amOBHEHHS | %
PYKTYP 3aMuKaHHs Jsc, | xomy Voc, MB FF, %
MA/cMm?
Zn0O/CIGS 29,31 0,64 79,54 14,92
Zn0/GaAs 30,07 0,95 86,65 24,84
Zn0/Si 30,66 0,51 79,29 12,29
Ti0,/CIGS 29,27 0,63 78,78 14,57
T10,/GaAs 30,20 0,95 85,37 24,39
Ti0,/Si 30,90 0,50 79,72 12,36
30 ,a Zn0O/CIGS
— Zn0O/GaAs
o~ — ZnO/Si
E —— TiO/CIGS
< 91 —— TIO/GaAs
E_ — Ti0./Si
g ;
=
3 104
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Pucynok 2. BonbT-amMnepHi XapakKTepUCTUKH COHSYHUX €JIEMEHTIB Ha
OCHOBI JIOCII/I)KyBaHUX CTPYKTYP

BignoBigHo 10 orpuManux aaHux, sHaueHHs KKJ]I nms omgHOro 1 TOTrO
K HAITIBITPOBITHUKA P-TUITY PYU BUKOPUCTAHH1 PI3HUX HAIIBIIPOBITHUKIB N-
TUITy TMPOBITHOCTI BiapizHstoThes Ha 0,1-0,6 %. MakcumanbHe 3HAYCHHS
epexktuBHOCTI (24,84 %) oOTpuUMaHO TPH MOACIIOBAHHI TapaMeTpiB
cTpykTypu ZnO/GaAs, 1m0 CBIIYUTH MPO MEPCHEKTUBHICTH MOAAIBIIOTO
BUBYCHHSI JTAHOTO Terepornepexony. Lle x crmocrtepiraeTbes 1 B 3HAUCHHSIX
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dakropy 3anoBuenHsa. KK/I nis constunux enementiB ZnO/Si, ZnO/CIGS,
Ti10,/Si1, TiO,/CIGS BiamnoBigae 3Ha4CHHSIM, SIKI HABEICHO B JIITEPATyPi.

OpHi€ro 31 3HAYHUX MPOOJIEM eKCIUTyaTallli COHSYHHX EJEMEHTIB B
yMOBax Oe3MepepBHOTO 1 MPSMOTO MaIiHHSI COHIYHOTO BUIIPOMIHIOBAHHS €
TEeXHIYHE PIIICHHS 1 3acCO0U MOMepe/KEHH 1X neperpipy. ToMy JOMITBHUM
€ JIOCIIDKEHHS BIUIMBY TEMIIEpaTypd Ha BUIJISAJ BOJIBT-aMIIEPHOT
XapaKTePUCTUKU COHSIYHUX eeMeHTIB [27]. BAX COHSYHMX €JIEMEHTIB MpH
PI3HUX 3HAUYEHHSIX TEMIIepaTypy BKa3aHl Ha pUCYHKY 3, a, B, 1l 1 pUCYHKY 3,
0, r, x 111 ZnO 1 TiO, BignoBigHo. /liamazoH TeMreparyp ctaHOBUB 280-
330 K.

ZnO/CIGS TiO,/CIGS
304 304
~ ~
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= 10 300 K & 104 — 300 K
3 =2 3 290 K
O — 290K O —
— 280K — 280K
0 v T v L L] v 0 v T L v L
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Pucynok 3. BonbpT-amnepHi XapakTepUCTUKU COHSYHUX €JIEMEHTIB
Ha OCHOBI JOCTIPKYBAHUX CTPYKTYp MPHU PI3HUX 3HAUCHHSIX TEMIIEPATypH
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OTpI/IMaHl pe3yNIbTaTH MiATBEPIKYIOTh, III0 TeMIIepaTypa BIUIMBAE Ha
CTPyM 1 Hallpyry COHSIYHOTO eneMeHTa. Hampyra (bOToeJIeMeHTy CHaae.
[TigBumenns temmneparypu aemo 30utbmye crpyMm CE, mo moB’s3aHo 3i
30y IPKEHHSIM BEJIMKOI KUTBKOCTI €IEKTPOHHO-IIPKOBUX Tap, IPOTE 1 3MiHA
1715 00paHoro JianasoHy TemmepaTyp ckiaanae ~0,02 MA/cm?.

3MiHa CTPYMYy KOPOTKOTO 3aMHUKAHHS 1 HAPYTH MPU3BOJUTD JI0 3MIHH
KoedillieHTa 3amoBHEHHS W  €(QEeKTUBHOCTI COHSYHUX  €JIEMCHTIB.
3anexxnocti KKJ[ enemeHTiB Biji TeMiiepaTypu MoKa3aHO Ha PUCYHKY 4.

27 1

) \

o 214 ZnO/CIGS
S

- Zn0O/GaAs
> — ZnO/Si

S 181 TiO,/CIGS
S —— TiO/GaAs
€ 5.

i - -
<

¥ T v T M T v T M T
280 290 300 310 320 330
Temperature, K

Pucynok 4. 3anexHicTh €(EKTUBHOCTI COHSYHHMX €JIEMCHTIB Bif
TeMrepaTypu

-
LN
A

BcranoBneno, mo 3miHa e(eKTUBHOCTI (HOTOMEepeTBOPIOBAaUIB Ha
ocHOBI rerepocTpyktyp ZnO/Si 1 TiO,/Si mpu 3MiHI Temmeparypu
ctaHoBUTh 3,31% 1 3,43 % BianoBigHO. [ pemitu po3riisiHyTUX CTPYKTYP
3MiHa e(PeKTUBHOCTI HE niepeBuuLye 2,7 %.

Bucnosku. TakuM YWHOM, JOCHIIKEHHS TMOKAa3ylOTh, IO OKCHJHI
HamBOpoBiAHUKK ZnO 1 TiO, € nocuTh NEpCleKTUBHUMH MarepiajiamMu
GboTOBONBTAIKM, a BUTOTOBJEHI Ha X OCHOBI OJIHOIEPEXiJHI COHSYHI
CIEMCHTH MOXYTh OyTH OJHIEI0 3 KpaluxX ajlbTepHATHUB 3BHYAWHUM
KPEMHIEBUM COHAYHUM eneMeHTam. OTpumaHi pe3yibTatd OyIoyTb
BUKOPHWCTaHI HAa HACTYITHUX eTarax JOCIiHKSHHS 3 ONTUMI3aIlli mapaMmeTpiB
CTPYKTYp 3aid WIABUIEHHS €e(EeKTHBHOCTI (POTOMEpETBOPIOBAYIB Ta
MOPIBHSHHI OTPUMAHUX I Yac MOJCIIOBAHHS EKCIIEPUMEHTAIBHUX
CBITJIOBUX XapaKTePUCTUK (DOTOCIIEMEHTIB 13 EKCIEPUMEHTAIbHUMHU
XapaKTEPUCTUKAMHU.
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A. Dyadenchuk!, Ye. Filipovich?
'Dmytro Motornyi Tavria State Agrotechnological University
ZNational University «Zaporizhzhia polytechnic»

MODELING THE FUNCTIONAL CHARACTERISTICS OF SOLAR CELLS
BASED ON ZnO AND TiO2

Summary

The article discusses single-junction configurations of solar cells. These cells are
heterostructures with ZnO and TiO; oxide films as electronic transport material and
semiconductor substrates Si, GaAs and CIGS as absorption material. Using the numeral
tools, the modeling of the solar cells of the wxAMPS program obtained photovoltaic
parameters (density short circuit current Jsc, open circuit voltage Voc, fill factor FF and
efficiency n) of heterojunction photoelectric converters ZnO/Si, ZnO/GaAs, ZnO/CIGS,
Ti02/Si1, TiO2/GaAs, TiO2/CIGS. The values for the input parameters of the layers of
heterostructures are taken from literary sources and numerical data. The measurement of
the parameters of the solar cells was carried out during the radiation spectrum
corresponding to AM1.5 and the integral density of the radiation flow of 1000 W/m?. The
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temperature was 300 K. The maximum performance value of 24.84 % was obtained for
the ZnO/GaAs structure. The minimum efficiency (12.29 %) is obtained for the ZnO/Si
structure. The temperature dependences of the efficiency of the studied photoconverters
are calculated. The temperature range was 280-330 K. It was confirmed that the voltage
of the photocell is inversely proportional to the temperature, but the current was directly
proportional. Changing the short circuit current and open circuit voltage leads to a change
in the filling coefficient and efficiency of solar cells. An increase in the current of the
solar cell associated with the excitation of a large number of electron-free pairs for the
selected temperature range is ~0.02 mA/cm?. Changing the efficiency of photoconverters
based on the ZnO/Si and Ti02/Si heterostructures with a temperature change is 3.31 %
and 3.43 %, respectively. For the remaining considered structures, the change in
efficiency does not exceed 2.7 %.

Key words: solar cell, heterojunction, semiconductors, computer modeling,
wxAMPS.
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