ayllaHIapMEH CalBICTHIpFaHIa eKi-YII ece KeIll eKeHIH KepceTTi. bym e3 keseriHme oOMBIC ayMarblHAA OpHANACKaH
OHEPKAICINTIK KOCIMOPBIHAAp MEH KalaillliliK KeJIKTepAeH LIBIFAaThIH Ta3AapblH KONTiriMeH TyCiHaipinesai.
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BJUSHUE TOJIIUHBI INIEHOK ®OTOAKTUBHOI'O CJIOA
HA UX MOP®OJIOTHYECKHUE U OIITTUYECKHUE XAPAKTEPUCTUKU

Aoumena A.K., Kaparananackuii yHuBepcuteT nMeHd akagemuka E.A. Bykerosa, Kaparanna, Kazaxcran
Prickya A.K., Kaparananackuii yausepcureT nMeHH. akagemuka E.A. Bykerosa, Kaparanma, Kazaxcran
Kaiibip:kan M., Kaparannuackuii yausepcuteT nMeHn akagemuka E.A. Bykerosa, Kaparanna, Kazaxcran
Mys3abi0aii F.A., Kaparanauackuii yauBepcuteT nMenn akaaemuka E.A. Bykerosa, Kaparanga, Kazaxcran
Cepuk A., Kaparannuackuil yauepcurer nmeHn akagemuka E.A. BykeroBa, Kaparanna, Kasaxcran

Paboune mapamMeTprl OPraHUYECKOTO COTHEYHOTO 3JIEMEHTA ONPEICIIIFOTCS PSIOM (GaKTOPOB, OHIM U3 BaOYKHEHILINX
13 KOTOPBIX SBJISETCSA TONIIUHA (OTOAKTUBHOrO ciosi. OHa CyIIECTBEHHO BIMAeT Ha 3((EKTUBHOCTb YCTPOICTBA,
IIOCKOJIBKY Ul TIOMMMEPHBIX MAaTEPHANOB XapakTepHbl Majas MiuHa Aubdy3un SKcuToHOB (<10 HM) M HH3Kas
MOABIDKHOCTE HocHuTenel 3apsma (<107 cm?/B-c) [1]. B Hay4HO# nmTepaType OTMEYaeTcs, YTO ONTHMAJbHBIC 3HAYCHUS
TOJILUHBl AKTUBHOIO CJIOS M XapaKTEPUCTUKU YCTPOHCTBA 3aBUCAT OT HCIOJIb3YEMOrO IOJIMMEpa U KOH(UIypanuu
CTPYKTyphl [2-4]. B pamkax Hamiero ucciefoBaHUs OblIa MCHONB30BaHA AapXUTEKTypa COJHEYHOTO »HJIEMEHTa
FTO/ZnO/P3HT:PCBM/Mo00s/Ag. WHBepTHpOBaHHAs CTPYKTypa IaHHOTO YCTPOMCTBA BBIACISACTCS MOBBIIICHHOW
CTaOMJIBHOCTBIO 110 CPABHEHUIO C APYTUMH TUIAMH OPraHMYECKUX COJHEYHBIX 3JIEMEHTOB, YTO OO0YCIIOBIMBAECT BBHICOKHMMH
HHTEPEC K HEH CO CTOPOHBI UCCIIEIOBATEICH.

B mnayunoit nurepatype panee wuccnemoBanock Bo3zaelicTBue ToimmuHbl MIEHKM P3HT:PCBM Ha ocHOBHBIE
XapaKTePUCTHKN OPTaHWYECKHX COJNHEYHBIX BJIEMEHTOB [5, 6]. B maHHO# paboTe paccMaTpuBaeTcs BIIHSHHE TOJIIMHBI
IIEHOK (OTOAKTUBHOIO CJI0S Ha UX MOP(HOJIOrMYecKHe M ONTHYeCKue xapakTepucTuku. Ha pucyHke 1 moxaszaHbl
n3o0paxkeHnst moBepxHocTh TIEHOK P3HT:PCBM, ocaxIEHHBIX Ha CTEKISHHBIC MOIJIOKKH MPU PAa3IUYHBIX CKOPOCTSIX
BpaLIeHUS.

[epoxoBarocts moBepxHocTH (Ra) mnénok P3HT:PCBM Obina omeHeHa 1O JaHHBIM — aTOMHO-CHJIOBOW
mukpockornuu (ACM). TInéuka, nonyuennas npu 2000 o0/MUH, MMEET LIEPOXOBATOCTh MOBEPXHOCTH OKOJNO 1,76 HM.
Inénka, ocaxxnénnas mpu 1500 06/MuH, MoKa3ana OONBIIYIO MIEPOXOBATOCTE IO CPABHEHUIO C Ipeabinymieil. [JlansHeiinee
CHIDKEHHE CKOpOCTH LeHTpudyruposanus 1o 1000 o6/MuH mnpuBesno K (OPMUPOBAaHMIO IUIEHKM ¢ emé Oonbliei
HIEPOXOBATOCTBIO TMOBEPXHOCTH, AocTuraromei 3HaueHus 2,49 um. IIpu 500 0o6/MuH 1IEpOXOBATOCTH PE3KO BO3pOCia /10
6,12 HM ¥ OKa3ajach MaKCUMaJIbHOH cpeau Bcex 00pa3moB. 3aBUCHMOCTH IEPOXOBATOCTH IMOBEPXHOCTH OT CKOPOCTH
LEeHTPU(PYTUpOBaHUA NIpeACTaBieHa B Tabnuie 1.

Tabmuua 1 - lanssre, xapakrepusytomue Mopdoormo méaox P3HT:PCBM

CKOpPOCTh HaNbIICHNS, Tonmuna, HM [lupuna 3anpem€HHON 30Hb1, 3B [llepoxoBaTocTh, HM
00/MHIH
500 210 1,94 6,12
1000 170 2,14 2,49
1500 110 1,97 2,22
2000 85 2,01 1,76

Tommmua mnénok wu3Mepstiack MeromoM ACM. TommuHa omnpenensiach Mo TJIyOMHE LApanvH, HAMEPEHHO
Hanec€HHBIX Ha TEHKkH P3HT:PCBM. Kak u 0)xunanock, ¢ yBeIMUYeHHEM CKOPOCTH LEHTPH(YTHPOBAHUS TOJIIUHA TNIEHKH
ymenbiiaercst. CornacHo nanabiM ACM, nipu 500, 1000, 1500 u 2000 06/mun tommuHa miéHok P3HT:PCBM cocrasisier
npubmsutensHo 210, 170, 110 u 85 HM COOTBETCTBEHHO.

Beuto nokazano, 4to 3(QEKTUBHOCTH OPraHMYECKHX COJNHEYHBIX JJIEMEHTOB MOXKET OBITH IOBBINIEHA 3a CYET
YIIy4IIEHUs] ONTHYECKOro mnorjiouieHust [7]. [l MOBBINIEHUS CBETOMNOIVIOLICHUS COJIHEYHOTO 3JIeMEHTa ObUI MPOBENEH
9KCIIEPUMEHT 10 U3MEPEHHIO CIIEKTPOB MOTIOLICHHS INIEHOK MIPU Pa3IMYHON TOMIKHE POTOAKTUBHOTO MaTepHaa.




Puc. 1. ACM-u300pakeHus NOBEPXHOCTH (POTOAKTUBHBIX CIOEB Pa3IMYHOMN TOJIIUHBIL:
a) 210 uM, b) 170 HM, ¢) 110 HM, d) 85 HM.
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Pucynoxk. 2. Criextpsl nornomenus (a) u rpadguxu Taka (b) cmecu P3HT:PCBM pa3nu4Hoii TOMIIUHBL.

Ha pucynke 2a npeacTaBieHsl H3MEPEHHbIE CIIEKTPHI ONTHYECKOTro MmoriomieHus. C yBeJMUeHUEeM TOIIMHBI TUNIEHOK
YX TIOMIIOIIEHHE 3HAYUTENIbHO Bo3pacTaeT. YETKO MpoCiexuBaeTcsl TEHAEHIIUA K yBEIMUYCHUIO TIOTJIOLUICHUS TIPH MIePexoe
oT 0oJiee TOHKOH IUIEHKU TOMIMHON 85 HM (u€pHasi KpuBasi) K Oosee TONCTOH TuIEHKe ToMMHON 210 HM (CHHSS KpUBas).
[Noxy4eHHBIE pe3yIbTaThl TAKKE YKa3bIBAIOT Ha Oolee d(dhexTHBHOE moronieHre (OTOHOB 32 CUET YBEIHUCHUS TUIOTHOCTH
yHclia HOCUTENCH 3apsa U, ClIe0BaTeIbHO, TeHepalyu 3apsaaoB. CornacHO PUCYHKY, aKTHBHBIH CIIOW XOpOIIo paboTaeT B
obuactu OimkHero Y@ v BUAMMOro cBera, 0co0eHHo B auarna3zoHe ot 300 1o 650 um. ITineuo mormomenus okoio ~330 am
cBsizaHo ¢ PCBM, a ocHOBHOH NHK Ha OONbIIMX JUTMHAX BOJNH oOycnoieH moriomenueM P3HT [8]. IMuk npu ~490 HM
COOTBETCTBYET MEXK30HHBIM II€PEXOJlaM, CBSI3aHHBIM C T—T* MepexolamMh MEXAY pa3pell€HHBIMH HaWBBICIICH 3aHITON
MonekysipHoit  opoutansio (HOMO) u HamHm3med cBoOomHoH MonexynsipHoi opOutansio (LUMO) cuctems
P3HT:PC60BM. Hamuuue mnukoB oxoio 600 HM, HaOmromaeMbIX BO BceX 0O0pasliaX, CBUICTENHCTBYET O XOPOILIO
YIOPSIOYCHHOW CTPYKTYpe MOJIMMepHOW Molekynbl. Ha pucynke 2b mpencraBnensl rpaduku Tayka, 0 KOTOPBIM ObLIa
olleHeHa mupuHa 3anpeménHoii 3085 (Eg) P3HT:PCBM. B Tabmuue 1 nmpuBenens! paccuntanHble 3Ha4eHns Eg uist mi€Hok
pa3TUYHON TOMIIMHBL DTH JaHHbBIE MOKa3bIBAIOT, YTO YMEHBIICHHUE TOJIIMHBI MPUBOAUT K pacmupenuro Eg ¢ 1,94 3B no
2,14 53B.

B pesynbrate m3ydeHus: MOPGOIOTHH OBUIO YCTAHOBJIEHO, YTO IUIEHKA, IMOMYYEHHAS IPH BPALICHHU TOJIOXKKH CO
ckopocthtio 500 00/MHH, MPOJEMOHCTPUPOBAA MaKCUMAIbHOE 3HAYCHHUE LIEPOXOBATOCTH. BBUIM HM3MEpEHBI CHEKTPbI
nornomeHus mw¢Hok P3HT:PCBM. oka3ano, 4To mornomeHue mi¢HOK YBETHIUBAETCSI C POCTOM UX TOJIIIMHEIL.
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Abstract

This paper presents numerical simulation and comparative analysis of solar cells with a heterojunction on thin
amorphous silicon (HIT) based on crystalline silicon substrates with p- and n-type conductivity. The study focuses on the
influence of substrate thickness, dopant concentration, interface quality, and layer architecture on the key photovoltaic
parameters: open-circuit voltage (Voc), short-circuit current density (Jsc), fill factor (FF), and power conversion efficiency
(). Simulations were performed using the AFORS-HET software, which accounts for carrier transport and recombination
processes. The results demonstrate that n-type silicon-based devices exhibit higher Voc and FF values, reduced sensitivity to
light-induced (LID) and potential-induced degradation (PID), and deliver 1.5-2% higher efficiency compared to p-type
devices under identical conditions. Optimization of the substrate thickness (100—200 um) and doping concentration (10"
10" ¢m®) enables achieving conversion efficiencies above 25%. Literature reports further confirm the potential of n-type
silicon, where record efficiencies exceeding 26% have already been achieved. Therefore, the implementation of n-type
silicon in HIT architectures represents the most promising pathway for the development of high-efficiency and stable
photovoltaic devices.

Keywords: HIT solar cells; crystalline silicon; p-type; n-type; simulation; AFORS-HET.

Introduction

The efficiency of silicon solar cells largely depends on the materials, device design, and fabrication process.
Crystalline silicon (c-Si), which can be either p-type or n-type, serves as the foundation of most solar cells. Despite the
technological maturity of silicon-based photovoltaics, research efforts continue to focus on improving efficiency.

Heterojunction solar cells with an intrinsic thin amorphous silicon layer (HIT) are among the most promising
technologies for improving the conversion of solar energy into electricity [1]. Laboratory efficiencies above 25% have been
achieved [2], making them competitive with conventional p—n junction cells. A key factor in HIT performance is the choice
of silicon substrate. While p-type silicon remains widely used due to its availability and mature processing, it suffers from
light-induced degradation (LID) and potential-induced degradation (PID), which reduce long-term stability. By contrast, n-
type silicon offers higher resistance to LID and PID, as well as better thermal stability and higher potential efficiency. This
makes a comparative study of p- and n-type HIT devices critical for optimizing next-generation photovoltaic modules.

Recent studies have highlighted the importance of wafer thickness, doping profiles, layer architecture, and contact
materials in achieving both efficiency and cost-effectiveness. Sai et al. [3] demonstrated that ultrathin wafers (30-50 pum)
with light-trapping schemes retain strong absorption and high short-circuit currents, with Voc exceeding 0.76 V and stable
fill factors (0.85-0.87). Maximum calculated efficiencies of 28.4% were reached at ~100 pum thickness, while fabricated cells





