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Annotasiya

Ushbu magqolada palimer quyosh elementlanning (FQE) samaradonigin! oshinshga garalifigan fadgigol natijalan
tagdim elifgan. Tadgigolda PMS va D18 donor polimenan hamda Y6 fullerensiz akseptorining oplik va fofovoltaik
xususivatiar organifdi. Donor va aksepfor materialiarning vorugii yutish spekiriar, energelik sath dargjalari va oZam
ta'siri tahill giingl. Bundan tashgan Y6 fullerensiz akseplforining PME va D18 daonor bilan faol gatfam holatidagi yutilish
spektrian tahil qiindl. Ekspenmental natialar shuni ko'rsatdikl, Y6 fullerensiz arseptor polimerning yoruglikni yutish
qobilivali va fotovoliaik samaradoriigi yugorirog bo'lib, D18 domori bifan birgalikda faol gaffam hosi giinganda 17.2 %
energiya o' zgantirish samaradorigi (EC'S) ga erishdi

AHHOMALUR

B daveold cmamee #pedcMasneHsl PESVARMAMS!  UCCHedceaqlA, HAMPSENEHHOE0 HE NOShiUeHUE
sphermUeHOCMU NONUMEDHLYY CoMReuHslX anemedmos (TIC3). B uccnedosaduy ObiQu U3YUeHL! OOMUUYBCKUE U
homosanseasuveckue cenlcmea OoRopHLx nonudepoe PME 0 D18 a makwe Geshynnepedoeoss aKuenmopa Y6
Eeiny MpoaHanu3upoeassl CIBKMpk! MOEN0LLEHUA CEEMa, SHEDEEMUYECKUE YDOeH! U E38UMHOS &MURHUE JOHODHBX U
SKLIENMODHLLY Mamepuanoe. Kpoume moszo, uccnedosadsl CNeNmps MOANOWEHUR aKMUEH020 CNOA. COCMORLSED U3
Gezghynneperos020 avuenmapa Y6 o donopamu PAME u D18 SKECrepuMermancHse pe3ymemams! NoKasany, umo
Oeachynneperoesll axuenmop Y6 olnadaem seiconold cROCOOHOCMBD K MOSAOLEHUG Ceema U BeICOKOO
thomoeansearuveckol sthibesmusHocmsnig. Moy hopMUpCEaHUY avmusHoee cifod © doxopom 018 Gbina JocmusHyma
AhbexmueHocme Npeolpasoearur 3HepeuL (313 8 17,2 S,

Abstract

This arficle presents the resulfs of a study aimed at improving the efficiency of polymer sofar caelis (FSCs). The
optical and photovaitaic praperties of the donar podymers PAME and D16 as well as the non-fiflerene acceplar ¥6, wene
investigated. The fight absorpfion specira, energy leve! alignments, and inferactions befween donor and accepior
materials were analyzed. [n addition, the absorplion spectra of the aclive iayers composed of the Y& non-fullerene
acceptor with PME and D18 donors were sfudied Expenmental resulfs showed that the Y6 non-fuillerene accepfor
exfibits higher light absorption capability and phofovaltaic perfarmance. When combined with the 018 donor in the active
layer. a power conversion efficiency (FPCE) of 17.2% was achieved.

Kalit so'zlar: Pofimer quosh elementiar, Y6 fulferensiz akseptor, D18 donor polimer, FME donor polimer,
yutilish spektr, volt-amper xaraktenstivasi, energiva o'Zgartinish samaradorigi

Knioucewie cnoea: MonluMEOHLIE COMHEYHLIE 3MeMeHmsl, Beagynnepencesil skyenmop Y6, HonopHsil
nomumen D18 Howopwerd  nonudep  PAME.  Crexmp  Nosncluesys.  Boakii-aMiepHas  Xapasmeplcmuka,
FhchexmueHace Npeodpa3oeaHLR IHEpEUL.

Key words; Polymer solar ceflls Y6 non-fullerene accepfor, 018 donor polymer, PME donor polymer,
Absorption spectrum, Curment-voltsge characleristics, Power comversion efficiency.
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KIRISH

Hozirgi kunda butun dunyoda elekir energiyasiga bollgan talab kundan kunga oshib
bormogda va dunyodagi ko'p tadqigotchilar bu muammo ustida bosh qotirishmogdadir. Polimer
quyosh element (PQE) lan guyosh energiyasini elekir energiyasiga aylantiruvchi eng istigbolh
texnalogiyalardan bin bo'lib, uning arzonligi, yengilligi va ixchamiigi bilan boshgalaridan ajralib
turadi. Hozirda PQElanda energiya o'zgartinsh samaradorligi (EQ'S) giymat 19,2 % natijaga
enshilgan. Gayta tiklanuvchi energiya manbalari orasida PQElar qizigarli xossalarga ega, masalan,
ular xona haroratida entmani gayta ishlash orgali ishlab chigarilish mumkin bo’lgan, yupga va
mexanik moslashuvchan, yvengil quyosh elementlan bo'lishi tufayll olimlar tomenidan katta gizigish
uygotgan. So'nggl yillarda PQElar sohasida Y6-senyali fullerensiz akseptorlar keng qollanila
boshlandi. Ulaming yugon EO'S sababli PAQElar sohasida katta yutuglarga enshilmogda. Y6
aksepton asosan nur yutish va elektronlarni samarali uzatish xususiyatlariga ega bo'lgan yugori
samarali fullerensiz strukiuraga ega. Y6 va uning turli hosilalarim molekulyar tuzilishini o'zgartirish
orqali fotovoltalk samaradorligini oshinish mumkin. Y6 aksepton o'zining keng spekirda nur yutish
xususiyatiga ega bo'lgan molekulalar toifasiga kiradi. Y6 gizil va yagin infragizil diapazonda juda
samarali nur yutadi, bu esa fotonlarni elekir energiyasiga aylantinsh jarayonida katta foyda beradi.
Fulleren bo'lmagan kichik molekula gabul giluvchilarga mos keladigan yugor samarali keng
tarmogli polimer donorlarga D18 ni misal gilishimiz mumkin bo'ladi. D18 ning juda ko'plab foydali
xususiyatian mavjuddir. D18: Y6 facl gatlam asosidagi polimer quyosh elemantlan bilan yugori
natijalarga enshish mumkindir.

TADQIQOT USULLARI

PQElami ITO/PEDOT P5S/facl gatlam/PDINO/AI tuzilishi bilan ishlab chiganlgan. Buning
uchun ITO bilan goplangan shisha tagliklar deiomzauuyalangan suv, aseton va izopropanol bilan
ketma-ket ultratovushh vannada tozalandi va argon gaz ogimi bilan quritiidi. Keyin, PEDOT PSS
gatlami ITO ustiga "spin coating” usulida 4000 ayl/daq. tezlikda 20 sekund davomida aylantinlib
yotgiziladi va 160 °C haroratda 10 daqiga davomida gizdiriladi. D186 va PMGY6E faol qatlam
eritmalari “spin coating” gilishdan oldin xona haroratida aralashtiriladi. Hosil bo'lgan D18:Y6 va
PMBE:Y6 eritmalari yutilish spektriarini olchash uchun kvars shisha ustiga “spin coating” usulida
yotgiziladi. PQElarmi ITO/PEDOT PSSifacl gatlam/PDINO/AI tuzilishida yasash uchun D18:Y6 va
PM6:Y6 eritmalari shisha/ITO/PEDOT:PSS ning ustiga “spin coating” usulida yotgiziladi. Tadgigot
namunalarining yutilish spekirlan UV-1280 spekirofotometrida o’lchandi.

PQElaming asosiy fotovoltaik parametrlan yani volt amper (J-V) xarakteristikalari, EO'S
giymati, ochig zanjir kuchlanishi {V), to'ldiruvchi faktor (FF), tok kuchi zichligi ogimi (Jsc) Nyuport
quyosh simulyaton tomonidan 100 mVt sm? (AM 1.5 G) nurlanish intensivligi ostida “Keithley 24507
manba o'lchov qurilmasi bilan o’lchandi.

NATIJALAR VA MUHOKAMALAR

1-rasmda PMB, D18 donon va Y6 senyal fullerensiz akseptorining polimer gatlamlarining
yutilish spektri ko'rsatilgan. Rasmdan ko'rishimiz mumkinki, PMB donor polimenining yutilish spekiri
300 nmdan 750 nmgacha bo'lgan yagin ultrabinafsha, ko'zga ke'ninuvchi nurlar va yaqin infragizil
sohalarni o'z ichiga oladi. Bu donor polimern 360 nmda kichikrog pikka erishadi. Shu bilan birga 610
nmda eng baland va 580 nmda unga nisbatan ozroq kam bo’lgan piklarm ko'rishimiz mumkin.
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1-rasm. PME, D18 va Y6 polimer gatlamlaming yutilish spektrian

D18 donor polimerining yutilish diapazoni PM6 donor polimerinikiga nisbatan gisgarogdir.
D18 donor polimen 300 nmdan 680 nmgacha bo'lgan yagin ultrabinafsha va ko'zga ko'rninuvchi
nurlar sohasini o'z ichiga oladi. 300 nmdan 410 nmda ya'ni yaqin ultrabinafsha sohasida D18
donor paolimen yutilish intensivligi yugori be’'lmagan o'sib boruvchi kichik tebranishlarga ega. Lekin
430 nmdan 640 nmgacha bo'lgan schada uning yutilish intensivligi juda yaxshi, shu bilan birga 540
nmda va 560 nmda o'zining bir birnga teng bo'lgan eng yuqon pikiariga erishadi. Y6 fullerensiz
akseptonning yutihish schasi D18 va PME donor polimernikidan sezilarl darajada keng, 300 nmdan
1100 nmgacha bo’lgan diapazonni o'z ichiga oladi. Bilamizkl bu soha yagin ultrafinafsha, kozga
korinadigan nuriar va yagin infragizil sohalarmi oz ichiga oladi va shu bilan birga quyoshdan
kelayotgan nuriarmning aksaryati ko'zga ko'nnuvchi va yagin infraqizil schalarga tegishlidur. Y6
fullerensiz akseptorining yutilish spekinda 330 nmda yutilish intensiviigi juda yugori bo’imagan
pikka erishadi va 410 nmda yutilish intensiviigi deyarli 0 ga teng bo'ladi. Y6 molekulasi, odatda,
NIR {yagin infragizil) va ko'k-yashil gismda kuchl yutiish ko'rsatadi, ammo 410 nm (bu binafsha-
ko'k yorug’lik) sohasida elektron otishlar (m—m™) deyarli sodir bo'lmaydi. Ya'ni bu diapazonda
yoruglikni yutish uchun mos keladigan energetik o'tishga ega emas. Shuning uchun bu schada
yutilish spektri past (ya'ni, intensivligi = 0). Shundan kelib chigadiki, Y& fullerensiz akseptorning
yutilish sohasida 410 nmda deyarli 0 giymatga ega bo'lishi uning elektron o'tish energiyasi va optik
xossalanga beglig. Keyin Y6 fullerensiz akseptonning nur yutish spektr intensivligi orta boshlaydi
va 510 nmda kichikrog pikka chigadi. Grafik yana ko'tarilishda davom etib 850 nmda o'zining eng
yugor pik natijasiga erishadi. D18 va PM6 donor va Y6 fullerensiz akseptor polimenning yutilish
spekirnni tahhl gilganimizdan keyin, D18:Y6 va PMB.YG aralashmaning yunlish spektrnini analiz
gildik. 2-rasmda PMB:Y6 va D18:Y6 asosga ega faol gatlamning yutilish spekin ko'rsatilgan. PMG
va D18 donor polimerlarining yutilish sohasi bir biriga yaqinligi va ikkala faol gatlam ham Y6
fullerensiz akseptor bilan faol gatlam hosil gilinganligi sababl ularming yutilish spektr grafikiar bir
binga o'xshashdir.

2| 2025/ Ne5 I




ISSN 2181-1571 ® https:/fjournal. fdu.uz FarDU. ILMTIY XABARLAR

FIZIKA-TEXNIKA

—— PAIG:Y6|
—r—In8:¥a |

Yutilish spektrd (n. b.)

0,0 — . ; - ; —
3o 400 S04 (U] T oo 00 LivErin
I'o'lgin wrunlkgl (nm)

2-rasm. Donor:Y6 asosga ega faol gatlamlarning yutilish spektrian

PME:Y6 aralashmaning nur yutish diapazom 300 nmdan 900 nmgacha bo’lgan sohan oz
ichiga oladi. Bu aralashamada 620 nmda PME donoming pikini va 850 nmda Y6 fullerensiz
akseptorning pikini korishimiz mumkin. Shuningdek PM6 ning 560 nmdagi kichik yelkali piki Y6
fullerensiz akseptor bilan aralashma holatiga keltinlganida agregraywya hisobiga yo'golishini
ko'nshimiz mumkin. D18.Y6 aralashmaning nur yutish diapazoni ham PMB.Y6 aralashmaniki bilan
deyarli bir xil. Unda ham 540 nmda va 580 nmda D18 komponentaning hamda 850 nmda Y6 ning
yutilish piklarini ka'ramiz. 660 nmdan 900 nmgacha bo'lgan oraligda ikkala grafikda ham PMEG va
D18 donor polimerlari Y& fullerensiz akseptor asosida tayyorlangaligl sababli  bir xi1l natijalar va

piklarni ka'ramiz.
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J-rasm. PMG:Y6 va D18:Y6 faol gatlamga ega PQElaming volt-amper xarakteristika
grafiklari
3-rasmda PMB:YE va D18:Y6 asosidagi PQElaming velt-amper xaraktenistikasi grafigi
korsatilgan. Grafikdan ko'rish mumkinki, FF yuzasi ikkala holda ham deyarli bir xal. Bunda FF
giymatlan mos ravishda 73,1% va 76,3% ga teng. FF parametn asosan faol gatlamning sifatini
belgilab beradi. Faol gatlam iloji boricha nugsonlarsiz optimal galinlikka ega bo'lsa FF parametriar
ham yuqori qiymatga erishadi.
1-jadval. PMB:Y6 va D18.Y6 faol gatlamga ega PQElaming fotovoltaik parametriari
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Faol gatlam Vo (V) Jee (MA/Cm?) FF (%) EO'S (%)
PME-Y6

0,84 26.4 73.1 16,8
D18:Y6 0,38 25,6 76.3 17.2

1-jadvalda PMEB:YE wva D18:Y6E asosidagi PAElaming asosiy fotovoltaik parametrian
keltiriigan. Bu yerda D18 donor polimerining yorug'lik yutilishi PME nikiga garaganda yaxshirog
xususiyatga ega, natijada unda ko'prog eksitonlar (elektronlar va kovaklar) hosil bo'lgan. Shuning
hisobiga tok zichligi giymatiari PME:YE va D18:Y6 faol gatlamlar asosidagi PQElar uchun mos
ravishda 26 4 mA/cm? va 25 6 mA/cm? giymatga egadir. Ochiqg zanjir kuchlanishi (Voc) PMB:YS va
D18:Y6 faol gatlamiar asosidagi PQElari uchun mos ravishda 0,84 V va 0,88 V giymaga ega bo'lib
deyarli bir biriga yagin giymatni ko'rsatdi. Bu kichik o'sish rekombinauwya jarayonlanining
kamayganligini hamda energiya sathlarining bir biriga mos kelishini anglatadi. Zaryad
tashuvchilarning harakati yaxshilanishi va kontakt interfeyslandagi yo'gotishlarning kamayganligi
sababli to'ldinsh faktori(FF) ham 73,1% va 76,3% bo'lib, bir 0z oshdi.
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4-rasm. Donor Y6 faol qatlamga ega PQElarning tashgl kvant samaradorligi spekirian

4-rasmda PMBYE va D18:YE faol gatlam asosidag PQElaming tashgi kvant samaradorligi
(TKS) spektrian keltirilgan. D18Y6 faol gatlam asosidag PQElarming TKS spekin PME:YE faol
gatlam asosidagl PQElaming TKS spekiridan butun diapazon bo'ylab biroz yugori giymatga ega.
PMBY6 facl gatlam asosidagi PQEIaming TKS giymati 350600 nm oraligida yugori, bunga sabab
yoruglik yutilish samaradorligi shu soxada oshgan, zaryad ajralishi va tashilishi yaxshilangan,
rekombinauynya esa kamaygan. Bu natjalar esa volt-amper xarakieristikasi grafigi va yutulish
spekin natijalan to'lig mos keladi.

XULOSA

D18 va PME donor polimerining yutilish diapazoni 300 nmdan 700nmgacha bo’lgan oraligni
0'Z ichiga olgani va Y6 fullurensiz akseptorning nur yutish sohasi 400 nmdan 1050 nmgachani o'z
ichiga oladi. Bundan kelib chigadiki D18:Y6 va PMBY6 facl gatlam 300 nmdan 1050 nmgacha
bolgan nurlarni yaxshi yutadi va bu soha qizil va yagin infragizil sohalarga to’g'n keladi. Quyoshdan
kelayotgan nuriarning aksariyat katta qismining to’lgin uzunligi shu sohaga tog'n kelganligi sababli,
D18:¥6 va PMBY6 faol gatlam asosidagi PQElaming EC'S qgiymatlari mos ravishta 17,2% va
16,8% ni tashkil etdi. Bundan shunday xulosaga kelamizki, Y6 fullerensiz akseptoni va donor
polimerlanning asosida tayyorlanga faol gatlamli PCQElar istigbolli natijalarga enshsa bo'ladi.
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texnologiyalari instituti bazaviy moliyalashtirish mablag'lan ko'magida bajarilgan.

I 34| 2025/ Ne5 I




ISSN 2181-1571 ® https:/fjournal. fdu.uz FarDU. ILMTIY XABARLAR

FIZIKA-TEXNIKA

ADABIYOTLAR ROYXATI

1. M. Mur-E-Alam, M.5_ Islam, T. Abedin, M_A_ lslam, B.K. Yap, T.5. Kiong, Current Opinion in Colloid Interface
Science, (2025) 101895.

2. PV Kamat, in, ACS Publications, 2025, pp. 855-887.

3. LA Castriotta, F. De Rossi, M. Bonomo, ACS Energy Letters, 10 (2025) 283,

4. H. Zhu, B. Shao, £ Shen, 5. You, J. Yin, N. Wehbe_ L. Wang, X. Song, M. Abulikemu, A. Basaheeh, Mature
Photonics, 19 (2025) 28-35.

5. G, G. Njema, J.K_ Kibet, S M. Mgari, Next Energy, & (2025) 100182.

6. J. Chen, X. Wang, T. Wang, J. Li, HY. Chia. H. Liang, 5. Xi, &. Liu, X. Guo, R. Guo, Nature Energy, 10
(2025) 181-190.

7. X. Sun, X. Ding, F. Wang, et al., “Binary Organic Solar Cells With =19.6% Efficiency” ACS Energy Lelters 9
(2024 42004217

& Q. Fan, Q Xiao, H. Zhang, et al., “Highly Efficient and Stable ITO-Free Bulk Heterojunction” Advanced
Materials 36, no. 3 (2024} 23075920

4 J W Lee, H G Lee, E 5 Ch, et al, “Rigid- and Soft-Block-Copolymerized Conjugated Polymers® Joule 8,
no. 1 (2024) 204-223.

10.L Tian, C. Liu, and F. Huang, “Recent Progress in Side Chain Engi-neering of Y-Seres Mon-Fullerens
Molecule and Polymer Acceptors,” 34, no. 31 {2022).

11.J.¥ao, Q. Chen, C. Zhang, Z. Fhang, and ¥. Li, “Perylena-Diimide-Based Cathode Interlayer Materials for
High Performance Organic Sofar Cells,” SusMat 2, no. 3 (2022); 243-263.

12.5. Chu and A Majumdar, “Opportunities and Challenges for a Sustainable Energy Future,” Nature 4383, no.
7411 (2012); 284-303.

13.Z Chen, J. Zhu, D. Yang, et al., “lsomerizaticn Strategy on a Non-Fullerene” Energy & Environmental
Science 16, no. 7 (2023). 3119-3127.

14.Q. Zhu, J. Xue, H. Zhao, et al., “Highly Efficient Organic Solar Ceils With Acceptor Content.” Joumal of
Materials Chemistry A 10, no. 15 (2022} 82038302

15.D. J. Lipomi, B. C. K. Tee, M. Vosgueritchian, and £. Bao, "Sireichable Crganic Solar Cells,” Advanced
Materials 15, no. 15 2011); 17711775

16. Z Wang. D. Zhang, M. Xu, ef al., “Intrinsically Stretchable Organic Solar Cells With Simultaneously” Small
18, no. 26 (2022); 2201589,

17.J.Qiu, 2 Zhou, M. Yu, efal.,"ModulatingCsPbl,” Sushat 3, no. 6 (2023} 394

18.Z. Peng, K_ Xian, ¥. Cui, et al., “Thermoplastic Elastomer Tunes Phase Struclure™ Advanced Maternials 33,
no. 459 (2021} 2106732

19.J. Wang, C. Han, J. Han, et al., “Synergetic Strategy for Highly Efficient and Super Flexible Thick-Film
QOrganic Solar Celis,” Advanced Energy Materials 12, no. 31 (2022) 2201614,

2005 Seo, JW. Lee, D. J. Kim, et al, “Poly (dimethylsiloxana}-Block-PME PolymerDonors for High-
Performance and Mechanicafly Robust Polymer Solar Cells,” Advanced Materials 35 no. 24 {2023 2300230,




