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HUccaenoBanus aerpaganuu OpraHmIeCKUX COJTHECIHBIX AYE€ECK

B pa6oTe Obu1H mosyueHbl 00pa3ibl OPraHUYeCKUX CONHEYHBIX stueek Ha ocHoBe P3HT:PCBM c addexrus-
HOCTBI0 0K0JIO 2 %. Pa3nuuHbpIMu MeTOIaMM aTOMHO-CHJIOBOM MHKPOCKOITHHU MCCIICOBAHO BIIMSHUE YIbTPas
(uoneroBoro m3MydeHHs Ha CTPYKTYypy doroaktuBHOro ciosi P3HT:PCBM. OtmeueHo, uTo 3HAaYHTEIEHBIC
HM3MEHEHUS B CTPYKTYpe (POTOAKTHBHOTO CJIOSI U IIOJTHAS IeTPAIAlHsl BEISIBICHBI TOJIBKO IT0CIe O0IydeH s Ha
BO3J[yXe C HCIOIb30BaHNeM MomHoro Y®. Taxke mccinenoBagach Jerpajanisi COMHEUHBIX sTUeeK HayBO3IY-
xe. YCTaHOBIJIEHO, YTO 3((HEKTUBHOCTH STYEEK CHU)KACTCs Ha 12 MPOIIEHTOB MOCIE TPEX YacoB 0OIydeHHUsL HA
BO3.yXe.

Kniouesvie cnosa: opranuueckue conHeynsle sueiiky, Tonkue mwienku, PEDOT:PSS, P3HT:PCBM, nerpana-
mwst, KITJT.

Bseoenue

Opraamnueckue conmaeunslie saeiikn (OCS) B mepcreKTHBe MOTYT BHECRH 3HAYNTEIHHBIA BKJIAI B TIPO-
M3BOJICTBO BO30OHOBIsIeMOW 3Hepruu B 21 Beke, Tak Kak TONBKO Q@eHb TOHKAs (~100 nm) mieHka opraHu-
YECKOT0 MaTepuaiia TpeOyeTcs JUIs MOTJIONICHUS CBETa, MPEIOCTABISIPU STOM BO3MOXKHOCTh ISl TeHEPa-
LUK JIEKTPUUECKOW 3HEpruu ¢ OOJNBIION TIIOUIaa, a TaKKe MO3BOJISY BBECTH HOBBIE (OPMBI IIPHOOPOB,
TaK#e KaK THOKWE TaHelld WX MOTyIpo3payHble TUIEHKH, NHTeBpHPOBaHHbIe B OKkHa. COJTHEYHOE N3ITydeHHEe
SIBIIICTCSL CaMbIM PACIIPOCTPAHEHHBIM BO300HOBISIEMBIMWMCTOUHBKOM 3Hepruu. OHAKO CETOIHS €ro WC-
MOJIL30BAaHUE OIPAHUYCHO BBICOKOW CTOMMOCTHIO HEGOPTAHUUECKNX KPUCTAUIMYSCKUX COJIHEYHBIX Oarapeil.
OCSl aBastOTCS MHTEPECHON 1 TIEPCIIEKTHBHOW 00fIACTHIO MCCIIeIOBAaHUH, KOTOpast MOXKET PEITUTh ATy TIPO-
oiremy, Tak kak OCSl MOTYT POM3BOINTHCS HPOCTHIMUMETOIAMH, 3aUMCTBYSl TEXHOJIOTHH HAaHECEHUS U3
MEYaTHOUM MPOMBIIIUIEHHOCTH, TaKUE KaK PYJIOHHAS REXHQIIOTHS WM PACIbUICHHE. JTO MO3BOJIUT CO3/1aBaTh
Oarapen OOJNBIION IUIOIIAIN, UCTIONB3YSHEOQIBIIOE KOITUIECTBO MaTepuana. Pe3ynbraToM OyJeT HH3Kas
CTOMMOCTH COJTHEYHBIX Oarapeil, KOTQPASHIIPUBEACT K UX NIMPOKOMY WCIOJIB30BAHHUIO M MO3BOIUT BO300-
HOBJIICMOU 3HEPTrUU KOHKYPHUPOBATBAC TPARMIIMOHHBIMA MCTOYHUKAMU 3HEPruu. J{0 HACTOSIIEro BpeMeH!
BHUMaHHUE UccliefoBarenel PoKycupoBaIoch Ha MOBHIIICHUU 3((HEKTUBHOCTH MPeoOpa3oBaHus COTHEYHOH
sHepruu B aekTpuueckyio B OCSHMeTonom mpob 1 ommbOoK, Ha MONBITKAX HANTH MOAXOIAIINE MaTepHaIbl
W TEXHOJOTHH JJIs1 BEICOKOA(phekruBHLIX OCS. 3HaunTeNnbHBINA MPOTPEcC B 3TOM HANPABICHUH TTO3BOJIILT
JIOCTUYb 3HaUYeHUH 3 hekruBHOCTA OCS, cpaBHUMBIX ¢ KOMMEPUYECKUMHU OaTtapesiMu Ha OCHOBE aMOpP(HOTO
kpemuwms [1, 2]. B craamaptaornr OCS agcopOmms cBeta B ()OTOAKTUBHOM CJIO€ MPUBOANT K 0Opa30BAHUIO
HKCUTOHOB, KOTOPKIC MOTYT AMCCOIIMUPOBATEL HA TPAHUIIE JTOHOP/AKIENTOp ¢ 00pa3oBaHUEM CBOOOHBIX HO-
cuterneii 3apsnadl3 |- “Hanbonbmas 3¢ ¢deKTHBHOCTD MpeoOpa3oBaHus SHEPTUU JOCTUTHYTa B OaTapesix, opra-
HU30BaHHBIX MOWPHHIIWITY 00BEMHOTO T€TEPOIEepexo/ia, IPU KOTOPOM aKTHBHBIH CIION MOIy4YaeTCs CMEIIIH-
BaHWEM JI@HOPa U akientopa. C Toukn 3peHus] MOP(OIOTHH HEOOXOIUMO CO3AaTh MAaKCHMAIBHYIO TIOMIA Th
rereponepexdnal B oo0beMe (OTOAKTUBHOTO CIOA Ui MAaKCUMAaJbHON AWCCOLMAIIMM SKCUTOHOB, a TaKKe
00ecrigunThie@3NaHNe HEMIPEPBIBHBIX, 0 BO3MOKHOCTH KOPOTKHX MYyTeH A7l 00ecTedeHus] TpaHCIopTa Ho-
cuTesen 3apsaaa K anextpoaaM. Takum obpazom, apdextuBHOCTE OCSH KpUTHUECKH 3aBUCHUT OT HAHOCTPYK-
TYpPBI (POTOAKTUBHOTO CJIOS, TOBEPXHOCTEH pa3zerna, THIIA 3JEKTPOJOB M B IIEJIOM apXUTEKTYpHI Tpudopa
(pucd) [4].

Henasno 6su1m pazpadoranst OCS ¢ apdexTuBHOCTRIO, MpeBbimaromiei 10 % [2], 94To ye A0CTaTodHO
JUIsT KOMMEPYECKOTo HCIoib30BaHusI. OMHAKO ocTaeTcs Jpyras mpobiema: Kak obecrednTh GOTOXUMHUYC-
ckyto ctabmibHOCTH OCS Ha MPOTSIKEHUN AITUTEIILHOTO BPEMEHH.

B cBs13u ¢ noBbimennem 3 (heKTUBHOCTH OPTaHMUECKUX CONTHEYHBIX SUeeK Ha OCHOBE 00BEMHOTO TreTe-
poriepexoia CTaHOBHTCS Bce 00JIee BAKHBIM HCCIIEIOBATH W MTOHITHh UX KWHETHKY JIErpaJanni, IPOTHO3UPO-
BaTh MX CPOK CIYXObl W HAWTH MYyTH U1 yIYYIICHUsS CTaOWIBHOCTH. Ha ceromHsIIHUN IEeHb MPOBEICHO
OYEeHb MaJO HCCIEIOBaHUH, Kacaloumxcst BpeMeHn ciayx0sl OCS mox Bo3neiicTBUEM cBeTa, XOTSA MOXKHO
OTMETUTh HEKOTOpBIE paOOTHI, B KOTOPBIX M3MEPSIIach CTA0MIBHOCTD COJHEUHBIX SYEeK MO/ BO3ACHCTBHEM
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comHeyHOro w3nydeHus [5-8]. B uwacTHOCTH, 0OHapyXeHO, YTO COJIHEYHAas s4elika Ha OCHOBE
PCDTBT:PC70BM pnerpanupyet npumepsao Ha 20 % B nepBeie 100-200 9 mox Bo3AeicTBHEM COTHEYHOTO
CBeTa, a 3areM HabmronaeTcs ctabmmmzanus [5]. Sueitku Ha ocHoBe P3HT:PCBM nposBIIsStOT OTHOCHUTEIEHO
Oonee crabunbHBIE cBOMCTBA [6]. OYeBHIHO, UTO pa3lMYHbIC MaTepHajbl UMEIOT Pa3HbIe CBOICTBA Aerpajaa-
LIMU U, CIIeI0OBaTeNbHO, OoJiee TTyOOKOe TIOHMMaHNEe MEXaHW3MOB JETPajalliil MOXET ITOMOYb CHHTE3HPO-
BaTh U M3TOTABIIMBATH MaTepPHAIIBI ¢ 60JIee ATUTEBHBIM CPOKOM CITY>KOBI.

Pucynok 1. Cxema OCS Ha ocHOBE 00BEMEOTO I'CT@pOIIEpExo1a

Kak y»xe yka3pIBasioch BBIIIE, 3HAHHE O BPEMEHH KHU3HH HOBeHminx o0pa3no OCS k HacTosmeMy Mo-
MEHTY BeCbMa OTPaHHYEHO U TOJIbKO HaYMHAET Pa3BUBATHEs. B 00mHIeM cirydae BO BpeMs CTapeHHs nmpuodopa
U3 BOJIbT-aMITEPHBIX XapakTepucTHK (BAX) npuOopd BRIMUCHSIIOTCS pa3IMYHbBIC TTapaMeTpPhl, TAKUE KaK TOK
KOPOTKOTO 3aMbIkanwms Isc, hakTop 3anomuenus FR, Hanmpspkerne pa3oMKHyTOH mmemu Voc, 3PhEeKTHBHOCTS,
COIIPOTHBIICHHUS, U, TAKUM 00pa3oM, MOXKET ObirbyeOHapyskeHa npuurHa yMeHbieHus 3¢ dexruHocTh. [To-
n00HBIM 00pazom OCS MoxeT ObITh oABEpikeHa AGHCTBUIO Kuciopoaa, Y obmyuenuro u T.1. [9]. Takue
WCCIIEIOBaHUSl JAOKYMEHTHPYIOT H3MeHeHNs 9¢ddeKTUBHOCTH MpuOOpa, HO MPAaKTUYECKH HE TO3BOJISIOT
UACHTU(OUIINPOBATE MUKPOCKOMTUYECKHE MEXAHU3MBI MTPOUCXOSMINX (GU3NIECKIX W XUMHUYECKHUX TpOoIiec-
coB. B wactHOCTH, MOYTH HE HCCIeAOBAIMCH WOBEPXHOCTH pasjelia 3JeKTPOJOB U MX U3MEHEHUs MPH Jierpa-
nauuu. BakHBIME CBOMCTBaMHU HMOBEPXHOCTEH pasena SBISIOTCS IUIOMIAb, IIEPOXOBATOCTh, HATMYUE JIO-
KaJTbHBIX pasfeneHuil a3, N3MEHeHUH XMMUYEeCKOT0 COCTaBa, aJre3us CIoeB U T.J1. Mexay TeM, CTaOuiIb-
HOCTB TTOBEPXHOCTEH pa3zefia sIBIFCTCS BaXKHBIM (pakTopomM, BimgromuM Ha Bpemst xu3an OCS. Hanpumep,
CYLIECTBYIOT MPU3HAKWBOEO, UTO IIPU CTapeHUH Nprubopa MOryT HaOmoaaTecs audGys3us MeTaia, OKuCIe-
HUE W JeIaMHHANS, 8TO CYMICCTBEHHO BiIUsAeT Ha cpok ciyx061 OCH [10]. Uzyuernne OCS tpebyer cpou-
HOT'0 BHUMaHUS K JipoGiiemMe MIeHTH(HUKAIMH U YCTPAHEHHSI MEXaHHU3MOB JIETPaIallHH.

3KCI’l€puM€HmaJZbH(Z}Z uacmo

N3rofOoBIeHNENOPraHNIeCKUX CONHEYHBIX SYEEK BBIMOJIHAJIOCH HA 000pYJOBaHHH JIAOOPATOPHU COJI-
HegHOU JHepretwkn NLA Haszapbaer YHuBepcurTeTa, KOTOpOE BKIIOYaeT B ceOs IBOWHON MepYaTOYHBIN
QOKC C pacHEIONCHHBIMU BHYTPU EHTPU(YTON U YCTPOWCTBOM TEPMUYECKOTO HANIBUICHUS! BEPXHETO AJICK-
Tpoad. C ucnojap30BaHUEM JaHHOTO 000pYIOBaHHUS MOTydeHBl 00pa3lbl OPraHMYECKUX COHEYHBIX OaTapeit
Ha'ocHoBe cmecu Tnodena (P3HT) u dpymnepena (PC60BM). CtpykTypa 3aKOHUYEHHOW COJTHEUHOW OaTapen
BKJTIO¥AET B ce0s crekito, okcua onoa-uHaus (1TO), nearpudyruposannstii cnoit PEDOT:PSS (meipounsrit
TPAHCHOPTHBIN CJIOH), HEHTPU(PYTUPOBAHHBIH (OTOAKTUBHBIN CIIOW, COCTOALIMK U3 CMECH JOHOPA M aKIern-
TOpa, ¥ TEPMUUYECKH HANBUICHHBIH BEPXHUN aJIOMHHHUEBBIN aekTpoa. Ha oOpasupl, npeaHazHaueHHbIE OIS
WCCIIEIOBAHNN Pa3TUYHBIMHA BUAAMH MHUKPOCKOIIMH, BEPXHHI 3JIEKTPOJ] HE HaHOCHTCA. Bce OCHOBHBIE TIPO-
LEeCChl MPOBOIMINCH B MEPYATOUHOM OOKCE, 3allOJIHEHHOM a30TOM, YTO IO3BOJISIET M30eKaThb KOHTaKTa C
BO3/IYXOM.

Iporecc coopkn OCSI BKimtodaeT B ce0si CIeAyIONINEe OCHOBHBIE IIarH:

1) ouncTKa MOMTIOXKEK;

2) nanecenue ciosg PEDOT:PSS;
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3) nanecenue GoroaktuBHOTO cinos P3HT:PC60BM;

4) manbsutenue Al anekrpona;

5) OTXKUT STYEHKH.

[lepBbie nBa 3Tana cOOPKU SUEEK MPOU3BOAMINCH HA OTKPBITOM BO3[yX€E, & OCTAIbHBIE — B II€PYaTOU-
HOM OOKCe ¢ a30TOM. B kauecTBe TOII0KKH HCIIOIB30BATNCEH CTCKIISTHHBIC TTOTOKKH (2X2 ¢M), HAIIOJIOBHHY
nokpsIThie ITO ¢ MOBEPXHOCTHBIM compoTHBIeHHeM 10—15 OM/CM’, KOTOpBIE CITYXKAT BEPXHHM SICKTPOIOM.

B mpomecce 0YMCTKHM TOAJIONKKH BEPTUKAILHO NOMEIANMCh B Y®-BaHHY M MOCJIEIOBATENBHO, IO
10 MHH, IPOMBIBAJIMCH B alleTOHE, B U30MPOIWIOBOM CIIMPTE U B AEMOHW30BAHHON BOJIE, MOCIE BBHICYIINBA-
JUCH TTIOTOKOM a30Ta. B KoHIle, U yAaneHusl OCTAaTKOB OPTaHUKH C TIOBEPXHOCTH U YBEIIMYSHHUS CMadnBae-
MOCTH, OHHU TToJiBeprayimch Y @-030H0BOI 00padboTke B TeueHue 1 gaca.

PEDOT:PSS nanocuicst Ha o4nIIeHHbIE TIOAJI0XKKH METOJIOM LIEHTPUPYTUpoBaHus (spinseoating). Lis
nonydeHus kagectBeHHoU TuieHkn PEDOT:PSS 50 Mk Bomuoro pactBopa PEDOT:PSS (@ssila) xamanoch
Ha TIOBEPXHOCTH TOIOKKH, TOMEMIEHHON Ha neHTpudyry. Jlamee moanoxka pacKpydnBaNach ¢ yCKOPEHH-
eM 500 06/cex” 10 ckopocti 2000 06/MUH ¥ BBIICPKMBANACH B TCYCHHE 2 MUH. 3aTeM C MOMIOKKH C TO-
MOIII0 BaTHOHM MaJIOYKH YAAJsuIach HEOONbINAas 4acTh IUICHKH co cTopoHbl ITO (aHofl sueiikm)y B koHIe
MOTO’KKA C HAHECEHHOM IJICHKON MTOMENIAIach B IMIEPIATOTHBIA OOKC C a30TOM M OTKHTAJIACKHIIPH TeMIIepa-
type 150 °C B TeueHre 5 MUH IS YIIy4LICHUS! CTPYKTYPBI IJICHKH U 3JIEKTPOTPaHETOPTHBIXICBOWCTB.

®otoaktuBHbli cioit P3HT:PC60BM Takke HaHocuiicsi neHTpuyrdpoBaiueM. Beinalmpoaenana pa-
00Ta M0 ONTUMU3AIINY YCIOBUI HaHECeHUs (OTOAKTHBHOTO cios s moryuaeHus gueek ¢ KIT/[ 6omee 1 %.
Jns 3TOrO HMCHONB30BATHMCH PA3IMYHBIE BAapPHAHTHl pacTBOpUTENeH (XIQPOEH30J, IUXIOPOEH30T M HX
cMmech), BecoBbix cooTHomennit P3HT:PC60BM (1:1, 1:0,8 u T.1.), pexxuMayBpaiieHust Toaa0xKu. s no-
my4deHust 2PQPEKTUBHBIX SUEeK B HAIIMX YCIOBHAX (DOTOAKTHBHBIMACIION HAHOCHJICS COTJIACHO CIIEAYIOIIEH
metoauke: 30 mr cmecu P3HT:PC60BM B cootHomennu 1:0.65 (Solatis) pactBopsiiiocs B 1 M1 xitopbeH3oma
(Sigma-Aldrich). PactBop BbinepxwuBaincs npu temneparype, 458C IpIPMHTEHCUBHOM MEPEMEIIMBAaHUN Ha
MarHUTHOM MeIalike ¢ moAorpeBoM He MeHee 12 vacos. [logite aTOro pactBop ¢unbrpoBaics 0,45 Mukpo-
METPOBBIM (QHIBTPOM. [IpUTOTOBIEHHBIN pacTBOp B KOMWHECTBENZ2S MKII Karajcs Ha TMOUIOKKY, Bpallaro-
arytocst co ckopoctsio 2000 06/MHH 1 BBIACPKUBATICSMHPH 310k ckopocTu 6osee 20 ¢ 1uis MOTHOTO Ucmape-
HUS pacTBOpUTeNs. 3aTteM, aHanoruyHo ¢ HaHeceHHeM PEDOT:PSS, co ctopons! ITO ynansnace HeOonbInas
9acTh TUICHKH.

AnroMuHHUEBBIH 3ekTpo TonmuHoN 120 HM)HAHOCWICS TEPMHUYECKHUM HAIbUIEHHEM B BaKyyMe Ha
ycraHoBke Kurt J. Lesker, BcTpoeHHOI 48 MepuaTOUHBIA OOKc. HambiieHHe NpOM3BOAMIOCH B BaKyyMe
~10~ IMa co ckopoctsio 0,2 HM/C.

Ha mocnemneM aTarme moaToKK#, OTKUTAINCE B aTMocdepe azota mpu Temneparype 150 °C B TeueHue
15 mun s ynydmenust kpucrapangHoern P3HT u kauectBa nneHku B nienoMm. HekoTtopble sueliku mocine
HaHeceHHs Al anekTpola He OTUEANMCH C LEbI0 ONpEeNeHNs] BIUSIHUS OTKUTa Ha (OTOBOIbTanUeCKUe
nokasarenu siueek. Ilocne npuroroBieHns Bce 00pasLpbl XpaHATCS B IEPIaTOYHOM OOKCe, KOTOPBIH 3alluIa-
€T UX OT HEKOHTPOJIHUPYEMOW NETPANAITIH.

[IpousBenen MOHTaX IKCEPUMEHTANBHOW yCTAaHOBKU JJIS Jlerpajaluy o0paslioB OpPraHUYecKUxX CoJl-
HEuHBIX Oatapeil c,nomoupy Y P-uznydenus. st atoro Y®P-naMma ¢ AByMsI NEPEKIIOUYAEMbIMU JJIMHAMU
BoJH B Y ®-uamazone (365 1 254 um) Obuia momeInieHa B MepyaToyHbIi SAIUK ¢ a30THOM atMocdepoii. [To-
CJIe 3TOTr0 MOTOKYM3ITYYSHHS JIaMITbl ObIJT OTKaIMOPOBaH ¢ MOMOIIBI0 paguoMerpa. OOpasiel OaTapeii Ha oc-
HoBe P3HIFPECBM\Obn Boiiepskanbl o Y d-uszinyuyeHneM ¢ JUIMHOW BOJTHBI 254 HM U OTOKOM H3TY4eHUS
15 MxBT B TeficHuie 1-ro, 2-x u 3-X 4acos.

Crpykzypa potoaktuBHbXx mieHoKk P3HT:PCBM wuccnenoBanack Ha aTOMHO-CHJIOBOM MHKPOCKOIIE
(Multimode SPM with all standard modes for electrical, mechanical and other properties with nanometer
resolution (AIST-NT)). Bonbrammeprsie xapaktepuctuku (BAX) sdeek w3Mepsuiuch Ha H3MEpUTEINE
Keithley 2400 mox cTanmapTHBIM CHMyIHPOBAHHBIM CONHEYHBIM m3iydenueM AM 1.5, 100 mB/cm” (PET
PHOTO Emission TECH., INC.).

Pesynomamot u obcysicoenue

Hamu uccnenopana crpykrypa ¢oroaktuBHbIX IieHOK P3HT:PCBM, HaHeceHHBIX IEHTPU(YTHpOBa-
HueM Ha ctekio/[TO/PEDOT:PSS paznuunbiMu MeTonaMu aTOMHO-CHIIOBOH Mukpockonuu (ACM). Ha pu-
CyHKe 2 TI0Ka3aHbl IOBEPXHOCTh U CTPYKTYpa INIEHKH, u3MepeHHble ACM.

Takast cTpykTypa XapakTepHa AJsi NMOJOOHBIX IUIEHOK, YTO ITOATBEPXKAACTCS AAHHBIMH PA3IUYHBIX
TpyII, OMyOJMKOBaHHBIMHU B JINTEpaType.
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Pucynox 2. ®oroaktuBHas mieHka P3HT:PCBM. Penbed noBepxHOCTH 1 (ha30BEIN KO
n3MepenHsle ACM, 1o nerpananuu

[ToydeHHbIe pe3yNIbTaThl MOKA3BIBAIOT, YTO CTPYKTYpa TUICHKH TOCIE O0IydeH
MEHWJIACh JJAXKe MOCIe 3-X YacOB MOJI MAKCUMAIFHO BO3MOXKHBIM B HaIlleH yCTaH
HUs (puc. 3). ITO MOXKET OBITh CBA3aHO JUOO C HEJAOCTATOYHON MOIIHOCT
HE MpHBeJa K U3MEHEHUIO CTPYKTYPBI (IPOHU30IIII0 XUMHYECKOE H3MEH

Pucynok 3. P3BHT:PCBM( Penbed) oBepxHOCTH U (a30BbIil KOHTpacT, u3mepeHHsie ACM,
¢ 3 gacoB oz Y D-u3nydeHuem

[Momumo n3MepeHwus b EpPXHOCTH U (a30BOro KOHTpAcTa (OTPAKAIOIIETO JIOKAIBHBIE CBOM-
CTBa MOBEPXHOCTH, BBI3KIB MG TUCCUITAIIUN 3HEPTUU TPH B3aMMOJACHCTBUU OCIMILTHPYIOIIECTO 30H[a
[ I UCTIOIB30BAIM PEKUM U3MEPEHUs JoKanbHOro Toka ¢ ACM, ocHalleH-

HBIM MTPOBO/ISIINM,30 DKPBITBIM CIIOEM 30JI0Ta. B 3TOM cilydae, coTJacHO SHEPreTHYeCKOH Tuarpam-
Me, MBI peruc VIIECTBEHHO JIBIPOYHBIA TOK 4Yepe3 MoMMep ¢ pasperneHueM nydme 10 HM
(oieHKa OCHO Ha OJIb30BaHUM KOHTAKTHOU Teopuu ['epma). [lomyueHHbIe JaHHBIE O paCTEKaHUU TO-
Ka Ha II0B CTH, [TPE/ICTABJIICHHBIC HA PUCYHKE 4, MIOKA3bIBAIOT CTPYKTYPY, MOXOKYIO0 HAa CTPYKTYpY, BH-
TIUMYIO B KoHTpacte. HecMoTps Ha 1IyM, BRI3BaHHBIH, MO-BUANMOMY, YCIOBHSIMH U3MEPEHHS TOKa
10 HO Pa3iIUYUTh BEITSHYThIE (PUOPUILUIAPHBIC CTPYKTYPHI HA H300paXKEHHSIX JTOKATLHOTO TO-

MOKAa3bIBAIOT, YTO (UOPMIUIBI Ha PUCYHKAaX 5 M 6 OTpakaloT paclpefesieHHe AOHOpa M aKIenTopa
s P3HT: PCBM. Masblii nonepeunsiid pasmep GuOpWLT (JeCITKH HAHOMETOB) CPaBHHM C JJIHHOM
npodera 5KCUTOHA B KOMIIOHEHTaX, YTO JA0JDKHO 00ECTIeYHBaTh X0pomyio 3 (HeKTHBHOCTD MpeoOpa3oBaHus
SHEpIHUu.

J11s BBISIBJICHUS] BOBMOYKHBIX U3MEHEHUH CTPYKTYphI B 00pa3iax moj aeiicteueM YD ObLT HCIIONB30BaH
OUYHUCTUTEIH IOBEPXHOCTH C MOIIHBIM UCTOYHUKOM YD m3nmydenusi. O6paboTka 00pa3oB STHM UCTOYHUKOB
MIPOM3BOAMIIACH HA BO3yXE€ B TeueHHE 15 MuH. Pe3ynbTaTel NOKa3bpIBAIOT 3HAYUTEIBHOE U3MEHEHUE CTPYK-
TYpbI TOBEPXHOCTH U TIOJIHOE NCUYE3HOBEHHE TOKA B 00pa3max (puc. 5). 9To MOXKeT OBITh BBI3BAHO HE TOJBKO
MOIIHEIM YD H3ITydeHueM, HO U ACHCTBUEM 030Ha, 00Pa3yOIIErocs B 3TOM IKCIICPUMEHTE.
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Pucynok 5. P3BHT:PCBM mnocne 15 MuayT © Y ®-u3mydeHneM B OOBIYHBIX YCIOBUSIX
B MOIIIHOM 030HOBOM OUYHCTHUTEIIE TIOB 1. .Penped moBepxHoctH, ha3oBbIii KOHTPACT
U pacrpese . epernsie ACM

Ha pucynke 6 moka3aHa BOJIb epHA paktepuctuka (BAX) CBEXENPUTOTOBICHHBIX SYECK.
B Tabmuue 1 manbel oroBonbTanueckue rnokasarenu sueek, rue Uxx — HanpspkeHHs: XOJOCTOro xona (na-
nee — (oToHANPSDKEHUS); Ji3 — I CTb TOKA KOPOTKOTO 3aMbIKaHUs (IJIOTHOCTH TOKa); FF — ¢akTop
3anonHeHus; 11 — 3 deKTUBHO a30BaHUS CBETOBOM HEPTHUU B AJIEKTPHUYECKYIO (manee 3ddek-

THBHOCTB ).

(o3 OTKUIA

=E=[0Crle OTXUra B aTMocthepe asoTa

Jiz, MAlem

0 T T T 1
0 0,2 04 06 0.8
Uy B

Pucynox 6. BAX 0TOXKEHHBIX H HEOTOXOKEHHBIX TUECK
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DoToBOJIbTAMYECKHE MTOKA3ATEIH OTOAKEHHBIX H HEOTOAKEHHBIX sTYeeK

Tabnuma 1

Pexum Uxx, B Jx3, MA/cm’ FF M, %
be3 omxkwura 0,51 23 30 0,4
C oTKurom 0,74 6,2 38 1,8

Kak n oxuganoch, OTKHUT sSU€eK 1MOCe HAMBIICHHUS 3HAYUTENBHO yIydinaeT (hOTOBOJIbTaU4YeCKHe IMOKa-
3aTenu sueek. Mbl HabOIronaeM yBenuueHrne GoToHanpshkeHus B 1,5 pasa, IoTHOCTH Toka — B 2,5-3(paza u
3¢ PeKTUBHOCTH sfiueek — B 4—5 pa3. OHAKO OTKUT HE MPUBEN K 3HAUUTEIHLHOMY YIydIIeHHIo GaKkTopa 3a-
nosHeHMsI. PaKTOp 3aMOTHEHHS XapaKTepPU3yeT KauecTBO SYEUKH B IIEJIOM U 3aBUCUT OT OMUYIEEKOEQ, COMPO-
THBJICHUS KaxabIX ciioeB — oT ITO mo Al. [yt ymydimeHus: 3Toro moka3aTens SYCHKH IIaH#pyeTCs Ha Cile-
IYIOIIMX dTanax 3aJadd Jajlee ONTUMU3UPOBATh IPOLIECC U3TOTOBJICHUS sIUCEK.

Tak kax m3mepenuss BAX mpoBoaniInch Ha BO3IyXe, Mbl CPaBHUIIM, HACKOJIBKO yXY/IIAKTCS IMOKa3aTe-
T si9eeK B Takux ycioBusax. Ha pucynke 7 u B Tabmure 2 npenctasneHsl BAX n dhoToBefBranieckre moxa-
3aTeNy CBEKENPUTOTOBICHHOH SIYEHKH U ATOH e SYCHKH MocTie HAaXOXKICHUS Ha OTKPBITOM BOBIYXE B TE€UE-
HHUE TpeX 4acoB. BUIHO, YTO B LEIOM MOKA3aTeNH SUEeK yXYAIAIOTCS CO BpeMEHeMyHX HPEOBIBaHUS Ha OT-
KpPBITOM BO31yXe. DPPEeKTHBHOCTH siUeeK CHU3WIACh Ha 12 MPOIIEHTOB Moglie TPEX FJacoB Ha Bo3ayxe. llpu
3TOM MBI HAOII0JaeM, YTO HE3HAYUTENHFHO YBEINYIIOCH (DOTOHATIPSIKEHHE !

@ BCKENDUTOTOBMEHHAA AYEKa

===[10Cfe 3MacoB Ha BO3yxe

Jiz» MA/CM?

0.4
Ux B

0,6 0,8

Pucynok 7. M3menennst BAX saefiku mocie Bo3A€HCTBHS BO3oyXa

Taonuma 2
DOTOBOIbTaNYeCKHE TOKA3ATEIH sTYeeK MociIe BO3AecTBIA BO3MyXa

Pexum Uxx, B Jx3, MA/cM’ FF n, %
CBeXENPUTOTOBIICHHAS 0,74 6,2 38 1,8
[loCnérpex@acoB Ha OTKPHITOM BO3IYXE 0,76 5,9 35 1,6

Raxnrouenue

Hony4ensr 00pa3ubl opranuuecKux conHeuHbIX Oatapeit Ha ocHoBe P3HT:PCBM c a¢ddexkTuBHOCTBIO
okoso 2 %. HccnenoBaHo BIMSIHUME pA3IWYHBIX (PAKTOPOB Ha (POTOBOIBTAMYECKHE ITOKA3aTENN SUCEK.
Cobpana n oTkanuOpoBaHa YCTaHOBKA 1O JIETPaIallii COJIHEYHBIX OaTapel ynbTpaduoIeTOBBIM U3TyUeHH-
eM B MHepTHOW aTtMocdepe. [lomyueHsl 00pa3ubl erpaIdpoBaHHBIX OPraHMYECKHX COJHEYHBIX Oarapel u
HCCJIEIOBAHA UX CTPYKTYpPa pa3IMYHbIMU METOJaMU aTOMHO-CHJIOBOW MHUKpockonuu. He BbIsIBIEHO U3MeHe-
HHUH B CTPYKType (POTOAKTHBHOTO CJOS MOCHE JIeTpafaliy MPUMEHEHHBIMA METOaMH MHKPOCKONHH. 3Ha-
YHUTENbHBIC H3MEHEHHUS B CTPYKTYpe (POTOAKTUBHOIO CJIOS U TOJIHAS IeTpajallys BbIsIBICHBI TIOCHIE Aerpaan-
POBaHUA Ha BO3/IyX€ C MCIIOJIb30BAHUEM MOIIHOTO Y ® OUNCTUTENS TOBEPXHOCTH.
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WccnepoBaHus gerpagaunm opraHUYeckux ...
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Bb.P. Unbscos,AM. Asickcees, H.X. U6paes, T.M. Cepukos, A.T. Enpucor

OprasukajibIK KYH YAIIBIKTAPBIHBIH 1erPaJallusiChIH 3epTTey

Makanmanagf HIOK 2 %-ra tern P3HT: PCBM Heri3iHne opraHuKaiblK KYH YSIIBIKTAphl ajdbIHIBL ATOMIBI-
KYIITi MAKPOCKOIMSHEIH p TYpJi oxictepi kemeriMeH ¢otoaktusti P3HT:PCBM KaObIpuiars! KypbUIBIMBIHA
YIABTPAKWITiH coyIeciHin acepi 3eprTensi. PoToaKTHBTI KaOBIPIIAKTHl KYPBUIBIMBIHBIH TOJIBIK A€TPAIaIHsIChI
MEAN@srepysiepi TeK oTe KyaTThl YJIBTPAaKYJTiH COyJIECIMEH aya OpTachlHIa CoyJeleHAIpy Ke3iHie FaHa
QaiikanazmpiHAbIFbl  monenaeHai. COHbIMEH Karap KYH YSIIBIKTapbIHBIH Jerpajaunusichl 3eprrenai. KyH
YAINBIKTAPBIHBIH YIBTPAKYJITiH COYJIECIMEH YII caraT coyJeJeHIipy Ke3iHae OoHbIH THiMauriri 12 % neiiin
TOMEHHACTreHi Oenrini 6obI.

B.R. Ilyassov, A.M. Alekseev, N.Kh Ibrayev, T.M. Serikov, A.T. Yedrissov

The study of degradation of organic solar cells

In this work, samples of organic solar cells based on P3HT: PCBM were obtained with efficiency of about
2 %. The influence of ultraviolet radiation on the structure of the photoactive layer of P3HT: PCBM was in-
vestigated by various methods of atomic force microscopy. Significant changes in the structure of the photo-
active layer and the complete degradation were detected only after exposure to air using a powerful UV emis-
sion. The degradation of solar cells in the air was also studied. It has been established that efficiency the cells
is reduced by 12 percent after three hours of irradiation on air.
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