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BJIMSAHUE ATOMOB IIEJIOYHBIX METAJIJIOB
HA ®OTOJIEKTPUUECKHUE CBOMCTBA
MHOJUKPUCTAVIMYECKUX KPEMHUEBBIX COJTHEYHbIX 2JIEMEHTOB

JI. O. Oaumos, b. M. Aonypaxmanos, ®@. JI. OMoH000€B,
A. X. FOcynos, 3. M. Coxub6oBa
AHOUNCAHCKUTI MAUWUHOCMPOUMENbHBII UHCMUNTYM,
Vabekucman
IToctynuna B penakuuro 10.08.2016

B pabote mpuBeneHs! pe3yasTaTsl SKCIIEPUMEHTAIBHOTO M3YYEeHHUS BIHSHUS IIEIOYHBIX METaJIOB
Ha ()OTONIEKTPUIECKHUE CBOMCTBA MOIMKPUCTATUINYECKUX KPEMHUEBBIX COJIHEUHBIX 31eMeHTOB. [1o-
Ka3aHO, YTO HAJIMYME aTOMOB ILEJIOYHBIX METAJUIOB HA MEX3CPEHHbIX I'PaHULAX IPUBOIUT K POCTY
paIualuoOHHON CTOMKOCTH COTHEYHBIX 3JIEMEHTOB, 00YCIOBICHHON MOBBIILICHUEM IUIOTHOCTH IPH-
MECHBIX COCTOSIHUN Ha IOBEPXHOCTH 3€PEH.

KuroueBble ¢10Ba: MOJIMKPUCTAIIIMUECKUN KPEMHUI, MEK3epeHbIe TPAaHUIIbI, COJTHEUHBIE HJIEMEH-
TBI, IEJIOYHBIX METAJIOB, MPUMECHBIH (OTOBOJIBTAMYECKUH HPPEKT.

BIIJIUB ATOMIB JTYKHUX METAJIIB
HA ®OTOEJIEKTPUYHI BJTACTUBOCTI
NOJIKPUCTAJITYHUX KPEMHIEBUX COHAYHUX EJIEMEHTIB
JI. O. OaimoB, b. M. Aoaypaxmanos, ®@. JI. Omon000¢€B,
A. X. IOcynos, 3. M. CoxiooBa

VY poboTi HaBeneHI pe3yabTaTd EKCIEPHUMEHTAILHOTO BUBUYCHHS BILUIMBY JIY)KHHX METAiB Ha
(hoToeNeKTpHYHI BIaCTUBOCTI MONMIKPUCTATIYHIX KPEMHIEBIX COHAYHUX eleMeHTiB. [lokazaHo, 1o
HasSBHICTH aTOMIB JIY’KHUX METaJIiB HA MEKax MK 3epHAMHU MTPU3BOAUTD IO 3POCTAHHS paIialliiHO1
CTIHKOCTI COHSIYHHUX €JIEMCHTIB, 3yMOBJICHOI IiJABHIICHHSIM IIUJILHOCTI JOMIITKOBUX CTaHIB Ha
MTOBEPXHI 3epEH.

Kuaro4oBi cjioBa: moikpucTa iqHui KpeMHIN, MEX] MK 3epHAMU, COHSMYIHI eJIEMEHTH, JTy>KHI METa-
T, TOMITIKOBUI (POTOBONBTaiuHMI e(eKT.

INFLUENCE ALKALI METAL ATOMS

ON THE PHOTOELECTRIC PROPERTIES
OF POLYCRYSTALLINE SILICON SOLAR CELLS
L. O. Olimov, B. M. Abdurakhmanov, F. L. Omonoboieyv,
A. Kh. Iusupov, Z. M. Sokhibova
The paper presents the results of an experimental study of the effect of the alkali metal on
the photoelectric properties of polycrystalline silicon solar cells. It is shown that the presence
of alkali metal atoms at the grain boundaries leads to an increase in radiation resistance
of the solar cell caused by the increased density of the impurity states at the grain surface.
Keywords: polycrystalline silicon, grain boundaries, solar cells, alkali metal impurity impurity
photovoltaic effect.

B nacTosiiiee BpeMst BIUSHUE LIEIOYHBIX
MeTayioB (IIIM) Ha snekTpuueckue U ONTH-
YeCKHe CBOWCTBA MOJUKPHUCTAIIINIECKOTO
kpemuus (I1K) MoxHO cunuTarh JOCTaTOYHO XO-
POIIO M3YYEHHBIM KaK C SKCIIEPUMEHTAIbHOM,
TaK ¥ TEOPETUYECKON TOUEK 3peHUs (CM., Ha-
npuMmep, [1-3] u cchuTKH, MpUBEIECHHBIE TaM).
HanexHo ycTaHOBJIEHO, YTO MaccuBaIyst aedek-
TOB M PEKOMOWHAIIMOHHBIE IEHTPHI MPUBOAST

K YIYYIIEHUIO 3JIEKTPUUYECKUX U ONTHYECKUX
cBoiicTB IIK. Takske mokazaHo, 4TO BBEJICHUE
atomoB II[M B 00beM MOHOKpUCTAIIUIEC-
koro kpemuusi (MK) mo3BossieT cyuiecTBeH-
HO MOBBICUTH PAJUALUOHHYIO CTOUKOCTH
conHeyHbIX neMeHToB (CD). Urto xe kacaercs
BiusHus atoMoB [IIM Ha (oTrosnexkTpudeckue
cBoiictBa [IK C3, T0o 3TO 10 cuX NOp ABIISIETCS
HEPEIICHHOU 3a/1a4eil. XOTs JOBOJIBHO XOPOLIO
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usydeHo Biausiue [1{M Ha snexTpodusznueckue
cBorictBa [1K [1-5]. AkTyanbHOM 3a1a4ueit sSiByIsi-
ercd uzydyenue Biuusaus LM, nonosHuTenbHO
BBOUMBIX B [IK CD, Ha ux (hoTroanekrprueckue
CBOICTBa, ONMHCAHUIO PE3YyJIbTaTOB KOTOPOTO
U TIOCBsIIIIeHA JaHHas paboTa.

B xauecTBe MCXOIHBIX 00pa31OB BHIOpaHBI
I1IK CD c¢ p-n nepexonoM, co3gaHHbIM 1udPy-
3uert pocdopa Ha TTyouny ~0,8 MKM C obecrie-
YEeHUEM KOHIICHTPALlUM IPUMECH Ha CBOOOTHOM
noBepxHoctu <10 cm>. JlonosHUTEIBHOE
nerupoBanue CO co CTOPOHBI p-n MEPEXo-
na Bequ noHHOW mmrutantanuen (M) LM
C MpUMEHEHUEM yCKopuTes 0e3 cenapanuu
HMOHOB, Ha KOTOPOM paHee IMPOBOINUIIACH CEPUS
HKCTIEPUMEHTOB 110 UCCIIEIOBAHUIO BIUSHUS aTo-
MoB I[M nHa nponeccel neperoca 3apsiga B [IK
[2, 3]. B IIK BHenpsinu nonsl IIM ¢ sneprueit
E =10-45 x»B u gozoit D = 10"-10" cm2.
[TocTummmanTanmoHHass TepMooOpadboTKa 00-
pasuoB mpoBoawiack B Bakyyme 10° Topp,
B uHTepBaiue remmeparyp 20-700 °C. O6pa3ibl
JUTSL U3MepeHuid Hape3anu u3 ucxomHoro [1K
CD 6onpioi momaau nociie MM Ha TecToBBIE
CTpYKTyphI pazmepoM 10 x 10 MM, koTOpBIE 10
U MOCJIe Pa3InYHbIX TEPMOOOPaOOTOK MOBEP-
rajiv KOMIUJIEKCY UCCIeA0BaHMI, COCTOSLIIUX
U3 OLIEHOK 2JIeKTPOPU3NYECKUX MapaMeTpPoB
YETBIPEX30HI0BBIM METOIOM U METOAOM BaH-
nep-Ilay ¢ oMHOBpEMEHHOM OLIEHKOW KOHIIEH-
TpalMy OCHOBHBIX HOCUTeJEeH Toka. Takxke
U3MEPSJINCh TEMHOBBIE U CBETOBBIE BOJIBT-
aMIIEPHBIE U CIIEKTPAJIbHBIE XapAKTEPUCTHKHU.

N3BectHO, yTO nocine MW nHa obnyueH-
HOW TMOBEPXHOCTH KpEeMHHUs 00pa3yrTcs
panuanroHHbIe 1e(PEeKThl, KOTOPBIE PE3KO YXY-
mratoT goTosnexTpudeckue napamerpsl CO [4].
Hamm sxcniepuMenTsI mokaszanu, yto nocie MU
M u y IIK C3O 3HauuTENbHO YMEHBLIMINCH
I wmU_, acnekTpaibHblii MakCuMyM (oToTo-
Ka CMECTHJICS B KOPOTKOBOJIHOBYIO 00JacCTh.
Hampumep, mst Li, Na u Cs yka3aHHBIA CABUT
npowusotren ot A = 0,87-0,88 mxm g0 A = 0,80—
0,85 MxM. /{15 «3aneunBaHus» HApPYyLIEHHOIO
ciost B MK CD nocnie U1 06b14yHO IpUMeEHseT-
Csl TEPMOOTXKUT. MBI Takke TPOBOJIUIH TEPMO-
orxur obmyuennsix 11K crpykryp. Ha puc. 1
¥ 2 TIpUBEJICHBI PE3yIbTaThl n3Mepennii [ u U
[TK CD npu pa3inuyHbIX TeMIIepaTypax OTKHU-
ra. BusiHo, 4To mpu yBeIMUEHUU TeMIIepaTypbl
otrxkura go 200 °C [  yBenmnuuBaercs, a U
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Puc. 1. Bnusnue temneparypsl omxkura na [ IIK C3,
JIOTIOJTHUTEJILHO JIErMPOBaHHbIX HoHamu LI[M. IKxo —
3HaueHus [, CHATHIE /10 OTXKUTA HEMOCPEACTBEHHO MOC-
ne nonHo# ummanrtanuu IIIM coorBerctBenno: [ — Li
(I“ﬂ: 3,7 mA), 0 — Na (ImO: 2,27 mA), A — K (Imz
2,71 mA)u x —Cs (IK30= 1,8 mA)

0

HE3HAYUTEJIbHO YMEHBIIACTCS. YBEIUUCHUE
temnepatypsl orxura 10 400-500 °C compo-
BOXK/IA€TCA POCTOM 0OOMX ITUX MapaMeTpOB,
a CIeKTpaJbHbIH MaKCUMyM (OTOTOKA CIBU-
raercs B JJIMHHOBOJHOBYIO CTOPOHY, MpH-
OJIIKAsICh K CBOEMY HA4aJIbHOMY TTOJIOKEHUIO
A = 0,87-0,88 mxm. JlanpHeliee yBeTHUICHUE
temreparypsl orkura >500 °C BHOBb IPUBOJIUT
K ymeHbennto [ u U_, 0COGEHHO 3aMETHOMY
st [IK CO, nerupoBannbix Cs, a ClieKTpaibHbINA
MaKCUMyM ()OTOTOKA OTISAThH CABUIAETCS B KOPOT-
KOBOJIHOBYIO CTOPOHY. DTH Pe3yIbTaThl MOKHO
00BSACHUTH CICAYIOUIUMH CreNHPUIECKUMHI
cBoiictBamu MU p-n ctpykryp Ha ocHoBe [1K.
DOTORIEKTPUYECKHE MTapaMETPbl MOIUKPHUC-
tasmmyeckux CO B 3HAUUTENLHON CTENIEHU OIl-
penenstoTCs BIUSHUEM MEX3EPEHHBIX TPaHUIL

Ux)/ Uxx
4

N

T | I |
0 200 400 600 800

Puc. 2. Bnusnue temneparyper omkura va U TIK C3,
JIOTIOJTHUTEJILHO JIETMPOBaHHbIX MoHaMu [IIM. UXXO —
3HayeHus U _, CHATBIE JI0 OTXKUTA HEMOCPECTBEHHO MOC-
Jie noHHOM mmranTauu [1IM coorBercTBeHHO: [ — Li
(Uxm: 419 mV), 0 — Na (Um: 374 mV), A—K (Um:
104,8 mV) u x — Cs (U, =92 mV)
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M3I' Ha nepeHoc HocuTenen 3apsina. M3, Bausis
Ha [EepeHOC HOCHUTENEH 3apsa, TEM CaMbIM Cy-
[IECTBEHHO BIUSIOT Ha 3JEKTPOPU3UUECKUE
CBOMCTBA: Y/IEIbHOE COMPOTHUBIICHHUE, TIOJBUK-
HOCTh M KOHIIEHTpAaIMIO HOCUTEJEH 3apsia.
Hamm pesynbrarel nokassisarot, uro M npuso-
JIUT K POCTY YICILHOTO COITPOTUBJICHUSI U YMEHb-
LIEHUIO MMOIBM>KHOCTH HOCHUTENIEH 3apsia.

ITpu otxkure o 100-200 °C «3aneunBa-
€TCsA» HapyLIEHHBbIN CJOW, COCTOALIUN U3
paauaImoOHHbBIX J1e()EeKTOB, 00pa30BaABIINXCS
B ipouecce UM monamu IIIM [3]. B moHO-
KPUCTAJIMYECKUX CTPYKTYpaX 3TO MPUBOJUT
K pOCTY IMPOBOJAUMOCTH U MOJABUKHOCTU HOCHU-
teneit 3apsana [S]. Orxur [1K cTpykryp otnmnua-
€TCsl TEM, UTO MPH YBEIUYEHUHN TEMIEPATypbl
MIPOUCXOIUT cerperanus npumeceit Baoiab M3I
YTO OYE€Hb CHJIBHO BIIMSET HA YIETBbHOE COMPO-
THUBJICHHE, T. €. IPUBOJUT K €0 YBEIMUCHUIO
[3, 6]. Ha nam B3mIsi7, B mpoleccax OTKUra
10 100-200 °C npoucxonut, BO-MEPBBIX, «3a-
JIeYMBAHUE» HAPYIIEHHOIO CJIOSI, BO-BTOPBIX,
cerperanusa aromoB [IIM o M3I" u ux B3aumo-
JEeHCTBHUE C PEKOMOMHAIMOHHBIMY [IEHTPAMHU,
YTO B KOHEYHOM CUETE COMPOBOKIAETCS POCTOM
YAEJIBHOTO CONPOTUBIIEHUS U yMEHbIeHueM U,
a TaK)K€ CABHUIOM CIIEKTPAJIBHOTO MAKCHUMYMa
¢$boTOTOKA K CBOEMY HaYaIbHOMY MOJOKEHUIO
(A =0,87-0,88 Mkm), HaOIIOIABIIEMYCSI IO OT-
JKUTa. DTU U3MEHEHUSI MOTYT OBITh CBSI3aHBI C W3-
MEHEHHEM YpoBHeil joBylek ¢ £~ 0,15 5B na
E = 0,17 3B npu 50-70 °C, a npu 100-
170 °C nosinenuem joBytiek ¢ £ =~ 0,36 3B,
00yCJIIOBIEHHBIX B3aUMOJIEHCTBHEM pa-
IUaNMOHHBIX nedexkToB ¢ atomamu Li [3,
71. Audpdys3us atomo IIM mpuBoguT

K MacCUBAIIMU PEKOMOMHAIIMOHHBIX EHTPOB
M3, uro npusonur x pocry [ u U _mpu T'=
400-500 °C. B paborte [7] ompeneneHo, 4To mpu
T = 325-350 °C npouCcXOIUT «3aj€YMBaHUE
JoBylIek ¢ ypoBHeMm £ = 0,3 3B, a Bbie yka-
3aHHOU — ¢ ypoBHeM E = 0,36 3B. B namueii pa-
00Te OIPEIENIEHO, UTO «3aJIEYMBAHNEY JIOBYIIEK
¢ £ =0,3-0,4 5B B IIK npu momotmu atoMoB
LM npoucxonut npu 7' = 400-500 °C.

[Tpu nanpHeleM yBEeIMYEHUN TEMIIEPATyPBI
yacTh atoMoB LIIM o0cBOOOKIaeTCS U3 JIOBYIIEK,
muddysaupys no M3IT 1o nooxku [2]. OtoT
npoliecc MPUBOAUT K YBEITHMUEHHIO KOJIMYECTBA
PEKOMOMHAIIMOHHBIX IIEHTPOB Ha MOBEPXHOC-
tn CO. Ilo pe3ynbraram u3MepeHus yieabHO-
ro CONPOTHUBJIEHUs MOMJIOKKHU HabIrOnaICs
pPOCT 3TOTO MapaMeTpa IpHu TepMoodpadboTke
B uHTepBaie temneparyp 7' > 200 °C. JlanHble
pe3ybTaThl CBUJETENBCTBYIOT O TOM, YTO U3Me-
HEHME YHEPreTUYECKOr0 YPOBHS JIOBYILIEK U UX
KOJINYECTBA IIPUBOJUT, BO-NIEPBBIX, K CABUTY
CHEKTPAJIBbHOTO MaKCUMyMa ()OTOTOKA B KOPOT-
KOBOJIHOBYIO 00JIaCTh, BO-BTOPBIX, — K YMEHb-
mwenuto [ nu U .

B [8] moka3zaHo, 4To IIMTENbHOCTH AUDDy-
3uM aToMoB Li BrusieT Ha GoTOdIeKTpHUeCcKue
napametpsl [IK C3. B nameit pabore onpee-
JIEHO, YTO KapAMHalbHOE yMeHbIIEHHUE [
u U_ HaOmonaercs npu BpeMeHu 1udysun
<30-45 MuHYT, a 1anbHEelIIee YBETUUCHHUE Bpe-
MeHHU Ju(dy3un Ha BeIMUMHY yKa3aHHBIX apa-
METPOB IIPAKTUUYECKU HE BIIMSIET.

B Tabn. 1 npuBeneHsl 3KCIEpUMEHTANIbHbBIE
JIaHHbIE O paauanuMoHHON ycTtoiuuBoctu 1K
CD, moaBepruyThixX JierupoBanuio [1[M, k 00-
JTYYEHHUIO OBICTPBIMU JIEKTPOHAMHU.

Tabmuma 1

Manenue makcumanabHoi MmomHocTH [IK p-n* CI, nonoaHuTebHO JerupoBannbix 1M,
NP PA3JIUYHBIX 032X JIEKTPOHHOTrO o0aydyenusi ¢ £ =1 MaB

T . Macca atoma LM Jlo3a 3J1eKTPOHHOTO 00.,Ty4eHuUsI

i oopasua a. e M. 10" em2 105 em2

K

€I me . - VYmenbmaercsa Ha 30 % VYmenbmaercsa Ha 40 %

JICTUPOBAHHBIT

ITIK C3 (Li) 2 —Ha5% —mHa 8,5 %

IIK C3 (Na) 23 —mHa 10 % —mHa 13 %

IK C3 (K) 39 —mHal1l6% —mHa 14 %

IIK CD (Cs) 133 —mHa2l % —Ha20%

JKDITT J)KDUIT JSPE, 2016, 1. 1, Ne 3, vol. 1, No. 3

265



BITHAHHE ATOMOB I[[ETOYHBIX META/IZIOB HA ®OTOYTEKTPUYECKHE CBOHCTBA...

CpaBHeHHE TaJleHUS MOIIHOCTH JIETH-
pPOBAaHHBIX 00pa3OB C HEJIETHPOBAHHBIMU
BBISIBIISIET CIEAYIOLIYI0 KapTUHY: MPU 103€
3ICKTPOHHOTO 00yueHus 10 cm2 paguannon-
Has cToikocTh CD, nerupoBanHoro Li, BbIme
HenerupoBanHoro Ha 27 % (95,5 u 68,5 % ot
ucxonHoro), Na — na 22 %, K — na 16 %
a Cs —mna 11 %; npu mo3ze 10'° cM? pa3uu-
na coctaBut aad Li — 34 % , nng Na —
30 %, nmsa K — 29 %, a g Cs — 23 %. Jus
00BbsSICHEHHST HAOITIOIAeMOTO TIOBBIIIICHHS Pa/Tha-
muoHHOM croiikoct [IK CD monoaHUTEIRHO
nerupoBaHHbIX LI[M, uTo Hanbonee sipko mpo-
SABJISIETCS B CiIydae JerupoBaHus Li, mpumem
CIIEIYFOIIAE COOOPaKCHHUS.

W3BecTHO, UTO MOCIIe 3JEKTPOHHOTO 00ITyye-
Husl B 00beMe CD 00pa3yroTcs paualuoHHbIE
ne(eKThl, YTO TPUBOAUT K YXYAUICHUIO UX
cpoucTB. M3BecTtHO Takxke, uto IIK, kak
U TIOJIMKPHUCTAIIBI BOOOIIIE, U300MITYIOT pa3-
HOOOpPa3HBIMU CIOXKHBIMH CTPYKTYpamu, Ta-
KuMH Kak 3epHa u M3I" [9]. Ha nam B3z,
JJIsT 0OBSICHEHUS PaJUAlMOHHON CTOUKOCTH
CD, cozmannbix Ha [1K, Hy»)HO 00s3aTEIbHO
VYHUTHIBATh CTPYKTYPHBIE XapaKTEPUCTUKU 00-
pas3IoB, a TAK)KE XapaKTepHOE MECTOHAXOXKe-
Hue aromoB IIIM B o0beme Takux CD.

Tak, oOpa3oBaBIInecs B pe3yiabTaTe dJeK-
TPOHHOTO y/apa B 00beMe 3epeH paualliOHHbIE
ne(eKThI, B IEPBYIO OYEPEb, «3aJICUHUBAIOTCS)
aromamu 1M, HaxoasmuMucs MexXIy y3aaMu
KPUCTAJUTMYECKOU PEIIETKH.

«3aneynBaHne) pagualMOHHBIX 1e(PEKTOB
B 00JIaCTH KOHTAKTa JIBYX 3€peH, T. €. B 00Jac-
T M3I, nocturaercs eme ObICTpee U Jierye,
4eM B 00beMe 3epEeH, M3-3a CKOIUICHUS B OTUX
obOmacTsax aromoB [I|M, Bo3HUKAIOIIUX BCIEI-
CTBHE UX Cerperanuu npu kpucraumszanuu [1K
[1-4].

Takum 06pa3om, ucnonbzoBanue LM mst
yrpasieHust coctossuusaMu M3 mo3Bosser
B HEKOTOPOI1 CTENEHU YIIPABIIATh U CBOWCTBAMU
[1K, a uMEeHHO, yay4IaTh uX (pOToANEKTpHIECKIE
CBOWCTBAa W MOBBIIIATH pagHAIMOHHYIO
ctoiikocTh IIK C3. JlomonHUTEAbHOE JICTH-
poBanue IIK CO aromamu II[M yBenuuuBaer
KOJINYECTBO IIPUMECHBIX cOCTOAHMN Ha M3T
[1], yTo mpeacTaBIsET UHTEPEC IPU CO3IaHUU
CTPYKTYP, B KOTOPBIX MOXKET OBITh pean3oBa-
HO TIPOSIBIEHHE MPUMECHBIX BOJIBTAUUECKUX
3¢ deKToB.
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