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BINUAHUE TEXHONOIUU NONYYEHUA TOHKUX NIEHOK TENNYPUOA KAAMUSA HA
3OOEKTUBHOCTb PABEOTbI CONTHEYHbIX 3JIEMEHTOB HA UX OCHOBE

3aNOPONCCKAA 20CYOaAPCMEEHHAA UHNCEHEPHAR AKA0CMUA

PaccMoTpeHo BusiHUE pasfinyHbiX CNOCOBOB MOMyYEHUst TOHKUX MIEHOK TeNNypuaa kaaMmus Ha koadduuu:
€HT MonesHoro AencTeuA (K.N.A.) CONHEYHbIX 3rIeMEHTOB Ha WX ocHose. CAenaH NporHo3 O BO3MOXHOCTH
MOBLILIEHNS K.M.4. TAKUX 3MIEMEHTOB BrOTb 40 TEOPETUYECKOro Makcumyma.

Kniouesble crioBa: Tennypua Kagmusi, TOHKUE MNEHKU, COMHEYHbIN SNEMEHT, K.N.A., P-N NEpexoA, LMpuHa

3anpeLleHHON 30Hbl

Tennypun kaamus (CdTe) sBnsercs BecbMa
MEepCIeKTUBHBIM MaTepHaioM Ui cozfaanus sdde-
KTUBHBIX TOHKOIUIEHOYHBIX COTHEYHBIX J/1EMEHTOB
(CD) Gnaropaps ONTUMANIBHON IIMPUHE 3arpeLieH-
HO# 30HBI (1,5 3B) 1 GonblinM 3HaAYEHUAM KO-
¢unpenta normouenus [1-3].

Uccnenosanu pasnuusble (POTOCKTPHUECKHE
npeobpazoparenu (POI1) Ha ocHoBe CdTe, a umen-
Ho, D311 Ha Gapbepe [1loTTkH, Ha rOMO- 1 reTepo-
nepexojax, B coueranum ¢ Cu,Te, CdS u npo3pau-
HBIM TNPOBOAAIIMM OKcuaoMm uHzaus-onosa (ITO).
Haunyuumme pesynbrathl nomyuenst s CO Ha oc-
HOBe rereponepexooB n-CdS/p- CdTe [3].

Ha puc. 1 nokasaHa 30HHas Auarpamma TOHKO-
rieHouHoro CD Ha OCHOBe rerepomnepexona n-
CdS/p-CdTe. OgnuM M3 METOJOB HCCIIEOBaHUS
30HHOW JAMarpamMmsl SBJsiETCS MeTon npoduanpo-
BaHus no ray6une (sputter depth profiling) rerepo-
nepexona [4].

ITO CDS CdTe

E

CuTex Cu-Au

Pucynoxk 1 — 30HHas uarpaMMa TOHKOIIEHOUHOIO
COJIHEYHOT'0 3/IEMEHTa Ha OCHOBE IeTepoIepexoa /-
CdS/p-CdTe

IIpoBenennsie uccnepoanus [4,5] noxaszanw,
YTO Ha rPAHHULE reTepornepexojia HeT pa3pblBa 30HbI
NPOBOJAUMOCTH.

-

© Konomoen A.T"., Xpunko C.J1L., 2019

Ha cerogusmnuii Jens HauGomnbllee 3HAUEHHE
HanpskeHus: Xojocroro xoxa ana CO Ha ocHose
CdS/CdTe coctasnser okono 1,0 B [5]. CD Ha oc-
HoBe rerepocucteMbl CdS/CdTe ObiBaloT [BYyX
KOHGUrypaumii: «TbUILHOMY M «(hpoHTanbHOM». Ha
pHcC. 2 MpecTaBIeHO CXeMaTHYeCKOe H300paKeHHe
MOMEPeYHOro ceueHus TOHKoreHo4Horo CO Ha
ocHoBe rerepocuctembl CdS/CdTe B 3THX KOH(H-
rypauusx. [1pu «TbuibHbli» KOH(HUrYpaLuH crepsa
(opMHpYeTCS KOHTAKT MPO3Pa4yHOro MpOBOJALIEI0
okcuaa (transparent conducting oxide uwim TCO)
3aKaHYMBAETCS  HEMPO3PauHbIM  METAJTHUECKHM
kontaktom. [lpu «Qpontanshoii» Konpurypauu
cjiou hopMHUPYIOTCs 0OpaTHBIM YepeJOBAHHEM.

O CBEeT O

CBeT
Pucynox 2 — Cxematuueckoe n3o0paxkeHue rnone-
PEYHOro ceueHust ToHKomenoyHoro C3 Ha OCHOBE re:
tepocucteMsl CdS/CdTe B «ThUILHOI (ceBa) u «(Hpos-
TaJbHOI) (Cnpasa) KOHPUrypauusX

[Topsok pocTa CIOGB MMEET BayKHOE 3Hawe:
HHME, TaK KaK OT HEero 3aBUCAT KaK JKeJaTeNbHbiE,
TaK W HeXeJaTelbHLIE XUMHYCCKHE peakuuu i
npouecchl Auddy3un Mexay cnoaMu. Tak, mph
«(ppOHTANBHON» KOH(UIypaLMu B MpoLEcce Tep
MO0OpabOoTKH MPOUCXOAUT HexenaTeabHas THy:
3us Metanna B cioil CdTe w CdS, 4T0o OKa3biBae
OTpHLATENIbHOE BIMSHME HA XapPAKTEPUCTHKH Teme
ponepexopna CdS/CdTe. Ilostomy Gomee mpenot
TUTEIBbHBIMM ABASIOTCS CD «THIIBHOMY KOHQHI:
paLHu, KOoTopbie uMmeroT Gonee BbICOKYIO ek
BHOCTb Mpeobpaszopans.
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®opmuposanne CO «TBUIBHOM» KoH(QHIYpa-
uHH Ha ocHoBe Cd7e HAYMHAETCA C OCWKICHHS
cnost TCO, koTopsiii CiyuT B KauecTBe (ppoHTa-
nabHOro KoHTtakra. Cno#i TCO ofbmHO ocaxaaior
METOIOM MarHeTPOHHOTO pacmbuieHud. [{1g ocax-
© JieHHs ero 6a3Z0BOro CJIOS MCTIONB3YIOT Pa3IUyYHbIe
METO/IBI, KOTOphle MOAPOOHO omMcaHsl B paforax
[5,6]. Cpenu 3TX MeTonoB ocaxkaeHHs Haubonee
NEePCTIeKTHBHBIMH, O0ecreyHBaloMMH  GopIIKe
3Ha4YeHUA 3P (PeKTHBHOCTH NpeobpazoBaHus ABJIAIO-
TCS METOJ| BAKYYMHOTO (PU3HYECKOro OCAXKIAECHHA H
METOA CYOIMMAIK U3 3aKPBITOTO 06beMa. T Me-
TO/IbI OCAXJAEHUA CXEMATHYECKH NPEJICTABIEHEl Ha
puc. 3.

BakyymHoe ¢usmueckoe ocaxnenne (physical
vapor deposition wm PVD) orHocuTea K HU3KOTE-
MIlepaTypHBIM MeTojAaM ocaxaenus (puc. 3a).
Ocaxnenue ruenok CdTe w3 naposoii dassl npou-
CXO/IMT Ha OCHOBE OOpATHMOl PaBHOBECHOH peak-
i Cd + 0,57, <> CdTe Mexny napamMu Kaamus,
TelTypa W TBepAbIM BemectsoM H3 CdTe. Kax
cieacteue, Cdle MOXET OCaX/JAThCS MYTEM COBME-
CTHOIO MCHApeHHs W3 JJIEMEHTAPHBIX HCTOYHHMKOB
KaZIMUs ¥ TeJUTypa IyTeM NpsAMol cyGnvManmeit w3
ucrounuka CdTe. KonrpysnrHas cyGmumaums coe-
muaenHs CdTe ¢ukcupyer coctas ra3oBoil ¢assr
wis ocaxaeHus w3 ucrounuka Cdle, a oTHocUTE-
JILHO HHM3KOe JiaBiienne napoe Cdle 1o CpaBHEHHIO
¢ 9/IEMEHTAPHBIMH KaJMHUEM U TeJLTYPOM CHocobCT-
BYET OC&XIACHUIO ONHO(A3HBIX TBEPABIX IUIEHOK B
WHPOKOM JHAMNA30HE TEMIIECPATYPBI TIOIONKKH.

(~10 Torr)

logog)

AR 600°C

700-900°C
Solid CdTe

Pucynok 3 — CxeMaTH4ECKHE NIPE/CTABIEHHA ME-
TOAOB IS OCAXKAEHEAA TOHKOILIEHOYHBIX cioes CdTe
: a) dmmieckoe ocaxIeHue W3 NapoBoil dazsl
(PVD) u 6) cyGnamanms u3 3akpeiToro o6sema (CSS)

Hanbonee ucnons3yeMbiM ABISETCS METON CY-
6numamn coenmnenns CdTe, KOTOpHIH OCYLIECTE-
JSeTCSs W3 OTKPBITOro TWrA HWiH 3d¢y3HoHHOK
suedxu Knyacena. Ilpu 3¢dy3nonHoM uenapeHnn
CKOPOCTh OCKHEHHA W OHOPONHOCTH OCaXIaae-
MbIX KOMITOHEHTOB, MOCTYMAIOMMX HA TOIOXKKY,
KOHTPOJIHPYIOTCA TeMIepaTypoil HCTOYHMKA M MO/
JIOKKH, reomerpued 3ddysuoHHON sueiiku, pacc-
TOSHHEM MEXKy HCTOYHUKOM H IMOMJIOKKOH, a Tak-
JKe aBiieHueM [6].

ITpu Temnepatype mopnoxxu ~ 100 °C xoad-
GUUMEHTH! NPUTHNAHKS KAAMUS W TeUTYpa GIM3Ku
k equuune, [Ipu Sonee BRICOKHX TeMIepaTypax Imo-
JUTOKKHA KOIQQPUIMEHTHI NPHIANAHHA YMEHBINAIOT-
Csl, YTO MPUBOAMT K GoNiee HU3KON CKOPOCTH OCaX-
AeHust. ITO onpeAeseT Npefe TeMilepaTypbl NoJ-
Joxxu 400 °C npu ocanennn CdTe. Ilnenxu ne-
MOHCTPHPYIOT JoMHHHpyowyo (111) opuenra-
uuto. Cpennmii pasmep 3epeH IUIGHOK 3aBHCHT OT
TOIIMHB! TUIGHKH M TEMIIePaTypbl IOJOXKH, Ha-
npuMep A8 TEHOK TommuHOH 2,0 MKM cpemHui
Auamerp 3epeH cocrapyseT okoao 100 #M npu Tem-
neparype nomiokku 100 °C. Vsemmuenue temne-
paTypsl HOAJIOXKKH COMPOBOXKIAACTCH BO3PACTAHHEM
cpeaHero pasMepa 3epeH. Ilpouecc BaKyyMHOro
(u3HYecKoro ocaxKneHus MOAPOGHO ONKMCAaH B pa- .
6orax [5,6].

Cyb6mumauns w3 sakpeitoro ofsema (closed-
space sublimation wm CSS) B ommuse or meToaa
BaKYyMHOTO (PH3HYECKOr0 OCaXKAECHHI OTHOCHTCA K
BBICOKOTEMIIEPATYPHBIM MeToAaM (OPMHPOBAHHS
mierok CdTe (puc. 36). Ilpouece ocaxneHus ocy-
IIECTBIACTCS TIPH TeMIepaTypax INOMIONKH BhIIIE
500 °C. Kak 66110 0TME4EHO, B BaKyyMe NpPH TAKHX
TeMnepaTypax MPOHCXOJMT PeUCIIapeHHe KaIMHA U
TeTypa ¢ MOBEpPXHOCTH pactymero cinos CdTe.
Ipouecc percraperus Moxer ObITh HCKITOYEH, €C-
J¥ OTICPALMIO OCAKACHUA BBINONHATH NpPH AaBle-
HUH ~133,322 Tla. [ToBblmeHHWE MJABICHHA OT
133,322 -10° ITa o 133,322 Ila npuBOAMT K CHA-
KeHuio JndPy3BOHHOTO NepeHoca KOMIIOHEHTOB
OT UCTOYHHKA K mozioxke. Iloaromy, mis obecne-
YeHHS HOPMAJIbHBIX CKOpPOCTEH pOCTa IUIEHKH HC-
TOYHMK ¥ MOJJIOXKKY PAcroNaraior o4eHb OaH3KO
APYT K JpyTy.

B rexnonorun CSS ucxonubii marepuan CdZe
[OMEWAIT B Jepxkareib, HMEIOIIUH TaKylo >Xe
WIoma/ s, 9T0 ¥ noyioxkka. McTouHuK ¥ nmojJioxka
OTAEJIeHB! APYT OT APYra NpH MOMOUIM H30JHPYIO-
Liel MpOKNaakH s obecneyeHHs pasHOCTH TEM-
nepatyp. IIpouece ocaxieHus o6BIMHO BBITIONHAIOT
B Cpejie HHEPTHELIX ra3oB, TAKMX KaK aproH WiH He-
oH. HeGonpmoe napuyanbHOe JaBNEHHE KHUCIIOPO-
Ja, IO-BHANMOMY, UMeeT pellaollee 3HAYCHHe V1%
TIOMYYeHHA BHICOKOKAYECTBEHHBIX TuieHOK CdTe.
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ITneHku, TONMy4YEHHBIE NPU TEMMEPaType CBbIlIe
550 °C, AMEIOT NONMKPHCTAUTHYECKYIO CTPYKTYPY,
3epHa KOTOPO¥ OPHEHTHPOBAHbBI XA0TUYHO H UMEIOT
cpenHWil pa3Mep nopsnaka 1-2 MKM, CpaBHHMBIH C
TonmuuHOK mnenku. [lponecc cybnumaumu u3 3a-
KpeITOro ob6beMa mnoapo6HO ommcaH B pabo-
Tax [5,6].

Haunyumue nokasareny s¢ddextusHocty CO
noayyaor npu ¢opmupoBarum Oa30Boro cios
CdTe meTonoM cyOMMAaLIMH U3 3aKPHITOro obbemMa.

Hcxoas u3 BEINENPUBENSHHBIX JTHTEPATYPHBIX
JaHHBIX BBHITIONHAEM aHAIH3 NPEUMYINECTB H HEJO-
CTATKOB TOHKOIUICHOYHBIX COJIHEYHBIX 3JIEMEHTOB
Ha ocHose CdTe.

IlpeumymecTBa: pagualMOHHas CTOHKOCTb,
9TO JejiaeT uX BOCTpeGOBaHHBIMM I KOCMHHECKO-
ro NpUMEHEHUS; BO3MOXKHOCTh JOCTHXKeHus Gonb-
mux 3HaveHuil sddexTusHOCTH (Gonbme yeM
30 %); mansiit pacxoa NMOMYNMPOBOJAHUKOBBIX MaTe-
puanoB (B CTO pa3 MeHbIIe, 9eM [ii KPeMHHEBBIX
C3); Gonpmo# cpok skcmryatamuu C3 (25 ner u
Gonee); BO3MOXNHOCTL MPOMBINUIEHHOIO TMPOH3BOJ-
ctea CD ¢ HMCNONB30BAHWEM PpYJIOHHOH TEXHOJO-
ruyA; Matoe notpeblicHne SHEPTUH Ha [IPOW3BOACT-
BO; Gonee KOPOTKHUIA MEPHOJ OKYMAEMOCTH; BO3MO-
JKHOCTH MCNOJIB30BAHKA NPOCTHIX ¥ JeIIeBHIX MO~
noxek (CTeKno, ToHKas Mertauindeckas dosnra);
BO3MOXHOCTE co3fianua CO Ha rubkux nonuamun-
HBIX TOJIOXKKAX M CYIIECTBEHHOE CHIDKEHHE MAcChI
(Gonee ueM Ha 95 %) no cpaBHeHmIo ¢ C3 Ha OCHO-
Be KpEeMHUS, AOCTIDKEHHME PEeKOpAHBIX 3HadCHMI
2JIEKTPUYECKOM MoIIHOCTH, BhIpabaThiBacMoOH Ha
€AMHUILY MAacChl MPUOOPHOH CTPYKTYpHI (U1 BOEH-
HOT'0 ¥ KOCMHYECKOTO HCTIOJIb30BAHUA).

Hepocratku ToskonneHounsix CO Ha ocHOBe / '

CdTe: UCTIONBE30BaHHE KOMITOHEHTOB, npencmsnx/

IOIAX Yrpo3y AJIA OKPYKAIoWweHd Cpeasi, 4To Tpe-
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clienaTh MpPEeATioNoNEeHHe, HTO IepCreKTHBR

Oyner pa3paboTKM [OTNONHHTETBHON TEXHONOM
ans yrunmsanmu CO nocie MX cpoka SKCIUTyard
[MY; OTPAHHYECHHOE KOJHYECTBO KA AMuUA 1 Te/UIyp
1A MX TIPAMEHEHUs. B TEPABATTHOMN SHEPreTHKE.

3axmouenue. HecMOTpA Ha TOT (akT, 410 M
TOJ CyONMMaIMM M3 3aKpBITOro o0bema AR
3HAYMTEIbHO Gosice CNOXKHBIM M IOPOrOCTOSIMIH
YeM MeTO (PH3MYECKOr0 OCAXKIECHMS M3 Naposd
¢a3spi, 06pa3sibl TOHKOMUICHOYHBIX COTHETHBIX 3
MEHTOB Ha OCHOBE TeJUTYyPHAA KaAMHS, IOy eHHS
merogoM CSS, B noaapnsomem GOIBITHHCTEE ¢
HaeB JEMOHCTPHPYIOT HAMHOTO GoNblive 3HaueH
ko3 uiMenHTa noIe3HOro AecTBHA, YeM oOpasl
MOJTyYeHHbIe BTOPHIM MeTo0M. Kpome Toro, Met
CyGMHMMAaLMK U3 3aKpPHITOro 06BeMa mo3somser o
niee Jierko momy4ats rereponepexoms CdS-Cdl
obnaparomue eme 6oJiee BLICOKMM 3HAYeHHeM K
tdhdummenta noneznoro aeficreusa. Ilockomsky
JYPHUI KaJMHs OTIMHAeTCS HAMOOMbIIMM Pa3pI
MEXTY MPAKTAYECKH AOCTHTHYTHIM MaKCHMATbHE
K03 GUIHMEHTOM TOIE3HOTO AEHCTBHA CONHENH
2JIEMEHTOB HA €r0 OCHOBE W TEOPEeTHYECKHM M
cUMyMOM K03 dUIMEeHTa MONEe3HOro AeHCTBHA
CPABHEHHUIO C APYTHMH TOYTIPOBOJHHKAMH, CYl
CTBYIOT GOJIBIIHE BO3MOXHOCTH JUIA YBE/HYE!
ko3 duiHenTa NONE3HOro AeHcTBHS COJR
3MeMeHTOB Ha ocHoBe CdTe, ¥ B YaCTHOCTH, TOH
IUIEHOYHBIX COTHEYHBIX BIeMEHTOB. B 2ToH Ok
Goneinve TepcrneKTHBE HabMomaroTcs B Yoob
EHCTBOBAHUY TOHKOIUICHOYHBIX COJTHETHBIX 3
MEHTOB Ha OCHOBe rereponepexonos CdS-(d
Kpome Toro, B Takux rereporiepexozax oTcymt
€T paspslB 30HBI IPOBOAMUMOCTH. 3TO 1030
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INFLUENCE OF TECHNOLOGY OF RECEIPT OF THIN-FILMS OF CADMIUM TELLURIDE ON
EFFICIENCY OF WORK OF SUN ELEMENTS ON THEIR BASIS

The influence of different methods of production cadmium telluride thin films on efficiency coefficient of solar

gements on their base is observed. The prognosis about possibility of efficiency coefficient increasing up to

e theoretical maximum is made.

Key words: efficiency coefficient, solar element, thin films, cadmium telluride, p-n transition, value of band
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