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NPO OAEPXAHHA TA NPOENEMUW 3ACTOCYBAHHA CYNb®IAY KAOMIKO
B EHEPTETULI

3anopisexa deporcasua indcenepna axademis

TpuBeaeHs! pesynbTaTbl aHANK3a MONYYEHNS W BAKHEMLLNX TEXHOMOTMMECKNX XaPaKTEPUCTUK COMHeYHBIX
3MEMEHTOB Ha OCHOBE CyNb(uaa KaiMMA C TOYKI 3PEHUA MX MCTIONb30BAHNS B SHEpreTUke. PaceMoTpeHkl
€nocoBkl NONYYEHNs! COMHEUHBIX AMIEMEHTOB Ha OCHOBE Cyribduaa KaaMus, HanGonee NpUMeHMbIe B COB-
PpeMeHHOM Npou3BoacTEe. [laHa OLEHKa NepenekTUB UCNOMB30BAHNS CyNbMUAA KAAMMS B CONHEYHON 3HEP-
reTuke.

Krilouesbie criosa: cynbug Kaamus, nonyueHue, p-n NEPexof, WNPUHA 3arpeLLEeHHOI 30Hb!, KOadhHLUEHT
NONE3HOro S/ CTBUA, CONHEYHBIN ANEMEHT

HaBepeHo pesynbTaTv aHanisy OfepKaHHs Ta HalBaXKIMBILLUX TEXHOMOTIYHUX XapaKkTepUCTMK COHSHHMX
ereMeHTIB Ha OCHOBI Cynbediay KagMilo 3 TOUKM 30pY IX BUKOPUCTaHHS B eHepreTuli. PoarnsHyTo cnocobin
OAEPKaHHS COHAYHUX ENTEMEHTIB Ha OCHOBI Cynbdiay KaaMmilo, Lo € HaMGinbLL 3aCTOCOBAHUMM Y CY4aCHOMY
BUPOBHULTRI. HapaHo OLiHKY NepCreKTMB BUKOPUCTaHHA Cynbdify KaAMilo y COHSYHIN eNepreTuy.
Kniouosi cnoea:  cynbin kaamiio, ofepxaqts, p-n nepexia, WupuHa 3aGopoHeHol 30HM, KoediLjieHT Kopic-
HOT Ail, COHAYHUIA enemeHT

The results of analysis for obtaining and major technological characteristics of solar cells on cadmium sulfide
basis as to the opinion of it's using in solar energetic are considered. The most popular methods for produc-
tion of solar cells on cadmium sulfide basis in modern productions are considered. The estimation of per-
spectives of using of cadmium sulfide in solar energetic is given.

Key words: cadmium sulfide, production, p-n transition, value of band gap, coefficient of efficiency, solar

element

Bemyn. Tlicns Toro sx B 1954 p. 6yno Buss-
neno dotoedexr y crpykrypi CdS-CuS [1] noua-
nucs HTEHCHBHI JOCTIIKEHHA MOKIMBOCTI CTBO-
PEHHS COHSYHMX €JIEMEHTIB Ha OCHOBI 3a3HauyeHOl
CHCTEMH, & TaKOXK HUBIXiB MOJIMUICHHS XapakTepH-
CTHK TaKUX enemeHTiB. Joknagmuii orasg poGir,
sIKi BUKOHYBaJH B It o6nacti 1o 1973 p., HaBene-
HO y cTaTTi [2], Oris misHilmMX TOCHTi/KeHb Toa-
HO y pobotax [3,4]. Jing COHAYHMX ENEMCHTIB, 1O
MOXHA BHTOTOBJICHHMH DI3HHMH METO/IaMH, BHSB-
nserbes Garato HiKaBHX BIACTHBOCTEH, IpHYOMY
3HAYHA YACTHHA 3 HHX BU3HAYACTHCHA KOHKDETHHM
METO/IOM BHTOTOBJICHHS.

Cnoci6 BETOTOBIEHHS € HAUOLIBLION CKIAN0-
BOIO, IO BIUIMBAE HA COGIBAPTICTH COHAYHOIO €Nie-
MeHTa, KA IeBHHM 9YHHOM BiZOOpakyeThes i Ha
3HaYeHHi KoedilienTa #oro KopucHOT Aif (K.K.21.).

QOepoicanna COHAYHUX eneMenmié Ha OCHO8i
cynvghioy xaomiio. HaitGinem mepcneKTHBHAM Me-
TOZIOM 3HIDKCHHS BAPTOCTi COHAYHHX ENEMEHTIB €
CTBOPCHHA TOHKOILTIBKOBHX €NeMEHTiB. I'ojoBHi
3yCHIUIA B Wi 061acTi CpAMOBAHO HA JIOCIIKEH-
HA Ta PO3poOKY COHAYHMX €ICMEHTIB Ha OCHOBI Te-
TepocucteMu CdS-CuyS, OCKINBKHA iX BHTOTOBICHHS
Moxe GyTH y 3HauHiit Mipi aBromMaTuzoBanHmM [5].
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Icnye nBa aBToMaTH30BaHi crocobu Bupolim-
L{TBA TOHKOIUIIBKOBHMX eleMeHTiB, OIHUH 3 HAX, 10
3anpononoBano ¢ipmoio «Becrinrays» [5], 3acko-
BaHUH Ha METOJIi BANIAPOBYBAHHSA y Bakyywmi. [nmuit
cnoci6 Bxmoyae Ximiune posrwmopanus [6). Lleit
cnioci6 3acHoBanuit Ha J06pe BiIOMOMY MOMIABKO-
BOMY Mmﬂi OJEpXKaHHA CKJIa, A0 AKOro BHECEHA
HH3Ka J0J1aTKOBHX mponecis. CrouaTky Ha rapsiy
TIOBEPXHIO CKJIA POMHIIOETHCS PO3YHH CONel, 1 ik
pe3yNbTaT YTBOPIOETBCH OKCHA O70Ba (TPO3opHil
npoBinuuk). ITicas HBOro 3a HIKGOI Temneparyp
HA TOBEPXHIO WMApy OKCHIY 0JI0BA DOMHIIONTH
PO3YMHH COJEH, AKi CTBOPIOIOTH TOHKI IIApH CYlbe
diny xaamito (ToBmmHOW 2...3 MKm). ITin ac Ha-
CTYIIHOTO TPETHOTO €TaNy PO3MHITIOBAHHA, IO Bii-
KOHYIOTh 32 e HIDKYOI TeMIIEPATypH, YTBOPIOETh
cst cynboia Mixi. Ha mosepxuio mapy cysdiny Mi-
Al HaHOCATH CyUiTbHMH MifHuI eneKTpoj, AKoro
TOKPUBAIOTH 0JI0BOM, 1o 3abesnedye qopaTkosui
3aXHMCT EJIEMEHTY BiZl Al KMCHIO Ta BONAHOI NapH,
Ha puc. 1 306paxeHo monepeTHmit nepepis eneme-
HTY i3 3HaYHO 3GLIBIICHHMH BEPTHKAIBHHMH P03+
MipaMB. 3a TaKoi CTPYKTYpH IEMCHTY COHAYHE
BUNPOMIHIOBAHHS JOCATAE Mapy OKCHIY 010BA Td
cynbifly Kaamilo Imcis MPOXOKEHHS CKIAHO!
migKnagxy. s 3MEHIIEHHS BIJMBY OMOpY mapy
OKCHJIy 0710Ba Ha HOTO MOBEPXHi CTBOPIOKOTH KOk«
TAKTHY CiTKy 3 yacTHMB inTepamaMu. Hacnpasii
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ojiepXkaHa CTPyKTypa Mae JBa Iapu Cyasdiny Kaa-
Mii0: OIMH 3 HHX (TEpIIHif) € CHIBHO JErOBaHUM
amoMiniem, iHmui map, KKl HAHECEHO HA TOBEP-
XHIO TIEpIIOTO, € BifHOCHO uncTuM. ITnirka cynpdi-
JIy KajMilo, IO yTBOPIOETHCS B PE3yNbTaTi, BUABIA-
€TBCA HIIBHOIO Ta MIllHOI, IPHUOMY MEPETBOPEH-
H YacTMHM mapy cyibdizy Kammito Ha cyabbin
MiJti 1| yac posNuUIOBaHHSA, 3aHYpeHHA a6o eneKT-
posiTaHOro oGMiHYy Honis BinGyBaeThes Ges 3aKo-
POUYBaHHS 1Iapy.
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Pacynok 1 — Tlonepeunnii nepepis THabHOGap epHOro
coHsYHOro enemeHty [5]: 1 - ceumems, 2,0 MxM; 2 -
CTpYMO3’€MHHH KOHTAKT Midi; 3 - Mime, 0,7 mxm; 4 -
Cu,8S; 5 - nenerosanuit CdS; 6 - mixmap; 7 - CUIBHO Je-
ropanmit CdS; 8 - nerarusauit enextpoxn SnOy; 9 - cxito

Cnix 3a3HaynTy, MO K.K.J. COHAYHMX eIeMEeH-
TiB Ha OCHOBI CdS-Cu,S € 10CTaTHBO HU3BKUM: HE
nepeBuInye 8 %; TEOPETHYHO iX K.K.J. MOKHA Tij-
BummuTH 10 15 % [7].

Buxopucmanua cynbioy kaomito y cOHAuHIN
enepeemuyi. J1is BU3HAYEHHS PI3HMX ULIAXIB yJ0-
CKOHAJICHHA €/ICMEHTIB 610 BUKOHAHO PO3PaXyHKH
IIBHOCTI CTPYMY, IO HPOTIiKA€ Kpi3h MEXy po3ii-
7y jro 33JIEKHO Bil pisHMX mapaMeTpie. PesynpTatd
TaKMX PO3PaXyHKIiB JETAIRHO HaBENEHO y poGori
[5]; mesiki 3 HuX moaHo Ha puc. 2.

BajkiMBHM 1apaMeTPOM TiiJf 4ac IHX po3paxy-
HKIB € KOeQiL[ieHT NOTTIMHAHHS Oy, AKUI MOJKE 3Mi-
HIOBATHCS 3aJIEHO Bl CrIocody OnepiKaHHs MaTe-
piaty, BHACTIZOK HOro CIOCTEPIrany po3KUI BUMi-
PAHUX 3HA4eHb Koe(il[icHTa MOTJTMHAHHS y MHPO-
KHX MeXax.

TlepenGauacTses, mo HaHGLIbMI 3HAYCHHS iH-
TErpaibHOr0 CTPYMY CHOCTEpIiraTMMYThCA Ul
(bpoHTATEHOGAP’ EPHUX EIEMEHTIB 3 Bifl3epKamoBa-
JIBHOIO MIOBEPXHEIO, OCKINBKM CIEKTpaibHa JyTiH-
BiCTh I THIBHOGAP €PHUX EIEMEHTIB JOPiBHIOE
HYO B 006sacti JOBKMH XBWIb, MEHIIHX 32 JOB-
JKMHY XBWJI, IIO BiANOBia€ MHUPHHI 3a060pOHEHOT
3onm CdS (A < 0,51 Mxm).

V nili ciextpansHii o6nacti momimeno 15-

..20 % oToHIB Bix iX 3aranbHOI KiTBKOCTI B CITEK-
TPi COHSYHOrO BUNPOMIHIOBAHHA, WO BiANOBinae
ONMHUYHIN NoBiTpaAHii Maci (ymosu AMI).
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Pucynok 2 — TeopeTuysi 3aeHOCT] IUTBHOCTI CTPYMY
Bix Tormmen mapy Cu,S 3a ymoB AMI (a) Ta cTpymy
KOPOTKOTO 3aMHKaHHS BiJl PO3Mipy MEX 3epeH 3a PisHuX
3HAUEHb MapameTpa o

- €/IEMEHT, 110 IPAIIOE Y HPOHTATHHOMY PesiuMmi;
------- - eJIEMEHT 110 TPAIoE y THIBHOMY pexami (6) [7]

Cnix 3a36a9UTH, 110 KPHBA CHEKTPANbHOI UyT-
JIMBOCTI €EMEHTY 3 BilI3EPKANIOBAILHOI MOBEPX-
HEIO TiJ1 4ac poGOTH Yy (POHTAIBHOMY pEXMMi Mae
caj, KoM JOBXKHHA XBWIi cTaHoBUTH 0,51 MKM,
1O BiANOBizae muprHi 3a60oporeroi 3ouu CdS. Ha-
SBHICTH 1{BOTO CHIa/Ty TIOB’A3aHa i3 3pOCTAHHAM CITe-
KTpadbHOI 9yTIMBOCTI BHACTINOK BiJ3epKancHHN
CBITIA 3 JOBKMHOW XBH A > 0,51 MKM Bin TiHbO-
BOI TOBEpXHi. JIiA NEMEHTIB 3 Jiy)Ke TOHKHM mla-
pom Ci,S nosia criazy 3a IOBKHHY XBUJlb, MEHIIHX
HiK A = 0,51 MKM, TAKOX ITOB’A3aHa 3 OCBITJICHHAM
HociiB y CdS. IcHyBauHs OO CHIJy CBiXYHTS, MO
Juist Ginbuiocti enemeHTiB min ac po6otn y dpon-
TATBHOMY PEXHMi BiIOYBA€ThCA BiI3EPKATCHHA
CBiTJIA BiJl TIHBOBOT MIOBEPXHI.

Maby1s, HaltGiIBII BaYCUIHBHM IApaMETPOM,
IO XapakTepu3ye CTPyM KOPOTKOTrO 3aMHKAaHHSA, €
andysiiiHa xomkuHa L I8 €NEKTPOHIB y mapi
Cw,S[8].

3uauenns L MOXHA OLIHUTH 3a IONIOMOTOIO 33~
JIEKHOCT] IHTETPaNbHOrO CTPYMY KOPOTKOTO 3aMH-
KaHHA Biz ToBmmHM mapy Cu,S. IlinsHicTs cTpy-
My, IO CHOCTEPIraloTh y PeaibHHX ENEMEHTax, a
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TAKOX 3HAYEHHS TOBUIMHW, JUiS AKOi BiiNOBimae
MaKCHMaTbHUIf CTPyM, CBiguaTh, mo L > 0,3 MkM.

Ha puc. 2,6 MOZAHO Pe3yIBTATH PO3PAXYHKIB
CTpyMy TOMIKPUCTAJIYHAX COHAYHMX ENEMEHTIB 3
ILUIAHAPHOIO TEOMETPIEI0 38 iHTEHCHMBHOI pekoMGi-
Hauii Ha Mexax 3epes. B mpomy pasi min ac poGo-
TH 33 THJIBHHM PEXKUMOM CIEMEHTH MAlOTh BUILY
qyrmsicts. Jins THIOBEX enemenTiB R/d > 5 (R -
po3mip 3epen abo KPHCTANITIB; d — TOBMMHA mapy
Cu,S), a Benmunna ¢y y dioneropil obracri cnext-
Py Mae 3uavenns, Guusbke A0 10. Ockinbku nix gac
BHTOTOBIEHHS €IeMEHTIB METOZIOM 3aHYPEeHHS Ha
Mexax 3epeH yTBOpIOEThes map CuS, To HeobXil-
HHM € KODEIyBaHHS DE3yJIbTATIB, OJlepXaHuX IS
TIAHAPHOT MOJIEJ; VIS EEMEHTIB 3 HEILIAHAPHOIO
CTPYKTYPOIO OYiKYIOTHCS BHII CTPYMH.

3a HenIanapHoi reoMeTpii uepes 3HauHe 36inb-
UICHHS TUTOMIi [ePeXOIy 3MiHIOETbCS Haupyra y
pexumi xonocroro xony. Ha puc. 3 HaseneHo pe-
3yABTATH PO3PAXYHKIB 3MIHIOBAHHS HATIPYTH XONO-
CTOro X0Ay Vi HA OCHOBI MOJEHI 3epeH y BHIAL
UHIHAPIB, AKi CXEMATHYHO PO3TAlOBAHO Y BEpX-
Hilf YACTHHI PUCYHKA.
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Prcyrox 3 — TeopeTHUHI 3a/IeXKHOCT] HAIPYTH y PEXUM
XOJ0CTOro Xomy Bix mapamerpis mapy Cu,S, mo yrso-
PIOETBCA 3a MexKamu 3epes [9]

Tepenbauactbess, mo 3poctanns Cu,S 6ins
Mesx 3¢peH BiGyBaeThCs i3 3HAYHO GiMBIIOK MBH-
AKicTio, HiK y HEHTpi 3epHa. Bemmumna d € BigHO-
IIEHHSM 3araibHOro 00°eMy Ci,S 10 mwiomi eneMe-
HTy 3 [UIaHApHOK I'COMETPIEI0 Ta BU3HAYAETHCS
esIeKTpoXiMiTHIM b0 XiMiunum MeTonoM. Excne-
PHMEHTAITBHO BCTAHOB/ICHO, 0 MiK BENMYHHOIO d i
4acoM 3aHypeHH f icHye ninilina 3anexmicts [5]. ¥V
poGori [8] mosizomsLIoCs, MO d) OB’ A3aHa i3 72
TakoX JiHiHOW 3anekmicTIo. Bepyun 10 ysard
Tonorpadito MOBEPXHi, MOXHA NOACHHTH 3MiHIO-
BaHHA Vi 3MIHIOBAHHSM IIOII NIEPEXOTY.

V HaBejleHHX PO3PaXYHKOBHX JaHMX HE Bpa-
XOBYBAlM BIUIHB TIOBEPXHEBOT pexoMOinawii, msu-
AKICT sIKOT JOpiBHIOE S, Ta MpeliboBoro nons Ha-

npyxerictio Fy. 3rijmo BukonaHmM ouinkam (7],
JUIsi XOPOIIKX eTeMeHTIB pekoMOiHallis Ha moBepx-
Hi PO3JiNy 3MEHITye CTPYM KOPOTKOIO 3aMUKAHHA
Menme Hixk Ha 10 %, Tozi sk Apelidose none ha-
npyskeHicTio F MojKe 36LIBIIATH j7o NPHOIH3HO Ha
10 %.

IHIEM BRKIMBEM [apaMeTPOM  COHSYHO0
€IEMEHTY € TociioBruit omip Rs. Komu 3navenss
3a3HAYEHOTO OMNOPY BH3HAYAIOTHCA MAPAMETPAMH
mapy Cu,S, Ha HOro BIUIMBAIOTH KOHUEHTPALs HO-
cii i TommHEa mapy (oGepHeHo mpomopuiiHo 10
106yTKy pd). CTpyM KOPOTKOIO 3aMHKAHHSA TAKOK
3J1€)KUTh BiJl KOHIEHTPALii HOCIIB 1 TOBUIWHA MIapy
Ta BM3HAYAETBCS BiXHOMWEHHSM AndysifiHoi o
KWHH 110 TOBIIARHK mapy CupS. JUst ONTHMIi30BaHiX
enemenTiB L/d > 2, opudoMy L 5 IpAMO mporop-
niitroio p? [8]. BUKOPHCTOBYIOUH CHiBBiAHOMEH-
HA Rs < Rgy cninpHO 3 oOMexeHHsmu L/d > 2 1d>
dy (o HeoOxigHe AMA ePEKTHBHONO TOTTHHAHHL
$oTOHIB), MOXKHA BH3HAYMTH 06JIACTh 3HAYEHb T0-
Buuay mapy Cw,S i KoHueHTpauii HOCiiB, mo 3a-
GesnedyroTh HeoOXiAHI BIACTHBOCT €IEMEHTIB.

3amrtprxoBana 06/1acTs Ha pHC. 4 BH3HAYAE
3HaueHHs d JUIA XOPOUIMX EEMEHTIB y Mexax
1500...3500 A, a sunauens p — 2:10"...8:10" cn’,
V mapi Cu,S upM 3HAYEHHSAM p BiINOBiIAIOTh X =
1,996...1,999. PeansHi €J1eMEHTH 3 mapaMeTpaM,
IO JeXaTh ycepeIuHi onepikanoi 06macti, My
XOpOIIi XapaKTepUCTUKH.
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Prcynok 4 — Cxemarnine 306pakeHns oGracti onti-
MaJIbHUX 3HAYeHb KOHLEHTPAL{l HOCIIB i TOBIIMHA mapy
Cu,S 718 cCORTIHUX eneMenTiB [9]

Bucnoexu. JI0CTUDKEHHS, IO BAKOHAHO y po-
GoTi [7], A03BONSIOTE PEATBHO OLIHETH TeopeTHuHi
MOMKIMBOCTI TOJNIMIIEHHS XapaKTePHCTHK COHAY-
HUX €leMEHTiB Ha OCHOBi cTpykTypu CdS-CuyS.
PO3paxyHKH BUKOHYBAJIA JUlsl EIECMEHTIB 3 Kpaljy-
MH XapaKTepUCTUKAMH, BUXO/TIH 3 HUKHBOT MEXi
BIpAT, Ta OCKLIbKH NOBHICTIO BHKIIOYHTH BTpATH
He € MOXIIMBHM, TO Hepenbauanocs, mo mibHicTs
CTPYMy KOPOTKOTO 3aMHKaHHS Moxe GyTd 36imb-





[image: image4.jpg]«METANYPTI#». Bunyck 2 (36), 2016

w

109

IEHOIO Bixl icHyIOYHX Ha Januif dac 3uauenb 20 10
3HaueHns 25 MA/cv2. SIkuto npu oMy Vi, = 0,5 B
i koedinienT 3anoBHenHs nopisuioe 0,75, Toxi Bin-
TOBi/HE 3HAueHHA K.K.J. 338 yMOB AMI1 ckiajae
9 %. Jina nepesmimeHHs 3Ha4enb K.K. 1. 10 % neob-
XiJIHUM € icTOTHE 30iNBINICHHA HANPYTH XONOCTOro
Xozy. 3a yMOBH, II0 NApaMETPH IPaTKy i eneKTpo-
HHa Cropi/HeHicTs 060X MaTepianiB, 30KpeMa, -
puHa 3a60pOHEHOT 30HH BiJMOBIAIOTE OJHE OZHO-

My, MoxHa ozepxatu V, = 0,8 B. Taxa Hanpyra
XOJIOCTOTO XOay B ﬂ0€ﬂﬂal{ﬂi 3 BULIMM 3HA4YCHHAM
CTPYMy KOPOTKOTO 3aMHKAHHS JI03BOJHTH OJEpIKa-
TH K.K.J. COHAYHMX €NeMEHTiB npubiausno 15 %.
SIKuI0 BHKIOYHTH edeKT 301IbIeH s Iion nepe-
X0y Ta HiBUIIATH KOEDIlli€HT 3aMOBHEHHS, TO
MOYHa me GiIbIIe MiIBUIMTH BEPXHIO MEXKY K.K.I.
€JIEMEHTIB.
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