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IJIIBOK XaJIKOTeHiAIB Kaamiio merogoMm XIIO,
K30 ta BU-MaraeTpoHHOTr0O HAIMJI€eHHHA
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Hageneno pesynbraru Gpi3mKO-TEXHOIOTIIHIX PEKUMIB OCAMKEHHS TOHKHUX ILTi-
BOK xasbkoreHinis kaamiro meromom XIT1O, K30 ta BU—marnerponHoro mamu-
sienns. JIjig ocazkeHux IIIBOK TpoBeaeHoro crpykrypuoro (XRD) Ta pentren-
dbayopecuentroro (XRF) ananisy BUMipsHO ONTUYHI CIIEKTPU MIPOITYCKAHHS TLTi-
BOK. IliATBEp KeHO 3a/eKHICTD ONTHYIHOI MUPUHU 3a00POHEHOI 30HM BiI TOB-
wmHu ("9acy ocajkeHns) TOHKOIL miiBku. IIpoBeneno kopessiniiinuii anasuis mero-
JIB OCA/PKEHHS TOHKUX ILJIIBOK XaJ/IbKOI'E€HI/IB Ka/MIIO 38 pe3yJibTaTaMu aHAJi3y
XRD Ta OnTHYHOTO MPOITYCKAHHA.

KurrouoBi ciioBa: TOHKa MIIiBKa, xajbkorerinum kammio, XI10, K30, BYU-
MArHEeTPOHHOI'O HAITUJIEHHSI, OITUYHE MPOIYCKAHHS, ITAPUHA 3a00POHEHOT 30HHU.

Beryn

BpaxoByioun HafHOBIII TeHEHIT B CyYacHifl eleKTPOHIll, MOXKHA 3ayBa*KUTH, 110
MOJIKPUCTAIIYHI HAMIBIPOBIIHUKOBI IJIIBKM BCE YacTillle 3aCTOCYBYIOTH ITOPIBHSHO 3
o6’emanMu HamiBoposigaukamu. Ha BiaMiny Big MOHOKpHCTATIB ab0 emTakCiaIbHUX
CTPYKTYD, CAHTE3 TOJIKpUCTATIYHIX (00’€MHUX 1 MapyBaTUX) HANIBIPOBIIHUKOBUX TLTi-
BOK XapaKTEPU3YEThCS MPOCTIIUM i edeKTUBHIMMM TPOIEeCOM BUPOOHWIITBA, AKWH HE
moTpedy€e Hi BUCOKOTOYHOIO OOJIAIHAHHS [JIsi BUPOIITYBAHHS, Hi JOPOTMX MOHOKPHUCTAJII-
9HUX MAKIAT0K. i 9nHHuKH pobasaTh HAIIBIPOBIIHWKOBI MaTepiansm Ta MPUCTPOI HA
OCHOBI IIapiB ab0 TOHKUX ILTIBOK MEHII JOPOTHMHU.

3okpema, MoJiKpUCTAJIIYHI IapKU CTAHOBJIATH BEJMKUIl iHTEpec /1 pO3pOoOHUKIB He-
JIOPOTHX COHSIYHWX esleMeHTiB. ABTopm [1-3| crpaBeninBO CTBEPIKYIOTh, IO ITHPOKE
BUKOPUCTAHHS MOJIKPUCTAJIYHAX HAMIBIPOBIIHUKIB B €JIEKTPOHIII TpuUBaIuil 9ac OysI0
0OMEeXKEeHO HASBHICTIO UNCTEHHUX MPOTSKHUX 1e(EeKTiB, TAKUX IK MexXKi 3epeH abo muc-
sokarii. OiHaK TOTOYHMIL TPOrpec y po3po0Ili mux MarepiaiiB NPU3BiB A0 cUTYyaIlil, KOIu
MOJIIKPUCTAIYHICTh MaTepiaIiB € Ha/Ii€0 Ha MafOyTHINT PO3BUTOK, HiXK ITPOOIEMOIO.

Hampukam, Mexi 3epeH y TaKuX HAMIBIPOBIIHUKAX BUSBISIOTH crenudidni eek-
TPUYHI Ta PEKOMOIHAIINHI XapaKTEepPUCTUKH, SKi MOKHA BUKOPHCTOBYBATH B Dararbox

© Impuyk I'., Kamy6a A., Cemxis L., T'yminizosua P., 2023



I Inbayk, A. Kawyba, I. Cemkis, P. ['ymininoBuy
102 ISSN 1024-588X. Bicnuk Jlbeiscbkoro yHisepcutety. Cepis ¢isuana. 2023. Bun. 60

npucTposax. BoHrn MOXKyTh BifirpaBaTu posb e(peKTHUBHOTO BHYTPIIIHBOTO ‘Terrepa’, 1o
CIIpHSIE BUIAJEHHIO 3aJHUIIKOBUX JOMIIIOK 1 TOYKOBHUX JedekTiB 3 00’emy Mmarepiay.
1o BiacTuBicTb MiK3€pPEHOBHUX I'DAHUI> MOYXKHA BUKOPHUCTATHU JJIst HOJIIIIEHHS €KCILLy-
aTamiifHnx XapaKTePUCTUK BIIMOBIIHUX HAMIBIPOBIIHUKOBUX €JIEKTPOHHUX MPHUCTPOIB i,
30KpeMa, IX TepMivHOI Ta pasiariiiHoi crifikocti [4].

Touki murikn xasbkoreninis kaamito (CdX, me X = S, Se i Te) craHOBAATH BEJINKY
rpyny AYBY! xpucraniunux marepiasis, SKi BUSBILIOTH KJACHYHY HAIIBIPOBITHHKOBY
moBeAiHKY. BOHM OXOITIOIOTH BEJIMKY Ta BAXKJIUBY 00DJIACTH TOCJIiI2KEHDb Yepe3 TX IITMPOKuit
MTOTEHIIaJ 3ACTOCYBAHHSA B Pi3HUX 00JACTAX OMTOETEKTPOHHUX IMIPUCTPOIB.

CdTe BusgBUBCS TPOBITHOIO CHOJYKOIO JIJisi BUPOOHUIITBA €KOHOMIYHO e(EeKTHBHHUX
doroenekTpuaHUX NPUCTPoiB JApyroro nokosinasg. Consuni exementu #a ocuoBi CdTe
[PUBEPTAIOTH BeJHMKY yBary Jociigaukis, ockiibku CdTe xapaxrepusyerbcs IpsiMOO
3a00POHEHOI0 30HO0 3 EHEPreTUIHOK CMYTOK Tponyckanus ~1.46 eB i Bucokum morsm-
nanusm (nonazn ~10° e 1) [5]. e pobuTh {ioro 4yJOBMM CBITJIONOTTHHAIOYAM MIAPOM
IJIS COHSIHUX €JIEMEHTIB.

[Ipu dopmysanui BucokoedekTnBHNX rereponepexoniB Ha ocuoBi p-CdTe, gki Buko-
PHCTOBYIOTH $IK BIKOHHI ITApW COHSIYHUX OaTapeil, 31e61IbIII0r0 BUKOPUCTOBYEThCS CYITb-
din kaamio (CdS) [6-8]. CdS xapakrepusyerbcs BUCOKMM MOIJIMHAHHAM 1 BUCOKOIO (ho-
TonpoBiaHicTIO y Buaumiit obnacti. Ile nos’s3ano 3 tum, mo CdS € upsiMo30HHUM HAITiB-
TIPOBLTHUKOM i, BiIITOBITHO, XapaKTEPU3YETHCT MPAMUMU MizK30HHUMY ONTUYHUMU TIepe-
xomamu. Voro mmpua 3a60poHeHol 3001 3a KIMHATHOT TeMIepaTypn Iopisaioe ~2.42 eB.
Enexrpuuni saactusocTi CdS XapaKTepusyloThesa IHTOMEM omopoM 6am3bko 108 Om-cm
i M~TUIIOM TTPOBiTHOCTI.

CdS yrBopioe KybiunHy Ta reKcaroHajbHy (hasu, 3a/€KHO TOJIOBHO Bi/l BHOOPY METOILY
foro cuHTEe3y Ta KOHKpeTHUX napamerpis pocry [9-12]. V consguHuX ejeMenTax Ha OCHOBL
rereponepexozis CdS/CdTe rosuna wapy CdS B 6iiabinocti Buna(kis cranoBuTh 6J1u3b-
Ko 150-300 um [13]. Tozi dbororeneporani HociT 3apsiay Maiizke TIOBHICTIO PEKOMOIHYIOTH
Bcepeauni mwiieku CdS i He rerepyoTh HOTOCTPYM, 3aBASKH BUCOKOMY MOTJIMHAHHIO CBi-
tira waiBkamu CdS B ctpykrypi. Tomy a1 BUrOTOBI/IEHHST BUCOKOE(MDEK-TUBHUX COHAIHUX
enemenTi Ha ocHOBI CdTe 6axkano BukopucroByBaru wiisku CdS rosmunao0 mentie 100
M [13-15].

Takoxk Ha BUHUKHEHHS (POTOCTPYMY HEraTWBHO BILIMBAE HEY3TOIKEHICTH I'DATOK
mixk mapamu CdTe i CdS. Hespaxkaroun Ha yrBOpeHHs TBepaux pozuunis CdS,Te;
(CdTe,S1—_) mix mapamu CdTe Ta CdS, siki 3MeHITYIOTH HEBIAMOBIIHICTH TPATKHU, BU-
COKA IIIBHICTH nedeKTiB cupuunise Brpary edektuBHOCTi. Bukopucranus CdSe moxe
OyTH aJbTepHATHBHUM BHDIIIeHHSAM Hpobiemu, mo suHuKae B 3’eqnani CdTe/CdS.

BpaxoByioun HaBemeHy apryMEHTAIll0, MOCTAE MpobIeMa OCAIKEHHST STKICHUX TIOJIi-
KPUCTAJIIHIX TOHKUX ILIIBOK XaJIbKOTEHIIiB Kaamio. Mu HaBomuMo pesyabraTu (hi3uko-
TEXHOJIOTIYHUX YMOB OCAJI?K€HHs TOHKHMX ILIBOK xajbkorenizis kajamito (CdTe, CdSe,
CdS) meromom ximiunoro nosepxuesoro ocaxenns (XIIO), sucokogacroruoro (BY)
MAIHETPOHHOIO HaumJeHHs Ta KpasizamkueHoro 06’emy (K30). Bubip merouuk 3ymos-
JIGHW €KOHOMIYHWMU Ta TEXHIYHUMHU 9MHHUKAMHU. OCKITBbKN OCAIKEHHS TOHKUX TLTiBOK
merogom XITO 3HauHO xemieBnie NOpiBHAHO 3 BakyyMmuuMu Meromamu (BY ta K30).
HarowmicTth BakyyMHI METOIM JAIOTH 3MOTY OCAIUTH ILIIBKH 3 MEHIIHM BMIiCTOM HOMi-
IIIOK Ta BUINOIO NoJiKpucramidnicTio mopiBuasao 3 XI10. Onrudna Ta CTPyKTYpHA AKICTDH
TOHKMX ILIBOK aHaJi3yeTbCst HA OCHOBL liposesenoro crpykrypuoro (XRD), penrren-
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dayopecuenrrnoro (XRF) ananizy Ta CuekTpiB ONTUYHOIO POIYCKAHHSI.

1. Meroauka oca/JKeHHs TOHKHNX ILIIBOK XaJIbKOI'€Hi-
IiB KaaMiio

1.1. MeToa XiMiYHOrO MOBEPXHEBOT'O OCAIXKEHHS

Ocamxennst Tonknx maiBok CdSe ta CdS 3 BOAHUX PO3UYMHIB € peakIlieo MiXK Ciji-
JI0 KazMiro Ta riokapbamizom (TiocewornHom) /cenenocyabdarom wHarpiio (NagSeSOs3) y
JIy?KHOMY CEPEJIOBHUII. 3a3BuYaii BUKOPUCTOBYIOTH MPOCTi coi kaamiro, Taki gk CdSOy,
Cdl,, Cd[CH3COO]s i CdCly [16,17]. Hanpukmnan, rioceuosuny (TM) BukopucroByio-
Ths K CyIb(DITHUI areHT y peakIisax ocaIKeHHs Cyab(iay, OCKITbKKA BOHA MA€ BHCOKY
CIIOPiIHEHICTD /10 KATIOHIB MeTaJsiB i PO3KIQIAETHCA 3a HU3bKHX Temieparyp. IIpomec
OCaJIPKEHHsT MOYXKHA OTMCATH JBOMa MexaHizmamu [16,17].

Ilepmuit ckIamaeThCs 3 TAKUX IIi/IETaIIiB.

1. Hucormiartisi aMOHII0 B JIy?KHOMY CEPEIOBHINI BHACTIIOK B3AEMOIil HOHIB Cd?t 3
OH™. Tyr moxknuse yrBopenns Hebazkanoro npoaykry Cd[OH]s.

2. Tiapomisz tiocewosnnn [NHz|oCS 3 yrBOopenHsm cyiabdinnux ionis.

3. Ocraroune (popMyBaHHS MPOLYKTY.

Ocamxkenns Toakux mwiiBok CdS 3 BOAHUX PO3YUHIB BiIOYBAETHCS Yepe3 CTAJIII0 yTBO-
penns cknasHoro fiony kaamito (CA[NHz|,)?t, axuii sMenIIye 3araibHy IMBUIKICTD PeaK-
mii Ta 3anobirae yreopentio Cd[OH]s 3a reTeporeHHUM MeXaHi3MOM.

s ocagzkenns ronkux miisok CdSe ta CdS 6Gyno Bukopuctano ckisni (16x 20 mm?)
MiIKIAIKE. 3pa30K 3 POOOYMM PO3YNHOM HArPiBAIOTH i BUTPUMYIOTH 3a 3aaHOI TeMITe-
parypu. 1106 3abe3mednTr OTHOPIAHICTh HArPIBAIBHOI ITACTHHHA 3 POOOYUM PO3UNHOM,
i1 nouepenHbo KiaayTh Ha Harpiry nosepxuio (343 K).
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Puc. 1: Banexuicts smicry fonis Cd*™ six wacy ocamkenns B romxux muiskax CdS (1) ta CdSe
(2)
Fig. 1: Dependence of Cd*" ion content on deposition time in thin films of CdS (1) and CdSe

(2)
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1.2. MeToxa KBa3zizaMKHEHOro 06’eMy

SIk marepian mKepesta 6yJ10 BUKOPUCTAHO noApibHeni MoHokpucrasiuni 3pasku (CdSe
ra CdTe). ¥V nporeci BupoiyBanHs mIiBoK 00sacTi jaxkepesia i nigkiaaku Oyiau B i30Tep-
MI9HHX yMOBAaX, IO JAJI0 3MOTY 3a0e3IeduTr PiBHOMIpHUI mmepexin MaTepiany B HapOBY
da3y Ta #ioro ocaIKEeHHS B 30HI KpucTasizariil. Ak miakaagKky 3a3Budail BHUKOPUCTOBY-
BaJIU CKJIsTHI TJIACTUHKY (K1 nonepeaubo nporpasiosanu B 30 % soxnomy posguni HF),
KBapIIOBi MK KA Ta iH.

[Ipormec BupoIyBanHs TIIBOK mepeadadaB Kijgbka eramis. Ha meprmomy erari mpoBo-
JIJIM BiIKQIyBaHHs CUCTEMHU JI0 BUCOKOrO BakyyMmy 3 dorouM migirpisom (350-380 K),
100 3HEraykKyBaTH POCTOBY YCTAHOBKY. pyruii eram 3abe3medyBaB eKCIIO3UITII0 30HM TTi/-
KJIAJK¥ BIPOA0BK H—10 XB 3a OiIbIl BUCOKMX HiXK 30HA PKEPEJIa TEeMIIePpaTyp, 3 METO
TepMIiYHOIO TPaBJieHHs (LePePOCTOBOrO OUULIEHH s ) HoBepxHi iakaaaku. Tperiii eran —
pict mtiBku, skuit Tpusas 15-20 xB (3ayexkHO Bix HeoOXinHol ToBIMEN). Ha nmpomy erami
miaKIIa K Oy1a 3a HIDKIUX HiXK JPKEPeJIo TeMreparyp. derBepTuii eTarn — OXOJIOMKEHH ST
JI0 KIMHATHOI TEMIIEPATYPH.

1.3. MeTO,I[ BHCOKOYaCTOTHOI'O MarHeTPpOHHOI'O HAaIlMJIEHHA

Touki miiBku CdTe, CdSe ta CdS ocamxyBanu Ha KBApIOBI MAKIAIKE PO3MipOM
16x8x1.1 MM? METOIOM BHCOKOYACTOTHOTO Maruerponnoro namumnents (13,6 MT') 3 Bu-
kopucranuam BYII-5M (Selmi, Ykpaina). Mimenaio cyryBas MOHOKPUCTATIUHWI TUCK
99.999 % (CdS) i 99.99 % (CdTe) uucroru ta komepiiiina mimens CdSe i3 3agBeHOI0
qucTororo 99.99 %. Tosmumua Mimeneit 2 My, giamerp — 40 mm. Bigcrams Big mimeni mo
MiAKIQIKA CTAHOBHIA 75 MM. ITouaTok i KiHempb mporecy KOHTPOTIOBAIN 34 JTOIMOMOTOI0
PyXOMOro 3aTBOpa.

Ilepe mpoIecoM OCaIKeHHs KaMepy BiJKadyBaiau J0 THCKY rasy memnmre 4-1074 Ila.
3asgBIeHUX YMOB MOXKJIUBO JIOCSATHYTH, BUKOpucTapuiu nosidgeninosuit edip 5P4E, axuii
3abesnedye Hu3bKuil napuianbuuit Tuck mapu (9-1077 Ila). Ocayzkenns miiBok BigOyBa-
Jiocs 3a tucky aprouy (Ar) 1.0-1.3 ITa. Kourpoas Temmneparypu miKIaIKu BUKOHYBAIN
3a monomoroio III/I-perynsgropa, aKkuii TaKOXK KOHTPOJIOBAB IMIBUIAKICTH HATPIBY i OXO-
JIOMKEHHsI 1 3a0e31edyBaB TeMIePaTyPHUN PEXKUM OCAPKEHHS.

2. Meroauka eKCIIepUMEHTAJbHUX JTOCJII2KEeHb TOHKIX
ILJIIBOK

®Da30BUil aHATI3 Ta YTOUHEHHS KPUCTAJTIYHOI CTPYKTYPHU TOCTIIZKYBAINA 3a JTAHUMU
penrrenisebkoi qudpakiii (XRD) 3 Bukopucranusam gudpaxromerpa DRON-2.0M 3a
KiMHaTHOI Temneparypu 3 sunpominooBanHsaM Fe Ko (A= 1.936087 A) Hnsa anamnizy
XIMIYHOTO CKJIay MaTepiasiB BUKOPHUCTOBYBAJIH JOC/II2KEHHS PEHTTEHIBChKOI (hryopec-
nentrol cnekrpockouii (XRF).

Topmuny nniBok BuMmipoBasu ua mpodinomerpi Veeco, momens Dektak 8.

CrekTpasibhi 3a€KHOCTI ONTHYHOTO MPOITYCKAHHSI OTPUMAHWX 3Pa3KiB BUMIpIOBa-
Jid 33 KIMHATHOI TeMIeparypu 3a jgonomoroio crekrpomerpa AvaSpec-ULS2048-UA-50
(Avantes).
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3. Pesyabratu Ta 06TOBOpEHHS

3.1. ToHkKI mJIIBKM XaJIbKOTE€HIIIB Ka/JMil0, OCa/>KeHl MeTOOOM XIMIYHOIO IIO-
BEPXHEBOI'O OCa/2KeHHS

OcakeHHs IJTIBOK Bi/IOYBA€THCs 9€pe3 HEONHOPIIHE 3POCTAHHS CIIOJIYKH HA TIOBEPXHi
MiAKAQIKA IIJIIX0OM Iepeadi Teria pododomy posqumny. HeomHopimgHe 3pocranns mepe-
BaxKa€ Tepe] OJHOPITHUM 3aBISIKN TETJIOBIH CTUMYIAII] XiMiYHOI aKTUBHOCTI Ha, TETLTi-
miiii mosepxui. Y mifiCyMKy OTPUMYEMO BUCOKY YaCTKy KaJMil0 3 PO3YMHY B ILIBI (IUB.
puc. 1). BuTik remia 3 po34uHy B HABKOJIMIIIHE CEPEIOBUIIE JONOMAraE 30eperTu CrpusT-
JITBI yMOBH JIJ1sT HEOTHOPITHOT'O POCTY ILIiBKH 3 9ac, HeOOXiTHUIA 1711 OCAT?KEHHSI TLTiBKH.
Ilicng marpiBanus IJIaCTHHY 3HIMAIOTH, & MOBEPXHIO IIPOMHUBAIOTH /IUCTUIHOBAHOIO BOIOIO
i cymars Ha MOBITPI.

Excrnepumenranbho peasizoBano ocaikents Toakux miiBok CdSe ta CdS 3 pizauvu
gacamu (2, 2.5, 3, 3.5, 4, 4.5, 5 Ta 6 XBUJINH) 3 METOIO BCTAHOBJICHHS ONITUMAJIBHUX PEIKU-
MiB, Kl 3a0e31evyBaTUMYTh OJM3bKE /10 CTEXIOMETPUIHOTO CIiBBiITHONIEHHS €JIeMEHTIB.
Bussjeno, 1o onTuMaIbHAEM 9acoM st ocaakeHHss ToHKuX maiBok CdS ta CdSe e 240
(4 xB) Ta 360 (6 xB) cexynn, Bigmosiguo. [Ijist miaTBEpIKEHHS TaAKOrO BUCHOBKY 0YyJ10
nposenerno XRF anasiz, pesynpraru sikoro mogano B Tabs. 1.

Se

Cd

Puc. 2: XRF cuexkrp roukoi wiisku CdSe, ocamkenoi meromom XIIO
Fig. 2: XRF spectrum of a CdSe thin film deposited by the CSD method

®azoBuii anamiz (IUB. puc. 2) Ta YTOYHEHHS] KPUCTATIYHOI CTPYKTYypu (IUB. puc. 3)
MTPOBO/INJIN, BUKOPUCTOBYIOUN JaHl PEHTTEHIBCHKOI AUMPaKINi 33 KiMHATHOI TEMIIEPATY-
pu. 3 XRD pe3ynpraTiB TOHKHX IIIBOK OYJI0 BUSIBJIEHO HU3bKY KpucTasidaicTs. IligTeep-
jxeno, mo ToHki wiiBku CdSe ta CdS, ocamzkeni meronom XIIO, noTpedyoTs 10AaTKOBOL
repmivHOi 06poOKu. Ocamkents Toakux wiiBok CdTe merogom XIIO we mpoBoauiu.

BasieskHocTi onTUYHOro nporyckants T(A) TOHKUX HANIBIPOBIIHUKOBUX ILJIIBKOBUX
CdS y cmekrpanbaomy gianazoni 400-900 am 306pazxkeno Ha puc. 4. Cnocrepiraemo 3men-
uieHHs abCOMIOTHOL BEJIMYUHU OLITUYHOIO IIPOILYCKAHHS 3 POCTOM TOBLIMHHU LJiBOK (4acy
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Tabn. 1: Pesyapraru XRF amasizy toukux maisok CdSe ta CdS
Table 1: Results of XRF analysis of CdSe and CdS thin films

CdSe \ CdS CdSe \ CdS
% Macosi BigcoTkn ATomHI Bincorkn
Cd | 49.0014£0.0886 | 85.4206+0.6328 | 0.404 0.626
Se | 50.9986+0.1108 - 0.596 -
S - 14.5794+1.5184 - 0.374
450 ——=
1 7a —r=180c.
4007 23 cubic CdS
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Puc. 3: XRD ronkoi mwiisku CdS, ocamxenol meromom XITIO
Fig. 3: XRD of a CdS thin film deposited by the CSD method

ocamkenns). lnrerpanpbhy BesumauHy onTHIHOTO NPOMYCKAHHA (Tgyer) TOHKUX ILIIBOK
BU3HAYAJIU 3 JOLOMOIOIO cuiBBiauowenus (1):

b

Tover = ﬁ/ Td)\a (1)
a

ge Tuper— iHTErpanbHa BeIWYWHA MPOIMYCKAHHS B Iiala30Hi JOBXKWH XBHIb G-b
(a = 400 uM, b = 900 HM).

3 puc. 5 bauumo, 10 y Butiaky ToHKuX miiBoK CdS 3asexHicTb iHTErpasbHOl Beu-
YUHN ONTHYHOTO MPONYCKAHHS BiJ 9acy OCAIKEHHS ONUCYETHCS JIHIITHOIO 3aJI€KHICTIO
(muB. merani Ha JereHzl g0 puc. 5).

Onruyna mupunaa 3a60pPOHEHOI 30HU BifOMa K MiHIMAJIbHA €Hepris, HeoOXiTHa Ha-
MiBIPOBITHAKOBOMY Marepianiy s 30yI2KeHHs eeKTPOHAa, MOxKe OyTu obumcieHa 3i
CHEKTDPa MPOIyCKaHHs. 3HAYEHHS HIMPUHU ONTUYHOI 3aD0POHEHOI 30HU MOXKHA BU3HA-
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YUTH METOJOM MEPIIOl IOXIIHOI CIEeKTPAIBHOI 3aJeKHOCTI CIeKTpa mpoiyckanns [18].
Onrryna mupruHa 3a00POHEHOT 30HU BU3HAYAETHCS 3 MOJIOXKEHHST eKCTPEMYMIB Ha, CIEK-
rTpasibhiil 3asiexknocti nepiol noxianoi koedinienra upoiyckanusa dT/dA. [Monoxenns
TOJIOBHOTO MAaKCHMyMy BifmoBinae mmpuHi 3aboponenoi 30un (E,) i BU3HATAETHCS 3 pe-
3yabTaTiB ioro l'aycoBoi ampokcuMartii.
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Fig. 4: Optical transmission spectra of CdS thin films deposited by the CSD method

BasiexkuicTb OonTHYHOL mupuHU 3a00POHEHOT 30HU Bij 4acy OcaKeHHs (TOBIIMHMK)
wiiBok CdS 306pazxkeno na puc. 6. Crnocrepiraemo, mo Kpait QyH/1aMEHTAJIBHOIO MOTJIU-
HAHHS 3MIIYETHCA B CTOPOHY BUCOKUX €HEPTiil 31 3MEHINIEHHAM YaCy OCAIKEHHsI (TOBIIH-
uu) mwiiBok CdS. Taki pesynbraru cBiggaTh Mpo Te, MO iCHYE TEHAEHIs 10 HEMUHYYOr0
3BY’KEHHS MUPUHU 3a00POHEHOT 30HU 31 30L/IBITIEHHSAM TOBIIWHY TLIIBKY, 8 KPal MOTJIHHA-
HHS 3a3Ha€ Y€PBOHOIO 3CYBY B TOBCTIIIHNX ILTiBKax. L1 MOBeAiHKA MOSCHIOETHCS 3MiHAMMA
Kounerrpanii HociiB 3apsany(N) [19-22]. 3menmenns N 3 TOBIIMHOIO MOXKHA HOACHHTH
361IIBIIIEHHSIM PO3MIPY 3€pHA Ta TMOKPAIIEHHSIM KPUCTAIIYHOT skocTi [20-23)].

3a 0CTATHBO MAJMX TOBIIWH ILIIBKYA BAXKJIUBY POJIb MOXKYTh BiirpaBaTu JBa 9UH-
HUKU: MaJIdil po3Mip KpUCTAJITIB Ta IXHs KLJIbKICTh HA OMMHULIO MU0 miakiaaku [23].
Kpim Toro, MmoxkHa O4UiKyBaTH, IO Egp t 3MEHINYETHCS 31 30LIBITIEHHAM TOBITUHU TLTiBKH,
OCKLIBKH MOXKYTh YTBOPIOBATHUCS KPUCTAMIYHI nedEeKTH, IKi CTBOPIOIOTH JIOKAJII30BaHI
cTaHwu, M0 3MiHIOIOTH edekTuBHU piBerb Pepmi yepe3 30iIbITEHHS KOHIIEHTPAIIT HOCITB
sapsiay [20]. 3pa3ku MeHIol TOBIMHY NOBUHHI MicTuTu Habararo Giibiie nedekTis, ki
MOXKYTb OYyTH BaXKJIUBUM JI?KEPEJIOM BLIBHUX HOCIIB 3apsay. 3i 30LibHIeHHSAM pPO3MIpy
3epHa KiJIbKIiCTh /1eeKTiB JeIKOI0 MipOI0 3MEHIIYETHCS, IO IPU3BOIUTH 10 3MEHIITCHHS
TYCTHHU BIIBHWX HOCITB 3apsiny [23].

PesynbraTn onruanux BumipioBanb s ToHKUX 1wiiBok CdSe, ocamkeHnx MeToaoM
XIIO, He jasiu 3MOru BUBHAYUTH OCHOBHI €HEPreTHYHI ITAPAMETPH J1J1sl IPOBEICHHS IXHBO-
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Fig. 5: Dependence of the integral value of optical transmission on the deposition time of CdS
thin films

ro JerajabHoro anasisy (me Hasemeni y crarti). Ile Moxke OyTu 3yMOBJIEHO HEOOXIIHICTIO
3HaYHO OibmIoro Hizk 360 CeKyH. 4acy OCaKEHHS TOHKUX ILIBOK (AuB. puc. 1).

3.2. ToHki MIIBKM XaJbKOTeHIAIB KaJAMilo, OCa»KeHl MeTOO0M KBa3izaMKHe-
HOTO 006’eMy

st omep:KaHHs ITIBOK XaTbKOTEHITIB KaAMif0 BH3HAYAIN TEMIIEPATYPHI PEXKMMHM,
ski nogano B tabs. 2. Temueparypui pexkumu pocty (Thx, Toc) 6ysn0 o6pano Ha ocHOBI
TEePMOJAMHAMIYHOTO AaHAJI3y CKJa/Ly MapoBol (pa3u 1 MaconmepeHeceHHs:, siki mepeadatia-
JIi TIPOBEJIEHHS TPOIECY BUPOIINYBAHHS B yMOBAaX OJIW3BKUX 10 PiBHOBaXKHUX. Taxwmii
METO/I, € OHUM i3 HANOIILII ONTHMAJIBLHHUX IS OCAIKEHHs IIJIIBOK TOBIIHHOI KiJIHKA
MikpoMeTrpiB. ¥ 3B’d3Ky 3 UM He TPOBOIUTHCA OCAKeHHsT TOHKUX miiBoK CdS mero-
nom K30 (nuB. obrosopenssi suiie). IHIIO0 nepeBarow 3asBjI€HOr0 METO/LY OCA/ZKEHHS
HAIBIIPOBIIHUKOBUX ILIIBOK € OTPUMAHH$ 3PA3KiB i3 IepeBazKalo4vol0 OPiE€HTAl€ln, 33
YMOBU BUKOPUCTAHHS OPIEHTOBAHUX ITiIKJIAIOK.

Tab.1. 2: TeMmepaTypHi pex UMY IjIg Oca[KeHHs Torkux miiBok rpym ATTBY! meromom K30
Table 2: Temperature regimes for deposition of thin films of group A7’ BV by the QCV method

Coomyka | Iigknagka | Thx, K | Toc, K | tocamxenns, XB
CdTe Cka0/ITO ~860 ~T70 15
CdSe Ksapit ~900 ~700 15

Heranbhime npo crpykrypHi it onruani Baacrusocti Tonkux mwiiBok CdTe ra CdSe,
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Fig. 6: Dependence of the optical band gap on the deposition time of CdS thin films

ocakennx meronoM K30 finerses B [24,25]. 3a3naumnmo, 1m0 11i TOHKI MIIBKK MaOTh 3Ha-
YHO BWIILY MOJIKPUCTATIYHICTH Ta ONTUYHY SAKICTb MOPIBHIHO 3 TJIIBKAMH, OCAIKECHUMU
meromom XIIO.

3.3. ToHKI IUIIBKN XaJILKOT'eHIJIB KaJaMilo, OCa»KeHi MeTOI0M BHCOKOYaCTO-
THOI'0 MarHeTPOHHOro HalWJIeHHS

Tosmuay mwriBok CdTe, CdSe i CdS 6ymno Buznaveno meroaom mpodimomerpii. Omep-
2KaHa 3aJIe2KHICTh TOBIIMHU ILUIBKU d BiJl 9acy OCA/KEHHS MOXKe OyTH eKCTPaIoJbOBa-
Ha Jinifinoo dyukuieo (aus. puc. 7). 3 rpadika ekcrpanossuil PO3PaXOBAHO CEPEAHIO
MMBUIKICTH OCAIKEHHST TUIIBKHU, 3HAYEHHS sIKOI MOJAaHo B TabiI. 3.

HeranbHime npo crpykrypHi # onruani BiacruBocri roukux mwiiBok CdTe, CdSe Ta
CdS ocamxennx meromom, BU- mMarnerpoHHOro HammieHHs HaBeneHo B [15,26,27]. 3a-
3HAYNMO, IO Tii TOHKI TJIIBKM MAlOTh 3HAYHO BUIY MOJIKPHUCTATIIYHICTH Ta ONTHYHYIO
SAKICTh MOPiBHAHO 3 miiBkaMu, ocamkennmu meronom XIIO. IlopiBasiHHS BUKOpHUCTAHUX
METO/IiB y IhOMY JOCTiIKEHHI A€ IMiACTaBh MiaTBepauTH, mo mMeron BY- marnerpon-
HOTO HAIWJIEHHSA HANHOLIBII ONTHMATBHUM, OCKLIBKH JOMOMATAE€ OCAMWTU TOHKI ITiBKA
madol roBuunu (nepesara naj merogom K30), BUCOKOL crpyKTypHOTL i OnTu4HOL sikOCTi
(mepeBara nag Meromom XII0).

Bucuosku

ITposeseno ocapkents ToHKUX IBOK xasbkoreniais kaamio (CdTe, CdSe ta CdS)
veronamu XITO, K30 ta BU- marnerponHoro Hanuients. BusuaadeHo ocHOBHI (hi3uKo-
TEXHOJIOTiYHI pekuMu (POPMYBAHHS TOHKHX IITIBOK XaJIbKOIEHIIB KAIMif0, 110 3a0e31e-
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Fig. 7: Dependence of film thickness on deposition time for binary cadmium chalcogenide
compounds (information is provided in the figure legend)

Tab61. 3: DisEKo-TexHiUH TapaMeTps ocaIxKenHs ToHKuX miBok rpym ATBY! meromom BU-
Margd€eTpoHHOI'0 OCa/JI2K€HHA
Table 3: Physico-technical parameters of thin films deposition for group A’’BY! by the method
of HF magnetron deposition

Croonyka | Iigknanka | Tuizcrama, K | Cepelas mBHAKICTD ocaKeHHs WIiBKH, A/c
CdTe Ksapn 489 ~0,57
CdSe Ksaprn, 530 ~T7
CdS Cxki0 573 ~4.1

9yI0Th 1X PIBHOMipHWI pO3MoiiT Ha miakaasmni. [IpoBegeno mocmimKeHHS CTPYKTYPHHUX
i onrmuamx mapamerpiB Toukux WIiBOK CdSe i CdS, ocamxkenux meromom XII1O. Ilix-
TBEP/ZKEHO 3AJIEXKHICTh iHTErpaJTbHOI BETMYIUHN OIITHIHOTO MPOITYCKAHHS Ta IMIUPUHA 3a-
GOPOHEHOI 30HM BiJ 4Yacy OCa/KeHHs (TOBILIMHM) IJiBKU. BusiBieno, mo ToHKI 1/iBKU
CdSe i CdS, ocaypkeni meronom XIIO, MaroTh HU3BKY HOJIKPUCTAIYHICTD i TOTPEOYIOTH
JOJATKOBOI TepMiduHOl XapakTepupn3arii. HatomicTs, miiBkn ocamxeni meromamu K30
i BY- mMarHeTpOHHUM HAIWJIEHHA MAlOTh 3HAYHO KDAIIy ONTHYHY AKICTb MOPIBHAHO 3
mwiiBkamu, ocamzkenumu meroaoMm XII10. 3’scosano, mo ais Toukux mwiiBok CdTe, CdSe
ta CdS, ocamkenux MeronoM BY- MarHeTpoHHOIrO HallWIEHHS, 3aJ1€2KHICTh TOBIIMHY Bil
qacy OCAIZKEHHSI OIUCYETHCs JIHIHHOI (PYHKIIEO.
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Thin films of cadmium chalcogenides (CdX, with X = S, Se and Te) represent a
large AT’BY group of crystalline materials that reveal a canonical semiconducti-
ng behavior. These materials embrace large and important research field because
of their wide application potential in various fields of optoelectronic devices.
CdTe semiconductor has proven to be a leading compound for manufacturi-
ng cost-effective second-generation photovoltaic devices. When forming high-
efficiency heterojunctions based on p-CdTe used as window layers of solar
batteries, cadmium sulfide (CdS) is mainly employed. CdS is characterized
by a high absorbance and high photoconductivity in the visible region. The
occurrence of photocurrent is negatively affected by the lattice mismatch
between CdTe and CdS layers. Despite the formation of CdS,Te;., (CdTe,S;_,)
solid solutions between CdTe and CdS layers which reduce the lattice mismatch
the high defect density causes a loss of efficiency. The use of CdSe can be an
alternative solution to the problems originating from CdTe/CdS junction. Up
to date, a great number of different techniques have been developed for prepari-
ng thin films of cadmium chalcogenides. These are physical vapor deposition,
sputtering, spray pyrolysis, electro-deposition, close-space sublimation (CSS),
etc. In this work, results of the physical and technological modes of deposition of
thin films of cadmium chalcogenides by CSD, CSS and RF magnetron sputteri-
ng are present. For deposited films, structural (XRD) and X-ray fluorescence
(XRF) analysis was carried out, optical transmission spectra of the films were
measured. The dependence of the optical band gap on the thickness (deposi-
tion time) of the thin film was established. Correlation analysis of methods of
deposition of thin films of cadmium chalcogenides based on the results of XRD
and optical transmission analysis was carried out.

Key words: thin film, cadmium chalcogenides, CSD, CSS, RF magnetron
sputtering, optical transmission, band gap.



