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5yx 10., BaneHTOBH'i n. P14 - 11031 
XHMH'IeCKHA COCT8B H crpyKTypa nneHOK CdTe , nony'ieHHWX 

K8TO)lHblM H81IblneHHeM 

npunon~rc~ peaynbTBTbl XHMH'IeCKoro auanuaa nneuoK CdTe, nony'leH

HbiX KBTOllHbiM uanbmeuueM, Auanua ocywecrensmcst MeronoM ynpyroro 
pacce~HHst 3 He. noKaaauo cywecreeuuoe nnustHHe eaKyyMHbiX ycnonull. 

B nneHKax o6uapy*euo npucyrcreue JlO 2,0 ar.% pa6oqero raaa aproua 
H 2,5 8T,% KHCnopOJl8, CoOTHOWeHHe a TOMHbiX KOHUeHTpOUHil OCHOBHblX 
aneMeHTOB Cd H Te B nneHKBX CTporo IIOCTOSIHHO, nneHKH KpHCTannH3YIOTCSI 

B llBYX KpHCT8l1l10rpa~H'ieCKHX MOAH¢HK8UHSIX (c Ky6H'IeCKOil H reKC8rOH8nb

HOil peWeTK8MH) H SIBllSIJOTCSI TeKCTypHbiMH, 
HanblnsteMble nneHKH CdTe COCTOSIT H3 OT)lenbHbiX CTOl16HKOBHllHblX 

KpHCT8lll1HTOB C )lH8MeTpOM 0,1-0,3 MKM, nepneH)lHKynstpHbiX K llflOCKOCTH 

IIO)lllOlKKH, 

Pa6ora Bbmonueua n Oraene HOBLIX Meronoe ycKopeHHst OHHI1. 

flpenpBHT 06WJUIBeHBOrO BBCTBTYT& S,llepBWX BCCJie.IIOMBBI. Jb6B& 1977 

Buch J ,, Valentovicn:-- Pl4 - 11031 
Chemical Composition and Structure of Cathode 
Sputtered CdTe Films 

The chemical composition analysis of the cathode sputtered 
CdTe thin films by elastic scattering of 3,0 MeV 

3
He partic!Ps 

is presented, 
The vacuum conditions during the deposition have the 

essential influence on the composition of the sputtered CdTe thin 
films as it is sho\\~·i by the presence of operating gas argon up 
to 2 atomic per cent and the oxygen contamination within the 
films up to 2,5 atomic per cent. The atomic concentration in ·the 
basic Cd and Te components in the films is strictly conslc>nt and 
the same as in the target from which the films were deposited. 

The films consist of fibrous oriented perpendicular to the 
substratP crystallites, crystallizing in cubic and hexagonal sinK
lure either, The diameter of crystallites 0,1-0,3 11m is constant 

throughout the film thickness. 

The investigation has been performed at the D<:.>p>rlment 

of New Acceleration Methods, JINR. 
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B HaCTO.Hll\CC BpeM.H BO MHOrHX na6opaTOpH.HX Y.lJ.Cn.HeT

C.H 6onbWOC BHHMaHHC nonyqeHHID H HJyqeHHID JnCKTpO~H

JHqecKHX H CTPYKTYPHhiX CBOHCTB nneHOK CdTe 3To 

CB.H3aHO C Ha6niD)J,CHHCM ~OTOBOnbTaB'ICCKHX .HBnCHHH B 

nneHoqHhiX cTpyKTypax MeT ann- CdTe -MeT ann' l·;} : 3neKT

peTHbiX JIBnCHHH 4 .!i .· 3clxlleKTOB DOCTOJIHHOH non.HpH3aUHH / 6 /, 

3clxlleKTOB nepeKniDqeHBJI .· 7 •8 , H T .)1,. 

B HaweM cnyqae nneHKH CdTe. acnonb3YCMble )].nJI 

Ha6niO)].CHHJI MHOrHX H3 yDOM.HHYTbiX 3~CKTOB, nonyqanHCb 

KaTO)].HbiM pacnblneHBCM MOHOKpHCTannaqecKOH MHWCHH B 

KBapuesoM BaKyyMHOM peaKTope. YcTaHOBKa OTJ<aqasanacb 
·6 

.11.0 HaqanbHoro BaKyyMa 5 .1 0 Top. HanblneHae nneHOK 

CdTe ocyll\eCTBn.Hnocb B cneKTpanbHO qucToM aproHe npa 

)].asneHHH I 1-:- 5/ 1 o-2 Top. HanpJI)J<CHHC pacnblneHHJI 6blno 

DOCTOJIHHbiM (Up = 4,0 KB)npH nnOTHOCTH TOKa Ha MHWCHH 

jP = 1,0 MA/cM-2 . PaccTOJIHHe oT MHWeHH .11.0 )].ep)J<aTenJI 

DO)].JJO)J<CK COCTaBnJlnO 3,0 CM. llneHKH HaUblnJlnHCb Ha DO~

nO)J<KH H3 KOPYH.IJ.OBOH KepaMHKH, "JaCl B MOHOKpHCTannH· 

qecKoro KpCMHBJI. 

AHaflH3 XHMHqecKOrO COCTaBa HanblnJICMbiX nneHOK CdTe 
. 3 ~ 

nposo)].ancJI MeTO.lJ.OM ynpyroro pacceJIHBJI He c nepsaqHoB 

3Heprae8 qacTHU E 0 = 3,0 M:JB ' 91 . 

PacceJIHHble qacTHUhl peracTpaposanacb c noMOII\biD 

KpCMHBCBOrO DOBepXHOCTH0·6apbepHOrO )J,CTCKTOpa, pac· 

DOnO)J<CHHOrO 00)1, yrnoM ~ = 135', B MBOroKaHanbHOrO 

aMnnHTY.IJ.Horo aHanaJaTopa Tana DIDAC Ha 2000 KaHa

nax. 3HepreTB'IecKoe paJpeweHae cneKTpoMeTpaqecKoro 

KaHana 6blnO nyqwe 'ICM 15 K3B. 3HepreTB'ICCKaJI WBpBHa 

KaHana COCTaBnJlna 1,55 K3B. XapaKTCpBCTB'IeCKBC CllCKT· 
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phi ynpyro paccesHHhiX qacTHU. 3 He oT .nsyx nneHoK CdTe 
Ha KpeMHHeBhiX llO.IJ;JIO)KKaX BH.IJ;Hhi Ha pUC. 1. 
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Puc. J. 3Hepze111u<~ectwe cneK111Pbl ynpyzo pacceJIHHbiX <~ac-
111Ufl · He 0111 HanbllleHHbiX nlleHoK CdTe Ha KpeMHueebax 
noOIIOXKax. lla pucyHKe npueeOeHa u 3KcnepuMeH111UIIbHaJI 
npJIMUJI OIIJI onpeOelleHUJI npuMeCHbiX 311eMeH111oe. tfac111b 
cneK111pa 0111 nlleHKU J{g141 yeeAu<~eHa (lOx). IliiOJI#aOu, coo111-
ee111C1118Y10JI#Ue npUMeCHbiM 3/leMeH111UM KUCIIOpoOa U apzoHa, 
3aw111puxoeaHbl. 

HanH'IHe rnasHoro nHKa B cneKTpe y KaHana 3720 csH

,neTenbcTByeT 0 pacceHHHH 'laCTHIJ, ny'IKa OT llOBepXHOCTH 

nneHOK Ha aTOMaX Te B COOTBeTCTBHH C KHHeMaTH'IeCKHM 

cl>aKTopoM pacceHHHH Ksc jma611. 1 110
/. )J.ns nneHoK CdTe 

TOniiJ.HHOH .no 3000 A Ha6mo.naeTcH 'leTKO Bhipa)l{eHHhiH 

H BTOpOH llHK, CBH,IJ;eTeJibCTBYIOllJ,HH 0 pacceHHHH OT aTOMOB 

Cd /o6paJeu. N!!l40/. IlyTeM o6pa6oTKH cneKTpos Ha 3BM 

6hiJIH onpe,neJieHhi C 60JibWOH TO'IHOCTbiO llJIOllJ,a,IJ;H .IJ;JIH OT

.nenbHhiX 3JieMeHTOB A, nponopu.uoHanLHhie aTOMHhiM KoH

u.eHTpau.usM COOTBeTCTBYIOllJ,HX 3JieMeHTOB: 

4 
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N Cd A Cd aTe 115468 -- ~ -- -·-- ~ ------ . 
NTe ATe aCd 135559 

2,135-10-24 

1.8183 ·10 -24 
xl,QQQ15, 

r.ne a - .nutWlepeHIJ,HanLHoe ce'leHHe ynpyroro pacceHHHH. 

113 npose,neHHOrO aHaJIH3a MO)I{HO 3aKniO'IHTb, 'ITO llpH 

KaTO.IJ;HOM HanhineHHH nneHoK Cd'l'e cTporo co6mo.naeTcH 

H llOBTOpHeTCH a TOMHhiH COCTaB KOMllOHeHT, HMeiOllJ,HHCH 

Ha pacnhiJIHeMOH MHWeHH. 

Ta611uija 1 

3Ha'leHHH 3HeprHH pacceHHHH f~sc /M3B/ H.IJ;HtWlepeHIJ,HaJib" 
Horo ce'leHHH ynpyroro pacceHHHH a .nns HeKO'flOPbiX 
3JieMeHTOB nepuo,nuqecKoil Ta6nHU.hi .nns qacTHU. · He . 
j<k'J= 135"; E 0 = 3,0 M3B/. 

3ne
MeHT 

c 
N 
0 
Na 
Al 

Si 
Cl 
Ar 

Ti 
Nb 
Cd 
Te 

z
2

- aT. M2 - aT. 
HOMep Macca 

6 
7 
8 

II 
I3 
I4 
I7 
I8 
22 
4I 
48 
52 

I2,0I 
I4,00 
15,99 
22,98 
26,98 
28,08 
35,45 
39,95 
47,90 
92,90 

I12 ,40 
127,60 

a 

2,588E-26 
3,614E-26 
4,798E-26 
9,326E-26 
1 ,31I E-25 
I ,523E-25 
2 ,260E-25 
2,540E-25 
3,804E-25 
1 ,326E-24 
1 ,819E-24 
2,I35E-24 

Esc 

I ,249 
I ,42I 
I ,564 
I ,9I2 
2,046 
2,077 
2,243 
2,3I8 
2,4I9 
2,685 
2,738 
2,768 

)J.ns 6onee ToncThiX nneHOK CdTe /cBLIWe 3000 A; 
BCJie,IJ;CTBHe JIHHeHHhiX 3HepreTH'IeCKHX llOTepb nyqKa cneKT" 

phi llOJiy'laiOTCH 6onee WHpOKHMH H HX pa3JIO)I{eHHe llO OT

,neJibHhiM 3JieMeHTaM 3aTpy,nHeHO /o6pa3eiJ, N2141/. 
Ilo ClleKTpaM MO)I{HO TaK)I{e CY.IJ;HTb 0 BJIHHHHH Ha COCTaB 

llJieHOK CdTe BaKyyMHhiX yCJIOBHH BO BpeMH HX HallhiJieHHH. 
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Ha puc. 1 npaBe)].eHa 3KcnepaMeHTaJILHaJI np.11Ma.11, no KoTo

poi MO)I(HO TO'IHO onpe)].eJIHTL KOJIH'IeCTBO npHCYTCTBYIO~X 
a nneHKax CdTe npaMeCHLix 3JieMeHTOB. 3Ta npJIMaJI 

nOCTpOeHa no TO'IKaM, noJiy'leHHbiM )].JIJI 'IHCTLIX 3JieMeHTOB 

Al , Si , Ti , Nb H Te H onpe)].eJIJIIOIQHM Ha'laJio nHKOB 

pacceJIHHJI, T .e. HOMep KaHana HJIH COOTBeTCTBYJOIQYIO 3Hep

rHIO pacceJIHHJI E ~c . Bo acex cny'laJix ua6JIJO)].anocL npa

cyTCTBHe B HCCJie)].yeMLIX nJieHKaX aTOMOB pa6o'lero raJa 

aproHa( )].0 2,0 aTOMHLIX npOIJ,CHTOB).B OT)].CJILHLIX nJICHKax 

Ha6JIJO)].aJIOCL TaK)I(e npHCYTCTBHe aTOMOB KHCJIOpO)].a ( 2,5 

aTOMHLIX npOIJ,CHTOB ~ a B HCKOTOpLIX - aTOMOB XJIOpa. 

B 111a6.11. 2 npHBC)].CHLI paCC'IHTaHHLie 3Ha'leHHJI a TOMHLIX 

KOHIJ,eHTpauai 3JieMeHTOB a nneHKax CctTe N!!l40 H N!!l41. 

Ta6/1Uija 2 

' 
Co.D.ep)l(auae npHMeceii a uanbiJIJieMLIX nneuKax CdTe 
onpe)].eJieHHLIX H3 3HepreTH'ICCKHX cneKTpOB Ha puc. 1. 

9lleMeHT 

aT. % 
Nc 
o6pa3ua 

Ncl40 

N,l41 

0 

0,989 

0,290 

Cl Ar 

0,602 1,651 

0,0 1,386 

IlpacyTcTBHe a uanLIJIJieMLIX nneHKax CdTe aproua 

3aKOHOMepHO, HO 60JILWOH pa36poc 3Ha'ICHHH CO)].Cp)l(aHHJI 

KHCJIOpO)].a B HHX JIBHO 3aBHCJIT OT pa3JIH'IHH BaKyyMHLIX 

YCJIOBHH nepe)]. H BO BpeMJI HanLIJieHHJI nJieHOK, T. e. Ha'laJIL

HOrO BaKyyMa, ODKHra BaKyyMHOrO peaKTOpa, O'IHCTKH 

H 'IHCTOTLI pa6oqero raJa aproHa H T . .IJ.. 

YMeHLWeHHe CO)].Cp)l(aHHJI aproHa H KHCJIOpO)].a B nJieH

KaX CdTe MO)I(eT 6biTL .D.OCTHrHyTo npaMeHeHHeM nna3Ma

TH'IecKoro pacnblneHHJI, KoTopoe no3BOJIJieT nony'laTL nneu

KH npa pa6o'leM BaKyyMe Ha .D.Ba nopJI.D.Ka nyqwe jp, 
""5 ·10"

4 Top/. 
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IlpHCYTCTBHe B OT)].CJILHbiX CJiy'laJIX aTOMOB XJIOpa B 

nneuKax, aepoJITHO, CBJI3auo c ycnoBHJIMH nparoToaneHHJI 

H 'IHCTKH nO)].JIO)I(eK. 

B CBJI3H c uanH'IHeM a uanbiJIJieMhlx nneHKax CdTe 

TaKOrO KOJIH'ICCTBa npHMCCCH, OCo6eHHO KHCJIOpO)].a H XJIOpa, 

B03HHKaeT HC06XO)].HMOCTL B )].aJILHCHWeM HCCJIC)].OBaTL HX 

3JieKTpOXHMH'ICCKYIO npapO.D.Y, KOTopa.ll MO)I(CT BO MHOrHX 

acneKTax yTO'IHHTL a o6'LJICHHTL ua6JIJO)].aeMble clloT03JieKT

paqecKae JIBJieHHJI. 

Ha puc. 2 npaae)].eHa xapaKTepacTH'IecKaJI peHTreuo-

.D.HcilpaKTorpaMMa oT HanhlJIJieMLIX nneHOK CdTe BH.D.HO, 

Puc. 2. XapaKmepucmut~ecKaR peHmzeHoourjpaKmozpa.M.Ma Ha
nblAJie.MblX nAeHoK Cd'I'e Ha KepaMut~ecKoii nooAOJICI<e. 

'ITO nneHKa CdTe nonaKpHcTaJIJIH'IeCKaJI H KPHCTaJIJIH3y

eTCJI a .D.BYX KpHcTannorpaclJaqecKHX MO.D.HcilHKaiJ,HJIX. Mo)I(HO 

H)].eHTHclJHuHpOBaTL clJa3y C Ky6H'ICCKOH peweTKOH /THn cclJa

JiepHT/ H clJa3y C reKcaroHaJILHOH peweTKOH /THn BIOpli,HT/. 

H3 pacyuKa BH.D.HO, 'ITO nneHKH TeKCTYPHbl. TeKcTypa abl

pa)l(eHa a HanpaaneHHH [I I I] .D.JIJI cclJanepHTH'IecKoii cilalhl 

HJIH a HanpaaneHHH [ 000 I] .D.JIJI clJa3b1 BIOpuaTa. 06a 3TH 

HanpaaneHHJI nepneH.D.HKYJI.IIpHbl nnocKoCTH no.D.JIO)I(KH. B He

KOTOPLIX CJiy'laJIX Ha6JIJO)].aJIHCL peclJJieKCbl, KOTOpble He co

OTBCTCTBOBaJIH HH O)].HOH 83 3THX clJa3, HH HaJIH'IHIO 'IHCTOrO 

Cd HJIH Te. BepoJITHo, OHH CBH.D.eTeJILCTBYIOT o npa

cyTCTBHH cy6peWeTOK. 
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Hccne.IJ.oBauu.a: noaepxuocTH H rpaHH HJnoMa ua cKa
uupyroi.J..{eM JneKTpouuoM MHKpocKone noKaJanH, qTo ua
nhm.a:eMbie nneHKH CdTe COCTO.H:T H3 OT.IJ.ellbHbiX CTOn6HKO-
BH.IJ.HbiX KpHCTannHTOB, OpHeHTHpOBaHHbiX nepneH.IJ.HKy-
n.H:pHO noaepxuocTH no.IJ.nO)KKH. Hx .IJ.HaMeTp cocTaa-
n.a:eT 0,1-0,3 MKM H npHMepHO llOCTO.H:HeH 00 BCeH BbiCOTe 
KpHCTannHTa. 

ABTOpbi Bblpa)KaiOT npH3HaTenbHOCTb r .M.OceTHHCKOMY 
3a llOCTO.H:HHYIO llOMOJ.J..{b B pa6oTe, a TaK)Ke KonneKTHBY 
COTPY.IJ.HHKOB JIH<I>, o6ecnequaweMy xopowyro pa6oTy ycKo
pHTemi 3r- 5. 
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