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Phase structure of the CPD prepared CdS fllms befbre and

aRer Ar+ion irradiation

LEI Jia_Rong，Yang Bin，料CHA Deokjoon，+HUANG Njng—Kang，CHEN Jian—xuan

WANG De．Zhi

(Ⅳ叫上060mto叼，0r丑Bdintion P五可5ics ond nc九彻蛔y，o，刀duc。cion胁n”2叫0，chⅢn．
ns捌¨zc o，mBcZeⅡr SczenceⅡ谢nc概。抽F可，Sic^“Ⅱn Uhz"e憎托弘Che?w如d』O口d彳)

Abstract CdS矗lm8 pr叩arcd witll clleInical pyrolysls dcpositioIl(CPD)at rllHm—

ent teInperatIlrc durillg矗lm growth骶re charac旧溉d by xRD Hexagoll一Iik·、s⋯l(一
ture apT)eared at tlle kmperatllre of 350 500。C，wIlile wurtzitc pha80 w粥obscrv川Ⅲ

tenlperature of 5400C dlmllg nlm grow咖．A1so CdS H1m8 prcpared by CPD at 4㈣oC
wEⅡe 1mde。gono p08t anIlcaling at di行；rent temperatllre of 200 6IJ(J。C o。post Ar+ioll

irrndhtioll It is foulld恤毗wllrtzite ph黼e 11appcned wlJen tllc anIlealillg t(、mpom亡1lIt、
rosc to 600。C．And hexagon—like structurc existe‘l at the annealinE tcmpcra‘ur‘、fl()Ill

25。C to ne雒500。C．Ar+ion ilradi砒ion could not callsc Dhasc transformatioll．buI

indllce som。preferrcd orjcIltations and an increase in graill si*e for the CdS mII】s
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1 INTRoDUCTIoN

Cad』njum sumde is the most interest血g materials in the chalcogeILides whiclI}1ave

attracting sign珩cant features of nonbnear and luIninescent properties，quan“1m size ef_

fects and other iⅡ1portant physical and cherllical characters【1+2 J CdS is used in a varjety

of optoelectronic devices iILcluding thjn mm solar ceUs and photo detectors．【3叫CdS t11ln

films prepafed with various methods can be di仟色rent essentiaUy from each other in thejll

phase structure，grain size，orientation degree，di矗brent kinds of structural def色cts，diI二

f毫rent impurities and their contents，etc． Consequently，the properties，such as op“c以

and elect“c，of CdS thin蜘ms are greatIy dependent on the preParation procedures It

is weU known that the structllral transformation of the mate“als can usuanv lead to the

change of their propertjes．Also a few inVestigations were reported on CdS attemPting to

cause Dhase transfbrmation bv ion irradiatjon．Some of nlose reseaTchers fbLHld that the

amorphization of vacum deposned CdS thln矗1ms duTing argon ion iHadiati。n，while

others reported that n。changes in the crystal structure or amorphization t。ok place，
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though irradiation gave rise to radiation darnage in the矗lms．p oJ It seems that the eHbct

of ion irradiation on crvst al structure of the CdS thin疗1m with di畦rent DreDaratiull

meehods is di疗毛rent accordjng to the resu】ts reported therein

Che缸c“pyr01ysis deposition is one of the prospective procedures used to pTepaTe

CdS thin mms，it is possible to fabricate su币ciently perfect thiII mms with large area

}laviIlg strong adhesion to the substrates and high mech a工1ical stTength in compar№n
with the other rnethods．In our work the CdS thin矗Lnls prepared with cheInical pyrol—

ysis deposition(cPD)weTe undergone Ar+ion irradiation And phase structure werc

measured wj曲删croana】yses before and础盱jc哦j玎adj ation to check the stabj】jza“￡)，】

of the cTystal structure of CdS thin^lms prepared by CPD

2 EXPERIMENTAL

CdS tkn mms were prepared on glass substrates with chendcal pyr01ysis depositloIl

(cPD)．cheIIlical ckaned 91ass substrates were dipped in the aqueous solutions，thc

reaction was carried on as foUows：

cdcl2+sc(NIl2)+2H20一—+cds+2NH4cl T+c02 T (】)

The substrate was kept at 400。C，and the volatile components of the salts and the

s01vent are feleased in the vapour fonn leadinE to the formation of CdS矗1m durill区this

process The substrate temperature sllould be as high as possible to allow the chernjc■

reaction to tdke place between the components of the desired deposited mate“als．But

the substrate temperatIlre shollld not be too high，otherwise it deteriorates协e qlIalitv of

the CdS矗lms due to an increase in densitv of structural def毫cts and enhancemem of the

diffhsion of impurities into the矗hn from environment．A1so the substrate temper“山e

should not be too low，otherwise it decreases the chen正cal reaction activitv 1eading to a

decrease in decomposition rates of the salts，and the surface of the de口osited CdS“1nls

looks rough．

The CPD prepared CdS fllms of about 2“m thickness on glass substrates were ve卜

ticallv irradiated with 120keV argon ion beam at doses of f1—6)×1016iotls／cm2 Tlle

measurement in phase stTuctⅢe of the CPD pr印ared CdS丑lms before‘Ⅶd after io¨

irradiation was performed using a D／MAX—RAX．ray dmactometer．A Cu k d radiation

(A=0 154178nm)from a Cu anode operating at 40kv was used with a nickel monochro．

nlator mter．Data were acquired over an angle range 2口from 10 to 80。

In oTder to check the cherllical states of the comDositional elements of the CdS矗lⅡls．

x—ray pl】otoelectron spectroscopy(xPs)analysis was carned out using a KRATOs—xsAM

800 system with a monochromatic Mg K d radjation(1253．6 eV)at a pass energy of 20 eV

During measuremerLt avacuum ofbetter tha叽1×10一o Pa was maintained in the chaJllbcT

XPS data were referred to the C1s 1ine at 284 6 eV．A 2keV Ar十beam was used t()etch

the top jayer of the CdS靠Ims fbrmed duTing ion irradiation due to contanljnation frolll

the residue such as CO，C02 in the chamber．
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3 RESUI用S AND DISCUSSIoN

Fig．1 shows the XRD patterns of the CdS矗hns pr8pared by cheⅡⅡcal pyr01ysis

deposition(cPD)at different teInperature during矗lm growth．It should be pointed。ut

that the intensities of the peaks in the sanle矗gures are the same scale．It is found thaL，

basicany，the edS fnms prepared with CPD at growth tempeTature of a range of 350。C

一450。C，the polycryst以Ⅱne CdS films were dondnatedly hexagon—ljl【e stnlcture with the

lattjce constants口=0．4135 nm aIld G=0．6713 nm，“most the same as the reported daLa

for cds with wurtzite structure(JcPDs N。4l 1049)Deta丑ed scrutiny reveals that tlIe

(002)reHection is the m。st intense in Fig．1(a)and Fig 1(b)，wheTeas the(101)renectioll
should be the strongest peak in the pure wurtzite phase．Fjg．1(c)seems to show t11at the

cdS mm is wuTtzite s打ucture“e to the st砌19est peak of(101)in主t when the cds矗lnl

prepared by CPD at growth teTr】【peTature of 540。．It is found that at temperature up t。

500。C during矗lm growth the CdS was still hexagon—bke structure．

Fig．1 XRD 1)atterIls of CdS右1m8 proparcd

at di矗brcnt growth temperatul。

(a)350。c，(b)45IJoc，((：)540。c

Fig．2 XRD pattc rrIs of CdS矗l nls at【1ifih

anneallng t(、111pcl atl【I c

(a)200。C，(b)40(】oc(c)6【¨}。c

The CdS矗lms prepared by CPD at 400。C during最lm growth were undergoTle an-

neal洒g treatment at difFerent temperature of 200—600。C The XRD patterns of the5e

samples are shown in Fig 2 It can be seen that with increas血g annealing temPeratllre

from 200。C to 600。C，the intensity of the(002)renection耵aduaⅡy decreased w上Lile that

of the f101)one iIlcreased．This trend is sjmilar to that shown in Fig 1，the f101)re．

丑ection becomes the s￡rongest peak when the anneaHng tenlpera￡ure was ttp to 600。C

This means that whenever the temperature is血creased to some level hjgher than 5000C，

during CdS砌m growth or post锄eahg treatment，phase transformation happens from

hexagon—like to wurtzjte structllre． Apart fTom thjs phenonlenon，it should be noticed

(nS誊mcgc
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that CdO appeared at arLnealing tempeTature of 600。C shown in Fi92(c)．A systematic

inves“gation in a工lneaUng temperature shows that CdO were aIready fomed at 500。C

for the CdS nhns prepared by CPD at 400。C．

Fig．3 shows the XRD patterns of CdS films pr印aTed by CPD at 400。C beforc

and mer Ar+ion irradiation．No change in phase structure for the CdS 6h11s caIl be

fbund，the CdS mms were still hexagon—Uke structure But the intensity of the f l l 0)

reHection was increased after Ar+ion irradiation with a dose of 6×1016 ions／cm2 Care—

fuUy detailed observations show that with increasing Ar+doses from 1×1010 jons／c¨12 to

6×10¨ions／cm2，the intensity of the(200)pea】【was also incTeased shown in Fi叠4 It

comes to the conclusion that Ar十jon jrradiation cou王d not a疗备ct the crvsCal struc C11re

of the CdS矗lnlS，in other words，Ar+ion irradiation could not induce a Dhase trans—

formation of the CdS丑hns prepared by CPD at 400。C although there happens somc

preferred orjentation jn the CdS矗1ms due to Ar+ion irradjation withjn the doses of

(1～6)×1016 ions／cm2．
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Fig．3 XRD pattcrns of CdS mrm bcforc and

mer Al+ion irradiation

a1 before Ar十ion irra(iiation

fbl after Ar+ion irradiation

Fig．4 XRD pattcllls of C(1SⅢnls w．f

120 kcV Ar+ion irr。试iaLi01l

(a)with a d08e of 1×1(}16 ioIls／cI Jl 2．

(h)with a dosc of 6×1016iolls／c1112

We also estimate the grajn size of these CdS矗lms according to the ha水width of

di册action peaks using the S dlerrer fbrrnula：

D=芯 (n)
工)CoS口

where D denotes the aⅣerage grajn size，^equals about 0 154 nm，臼is the Bragg angle f研

the measured din’action Tenection，卢iS the half_peak width，in radlan，of the measure(1

di嫱action reflection．For s妇pⅡcity，here，自=1．

一n-8鲁∞c{一(n8鱼∞c卫三

   



No．1 LEI J*RDng et Bf．：Pll龋e stTuctllre ot tllc CPD pT。p跗e(1 CdS·-、 29

The calculated grajn size is about 15 nm for the CdS丘lm prepared by CPD at 4000C，

t11is coincides with that measured with AFM，where about 13 nm of grain size was ior

the CdS mm_pt印ared by CPD at 400。C The ETain size is about 18nm for the CdS矗l工n5

prep缸ed by CPD at 400。C after Ar+ion irradiati帆with a dose of 1×1016 ions／c砰，a11d
about 25nm with a dose of 6×1016ions／cm2．Atornjc force珊croscope(AFM)analysis
shows t11at with increasiIlg temperatme duriIlg CdS砌m growth or post—anneaⅡng treat—

ment for the CPD prepared CdS矗lms，their grain size were also increased This Ineans

that the in丑uence of Ar十ion irradiation upon the CPD prepared CdS矗lms seems partlv

as a thernlaJ source

In order to check the corrlpositjon of the CdS丘lm prepared by CPD at 400。C beforP

and after Ar+ion irradiation，F堙．5 shows the results of the XPS measuremeIlt T11e

cd3d5／2 peak at 405 4 eV and Cd3d3／2 peak at 412．1 eV are shown in Fig 5(a)、^五th the

spin—orbit splitting of6．7 eV andtheintensity ratjo of aboutl．48 Andthe S2p spectnlm

is shown in Fig，5(b1 at 161 8 eV Both of these xPS 5pectra show that the measure(】

疗lm prepared by CPD at 4000C consist of pllre CdS compound．工n the S2p and Cd3({

spectra，there seems no obvious change after Ar+ion irradiation withiIl the dose of f l一

61×1016 ions／cm2 Thjs reslllts further con缶Ined that Ar+ion jrradiation could 110L

induce aIly pll柚e tTansformation of the CdS filrns pTepared by CPD at 400。C within t11e

used raIlge ofA—doses

Bindmg ener甜IeⅥ

己

Blndi∞eⅫ“(帅

Fig．5 XPS spectra of CdS 6hn8 pr8paI。ed wi￡h CPD at 400oC

(a)cd3d，(b)s2p

4 CoNCLUSIoNS

Phase structllre of the CdS mms prepared with cheIrdcal pyrolysis depositjoll was

deterfIlined with XRD．And the effect ofAr+ion irradiation on the CdS砌ms prepared by

CPD at 400。C were als。studied with XRD and XPS analyses The foUowing conclu sio¨s

may be drawn{Yom the result8 presented in tlIis paper．

(1)The cds矗lms prepared with cherrⅡcal pyrolysis deposition may be hexagon一Ⅱke

structure or wllrtzite phase d印ending on the temperature d11ring矗lm growth or post
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annealing after丘lm fornlation The CdS矗1ms are hexagon—like structure at temp盯atllre

of 350一500。C during n1工n growth aILd“so with post anneahng at temperatme from 200。C

to near 500。C fbr the CdS 61ms prepaTed by CPD at 400。C While wurtzite phase of CdS

矗lms pr8paTed by CPD could be obtained at temperature as hjgh as 540。C during^1丁ll

growth or wnh post anneaⅡng at temperature oVer 600。C for the CdS矗lms prepared by

CPD at 400。C．

(2)xRD and xPS measurements show that Ar+ion irradiation with a doses f1 61×

101。ions／cm2 c0111d not血duce the phase打ansformation of the CdS矗lms pTep‘Ⅵed 1)y

CPD at 4000C，however，some pref色rred orientation phenomenon and an increase in gTain

size of the CdS丑lIns happened due to Ar+ion irradiation．
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