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Abstract：CdS solid thin films were prepared on the substrates of slide glass or ITO coated glass by using chemical pyrolysis 

deposition technique(CPD)at different deposition temperature from 350 to 540~C during film growth．Some of the prepared 

CdS films were undergone thermal annealing treatments at temperature from 200 to 600~C．The mi crostructures of as-deposi- 

ted CdS films before and after therm al annealing were investigated with SEM ，AFM and XRD measurements． 

It is found that hexagonal structure．1ike phase can be obtained for CdS films prepared wi山 CPD when the deposition 

temperature is below 540~C．Wurtzite phase appears when CdS films are prepared at deposition temperature higher than 

540~C，or the CdS films are prepared with CPD at depo sition temperature of400~C and post-annealed at the temperature a． 

be ve 500~C．The ain size of CdS films，which is dependent on deposition temperature and on different substrates，is also 

discussed． 
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用化学热解沉积法制备硫化镉薄膜的微结构 
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摘要：在载玻片或1TO涂覆的玻璃上采用化学热解法沉积CdS固体薄膜，沉积温度在350 540~C之间．部分制备的 

CdS薄膜进行200—600~C的退火热处理．由SEM，AFM和XRD分析测量退火热处理前后的CdS薄膜的微观结构． 

结果表明，沉积温度低于540~C以下制备的CdS薄膜具有类六方结构相，当高于540~C沉积的CdS薄膜则显示纤锌 

矿相．在 400~C化学热解沉积的CdS薄膜经高于50o℃的后热处理也可获得纤锌矿相．CdS薄膜的晶粒尺寸依赖于 

沉积温度及不同基体的情况也在本文中进行了讨论． 

关 键 词 ：化学热解沉积；CdS薄膜；微结构 

中图分类号：0484．5 文献标识码 ：A 

Introduction 

CdS thin film have been extensively studied in the 

development of solar cells[ ～ 
． CdS films were initial— 

ly fabricated mainly by evaporation
， sputtering， or 

spray pyrolysis．Since 1990s，the techniques of chemi— 

cal，electrodeposit or photochemical preparation have 

attracted much attention since these techniques of dep— 

osition from liquid solutions have great advantages of e· 

conomy，convenience，and the capability of large—area 

deposition[ ～引
．  

In our work，CdS thin films are prepared by chem． 

ical pyrolysis deposition(CPD)．Characterization of the 

microstmcture for the CdS films  prepared with CPD at 

different deposition temperature and post—annealing tem- 

perature is investigated with SEM，AFM an d XRD． 
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Abstract: CdS solid tbin films were prepared on the substrates of slide glass or ITO coated glass by using chemical pyrolysis 

deposition technique( CPD) at different deposition temperature from 350 to 540 'C durin在 film growtb. Some of tbe prepared 

CdS films were undergone thermal annealing treatments at temperature from 2∞ to 6(刘'C .ηle microstructures of as-deposi

ted CdS films before and after thermal annealing were investigated with SEM , AFM 四d XRD measurements. 

lt is found that hexagonal structure-like phase can be obtained for CdS films prepared wi由 CPD when tbe deposition 

temperature is below 540 'C. Wurtzite phase appears when CdS films are prepared at deposition temperat山-e higher 由四

540 'C, or the CdS films are prepared wi由 CPD at deposition temperature of 4∞'C and post-annealed at 由e temperature a

bove 5∞'C. The grain size of CdS films , which is dependent on deposition temperature and on different substrates , is also 
discussed. 
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用化学热解沉积法制备硫化铺薄膜的微结构
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2. 四川大学原子核科学技术研究所教育部辐射物理和技术重点实验室，四川成都 61∞64)

摘要:在载玻片或 π0 涂覆的玻璃上采用化学热解法沉积 CdS 固体薄膜，沉积温度在 350 -540'C之间.部分制备的
CdS 薄膜进行 2∞曰6OO'C的退火热处理.由 SEM ， AFM 和 XRD 分析测量退火热处理前后的 CdS 薄膜的微观结构.

结果表明，沉积温度低于 540'C以下制备的 CdS 薄膜具有类六方结构相，当高于 540'C沉积的 CdS 薄膜则显示纤铮
矿相.在4OO'C化学热解沉积的 CdS薄膜经高于 5∞℃的后热处理也可获得纤钵矿相. CdS 薄膜的晶粒尺寸依赖于
沉积温度及不同基体的情况也在本文中进行了讨论.
关键词:化学热解沉积;CdS薄膜;微结构
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Introduction 

CdS thin film have been extensively studied in the 

development of solar cells[l -2]. CdS films were initial

ly fabricated mainly by evaporation , sputtering , or 

spray pyrolysis. Since 199Os , the techniques of chemi

cal , electrodeposit or photochemical preparation have 

attracted much attention since these techniques of dep-

osition from liquid solutions have great advantages of e

conomy , convenience , and the capability of large-area 

deposition [3 -5] • 

In our work , CdS thin films are prepared by chem

ical pyrolysis deposition( CPD). Characterization of the 

microstructure for the CdS films prepar吧d with CPD at 

different deposition temperature and post-annealing tem

perature is investigated with SEM ,AFM and XRD. 
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Fig．1 Cross section morphologies of the CdS films prepared 

th CPD 

图 1 化学热解法制备CdS薄膜的截面形貌 

1 Experiment 

CdS thin film was prepared on glass or ITO／glass 

substrates with a method of chemical pyrolysis deposi— 

tion(CPD)．The procedure was as follows，CdCl2 and 

Thiorea(H2NCSNH2)were mixed with distilled water． 

The ratio between Cd and S was 1： 1． rhe prepared 

solution was about 2．000ml in Vycor． Substrate of 

slide glass or ITo glass was put into the solution f0r 3 

OF 5 seconds．Flectricfurnace Was usedto perform PY— 

mlvsiB of the solution containing Cd and S and to de． 

posit and cI stallize CdS on substrates．The sut'strates 

deposited with polyc~,stailine CdS were pulled oUt from 

furnace after 30 seconds d ．Usually deposited CdS 

substrates were too hot．SO the)'needed to be cooled in 

air for 2 minute in order to protect the glass substrate 

from breaka碧e before bathing into solution again．Such 

steps(，a“ go on continuously in order to get the thick 

CdS films．It will take 4 hours to deposit about 1 um 

thick CdS film on glass substrate．The ehemieaX reae— 

tion is asfollows： 

CdCl2+SC(NH2)2+2H20一CdS+2NH4CI+CO 

Substrates of glass or ITO coated glass were pro· 

heated at 400 for 30 minutes before deposition．After 

finishing the deposition process，some of samples were 

annealed for 20 minutes at the temperature from 200 to 

6O0℃ respec tiIre]y． 

Sam ples were investigated with SEM ，AFM and 

XRD，where morphologes and grain size of the CdS 

films were checked by SEM and AFM．Phase structure 

of the sam ples were characterized by X—Ray diffraction 

(XRD)with cu KⅡradiation(A=1．541)． 

㈧ 

Fig，2 AFM images of the polyeD'stalline CdS thin films OUt 

different substrates(a)CdS／giass(b)CaS,'ITOtgl~ 

罔2 多晶 CdS薄膜在不同基材上的AFM 图象 (a) 

CdS／玻璃 (b)CdS／ITO／玻璃 
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Fig.1 C，回S 回ction morphologies of the CdS films p町pru-ed
wilh CPD 
图 l 化学热解法制备 CdS I事膜的截面形貌

1 Experiment 

CdS thin film was prepared on g1ass or 11'01 g1ass 

subs甘ales wilh a melhod of chemical pyrolysis deposi

tion ( CPD). The procedure was 国 follows. CdCI, and 

Thio陀a( 民NCSNH， ) were mixed Wilh dislilled waler 

11,e raÙo between Cd and S was 1: 1. The prepared 

solution was about 2 ， α)()ml in V)'COT. Substrale of 

slide glass or ITO g1ass was put inlo Ihe 5O lution for 3 

or 5 seconds. Flectric fumace was used 10 阳rfonn py

rolysis of the 5O lulion containing Cd and S and 10 de

posit and crγstallize CdS on subslrales. The subslrales 

deposited wi由 polycη.'5 1叫 line CdS were pulled out from 

fumace afler 30 四conds' dI)'. Usually deposited CdS 

substrates were too h时， 50 the)' needed to beω01创 in

air for 2 minute in order to protecl the glass substrate 

from breakage before bathing inlo solulion ag.i n. Such 

sleps can go on continuously in order to get the thick 

CdS films. h wiU lake 4 hOUIS to deposit about 1μm 

lhick CdS film on glass subslrale πle chemical reac-

11υn is as follows: 

CdCI, +SC( JlìH,), +2H,0• CdS +2NH,CI + CO 

Subslrates of glass or ITO coated glass were pre

healed .t 400 "C for 30 minules before deposiùon. Mter 

fìnishing lhe deposition process , some of samples were 

annealed for 20 minules al lhe temperature from 200 to 

600 "C respectively. 

Sarnples were in\'estigated wi由 SEM ， AFM and 

X RD , where morphologes and grain size of 由e CdS 

fìlms were checked bv SEM and AFM. Ph困e structure 

of lhe s田nples were characlerized by X-Ray diffraction 

(XRD) with Cu Kαrad皿10叫 λ= 1. 54λ) 

。)

(b) 

Fig.2 :\FM images of the polyc可stalline CdS thin films on 
difl缸renlsubst刚回归)CdS倍酬( b) CdS/ITOI glass 
I~ 2 多品 CdS薄膜在不同基材上的 AFM 阁象( a) 
CdS/玻璃 (b) CdS/ITOI玻璃
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2 Results and diSCllSsion 

Fig．1 shows CROSS section morphologies of,aS—de— 

posited CdS thin films with~：anning electron mierosco- 

PY(SEM)．It can be seen that the fdms ale dense and 

uniform．The morphologies in Fig．1 ale column strue- 

tures with a】_l angle to the surface of substrate．This is 

not like the oues with evaporation，sputtering OF other 

nlethods ．where the eolanms are usually vertieal to 

the surface of substrate． 

Fig．2 shows the AFM images of the polycrystalline 

CdS thin films of about 2gm in thickness on glass sub— 

strate and ITO／glass substrate．The deposition temper- 

alum was 400％ ．The top morphologies of CdS films on 

diffe／ent suhstrate are not similar．and it seems that the 

uniformity is better on ITO／glass subslxate than that on 

glass substrate． Besides，such a feature of top mot- 

phology is also not dependent on deposition tempera- 

ture within OUr temperature range．In a word，all CdS 

fihns deposited with CPD method have similar top mot 

phologies．It can be confmned that all CdS films am 

transparent yellow or bri t orange color only depen- 

ding O1"1 the thickness of CdS films．The average gmin 

sizes for CdS films OI1 glass and ITO／glass subslrates 

are 0．1 33“m and 0 093jxm，respectively，by AFM 

photography measurement． It means that the average 

grain size is smaller on 1TO／glass substrate than that on 

glass substrate．TJfis may be affected by ITO film． 

Fig．3 shows SEM photographs 0fthe CdS films 

佃)350"{2 

一  
c1 450"：2 

fb)4OO℃ 

(d)5呻℃ 

曩 

： 爱≤薹 一 
(e】540℃ 

Fig．3 SEM ph‘：tographs of the CdS films preparod at different deposition temperature 

图3 不同沉积温度下制备CdS薄膜的SEM照片 
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unifornJÌl)' is beller on 11'O/glass substrale lhan 由8t 00 

glass subslrate. Besides , such a feature of lop mor-

Fig. 1 shows cross seclion morphologies of as-de- phology is a1so nol dependenl on deposition lempera-

阳，sited CdS thin films WiÙl scanning eleclron rnicrosco- ture wi由100盯 lemperature range. ln a word. all CdS 

py( SEM). 11 can be seen lhal lhe fìlms are den5e and films deposiled with CPD method have sinúlar lop mor 

uniform. The morphologies in Fig. I are column struc- phologies. It 曲n be confinned 阳1 all CdS IìIms are 

tures \\'1由 an angle 10 the surface of substrate. ηlÎs is transparenl yeUow or bright orange colo'c only depen-

nol like the ones wi山 evaporalion ， spullering or other ding on lhe lhickness of CdS fìlms. The average grain 

melhods [6.7: • where lhe columns are usu.]]y vertic.l 10 sizes for CdS IìIms on glass and ITO/glass subslrales 

the surface of subslrale. are O. 133μm and 0.093μm. r臼pectively . by AFM 

Fig. 2 shows Ihe A FM images of Ù,e polyc巧.'stalline photography measuremen t. lt means that the average 

CdS 出in films of aboul 2μ..m in thickness 00 glass sub- grain size is smaUer 011 ITO/glass substrate than that 011 

slrale and 11'O/glass substrale. The deposilion lemper- glass subslrate. This may be affected by 11'0 fì山n .

ature was 400"(. l1,e lop morphologies of CdS films on Fig. 3 shows SEM phOl鸣raphs of the CdS fì山ns
different substrate are not similar , and il 500ms that the 

{呻 S40 'C

F;g.3 SEM pholog>叩h.s of the CdS fìlms prepared al dilTerent de阳~ut lOn temperalure 
图 3 不同沉积温度下制备 CdS 薄膜的 SE~t 照片
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prepared at different deposition lemperaRlre and sdth 

the$a．me deposition time of 30 minulos．W ith the in- 

ere~$e．of deposition temperature，the grain size of CdS 

film is not simply increased． It can be seen thal the 

grain size of the CdS film is decreased a little at the 

temperature from 350~C to 400'：'C．So the morphology 

in Fig．3(b)is denserthanthatin Fig．3(a)．Andthe 

grain size is then increased at the temperature from 

400qc to 540oc． 

To make it clear．the grain size of CdS polycrys— 

talline ver-~ns the deposition tempe rature is shown in 

Table 1．The deposition temperature ranges from 350 to 

400℃ ．and it seems to be in benefit of nucleation of 

CdS fdms and leads to the decrease in grain size． 

W hile deposition temperature increased~from 4OO℃ to 

54WC，grain growthis promoted．The stain growth be- 

comes more quickly at deposition temperature from 

500~C to 540"C duetothe change in phase structure as 

diseu$sed helow． 

Table 1 The average grain size of CdS l~olycrystalline thin 

filmrs 

表 1 CdS多晶薄膜在不同沉积温度下的平均晶粒尺寸 

The change tendency in grain size of CdS films， 

prepared by CPD at different deposition temperature 

mid the si~'ne deposition time，is summarized in Fig．4． 

Another phenomenon can be seen from Fig．2 and 

Fig．3． With the increasing of film thickness at the 

sarlle deposition tempo rature．in other w0rds．with the 

increasing of deposition time，the grin size is also in‘ 

creased． 

Fig．5 shows the XRD patterns of the CdS films on 

the ITO／glass substraies prepared with CPD at different 

deposition temperature from 350 to 540oC．Basical— 

ly．tI1e CdS ms deposited at temperature range of 

350~C-- 500~C a dominantly hexagonal structure． 

The values of lattice constant n and c for hexagonal 

phase based on the equation of Nelson．Riley【8_an d ob- 

tained by extrapolation are 0．4136 nm，and 0．6713 

nm，respectively． Detailed scrutiny reveals that the 

Fig 4 Grain size ofthe CdSm n 85 afunction of deposi— 

tion temperature during film growth 

圈4 CdS薄膜的晶粒尺寸与薄膜制备温度的关系曲线 

f 002) reflection is t}le most intensive in hexagonal 

phase while the(101)one is the strongest peak in 

wurtzite phas,e．This means that the CdS films prepared 

witll CPD at temperature from 350 to 500oC are hex， 

agonal structure-like，but wurtzite phase at temperature 

over 540℃ ．It shows that diffezent phases a fo13ined 

when deposition temperature is from 500 to 540℃ ． 

The CdS rims prepped by CPD at 400 are tin- 

dergone post annealing treatment in air al different tern- 

perature of 200～600℃ ．The8e samples fire anMyzed 

with XRD．as shown in Fig．6．It can be found that 

with the increasing of annea ling temperature，the in— 

tensity of the(002)reflection is gradually decreased 

while that of the(101)one is gradually increased． 

11his phenomenon tells us that with 山e jnerese,e of 13~st- 

annealing temperature over 500~C，phase of hexagonal- 

Iike is transformed to wurtzite structure．Besides，some 

oxide—like CdO appears in CdS films at annealing tern— 

perature around 500～600℃ ． 

2O(DEG) 

Fig 5 XRD patterns ofthe CdSfilms ontheITO substrates 

at different deposition temDe∞n】m 

图5 不同温度沉积在 ITO基体上 CdS薄膜的XRD谱 

一g 百 罚 口目占  Ll{；z 量 日 
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prep町ed ot different d叩osition ternperal'山e and with 

the same dep田ition time of 30 minutes. \Vith the in

crease of deposition temperatu町， the grain size of CdS 

film is not simply increasoo. lt C8n be seen lhal the 

F田n size of the CdS film is decreased 0 little at the 

temperature from 350'C 10 4∞'C. So the morphology 

in Fig. 3 (b) is denser than that in Fig. 3 (a). And 由e

gram SI目 is then i.ncreased at 山e temperature from 

4OO'C to 540'C 

To make il clear , the gr田n size of CdS polycηrs

talline ，re阳us the deposition lemperature is sho执.'Jl 1Il 

Table 1. The deposition lemperalure ranges from 350 10 

400吧， and it seems 10 be in benefit of nucleation of 

CdS mm, and leods to Ihe decrease in grain size 

Whìle deposition temperature increased from 4∞'C to 

540 'C, gr且ngro刑h is promoled. The gr田n growlh be

comes more quickly at deposition temperature from 

5∞'C 10 540'( due 10 Ihe change in phase structure as 

di,cu,sed below. 

Table 1 The average grain size of CdS polycrystalline tmn 
mms 

襄 I CdS事晶薄膜在不同沉积温度下的平均晶粒尺寸

Depo!l ili~'!... ， 350 400 450 阴 540
temperature( "C ) 

Gra i.n 臼皿

( 协m }
0.033 0.030 0.050 0.075 0.170 

0.20 

百
百

/ 
( 

E 0.15 
2在

~ 0.10 
茜

350 400 450 500 
Temp.("C) 

550 

Fïg.4 Grain size of the CdS fùms as a function of deposi
lion lemperalure during film growth 
图 4 CdS 部膜的晶粒尺寸与薄膜制备温度的关系曲线

(002) reflection is the most intensive in hex鸣。nal

phase while the (10 1) one is the slrongesl peak in 

m归ite phase. This means 由国出e CdS fìlms prepared 

",iÙl CPD al temperature from 350 'C to 5∞'C are hex 

agonal struct旧e-like ， but wurtzite phase at temp臼ature

over 540 'C. lt shows 由at different phoses an三 formed

when depo,ition temperature is from 5oo 'C to 540'C 

The CdS fums prepared by CPD at 400 'C町'e un

dergone post annealing trealment in air at different tem

peratu四 of 200 - 600 'C. The回回mpl臼缸咆 analy四d

with XRD，幽 shown in Fig. 6. lt can be found 由at

with the increasing of annealing temperature，由e 1Il

tensi句 of the (002) reJlection is gradually decreased 

The change tendency in grain size of CdS 自1m" while thot of the (101) one is gradually increased 

prepared by CPD ot different depos血on temperature This phenomenon lells us that wi血出e increase of 阳st-

and the same deposition time , is sumrnarized in Fig.4. annealing temperature over 500吃. phase of hexagonal-

Another phenomenon can be seen from Fig.2 and like is transfonned to \\'哑1zite structure. Besides , some 

Fig. 3. With the increasing of fi1m thickness at the oxide- like CdO appears in CdS fìlms at annealing tem-

same deposition temperature. in other words , with lhe perature 田。und5∞ -600'C.

increasing of deposition tirne , the gr田n size is al回 10-

c"国sed

Fig. 5 shows the XRD pa且erns of the CdS fi1ms on 

the 11'01 glass substrales prepared wi由 CPD al differenl 

deposition temperature from 350'C to 540'C. Ba,ical

ly ，由e CdS mm, deposited at temperature range of 

350 'C -5oo吃缸-e dominan t1 y hexagonal structure . 

The vaJues of lattice con.slant αand c for hexagonal 

phase b晶ed on the equation of Nelson-Rileyl ' J and ob

tained by extrapolation are O. 4136 nm , and O. 6713 

nm. respective1y. Oetailed scrutiny reveal.s 出at 出e

2αJO 

翩
翩

m

pFEZM

•
EQMU

<

~豆豆豆画
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Fig.5 XRD paltem.s of the CdS films on the ITO substrat国
创汇li fTerenl depoωlion temperature 
图 5 不同温度沉积在 ITO 基体上 CdS 薄膜的 XRD 谱
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Fig．6 XRD patterns of the CdS films deposited at 400~C 

with post annealing at different temperature 

图 6 400~C沉积的 CdS薄膜经不同温度退火后的 XRD 

谱 

Microstructure of CdS films prepared by chemical 

pyrolysis deposition method and their annealed ones 

have been studied．The following results are obtained． 

1)The CdS films prepared with chemical pyrolysis 

deposition are dense and uniform．The morphologies of 

the CdS films show column structure with a tilted angle 

corresponding to the surface of the substrates． 

2)The magnitude of grain size for the deposited 

CdS films is increased with the increasing of deposition 

temperature from 400℃ to 540~C during film growth． 

while decreased with the increasing of temperature from 

350oC to 400℃ ．And the grain size is also increased 

rapidly when the deposition temperature is increased from 

500oC to 540oC due to the change of phase structure． 

Another factor is deposition time．With the increasing 

of deposition time．the grain size of CdS films is also 

increased． 

3)The CdS films prepared with CPD at deposition 

temperature of 350oC —-500oC are hexagonal structure- 

like，and it becomes wurtzite phase when the deposi- 

tion temperature is higher than 540~C． 

4)Post annealing treatment can lead to the change 

from hexagonal structure-like to wurtzite phase when 

the annealing temperature is higher than 500~C for the 

CdS films prepared with CPD at deposition temperature 

400oC． 
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500 't: to 540 't: due to the change of phase structure. 

Another factor is deposition time. With the increasing 

of deposition time , the grain size of CdS films is also 

increased. 

3) The CdS films prepared with CPD at deposition 

temperature of 350 't: - 5∞'t: are hexagonal structure

like , and it becomes wurtzite phase when the deposi

tion temperature is higher than 540 't: . 

4) Post annealing treatment can lead to the change 

from hexagonal structure-like to wurtzite phase when 

the annealing temperature is higher than 5∞'t for the 

CdS films prepared with CPD at deposition temperature 
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Fig. 6 XRD patterns of the CdS films deposited at 4∞℃ 
with post annealing at different temperature 
图 6 4∞℃沉积的 CdS 薄膜经不同温度退火后的 XRD

谱

Microstructure of CdS films prepared by chemical 

pyrolysis deposition method and their annealed ones 

have been studied. The following results are obtained. 

1 ) The CdS films prepared with chemical pyrolysis 

deposition are dense and unifo口n. 咀le morphologies of 

the CdS films show column structure with a tilted angle 
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Conclusions 3 

corresponding to the surface of the substrates. 

2) The magnitude of grain size for the deposited 

CdS films is increased with the increasing of deposition 

temperature from 4∞'t: to 540 't: during film growth , 

while decreased with the increasing of temperature from 

350 't: to 4∞'t:. And the grain size is also increased 

rapidly when the deposition temperature is increased from 


