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Abstract : High quality ZnO films are successfully grown on Si (100) subst rates by metal2organic chemical vapor

deposition at 300 ℃. The effect s of the thickness of the ZnO films on crystal st ructure ,surface morphology ,and opti2
cal properties are investigated using X2ray diff raction ,scanning probe microscopy ,and photoluminescence spect ra ,re2
spectively. It is shown that the ZnO films grown on Si subst rates have a highly2preferential C2axis orientation ,but it

is difficult to obtain the better st ructural and optical properties of the ZnO films with the increasing of thickness. It is

maybe due to that the grain size and the growth model are changed in the growth process.

Key words : metal2organic chemical vapor deposition ; X2ray diff raction ; zinc compound ; photoluminescence spec2
t rum

PACC : 7360F ; 8140 T ; 7855 E

CLC number : TN30412 + 1 　　　Document code : A 　　　Article ID : 025324177 (2005) 1122069205

1 　Introduction

Zinc oxide ( ZnO) is a kind of Ⅱ2Ⅵ compound

semiconductor wit h wurtzite st ruct ure , and has a

wide band gap ,high exciton binding energy ,excel2
lent chemical stabilities[1 ,2 ] ,and out standing p hysi2
cal p roperties. These lead to it s application in many

promising optoelect ronic devices , such as light2e2
mitting diodes , laser diodes , and solar cells[3～5 ] .

ZnO films have been grown by various techniques

including magnet ron sp ut tering , chemical vapor

deposition ,p ulsed laser deposition , and molecular

beam epitaxy[6～9 ] . Metal2organic chemical vapor

deposition ( MOCVD) is a usef ul met hod for the

formation of films , p roviding the advantages of

high growt h rate ,larger area uniformity ,and differ2
ent ambience in t he sit u doping process[10 ,11 ] . Al2
t hough sapp hire subst rates have been widely used

to grow ZnO films ,Si subst rate has many advanta2
ges due to it s low cost , large wafer size , and the

possibility of integrating nit ride semiconductors

with t he highly mat ured Si technology. The Si

(100) plane is extensively used in devices and inte2
grated technology. However , t he large lat tice and

t hermal expansion coefficient mismatch between Si

and ZnO causes t he direct growth of ZnO on Si

subst rate to be very difficult .

In this paper , ZnO films were directly grown

on Si (100) by MOCVD at 300 ℃and the relation2
ship between t he thickness , t he crystal st ructure ,

and t he optical p roperties of the films was investi2
gated by XRD ,SPM ,and PL spect ra. In our experi2
ment ,t he ZnO films crack when t he film t hickness

reaches about 600nm. For p reparation ZnO de2
vices , we want to obtain ZnO film wit h enough

t hickness. So we choose film thickness ranging

f rom 174 to 462nm.

2 　Experiment

ZnO films were deposited on Si ( 100) sub2
st rates by MOCVD. The apparatus for t he deposi2
tion is shown in Fig. 1. Before epitaxy , the sub2
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st rates were subjected to chemical t reat ment . First2
ly ,t he Si (100) subst rates were cleaned wit h dei2
onized water for 5min. Then , t he surface oxidized

layer was etched by dipping in H2 SO4 for 10min ,

N H3 ∶H2 O2 (1 ∶1) for 10min ,and HCl ∶H2 O2 (1

∶1) for 10min. Finally ,t he subst rates were t reated

in 5 % HF solution and blown in dry nit rogen gas.

Fig. 1 　Schematic diagram of MOCVD apparatus

Zn (C2 H5 ) 2 (D EZn) and N2 O were used as the

zinc and the oxygen sources ,respectively. The sub2
st rate temperat ure was kept at 300 ℃in this st udy.

It is known t hat half of t he decomposition tempera2
t ure of DEZn is 280 ℃[12 ] . Due to t hat , t he N2 O

cannot p roduce unstable peroxide with DEZn dur2
ing the reaction process and can more easily cont rol

t he parasitic reaction t han other oxygen sources ,

such as O2 ,so N2 O is chosen as the oxygen source.

The reaction of DEZn and N2 O can be exp ressed as

follows :

R - Zn - R + N2 O →R - Zn - O - R + N2 (1)

R - Zn - O - R + N2 O →R - O - Zn - O - R + N2

(2)

　　The reaction rate of Eq. (2) is lower t han Eq.

(1) ,and the end p roduct is alkoxide (R - O - Zn -

O - R) . We suggest that t hese reactions can be

produced at low temperat ures. Generally ,t he vola2
tility of alkoxide is much lower t han t hat of alkly

metal ( R - Zn - O - R) . Therefore t he p re2reaction

product s are the alkly metal and t he f urther p rod2
uct is alkoxide. The alkoxide f urt her t hermal de2
composition product is ZnO. But ,t he detail of t hese

reactions is unclear at t his moment and f urt her

st udy is needed to elucidate t he mechanism. Ult ra2
high2p urity Ar was used as t he carrier gas of Zn2

(C2 H5 ) 2 . The Ar flow was 60sccm and the N2 O

flow was 100sccm. The pressure of t he chamber is

about 2167kPa.

Three samples were grown with different

t hicknesses ,as Table 1 shows. The t hickness was

measured using a surface p rofiler ( Alp ha2step

200) . The crystal st ruct ure of samples was st udied

by XRD. Surface morp hology of samples was meas2
ured by SPM. Photoluminescence ( PL ) measure2
ment s were carried out using a He2Cd laser at

325nm at room temperature. The excitation power

of t he laser was 314mW.

Table 1 　Growth time and thickness of the samples

Sample A B C

Growt h time/ min 45 90 120

Thickness/ nm 174 346 462

3 　Results and discussion

To investigate t he crystalline p roperties of t he

t hree samples , XRD analysis was made. As shown

in Fig. 2 ,all samples exhibit one ZnO (0002) peak

at about 2θ= 3414°, indicating t hat t he hexagonal

wurtzite st ruct ure is p redominant in ZnO films.

Those result s show t hat t he samples are all highly

C2axis oriented. The position of ( 0002 ) peak

slightly shif t s to a higher angle direction f rom sam2
ple A to sample C. The f ull width at half maximum

( FW HM) of samples A ,B ,and C is 0137°,0135°,

and 0146°, respectively. Generally , t he narrower

FW HM obtained f rom samples A and B indicates

t hat t hey have better crystal quality. The crystal

quality of sample C did not improve wit h increasing

t hickness. We suggest t hat ,wit h t he t hickness in2
creasing ,t he grain is grown up and is in nucleation

with a t hree2dimensional growth model ,leading to

a rough surface , which agrees wit h t he SPM re2
sult s.

SPM measurement s were performed to study

t he difference of t he surface morp hology among

samples A ,B ,and C. The images are shown in Fig.

3 over a scale of 5μm ×5μm. All samples show a

0702



第 11 期 Shen Wenjuan et al . : 　Effect s of Thickness on Properties of ZnO Films Grown on Si by MOCVD

Fig. 2 　XRD patterns of samples A ,B ,and C

rough surface ,which varies with t he different film

t hicknesses. In addition , the films surface has sev2
eral large grains in Fig. 3 (a) . Wit h t he f urt her in2
crease of t hickness , t he films growt h becomes

column by column and t he grains become bigger

[ Figs. 3 ( b) and (c) ] . In SPM analysis , t he root

mean square (rms) roughness of samples A ,B ,and

C are 6164 , 8148 , and 15144nm , respectively.

Therefore , sample A has t he smallest rms rough2
ness while sample C has t he biggest rms rough2
ness. We suggest that at t he initial deposition

stage ,t he roughness surface of sample A expedites

t he grain coalescence ,resulting in bet ter crystalline

quality of ZnO film wit h a smooth surface[13 ] . Wit h

t he film t hickness increasing ,the st ress is released

and higher densities of nucleation occur , large

quantity columns are formed and grains become

bigger . We surmise t hat the films are grown along

t he C2axis wit h different deposition levels and de2
posited wit h a non2uniform film surface. There2
fore ,t he rms roughness increases. In addition , t he

rms roughness is decreased wit h t he film t hickness

decreasing ,and is very close to t he crystallinity of

films and t he morp hologies of growing films[14 ] .

Fig. 3 　SPM patterns of samples A ,B ,and C

　　To evaluate t he luminescence properties of

ZnO films , t he intensity ratio of t he near2band2
edge2emission ( NB E ) to the deep2level2edge

(DL E) shown in Fig. 4 was investigated at room

temperat ure. St rong ult raviolet ( UV ) emission

(NB E) peaks were observed at 36615 ,37311 , and

37319nm , respectively , for samples A , B , and C.

The UV emission PL is related to the microcrystal2
line st ruct ure as reported by Tang et al . [15 ] . It is

well known t hat t he NB E corresponds to t he re2
combination of excitons bound to donors[ 16 ,17 ] . The

origin of the DL E may be at t ributed to st ruct ural

defect s or imp urities unintentionally int roduced

during t he film depo sition[18 ] . There are very weak

green emissions ( centered approximately at

490nm) in t he PL spect ra ,which indicates that all

t he samples have good optical p roperties. The

FW HM of t he UV emission peak of samples A ,B ,

and C are 16197 ,16176 ,and 22185nm ,respectively.

They become wider wit h increasing film t hickness

f rom sample B to sample C. Therefore , samples A

and B have bet ter optical quality due to t heir narro2
wer FW HM t han sample C. And t he red shif t of

UV emission peak can be observed f rom samples

B ,C to sample A. The shif t is p robably caused by

t he quant um confinement effect [19 ] . So we surmise
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t he red shif t and the broadening of t he UV peak

may be due to the localization in t he ZnO films ,and

t he bigger grain size ,which is consistent wit h the

SPM result s.

Fig. 4 　PL spect ra of samples A ,B ,and C

4 　Conclusion

In summary ,high2quality ZnO films wit h vari2
ous t hicknesses are successf ully grown by MOCVD

on Si (100) subst rates at 300 ℃. According to XRD

measurement ,all samples show st rong (0002) p re2
ferred orientation. The crystal quality and the sur2
face morp hology of sample C did not imp rove wit h

increasing t he t hickness. This may be caused by the

grain growt h and nucleation in a three2dimensional

growt h model , and leads to a rougher surface. In

PL spect ra ,one st rong UV luminescence and a very

weak DL E are observed in all samples. But ,t he op2
tical p roperties of sample C is also not improved

with increasing t he t hickness because t he biggest

FW HM of NB E. Moreover ,t he red shif t of t he UV

emission peak is also consistent wit h t he SPM re2
sult s. It is demonst rated t hat it is still difficult to

grow t hick ZnO films wit h a bet ter crystal st ruc2
t ure and bet ter optical p roperties in our experiment

range.
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厚度对 Si 衬底上生长的 ZnO 薄膜性能的影响

沈文娟 　王 　俊 　段 　垚 　王启元 　曾一平

(中国科学院半导体研究所 材料中心 , 北京　100083)

摘要 : 采用金属有机化学气相沉积方法 ,在 Si (100)衬底上生长出具有高度 C轴择优取向的 ZnO 薄膜. 通过 X 射

线衍射、原子力显微镜和室温光致发光谱研究了厚度对 ZnO 薄膜的结构、表面和光学性能的影响 . X射线衍射图显

示 ZnO 薄膜只有单一的 (0002)峰 ,具有高度择优取向. A FM 和 PL 测试表明 ,在取样薄膜厚度范围内 ,薄膜的表面

质量和发光性能没有随着薄膜厚度的增加而提高. 这是因为薄膜在厚度增加的生长过程中 ,生长模型变化且晶粒

增大.
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