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Abstract Thin ZrO filmswere grown on silicon (111) /sapphire substrate via puked hser depositbn technique
and then sane of the san ples were treated w ih d ifferent rapid them al annealng (RTA) conditons such as annex
ling tan peraure ranging of 500 to 900 C and annealing anbience( nitogen and oxygen). Fmally these samp ks
R and photolm nes
cence ( PL), respectively Itwas obsewed that he quality and the grain size of thin ZrO filns ncreased after annex

were characterzed with X-ray diffracton ( XRD), X-ray photoelecton spectwscopy ( XPS),

Iing M oreovey at the sane bwer amealing ten perature the filns annealed under nitrogen an bience shoved better
qualities and few oxygen vacancies than those annealed under oxygen ambience The experi ent showed that the best
annealing tamperature under nimgen anbience was 900 C and the optmum annealing tanperature under oxygen

amb encewas 800 C. Furthemore as oxygen vacancies decreased stronger green photolum inescence w as de tected

possibly related to the contents of the oxygen vacancies
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1 Introduction

Zn0 is a wideband-gap (3 37 &) canpound
sem iconductor w ith a large excion bndng enewgy
(60meV), which has been consdered as the most
suitable materal for UV devices when canpared to
he themal energy (26 meV) of roan tempera

[1]
ture . M oreover

its excellent optoelectronic pro-
perties and high chem ical stability make it becane
one of themost pum singmaterials br optoelectionic
devices mncludng display devices UV-lght en it
ters transparent power electionic devices gas-sen-
shg sensors surface acousticwave ( SAW ) devices

. . 2 .
and p iezoelectric transdu-cers . Due to the nteres
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ting app licatbns the PL properties of ZnO need to
be studied horoughly and num erous researchers
have attempted to grov high crystallne ZnO filns de
posited on Siwafers However the larger latticem is
match between ZnO and Si substrates has built up a
challenge to fngh it Sane researdiers focused on
he mproveament of quality of the film by optm izing
the grow ing cond itions such as depositbn pressurg

depositbn ting substrate tenperature[ I and grow th
anbient On the otherhand the annealng tream ent
is an effectve technique to mprove crystallnity

which is usually adopted n the conventional furnace
annealng The aliernatve method is rapid themal

annealng This techn que facilitates the modeling of

Foundation itam: Projects supporied by National N atural Scien ce Foundation ( 50532070)
Biography 7ZHANG Xi bom in 1985 fanaly Shandong Province H erwork focuses on photolum nescence and structure of hin filns

E-mail zhangx 2071 maik gucas ac cn

#* : Comegponding Author E-mail yzenli@ yahoa can, Tel (010) 88256071



614

31

the strucure or the optical propertes by controlling
he heated tem perature n secondd . In order to i
vesteate the structure and bm inescence of Zn0, we
prepared the films with PLD and postannealed it
under d ifferent tem peratures and different anb iences

The results to the relatbnsh ps between the stmicture
and photolun inescence of the films and the annealing

tanperatures and ambiences are presented n this

paper
2 Experments

Thin ZnO filnswere grovn on silicon ( 111) /
sapphire substrate by PLD technigue Pulsed K
laserw as operated at a wavelengh of 248 nm and a
repetition rate of SHz The hser energy densitywas
250mJ/P The targetwas a ceran ic Zr) target (1-n
dianeter 99 9% purity). A substrate hoderwas
placed at 50 mm frm the target ZnO fimswere de
posited at substrate temperatures of 500 C for 30
min n the partial oxygen pressure of @ 13 Pa Ten
pieces of ZnO samples were cut fran the as-deposr
ted ZnO sample and was divided nto o groups

Then the ZnO samples were transferred to the
RTP-500 rapd themal predecessor and treated n
e ranges 0of 500 T to 900 C for 60 s n oxygen
and the other group n nitrogen ( both with a purity
0f99 9% and flux at2L. /mn) anbience respec
tvely During the annealing process the risng rate
of the tem perature was kept at 60 C /s

A 1l the samp les were investgated by XRD sys
ten (ModelM SAL-XD2 with CuKa of 1 540 6 nm
and a power of 30 kV X 30 mA). To further suudy
the effect of annealng anbience on the stucturg
selected sanpkswere analyzed by R and XPS In
add ition, optical properties of the selected filmswere
characterized by the PL. m easurements which were
carried out at roan tem perature using aH e-Cd laser
as a light source at an excitation wavelength of
325 nm.

3 Results and D iscussion

3 1 Annealing Tenperature
Fyg 1 and Fig 2 shov sXRD patterns of the as
deposited and RTA-treated thin ZnO filns in the 20

ranges of 30°~ 40° at different tan peraures and dif
ferent annealng anbence respectvely As can be
seen fran XRD pattern these films are all pure ZnO
fims with wurzite-type structure show ng ( 002)
peak The crystallite size of the samp les can be cal
cuhted using the folbw ng Scherrers equation D =
0 9N/Bcofl where A is the X-ray wavelength €
he diffraction angle and B the valie of fullwave at
halfm axum ( WHM ) in radians The FWHM, dif
fraction angk and grain size are illustrated n Table
L It can be noticed that there B a decrease of
FWHM mndicating the mprovement of quality and a
better ( 002) orientatbn through annealing in nitro-
gen anbience in temperature ranges of 500~ 900 C
and oxygen anbience n tenperature ranges of 500~
800 C. W e beleve that the mprovenent of crystak
Inity is due to the rearranganent of ZnO atamns n
the filn by the supply of sufficient themal energy
Furthemore, the crystallnily of the films increases
with the ncreasng postannealing temperature At
re latively high temperaure to sam e extenf atan s on

surface have enough kinetic energy so that they can

0, annealing Zn0(002)
900 °C

800 C

700 C

600 °C
500 °C

I/a. u.

Al
I\
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1 1 1 1

30 Ep) 34 36 38 40
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Fig.1 XRD patterns of MgZnO films deposited in different

temperature under 0. 13 Pa

. Zn0(002)
N annealing 900 C
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Fig.2  XRD patterns of thin ZnO films as-deposited and

annealed under nitrogen ambience
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Table 1 The estinated parameters for the structure of ZnO/Si thin fims at different annealing ambience and
tanperature
RTA N, anbience 0, ambence
tem pe rature FWHM /mm Gran size/mm 20/(°) FWHM /mm Grain size/nm 20/(°%)
Asdeposited 34 261 Q 318 25 84
500 C 34 380 Q0 294 27 96 3426 0. 309 26 60
600 C 34 400 Q0 291 28 26 34. 40 0. 316 26 02
700 C 34 580 Q 259 31 77 34. 52 0. 272 30 24
800 C 34 561 Q 248 33 17 34. 60 0. 233 35 31
900 C 34 701 Q 239 34 44 34 64 0. 245 33 59
move quickly to bwest energy sites and have better .
(a) as—deposited film
quality. M oreover at bw temperaures the filn an- (b) film annealed at
900 C under N, = a
nealed at N, anbience displays better quality han (c)film annealed at < b
. . . 900 °C under O,
hat n O, anbence at the sane temperaturg w hich ‘

is consistentw ih the fndings of Dae-Kue Hwang s
gloups[ﬂ. Moreover the filns amealed under oxygen
anbience show the best quality and the b ggest gran
size at 800 'C, which indicates that 800 C is the
optinum annealing temperature for the fim n this
work and this is consistent with M. Jungs re
search *. However the ciystal quality of thn ZnO /
Si fims m ght degenerate at annealing tem perature
900 C under oxygen ambiencg which coul be at
trbuted to the discrepancy beween ZnO and Sisub-
strate during annealng both the reciystallization
and the interdiffusbn beween ZnO layer and Si sub-
strate w ill be acce lerated "'

3 2 Annealing Ambience

To furher mvestigate the effect of annealing
anbience on the fims IR studes are carried out
Fr 3 shows the IR spectra of the films anneakd at
900 T in oxygen and nitrogen anbience respec
tvely.

Fi 3 shows that the asdeposited ZnO filns
conlains three absorption bands at approximalely
414 614 and 1 108 an” ', which are typically ZnO
absorption attrbuted to bendng vibration absorption
of ZnO bond

bon n Si crystal lattice and vibration absorption of

local vibratbon of substititbnal car
SO bond respective]ym. It can be noticed that
the absorption peak of Zn-O becames stionger after

annealing and the FWHM becanes narwer as clearly

1 L 1 1 L
405 420 435 450 465

olem™

I/a. u.

400 S(I)O 6(l)0 7(l)0 8(|)0 9(l)0 10100111001200

olem™
Fig 3 IR spectra of as-deposited and annealkd thin ZnO
fims The mset shovs the clear ZirO absorpton

peak

seen n transmittance spectra which concurs with
Zn0 absompton peak
shows a red shift afier annealing indicatng the de
crease of vbraton frequency ¥ As Vo< Sk /m,
where k is the constant of Zn-O chem ical bond and

XRD analysis M oreovet

mzdno
m =——— we can conclide that the decrease of
mz, +mo

ndicates less existence of Zn-O bond This may be
caused by the dissipatbn of oxygen fran the fim s
N o peaks related to nitrogen have been detected ir
dicating he nitrogen onl plays as protecting gas
W e sum ise that the ncrease of gran size is accan-
panied with the disspation of oxygen Due to the
oxygen ambience the disspation of oxygen & to
same extent inh bited the gran size is snaller han
that annealed under nitrogen n the sane temperature
To further analyze the changes of oxygen during
annealng under different cond itiong the XPS analy-
sis B perfomed to nvestigate he Ols core level

binding energy The bindng enegy was calibrated
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by takng catbon Cls peak (284 6 €V) as reference
InFig 4 the Ols can be fitted by wo peaks
centered at (530 £Q 15) & (0,) and (53L 9 £
Q 15) eV (0,). TheO; is atirbuted to O* jon on
he wurtzite structure of hexagonal Zn" on array
surrounded by Zn atans The O can be attrbuted to
he presence of oxygen deficient regbns within the
matrk of ZnO. A fter annealng the rato of O, /O,
decreased slightl, ndicatng a decrease n oxygen
Likew ise

after annealing indicatng more oxygen vacanc ks

. [8] L
vacancies . the ratb mncreases a lot
producing durng annealing under both anbience
which concurred with IR analys& Furthemorg
more oxygen vacancies exist m filn annealed under

oxygen than that annealed under nitrogen
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g Ols
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Fig 4 Ols peak fitted with o peaks for as-deposited and

annealed thin ZnO fins

3 3 PL of ZnO Filns Annealed at Different
Ambience
Asweknow, the origin of the green photohm r
nescence of the ZnO filns is alvays a controversy
Generall, the green emission is assumed to be
caused by different intrinsic defects n ZnO fi,

such as oxygen vacancy, znc vacancy and nterstr

9~ A < far as this questbn,  spectra of the

tial zinc
Zn0O w ith different concentration of oxygen vacanc es
are presented in Fi § which gves another evr
dence for the relationsh p betveen lun nescence and
oxygen vacancks As seen fran the Fig § the filn
annealed under nitrogen anbience shows weak blue
and green photom inescence peaks bcated at 468
m and 527 nm, respectwely while the filnm amr
nealed under oxygen ambience has stronger peaks
which may result fran the ncreasng oxygen vacarr
cies It could be wncluded hat the blue and green
pho tokm nescence is related to oxygen vacanc Bs .
Furthemore, he UV photolim inescence peaks
is close to the qualily of the film as the betterquality
Zn0 annealed under nitrogen shows stronger peak

han that annealed under oxygen amb ience

900 °C 0, annealing

= 900 C N, annealing
1 1 1 I

350 400 45 500 550 600
A/nm

1/a. u.

Fig 5 PL spectra of thin ZnO filns annealed at 900 C un-

der v o oxygen and nitrogen amb ence

4 Conclision

In simmarg hihly c-axisoriented thin ZnO
fimswere grovn on Si( 111) wafers by PLD with
post-them al annealing under different ambience
using RTP. RTP treaiment not only mpwved the
crystallinity of the film butalsom ade the oxygen dis
spale fiun he filn  ndicating more oxygen

vacancies Our experiment showed that the optinum
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temperature for annealng under oxygen anbience is n nitwgen anbience at the annealng temperature
800 C and the best annealing tem perature under nr 900 'C. Furthemore it is conchided that the green
trogen anbience is 900 C anong the range of 500~ photolun nescence has cbse relationshp wih oxy
900 C. In additbn, more oxygen vacancies are gen vacancies through our experin ents M ore experr

fomed n the filns annealed under oxygen than that ments are undemway to further nvestigate it
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