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Abstract MgZnO films with highly - axis orientation have been prepared on silicon ( 100) substates via he exct

mer laser PLD method The momphobgies stmuctures

canponents and optical properties have been systemically

characterized by SEM, XRD, XPS PL and absoip tion measuranents Ithas been bund the oxygen pressure p hys an

mportant wle n detem ning the stucture and optical properties of theM ¢ZnO film The film grovn at15 Paexhb its

a un que nanocrystal stucture with very hich optical quality Ithasbeen found that the UV en Eson peak & blue shift

about 86 meV w ih the oxygen pressure increaseing from 5 © 45 Pa due to the increased solbbility ofM g n M gZrO

fims As for the green en issions located betw een 500~ 600 nm, they can be atrbuted to the deep level an ission of

oxygen melated defects Ourwork will be of benefit o the further research to prepare epitaxial layer for grow ng ZrO

nanoarrays by PLD techn ijue
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1 Introduction

Zn0 is aw de band-gap sean conductorw ith m-
portant app lications n surface acousticwave ( SAW )
devices gas sensors piezoelectric device transpa-
rent conductve film, and ultraviolet (UV) light
an itting d bdes ( LED ). Energy band engineerng is
much demanded to further mpwve the photoelectrr
cal perbmances of ZnO. By alloyngw ithM gO (E,
~ 77 eV), MgZnO has wnable band gap and can
be used as barrier hyer n quantum wel] fom ing
Zn0 /(Mg Zn) O hetero-junctbn or superlattice
structures because of their closed lattice con-
stmts 7. Variousmethods forM g/n0 alloys prepa-
ratbn have been reported such as pulsed-laser

depositon (PLD), solgel electrophoresis metal
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organic chem ical vapor deposition (MOCVD), and
ultrasonic spray pyrolysis technijue Among these
techniques PLD has been widely used due to its
unique merits such as stoichtm etric deposition
high film quality and excellent substrate flex b ility
During PILD deposition gowth paran eters such as
substrate temperature enemy and frequency of pulsed
laser tamget to substrate d Btancg oxygen pressurg
and depositbn tm emust be carefilly adpsted to ob-
tain hgh quality fim. To daig the effects of the
growth conditbns on the stmuctures and optical pwo-
perties of ZnO filn have been carefully expbrt
ted ™", However relevantwork forM ¢/n0 filn is
rarely reported due to the mpleit opinbn thatMgZnO
film may have sin ilar grow th mechanisn of Zn0O.
Heren we report he growth ofM gZnO filns at
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different oxygen pressure by PLD method It has
been found that the M gZnO filns show very different
structural and optical properties fran that of ZnO

fims synthesized under he sane conditbns In con-
trast to ZnO filns regular blue-shift of the UV em is-

son peaks n PL spectra of M gZn0O fim s has been
observed while the oxygen pressure increases fran 5
to 45 Pa
M ¢ZnO filn may increase w ith the ncreasing oxygen

It is suggested the solbility ofMg n
pressure, thus leadng to the widenng of the
band gap

Furhemore we find that MgZnO fim cam-
posed of hexagonal nanocrystals can be fabricated by
ad psting the growth paran eters The nanocrystal
film shows mntense UV emission which makes it

antleal canddate for hgh-perfranance ZnO-based

photoe lectron ic dev ices

2 Experments

The mixed powder of ZnO (5N) and M0
(4N) with mole ratb of 97 1 is ground caleined
and sntered to fom M gZn0O target The Si (100)
substrates are ultrasonically cleaned n acetone and
ethanol at roan tem perature for 10 m i respectvely
and then dried by nitrogen gas flow before they are
put nio the deposition chanber The substrates are
placed parallel to the target at a distance of 48 mm.
A pulsed excmer laser (K, A= 248 mm, pulse
COM PexPro102) is used and the
frequency and power are ad usted to be S Hz and

duration 25 ns

160m] /pulse respectively The chanber is nitially
evacuated to 3x 10 ' Pa and hen the oxygen is n-
putand maintains at d ifferent pressure Both the tar
get and the substrate are wtated at a speed of 10 r

min | to ensure the unifom films The deposition
tme for all the films is 30 m n A series of M gZn0O
filns are deposited at a fxed substrate tem perature
of 650 C and a varied oxygen pressure of § 15

30, 45 Pa
filns have been also prepared at the same deposition
conditbns The stmcuires and morphologes of M gZnO
films have been investgated by X-ray diffraction
(XRD, Cu Kal radiation A= 0. 154 06 nm) and
field-effect scann ng election m troscopy ( FESEM,

respectvely.  As a camparison ZnO

Sirion 200),
troscopy ( XPS) measurements are perfomed by a
VGMKII instrument with A Ka (1 486 66 eV )
radiation The optical properties of the filns are
characterized by steady-state/lifetime
fiomm eter ( FLUOROLOG-3-TAU ).
ton spectra of M gZn0 filns aremeasured by an UV-
VISNIR spectrophotam eter (DUV-3700).

respectively X-ray photoelectron spec

spectio-
The absorp

3 Results and D iscussion

Fg 1 shows the XRD spectra ofM gZnO filns
deposited by PLD w ith oxygen pressure ranging fran
5 Pato 45 Pa It isworth noting that the ZnO ( 002)
diffracton peak is the danmnant peak n all the
diffracton patterns indicatng hewellc-axis growth
orientatbn of the MgZnO fimd"!. Fig 2 ( a)
depicts the relatbn of the lattice spacng d and the
fuillw dth at halfmaxmum (FWHM) of the ( 002)
diffractbn peak with the oxygen pressure It is noted
hat he lattice spacng for he ( 002) plane of the
MgZnO fins is much smaller than the standad
value of ZnO. The shrink of he M gZnO lattice is
lkely due to the snaller bn rad us ofMg2+ (~0Q 7
m) than that of Zn' ( Q 060 mm).
ndicate tllatMg2+ substitues successfully for Zn”"
ntoZn0 lattice Fran Fg 2(a), the FWHM of
(002) diffraction peaks mncreasew ith the increasing

These results

of oxygen pressurg which is opposite 1o the result

reported by Fa'”. I oder to evaluate the mean
ciyslallite size of he filns we adopte the Scherrer for

mulaD—ﬂ whereD, A 8 andB are themean

A
e
Il
Jl

p=45 Pa

I/a. u.

p=15 Pa

p=5Pa

20 50 60
20/(°)
Fig 1 XRD patierns of MgZnO filns deposited at different

oxygen pressure
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Fig 2 (a) The FWHM of (002) diffraction peaks and lat
tice spacing as the functon of oxygen pressurg (b)
The rehtinsh p of crystalsize and widening of band

gap with the oxygen pressure

crystallite sizg X-ray wavelength (Q 154 06 nm ),
Bragg diffraction angl, and the FWHM of the dif
fraction peak of ( 002) awund 34 66 respectiely.
W e obtain the mean crystallite sizes of 31 3 28 7,
27.5 and 26 7 mn correspondng to the oxygen
15, 30, and 45 Pa based on the
above fomuh A ccording to quantum confinement

pressure of §
theory, the band gap energy of a sen tonductor de
pends on the crystallite size For Zn0O,

75 885 1 902
g0 + e (r]mz) - d(mmy

N = E,— Ey,

where E,, d, E,, and AE are the band gap of the
crystallite filn, the crystallite sizg band-gap of the

E(&V)=E

bulk m aterial widened band gap respectively[ls].
Putting the crystallite size nto above fomula we
can get the rehton of ciystallite size with AE, as
shown mn Fig 2(b). It is noticed that the w idened
band gap increases about 19 meV when the oxygen
pressure ncreases fran 5 to 45 Pa

Fi 3 shows the typical SEM m ages of theM g-
Zn0 filns deposited at different experment condr

tons The thickness of theM gZn0O fim ism easured
to be ~ 270 nm fran the cross section view mage of
he film [ mset n Fg 3(d)]. Interestngly the
films deposited at 650 ‘C and 15 Pa possesses a very
the filn ismanl consisted
of a lage amount of hexagonal crystal grains with
size n the range of 50~ 200 m [Fi 3 (a b) |,

n conlrast to the relatve snooth surface of the filns
deposited at other conditions [ Fig 3(¢ d)]. Smnce
M gZn0 has the same wurtzite stucture of ZnO, the
hexagonal shape grans

unique stuclure i e,

mpl  the well c-axis
orientatbn of the fim These rod-lke crystal grans
grow vertical to the substrate and separated with
each other As we have known, most of the ZnO
nanostructures such as nanorods and nanobelis have
been synthesized by vapor-phase evaporation m ethod
with the ad of noble metals and it remans a had
task to grov M gZn0O nanostuctures by PLD m ethod

The prinary results shown here demonstrate that
PLD might be a potential method br high-quality
M gZn0 nanorods fabrication As campared w ith pre
vious reports this method has advantages in m any

such as bw-cost catalyst-free and high

o . [7~1013 1416 17
unifom 1ty[ !

respects

D L Rl L IS
Smwie may ADe2

Fig 3 SEM magesofMgZnO films deposited on silicon sub-
strate by PLD method (a) gravn at 650 C and 15
Pa (b) enhrged mage of (a); (¢) grown at400°C
and 15 Pa the mset & enlarged mage (d) grown at
650 C and 30 Pa the mset is he cross secton view
m age
Fr 4 shovs the XPS survey spectrum of the
M gZn0O fim prepared by PLD at 650 C with 15 Pa
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oxygen pressure The peaks n the spectum can be

ndexed o be Zn2p», Zn2pspn, Ols Cls Zn3s
7Zn3d the mnset
shows the enlaiged core level XPS spectrun for the

Zn3pip, respectively M oreover
M @2p, peak Fran the spectrum the atam ic ratio
ofMg Zn:O is estinated tobe Q 1311 1 4 by using
the corresponding sensitivity factors of M @2ps» Q 12
Zn2p;n 4 8§ and Ols Q 66 The lage content of
oxygen ndicates that oxygen & rich n the M gZn0O
fim This result & different fran that reported by
Wei™, nwhose report the ratio ofO to Zn is about
Q 61 and oxygen ® deficient

40 45 50 55 60 65 =
Binding energy/eV

Zn2py,
Zn2p,,

Ia. u.

I/a. u.

1 1 1 1 | 1 1
=200 0 200 400 600 800 1000 1200 1400
Binding energy/eV

Fig 4 XPS spectrun of M gZnO film prepared by PLD at
650 'C and 15 Pa
Fg 5(a) depicts the roan temperature PL

spectra 0fM gZn0 filns deposited n different oxygen
pressures at he sane substrate temperature of 650
C. TheUV en ission peaks of theM ¢ZnO are loca
ted at 356~ 365 nm, which is obviously shorter han
hat of pure ZnO ( ~ 375 nm) and is n agreement
wih the anticipaton that the incorporation ofM g into
Zn0 should lead to he ncrease of band gap Fur
it is found that the UV emission of the
sanple prepared at 15 Pa & much stoonger han other

themorg

samp les and on the contrary iis visble an Bsion is
the weakest which exhibits the highly optical pwo-
perties of this sanple The intense emissbn of the
15 Pa sample can be atirbuted to is unique struc
turg i e, the fim is canposed of a large nunber
of M ¢Zn0 nanorods whereas the other samples have
gnooth surface It is known the nanosizes of the
nanorods can cause the confnement of the excitions
and hus ncrease the probability of recanb nation

leadng to the w dening of band-edge em ission. On

he other hand we note that the peak positbn of the

UV enission strongly dependents on the oxygen pres
sure, which shifts toward shorter wavelength as the
oxygen pressure increases fom 5 Pa to 45 Pa | nset
n Fig 5(a)].
of the ZnO filn's prepared at different oxygen pres
sure do not show obvious shifi [ Fig 5(b)]. Our

resu lts prove that the effect of the grow th cond itions

In contrast the UV em ission peaks

on the optical poperties oM gZn0 filns are very dif
ferent fran that of ZnO filns and thus highlght the
mportance of the systam ic study on the filns growth
and properties of M gZn0O. Our result is opposite to
the previous report by Fan'”, who has observed
that the UV peak is red-shifted at higher oxygen
pressure W e ascrbe this conflict to the difference of
the change n growth method In their experment
pure Zn target nstead of ZnO is used and the laser
source is Nd-YAG hser then ZnO film is fomed via
an oxiation process Therefore, the crystal size of
Zn0 may ncrease with the ncreasng of oxygen
pressure which results in the red-shift of the UV
em issbn peak

Besiles the P spectra the shift of theUV peaks
for theM gZnO filns at different oxygen pressure is

——p=5Pa « 366
@ 5 Pat 02
4 7=—p=30 Pa_ 358}
] ~p=APas g5
[ o4 NI
= & 4‘/ Oxygen pressure/Pa|
& yys
= 74 ,a'/f\'\
W e
1 1 1 1 1 1
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A/nm
(b) ——p=6.0 Pa
’A —‘—g:lﬁ Pa
42 —p=30 Pa
AL +p=500 P.
+ —p=1000
= A
& ‘e
= <34
<<

1

1 1 1
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Fig 5 PL spectraofM ¢ZnO fims ( a) and ZnO filns (b)
deposited n different oxygen pressures at 650 C.

L
600 650

The nset n (a) illustrates the rehtion of UV emis

sbn position w ih the oxygen pressure
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also confim ed by the absoiptbn measuranents as
shown n Fig 6 Fmm the a’ vs photon enewgy
curves it is seen the absorption edges obvously shift
to the hich energy direction while the oxygen pres
sure ncreases fran 5 045 Pa It is noticed that the
result for 15 Pa sanple has little deviaton fran the
tendency W e contrbute this devatbn to the expert
ment maccuracy and special samples A s we have
known filns on quartz substrates are needed to per
Hm the absorpton measurements the change n
substratem ay result n the anall difference w ith the
filns on silicon substrates A nyway, the approxmate
tendency of the blie-shift for the absorption edges
still can be deduced fiom the absorption spectra We
note that the b ie-shift of he UV emisson isusually
a result of the ncreasedM g content nM gZn0O filn s

as that has been observed by Ohomo ' and Shama ™.

Absorbance (a?)

1 1
34 35 3.6 3.7
Photon energy/eV

Fig 6 Absorpton wefficienta’® of theM ¢Zn0O filns depost

ted w ih different oxygen pressure vs photon energy

A lthough the underlyng reason for the ble
shift of heUV em issbn n the opticalm easuremen ts
is notvery clear a possible mechanisn & proposed
to ntempret this phenanenon based on the experr
ment resulis The band-gap bwadenng caused by
he quantum confnenent effectm ght be responsible
for the blie-shift snce the crystal size in theM gZn0O
filns ncreases w ith the increasing of oxygen pressure
(Fg 2b). Hovever the ncrease of the band gap
is only about 19 meV as the pressure changes fium 5
045 Pa This value is far snaller than the 86 meV
deduced fran the PL spectra ndicating the change
n the crystal size coul notbe the prinary reason for
he blue-shift observed nM gZnO films On the other
hand, we note that no visble blie-shift is observed
for the ZnO sanple prepared at the sane cond itions

The blue-shift occurs only in the MgZnO fims
Thereforg¢ it & reasonable to assumne thatMg2+ n
M gZnO fim plays an mportant role in nducing the
blue-shift of the UV em ission W e suggest he sohr
bility of the M g atan m ay ncrease at higher oxygen
leading to the broade
ning of the band gap Indeed opposite result of red-
shift of the absorpton edge forM gZnO filns can be
observed when theM g content inM gZnO filns has
been reduced by annealing the films n oxygen at
mosphelreI 2

A's for the viible emission of the M gZnO filns
betv een 500~ 600 mm,

are fve ntrinsic defects in ZnO fin nclud ng zinc

pressure, and subsequently

it is well known that there

vacancy Vz, oxygen vacancy Vo, mierstithl zinc

Zn, nterstitial oxygen O, and antisite oxygen
[22]
OZn

Vo and the Zn; decreasew ith increasing oxygen pres

. Durng deposition the concentratbn of the

sure while the concentratbn of he V4, O; and Oy,
ncrease with ncreasing oxygen pressureml. The
deep level (DL) em Bsion peaks bcated at 594 nm
(208 &), 5251m (2 36 eV), 565 mm (2 19
V) and562mm (2 21 &) n Fig5 (a) are cor
15 30 Pa and
45 Pg respectively The energy levels of the mtrinsic
defects n ZnO filns have been carefully calahted n
Bl A ccordingly, the DL peaks n
our work can be assigned to the defect em issbn fran

Oi and Ozn.

4 Conclision

M ¢ZnO films have been successfully prepared
on silicon ( 100)

PLD method The nfluence of oxygen pressure on

respond ng o oxygen pressure of §

. [ 11
prev bus w orks

substrates by the excmer laser

the stmcture and optical poperties of theM gZn0O has
been studied Ithas been found the film gown at 15
Pa and 650 C exh bits a unique struciure, i e, the
filn is canposed of a large number of rod-like hexa
gonal grans n contrast to the smooth filns formed
at oher conditons M oreover the nanocrystal filn
has a hgh optical quality w ith a strongUV em ission
and a weak visble an ission The UV peak shifis
fran 3. 397 to 3 483 €V for theM gZnO as the oxy-

gen pressure ncreases fran 5 to 45 Pa whereas no
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viible shift can be observed in ZnO filn s prepared sureaments n which the sinilar tendency of absorp
at the same conditbns The blue-shift of the UV ton edges has been observed As to the green en is
peaks is attrbuted to the ncreased solbility ofM g sons ofM gZn0O located betw een 500~ 600 nm, they
nMgZnO fim s at higher oxygen pressure This phe can be assigned to be the defect eamission fran O;

nanenon is also confim ed by the absorptbn mea and Oz, at an oxygen rich growth cond ition.
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