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Abstract: MgZnO films w ith h ighly c ax is or ientation have been prepared on silicon ( 100) substra tes v ia the exc i

m er lase r PLD m ethod. The m orpho log ies, structures, com ponents, and optica l prope rties have been sy stem ica lly

characterized by SEM, XRD, XPS, PL and absorp tion measurem en ts. It has been found the oxygen pressure p lays an

im po rtant ro le in de term ining the structure and optica l properties of theM gZnO film. The film grow n a t 15 Pa exhib its

a un ique nanocrystal structure w ith very h igh optica l qua lity. It has been found that theUV em ission peak is blue sh ift

about 86 m eV w ith the oxygen pressure increase ing from 5 to 45 Pa due to the increased so lub ility o fM g in MgZnO

film s. A s for the green em issions located be tw een 500~ 600 nm, they can be a ttr ibu ted to the deep level em ission o f

oxygen re lated defects. Ourw ork w ill be o f benefit to the further research to prepare epitax ial laye r for grow ing ZnO

nanoarray s by PLD techn ique.
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1 Introduction

ZnO is a w ide band gap sem iconductorw ith im

portant app lications in surface acoust icw ave ( SAW )

dev ices, gas sensors, p iezoe lectric dev ice, transpa

ren t conduct ive film, and u ltrav iolet ( UV ) light

em itting d iodes ( LED ). Energy band engineering is

much demanded to further improve the pho toelectri

ca l perfo rmances of ZnO. By alloy ingw ithM gO (E g

~ 7. 7 eV ), M gZnO has tunab le band gap and can

be used as barrier layer in quantum wel,l form ing

ZnO /(M g, Zn ) O hetero junct ion or superlattice

structures because o f their closed latt ice con

stan ts
[ 1~ 6]
. V ariousmethods forM gZnO alloys prepa

rat ion have been reported, such as pulsed laser

deposition ( PLD ) , so l ge,l e lectrophoresis, meta l

organic chem ical vapor deposition (MOCVD ), and

ultrasonic spray pyro lysis techn ique. Among these

techniques, PLD has been w ide ly used due to its

unique merits such as sto ich iom etric deposition,

high film qua lity, and excellent substrate flex ib ility.

During PLD deposition, g row th param eters such as

substrate temperature, energy and frequency of pulsed

laser, target to substrate d istance, oxygen pressure,

and deposit ion tim emust be care fu lly adjusted to ob

tain h igh quality f ilm. To date, the effects o f the

grow th cond it ions on the structures and optica l pro

perties o f ZnO film have been carefully exp lo i

ted
[ 7~ 13]

. How ever, relevantw ork forM gZnO film is

rarely reported due to the mi plic it opinion thatMgZnO

film may have sim ilar grow th mechan ism o f ZnO.

Here in, w e report the grow th ofM gZnO film s a t
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different oxygen pressure by PLD m ethod. It has

been found that theM gZnO film s show very d ifferent

structura l and optica l properties from that of ZnO

film s synthesized under the same conditions. In con

trast to ZnO film s, regular blue sh ift o f theUV em is

sion peaks in PL spectra of M gZnO film s has been

observed wh ile the oxygen pressure increases from 5

to 45 Pa. It is suggested the so lub ility o f M g in

M gZnO film may increase w ith the increasing oxygen

pressure, thus lead ing to the w iden ing o f the

band gap.

Furthermore, w e find that M gZnO film com

posed of hexagonal nanocrystals can be fabricated by

ad justing the grow th param eters. The nanocrysta l

film show s in tense UV em ission, wh ich makes it

an idea l cand idate for h igh perfromance ZnO based

photoe lectron ic dev ices.

2 Experiments

The m ixed powder of ZnO ( 5N ) and M gO

( 4N) w ith mo le ratio of 9 1 is ground, calc ined,

and sintered to fo rm M gZnO targe.t The Si ( 100 )

substrates are ultrason ica lly cleaned in acetone and

ethanol at room temperature for 10m in, respectively,

and then dried by nitrogen gas flow befo re they are

put into the deposition chamber. The substrates are

placed parallel to the target at a distance of 48mm.

A pulsed excim er laser ( KrF, = 248 nm, pulse

duration 25 ns, COMPexPro102) is used and the

frequency and pow er are ad justed to be 5 H z and

160mJ /pu lse, respect ively. The chamber is in itially

evacuated to 3  10- 4 Pa, and then the oxygen is in

put andmainta ins at d ifferent pressure. Bo th the tar

ge t and the substrate are rotated at a speed o f 10 r!

m in
- 1
to ensure the un iform film s. The deposition

time for all the film s is 30 m in. A series ofM gZnO

film s are deposited at a fixed substrate temperature

of 650 ∀ and a varied oxygen pressure of 5, 15,

30, 45 Pa, respective ly. As a comparison, ZnO

film s have been also prepared at the same deposition

conditions. The structures and morpho log ies ofMgZnO

film s have been investigated by X ray diffraction

( XRD, Cu K 1 rad iation, = 0. 154 06 nm ) and

field effect scann ing electron m icroscopy ( FESEM,

S irion 200), respective ly. X ray pho toe lectron spec

troscopy ( XPS) measuremen ts are perform ed by a

VG MK II instrument w ith A lK ( 1 486. 66 eV )

radiation. The optica l properties o f the film s are

characterized by steady state / lifetime spectro

fluorom eter ( FLUOROLOG 3 TAU ). The absorp

t ion spectra ofM gZnO film s aremeasured by anUV

V ISN IR spectrophotometer ( DUV 3700) .

3 Results and D iscussion

F ig. 1 show s the XRD spectra o fM gZnO film s

deposited by PLD w ith oxygen pressure ranging from

5 Pa to 45 Pa. It isw orth not ing that the ZnO ( 002)

diffraction peak is the dom inant peak in a ll the

diffraction patterns, indicating thew e llc ax is grow th

orientat ion of the M gZnO film s
[ 14 ]
. F ig. 2 ( a )

dep icts the relat ion o f the lattice spacing d and the

fu llw idth at halfmax imum ( FWHM ) o f the ( 002)

diffraction peak w ith the oxygen pressure. It is no ted

that the lattice spacing for the ( 002) plane of the

M gZnO film s is much smaller than the standard

value of ZnO. The shrink o f the M gZnO lattice is

like ly due to the sma ller ion rad ius ofMg
2+
( ~ 0. 057

nm ) than that of Zn
2+
( 0. 060 nm ). These results

indicate that M g
2+
substitues successfu lly for Zn

2+

into ZnO latt ice. From F ig. 2 ( a ), the FWHM o f

( 002) diffraction peaks increasew ith the increasing

of oxygen pressure, wh ich is opposite to the result

reported by Fan
[ 12]
. In order to evaluate the mean

crysta llite size of the film s, we adopte the Scherrer for

mulaD =
0. 9

B cos 
, whereD, ,  , andB are themean

F ig. 1 XRD pa tterns o f MgZnO film s deposited at d ifferent

oxygen pressure
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F ig. 2 ( a) The FWHM of ( 002) diffraction peaks and lat

tice spac ing as the function o f oxygen pressure; ( b)

The re la tionsh ip of crysta l s ize and w idening of band

gap w ith the oxygen pressure.

crysta llite size, X ray w ave length ( 0. 154 06 nm ),

B ragg diffraction ang le, and the FWHM of the d if

fraction peak of ( 002) around 34. 66∃, respect ively.

W e ob tain the mean crystallite sizes of 31. 3, 28. 7,

27. 5, and 26. 7 nm co rrespond ing to the oxygen

pressure of 5, 15, 30, and 45 Pa based on the

above formu la. A ccord ing to quantum confinement

theory, the band gap energy o f a sem iconductor de

pends on the crystallite size. For ZnO,

E g ( eV ) % Eg0 +
75. 885

d
2
(nm

2
)
-
1. 902
d ( nm )

,

!E = E g - Eg0,

where Eg, d, Eg0, and !E are the band gap o f the

crysta llite film, the crysta llite size, band gap o f the

bulkm ateria,l w idened band gap, respectively
[ 15]
.

Putting the crystallite size into above formu la, w e

can get the re la tion of crystallite size w ith !E, as

shown in F ig. 2( b) . It is no ticed that the w idened

band gap increases about 19 meV when the oxygen

pressure increases from 5 to 45 Pa.

F ig. 3 show s the typical SEM im ages o f theM g

ZnO film s deposited at different experiment condi

t ions. The thickness of theM gZnO film ism easured

to be ~ 270 nm from the cross section v iew image o f

the film [ inset in F ig. 3 ( d) ] . Interest ing ly, the

film s deposited at 650 ∀ and 15 Pa possesses a very

unique structure, i. e. , the film is ma in ly consisted

of a large amount of hexagona l crysta l grains w ith

size in the range of 50~ 200 nm [ F ig. 3 ( a, b) ],

in con trast to the relat ive smooth surface of the film s

deposited at other conditions [ F ig. 3( c, d) ]. S ince

M gZnO has the same wurtzite structure o f ZnO, the

hexagona l shape grains imp ly the w ell c ax is

orientat ion of the film. These rod like crystal gra ins

grow vertica l to the substrate and separated w ith

each other. As w e have known, most o f the ZnO

nanostructures such as nanorods and nanobelts have

been synthesized by vapor phase evapo rationm ethod

w ith the a id of noble m etals, and it rema ins a hard

task to grow M gZnO nanostructures by PLD method.

The primary results shown here demonstrate tha t

PLD m igh t be a po tentia l method fo r h igh qua lity

M gZnO nanorods fabrication. As compared w ith pre

vious reports, th is method has advantages in m any

respects, such as low cos,t catalyst free and high

uniform ity
[ 7~ 10, 13, 14, 16, 17]

.

F ig. 3 SEM im ages o fMgZnO film s depo sited on silicon sub

strate by PLD me thod: ( a) grow n at 650 ∀ and 15

Pa; ( b) en larged im age o f ( a); ( c) grown at 400 ∀

and 15 Pa, the inse t is enlarged im age; ( d) grown at

650 ∀ and 30 Pa, the inset is the cross section v iew

im age.

F ig. 4 show s the XPS survey spectrum o f the

M gZnO film prepared by PLD at 650 ∀ w ith 15 Pa
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oxygen pressure. The peaks in the spectrum can be

indexed to be Zn2p1 /2, Zn2p3 /2, O1s, C1s, Zn3s,

Zn3p1 /2, Zn3d, respectively. M oreover, the inset

show s the en larged core level XPS spectrum for the

M g2p3 /2 peak. From the spectrum, the atom ic ratio

ofM g Zn O is est imated to be 0. 13 1 1. 4 by using

the corresponding sensitivity factors ofM g2p3/2 0. 12,

Zn2p3 /2 4. 8, and O1s 0. 66. The large content o f

oxygen indicates that oxygen is r ich in the M gZnO

film. Th is resu lt is d ifferent from that reported by

W e i
[ 18]
, in w hose report the ratio o fO to Zn is about

0. 61 and oxygen is def ic ien.t

F ig. 4 XPS spectrum o f M gZnO film prepared by PLD at

650 ∀ and 15 Pa

F ig. 5 ( a ) depicts the room temperature PL

spectra o fM gZnO film s deposited in different oxygen

pressures at the same substrate temperature of 650

∀ . TheUV em ission peaks o f theM gZnO are loca

ted at 356~ 365 nm, wh ich is obv iously shorter than

that of pure ZnO ( ~ 375 nm ) and is in ag reement

w ith the ant icipat ion that the incorporation ofM g into

ZnO shou ld lead to the increase of band gap. Fur

thermore, it is found that the UV em ission o f the

sample prepared at 15 Pa is much stronger than other

samp les, and on the contrary its v isib le em ission is

the w eakes,t wh ich exhibits the high ly opt ical pro

perties of this samp le. The intense em ission of the

15 Pa sample can be attributed to its un ique struc

ture, i. e. , the f ilm is composed of a large number

ofM gZnO nanorods, w hereas the o ther samples have

smooth surface. It is known the nanosizes of the

nanorods can cause the confinement o f the exc itions

and thus increase the probability of recomb ination,

leading to the w idening o f band edge em ission. On

the other hand, w e no te that the peak posit ion o f the

UV em ission strongly dependents on the oxygen pres

sure, w hich sh ifts tow ard shorter w avelength as the

oxygen pressure increases from 5 Pa to 45 Pa [ inse t

in F ig. 5( a) ] . In contras,t the UV em ission peaks

of the ZnO film s prepared at d ifferent oxygen pres

sure do not show obv ious shift [ F ig. 5 ( b) ] . Our

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

on the optical properties o fM gZnO film s are very dif

ferent from that of ZnO film s and thus high light the

importance o f the system ic study on the film s grow th

and properties of M gZnO. Our resu lt is opposite to

the prev ious report by Fan
[ 12]
, w ho has observed

that the UV peak is red sh ifted at higher oxygen

pressure. W e ascribe this conflict to the difference o f

the change in grow th method. In the ir experimen,t

pure Zn target instead of ZnO is used and the laser

source is NdYAG laser, then ZnO film is fo rmed via

an ox idation process. Therefore, the crysta l size o f

ZnO may increase w ith the increasing of oxygen

pressure wh ich resu lts in the red sh ift of the UV

em ission peak.

Besides the PL spectra, the sh ift of theUV peaks

for theM gZnO film s at d ifferent oxygen p ressure is

F ig. 5 PL spec tra o fM gZnO film s ( a) and ZnO film s ( b)

depos ited in d ifferent oxygen pressures a t 650 ∀ .

The inse t in ( a) illustra tes the re la tion of UV em is

sion position w ith the oxygen pressu re.
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also confirm ed by the abso rpt ion measurements, as

shown in F ig. 6. From the
2
vs photon energy

curves it is seen the absorption edges obv iously shift

to the h igh energy direction w hile the oxygen pres

sure increases from 5 to 45 Pa. It is no ticed that the

resu lt for 15 Pa samp le has litt le dev iation from the

tendency. W e contr ibute this dev iat ion to the experi

ment inaccuracy and special samples. A s w e have

known, film s on quartz substrates are needed to per

fo rm the absorpt ion measurements; the change in

substratem ay resu lt in the sma ll d ifference w ith the

film s on silicon substrates. A nyw ay, the approx imate

tendency of the b lue sh ift for the absorption edges

st ill can be deduced from the absorption spectra. W e

note that the b lue shift of theUV em ission is usually

a resu lt o f the increasedM g content inM gZnO film s,

as that has been observed by Ohotmo
[ 19]
and Sharma

[20]
.

F ig. 6 Absorption coefficient 2 o f theM gZnO film s depos i

ted w ith d ifferent oxygen pressure vs photon energy

A lthough the underly ing reason for the b lue

sh ift of theUV em ission in the opticalmeasuremen ts

is no t very clear, a possible mechanism is proposed

to in terpret this phenomenon based on the experi

ment resu lts: The band gap broaden ing caused by

the quantum conf inement effectm ight be responsible

for the b lue shift since the crystal size in theM gZnO

film s increases w ith the increasing of oxygen pressure

( F ig. 2b). How ever, the increase of the band gap

is only about 19 meV as the pressure changes from 5

to 45 Pa. Th is value is far smaller than the 86meV

deduced from the PL spectra, indicating the change

in the crystal size cou ld not be the primary reason for

the blue shift observed inM gZnO film s. On the o ther

hand, w e note that no visib le b lue sh ift is observed

for the ZnO sample prepared at the same cond itions.

The blue sh ift occurs only in the M gZnO film s.

Therefore, it is reasonab le to assum e that M g
2+
in

M gZnO film p lays an important ro le in inducing the

blue shift o f theUV em ission. W e suggest the so lu

b ility o f theM g atom m ay increase at higher oxygen

pressure, and subsequently, leading to the broade

n ing o f the band gap. Indeed, opposite resu lt o f red

sh ift of the absorpt ion edge forM gZnO film s can be

observed when theM g content inM gZnO film s has

been reduced by annea ling the film s in oxygen at

mosphere
[ 21]
.

A s for the v isible em ission of theM gZnO film s

betw een 500~ 600 nm, it is w ell known that there

are five intrinsic defects in ZnO film includ ing zinc

vacancy VZn, oxygen vacancy VO, interstit ia l zinc

Zn i, interstit ial oxygen O i, and antisite oxygen

OZn
[ 22]
. During deposition, the concentration o f the

VO and the Zn i decreasew ith increasing oxygen pres

sure w hile the concentra tion o f the V Zn, O i and OZn

increase w ith increasing oxygen pressure
[ 12]
. The

deep leve l ( DL) em ission peaks located at 594 nm

( 2. 08 eV ) , 525 nm ( 2. 36 eV ) , 565 nm ( 2. 19

eV ) and 562 nm ( 2. 21 eV ) in Fig. 5 ( a) are cor

respond ing to oxygen pressure of 5, 15, 30 Pa and

45 Pa, respective ly. The energy levels of the intrinsic

defects in ZnO film s have been carefully ca lcu lated in

prev ious w orks
[ 11, 12 ]

. A ccording ly, the DL peaks in

our work can be assigned to the defect em ission from

O i and OZn.

4 Conclusion

M gZnO film s have been successfully prepared

on silicon ( 100 ) substrates by the exc imer laser

PLD method. The influence o f oxygen pressure on

the structure and optical properties o f theM gZnO has

been stud ied. It has been found the film g rown at 15

Pa and 650 ∀ exh ib its a unique structure, i. e. , the

film is composed o f a large number o f rod like hexa

gona l gra ins, in contrast to the smooth film s formed

at o ther conditions. M oreover, the nanocrystal film

has a h igh opt ica l quality w ith a strongUV em ission

and a w eak v isib le em ission. The UV peak shifts

from 3. 397 to 3. 483 eV for theM gZnO as the oxy

gen pressure increases from 5 to 45 Pa, whereas no
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v isible shift can be observed in ZnO film s prepared

at the same condit ions. The blue sh ift o f the UV

peaks is attributed to the increased so lubility o fM g

inM gZnO film s at higher oxygen pressure. This phe

nomenon is also confirm ed by the absorption mea

suremen ts, in wh ich the sim ilar tendency of absorp

t ion edges has been observed. As to the g reen em is

sions ofM gZnO located betw een 500~ 600 nm, they

can be assigned to be the defect em ission from O i

and OZn at an oxygen r ich g row th cond ition.
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氧气压强对 PLD制备MgZnO薄膜光学性质的影响
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( 1. 合肥工业大学 电子科学与应用物理学院, 安徽 合肥 230009; 2. 中国科学技术大学物理系, 安徽合肥 230026 )

摘要: 使用准分子脉冲激光沉积 ( PLD )方法在 S i( 100)基片上制备了高度 c轴取向的 M gZnO薄膜。分别使

用 SEM、XRD、XPS、PL谱和吸收谱表征了薄膜的形貌、结构、成分和光学性质。实验发现氧气压强对 MgZnO

薄膜的结构和光学性质有重要影响。当氧气压强由 5 Pa增大到 45 Pa时, 薄膜的 PL谱紫外峰蓝移了 86

m eV, 表明氧气压强的增大提高了 M gZnO薄膜中 M g的溶解度。在 15 Pa氧气压强下制备的薄膜显示了独特、

均匀的六角纳米柱状结构, 其 PL谱展示了优异的发光特性,具有比其他制备条件下超强的紫外发射和微弱

的可见发光。 500~ 600 nm范围内的绿光发射, 我们讨论其机理可能源于深能级中与氧相关的缺陷。使用

PLD得到纳米柱状结构表明: 优化制备条件, 可望使用 PLD制备 ZnO纳米阵列的外延衬底 ;可使用 PLD技术

开发基于 ZnO纳米结构的高效发光器件。
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