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The study of UV emission in ZnO thin films fabricated by Pulsed Laser
Deposition
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Abstract
ZnO thin films on (001) sapphire substrates have been deposited by pulsed laser deposition
technique using a Nd'YAG laser with the wavelength of 355 nm. In order to investigate the
effect of the deposition conditions on the properties of ZnO thin films at an oxygen pressure of
350 mTorr, the experiment has been performed at various substrate temperatures in the range
of 200C to 700C. According to XRD, (002) textured ZnO films of high crystalline quality have
been obtained and the intensity of UV emission was the highest at 400C substrate temperature.

Key words (52%80{) : Znc Oxide(ttstoled) | n-type semiconductor (n & BT A|),
PhotoLuminescence (22 |, Emission (%&), stoichiometry (=
H|), X-Ray Diffractometry, Van der Pauw Hall measurement, native

defect
1.4 = 49 F&e] 7lestd [10] "2 #ola &3
He g AdRE AR i 58 FF

ZnO= %“o”é A &Rl E(Wurzite) AT
g Al 7EAI B gl A g %
34 =} %7‘%% 2 ARGy, & 45‘74]

2 Atk ZnO wehe dHAEMAFA, %EJ}E,

£ 8 '3 gith. ZnO¥ quartz®  corning
glass, Si%9 719l FHFHA7= A7 4
Holt} [12]. Quartz$®t corning glass9o) 3 F
AZL ZnO Wehe) A Sole @R GASIE Z ¢

>i§i S

TFEAEAM, BF ToloE, #HolA tho]lex A gowm= oy e)4er uute] Apo] oYt}
T 2 o8t wie ottt [1-3]1 ZnO® - oole M RS YA SWHATERS ;;(L
wEatE dAAReR F WS X AL L ug) mosn geg oga8s wore)
GaN$} oj§ vl EA8 z2tu ot GaNe NS o8 SWHATZE ZH= (001) Abm}ol
b vE vz AHFN=Ho)7] HEd 3

o] 71#-& AbgslETt [12] HEE S A4FE
RE go] - AFAE e e FUside
o, dFg=gdstA AU B AFdME
PLD%*% o] &3] 350 mTorrd] AbAgtstell A
=]
&

4e =g E3 A BAddey %%iz}i

ol&5 1 gled, ZnOE

Yy w2 UV 233 green, yellowo—4

w3g ok [456] ZnO S FAs= Wy

02y AFEFE, F3F7F3, MBE, RF =t
A

I

geo]x toje= Fo UV 234

Az AL o]8 L8 EAHO Ao 7 3-8
adee At @A Ao eRese 3 M 182 SHoR ARs UV w3
) dosle £EE Fohhrh
el Ak [789] B #HeolA FHEE W&
Fhemyse nan & 7] BagdA

2



21 Ag wy

ZnO #ahs sty g8 2 JEA
Ao ZHgEn e g2 oA FAHE AL
L3l & dge] A& 7\]’\5““*1 AW
HEPEE ALgstd 27]1AFL 10° Torr7tA
nEYem 1 ecm X 1 cm H71E ZHE (00D
vjgke] Absholo](ALOs) 71 RS BH E) A5
A48tk slHE 900C shEel sted Ad
714 3lHE AHgsdd Boze Agdy
ZnO (A7 1 A, «X 99999%)S Al&315
th NdYAG ¥ dolAE 355 nm & #F&
gton] HA NHAMLE 6ns 2 HHEE 5 Hz
2 g dste g AU Tt 8
o)x Pt AE5Ho 2 EHAY 2L W =
AEEE 7] $8te B EYE B9 234
A A" staT [11] A9t 22 $3 Al=dd

A AatE 350 mTorrZ2 IAAZ] A o)A
718 25E 200ColA 700C7HA] WH3AAH F
WA HEE Fted, dAZT EH 7RG A Y
HH o F3& z20& Fopudo. $d gy
FA 24L& 98] 2 MeV He'& A&3l=

RBS(Rutherford backscattering spectroscopy)E
Abg-stgich wtete] FEEAH 2AE YA A
204 351 nm 9 #HFEL Zor 100 mWY
388 ZE  Ar  ion  laser®g AR E
PL(PhotoLuminescence) 2 &AslH o, ¥ty =
Z F EAHY TE ARSI B2 AL
W 3} of] = E4E Lk iR

22 49 &:
221 HE&EE

A2t 350 mTorr® LAAZ Aejol A 7]
#e] =g WMHAIIY Zn0O e FFAA
el £AT RBSE 53t ex9
of uwtgt wture) HALHEIE FrbsheE B
S JeEuch vlse] £x= 200ToA 60
T2 WA A 2xd didt 4FE 1339
2% 19 vhehd wpel Zo) ZnO ubube) A
EE 7199 239 Ftd we F3E F
vehdigich Awexe webg g gl
Fe 2HAE 4S%E F gt ARR A E
350 mTorr2 AR AHAA 7H2%
F7he BRAA oldEg A A2EAE 7
119 v&2 ZAFsr]e "8 ouAE

]
R

a

S oox ok $ l‘_\i
to o mu l?L )

N2l o oo O

do A P2 FE£3 AT, wts 3
AEE ZnO 9oyl 24L& m2d A 24zt
zZ 24 "4 & Hi 7]-‘&%5% F7tNZ 7
£ @Ay F 2 A8 FH9 A9
26
— —o-- & 350 mlor
) o
1 N
£ 22 BN
. o
§ ol /
%, 18] /
‘
164 /
[}
1"1 T T T T T
20 20 0 50 &0
Temperaure
a9 1. 44% 350 mTorr, 7|82 %
200C~600TCAAMY 28

% wee &3
A e

PLD¥ & A}%s}oq FHAZ 700 et

A =
ko] 2% 3l Lﬂr\—F’_— XRD A#st ¥ 24
B} itk XRDATe) 2w B AgeA

a7l wbere
Alzo:; peak ‘_]-o]

3
AgesdNE AR $5%

AANA Hol FHALEIE F719]

22

A g glok (13) opd e =

2}
=& 693 Kelth [14] 2=F 500ColY Z7t
AapAst AYSE otARAY F
BE HESNE obARAI BorA A
N L

s XRDE AH&sch ZnO

oN £ JE v

(002) ZnO peakst 712} (006)
vebde ¢ F A4 ZnO W

& CHoz wgHUY v7bE(full width at
half maximum)®] 26 gt-& =2ete] A4 A4S o}

it 719

2EE F7t A7E 19 29

FWHM3gte] ZAastes RAdAH & & 5ol 49
2o AA Aol Folxl= Ror yeEwTh

BYEy &
Y F%E &34

_96_



HEA B4

L
o

Heuig. p¥d w=A2 4F

0

20 30 40 50 80

) A L )
(a)at200°C
Zn0
| (002) (b) at 400 °C
| (c)at700°C
] (©)
—~ X 35 FWHM = 0.118°
5
2 |
2 ALO,
2 ® X5 we
Q FWHM = 0.188°
2 P
- |
1
(a)
o X1 PWHM = 0.212°
e ,,,,I,,,,Jk : S——
20 30 40 50 60
2 Theta (deg. )

a9 2 A4 350 mTorr, 7182 %= (a) 200C,

(b) 400C, (c) 700C¢ XRDA 3

A 717] YA e 55 949 AAS5E EYAHA
o du}{15]. sHAIT AMAHoZ pY HIERA
AReg AT d7Ee F3] =g =YY F
2= 10%cm’N M 10%cm’e #Hdz Wasg
o e =eAM FEE uwtehe v AEgL dof

& AA WA=, 132 oA 218%x10° Q

em7tA] § 5}sh gl o}

#34ojth, Blue-green$ 9 7}/\]"“* °3ﬂ°ﬂ’ﬂ«l
g ZUE A deep-level2 8] o]}
A YeElye Aoz A4Z3E #eEg Aoz
erel A Aok [16] AFA%HE 350 mTorr® 14
A7 el 2xE WA 7 FFAZ
ZnO "t PLEAe] ¥ 20 vEehd ot
FaA e J1BEEE 47 (a) 200C, (b) 400T,
(c) 500°C, (d) 600C < (e) 700CH}. ZnO Hhut
9] UV PL 54L& £3A 718 2= 94
3 #e] UES ¢ F A% "Lz IE 20
0CHRY e H$ olddxiel AdxdxtES

1le] 77kE 24E& Zted B8F FET

o @ = 200
s " )+ 407G
i B © « 500
10464 Ay @ » 60q
::gaadm ‘ @ « 70°Q
E )
40

4 S S e e A

Wadengh(m)

a9 3. 44 350 mTorr, 7182 % (a) 200C,
(b) 400°C. (c) 500°C, (d) 600C, (e) 700°CelA
Z 2171 4reke] Photoluminescence.

UAE dx £317] dEd UV PLY ZLr}
o] il W 25Z FJAZY BAE 2
g 20 vEetvte RAF o] UV PL =7 &
7bele )], ol ZnO dhahe] xAo] 7 dwolgol
AdesE AE g V@27 40CR F7F
StEA Z2Au7t F ZoldolXA H3: A=
UV PL Z#%7F Z713el 400°Co] Aol A& utet
8 zAo] "WolAA He RE ¢ F U} F
ZA By 2EE AL FUHANE oldy =
4 oA HuA Hal olddzle]
o] F7tHe} oldx Abxst 1112 Asr) o
HA Foh old wiel S ol A9 H

z;zkol Z7beA 9ok nedM FHAz et
o A4 AANRAEe) 2RRES FAR A
€ #gud F ot A4AYE 350 mTorr2 A
Azl Aejel A ukubg. Aald 34 400ToA

A% z4u7 2 BE 9HE AL £ e
o, 7bg ZE UVEES Jei,
3. & 2
e doln FadPom AFE 70 woe
ckoz oAdHsA FAAUL. ALY

350 mTorrell Al ZAAIZ AeiolA 7] 2%
RARE o, FAELS F7HA T 400C
A 7Hg 'e& UVER 54& 2E Zn0

e

_97_



datel 2
o] =&& 1998 wErEATA
gel gRaA A7l oske @7
_____ S8
F1EE

[11 K. L. Chopra, S. Major and K. K
Pandya, "Transparent conductors -~ a status
reviews” |, Thin Solid Films, Vol. 102, pp.
1-46 1983

2] K. Tabuchi, W. W. Wenas, A. Yamada,
"Optimization of ZnO films for amorphous
silicon solar cells”, Jpn J. Appl. Phys., Vol 32,
Part 1, No. 9A , pp. 3764-3769, 1993

[31 K. Tominaga, Y. Sueyoshi, C. Munfei
and Y. Shinatani,
O-atoms in planar magnetron sputtering of
ZnO target”, Jpn J. Appl. Phys., Vol 32, part
1, No. 9B, pp. 4131-4135, 1993

[4]1 Z. K. Tang, G. K. L. Wong, and P. Yu ,
Appl. Phys. lett., Vol 72, No. 25 , pp.
3270-3272, 1998

[5] S.A. Studeninkin, Nickolay Golego, and
Michael Cocivera , J. Appl. Phys., Vol. 84, No.
4, pp. 2287-2294, 1998

(6] i3y, o]dd, "7 ARG u
2 ZnO¥ ey UV 2% 5
3 stAlgt= w3, EH, 1523-1525, 1999.

[71 Y. Chen, DM. Bagnall, Z. Zhu, T.
Sekiuchi, K. Park, K. Hiraga, T. Yao, S.
Koyama, M.Y. Shen, T. Goto, “Growth of ZnO
single crystal thin films on c-plane(0001)

"Energetic O-ions and

sapphire by plasma enhanced molecular beam
epitaxy”, Journal of Crystal Growth, 181, 165,
1997.

[8] K.B. Sundaram, A. Khan,
"Characterization and optimization of zinc
oxide films by r.f. magnetron sputtering” Thin
Solid Films, 295, 87, 1997.

[9] BM. Atev , AM. Bagamadova, V.V.
Mamedov "On exciton luminescence of
ZnO/Al0; epitaxial thin films”, Thin Solid
films, 283, 5, 1996.

[10] A7AA, o] dd, "dolx FHWUFe 9
g gololE A shRute §4 W tigv)
83 =52, Vol 48, Nob, 344-348, 1999.

[111 Y.S. Jeong, S.Y. Lee, HK. Jang, LS.
Yang, SH. Moon, and B.D. Oh,"Surface
modification of laser ablated YBCO target”
Applied Surface Science, vol.109, 424-427,
1997.

[12] Simon L. King, J.G.E. Gardeniers, Ian
W. Boyd, "Pulsed-laser deposited ZnO for
device applications”, Applied Surface Science
96-98, 811, 1996.

(131 A3, AE, FAd, A7Y, "uss
adEE 23HYPer ARG ZnOute
Pl We EH", AASEA, 4 53, A 63,
pp. 68-73, 1996

[14] C. Kittel, "Introduction to Solid State
Physics”, John Wiley & Sons, Inc., New York,
Tth ed. p. 58, 1996

[15] T. Yamamoto, H. K. Yoshida, "Solution
Using a Codoping Method to Unipolarity for
the Fabrication of p-type ZnQ”, Jjournal of
Applied Physics, Vol. 38, pp. 166-169, 1999

[16] K. Vandeusden, CH. Seager, W.L.
DR. Tallant, and JA. Voigt,
"Correlation between photoluminescence and
oxygen vacancies in ZnO phosphores”, Applied
phisics letter, 68, 403, 1996.

Warren,

_98_



