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Effect of Oxygen Flow Rate on Fabrication of ZnO Thin Films Using Cold He Plasma at Atmospheric Pressure

Yoshifumi SUZAKI, Atsuo OBIKA, Tomokazu SHIKAMA and Seiki EJIMA

Homogeneous nonequilibrium low temperature plasma was generated under atmospheric pressure by high voltage pulsed
power (1 kV, 20 kHz) excitation of He gas or mixture of He and O, gases. Using this cold plasma, ZnO thin films were
fabricated on glass substrate exposed to air by feeding Zn-MOPD into the plasma with He carrier gas. Dependence of O,
gas flow rate on optical transmittance of the ZnO films and resistivity were investigated. In addition, crystallinity and
microstructure of the films was studied by XRD measurement and FE-SEM observation.
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Fig.1 Deposition system of ZnO Thin films

BBIT2A5E Vol.74. No.10, 2008

1097



He KQIETSAVICKD ZnO BEDIERICHTDBRREDOMNR

Table 1 Physical properties of Zn-MOPD
Zn-MOPD

Zn precursor

Structure

Molecular formula C1gH3006Zn
Molecular weight 407.8
Melting point 6°C

Vapor press. 0.2 Torr @ 140 °C

Appearance Pale yellow viscous liquid

Stability Stable in air & moisture

top view

lit
st electrode(Al

cold He plasma

ZnO fil )
kim» +_8ap glass
z <4—» movement substrate

X electrode(Cu)

Fig.2 Movement of the electrode plate

Table 2 ZnO deposition condition

Substrate Glass
Substrate temperature 150 °C
Zn-MOPD

Source material
(C18H3006Zn)

Source material temperature 100 °C
He gas total flow rate 1500 ccm
He carrier gas flow rate 200 ccm
O: gas flow rate 0~100 ccm
Voltage 1kV
Sweep distance 10 mm
Sweep speed 1 mm/s
Anode and cathode gap 0.5 mm
Deposition time 30~120 min
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Fig.3 Relation of film thickness and deposition time
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Fig.4 Transmittance of ZnO films
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Fig.5 XRD profiles of ZnO films (O, gas flow rate: 0 — 90 ccm)

He RQIETSAVICKD ZnO BEDIERICHTDBFREOMR

BEOEBEREHZ RO TIE, ANFERUNAYEERID ZnO g &
—ETAMEICE—7 BNEBISNZ. £z, O TAFENKE
X BIT LR ->TOREDE— 7 ARE L $L 20, (100)
ADOE— 7 1ZHEE L7z, Q0DHEIIAFEROBMERTH Y, #
FEOZEMN O IEE TH DN T AER LBV TRERE
LzbDEEZBND. UEORERND O, HAZRETHZ L
IZ& > TZnO £REEHEENGEOND L OB EBNbhoT.
F7-, O W AFEBEE%< T 5 & ZnO HED(002)E OB MM
WL, ERatbmbdsZ R FETES.

3.4 BEEREAERER

B 6 ICEKIEIRD O H AMBEKFMEETRT. O HAZIR
AETICER L -REHo BT, BXIEHUIRIERE 28 %
WREOWEE R L., ZORELEMEOSBEIR+45T
In0 HENRTETWARWZ L2XRT 5. —F, O HRAERE
L7888 L2 R L, EXKEHRIT 0 VAED 10 ccm
DL E=TH/ME22.7 Qem &7eo7z FEHFITRLIZL D IT,
BEAEHIROMEMIT O F AFREDHFAIZ L - T 2-ODFEIHIZ 57
M. Thbb, O T AFRES ~ 30 com DO#IFH (Area 1)
BN TIL, EXKIEHIROMIZ22 ~ 213 Qem & EHEIFIE .
—75, O T AFRE 50 ~ 100 ccm D#iFH (Area 2) (28T,
Area 1 &l L TZOEKIEIIRITIL 100 fEREVVERZ L DT
LG, ZOX D REEOENIMIE B0EFHDED
IZ FE—SEM | & 4R @ 8 +17 o 7=

3.5 FE-SEM #i%2

E7(), i, 6K L Area 1 B Area 2 12815
7Zn0 EfEsEl D FE-SEM 8184 T Z21Rd. X 7(a) Area 1
OHEfERENZITIE, ZnO HIFEWIEIZHE 60 nm F2E ORI
BOHER T, HREE Y D LIZREE BEY & o - cE
BERRIC 2o CA. Z oM, X BEHTRIER RS ZnO
ZREGTHBZENbhoTEY, BELEpEEERIC L -
T+ U TEFORERIHER SN, BREGENNE R
meEZOND. —7, KT 0)Area 2 ® ZnO HEKE ORE
B, ENENOMICKEMOSH B8 40 nm BEOFEO & 43
ST FERRHER R T X . X BEHTRIER R D, (002)&E
(ZER U7 BB R S D BN ZnO SRS DR Z b
o TV, BTl BEREMENPKRE 2oz
LEZLND. TREREOREIEFETIE, MOVERLROMER
LA, TOZLELBERENRERESTIERICR T L
Ezbnb. 5%, BECHEE BIV, EXREEIZOVWTS
DICFEME R A LENRHS.

106
104 L
g :
o
a 103
E
-5 102 Area 2
a (0,:50~100 ccm)
& 101
F Areal
f (0,:5~80 ccm) . .

o "20 40 60 8 100 120
O, flow rate ccm

Fig. 6 Resistivity of the ZnO films
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Fig.7 Typical FE-SEM observation at (a) Area 1 and (b) Area 2
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