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WAEORE - TALF— - zaa T — oS,
ZnO L BWEE M2 5 ICT 4 RE v v 7Pk e
L CTHO» B RIMIONET 751 AME GEHER,
BEHARP R, KEEELETFRE) & LTEELRM
BThHh, ZLOMEBICL ) KD HFEIZ L S ZnO
WEOERUZ Y BIFZeA T b T & 721, Fx O
JeE CIILEAT ., %24, 2 ORI CRmRE B E
BOWEEREEE A Sy 7)) v rEEEHWC, BY
7% ZnO HE A E S 5 - O O IEBEN T — ¥ OFUS %
HigEL, Z<o7—s2&MLC&7. TO/MRE, &
HWOBEW ANy 7)) 7K BRI, H Ay F
)Y ORI L BEWD Y X — U EEEICS 2
LYBNERTHSH I EDRBENLY. BE TEL
Tyl ar KBt E B L COKFIETELVT 7
W) arEEREASY 7)Y 7T L T2k
REY, ~rxtrofesszEickyy o ryrr
Ry FOLHRCGEBENEBNTELT 7 A1) TV
REHIENTERY. ZhEFHIYIC, EEEX
Ny ) v rEBE< TR M AbLL, EARAEEO
FA—T 7)) = ZnOEE HIg L, #5uHEiE L EK
B - AR O FEARR AR TR D VW TGRT L 724
RriEd 5.

2. EEAHE
WHEOBEEWRAINy 7)) v F¥EEOY — 7 M
B E Fig. LIRS L) Ry —7 vy MEIFAT RS
RGBS EAR & 72 B~ I B A RS A % ZnO
=y NEMICFE 2IRT LY ICHEL, &

W~7 A ba Ay &) v rEEIZLZ. Fig. 312
=7y PRLPLOHBEICHTEY =57y PRI
SEAT R RET ARE O5R & DZEALE Fig. 31RY. i
99.99% D % i Zn0-ALO, (2wt%), B 100mme, &
E3mmTFA AT DAY FY YTy =7y MIREA
5 =7y VEBEIYANT, 7Ty (Ar) TA
Ny Z) 7Lz BN NET25-30W, A%y v
) ¥ 7 HAE S AmTorr, A8y 71 v 7R 1ERE %
—ESLMEE L, EAURIE % 100°C, 200°C, 300°C & %5
x4, Si (111) AR, & Glass AR _F 12 ZnO #ifE %
EBLL 72, FEBUZEERE O FLH S lem O FREEIZ 3R &
L7
FELVWERFIEROCERAFFIILTO®E) TH 5.
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Fig. 1 A magnetic circuit for the magnetron sputtering system.
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Fig.2 An illustration of the magnetron sputtering system.
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Fig.3 Changes of a magnetic flux density as function of

distances from the center of the target.
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31 EBREFEME (TEM) &

WEOEEE ANy 7y 70280 Si (111) FEHR
IS EBURE300°C TZnO HE & i E S w25 E o
T T 7 975 3% B - SR C LS L 72 I T o o 7R T BH L
#t (XTEM) &% Fig. 412789, 300k fi5 ® XTEM & 2»
5 ZnO D JEIE 1 JL#250nm T, HEEIEX S (111) Ak
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5, BEOEBWA Ny F ) 7L EEBEICE
WL, EEREREERRE ICE T AL F RIS
N, RELT A= %2154  ORIGHEBENICAETE
FTHLIEDNRBEINS.
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|27 5 T\ 5795, Fig. 4 O XTEM {13 EHHFETIE 72 v
SAED %75 ZnO [002] KA~OEAEEZ R L DD,
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ZnO D FEIE L FLZ 110nm T, FEEidSi (111) MK
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R 2-3nmAEED 7 BV 7 7 ABHBE SN L.
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Fig.4 (a) XTEM image (x300k), (b) SAED pattern on the SiC film, and (c¢) HRXTEM image (x1500k) of ZnO films grown on Si(111) at
the substrate temperature of 300°C by normal RF sputtering system.
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Fig. 5 (a) XTEM image (x300k), (b) SAED pattern on the SiC film, and (¢) HRXTEM image (x1500k) of ZnO films grown on Si(111) at
the substrate temperature of 100°C by an RF magnetron sputtering system.
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Fig. 6 (a) XTEM image (x300k), (b) SAED pattern on the SiC film, and (c¢) HRXTEM image (x1500k) of ZnO films grown on Si(111) at
the substrate temperature of 200°C by an RF magnetron sputtering system.
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Fig. 7 (a) XTEM image (x300k), (b) SAED pattern on the SiC film, and (c) HRXTEM image (x1500k) of ZnO films grown on Si(111) at
the substrate temperature of 300°C by an RF magnetron sputtering system.
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Fig. 8 XRD spectra of ZnO films grown on Si(111) at the
substrate temperature of 300°C by normal RF sputtering

system.
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Fig. 9 XRD spectra of ZnO films grown on Si(111) at the
substrate temperature of 300°C by an RF magnetron

=

sputtering system.
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Table 1 Changes of FWFM values for X-ray diffraction peak
originated from ZnO (002) plane of ZnO films grown on
Si(111) as a function of substrate temperatures by an RF
magnetron sputtering system and normal RF sputtering
system.

Magnetron SP Normal SP

temperature [°C] | onsi(111)[°] | onGlass[°] [ on Si(111)[°]

100 0.41+0.01 0.41+0.01 -
200 0.39 0.4 -
300 0.35 0.31+0.01 0.57
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Fig. 10 Optical transmittance spectra of ZnO films grown on
Si(111) at different substrate temperatures by an RF

magnetron sputtering system.
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Table 2 Changes of an optical band gap and B value of ZnO
films grown on Si(111) as a function of substrate

temperatures by an RF magnetron sputtering system.

temparature [°] B value Eg [eV]
100 3.77.E+11 3.36
200 3.88.E+11 3.41
300 1.75.E+11 3.48

Table 3 Changes of electrical properties (resistivity, carrier
density, and hole mobility) of ZnO films grown on
Si(111) as a function of substrate temperatures by an RF

magnetron sputtering system.

temperature resistivity carrier dennsity mobility
[ [Qcm] [em-1] [em*/Vs]
100 7.33.E-2 - -
200 7.75.E-3 6.68.E+19 12.05
300 8.57.E-3 1.63.E+19 44.7
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