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Annealing Effects on Ferromagnetism

in Zn;_,Co,O Nanowires

Student : Siang-Yi Tseng Advisor : Prof. Wen-Bin Jian
Juhn-Jong Lin

Institute of Physics
National Chiao Tung University

Abstract

Diameter controllable ZnO nanowires have been synthesized with the catalysts
of various sizes of gold nanoparticles. After high-energy Co-ion implantation, diluted
magnetic semiconductor (DMS) Zn;xCoxO (x=0.11) nanowires have been fabricated.
The Co-ion implantation will generate a good number of structural defects such as
stacking faults which could affect the ferromagnetism in the nanowires. In this study,
we performed multiple-step thermal annealing in argon, vacuum or oxygen and we
carried out SQUID measurements to see the annealing effects on magnetic properties
of the nanowires.

The as-implanted Zn; 4CoxO nanowires displayed a vague hysteresis loop in
magnetization. After argon annealing which could reduce structure defects, the
hysteresis loop became clear. The result suggests that some structure defects like
stacking faults are harmful to the occurrence of ferromagnetism in Zn; 4CoxO
nanowires. We also observed that high-vacuum annealed nanowires, showing a very
large hysteresis loop, exhibited strong ferromagnetic ordering even at a room
temperature. A subsequent annealing in oxygen has been carried out to identify the
important role of the O vacancies in determining the ferromagnetic state of the
nanowires. Our results indicated that both the crystalline quality and the O vacancies
are key factors for the occurrence of ferromagnetic ordering in the Zn; <CoxO
nanowires. Moreover, by comparing annealing effects on magnetic properties in
nanowires with different diameters, we found that the stronger ferromagnetism could

be induced in the smaller diameter Zng 9,Cog ¢sO nanowires.
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TodEA L FWOEF LR L BRI 6o R F e TR T

FHEBMRFIZFOIIEY AL 0 FF FI A RIES KRS L F kT
RPN E oA @ LR AR ?ﬁkﬁ&ﬂfrj FI* I HERAT /L R 3
[ el Py g 2B S akne f] % 1T L ER AR T B Pe"niﬁ'ﬁ,f view T g AL B

Irﬂ-_@_:j-[ﬁ] o

2-3 E L %:F FE? /\
Zn0 % B 5 5.6 glem®s 3 B 1975 00 & 1o 24 B0 3 B Rk > wurtzite

B B EHRAH (Bg=335eV) e R 5 e Uggd B & g A



vz 4 0o i d T % > 4o AL~ Ga~ Ino>  §55 cnctype fij b id & o d 302 5

7552 %7 % Hoffman % % 1% § &R N Aav LRRAERFRP
Bk B TS%E T SR T AT e s BAEP LT AR [14] - ZnO
2 B3 &gt LEw (~60meV) % R T F A (~26meV)iE < 0o h

BT XM R R o TR RNE 2 BT S R R

-V £ 840 ZnO » 4208 R ~ 4 i fRARRE > 72 30% 2 4 » 71143
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