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We report the fabrication of nickel oxide nanostructures by atomic force microscope nano-oxidation
and subsequent wet etching. By applying a negative bias to a conductive tip, nickel oxide patterns
are first created by the process of nano-oxidation. The unoxidized nickel film is then etched away
in a diluted nitric acid solution. Auger electron spectroscopy measurements confirm the complete
removal of the nickel film and the preservation of the oxide patterns. Nickel oxide nanodots with
diameters as small as 100 nm are reliably produced by the present meth®d03©American
Vacuum Society[DOI: 10.1116/1.1621655

Scanning probe lithograph§SPL) has been used exten- around 50%. The nano-oxidation was realized by applying a
sively in recent years to create nanostructures or nanodeviceggative bias to the tip with the sample grounded. Two types
below the 100 nm scafeAmong the various SPL tech- of cantilevers were used in the experiment. One is a rectan-
niques, one of the most adopted methods is the anodic nangular silicon cantilevefCSC12, Micro Masch, Rusgiand
oxidation. The process is usually realized by applying ahe other is a triangular silicon cantilever coated with tung-
negative bias to the tip in an atomic force microscGpEM) sten carbide(NSC11, Micro Masch, RussiaContact and
under ambient conditions. The high field between the tip andntermittent contact AFM operation modes were both
the sample leads to the decomposition of the water layer anemployed.
the oxidation of the sample underneath the tip. The nano- By varying the voltagénegative applied to the tip, it was
oxidation of silicon has so far been the most studiedThe  found that nickel oxide was not produced when the magni-
nano-oxidation of metals such as chromifinitanium/2  tude was below 5 V but consistently generated when above
aluminum? and molybdenuf have also been demonstrated. that value. On the other hand, uncontrollable large features
One of the applications of metal oxide nanostructures is use@ere produced when the magnitude was above 10 V. By
as masks in lithographic procedures. scanning a silicon tip in the contact mode operation with a

The nano-oxidation of nickel has not been reported andias of —8 V, a 3x3 um? nickel oxide square was created
nickel oxide nanostructures are valuable for the followingand the image is shown in Fig(a. The oxide height is 60
reasons. In addition to being used as a mask material, th@m, or four times more than the original film thickness. In
created nanostructures can be potentially used for nan@ddition, the oxidized surface becomes much rougher with
optoelectronic devices since nickel oxide is a well-knownlarge grains as is clear in the figure. The sample was then
electrochromic materidt!? Besides, the oxide may be re- dipped into a solution of 14% nitric acid to remove the
duced to nickel in a reactive gas environment. The resultarftickel. For a time of more than 70 s, a visible change of
nickel nanopatterns can be used for nanomagnetic studies 8ample color was observed and indicated the removal of
catalytic growth of nanomaterials. In this Brief Report, Nickel. After being rinsed with de-ionized water, the sample
nickel oxide nanostructures are created by AFM nanoWas imaged again and the same oxide square is shown in
oxidation and subsequent wet etching. Nanodots with diamEig. 1(b). Evidently, the oxide pattern was not affected by the
eters as small as 100 nm were successfully produced. wet etching.

The nickel film was prepared by electron beam evapora- 10 Verify if the nickel was completely etched, the sample
tion onto silicon substrates with a thick thermal oxide. Thewas analyzed by Auger electron spectroscopiS) (Auger
film thickness and root-mean-square roughness were arouff0 PHI Xi, Physical Electronics, U.S.)AThe AES spectra
15 and 0.13 nm, respectively. The experiment was performe8hown in Figs. 2a) and 2b) were taken on the unoxidized
in a commercial atomic force microscog&mena-A, NT- nickel surface before and after etching, respectively. In Fig.
MDT, Russia under ambient conditions with humidity of 2(a), the nickel peaks at around 800 eV and the oxygen peak

at 500 eV indicate that the original nickel surface composi-

aAuthor to whom correspondence should be addressed: electronic maition was native_ nickel oxide. In Fig.(B), the disz_i_ppearance
hnlin@mse.nthu.edu.tw of the nickel signals and the occurrence of silicon peak at
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Fic. 3. SEM images of nickel oxide nanodd® before andb) after wet
etching. The nanodots were created with the applicatior 8V, 500 ms
pulses in intermittent contact mode operation.

Fic. 1. AFM images of a %X 3 um? nickel oxide squaréa) before andb)
after wet etching. The pattern was created with a tip bias 8V in contact
mode operation.

1600 eV confirm that the original nickel was completely re-ing process. The origin was probably due to incomplete oxi-
moved after wet etching. On the other hand, the spectraation of nickel. With the use of thinner films, it is expected
taken on the oxide pattern before and after the wet etching akat nanodots of sizes less than 100 nm will survive the wet
shown in Figs. &) and 2d), respectively, are almost un- etching. In addition, the tungsten carbide tips have large di-
changed. The results indicate the wet etching had little effecAmeters and smaller features are therefore possible with
on the oxide. In addition, a comparison between the oxygesharper tips. Furthermore, if the oxide nanostructures un-
peaks in Figs. @) and 2c) also reveals the effectiveness of dergo a chemical reduction, the created nickel structures are
the AFM nano-oxidation since the oxygen signal is strongeuaranteed to have finer sizes.
in the latter figure. The mechanism of AFM nano-oxidation has not been
By locating the tip at desired locations without scanningcompletely understood at present time. Nevertheless, the fol-
and using single voltage pulses, single nickel oxide nanodoti®wing equations are found to describe the growth kinetics
were successfully created. Better reproducibility, howeveryell:%*°
was achieved by the intermittent contact mode. The advan-

tages of this operation mode have been discussed in the dh —h

literature>® By using a tungsten carbide coated silicon tip, a gy =R ex;{ h_0> (1)

3X 3 nickel oxide nanodot array was created with the appli-

cation of —8V, 500 ms pulses. The scanning electron mi- R

croscopegSEM) (JSM-6500F, JEOL, Japaimage is shown h=hgln h—t+ 1/, 2
0

in Fig. 3@, and the average dot diameter is around 100
nm1 where h is the oxide heightt the pulse durationh, the
The nanodot array also survived the same etching procesharacteristic height, ang the maximum rate. The growth

as mentioned previously and the resulting SEM image isatedh/dt is equal to the oxide height divided by the pulse
shown in Fig. 8b). Therefore, the present method can atduration, and Eq(2) is a direct integration of Eq.1). Four

least produce nickel oxide nanostructures of sizes around
100 nm. Smaller nanodots were also created with pulses of
shorter durations, but they were not preserved after the etch-
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Fic. 2. AES spectra on the same sample as in Fig@al.and (b) were Fic. 4. (a) Growth rate vs oxide height ar{th) oxide height vs pulse dura-
obtained on nickel before and after etching, respectivelyand (d) were tion relationships obtained witkh 8 V pulse of durations 100, 200, 300, and
obtained on the oxide pattern before and after etching, respectively. 500 ms.
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different pulse durations were tested with the voltage main©01 and the Ministry of Education, Program of Academic
tained at—8 V, and the relationship between the growth rateExcellence under Grant No. A-91-E-FA04-1-4.
and the oxide height is plotted in Fig(a. From the linear
fit, R andhg are equal to 250 nm/s and 17.4 nm, respectively. 1 1 son, K. W. Guarini, and C. F. QuatBcanning Probe Lithography
The relationship between the oxide height and the pulse du- (Kluwer, Boston, 2001
ration is also shown in Fig.(#). By ignoring the additive zPh-AvoyriSy T. Hertel, and R. Martel, Appl. Phys. Lett, 285(1997.
term in Eq.(2), a linear fit gives 360 nm/s and 8.7 nm far 42' Sag‘]"zw’\"cci‘é'e’je';?gda:':n‘;hg”'wf' égﬂ'p Egﬁi;ﬁ?séﬁiggtén
and hy, respectively. Since the present oxide heights are 172000, ’ o T o
larger than 10 nm, the later results are probably more reli- 5J. A. Dagata, F. Perez-Murano, G. Abadal, K. Morimoto, T. Inoue, J. ltoh,
able. The detail, however, would need further investigation. and H. Yokoyama, Appl. Phys. Leff6, 2710(2000.
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tion. The AES spectra on the samples before and after theg(Elgg”-S b. Park and P. M. Campbell. Appl. Phys. L68. 269
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vival of nickel oxide. Potential applications of the created 19y, Rolandi, C. F. Quate, and H. Dai, Adv. MatéWeinheim, Ge). 14,
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