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Chemical solution deposition (CSD) is used widely 1o deposit
thin inorganic films on account ol its simplicity and low cost.
Morcover. this method can be casily scaled up. which is in
contrasi up olhcr film deposition tcchmques such as vacuum
ev apomuon sputtering.” spray pyrolvsis' and chemical vapor
dcpoc.luon Combincd with micro-contact printing (uCP) of
OTS (octadecy ltrichloresilanc). CSD has been applicd (o micro
patterning of a variety of inorganic thin films.™” where the
OTS layers play a role of an organic resist 10 develop charac-
teristic surface propertics. In the ranges of sclectivity obtained
by various deposition techniques. CSD ofien produces thin
film patterns with rather low sclectivity and poor resolution
because the OTS lavers are influenced by the solution pH
during deposition. This letter reports the development of micro-
mefter scale paticming mcthods of o-Fe-0Ox (hematite) and [3-
FcOOH (akagancite) thin films using uCP and CSD. where
the pattern resolution of thin films was cnhanced using a
bulfer solution as the reaction media.

Si(/00) substratcs were treated with a piranha solution for
10 min and washed with dcionized waler. acctonc. and
2-propanol and dried with a strcamn of nitrogen. Iron oxide
thin films were deposited at 73 °C on patterned OTS on 3 % 3
e sized Si substrates in an aqueous solution. where the iron
oxide precipitates arc also formed during the deposition process.
Stamps with a micron-size patterned relicl structurc were
preparced by mixing polvdimethylsiloxane (PDMS. Sylgard
184. Dow Corning) with a curing agent for 30 nin. followed by

Figure 1. SEM images ol (a) hematite powder, (b) akagancite pow-
der, (¢) hemaltite thin tilm and (d) akagancite thin ilm.

curing at 80 °C for 1 h. A solution of OTS in anhvdrous hexane
(10 mM) was used as an ~ink™ and applicd to the stamp using
a spinner at 3000 rpm for 30 s. The inked stamp was placed in
contact with Si and held in place for 30 scconds. v lcldmg, 3 OTS
thin films with approximately 30 A mass coverage.
Fe(NQ1)39H:0 and FeCli-6H-0 were used as starling ma-
Ierials to produce hematite and akaganciie. respectively. The
hematite thin films were deposited from a 0.03 M iron nitrate
solution. The akaganeitc thin {ilm was dcposited from 0.05 M
iron ¢hloride in 0.1 M acctate buffer solution. The OTS-pat-
temed Si substrates were immersed in the solution for 2 hat 75
“C with constant stirring. The final pH range of the iron nitrate
and iron chloride-acctate buffer solutions was 1.5 ~ 1.7 and
2.5 ~ 3.0. respectively. The color of the nitrate and chloride
solutions was red-brown and light ochre. respectively, Both
precipitates and thin films were characterized by scanning
clectron microscopy (SEM) and X-ray diffraction (XRD).
Figure [{a) and (¢) show SEM imagcs of (he precipilates and
thin film prepared in Fe(NQO:): solution. The deposited thin
film was denscly covered with hematite nanoparticles with
spherical shapes with an average size of 20 - 30 nm. XRD of
both the powder and film showed three predominant peaks at
33.2.35.0.635.4° 20. which w crc assngncd to (/04). (/1) and
(214) for the hematite ]JlleC " AtpH < 2. the formation of
a hematite phdSC was more favorable than the other phases.
such as é.OCIhllC " Figure 1(b) and (d) show spindle-like par-
ticles and thin filins prepared in the FeCls solution. The powder
sample was comprised of monodisperse 35() nm particles. and
the thin films on Si contained a thin conformal laver of large
particles. 300 nin in siz¢. overlving on the layer. The botlom
laver also showed spindle-like particles. approximately 200
nimn in size. imbedded on the laver deposited on Si. XRD of
both the powder and film showed peaks for the akagancite
phase corrcspondmg, 1o the (200). (400). (600). (/10) and
(310) plancs.” In (he presence of Cl . the formation of the
akagancitc phase was more favorable than the other phases. 1
Figure 2(a) and (b) show arca sclective deposition of iron
oxide thin films on OTS patterned Si. Figure 2(c) shows the
surface profilometry scan of the patterned iron oxide film,
where the 300 pm paticrns show two scparale hematite layers.
80 pm wide and 120 nm thick. The edges of the film are quitc
sharp. cven though the surface roughness of the hematite laver
1s approximately 30 nm. The chemical composition of the
akagancite film was analvzed by Augcer clectron spectroscopy
ata 10 keVbcam voltage ona 13 pun x 15 pm arca aficr Ar’ ion
sputtering for 10 scconds. In Figure 2(d). the akagancite covered
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Figure 2. (a) Optical microscopy image o patterned hematite thin 11lms, (b} SEM mage of akaganerte thin (il (¢) Surtace proiile ot a selected
area n tigure (a), and (d) Anger electron spectra of area () m figure (b).

Figure 3. SI'M mmages ol hematite (a) ~ (d) and akuganeite thin filws {¢)~ (h) wath different primted O18 Iime wadths.

region (A) shows peaks for Fe. O. Cl. C and Si. while region
(B) showed Siand O along with some C and Fe impurity. The
peak for Cl from region (A) was assigned to C1 ions in the
(hree-dimensional tnnel of the akagancite phase.' "™ The
strong peak for carbon in region (A) may be duc to the hydro-
carbons of OTS. which shows that iron oxide thin films were
deposited exclusively on the OTS printed arca.

Figure 3 shows that the surface morphology and cdge
sharpness ol the iron oxide {ilms on the OTS printed Si depend
strongly on the pH and starting matcrials. The bright regions
in the SEM images arc iron oxide {ilms on the OTS printed
arca and the dark ones arc the Si surfaces. In the case of
hematite shown in Figure 3(a) ~ (d). (he arcas of the films arc
larger than that of the akaganeite films shown in Figure 3¢c) ~
(h). The size of the original OTS printed linc patterns of the
PDMS stamps shown in Figurc 3 (b) was 20 um with a 20 pun
spacc. However. the width of the hematite films was 30 pm:
the iron oxide [ilms were extended approximately 5 pm wide
along both sides. Inthe casc of the 10 pm linc and 10 pm space
shown in Figurc 3(c) and (d). thc entirc surfacc was covercd
with a hematite [ilms with no clear cdges. In contrast. the
akagancilte films shown in Figure 3 (¢) ~ (h) were approxima-
tely 2 wm wide along both sides ol the lincs. SEM also showed
that the akaganeite layers in the boundarics were thicker than
that in the center. which was attributed 1o the diffusion of the
OTS moicty during pCP'""” In the 10 um OTS line witha 10
jun space shown in Figure 3 ¢h). the entire surface was covered
with an akagancite laver but with clear boundaries. Therefore.
the arca selectivity of thin film deposition increases with increas-

ing ionic strength in the bufTer solution. Correlation between
the cdge-resolution of the films and the buffer strength of the
starting solution will be discussed. In addition. the present
synthetic method docs not require complicated multi-step
modiflications o perform pCP for iron oxide film patterns. as
reported carlier.”

In conclusion. micromeler scale patierns of two types of
ron oxide layers were obtained successlully using microcontact
printing of OTS on Si. The iron oxidc thin layers were formed
on the OTS printed arca. which was assigned (o the catalylic
ctching of OTS under the acidic cxperimental conditions. or
10 the hetcrogencous nucleation on OTS layer.™ It was also
found that the high ionic strength of the reaction media helped
incrcase the edge-reselution of the thin {ilm patterns during
pattern formation. particularly at low pH. Overall. this pat-
teming method can be applicd to other solution deposition
Processes.

Experimental Section

Materials and reagents, The Svlgard 184 kit was purchascd
from Dow Corning. The p-type Si(/00) wafcrs were oblained
{rom Bux semi Co.. Korea, OTS (Octadech Itrichlorosilane. 99%).
Ferric nitrate nonahydraie (Fe(NO3)x9H~0O. 98%). Ferric chloride
hexahydrate (FeCly6H-Q. 98%). Sedium acctate bufler (0.1
M. pH 7.0) and #-hexane (HPLC grade. 97%) were purchased
{rom Aldrich St.. Louis USA. All chemicals were of analy tical
grade and obtained commercially.

Characterization, The ron oxide films were first asscsscd
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by optical microscopy. Selected samples from the optical
microscopic inspection were studied by scanning electron
microscopy (SEM. Phillips XL.30FEG). surface profilometry
(Tencor R-step 300), Auger electron spectroscopy (VG Scien-
tific MicroLab 310-B. L0 keV) at a 10 keV beam voltage after
Ar" jon sputtering for 10 seconds. X-ray diffraction (XRD)
patterns were measured with a Rigaku X-ray diffractometer.
D/MAX-2000 Ultima, on 8 ~ 26 scanning mode. The measure-
ments were performed under the conditions of 40 kV. 30 mA,
and Cu-Ka (3= 1.5305 A). All XRD spectra of the films were
calibtzted using Si (200) peak from substrates (20 = 32.9°, d=
274 A).
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