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We have produced and assembled palladium (Pd) nanoparticles in two-dimensional (2-D) periodic
arrays in nanoscales by using block copolymer (BC) thin films as templates. A symmetric diblock
copolymer of poly(methyl methacrylat&jeck-poly(2-hydroxyethyl methacrylate) (PMMA-PHEMA)
was coated on a Si-wafer by dip-coating from three different solvents having different solubility against
each component. Two of them are selective solvents for PMMA and PHEMA, respectively, and the third
one is a common solvent for the two components. A monolayer of the micelles was formed from the
solutions of the selective solvents and the micelles are arranged in a hexagonal 2-D lattice, whereas a
lamellar pattern was obtained from a homogeneous solution of the common solvent. The monolayer
films thus-prepared were exposed to the vapor of palladium (I1) bis(acetylacetonato), and Pd nanoparticles
were selectively produced in the PHEMA phase due to its stronger reducing power than the PMMA
phase. The patterns thus-obtained were successfully transferred to a Si-wafer by reactive dry etching
technique because of the high etching resistivity of the metal nanoparticles against gas plasmas. By
using this process, three lateral periodic arrays of dots, holes, and lines were created with 20-nm repeating
distances.

Introduction We have developed a simple dry process for synthesis and
_assembling of metal nanoparticles in polymer films through
the reduction of a metal complex used as a precudrdor.
Palladium(ll) bis(acetylacetonato), denoted Pd(agais)
known that metal nanoparticles possess unique prOpertiesvaporized in ambient nitrogen at atmospheric pressure at 180

associated with magnetic, photonic, chemical, and electric OC’_agd ]islgxmsedztr?g pOIY(Ter film ;]n a 9d|35§ Vebssﬁﬂ f(_)r a
behaviors, which are different from the properties in their period o min o epending on the reducing behavior

bulk states. Those properties can be controlled through themc Ithe poIf;_/lmers g”_‘p'o_y edl. The valpor cdan pgnetr?te mltDoda
immobilization and the assembly of nanoparticles on an polymer film and is simultaneously reduced to form

appropriate substrate or in a suitable medium. The patterninggn.etaIIIC partu;les \.N'th d|§meters ranging from 210 10 nm
of metal nanoparticles over a wide range of scales and dimen-With narrow size distributions. Cobalt nanoparticles also can
sions have been recognized as a key technology for con-P€ synthesized using the corresponding metal complex by
structing nanoscale magnetic, electric, and chemical systems.t,he same .proceduﬁel.:or the prod'uctlon _Of metal hanopar-

ticles in this process, no catalyst is required for the reduction

Syntheses, patternings, and applications of metal nano
particles have been extensively investigated because of thei
potential for building blocks for nanodevic&s. It is well-
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nanoparticles due to the selective growth of the metal The Si-wafers were rinsed by acetone and then treated by oxygen
nanoparticles in the phase with relatively stronger reducing plasma at 10 W for 10 min at gas pressure of 20 Pa before use.
power. The vapor of the metal Comp|ex can penetrate into a Incorporation of Pd Particles into the Films. The process
polymer film, and the patterns thus-obtained reflect the developed by our grodp’ was employed to incorporate Pd
microdomain structures of the block copolymers (BCs). nanopartlclgs selectively into the PHEMA phase Qf the PMMA-
Therefore, this process gives rise to the formation of three- b-PHEMA film. The bottom of a glass vessel with 10 mg of

di . | (3-D | blv of metal ticl Pd(acac)was heated at 18CC in vacuo to sublime the Pd(acac)
I.menS|ona (3-D) regular assembly of metal nanoparticles and then within a few minutes the Pd(acaeps solidified on the
with the depth of about 100m.

- i upper part of the glass wall. In the next step, a BC film was loaded
In addition to this nanoscale ordered assembly of metal into the glass vessel, and the sealed glass vessel was put into an

nanoparticles, we have also reported on the capability of oil bath at 180°C for 30 min after nitrogen replacement.

arbitrary microscale patterning of metal nanoparticles by UV~ Plasma Etching.The substrates coated with a BC thin film were
lithography’ We found that the irradiation of UV light on  treated with a gas plasma using an in-house fabricated tubular
poly(methyl methacrylate) (PMMA) enhances its reducing reactor which generates capacitively coupled plasma excited by a
power against Pd(acac)Therefore, irradiation through a 13.56-MHz RF power source. In the case of oxygen plasma, the

photomask on a PMMA film can produce arbitrary patterns samples were treated at 90 W for 30 min at gas pressure of 0.5
of the agareqation of metal nanoparticles Torr. In the case of Cfplasma, the samples were treated at 1 W
gg. 9 o P . . for 30 min at gas pressure of 0.08 Torr.

For the investigation of the practical applications of the  cparacterization. Transmission electron microscopy (TEM)
polymer/metal nanoparticles systems prepared by our methodmicrographs were acquired with a LEO922 energy-filtering trans-
we have already reported on the catalyst properties of themission electron microscope (LEO Eletronenmikroskopie GmbH,
Pd nanoparticles that enable electroless deposition of metalsGermany) at an accelerating voltage of 200 kV, which integrates
and metal oxides on a substrdtEor the development of an Ome_ga—type electron spectrometer. Zero-loss_images and energy-
industrial applications, the construction of two-dimensional filtered images were acquired with an energy width of 20 eV. For
(2-D) nanoscale assembly of metal nanoparticles in a BC the cross-sectional view by TEM, the films embedded in resin were
thin film coated on a substrate has to be developed. Self-€ut by means of ultramicrotomy with a diamond knife. Scanning
assembled BCs have been frequently employed as template Sré:iekorr‘lfsr?ri‘;ggztg';z”) \']:ags)sir‘;"ft:‘: ttzkeri]nWImoZSPTA(; i?:?wlil\\ie
for works in the area of nanolithography, high-density storage high lity i 5 _Ip ith pp gh .' SI.DF20S
media, and photonic devic&In this current work, we have o0 W21ty images, a cantliever with a super-sharp tip (SI '

: X ' - . Seiko Instruments Inc., Japan, spring constant of 20 N/m and radius
investigated the formation of the nanodomain structures in of crvature<2—3 nm) was used. Scanning electron microscopy

amphlphlllc BC monolayer f|ImS and the Selective incorpora- (SEM) images were taken with a Ph|||ps XL30 FE-SEM at an
tion of the Pd nanoparticles into a phase to prepare laterally acceleration voltage of 10 kV. Statistical image analysis was
ordered assembly of metal nanoparticles. Moreover, we haveperformed using a digital image analysis software (analySIS, Soft
evaluated the pattern transfer to underlying Si-wafers by Imaging System Co. Ltd., Germany). The thickness of thin films
reactive ion etching (RIE) by employing the BC/metal was measured by a JASCO M-220 spectroscopic ellipsometer.

nanoparticle systems as lithography masks.
Results and Discussion

Experimental Section Nanodomain Control of PMMA- b-PHEMA Thin Films

Materials. Pd(acag) was purchased from Johnson Matthey by Dip Coating. We hgve evaluated the redgctlon. of
Materials Technology and was recrystallized from acetone before Pd(acac)and the formation of Pd nanoparticles in various
use. The symmetric diblock copolymer of poly(methyl methacry- homopolymer films:® During our studies we learned a
late)-block-poly(2-hydroxyethyl methacrylate) (PMMA-PHEMA, unique behavior of PMMA with respect to the absorption
M, = 24 300/16 700) was used as received from Polymer Source and reduction of metal complex. We found that all the
Inc. Pyridine, 1,4-dioxane, methanol, and 2-methoxyethanol (2- evaluated polymers but PMMA absorb and reduce the metal
MOE) were purchased from Wako Pure Chemical Industries, Ltd. complex simultaneously. In the case of PMMA, although it
and used as received. also absorbs metal complex vapor like the other polymers

Preparation of Films. The free-standing film of PMMA- (o it tends to retard the reduction and the formation of
PHEMA was prepared by casting from 2 wt % pyridine solution.  ,5n0narticles. We also learned that polymers having alcoholic
T souln e e % S 18 e 1 Lo 1t motes e song reduond power T,

’ can be predicted that a composed 0 and a

for 12 h followed by annealing at 15@ for 24 h. Thin films of . . . . e
PMMA-b-PHEMA were made on Si-wafers with a native oxide Polymer with an alcoholic moiety will exhibit significant

layer or on a carbon thin film supported by a copper grid for electron différence in their reducing power, and will yield distinct
miCI‘OSCOpy. All these films were made by d|p-coat|ng using pattemS Of nanOpartIC|eS F|gure 1 ShOWS a cross-section Of

homemade equipment. The substrates were dipped into the 0.5 withe free-standing PMMA-PHEMA symmetric diblock
% solution of 1,4-dioxane, methanol, or 2-methoxyethanol with a copolymer film exposed to Pd(acac)apor for 30 min. It
velocity of 40 mm/min, subsequently pulled out of the solution clearly exhibits a 3-D pattern by Pd nanoparticles’ assembly
with a velocity of 5 mm/min, and then exposed to air for drying. with a periodic lamellar manner, which reasonably corre-
sponds to the underlying nanodomain structure of the

Egg \Iﬁe, J. ;(/ C{in,YD.;ZI;I]orichEéI S. ,\}Io be gggrzniitzdlfgg_ plu6b7lication- symmetric diblock copolymer. As we reported in the previous
ang, X.; Liu, Y.; u, D.Adv. Mater. . . . . .
(10) Lazzari, M.; Lpez-Quintela, M. A.Adv. Mater. 2003 15, 1583~ paper‘?ﬁ longer periods of upat2 h were required to achieve

1594. such a distinct pattern in polystyrebéckpoly(methyl
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methanol, and 2-MOE, were chosen for the film preparation
by dip-coating. 1,4-Dioxane is a selective solvent for the
PMMA component, methanol is a selective solvent for
PHEMA, and 2-MOE is a common solvent for both

components. Therefore, the BC micelles with the PHEMA
cores and the PMMA shells are formed in 1,4-dioxane, and
the inverted micelles are obtained in methanol. By pulling
the substrates out of the 0.5 wt % solutions with a velocity
of 5 mm/min, the monolayer films with distinct regular

Figure 1. TEM micrographs of a cross section of a PMMAPHEMA patterns can be achieved instantly as shown by SFM images

20 nm
=

free-standing film exposed to Pd(acaegpor for 30 min; and (b) magnified

image showing the region just below the free surface of the film. in Figure 2. Figure 2 shows the topography images of the

. surface structures of the as-cast films dip-coated from the
methacrylate) (P$-PMMA), where Pd metal nanoparticles  three solutions on Si-wafers. The films prepared from the
were assembled in the PS lamellae. The formation of the 1 4-dioxane solution (Figure 2a) and from the methanol
pattern by the Pd nanoparticles in PMMAPHEMA insuch  solution (Figure 2b) show that the spheres are arranged in a
a short time is attributed to the strong reducing power of 2-D hexagonal lattice, while the film from the 2-MOE
the PHEMA component. solution shows a stripe pattern (Figure 2c) which is typical

It has been well-known that the free surface of BC film in a thin film of a symmetric diblock copolymer. The
tends to cover itself with a component having relatively low thickness of the films was about 20 nm, as measured by an
surface tension to minimize the surface enéfghhis induces  ellipsometer, indicating that the films are nearly monolayers.
the parallel orientation of several lamellae from the outermost Quantitative image analysis suggests the difference in the
fsurfaced. Thehh%her ma?nlflca;lorr: rr;_llcrog;aph (Elgurﬁ 1b)d structure of the films coated from the two micellar solutions.
ocused on the free surface of the film shows that the Pd e i coated from the 1,4-dioxane solution possesses

metal hanoparticles are located in the second layer of thespheres with average diameter of 24 nm and average distance
film from the free surface, suggesting that the PMMA phase ,,yeen neighboring spheres of 35 nm, while the film from
predomlne_mtly is located at the air/polymer surface. This the methanol solution possesses spheres with average
tendency is the same as that of polystyréfeskPHEMA diameter of 30 nm and the particles seem to be closely

i 12
f|I?s. i he 2-D | blv of th | packed. The profiles shown at the bottom of the individual
o realize the 2-D regular assembly of the metal nano- images are the height variations along the lines shown in

I}:)atlrtlcllies, ZMMéAb'PHEMA .monolayert.ﬁlmf.sl poisess;ngb the corresponding images. The height variation between the
aterally ordered nanodomains over entiré fiims have 10 b€ o0\ ata4 domains and the matrix are in the range from 2 to

prepared on §ubstrates. The conventional spin-coating frqm3 nm in the film from the 1,4-dioxane solution, while the
3 d"“f‘e S'Olu“(f)]r'] );!FIdSTEO regular pff;ltternﬁ of EanOSCO%'C film coated from the methanol solution exhibits a little larger
omains in a thin film. Thus, many eflorts have been made degree of the variations. Considering those facts, we can

to control_ tt:je orl_entatflogcor th_e Iate:al OTCi?fllgg of trk:e speculate the structure of the films coated from the 1,4-
nanoscopic domains o S, using external 1Ields, SUCh as ;v ane solution and from the methanol solution as shown

i i 13,14 5,16 i
electric fields,** sheat*' and temperature gradierts, in Figure 3. In the film dip-coated from the 1,4-dioxane

micelle f.ormat|on. in a selective solvt_e’fﬁ‘t,and solyer_1t solution, the micelles are collapsed to form a dense melt-
evaporatiort? In this work, we have realized three distinct like film, where the elevated PHEMA domains are arranged
regular patterns using one BC by dip-coating from three in a continuous PMMA matrix. On the other hand, the film
different solvents. : : o
. - coated from the methanol micellar solution shows the simple
PMMA-b-PHEMA is an amphiphilic block copolymer, a0 of the micelles with the PMMA cores surrounded by
hence treating the polymer with a selective solvent, which pEyviA - Another difference that we can identify from the
d_|s|sdolves one l(I:ompolne_nt ar]rdh does n|0t dlssoivz (;he Other'(Wo films is that the space between the neighboring domains
ylelds a micellar solution. ree solvents, 1,4-dioxane, s o jigle larger in the film coated from 1,4-dioxane. This

may be caused by the formation of the continuous film during

(11) Russell, T. P.; Coulon, G.; Deline, V. R.; Miller, D. Macromolecules

1989 22, 4600-4606. the coating. We suspect that these differences in the film
(12) Senshu, K.; Yamashita, S.; Ito, M.; Hirao, A.; Nakahama.aBgmuir formation are caused by the difference in the adsorption
(13) ﬁ’givtlc’j‘zf_gﬁ_;ﬁ%_; Urbas, A. M.: Ehrichs, E. E.. Jaeger, H. M. behavior of the micelles on a Si-wafer derived from the

Mansky, P.; Russell, T. FSciencel996 273 931-933. difference in the preferences of the two components for the

(14) Thurn-Albrecht, T.; DeRouchey, J.; Russell, T. P.; Jaeger, H. M. gypstrate
Macromoleculef00Q 33, 3250-3253. '

(15) Albalak, R. J.; Thomas, E. L.; Capel, M.Bolymer1997, 38, 3819~ From the illustration in Figure 3b, the height variation
(16) %/?”2; M. A: Rueda, D. R.; Ania, F.: Thomas, E. Bolymer2002 along two neighboring particles in the SFM topographic
43, 5139-5145. image should be equal to the radius of the particles (15 nm).
an Egﬂgggg‘g% 332 F2U0“7a5k_i'2 E%Kimismma’ K.; Hashimoto, Macromol- However, experimental data (ca. 6 nm) indicate it is less
(18) Spatz, J. P.; Mesmer, S.; Hartmann, C.; Mer, M.; Herzog, T.: than half of this value. The reason for this discrepancy is
Tgegg;_lé\lﬂigBoyen, H.-G.; Ziemann, P.; Kabius, Bangmuir200Q that the tip size of the cantilever is significantly larger than

(19) Kim, S. H.. Misner, M. J.: Xu, T.; Kimura, M. Russell, T. Rd. the narrow space between the neighboring particles. This may
Mater. 2004 16, 226—231. cause the broadening of the boundary. Therefore, it would
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Figure 2. SFM topography images of PMMA-PHEMA thin films dip-coated from 0.5 wt % solutions of three different solvents: (a) 1, 4-dioxane; (b)
methanol; and (c) 2-methoxy ethanol. The length of each image corresponds to 800 nm. The profiles shown at the bottom of the images are the height
variations along the lines indicated in the corresponding images.

(a) (b) higher atomic number appears as brighter regf8nkhis
30 nm pHEMA TMMA clearly indicates that the Pd nanoparticles are assembled in
the PHEMA domains ordered in a 2-D hexagonal lattice.
The inset in Figure 4d is the fast Fourier transform (FFT)
calculated from this image, indicating the long-range hex-
agonal order of the domains with the lattice spacing of 39
Figure 3. Schematic drawing of the side views of thin films of PMmA- M- Although the SFM image (Figure 4a) shows all the
b-PHEMA adsorbed onto a Si-wafer dip-coated from (a) 1, 4-dioxane and domains as isolated spheres, some domains seem to be
(b) methanol micellar solutions. coalesced, and the hexagonal lattice order seems to be
o , disordered in the TEM image (Figure 4d). One of the reasons
be safe to assume that the qualitative picture of the syrfgceis thought to be the specimen damage caused by the electron
roughness would be more valuable than the quantitative heam during the TEM observation. The electron beam causes
accuracy of the height profiles obtained from such measure-gamage against polymers, and PMMA especially can be
ments. easily degraded even with relatively low dod&$he other
Lateral Ordered Assembly of Pd Nanoparticles in reason is the instability of the carbon thin film used for a
Block Copolymer Thin Films. Using the three patterns  substrate. The carbon thin film cannot fix the BC thin films
obtained from PMMABb-PHEMA thin films by dip-coating sufficiently as compared to a Si-wafer, and hence in the
as templates, Pd nanoparticles can be laterally assembled byrocess of incorporation of Pd nanoparticles, the BC tends
the exposure of the Pd(acaepor for 30 min in ambient  to be changed into the thermodynamically stable lamellar
nitrogen at atmospheric pressure at 80 Figure 4 shows  pattern. This phenomenon was also observed in the film dip-
the SFM topography images and TEM micrographs of the coated from the methanol micellar solution. As presented in
thin films after incorporation of the Pd nanoparticles. The Figure 4e and h, the PHEMA continuous matrix with the
SFM images (Figure 4ac) were obtained from the films  Pd nanoparticles is partially collapsed and disordered. Since
coated on Si-wafers and the TEM micrographs (Figure 4d  the corresponding SFM image shows no such phenomena,
i) were taken from the films coated on carbon thin films it is inferred that this is also caused by the instability of the
with TEM copper grids. The Pd nanoparticles are selectively substrate and the electron beam damage.
located in the PHEMA phase; hence, the three assembly As can be seen in the SFM images (Figure-dp the
patterns of the Pd nanoparticles reflecting the underlying laterally ordered nanodomain structures obtained by dip-
nanodomain structures can be obtained as shown in the TEMcoating are maintained in all the three films after the process
micrographs. Figure 4gi are high magnification views of  to incorporate the Pd nanoparticles. However, one can
Figure 4d-f, respectively, presenting that the Pd nanopar- recognize that the surface topographic feature of the film
ticles with diameters of about 3 nm are assembled in the prepared from the methanol solution (Figure 4b) is changed
spherical domains, in the matrix, and in the lamellae formed from that of the as-cast film (Figure 2b), where the domains
by the PHEMA component, respectively. The low magni- appear as darker regions with the average diameter of 25
fication view of the film dip-coated from 1,4-dioxane (Figure - — — -
4d) is shown by an electron energy-loss image atZED (20) Remer 'é'g?esrgﬁi’;]';'gﬁ”%Ié?nfgnégf'gﬂgfe(it?nphgf;?scopy
eV losses to enhance the contrast, where an element with g21) Hiraoka, H.IBM J. Res. De. 1977, 121—130.

24 nm 35nm PMMA
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Figure 4. SFM topography images {&) and TEM micrographs (di) of PMMA-b-PHEMA thin films exposed to Pd(acaa)apor for 30 min. Left column

is the film prepared from 1,4-dioxane micellar solution, center column is from methanol micellar solution, and right column is from 2-methoky ethano
homogeneous solution. (d) Energy-filtered image at250 eV energy losses on EFTEM to give a proper contrast between the matrix and the domains.
Inset of (d) is a FFT power spectrum of the image-i|gBright field images of (d-f), respectively, at higher magnifications to show the individual Pd
nanopatrticles selectively located in the PHEMA phase. The length of each SFM image corresponds to 800 nm.
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Figure 5. SFM phase shift images of PMMB-PHEMA thin films dip-coated from 1,4-dioxane solution at different processing steps for pattern transfer
onto a Si-wafer by RIE: (a) as-cast film; (b) after loading of Pd nanopatrticles by the exposure of Pd¢apac)for 30 min; and (c) after oxygen plasma
treatment. All the images are shown in the range of the phase shift from 0 to 50 degrees. The length of each image corresponds to 800 nm.
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nm. It can be interpreted that the hexagonally arranged
micelles are melted to form a continuous matrix because the
film is laid at 180°C during the exposure to the Pd(agac)
vapor. And also, the Pd patrticles are selectively incorporated
into the PHEMA matrix as shown in Figure 4e and h, which
causes an increase in the volume of the PHEMA phase.
Therefore, the PHEMA phase exhibits the elevated continu-
ous matrix with the PMMA domains in the SFM topography
image.

Pattern Transfer onto Si-Wafers by Reactive lon
Etching. Self-organizing BCs used for lithography masks
under conventional RIE are expected to create small features
on substrates that cannot be achieved by standard lithography
techniqueg?-?” The loading of metal species selectively into
a phase in BC thin films is one of the approaches to enhance
the etching selectivity against RIE. Therefore, we evaluated
our technique as nanolithography masks as one of the b
expected applications.

In the first step, @ plasma was applied to BC thin films
with the Pd nanoparticles for selective removal of the
polymer. The phase-shift images clearly exhibit changes in
the surface stiffness features as shown in Figure 5. Figure
5a—c are the phase shift images of the as-cast film prepared
by dip-coating from the 1,4-dioxane micellar solution, after
the loading of Pd nanoparticles into the film, and after the
O, plasma treatment, respectively; all of which are displayed
in the same range of the degree of phase shift (from 0 to 50
degrees). The series of images indicates that the surface
component is significantly changed at every step in the
process. That is, the image contrast decreases after loading
of Pd nanoparticles into the PHEMA domains (Figure 5b),
and then it increases again after the @asma treatment
(Figure 5c¢) where the contrast is offered by the difference
in the surface features between the assembled Pd nanopaig
ticles and the naked Si-wafer. We also confirmed the
existence of Pd nanopatrticles after thepglasma treatment 4
by X-ray photoelectron spectroscopy. This measurement alsc
revealed that the characteristic peak of Pd;;3d shifted
from 340 to 344 eV after the Oplasma treatment, which
suggests that the Pd nanoparticles are converted to Pc
oxides. The statistical image analysis of Figure 5c reveals
that the average domain size is 22 nm and the mean center
to-center distance between the closest particles is 34 nm.
Therefore, it has been confirmed that the glasma allows
the removal of the polymer while maintaining the pat-
terns that the BC thin films initially possess throughout the Figure 6. SEM micrographs of the three patterns transferred onto Si-wafers
process. by RIE using PMMAb-PHEMA thin films with Pd nanoparticles as

In the next step, the £etched films were treated by GF lithography masks; (ac) were produced by using the PMM&PHEMA

. - . films dip-coated from 1,4-dioxane, methanol, and 2-methoxy ethanol
plasma. The region under the Pd nanoparticles on the Si-g,tions, respectively.

22) Park, M.; Harrison, C.; Chaikin, P. M.; Register, R. A.; Adamson, D. . . .
2) H. Sciencel997 276, 14011404, 9 wafer is masked against the £plasma, thus the naked Si-

(23) Park, M.; Chaikin, P. M.; Register, R. A.; Adamson, D Appl. Phys. wafer is etched at a higher rate and the nanodomain patterns

24) Ié%tetl.éOJOlP?%i%ZZ;ZSQ_Wer S.: Mitier, M.; Herzog, T.: Ziemann of the BC thin films can be transferred to Si-wafers. Figure

P.Adv. Mater. 1998 10, 849-852. 6 shows the SEM micrographs of the three patterns produced
(25) Lammertink, R. G. H.; Hempenius, M. A.; van den Enk, J. E., Chan, - on Sj-wafers by using the BC thin films with the periodically

V. Z.-H.; Thomas, E. L.; Vancso, G. Adv. Mater. 2000 12, 98— . . . .
103. e assembled Pd nanoparticles presented in Figure 4 as lithog-

(26) FCthéngHJ_.\\/(.; Ross,GC. ﬁ\'é Cf’ﬁn. V. sz—OH.;ngholnEi._ ElI;B Lammertink, raphy masks. Those micrographs qualitatively present that
(27) Naito, K. ancso, G k. Mater 200 4 TS kEE the substrates are etched by the, flEsma treatment because

Trans. Magn.2002 38, 1949-1951. the patterns before the €plasma treatment cannot be seen
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clearly by SEM. This means that three different periodic pattern can be produced from the homogeneous solution.
patterns, where the feature sizes and the half pitches are a®atterns of complex geometries need to be created for
small as 20 nm, can be produced on Si-wafers using oneintegrated circuits, while some technological applications,
BC. including the fabrication of densely packed magnetic do-
maing’?8or silicon capacitors with increased charge storage
Conclusions capacity?® require only a regular array of domains on
substrates. Our technique can provide the lithography masks
by a simple and practical easy process with an amphiphilic
diblock copolymer that can be synthesized without complex
schemes.

In addition, patterning the Pd nanoparticles will provide
catalyst surfaces that enable the growth of functional
materials, such as metals, semiconductors, ceramics, and
carbon nanotubes, on a surface in a controllable fashion,
which possesses potential application for nanoelectronics,
flat-panel displays, sensors, and so®®1i¥° We will continue
the investigation of the possibility of our technique for
various applications.

The assemblies of Pd nanoparticles with the three different
lateral patterns can be achieved on Si-wafers by using BC
thin films as templates. We showed that the nanodomain
patterns of the PMMA-PHEMA monolayer film can be
controlled by dip-coating in appropriate selection of solvents.
The patterns with lateral periodicities of the BC thin films
on Si-wafers prepared by dip-coating can be maintained
throughout the process for the incorporation of the Pd
nanoparticles using the Pd(acaexpor as a precursor even
though the films was laid at 180C for 30 min. The
advantage of our technique is that the three different 2-D
patterns can be achieved using one BC with a relatively
simple dip-coating technique that requires no further proce- Acknowledgment. Financial support by New Energy and
dures to gain the orientation or ordering of the domains in Industrial Technology Development (NEDO) for the Nano-
BC films; also, the metal nanoparticles can be loaded into structured Polymer Project is gratefully acknowledged.
the films by a simple dry process while maintaining the cpmo4s695G
lateral orders of the films.
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