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Patternd polyme films were grown on SiO,/Si surface by a proces startirg with microcontact
printing (uCP) of octadecyltrichlorosilane(OTS), formation of a monolayer derived from
norborneny trichlorosilare (Nbn—SiCl;) in area not protectel by OTS activatian of the surfaces
derived from Nbn-SiCl; with a ruthenium catalyst and surface-initiatd ring-openirg metathesis

polymerization of derivatives of norbornee by the catalyticaly active ruthenium species These
patterné polyme films were successfull usal as reactiwe ion etchirg resists The combinatian of
uCP ard surface-initiatd polymerizatim makes possibé molecular-leve contrd of polymer
composition ard thicknes in both laterd and verticd directions the smalle$ patterne lateral
features were 2 um lines; this width was determined by the features of the stamp use@ihand
is nat the intrinsic limit of the method The thicknes of the polyme film was typically, 5-100 nm
ard could be controlled by monome concentratia and reaction time. © 199 American Institute

of Physics [S0003-695099)01052-9

This letter describs the combination of microcontact
printing (wCP)*2 ard surface-initiate ring-openimy metathe-
sis polymerizatim (ROMP)® to generag patterne polymers
on surfaces ard the use of thes patterrs as reactive ion
etchirg (RIE) resists The objective of thiswork is to identify
areliable flexible proces tha can be usel to generag pat-
ternel polymea films on technologicaly importart surfaces
sud as SiO,/Si, and to explore the use of additively pat-
ternal polyme thin films in the fabricatian of simple micro-
electronc and optoelectrorg devices We beliewe tha addi-
tive depositian of thin film basel on uCP has the potential to
be a practica stratey for the fabrication of features for mi-
croelectront systens having smalles laterd dimensiors on
the orde of microns.

Microcontad printing of thiols (RSH?* has been ex-
plored as alithographt technique to transfe patterrs into the
surfa@ of gold and silver thin films. The patternd thiol
monolayes selectivey prote¢ thee metak from wet
etchantsand allow reproducibé generatio of metallic fea-
tures as smal as 500 nm. The method usel for uCP of RSH
on Au ard Ag canna be usal directly with SiO,/Si, ard it
has proved more difficult to patten octadecyltrichlorosilane
(OT9 on SiO,/Si surface (by «CP) than to pattern RSH on
Au.’~8 patternd SAMs of OTS on SiO,/Si (Ref. 9) do not
proted the surfae agains etchirg in aqueos HF/NH,"F~
or KOH solutions!® SAMs (on both SiO,/Si ard Au) per-
form poorly as RIE resist becaus they are too thin to pro-
vide usefu protection>®
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The patterné polyme films describé here hawe two
attractive features naot offered by SAMs for lithographt ap-
plications (i) They are thicker and more robug (chemically,
thermally, and mechanically than these SAMs, ard thus can
be usal as RIE resists (ii) Substantibcontrd of the chemi-
cd composition of the film perpendiculato the surfae is
possible for example the compositim of polymes and
block copolymes can be formed?!

We hawe formed a variety of patterne polyme films
using the ROMP catalys develope by Schw#® et al.'?
[(CysP),Cl,Ru=CHPh Cy=cyclohexyl with appropriate
monomers [norbornene or 5-bicycloheptene (Nbn),
5-(bicyclohepteny)l trichlorosilane (Nbn-SiCl;), and
5-(bicyclohepteny) triethoxysilare (Nbn-Si(OEt)3). We
hawe usal Nbn—SiCl; to form the initial SAMs to which the
cataly$ attachesit has the requisie norbornee (Nbn) ter-
mind group®®® The use of Nbn-SiCl; and ROMP thus
make it possibé to apply uCP to SiQ/S ard othe metal
oxide surfaces.

First, the surfa@ of the substra¢ was patterné with
OTS (2-3 nm) by uCP following published proceduréBig.
1(a)].>1%1*Secondthe OTS-patternd sampé was place in
a solution of Nbn-SiCl; (60 mM in tolueng for 6-12 h.
This step formed a Nbn-terminatd SAM in are& not pat-
ternad with OTS [Fig. 1(b)]. The attachmenof the ruthe-
nium cataly$ to the surfae was carried out by immersing
the substrat in a CH,Cl, solution (17 mM) of the ruthenium
catalys$ for 30 min [Fig. 1(c)].X® Third, the polyme films
were formed by placing the substratsin a solution of mono-
mer (0.01-0.4 M in CH,Cl,) for 5-30 min [Fig. 1(d)]. The
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FIG. 1. Schemat representatio of patternel polyme formation by uCP,
activation and ring-openig metathes polymerization on the surfa@ of
SiO,/Si. No orde or structue is implied by the representatio of the OTS
(octadecyltrichlorosilane norbornene-terminate SAM, [Ru] catalyst
[(Cy3P),Cl,Ru=CHPh Cy=cyclohexyl, ard polymer.

sampé was placal in aRIE chambe and the polymer pattern
was transferre into the substrag [Fig. 1(e)].

Figure 2(a) shows an opticd microgragh of a patterned,
50-nm-thik poly[Nbn-Si(OE®)3] film. In this sample the
polyme film (light) formed outsice the 10X 10um square
(dark) that had been printed with OTS. Schene 1 shows the
reaction steps including detailed chemicé structure of the
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monomey catalyst and the resultirg polymer. Profilometry,
ellipsometry ard AFM showael uniform polyme film thick-

nes acros the sample Polyme films with thicknesse from

5 to 100 nm were grown reproducibly The thicknes of the
polyme films varied with polymerizatio time anrd monomer
concentratiort?

Higher-magnificatio SEM [Fig. 2(b)] showel that the
polyme film has awell-definel patten with distind bound-
aries betwee the polyme (dark) and OTS (light). The edge
resolution of the polyme thin-film patten (~300 nm) is
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FIG. 2. (a) Opticd microgragh of the patterne poly] Nbn—(OE)3] film (50
nm) on the surfa@ of SiO,/Si. A uniform polyme film coves the surface
excefp inside the 10 umx10 um squares, where OTS had been printed by
#CP. (b) Scannimg electra microscopy shows well-defined bounday (with
edge roughnes <300 nm) betwee the polyme (dak region and the area
modified with OTS (the lighter squaré.

lower (tha is, the roughnes of the edge is greate) than that
observe for RSH on gold'® (~50 nm) ard OTS on SiO, /Si
(~200 nm).1° Thisincreag in the value of edge roughnesis
expectedconsideriig tha the thicknes of the polyme film
(50-100 nm) is greate then tha of the typicd SAM (2—-3
nm). At presentthe smalles featue tha can be generated
using this procedue is ~2 um, a size that is limited by the
resolution of the uCP step used to pattern OTS.

Thes patternd polymess ad as RIE resiss in etchirg Si
substratesFigure 3 shows opticd (a) anrd SBEM (c) micro-
grapts of a patterné poly{Nbn-Si(OEt);] on SiO,/Si sur-
face before RIE. The dak lines in Figs 3(a) and 3(c) corre-
spord to the 2-um-wide polymer film(10 nm thick. Figures
3(b) and 3(d) show correspondig opticd and SEM micro-
graphs respectively after the sampé had been etchel for 3
min in a parallel-plaé RIE reacta (30 W, 25 mTorr) using
Sk

Figure 4(a) shows a contact-moéd AFM image of a pat-
ternal poly(Nbn—SiCly) on SiO,/Si surface!’ Line analysis
indicated tha the thicknes of the polyme was ~15 nm.
Figure 4(b) shows a correspondig AFM image after the
sampé had bee etchel for 2 min. The unprotectd areas
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FIG. 3. (@ Opticd micrograp of 2-um-wide lines of patterned poly
[Nbn—Si(OE);] film generatd by polymerizatiom from surfa@ before RIE
(thicknes ~10 nm). (c) Opticd micrograg of the sampe after RIE with
SF; for 3 min at 30 W in aparallel-plaé etcher (b) SEM microgragh of the

sampe before RIE [sanme sampe as shown in (a)]. (d) SEM microgragh of
the sampe after RIE.
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FIG. 4. (a) Contact-moé AFM of patterné poly(Nbn-SiCl;) film gener-
ated by polymerizatiom from surfa@ before RIE (thicknes ~15 nm). (b)

The surfae after RIE with SF; for 2 min at 30 W in aparallel-plaé etcher.
The polyme films were completey removel after RIE ard before measur-
ing surfa@ profiles The dak squae in the image is the area on which no

polyme was present The height differene betweea the squae and the area
arourd it was ~135 nm after RIE.

without poly(Nbn-SiCl;) were etchal more rapidly in RIE
(~135 nm height differenceg than areas with
poly(Nbn-SiCl;). Unde the sane RIE conditiors (SF;, 30
W), the etch rate for the SiO,/Si substrag was ~100 nm/
min, comparel to ~20 nm/min for the poly(Nbn-SiCl;)
film. The etchel surfa® is quite rough as is commony ob-
servel in RIE 18

This letter demonstrate astratey for forming patterned
polyme films, and using them as RIE resiss in etching
SiO, /Si. A possibe advantag of this approat is its ability
to contrd the compositian (by sequencihaddition of mono-
mers and dimensiam of polyme thin films both laterally (by
uCP) and vertically (by the time of polymerizatiaon in ROMP
and monome concentratioft! on surfacesIn addition with
appropria¢ monomersthe approab describé in this letter
can be usal to grow active polyme films (i.e,, films tha are
electrically conductie or light emitting).’®=?? Although the
procedue involves severésters tha occu in solution and an
indired methal for attachirg the rutheniun catalyst it is
operationaly straightforward Methods for generatig thick
(~100 nm) films that combine uCP with either
polymerizatiort®?3 (and extendablein principle, to othe po-
lymerizatian system&®) or polyme adsorptioR>?®will make
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