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Patterned polymer films were grown on $SiQi surfaces by a process starting with microcontact
printing (uCP) of octadecyltrichlorosilane(OTS), formation of a monolayer derived from
norbornenyl trichlorosilane (Nbn—Siglin areas not protected by OTS, activation of the surfaces
derived from Nbn-SiGlwith a ruthenium catalyst, and surface-initiated ring-opening metathesis
polymerization of derivatives of norbornene by the catalytically active ruthenium species. These
patterned polymer films were successfully used as reactive ion etching resists. The combination of
uCP and surface-initiated polymerization makes possible molecular-level control of polymer
composition and thickness in both lateral and vertical directions: the smallest patterned lateral
features were 2um lines; this width was determined by the features of the stamp use@khand

is not the intrinsic limit of the method. The thickness of the polymer film was, typically, 5—100 nm
and could be controlled by monomer concentration and reaction timel999 American Institute

of Physics[S0003-695(99)01052-9

This letter describes the combination of microcontact The patterned polymer films described here have two
printing (uCP)™? and surface-initiated ring-opening metathe- attractive features not offered by SAMs for lithographic ap-
sis polymerizationROMP)® to generate patterned polymers plications: (i) They are thicker and more robushemically,
on surfaces, and the use of these patterns as reactive i@Rermally, and mechanicalithan these SAMs, and thus can
etching(RIE) resists. The objective of this work is to identify phe ysed as RIE resistéi) Substantial control of the chemi-

a reliable, flexible process that can be used to generate pgly| composition of the film perpendicular to the surface is
terned polymer films on technologically important surfaces,

such as SiQJ/Si, a.nd.to e-_xplore the_ use of additively .pat— Elc:)islibclzi-pg:;rmeefzzlgrllei) ethfi r;oér;posnmn of polymers and
terned polymer thin films in the fabrication of simple micro- We h f d ety of patt d ool fil
electronic and optoelectronic devices. We believe that addi- ‘' c, "ave 'ormed & variety of patierned po ymerlzl ms
tive deposition of thin film based ouCP has the potential to using the ROMP catalyst developed b,y Schwaiba!.

be a practical strategy for the fabrication of features for mi (CYsP)2Cl.Ru=CHPh, Cy=cyclohexy] with appropriate

croelectronic systems having smallest lateral dimensions offfonomers [norbornene or  S-bicycloheptene(Nbn),
the order of microns. 5-(bicycloheptenyl trichlorosilane  (Nbn-SiG), and
Microcontact printing of thiolfRSH?* has been ex- 5-(bicycloheptenyl triethoxysilane (Nbn-$DEY)3). We
plored as a lithographic technique to transfer patterns into thbave used Nbn—-Sigto form the initial SAMs to which the
surface of gold and silver thin films. The patterned thiol catalyst attaches: it has the requisite norborn@ien) ter-
monolayers selectively protect these metals from wetminal group®'® The use of Nbn—SiGland ROMP thus
etchants, and allow reproducible generation of metallic feamake it possible to applyCP to SiQ/Si and other metal
tures as small as 500 nm. The methods usedu@P of RSH  gxide surfaces.
on Au and Ag cannot be used directly with $iSi, and it First, the surface of the substrate was patterned with
has proved_ more difficult to pattern octadecyltrichlorosilaneqgtg (2—3 nm by uCP following published procedurgsig.
,(A\?J-E)B %';Sé%/e Sdl Sslfatﬁgeébé#g?;h;n t(i) (r;a;’;eg (?()S:o?n 1(a)].>1%1*Second, the OTS-patterned sample was placed in
pratect the surface against etching iﬁq}zqueoﬁs HE/NH a solution of Nbn—SiGl (60 mM in tolueng for 6-12 h.
This step formed a Nbn-terminated SAM in areas not pat-

or KOH solutions® SAMs (on both SiQ/Si and Ay per- . :
form poorly as RIE resists because they are too thin to protej‘med with OTS[Fig. 1b)]. The attachment of th.e ruthe.-
nium catalyst to the surface was carried out by immersing

vide useful protectioA-® . . _
the substrate in a Ci€l, solution(17 mM) of the ruthenium

) . — catalyst for 30 min[Fig. 1(c)].X® Third, the polymer films
Electronic mail: gwhitesides@gmwgroup.harvard.edu f db laci h b . Ut :
bDepartment of Chemistry. were formed by placing the substrates in a solution of mono-

“Department of Chemical Engineering. mer (0.01-0.4 M in CHCI,) for 5—30 min[Fig. 1(d)]. The
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FIG. 2. (a) Optical micrograph of the patterned ppNbn—OEt);] film (50
nm) on the surface of SiQSi. A uniform polymer film covers the surface
except inside the 1@mx10um squares, where OTS had been printed by
uCP. (b) Scanning electron microscopy shows well-defined boundaitj

edge roughness:300 nm between the polymefdark region and the area
—_ modified with OTS(the lighter square

lower (that is, the roughness of the edge is greatean that
l e observed for RSH on gotfl (~50 nm) and OTS on SiQ¥Si
== 100 (~200 nm.1° This increase in the value of edge roughness is
nm . . . .
’_‘—|—l—|—l—-— expected, considering that the thickness of the polymer film
(50-100 nm is greater than that of the typical SAK2-3
nm). At present, the smallest feature that can be generated

Il ots @ [Ru] catalyst using this procedure is-2 um, a size that is limited by the
) resolution of theuCP step used to pattern OTS.
' Nbn-SiCl3 o polymer These patterned polymers act as RIE resists in etching Si

substrates. Figure 3 shows optida) and SEM(c) micro-

FIG. 1. Schematic representation of patterned polymer formation@Jy, graphs of a patterned pglybn—S{OEY;] on SiG,/Si sur-

activation, and ring-opening metathesis polymerization on the surface oface before RIE. The dark lines in FigsaBand 3c) corre-

SiO, /Si. No order or structure is implied b)_/ the representation of the OTSgpond to the 2«m-wide polymer film(10 nm thick. Figures

cesdecichlystars nortonene et SAWIRU Gt 31t and 30) show corresponding opical and SEM micro-
graphs, respectively, after the sample had been etched for 3
min in a parallel-plate RIE react@gBO W, 25 mTorj using

sample was placed in a RIE chamber and the polymer patter8F;.

was transferred into the substrgtgg. 1(e)]. Figure 4a) shows a contact-mode AFM image of a pat-

Figure 2a) shows an optical micrograph of a patterned,terned polyNbn—SiCk) on SiQ,/Si surface'’ Line analysis

50-nm-thick polyNbn—S{OEt)] film. In this sample, the indicated that the thickness of the polymer wad5 nm.

polymer film (light) formed outside the 2010um square Figure 4b) shows a corresponding AFM image after the

(dark) that had been printed with OTS. Scheme 1 shows theample had been etched for 2 min. The unprotected areas

reaction steps, including detailed chemical structures of the

Polymer OTS Polymer oTS

- cl ’?CE/Q -~
4 sicl g i /
3 - PCys Q -
2 / » :

Scheme 1.

monomer, catalyst, and the resulting polymer. Profilometry,
ellipsometry, and AFM showed uniform polymer film thick-
ness across the sample. Polymer films with thicknesses from
5 to 100 nm were grown reproducibly. The thickness of the
polymer films varied with polymerization time and monomer
concentratiort! FIG. 3. (@) Optical micrograph of 2zm-wide lines of patterned poly
Higher-magnification SEMFig. 2(b)] showed that the [Nbn—S{OE;] film generated by polymerization from surface before RIE

polymer film has a well-defined pattern with distinct bound- (fickness=10 nm. (c) Optical micrograph of the sample after RIE with

. . SF; for 3 min at 30 W in a parallel-plate etchéb) SEM micrograph of the
aries between the polymeédark) and OTS(light). The edge

_ v A sample before RIEsame sample as shown (@]. (d) SEM micrograph of
resolution of the polymer thin-film patter~300 nnj is  the sample after RIE.
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