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Self-assembled monolayers (SAMs) formed from alkanethiols
on palladium resist corrosion by solution-phase chemical etchants,
regardless of the chain length and wettability of the SAM. This
insensitivity to chain length contrasts with SAMs on gold, for which
a hydrophobic, well-ordered, crystalline alkane film is required to
prevent access of water-soluble etchants to the underlying #tetal.
This paper demonstrates that dense SAMs form on contact of
hexadecanethiol (GSH) and palladium, and that these SAMs are
notably more useful resists against wet-chemical etchants than are
those on gold. This system, however, differs from SAMs on gold
in that the interfacial layer between the palladium and the organic
film contributes the major part of the etch resistance of the
system: a number of thiols differing substantially in hydrophobicity
and chain length (GSH, G,SH, HO(CH,),SH, GHsSH, HO,-
CCH,SH) provide comparable levels of contrast as etch resists.

SAMs of alkanethiolates on the coinage metals (Au, Ag, Cu)
have been used for a range of purpdsiesluding etch resists for
microcontact printinggCP)® The use of«CP of SAMs is generally
not practical for patterning sub-500-nm features on these metals
for two reasons: (i) it leaves defects and surface pits during etching
(for gold) and (ii) spontaneous formation of an oxide layer in air
complicates the system (for copper and silver). In addition, the
coinage metals are incompatible with complementary metal-oxide
semiconductor (CMOS) fabrication, and require barrier layers to
prevent their contamination of the silicon with deep-level traps for
minority carriers® Palladium and its alloys are commonly used in
microelectronic elements such as resistors and capacéitors. : /

Palladium has several physical properties that suggest it would Figure 1. (a) Scanning electron micrograph (SEM) of the corner of a
be a useful substrate for patterning SAMs of alkanethiolates: (i) it diamond patterned on Pd. The pattern was generated by two consecutive

. - -~ . Sy printings of 5um lines (10um pitch) at an angle of30° relative to one
is very reactive toward sulfur-containing compounds, (i) it has a another. The edge roughness{80—75 nm and the radius of curvature at

slightly smaller lattice spacing in the (111) plane (2.75 A) than e point of the structure is- 40-50 nm. The insert shows the whole
gold and silveg (iii) it resists oxidation in air below 400C, and diamond. (b) SEM of a diamond patterned in gold. Note the increase in the
(iv) it forms smaller grains (1525 nm) by e-beam evaporation  number of pits in the surface of the gold and the radius of curvature in the
than either gold (56100 nm) or silver (36-50 nm). Here we report ~ Point (~150 nm).

that alkanethiols form well-ordered SAMs on palladium, and resist were patterned with SH and exposed to the most selective
etching with greater selectivity than SAMs on g8lThe details etchants that we know for each of these systems: a semioptimized
of the formation and characterization of the hexadecanethiolate iron(lll)-based solutiof? for SAMs on palladium, and a highly
SAM on palladium are described in the Supporting Information. optimized ferrifferrocyanide solutiéf for SAMs on gold. The
Infrared data indicate that a hexadecanethiolate monolayer formsstructures on the palladium film show better edge definition and
rapidly on palladium with crystalline molecular packing, and that 85-95% fewer etch pits on the surface than on the gold film
the order of the SAM is comparable to that ofs€ SAMs on gold (particularly near the edges of the structures). Since we infer from
and silver. A high advancing contact angle of watgy ¢ 120°) the spectroscopic data that the organic layers formed on both
and high hysteresig)§ — 0, ~ 20°) suggest that this SAM may be  substrates are similar in structure, these results suggest that the
more heterogeneous or disordered at the molecular scale §8n C  interface between the palladium and sulfur-containing species

derived SAMs on either gold or silvé?. (which we call the RS/Pd interface, without specifying its structure
Figure 1 shows structures that we can generate by the combina-in any detail) also contributes to the resist properties of SAMs on
tion of uCP and etching on palladium and on géldBoth films palladium.

* Address correspondence to this author. E-mail: gwhitesides@ T(.) investigate the eﬁect.of the RS/P.d im,erface on selective
gmwgroup.harvard.edu. etching, we patterned a variety of organic thiolsd&H, C,SH,
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chemical etching. This result suggests that an ion-impermeable
organic layer is not essential to achieve high quality resist layers
on palladium films.

We believe that the system of SAMs on palladium is superior
to SAMs on gold and silver for patterning microstructureg(gp 1>
We suggest that the ability to fabricate palladium structures@y
will provide new methods to functional micro- and nanostructures
(e.g., in catalysis), for patterning contacts for CMOS structures,
and for interfacing with metallic and organic electronic materials.
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Figure 2. SEMs of palladium (bright areas) on Si/SiPatterned by:CP

with (a) HO(CH).SH and (b) GHsSH and etched in an aqueous FeCl
solution. The white box marks the region of the structure shown in the
magnified image offset to the right of each image. We attribute the increasing
residue of unetched palladium (extending outward from the edges of the
pattern) to the spreading of the volatile thiols by diffusion. The Supporting
Information shows patterns generated with other thiols.

HO(CH,),SH, GHsSH, HO,CCH,SH) on palladium films by:CP

and transferred those patterns by etching. Regardless of the structure
of the organic layer, the SAMs protected the palladium from
corrosion by wet etchants (Figure 2)Although the density of
defects increased with decreasing chain length, there was strong
contrast between the protected and unprotected areas in all cases.
Experiments using the same thiols on gold substrates, followed by
treatment with the ferri/ferrocyanide etchahshowed little or no
selectivity. We believe that the etch resistance of alkanethiolate
SAMSs on Au depends entirely on a well-ordered, hydrophobic SAM
to prevent the transport of oxidizing ions to the surfadé/e
exposed palladium substrates to a 10-mM ethanolic solution £8 Na
for 1 h and etched the treated films in aqueous solutions o Kl/I
and FeGJ.12 The samples showed no significant corrosion ove? 1

min (periods~2—4 times longer than the time required to dissolve
untreated palladium completely in the same etchants). Gold films
treated with NgS dissolved as rapidly as untreated films. We infer
that the RS/Pd interfacendependent of attached organic groups
and thickness of the SAMcontributes to the mechanism of etch
resistance in this system.

We draw three conclusions from these studies: (i) SAMs of long-
chain alkanethiolates form well-packed structures on palladium
surfaces; the detailed structures of these SAMs remains to be
resolved, but they are probably more heterogeneous than those on
gold. (ii) A range of organic thiols can be patterned on palladium
films by uCP; all provide good resistance to iron(lll)-based etches,
although GsSH seems to give the best results. (iii) the RS/Pd
interface contributes strongly to the ability of the film to resist
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