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We have employed electroless deposition to prepare smooth films (mirrors) of silver that could be used
as substrates in microcontact printing (µCP) of alkanethiols. Good-quality SAMs of hexadecanethiolate
were formed on thin films of electroless silver by printing with an elastomeric stamp; these SAMs were
effective resists in protecting the underlying silver from etching in an aqueous ferricyanide solution. Thin
films of silver prepared by electroless deposition show a granular morphology (the grain sizes are∼30-60
nm) and have a rougher surface than those prepared using e-beam or thermal evaporation. As a result,
hexadecanethiol liquid spreads more rapidly on electroless silver than on evaporated silver when µCP is
carried out in air. This process of reactive spreading limits the resolution and fidelity of pattern transfer
to electroless silver films by µCP, but could also be used as a convenient method for reducing the sizes
of features of SAMsgenerated using µCP. The smallest features thatwehave fabricated using thismethod
were trenches etched inelectroless silver (∼40nmthick)with lateral dimensions of∼200nm. Theprocedure
demonstrated here allows us to form micropatterns and microstructures without the metal evaporation
usuallyused toprepare thesubstrates forµCP,andthusopensµCPandrelated techniquesofmicrofabrication
to those who do not have access to the equipment required for evaporation or sputtering of silver. It also
makes it possible to carry outmicropatterning on hidden surfaces that could not be silvered by evaporation
(for example, the inside surface of a glass tube or flask).

Introduction

This paper describes the use of electroless deposition (a
typical example is the Tollens’ process) to prepare thin
filmsof silver foruseassubstrates inmicrocontactprinting
(µCP)1 to form patterns of self-assembled monolayers
(SAMs)2 of alkanethiolates. Subsequent etching of SAM-
patterned silver in an aqueous ferricyanide solution
produced microstructures of silver that could be further
used asmasks in the etching of the underlying layer such
as glass or SiO2.
Microcontact printing using SAMs is a cost-effective

strategy for forming small, high-quality structures that
requires very little in capital investment. This procedure
is remarkable for its simplicity and speed. Combining
with selective etching and deposition, this procedure is
immediately applicable to a variety of tasks in microfab-
rication that do not require multiple superimposed pat-
terns with accurate registration between them, for
example, preparation of sensors, microelectrode arrays,
optical components, microanalytical systems, consumer
electronic systems, and supports for cell culture.3 Cur-
rently, microcontact printing is capable of routinely
generating patterns of SAMs with feature sizes of ∼500
nm; it can also produce features as small as ∼100 nm,
albeit less reproducibly.4 We and other groups have
applied µCP to a number of systems of SAMs,3 with the

best-established ones being SAMs of alkanethiolates on
evaporated thin films of gold and silver.5,6 Microcontact
printing of alkanethiols on silver surfaces seems to be
particularly interesting and useful for applications in
microfabrication because etching protocols for silver are
more convenient to use than those for gold, and patterns
of silver fabricated using the combination of µCP and
selective etching in anaqueous ferricyanide solutionhave
higher edge resolution and far fewer defects than those
of gold fabricated using a similar procedure.6
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Table 1. Comparison between SAMs of
Hexadecanethiolate Formed on Thin Films of Silver

Prepared Using Different Methods

contact angle of H2O
(deg)

method prepna
SAM thickness

(Å) θa θr cos θr - cos θa

e-beam (a) ∼25 111 100 0.185
(b) ∼24 111 99 0.202
(c) ∼22 108 97 0.187

electroless (a) ∼24 112 96 0.254
(solution) (b) ∼22 111 95 0.271

(c) ∼17-21 110 95 0.254
electroless (a) ∼24 111 95 0.271
(spray) (b) ∼23 111 95 0.271

(c) ∼17-22 109 94 0.255
a (a) The samples were prepared by immersing the substrates

in a 2 mM solution of HDT in ethanol for 2 min; (b) the samples
were prepared by µCP and the stamp was in contact with Ag for
∼20 s; (c) the samples were prepared by µCP, and the stamp was
in contact with Ag for ∼5 s.

363Langmuir 1998, 14, 363-371

S0743-7463(97)00708-7 CCC: $15.00 © 1998 American Chemical Society
Published on Web 01/20/1998



One of the most significant advantages of µCP over
conventional photolithography is that µCP has the ca-
pability to form patterns on nonplanar surfaces.7 This
application is, however, limited by the evaporation
methods (for example, thermal or e-beam evaporation)

that are currently used to prepare thin films of metals.
Because metal evaporation is a line-of-sight deposition
technique, shadowing precludes the formation of uniform
coatings ofmetals onnonplanar surfaceswith steepedges,
on inside surfaces of hollow tubes, or on other hidden
surfaces. Here we report an alternative method for
forming thin films of silver that can be used as substrates
to form patterns of SAMs of alkanethiolates using µCP.
This method is based on electroless deposition, in which
an aqueous silvering bath is used to form smooth coatings
of silver on surfaces with a wide range of topologies.

(7) Jackman, R. J.; Wilbur, J. L.; Whitesides, G. M. Science 1995,
269, 664.

Figure 1. SEM images of thin films of silver prepared on Si-
(100) wafers by (A) e-beam evaporation (40 nm thick) and (B,
C) electroless deposition (∼40 nm thick), respectively. The
samples were tilted 45° when taking SEM images.

Figure 2. SEMs of test patterns of silver that were fabricated
usingµCPwithHDT, followedbyselectiveetching inanaqueous
ferricyanide solution for∼14 s.ThePDMSstampwas in contact
with the surface of the substrate for ∼20 s. The thin films of
silver were prepared by (A) e-beam evaporation (40 nm thick)
and (B) electroless deposition (∼40 nm thick) from the spray
of the silvering bath, respectively. The bright regions are silver
protected by the SAM; the dark regions are bare Si/SiO2 where
underivatized silver has dissolved.
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Because electroless deposition usually produces thin
films of silver with grain structures and surface mor-
phologies different from those prepared by e-beam or
thermal evaporation, and because the chemistry of the
surfaces prepared by e-beam and electroless deposition
may also be different, it was not clear that µCP of
alkanethiolswouldbeas successful on thin filmsprepared
by electroless deposition as on those prepared by metal
evaporation. In fact, the patterns prepared this way
appear to be equivalent to those prepared by conventional
procedures, except that hexadecanethiol spreads more
rapidly on electroless silver than on evaporated silver.
This equivalence makes it possible to prepare patterned
microstructures of silver onavariety of substrateswithout
access to ametal evaporator, and on hidden surfaces that
cannot be coated by metal evaporation.

Experimental Section

Substrates and Materials. Ag (99.999%), Ti (>99.99%),
K2S2O3,K3Fe(CN)6,K4Fe(CN)6, andCH3(CH2)15SHwereobtained

from Aldrich. The elastomeric poly(dimethylsiloxane) (PDMS)
was obtained from Dow Corning (Sylgard 184, Midland, MI).
Si(100)wafers (Cz,N/Phosphorous-doped, test grade, SEMIStd.
flats.) were obtained from Silicon Sense (Nashua, NH) and were
covered by thin layers of either native oxide or thermally formed
oxide (∼2µmthick). Hexadecanethiol (HDT)waspurifiedunder
nitrogenbychromatography throughsilicagel. Evaporated films
of silver (40nmthick)were prepared by e-beamsputtering silver
onto Si wafers primed with thin layers of Ti (2-3 nm thick).
Electroless Deposition of Silver on Si and Glass. Elec-

troless deposition is similar to electrolytic plating except that no
external electrodes are needed.8 In electroless deposition,metal
ions are directly reduced into metals by the introduction of a
reducingagent. Althoughavariety ofproceduresand/or reagents
have been demonstrated for electroless deposition of silver,9
their fundamental mechanisms are similar to that of Tollens’

(8) Mallory, G. O.; Hajdu, J. B. Electroless Plating: Fundamentals
and Applications; AESF: Orlando, FL, 1990.

(9) See, for example: (a) Ingalls, A. G. Amateur Telescope Making,
Book One, Scientific American, Inc.: New York, 1981, Part VI. (b)
Warrier, S. G.; Lin, R. Y. J. Mater. Sci. 1993, 28, 4868. (c) Chang, H.;
Pitt, C. H.; Alexander, G. B. J. Mater. Sci. 1993, 28, 5207.

Figure 3. SEM images of test patterns of silver fabricated using µCPwithHDT, followed by selective etching for∼14 s. The PDMS
stamp was in contact with the surface of the substrate for different intervals of time. The thin films of silver were prepared by
(A, B) e-beam evaporation (40 nm thick) and (C-F) electroless deposition (∼40 nm thick) from the spray of the silvering bath,
respectively. The bright regions are silver protected by the SAM; the dark regions are bare Si/SiO2 where underivatized silver has
dissolved.
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process:10

We have tried homemade Tollens’ reagents to form silver
coatings on glass and have successfully carried out µCP on these
surfaces, but better results were obtained using a commercial
silvering bath (HE-300, Peacock Laboratories, Philadelphia,
PA).11 This silvering bath is a three-part set consisting of the
following concentrated solutions: (a) silver solution, (b) activator
solution, and (c) reducer solution.12 These solutions are sold
separately and are mixed by users to give the silvering bath.
Thin films of electroless silver used in the present work were
prepared at Peacock Laboratories. The substrate was rinsed
thoroughly with deionized water and washed with a solution of
sensitizer (such as stannous chloride) that acted as a binding
agent. Silverwas thendepositedonto the surface of the substrate
while it remained wet using two different procedures: (1) silver
was deposited directly from the silvering bath and (2) silver was
deposited from a spray of the silvering bath. In silvering from
the solution, the substrate was immersed in a diluted solution
containing components a, b, and c for a period of time and then
taken out. In silvering from the spray, two diluted solutions
(one containing components a and b; the other, c itself) were
simultaneously sprayed onto the substrate by the use of a two-
nozzle air gun. A cross-spray technique was used: the surface
was first sprayed horizontally from bottom to top, and then top
to bottom, followed by spraying vertically in a similar way. The
number of passes, concentrations of solutions, and overlap were

optimizedby trial and error to obtain silver coatingswithdesired
thicknesses, and suggestions for use are usually available from
the vendor of the silvering bath. The deposited silver appeared
in a dark blue color, and then quickly developed a bright, shiny
color in the form of a silver mirror. Following the deposition of
silver, the substratewas thoroughly rinsedwith deionizedwater
and dried under a stream of air.
Microcontact Printing (µCP). PDMS stamps were fabri-

cated according to the published procedure.1 A solution of HDT
inethanol (∼2mM)wasusedas the “ink” forµCP. After applying
the “ink” (by cottonQ-tip), thePDMSstampwasdried ina stream
of nitrogen gas for∼1 min and then brought it into contact with
the surface of the substrate. The stamp was in contact with the
surface of silver for an interval of ∼2 s, unless otherwise
mentioned in the text.
Etchings of Ag and SiO2. The etchant used for SAM-

patterned films of silver was an aqueous solution containing
K2S2O3 (0.1 M), K3Fe(CN)6 (0.01 M), and K4Fe(CN)6 (0.001 M).6
Silicon dioxidewas etched in anunbuffered aqueousHFsolution
(∼1%, w/w).
Instrumentation. SEM images were taken using a JEOL

JSM-6400 scanning electron microscope. The accelerating
voltage was 15 kV.

Results and Discussion
Surface Morphologies of Thin Films of Silver

PreparedbyDifferentMethods. Figure 1 showshigh-
resolution SEM images of thin films (∼40 nm thick) of
silver prepared using e-beam evaporation and electroless
deposition, respectively. The evaporated silver formed
continuous films with a relatively flat surface morphol-
ogy: the grain sizes of these films were ∼100-200 nm.
Electroless silver formed granular films. The thin films
of electroless silver deposited from the solution and the
spray of the silvering bathwere essentially the same; they

(10) Morrison, R. T.; Boyd, R. N. Organic Chemistry, 5th ed.; Allyn
and Bacon, Inc.: Boston, 1987; p. 777.

(11) The chemicals and equipment for electroless deposition of silver
are available from Peacock Laboratories, Inc., 54th St. and Paschall
Ave., Philadelphia, PA 19143; (215) 729-4400.

(12) Instructions: Resilvering and Silvering New GlasssSpray
Method; Peacock Laboratories: Philadelphia, PA, 1991.

Figure 4. SEM images of test patterns of silver generated using µCP with HDT, followed by selective wet etching in an aqueous
ferricyanide solution for∼14 s. The thin films of silver [∼40 nm thick, supported on Si(100) wafers] were prepared using electroless
deposition from the solution of the silvering bath.

RCHO(aq) + Ag+(aq) f RCOO-(aq) + Ag(s)
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were made of small particles of silver with diameters in
the range of ∼30-60 nm. They have a rougher surface
morphology than those prepared using evaporation.
HDT SAMs on Thin Films of Silver Prepared by

DifferentMethods. Themorphologyof a surfaceusually
affects the wetting and spreading of a liquid on this
surface.13-15 For example, DiMilla et. al. found that the
morphology of a solid surface significantly affected the
hysteresis in the forwarding and receding contact angles
of liquids.16 They measured contact angles of water and
hexadecane on HDT SAMs formed on thin films of gold
with different thicknesses and found that the hysteresis
becamemore significantas the thickness of gold increased.
They attributed this influence to the surface roughness
since evaporated films of gold become rougher as the
thickness increases. Table 1 compares the properties of
SAMsof hexadecanethiolate formed on thin films of silver
prepared by e-beam evaporation and electroless deposi-
tion, respectively. The thicknesses of SAMs formed on
silver films prepared using these two methods were
approximately the same when prepared under a similar
condition. The hysteresis in the contact angles was
smaller on evaporated silver than on electroless silver, an
observation that is consistent with the previous study by
DiMilla and co-workers.16

ReactiveSpreadingofHDTonThinFilmsofSilver
PreparedbyDifferentMethods. Microcontactprinting

relies its success on the rapid reaction of alkanethiols on
the surface with formation of SAMs and on the “auto-
phobicity” of the resulting SAMs.17 Biebuyck et. al.
demonstrated that the morphology of a gold surface
influenced the spreading of HDT liquid on this surface
and thusdetermined the resolutionofpatterningbyµCP.17
On the basis of lateral force microscopy (LFM) studies,
they also suggested that the spreading of HDT liquid on
a polycrystalline film of gold seemed to be trapped in the
“valleys” approximately 20 nm across between the “hill-
sides” of gold crystallites approximately 100 nm across.17
This suggestion implies that HDT liquid spreads more
rapidly on those surfaceswithout thepresence of “valleys”,
that is, granular films such as electroless silver. The
crevices in a rough surface may also facilitate the
spreading of a liquid on this surface.
Figure 2 compares µCP of HDT on thin films of silver

prepared by e-beam evaporation and electroless deposi-
tion, respectively. The PDMS stamp used here had ∼2-
µm lines separated by ∼2 µm. The SAM-patterned
surfaces of silver were etched in an aqueous ferricyanide
solution for ∼14 s to dissolve the bare regions underiva-
tized byHDTSAMs. When µCPwas conducted in air, the
spreading ofHDTon the evaporated silverwas extremely
slow and could be neglected in the interval of time (∼20
s) duringwhich the stampwasusually in contactwith the
surface of the substrate. The spreading of HDT on
electroless silverwasmuchmore rapid thanonevaporated
silver. The lateral spreading of HDT reduced the dimen-
sions of the bare regions: in this case, the width of bare
regionswas reduced from∼2µmto∼200nmover a period

(13) de Gennes, P. G. Rev. Mod. Phys. 1985, 57, 827.
(14) Noda, I. Chem. Ind. 1991, October, 749.
(15) Borgs, C.; De Coninck, J.; Kotecky, R.; Zinque, M. Phys. Rev.

Lett. 1995, 74, 2292.
(16) DiMilla, P. A.; Folkers, J. P.; Biebuyck, H. A.; Härter, R.; López,

G. P.; Whitesides, G. M. J. Am. Chem. Soc. 1994, 116, 2225. (17) Biebuyck, H. A.; Whitesides, G. M. Langmuir 1994, 10, 4581.

Figure 5. SEM images of test patterns of silver generated using µCP with HDT, followed by selective wet etching in an aqueous
ferricyanide solution for∼12 s. The thin films of silver (∼40nmthick, supported on glass substrates)were preparedusing electroless
deposition from the spray of the silvering bath.
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of ∼20 s; the edge of the patterned SAM advanced at an
average rate of ∼40-50 nm/s for an ∼2 mM solution of
HDT in ethanol.
Figure 3 illustrates the spreading of HDT liquid on

electroless silver when a complex test pattern was used.
The advancement of the edges of SAM-covered regions
canbeclearly seen fromtheseSEMimages. Thespreading
ofHDTonelectroless silver seemedtooccurpredominately
from the edge of the patterned SAM beyond the area of
the stamp in contact with the substrate and advanced at
approximately the same rate from each point on the edge
of the pattern. The rapid spreading of HDT liquid on
electroless silver limits the use of this system for certain
typesof applications inwhichaccurate transfer of patterns
is the prerequisite. This process, however, can be
employed to reduce the size of certain features of a pattern
and provides a simple and potentially useful route to
nanometer-sized features (see,Figures2Band3E)without
using advanced lithographic techniques.4
Selective Chemical Etching of Electroless Silver

with Printed SAMs as Masks. Patterned SAMs of
hexadecanethiolate on electroless silver served as na-

nometer-thick resists that effectively protected the un-
derlyingsilver fromcertainetchants. Theone thatworked
best in the present work was an aqueous solution
containing K2S2O3, K3Fe(CN)6, and K4Fe(CN)6.6 The
relatively rapid spreading of HDT on electroless silver
ultimately limits the resolutionandaccuracyofpatterning
based on this system. One way to reduce the extent of
spreading is to shorten the time during which the stamp
is in contact with the surface of the substrate. We found
a contact time of∼2 s was long enough to form patterned
SAMswithhighenoughcoverageandgoodenoughquality
that could withstand the attack from the ferricyanide
etchant. This short contact time allowed us to produce
and transfer submicron patterns and structures of silver
with relatively goodaccuracy andedge resolution. Figure
4 shows SEM images of test patterns of silver on Si/SiO2
that were fabricated using µCP with HDT, followed by
selective etching. Figure 5 shows SEM images of silver
on glass substrates that were generated using a similar
procedure. The contact time between the stamp and the
silver surface was ∼2 s. These SEM images represent
the level of complexity, perfection, and scale that can be
produced routinelyusingµCPofHDTonelectroless silver.
The ability to generate arrays ofmicrostructures of silver
with controlled shapes and dimensions is directly useful
in fabricating optical components such as optical diffrac-

Figure 6. SEM images of submicron trenches etched in SiO2
using an aqueousHF solution (∼30 s). Themaskwas a pattern
of electroless silver fabricated using µCP with HDT, followed
by selective etching in anaqueous ferricyanide solution for∼14
s. The dark regions are trenches (∼200 nm deep) etched in
2-µm-thick SiO2 formed thermally on Si. After etching of SiO2,
the silver mask was removed by immersion in the ferricyanide
etching solution for ∼2 min.

Figure 7. SEM images of test patterns of silver used for
conductivity (A) and isolation (B)measurements. The patterns
were generated using µCP with HDT, followed by selective
etching in an aqueous ferricyanide solution for∼15 s. The thin
films of silver [∼40 nm thick, supported on Si(100) wafers
covered with 2-µm-thick SiO2] were prepared using electroless
deposition from the spray of the silvering bath.
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tion gratings and arrays of microelectrodes for sensors
and electroanalytical chemistry.
Because no primer (typically Ti or Cr, with evaporated

silver)wasusedwhenpreparingelectroless silver coatings,
patterned structures of this silver could not stand the
harsh condition usually used for the anisotropic etching
of Si. The electroless silver was lifted off as soon as the
substratewas immersed in thehot aqueousKOHsolution.
The patterns of electroless silver, however, could be used
asmasks in the isotropic etchingofSiO2 inadiluteaqueous
HF solution. Figure 6 shows SEM images of submicron

trenches thatwere etched in a 2-µm-thick SiO2 layerwith
a pattern of electroless silver as the mask. The silver
pattern was, in turn, generated using µCP with HDT,
followed by selective chemical etching in an aqueous
ferricyanide solution.
Conductivity and Isolation of Electroless Silver

Patterns. Using the standard combination of µCP and
selective wet etching, continuous silver wires (∼50 µm in
width, ∼40 nm in thickness, ∼0.2 m in length) suitable
for the measurement of conductivity were fabricated on
Si substrates that were covered by a 2-µm-thick layer of
thermal SiO2 (Figure 7A).18 A resistivity of 2.2-2.6 µΩ
cm was measured using the two-probe method (the
resistivity reported for bulk silver is 1.6 µΩ cm);19 this
value indicates that the silver lines fabricated by the
present method have the expected metallic conductivity.
An interdigitated array of silver lines (∼40 nm thick,
∼10µminwidth, separatedby∼10µm)wasalso fabricated
on glass using a similar method (Figure 7B). The
resistance across this array was measured to be ∼2 MΩ.
This value is about 6 orders of magnitude higher than
that measured on the continuous region of the film of
silver, indicating that the silver lines that are∼10 µm in
separation are electrically isolated from each other.
Formation of Patterns of Electroless Silver on

Nonplanar Surfaces. Microcontact printing has been
extended to fabricate micropatterns andmicrostructures
with well-defined edge resolution on curved substrates
such as glass capillaries and optical fibers.7 The incor-
poration of electroless deposition into this process further
simplifies theprocedure forpatterningnonplanarsurfaces.

(18) Qin, D.; Xia, Y.; Whitesides, G. M. Adv. Mater. 1996, 8, 917.
(19) Kittel, C. Introduction toSolidStatePhysics, 6th ed.; JohnWiley

& Sons: New York, 1986; p 110.

Figure 8. SEM images of test patterns of silver on the outside
of a glass capillary that were fabricated using µCP with HDT,
followed by selective wet etching in an aqueous ferricyanide
solution for ∼15 s. The thin film of silver was prepared using
electroless deposition by immersion in the silvering bath for
∼1 min. The capillary had a diameter of ∼1 mm.

Figure 9. Schematic illustration of procedures used to form
patterns of HDT SAMs on electroless silver deposited on (A)
the bottom of the inside of an Erlenmeyer flask and (B) the
inside surface of a hollow glass tube.
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Figure 8 illustrates one example. A glass capillary (∼1
mm in diameter)was coatedwith a thin film of electroless
silver by immersion in the silvering bath for ∼1 min,
patterned with SAMs of hexadecanthiolate,7 and selec-
tively etched in an aqueous ferricyanide solution for∼15
s. The SEM images (at three different magnifications) of
the testpattern clearly showwell-defined features of silver
with lateral dimensions of as small as ∼1 µm. This
procedure can be combinedwith electroplating and lift off
to fabricatenew types of electronic, optical, andanalytical
systems: for example, in-fiber gratings, capillaries for
high-resolution NMR spectroscopy, micro inductors, mi-
crotransformers, intravascular stents, andmicrosprings.20
This procedure should be especially useful where subse-
quent electrochemical deposition is used to thicken
metallic patterns formed by µCP: in these fabrications,
the edge roughness and defects in patterns produced on
electroless silver will be buried by the electrodeposited
metal.
Formation ofMicropatterns of Electroless Silver

onHiddenSurfaces. Figure9 isa schematic illustration
of procedures used to generate silver patterns on the
bottom of the inside of an Erlenmeyer flask and on the
inside of a glass tube. Figure 10 shows SEM images of
test patterns of silver fabricated using the combination of
µCP and selective wet etching. The silver was deposited
by immersing the substrate in the silvering bath for ∼1
min. After patterningwithHDTusingµCP, the substrate

was etched in an aqueous ferricyanide solution for ∼15
sand thenbroken forSEMimaging. So far, it is impossible
togeneratepatternson thesekindofhiddensurfacesusing
photolithography or conventional µCP. We believe that
this ability to formmicropatterns andmicrostructures on
hidden surfaces shown here will find applications in
making new types of optical and analytical devices.

Summary

We have demonstrated electroless deposition as an
alternativemethod for preparing thin films of silver to be
usedassubstrates inmicrocontactprintingofalkanethiols.
This procedure allows us to prepare smooth coatings of
silver onbothplanarandnonplanar surfaces andprovides
an effective route to microstructures of silver on these
surfaces with submicron dimensions. It avoids the use of
vacuum chamber, and can be applied to systems that will
not stand vacuum or temperature (for example, a low-
melting wax, an aqueous hydrogel, or a biological tissue).
It can even be used to form micropatterns and micro-
structures onhidden surfaces suchas the insides of hollow
tubes and flasks. As a result of this study,we believe that
thin films of silver prepared using other processes (for
example, electrostatic spraying21 and chemical vapor
deposition (CVD)22 )mayalso be satisfactoryas substrates
for use inmicrocontact printing of alkanethiols, although
the edge resolution of the patterns formed will vary
depending on the roughness of the surface. The ability

(20) See, for example: (a) Rogers, J. A.; Jackman, R. J.; Whitesides,
G. M.; Wagener, J. L.; Vengsarkar, A. M. Appl. Phys. Lett. 1997, 70, 7.
(b) Rogers, J. A.; Jackman, R. J.; Whitesides, G. M. Adv. Mater. 1997,
9, 475. (c) Rogers, J. A.; Jackman, R. J.; Whitesides, G. M.; Olson, D.
L.; Sweedler, J. V. Appl. Phys. Lett. 1997, 70, 2464.

(21) Hull, P. J.; Hutchison, J. L.; Salata, O. V.; Dobson, P. J. Adv.
Mater. 1997, 9, 413.

(22) Dryden, N. H.; Vittal, J. J.; Puddephatt, R. J. Chem. Mater.
1993, 5, 765.

Figure 10. SEM images of test patterns of electroless silver formed on (A) the bottom of the inside of an Erlenmeyer flask and
(B) the inside of a glass tube. The silver was deposited by immersing the substrate in the silvering bath for ∼1 min. The silver
patterns were generated using µCP with HDT, followed by selective etching in ferricyanide for ∼15 s.
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to prepare substrates using a wide range of methods
extends the capability ofµCPandwillmake itmoreuseful
and more widely accessible as a microfabrication tech-
nique.
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