
252

Use of a Patterned Self-Assembled
Monolayer To Control the Formation of a
Liquid Resist Pattern on a Gold Surface

Christopher B. Gorman, Hans A. Biebuyck, and
George M. Whitesidesi'

Department of' Chemistry, Haruard (Jniuersity
Cambridge, Massachusetts 02 I 38

Receiued September 9, 1994
Reuised Manuscript Receiued lr{ouember 9, 1994

Self-assembled monolayers ($f,[t[.;t'z of alkanethi-
olates on goid can serve as molecular resists in processes
requiring either chemical etching of the gold3 5 or
electrochemicai deposition of metals and conjugated
polymers on its surface.6 8 They have also been used
to controi nucleation of crystalsa and liquid dropse and
for a number of other purposes that require control of
surface composition. By taking advantage of methods
for patterning SAM5,3 5'8,10'-12 features with sizes down
to a few hundred nanometers can be produced using
SAMs as resists. In most cases in which SAMs are used
as resists, the SAMs act as physical barriers, l imiting
access of reagents to the underlying metal. A molecular
barrier based on a SAM is thin: a monolal-err of'
hexadecanethiol  (H3C(CHz)rrSH, HDTt on gold is -20
[ 16i.L.t: t; It also contains some density of de-
fectsl6 18 and can be damaged (for example, by exposure
to l ight,le'2o by reaction with 02, or thermally). Al-
though SAMs from HDT work remarkably well in some
etching processes,l l they eventually fail.
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Figure 1. Schematic of the microcontact printing and liquid
trapping processes. The SAM was tbrmed using hexade-
canethiol. In the third step, the slide was transferred through
a thin (-1 mm) layer of HD into the aqueous solution. This
process formed HD-covered regrons with contact angles of ca.
40" on the patterned regrons terminated by -CHs groups. The
aqueous solution was either dilute aqua regia or an electroless
deposition bath for copper.

SA-NIs of'alkanethiolates on gold do not completely
stop ele.ctron transf 'er  f rom gold21 26 and appear to do
little to prevent ove'rgrorvth o{' electrodeposited material
from bare regions onto regions of the surface they
cover: electrodeposited p<llypvrrole and electrolessly
deposited copper metal grow only 100-300 nm thick on
SAMs patterned with 10,rm lateral features before such
failure occurs.6 For a SAM to be effective as a resist
aiso requires careful choice of etchants: an HDT mono-
laver on gold resists a basic cyanide/oxygen etch but
provides no protection against aqua regia (see below).11

In this communication, we show that patterned SAMs
can be used to trap and hold a thin fi im of l iquid resist
on the surface and that these thicker resist systems
overcome some of the problems discussed above. Previ-
ously, we showed that this l iquid can be a prepolymer
that is then converted to a solid via polymerization.2i
In the work described here, the resist remains as a
iiquid and is, as a result, easily removed. This l iquid
can be placed onto and removed from seiected parts of
the surface without any additional process steps (Figure
1). This process relies on the wettability of the surface28
to direct liquid to patterned regions and thus to amplify
the pattern into three dimensions. As before, however,
properties of a small collection of molecules direct the
process.
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. \  n r t i no l r r ve  r  o l ' f { l ) 1 '  r vas  pa t t e r rned  bv  n r i t ' t ' o con tuc t

i i l ' u ) l u rg  on  u  su r f i t * r  o f ' 2 ( t t )  A  o1 'go ld  on  s i l t c ' on  p r t n re t l
' , r  r t i r  i  i i l  ' 1  , , ,  t i t l r n i r r n r  i r s  i r t r  r r d l t t ' - r ( , n  p l ' ( , r I ) o t ( ' l ' . i

t i , r i < i  t h r r t  n rn i r i r n t ' d  b ru - r . l  i r l i e t ' t h i s  s tep  n ' as  de r i va t i zed
r r s rng  r  j - n re rcup to t , l h r rno i  l { (X ' } i r ( lH lSH .  T iN IE ) .  a  t h i o i
i h l i  r en ( i e r s  t he  go ld  hv r i r oph i l i c  and  doe rs  no t  sh ie l d

ln t  go i r i  s r i l lh re  t i "onr  chet r t icu l  e tchants .  Th is  go ld  s l ic le
\ \ . r s  l , t r sse ( l  t h ro r rgh  a  t h i n  r  . I  n r t n t I : 1 . \ ' e ' t ' o f ' hexadecane .
l { , . t ' , ( ' [ 1 .  r i ( ' l i ; .  t l l ) i  f i o a t i n g  o n  a  c i i ] u t t ' d  s o l u t i o n  o f '

i r r j i i i i  r ' , ' g i r t  r , l ( . )  r n l ,  o l ' concen t t ' a ted  hvd roch lo r t c  ac id ,  l 0

r r i l .  r r t  r o n c r : n t t ' l t e d  n i t r i t '  u c i d .  1 ( ) 0  n r l ,  o i ' s . r t t e t ' t  I I I )
;  r ,  l  i r t ,r ' , .ci  t  o t  ht '  l tvcl ropl iobic. t ID' l ' -co\ '( ' l 'ed rt 'gi t tns of the
{  \ \ l  i r l r t  no t  t h t '  h . r ' d l op i i i l i e  .  ,  j } lE - cove ' red  reg ions . i f '
' i ' l r t , r r i l l i c r ' on ( ' ( ' o t ' t h t ,H I )  

t o  t h t ' h r , r l r t i pho l l i c  1 ' 6 ' g i t t ns  r - r { '
; l r ,  S . \ \ l  \ \ ' a s  sL r t ' } r  t l u i t  t h t '  hex r tdccane -cove red  s l i dc r
'  , ' i r l r l  h t ,  . i g i t l r t t ' d  i n  t l t c  s r i l t t t i on  r , r ' i t ho t r t  d i s l odg ing  t h t '
i r r r r r i r l  f i ' on r  t h t '  s t t r l i r ce .  Ag i t a t i on .  h r i r ve t ' € ' l ' .  w i l s  no t

l r . , t t t i i r t , t l  I i l  l l r r l r l r . lc t .  ; r  gooc l  co\ : ( ' t - r lge o f ' the sur face '  r l ' i th
l { l ' 1 .  . \  , . ' i s i i r l t '  pu l t t ' r ' n  deve lope 'd  rap id l v  ( cz t .  2 - -3  s r
; i 1 i t ' r ' . r  s l r r r r t  p t ' r ' r o d  { c t l . : J ( )  s ) a s  o x i d a t i o n  r e m o v e d  g o l c l
, : r r r i t . r ' i r  in {  th t '  ,  j \ lF- - t :ov t . t ' r 'd  t 'eg ions.  

' l 'he  
s l ide rvas

r ; i i i t ' k  l v  i i  i t l r t i l r r t  n .  r ' i n s t ' r l  t ' i t h  r v i t t e t ' i t nc l  t ' t hano l .  and
,1 r ' r ed  i n  r r . i l ' t ' a r r ]  u l  n r t n rg t ' n .  

' f i r e  
pa t t e rn  rF ' i gu re  2 t

i s  { r n r i l i r l  t u  t h i i t  p roducec l  l t v  n r i c roc ' on tac I  p r i n t i ng  and

" i ( ' hn lg  i n  i l  l l i r s i c  t ' r ' i i n i r l e  so l r t t i o t ' r .  
' f h i s  

p l ' ocess .

i ) r ) \ \ ' r \ ' ( , 1 ' .  . r r  o i c l s  c - r ' : r n i de  i t nc i  r eq t t i r es  l e ' ss  t ime  r ca .  l l 0
.  \  ( ' l ' S r - r s  ( ' i r  l t l  n l l n  r .  t l r i t h  p f { ) c ( ' s ses  a re  equa l lV
t ' r r nv r , n i cn t .  . \ l t t ' r nn t i r ' ( ' l r ' .  t he  go l c l  cou ld  be  removed

i )o l cn l i os ta t i ca l l . r  i r . r  i i o l d i ng  t he  s l i de  a t  2  V  t vs  S t 'E

i r . i r l g  a  \ l o  r ' ( ) , . 1 n { t ' r ' c l e c t r o d e ' i i n  1  } l  a q t r e o u s  h v d r o -
,  i i i i , r ' r i '  , r l r i l  f  r r r '  . r l ) r ) r ' ( . ) \ i n r l r t e l r '  : l ( l  s .  . \ s se  mb lv  o f  a  H I )

. . , r .  i ; .  ; , , , . , 1  i l  \  \ \ ' i t  , , - -  . 1 . - i - i ; . ; " ; , , ,  ' ; ; -  
-
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plotect ing l rn ' t , r '  bv t i re '  pat te lned HDTtTl l lE monolayer
is nec'e ssan' f or these e.tches to rvork selectively'. Omis-
sion o{ ' the HI)  in th is process resul ted in rapid removal
of all the gold'uvithout differentiation betu,een the HDT-
covered and TiME-covered regions.

When a HDTIfiME-patterned slide was transferred
through HD into an aqueous electroless copper deposi-
tion bath,jt( '  copper plated onto the TJME-covered regions,
i lnd avoide'd the HDT-coverc'd regions of the goid. The
copper-covered features in the resulting structure (Fig-

ure l l ) were 0.7 r 0.2 trm thick, as determined by atomic
force microcopv.' i1 This thickness of copper was higher
than that that could be cleanly obtained without the HD
coverage. 

'fhe HD la1'er protected against unwanted
overgrowth even though the size of the copper grains
rvas large 

'fhe 
HI) protecting layer was removed easily

bv rvashing w,ith water and then with ethanol and then
drving in a ni t rogen stream.

These pl'ocesses i l lustrate a new role for SAMs in
l i thographic processes that supplements their  ro le as
molecule-thick resists. A hydrophobic surface generated
as one component of a patterned SAM can trap a l iquid

r i l O r  T h e  b i r t h  c o n s i s t e ' d  o f ' 2 5  g  o f  c o p p e r (  I I t  s u l f a t e .  1 2 . 5  g  o { '
e t h v l e n e d i a m i n e  t e t r a a c e t i c  a c i d  t E D T A t .  2 5  g  o f  s o d i u m  h y d r o x i d e .
.1 (X)  mg r r i ' po tassrum cvan idc .  and 10  mL o f  37 ' / ,  aqueous fo rmaldehyde
so lu t ron  in  50( )  r .nL  o f  water .  Th is  ba th  i s  s l igh t i " " "  mod i f ied  f rom tha t
o f ' :  ( ' h o . . J  S  t l . .  K a n g .  H .  K . : W o n g .  S .  S . :  S h a c h a m d i a m a n d .  Y .  M R S
1 i u 1 1  1 9 9 3 .  1 , c .  l l 1  ; 1 8 .

r :J l  I  AFI I  uas  p t ' r f i r rmed us ing  a  Topomet r ix  TMX-2010 a tomic
t i r rc t -  mrcroscope.  r : l rn t i lever  fo rce  cons tan t  - -1  NA4.  scan ra te  100 r r rn '
s .  \ -a r i i l t i on  in  the  th ickness  r " 'as  de termined b1"  scann ing  th ree  50
r r n r  .  5 ( )  1 / n r  r ( ' g l o n s  o n  t h e  s a m p l e ' a n d  a v e r a g i n g .

;li..'"r-t;":-

x,,"+' {
d, . "
F r

{,
]t4 ri .
I i "  -gs"P

d-n"
:JF- fi l '

!  igure 2. Scrrnning cl{ 'ctr ' ( ,n micrograph ol a gold and si l icon surface patterned and etched using a di lute aqua regia bath. The
li lhr ,rr ' , 'a- in this imagt' l re gold r-egrons that had bcen ptr)ted('d bv HD. Tht 'dark rc{ions in the image are the underlying
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Figure 3. Scanning electron micrographs of the surface resulting from immersion of a gold suface patterned with HDT and
pME through a thin film ofliquid HD into a copper metal deposition bath. Tiltingthe sample -15" toward the secondary electron
detector provided a qualitative indication ofthe thickness ofthe copper layer on the surface. The pattern used here is the same
as that shown in Fieure 2.

hydrocarbon under water, and a hydrophil ic surface
generated by a monolayer with a polar terminus wil l
resist being wet by a hydrocarbon placed on it when
under water. Liquids are conveniently patterned and
removed on such surfaces and their barrier properties
are sufficient to regard them as good resist materials.
Particularly on the 1-100 ,am length scale, they are
robust and resist mechanical removal due to shear
caused by agitation or vibration. We will describe

additional applications of three-dimensional structures
prepared by self-assembly in the future.
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