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Lithographic Molding: A Convenient Route to
Structures with Sub-Micrometer Dimensions**

By Junte.s L. Wilbur, Ertot'lt Kittr, Younctn Xiu,
irnd Gcolge M. White.sides"

Microcontact  pr in t ins t r  r l  uses e lastomer ic  "s tamps"

and alkanethiol " ink" to tbrrn patterned self--assemblec' l
monolayers  (SAMs)  o1 'a lkaneth io la tes on go ld .  Microcon-
tact  pr in t ing (prCP) can rout ine ly  produce pat terned SAMs
wi th  d imensions 2 I  ; . rm.  A l though i t  is  poss ib le  to  nrake
pat terns wi th  sub-rn icrometer  d imensions by prCP. t r i  i t  n rar
be inconvenient  to  tabr icate  the necessary  s tamps.  Tvp icu l l r .
we have used photol i thouraphl, to fabricate a mastcr r i  i th
the des i red pat tent :  i . r  s t i . rn tn  is  produced by cast ing po l i -
d imethy ls i loxane (PDN{S)  or . r  th is  master .  A l though pho-
to l i thography can producc masters  (and thus s tampsy u i rh
sub-micrometer scale cl inrensions. i t  requires cleurt root.r.r
condit ions and carefLrl  processing to achieve reproduciblc
resu l ts .

This paper describes a new technique. which lr 'e cal l  l i tho-
graphic molding. fbr the labrication of elastomeric sranrl ' rs
for  pCP.  Th is  technique prov ides e lastomer ic  s tuntn:  u i rh
sub-micrometer features and does not require routinr- acccss
to c lean rooms:  i t  is  thus an a l ternat ive to  photo l i thognrph i
for  the fabr icat ion o f  s tamps tor  pCP.  L i thographic  molc l ing
combines several steps: i)  microcontact print insf l  r l  r ' rn r.r
thin gold f i lm supported on a si l icon (100)waf'er ro l i rrnt r.r
pat terned SAM: i i )  e tch ing of  the _so ld  f i lm.  us ing rhc l . ra t -
terned SAMs as res is ts : ta l  i i i )  an isot rop ic  e tch ing ot '  s i l i -
cont3 's '61-which reduces the sca le  o f  cer ta in  featurcs o t ' the
or ig ina l  pat ternt -  u l  in  reg ions where removal  o f  go l t l  has
exposed the underl, ' - ' ing si l icon wafer; iv) molding ot 'a n*r
e lastomer ic  s tamp us ing the etched s i l icon as a  mastcr .  und
v)  pCP wi th  th is  new e lastomer ic  s tamp.  Th is  demonstnr r ion
is  one of  severa l t "  r11 that  exp lore a l ternat ives to  thc  pho-
tol i thographic techniques normally used for the proclucrion
of sub-micrometer scale features.

Figure 1 shou's a schematic of the procedure for l i tho-
graphic  mold ing.  Microcontact  pr in t ingt l -31 wi th  a  pat -
terned e lastomer ic  "s tamp" and a lkaneth io l  " ink"  lorn ted a
patterned SAM on a thin f i lm of gold supported on a si l icon
(100)wafer  (F ig .  1a) .  Immers ing the subst rz i te  in  a  bas ic .
oxygenated CNo so lu t ion (0 .1  M KCN. 1  M NaOH. 25 C)
removed the gold f i lm in regions not protected by the pat-
terned SAMs (F ig .  1b) . t+ t  1- -ers ing the subst ra te  tbr  -25

minutes in  an a lcohol ic  so lu t ion o f  KOH (4 M KOH .  15%
isopropyl alcohol, 60 -C) etched regions of the si l icon wafer
exposed by the selective removal of gold (Fig. 1c). The KOH
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Fig. 1. Schematic of 'procedure for lr thographic rnolding. See tcxt lbr detai ls.

so lu t ion e tched the (100)  sur face p lanc of  the s i l i con more
rapidly than the ( 1 1 1 ) surface plane.ts ' '  s l  This dif ference in
rates resulted in an anisotropic etch that reduced the size of
the f-eatures in the original pattern that were not protected by
thc SAM (F ig .  1c .  inset ) .  The width  o f  the features a t  the
bottorn of the etched structures (Wn) were determined by the
width of the f-eatures at the top of the si l icon surface (W)and

the depth o f  e tch ing (D) .A l iqu id  pre-po lymer  o f  PDMSt l2 l
was poured over the etched master. cured by heating and
peeled from the etched si l icon master (Fig. 1d).t t : l  The re-
sult ing PDMS stamp had features that repl icated the shape
and scale of the features in the etched si l icon master
(F ig .  1e ) .

In init ial  studies, we fabricated a patterned SAM of alka-
nethiolates on gold (supported on a si l icon wafer) by pCP to
form 3 prm-wide l ines of SAMs separated by 3 pm-wide re-
gions of bare gold (Fig. 2a). We chose features of these di-
mensions since they were representative of the scale of fea-
tures rout ine ly  access ib le  by many techniquesta '1a ie l  that
use patterned SAMs for microfabrication. of which

FCPtt-31 is part icularly convenient for us. Etching with
CNo produced 3 ptm-wide gold l ines separated by 3 pm-wide
regions of SitSiOr. Anisotropic etching of si l icon. in regions
of the substrate exposed by etching of gold. formed a series
of paral lel V-shaped grooves (Fig.2b). We estimated. by
visual inspection of images obtained by scanning electron

Si

Si

' ldr.  Muter.1995. 7. No. 7 t '  l 'CH vcrlugsgL'scl l .sthult  mhH. D-69169 wi ' inht ' im. 1995 09-15-9648 95 0707-0619 S 5.00+.:5 0 649



.4DVANCED

sgld

lNATERIALS

SAM
V

Communici l t ions

- 100 nm
il

teract ionst22 l  bet 'uvcen the s tamp and the go ld , 'SAM sur f  ace.

produced f 'eatures lvi th dimensions sirni lar to those pro-

duced by pCP in  a i r .  Th is  observut ion suggested that  thc

second mechunisnr \ \r .rs less important than thc f irst.

In  a  separutc  crpcr iment .  prCP formed a gr id  o f  perpendic-

u la r  l i nes t l l  o l ' u l ku t t c th i o l a te  SAMs  on  Au ,S i  ( 100 ) .  Wc t -

chemica l  e tch ing proc luced a gr id  o f  go ld  (F ig .3a) ;  an-

isot rop ic  e tch ing of 's i l i con produced an ar lay  o f  pyramic ' la l

^,500 nm
l l

Fig ,2 .  a )  Scann ing  c lcc t lo r r  n r ic rognrph o l  p1111g111gr .1  S . \ \1 r  l i r r tnc t l  b r  p ( 'P

u ' i th  CI  I  r (C ' l l  r  ) r  .S  H on  l  go ld  f  i l n r .  Thc  go ld  l l  ln r  r r  u :  \upp( ) l  t cd  t r t . t  r t  t t l r t t t t t t t r l -
p r imec l  s i l i con  <  1(X)  >  r iu lc r ' .  Thc  -  -1  p rnr -u rdc  l inc .  o l 'S . . \ \ l :  ( i l l t l k )  uerc

separa tcd  br  3  p r rn - r i i c lc  s1- l rccs  o1 'b r lc  so lc l  t l rgh t t .  b tS I : \ l  in . l tgc  o l ' i t  s i l i co t t

r n a s t c r . E t c h i n g o l g o l d . u s i n g t h c l ) l r t t c f n r ( l  S . \ \ l : t ' l r o $ n r n ( u ) ) i r s r c s i s t s . a n c l
an is ( ) t r ( )p rc  c tchrng  o1 's i l i con  ( *hcrc  thc  so l t l  \ \ r \  rcnr ( r \cd  by  c tch ing) .  p ro-

duccd V-shapcc l  channe ls  u r th  i r  r i id th  (u t  thc  b ( ) t to rn  o l  t l i c  cha l r tc l )  o f
-  100 nm.  c )  AF N{  i r lusc  o1 'a  PDN4S s t r in rp  c i i \ t  l ' r ' onr  thc  s i l t con  n tas te l  shou r t

in  (b ) [ ]01  .  d -e  )SEN' l  (d )and a tour ic  l i r rcc  n r tc roscoI r  (c ) inugcs  o f  so lc l  hncs

l i r b r i c a t c c l b l  p C I ' ] ( r v i t h C H , ( C H . 1 , . S H ) u s i n g t h c P l ) \ 4 S s t a n l p s h o u n t t t ( c ) .

anc l  c - tch ing  u . i th  l  b ls ic  cv rLn idc  so lu t ion  l . igh t  r .cg ions  o l ' thc  i l x r tge  cor re -

sponclecl to _!rolcl  ancl dlt t 'k rcgions arc rthcrc colr l  r ias rel l() \cd.

microscopy. that the -erooves were - 100 ntn wide at the

bot tom of  the channel .  The an isot rop) '  o f  the s i l i con etch

therefore reduced - 3 prn-wide l ines to - 100 nm-wic' lc l ines.

Micrornolding wrth PDMS produced an elastorxeric repl i-

ca o f  the e tchcd s i l icon sL lbst ra te  (F ig .  2c) .  Microcontact

pr in t in-s  o f  C-H.r (CHr) , rSH on a go ld  t i lm wi th  thrs  e las-

tomeric "stamp". fol lowcd b.v wet-chclr ical etchin-u" pro-

duced 500 nm-wide l ines o f  go ld  (F ig .2d) .  These l ines o t '

gold u,ere u, ider than the f-catures of the stamp or melstcr

( -  100 nm).  We hypothes ized that  the teeth o f  the s tamps

deformed during the pCP process. either as a result of the

pressLlre on them. or as i l  consequence of attract ive interac-

t ions between the s tarnp and the go ld ,SAM sur face. t2r l

The f irst of these mechanisms was supported by the obser-

vation that del iberately putt in-e a load on the elastomeric

stamp. either with a wei-eht or by hand pressure. increased

the width of the l ines formed by pClP. We discuss this verr ia-

t ion in  the process in  more deta i l  be low.  Microcontact  pr in t -

ing under water. which we expected to reduce attract ive in-
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F i g .  3 .  L i t h o g n r p h i e  n r , , l , l r r r r  r i r l i L . c t l  t h c  s i z e  o f ' l c a t u l c s  o l  u  p a t t c r u  t t t  t l o

c l i n t c n s t o n s .  l )  S I : \ 1  n l l ! r ( , ! r ' . 1 | l r  ( ' l  l l i i l l c n r c ( l  g o l c l  a r r a v  l i r r r t t c d  b l  n t i c r t t c o t t -

t a c t  p r i n t i n - u  a n t l  e l r c n r r e r i l  e t . l r l r r .  l - r u h t  r c l i o r t s  c o r r e s p o t t t l c t l  t o  g o l c l  : t l a r k

r c g i o n s  a r e  r . r h c : e  t l r c  s , , l i l  \ \ . r \  r , n l ( ) \ c ( l  b r  t l t c  c t c l t .  b )  S F - M  r t r i c r o g r l r p l t  ( t o p

V i c r r , )  o l - t t n  c t c h c t l  s r l ] e r r t t  l r r , r . l . r  l ( \ r . n r c r l  l l , , t t t  l l t c : t t l r s t r l t t c  s l t o w l t  i t l  ( l t ) . ' [ h c

o u t c r  c l i n t c n s i r ) l t :  o l  t l t i  i l . l r . . t  . : i  u v t u l ( ' \  \ \ i I c  r l c l f r ' n r i r t c d  l r r  t t t i c t ' t t c ( ) l t t i l c t

p r i n t i n g .  c t c h i n g  o 1 ' . q r r l t 1  , r r r i  u : ! i . r ' . u l l r n - !  r r l  1 1 1 ! '  - : : o l r l  t ' c s r : t :  c l u r t n g  c t c h i r t s .

I r l c - g u l a r i t i c s  i t t  t l t c  ' l t l r 1 . , ' , , 1  l l t .  . ' t e l r c r l  l e . l t t l l c :  \ \ c r c  c \ i t l c t t t :  q c  t l r d  n o t

d c t c n l i n c  t h c  o l r q i n  r r l  t l r e  . ,  r r r . ' g L r l . r l r l r i .  e  r S I  \ 1  r n t l g c  { l l ' u c t u l - c  p r o l i l c ) o l

t h e e t c h c ' d s i l i c o r r . r r l . . l r . r l i l r , , n r r l . r  . l  r S I \ l r n r i r g c o t ' s u b - t r i c r o t l c t c r ' ( - 7 ( X )

l l ( X )  n n t )  g o l i l  s t r - r r c t r r l c r  r ' L ' l . n r . i 1  i r r  n r r e r o c o t t t a c t  p r i n t i n g  n i t h  a r l  c l i l s t o l l l r ' r i L

s t a m p  c a s t  f l ' o n r  l l r c  r r r . r . t c r  ' l r r r , , , , r t  t n  ( r n - ) .  l t t t t l  e t c h r n g  t t t ' g t t l c l .

pi ts  in  the s i l i con.  u i th  l (X)  nrn-wide squares at  thc  bot to t . t ' t

(F i g .  3b  c ) .  M i c romok l i r t g  w i t h  PDMS p roduced  an  e las -

tomer ic  rep l ica o l -  thc  c tchcd s i l icon subst ra tc :  pCP wi th  th is

elastomeric stanlp. f i r l loucc1 by wet-chemical etchin-u.t+l pro-

duced an ar ra) 'o f  - r lo lc l  squ i l rcs  (F ig .3d) .  Some var ia t ion in

the s ize anc l  shape t l l - thr -  go ld  squares wi ls  ev ic lent :  these

variat ions ma)' havc rcsl l l tcd from irregulari t ies present in

the s i l i con master  (F ig .  ib .c) .  A l thou-sh \ \ ,e  d id  not  moni tor

the size and shapc of individual -eold strLlct l l res fbr many

prCP and etchir"r-s stcps. the variat ions evident in Fi-sure 3d

were present in ntany' ( > l0) samples.

Applying pressLrre to a single l i tho-eraphical ly molded

stamp during prCP prodLlccd patterns having f 'eatures wtth a

range of sizes. Figures 4a b show gold squares produced by

pressurc-ass is ted pCP (us ing a s tamp[12 '2- ] l  cast  t rom thc

master  shown in  F ig .  3)  and wet-chemica l  e tch ing.  Increas-

ing the pressLrre  (by hand)  on the s tamp.  whi le  the s tamp was

in contact with the -sold surface. increased the size of features
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Fig .  :1 .  Thc  sc l r l c  un . i  .11 ;1 l l s '  1 r l  | . r t t c rns  lb rnre- t l  b1  rn ic rocont lc t  1 - r l in t in - r  rL , (  I ' r
u i th  an  c l l t s t t r t t ' t . ' r ' re  ' l i unp  l i i i rne i r tc t l  by  l i thograph ic  n io lc l ing  ru r - r r r l  r i l t l r  i l r .
p r e s s u r c  o n  t h c  r t r n r y .  r i r  i r r l . '  t h c  \ t i u n p  \ \ ' a s  i n  c o n t a c t  t i t h  t h c  g o l t l  ' L l r J . r r .  )
A l l  in rascs  in  th rs  l r rL r rJ  . l r .  \ . iu l r ing  c lcc t ron  mic rographs  o1 '  c te  h t .1  r , , l . i
s t r l l c t L l r c s : I i g h t r c u r , r r r . ! { r l r c \ 1 l ( ) n ! 1  t o g o l c l a n c l d a l k r e g r o n s a r c S i  S i ( )  u h i l c
go lc i  was  rcnr ( ) \L '11  l r r  c t rh rnc .  . r  r  \ l i c rocontac t  p r in t rng  lv i th  no  i r rc \ \u te  ( ( ) lh . r

t h a n  t h c  * e i s h t  o i  t l r c  \ l i u n 1 l ) . l r , l l o r r c c l  b l  e t c h i n g o f ' g o l d .  p r o c l u e c t l  -  ( t J  L L n r -
s q u a r e s .  b )  \ l i c r t , e o r t l . t ! l  I r n n t n t d  t r t h  t h e  s a l n c  s l l l l l l l t  l t s  t t . t  { l r  ) .  L l . r r !  - ! f n t l c
pressL l rc  (app l i c t i  b r  h r rn t l  t .  l i ' l l o *cd  b1  c tch in -u  o1 'go lc l .  p ro t l r rcc . l  -  I  L rn r l
squarcs .  c ) \ l i c rocLrn t r re  t  p r rn t ino  i r t  th ree  c l i l l e ren t  p ressL l rcs  (upn l i ! ' . i  l r r  l t ln t l  t
p roduccc l  th rcc  sc t \  o1 ' I r ; i ru l i c l  l i ncs  u i th  c l i l l e ren t  w id ths .  Scc  tc r t  l i r r  t l t ' t r i l ' .
d ) N l i c r o c o n t a c t  p n n t r n r : .  u \ l n g  r r  g r l r d i c n t  i n  p r c s s u r e  a c r o s s  t h c : t r L n r 1 . .  I , , r ' n r c t l
an  i t r ra \  o l ' l i ncs  s i lh  rL  g r l r t l i cn t  rn  u rc l th .  The grad ien t  in  p rc : :L r re  \ \ i l .  i . t . i l r -
l r shcc l  by  l . t ( 'P  r  i th  thc  ' tunrg- r  hc l t l  o l ' l - -pura l le l  f rom the  p lanc  o l ' thc  r r , l r l  \u r l . re  c
( d i a g r a n r ) . ' f  h c  s t u n r l - r  ( : h t r s n  r n  p r o f i l c  r n  t h e  c l i a g r a m ) n a s  s i n r i l l r ' s , ,  1 1 1 . ' ' 1 . 1 1 1 1 1 r
i n  F i s u r c  l c .

formed b1 prCP:  no d is tor t ion in  the shape of  the fcatLr rc5

was obse r\ ecl.

The l incs o f  go lc l  in  Frgure 4c were prepared L ls ing sc\cra l

s teps :  i )  p t 'P  r i i t h  CH. r (CH, ; , .SH  a t  t he  po in t  ( ) t ' con tac t

between thc stanrp uncl the gold surf irce (estimatcd br crc)
lormed 250 nnr-u ic lc .  para l le l  l ines o f  SAMs sepur l ted b \
-6  L ,m spaces ot '  r " rnc ler ivat ized go ld  (x .  F i -s .  -+c) :  i i )  thc
stamp was pLl l led i .r \ \ ' i . i \ '11'om the sample and the sal lplc \ \as

t rans la ted in  the hor izonta l  p lane l  i i i )  prCP wi th  incrcased
pressure fornred -500 nm-wide l ines o f  SAMs:  (1 .  F ig .  4c) :

repeating this process. u' i th st i l l  increased pressure tormed
700 nm-wide l ines o f  SAMs (2 .  F ig .  4c) ,  and i 'n ' )  go ld  not
protected by these SAMs was removed with a wet-chemical

etch.tal

Us ing a grad ient  in  the pressure appl ied to  the s tamp.  we
produced l ines wi th  a  -srad ient  in  wid th  (F ig .  ad) .  The grad i -

ent in pressure was created by pCP with the stamp t i l ted

off-paral lel frorn the plane of the substrate. Over a 150 pm

length. the width of a l ine (marked by white arfow) changed
fiom 200 nm to - 1 trm.

Lithographical ly niolded stamps provided an array of
"micropens"  to  wr i te  pat terned SAMs.  A PDMS stamp wi th

an array of pyramidal features was tabricated by l i thograph-

/NATERIALS

i c  mold in-s  (F ig .5a) .  The s lamp was inkcd wi th  hexade-

caneth io l .  c l r ied in  ar  s t ream of  N.  and brought  in to  contact

wi th  a  200 A- th ick  f i lm of  go ld  (suppor ted on a sr l icon

wafer). The starnp was then translatecl by hand in the plane

paral lel to the plane of the -sold f l lm. Each pl,ramidal struc-

ture acted as a  rn icropcn that  is .  i t  de l ivered a lkaneth io l  to

the go ld  sLr r t i rcc .  pr in t ing pat terned SAMs where the "pen"

contacted the -rrold. To l imit rei lct ive spreading of the alka-

nethiol on thc gold f ihn. the print ins \\ 'as conducted Ltnder

water . t2a l  Wet-chern ica l  e tch in-e.  us ing the SAMs as res is ts . t4 l

produced a patterned array clf  -qold structures with prm-scale

d imensions (Frg.  ,5ht  Wi th  f i r r thcr  devc loprnent .  ar rays o f

e lastorner ic  "micropens"  ma) '  be an a l ternat ive to  o ther

rnore cornp l icatec l  c lev iccs (STM t ips .  e-beams.  lor  exanlp le)

that  are unc lcr  c rp lorat ion fbr  la rge-sca le .  para l le l  l i thogra-

p h ) .

Th is  pu1-rcr  demonst r i r tes  a  neu '  technique l i thographic

nto ld ing l i r r  the labncat ion o f  e las t r )nrer ic  s turups wi th

move stamp
during pCP

Fig .  5 .  An e lus to rner ic  s ta rnp  lahr ica tcd  b l  l r thograph ic  mo ld ing  uas  uscd us  an
ar ray  o l " ' rn rc ropcns" .  a )  Scannrng e lec t ron  n 'ucrograph (SEM) o f  a  PDMS

starnp  labr ic r tcd  b)  l i thogr lph ic  mo lc l ing .  The s tan tp ' " ,nas  c r ta ted  w i th  a  t l t in
(< ,100 A)  l i l n r  o1 'go ld  to  a l lou  in ra-u ing  b i  SEM.  b)SEM image o f 'an  ar rav  o l '
go ld  s t ruc tu res  l lb r i ca tec l  us ing  thc  s tan . rp  shown in  (a ) :  i )  thc  s tanrp  uas  inkc t i
w  i th  l i c radccunc th io l  anc l  u l lo l r 'e  c l  to  dn  :  i r  )  thc  s tamp u 'as  b rought  in to  cor . ' r tuc t
u i th  a  l l l rn  o l 'go ld  s r , rppor tc r l  on  u  t i tan iunr -p r in rec l  s i l i con  (100)  n 'a f 'e r  anc l
t rans la tcc l  bv  hanc l  in  a  p l lnc  pura l l c l  to  thc  p lanc  o f  thc  sur l i rcc .  i i i )  thc  s tamp
wus rc r .nor , ' cd  t ionr  the  sur tuce  o1- the  go l t l  : r r ) r ' , ' e t -chemica l  e lch ing  re rno led
go ld  in  rcg ions  o f ' thc  sur l l ce  no t  p ro tec tec l  bv  pa t te rnec l  SAMs.

b)

.e

r l
- ,nn/-r
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sub-micrometer dimensions: these elastomeric stamps can be
used in microcontact print ing to form patterned SAMs of
alkanethiolates on gold f i lms. Using l i thographic molding.
we produced elastomeric stamps that had patterns with fea-

tures (the radius of curvature of the t ip a of V-shaped l ine.
for example) as small  as 100 nm. Microcontact print ing with
these elastomeric stamps. fol lowed by wet-chemical etching.
produced patterns of gold with dimensions as small  as
200 nm.

Lithographic molding brings several new capabil i t ies to
microfabrication: i)  i t  can produce elastomeric stamps with

features as small  as 100 nm:the current l imit for the size of
features that can be produced by standard photol i thograph-

ic processing is approximately 300 nm (several stamps can be
produced from a single etched si l icon master. and we have
used a s ing le  s tamp more than 100 t imes) : i i )  us ing pressure-

assisted ptCP. or by using the stan-rp as i ln i trray of micropens.

a sin-ele stamp fabricated b1' '  l i tho-eraphic molding can pro-

duce features with a range of sizes and shapes and. i i i )  l i tho-
graphic  mold ing does not  requi re  rout ine use of  photo l i thog-

raphy, and is therefore a route to micrometer scale structures
for laboratories that do not have routine access to the equip-
ment and laci l i t res normallv used for nt icro- and nanofabri-
cation.

This technique has obvious l imitat ions in the type of the
patterns i t  can produce. In part icular. althou-eh i t  reduces the
size of the features printed from the original stamp to those
of  the secondary .  l i thographica l ly  molded s tamp.  i t  docs not

change the separation betl 'een f-eatures. Thus. for exarnple.
the width of l ines decrease. but separations bctu'een them do

Patterned SAMs formed by prCP have many applications.
inc lud ing microfabr icat ion. t r '  2 '  6 '  rs l  s tud ies o f  wet t ing and
nuc leat ion phenomena. t2a 261 and prote in t2Tl  and ce l lu lar
adhesion.t281 Lithographic molding is r.r  convenient new
route to pit terned elastomeric stamps. and thus patterned

SAMs. with sub-micrometer scale features. for use in these
and other appl icat ions. I t  is presently most useful ly appl ied
to simple patterns; i ts appl icabi l i ty to the complex patterns

required in microelectronics remains to be explored.

! 3 ]  S u b s t l a t e s o l ' e t c l ' r e c l s i l i c o n w e r e w a s h e c l u ' i t h a q u a r e g i a ( H C l  : H N O . . 1 : l

by  vo lu rne)  unc l  1 ' ru  HF lo  remove go lc l  and T iOr .  To  prevent  adhes i t rn

bet rveen the  s i l i con  lnc l  the  PDMS.  the  master  was soaked fb r  12  h  rn  l

so lu t ion  o f 'oc tadeo l t r i chkr ros i lane in  mincra l  o i l  ( -596 by  r 'o lume) .  th is
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cur in -9 .  the  e las tonrc r  uas  pcc lcd  gcn t l l  f iom the  sur lace  o f  the  s i l i con .  
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CurO Quantum-Dot Particles Prepared from
Nanostructured Copper**

By Antie Kellcr.sohtr, [,r'iL'h Krtd:inger,* Wultcr Lungcl.

and Mit'hucl Gicr.stg

Highly dispe rse coppcr orides are widely used as catalysts

for industr ial processcs. c.g..  for the methanol synthesis or

for the water cas shi l i  rcaction. In al l  cases reported so far.
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