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suitable tools for additive repair of missing material on nanoscale features. On the
micron length scale, damage to the metal components of thin film transistor (TFT)
arrays in flat panel displays (FPD) is difficult to repair due to the lack of rapid, low
cost methods for depositing micron sized conductive traces. Although
photolithography can be carried out for fabricating devices, it requires complex and
costly instrumentation which makes the technology prohibitively expensive for low

volume, high performance components, or prototyping applications. In these cases,

other techniques such as direct-write processes could offer unique advantages and
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convenient, flexible nethod for printing a range of
different materials from biol ogical nolecules to

wodosngambs for microel ectroni cs. However, the PCT/US2005/006009
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cantil ever; providing
precursor inks can patterned under ambient environmental conditions and

converted to metallic films at relatively low temperatures so that they can be applied
to substrates such as, for example, plastics which cannot withstand high temperature
processes. .

In a preferred embodiment, the invention provides a method for writing, for
example, conductive metal or metal precursor comprising: providing a cantilever
having a cantilever end, wherein the cantilever can be a tipless cantilever; providing

an ink disposed at the cantilever end; providing a substrate surface; and moving the
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an ink disposed at the cantilever end; providing a
substrate surface; and noving thecantil ever end or
wowsngibhe substrate surface so that ink is dedT/vs2088006009
fromthe cantilever end to the substrate surface. The
caRARE BlcPortHBVIAE fhe'BBofif SRMEC s IRSs Bafeldaavsh el d
Sstationary, bstrate surface can be moved
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on Irve ne rrsing provi

shiavledispRrsiamind sitable eﬁnds d«whﬁy andh altlhekm:amfdr lagineah aipplication.
tipless. cantil ever provi di n nt_an i nk dj spose

at the
cant { heireentignelsqpreyidena methad fer disens wring cpadugiiye metal
6@#}‘?&9&% %&bﬁﬁ'leg é)EéﬁYﬂe@bf‘Qav%gsé'@cﬁﬁl‘i%FeﬁJ KHRFen the cantilever is a
[o]o) cantil ever end and the Substrate
tiplassf camalwer tmawdmglanusk dxspcpscbé aetlhe feantite vdrend,awmhdréio vk lnk
end.to tgﬁ substrate surf oQtan advaq; glt
cqRrisss aekaitic paRoRRArCES: PR bt SRR B SULaser SRPATIEE The
cMfildvet é‘ncpincﬂthé f@usaite s8ia& JoHMTRIS isf Rlivere@ okl thelcafitilever end
system i ncl udi ng, for exanple t he about one nicron to
ta the seltstrate sudaed.cr on regi ne or the about one micron to

#0000 AR S IOA R Ul R geren

varER bl @ifferen®@Bizé BdgimEy ﬁbh@ﬁﬁlcvﬂat By stdn® @@l udling, forsXxamipks the
or pipettes can be avoided in many enbodi nents
abays pReMiGORL) bR aboutdd misran reginegrihe gRqu one micron to about 10

‘ci%réﬁ 5‘%& g%rg@ﬁgéﬁ g?‘lg%lﬁ{ég%l Isgllrrﬁ'écgatﬁ s I&?{l{s 1%%%%11& width with
exoetientlcentrol. Problems with clogging in nozzles or pipettes can be avoided in
many embodiments. Instrumentation to do this is relatively straightforward and does
not require, for example, high vacuum. Registration and versatility are excellent.
Mass production and disposability are possible.

In addition, a series of numbered embodiments are also provided:
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Mass production and di sposability are possible. In
addition, a series of nunbered enbodi nents are al so

w@easiogiwoz 1. A nmet hod of depositing a conduct i RET/US2005/006009
coating in a desired pattern onto a substrate

conprii $4 RihodIAS it PodHdBGW IR aé:e,ﬁ_ecf E&&&-ﬁ 8ht8 a

in the desired pattern by nanolithography w use of
sabstiape cogirsthgndepositing apreauscs onto the substraierig thendesired pattern
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recipitate 1n the desired pattern and thus form ng

lighrd toothel precisser, heretsrdecempesing thegrequrer ufosmraggondudtive
The .et h cor di ein t ol ,
PRRIOEL e R0 908 by MIREL DelfBhaldRe dp iy on

thd@ibkirftel S a scanni ng probe mcroscopic tip. 4. The
nmet hod according to, 1, wherein the tip is an atomc
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coat | n i . i 0 . . ! .
bour us T grod REORUTEA, eich Bl W Rnil prp o Ricroscopic
tiponpri ses a netal with a thickness of |ess than about

10 . Th t f. 1, wherein t.h ti
comit St ethed sqeSed o ot Hed POF eSS eg Bt bope

tfp00 angstroms. 8. The method of 1, wherein the

precursor conprises a salt selected fromthe group
consiSstThegnashodof dr whstginghe coasing gpmaeisesa peteliish alpuriey, of at
lang a gg 0yate. 9. The nethod of 1, wherein the

?)als %lﬁ’lu ’conpri ses a carboxylate. 10. The nethod of

1, wWeerRieindthed ol | @héreBaiPtoBmg cBmPrised metallwith hkickness
method of 1, wherein the |ligand conprises a materi al
of ¢gse thap abeytdlf angetrfidbup consi sting of an anine, an

am de, LAe, | £ :

ot hoa e HARRLLET; wierBth Lo 20rBAs B, Gat i 2 [fBkncss

ofablgpst abmgi 190iangstminsa ni t r ogen donor, a sul phur donor,

and a phosphorous dopor, 13. The net hod of erej

the pr eav?tg?@ofééwﬂ?rg@gﬁ%\m%ﬂ CompTstRe sHERIGH o the
&nSistifiofd @&b@&e}?éf&,e@ HabidS o Reh&shaflidQhd RGO UP

consi sting of coppér, zinc, palladium platinum
si | vér ,Thgohathodaldhiwherein ithegmeamsor cotarises d calbxylatn,

stli 99" 19¢ %lqu&{%afnll, ‘Wherein the pattern comprises a circuit.

11. The method of 1, wherein the ligand comprises a material selected from
the group consisting of an amine, an amide, a phosphine, a sulfide, and an ester.

12. The method of 1 wherein the ligand is selected from the group consisting
of a nitrogen donor, a sulphur donor, and a phosphorous donor.

13. The method of 1 wherein the precipitate comprises a metal.

14. The method of 1 wherein the precipitate is selected from the group
consisting of copper, zinc, palladium, platinum, silver, gold, cadmium, titanium,
cobalt, lead, tin, silicon and germanium.

15. The method of 1 wherein the precipitate comprises an electrical conductor.

16. The method of 1 wherein the precipitate comprises an electrical
semiconductor.

17. The method of 1 wherein the substrate comprises a non-conductor.



15. The nmethod of 1 wherein the precipitate conprises
an el ectrical conductor. 16. The nethod of 1 wherein

WO b@sps@et pi t ate conprises an el ectrical sem ceemUs1005/006009
17. The method of 1 wherein the substrate conprises a

non- ¢@NEGHQhod 8f 1 m@reﬁﬁhg Qostatelcop}lsed &t 1Edi€one of a

substrate conprises at |east one of "a conductor and a
caehicoo anldig sonicodductofhe nmet hod of 1 wherein the step of

T TS R RN A s —

h&fnprises applying infra red radiation or W
radi ation. 21. The nethod of 1 wherein the step of _
app! $0.ntheemethey ot bibetesethe sigplof PRl yingenagy sAEIPTISefeapglying
. 22. The,.meth f erein the precursor conprises a
1rﬁ‘§a|rtea-§aeq1ag§otneo§q1[\?6ar%]r t e group consisting of a

car boxyTtatgethad bl wthereihthp SRPp@d appllyingenegyotpaises apphdng
the ligand conprises a material selected fromthe
virgipnakswEdyst i ng of an anine, an amide, a phosphine, a

sul f Qgel“}?er}g%tg?d 661 %efe%igthe &?ﬁ%;u%? BApGdes 1 Lalt WIELES fom the

t he precipi e 1S selecte romthe group consisting
gafupeopgisting afiarvarboxglateadihahde, plpatudodralids,ial nitrate, aoll the ligand
cadmum titanium .cobalt, lead, tin, silicon and.
CoBPHIEs Apdtera] Sclesiid (oM a SepupLensisgng of 37 AHES-p gy 2

p%b?hmepgsﬁﬁgg%wrj ses applying radi ant heat. 25. A
method of printing a conductive netal in a desired

pat t @3.riltermethad ofib% twherain wrmpedipitate)is selegted dtpna theegreyp

recursaor and Liga directly onto the.suhstrate .
S e N I L TR G
c¥bdliN 1ed8 airdkilRof hikd g@ataafhmwi th a precursor; and
deconposi ng the precursor by applying energy to form _

t he @bnthecnethed ﬁgi%mheﬁem e siepsefrapalypng ensrgy, cComRrisgyapplying
ré{(ﬁ?{m\ﬁgﬂg fromthe substrate a substantial quantity of

e precursor, and w thout renoving fromthe substrate
a subStAamidtidd efipainting y cohdickiee metadlin a @&siredipetteratontada of

25, wherein the nmetal pattern conprises a
SERFHACLAMPESING: pure netal, with inpurities |ess than

abouhra‘%\qg@ B¥neta ipgem.lrsor and ligand directly onto the substrate according to

the desired pattern using nanolithography with use of a tip coated with a precursor;
and

decomposing the precursor by applying energy to form the conductive metal
in the desired pattern, without removing from the substrate a substantial quantity of
the precursor, and without removing from the substrate a substantial quantity of the
metal.

26. The method of 25, wherein the metal pattern comprises a substantially
pure metal, with impurities less than about 20% by weight.

27. The method of 25, wherein the step of decomposing comprises thermally
decomposing.

28. The method of 25 wherein the step of decomposing comprises thermally
decomposing at a temperature of less than about 300°C.

29. The method of 25, wherein the metal is selected from the group consisting

1155239.1 5
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27. The nethod of 25, wherein the step of deconposing
conprises thermally deconposing. 28. The nethod of 25
wob@ses49t he step of deconposi ng conprises t hep@BUBE3005/006009
deconposing at a tenperature of less than about 3000C
o?%n efgnﬁn&? hfeed, a%fall%?; a ff{@ﬁﬂ/ﬁleﬁl E%gﬁﬁ&aﬁ Fie?al $6hREE Efnposite,
romthe group consistingof an elenenfal netal, an
aat haygtalgpobphalcompbsite. conposite, a netal ceranic
conpgsite, and a netal polynmer .conposite. 30. A
nanol%i%_t ﬁb@%@@ﬂmﬂ 18 S%K‘E“P’é?‘ﬂ%: depositing a
met al depSsiti L MeRlic freQRdG ﬂdr@a@iPtoat@a §iH3EAE A forinta fOrm
a nanostructure, and subsequently converting the

nenetic g, and Mdssequently cenvesting e pracuisor aeekigturedq a niellic
dmat htod according to 30, wherein the deposition and
EBP'ersion is carried out without use of an electrical

bi as eteerethdttadcbidimitd 30UGEleat e depbsitidheand&bhedsion is
according to 30, wherein the deposition and conversion
cpgieduf wethowutse af emelgafecyfoias hebseancthe tipgadsubsiralr t han

the suybstr SO P h LOG: , 2]
the ip it Hefhocteorlily B30, AHoRRARE AR il colRArEL
chfied®ut Wivhruse of 4 bleeniical aigentatlsa dlemi they sybstbte. m cr oscopi ¢

tip. 35. The hod according to 30, wherein the ti
i's ar§3A5l¢HetWeﬁg§ COFFIRg TR ergtfbng dPriYy2 PRNOSEOPIGHRY gi n

the dapPagietn GRoPALoRIHE D Mede halibiies sQihingifrogut
use of an electrical bias between thé tip and
mighestome 8p. 37. The nethod according to 30, wherein the

met h [ repeated to forma,nultil er. The

ot no- dheuraa Rt O/, Fuptita s B an APMARE (o

not ryacthehdthod fRoRK QL350 vherRth the ldepdseidiahdaeaedrsibn g
to 30, wherein the nethod is used to connect at | east

corriedroah withpet sk ohameleetries! biasrheweanghe #p andpubskaiehod
scoord o iRl DAL ISR e A O RgH
ns@ltilawer ein the nmethod is used to prepare a sensor.
42. The method according to %O, i \M?lerieiigaé he dngtngggeaictswith
used 3o Thgpnegthed accgrding to 30, wherein the tip apted t
the precursor.
39. The method according to 30, wherein the method is used to connect at
least one nanowire with another structure.
40. The method according to 30, wherein the method is used to connect at
least two electrodes.
41. The method according to 30, wherein the method is used to prepare a
Sensor.
42. The method according to 30, wherein the method is used to fabricate a
lithographic template.
43. The method according to 30, wherein the method is used to prepare a
biosensor.
44. A nanolithographic method consisting essentially of:
depositing an ink composition consisting essentially of a metallic precursor

from a nanoscopic tip onto a substrate to form a nanostructure, and subsequently

converting the metallic precursor of the nanostructure to a metallic form.
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l'i thographic tenplate. 43. The met hod according to 30,

wherein the nethod is used to prepare a bi osensor. 44.
wa\200a084002 hogr aphi ¢ nmet hod consi sting essent i abdpUsions/006009

depositing an ink conposition consisting essentially

of a getgleln) b BEHF 1ol 440 WnereAME TGRARIrSiod 5P tABIa1 2

substrate to forma nahostructure, and subsequently

coovargioh withotthaemé aghémalageour sor of the nanostructure

to a Ilic, form45. Th t hod,accordi.ng.t 0,44,

wher tn Deandbofistoidiie 2%, Vet SRIRUP LM Rbut
cBfferfibn dargR8 BLERIth a8 a redboind B&nfet hod according to
44, wherein the conversion is a chem cal conversion

car r i4dd Thgtmethechaagguling togds whiersimigie sefhwing agent iynged in the
met h ccor di to 44, . wherein the reducing agent is
Vﬁg%ros(%%ﬁ?? %aé‘yv%“gg*%e csotng%fglopb carry out the conversion.

48. Hze THRtrh@Rod&eordind e 440whéreinvhe tipiinat AEM tip. i s an
AFM tip. 49. The nethod according to 44, wherein the .
tip AnpFhemsthed aceording towfd.cvhegrib ghedin cqmprises gistrfagepyghich

d%?ﬁ r§é)crtwit'i’1Qhe?‘te hod according to 44, wherein the
net ho

I's repeated a plurality of tines to generate a
mul t i50L ay erettexdragcdrding.to 84, wierematthouhethbd ps fepeatedya plurality of
wi t hout use of el ectrochem cal bias or reaction

t@éﬁl%éﬁnetrf’f‘é ai“ﬁ%‘“éﬁ&@%@f“ﬁat e conprising depositing a
met aldyi g er%‘drdg‘ibﬁnﬁﬂé(w?tﬁm%%é bf Q8ctRithemftabbias bf Rh&ion

froma tip inthe formof a mcrostructure or .
betweesttheimkund substiateccompiisingadeposiong @ metadlic preguryorhiaki ng

di screet opjects separated. from each other hy about
cBEoRoh oRosrpaede Fas™ fhin HERRBE e Bl Slns 081
rfaHbdthRuré 6REel sabdtehtd fefofih @R afthy having Acidet dWjedty pudated from
precursor. 53. The nmethod according to 51, wherein the

edfls etherly dhsjubensmigren gelSsk at ed from each ot her by
aboutc~5 . P . '

OO W 3T AR O e v
fedrh éte faycuateut 100 nmor | ess. 55. A nethod for

writing conductive risi ng provi

tal co i.ng a
cant iﬁev@e methochepear _ %&ﬂoiﬁle_w Fredhe diseselp e‘tg‘ﬁére separated
PR ALENRL Do GOS ds6r Rsd.i P at the end or can be a

tipless cantilever;
54. The method according to 51, wherein the discreet objects are separated

from each other by about 100 nm or less.

55. A method for writing conductive metal comprising

providing a cantilever having a cantilever end, wherein the cantilever can
comprise a tip at the end or can be a tipless cantilever;

providing an ink disposed at the cantilever end;

providing a substrate surface;

contacting the cantilever end and the substrate surface so that ink is delivered
from the cantilever end to the substrate surface.

56. The method according to 55, wherein the substrate surface is moved and
the cantilever is stationary.

57. The method according to 55, wherein the substrate surface is stationary
and the cantilever is moved.

58. The method according to 55, wherein the cantilever is a tipless cantilever.
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providing an ink disposed at the cantil ever end;

provi ding a substrate surface; contacting the
w@a0vsiogever end and the substrate surface so tpket/uszok5/006009

is delivered fromthe cantilever end to the substrate

sur f 3¢ eThfethbl %cé@&iﬂ%go 56 GHHdiRhd QniiRveEWRisEs & BB at the

substrate surface i s ved and the cantilever is
catikiveoerak y. 57. The nethod according to 55, wherein

t he bst r at urface is.stationary. and the cantilever

o nieine Bshoduicdtifesds Toliran dly pf bt afdon e
meantilever is a tipless cantilever.59. The net hod

according to 55, wherein _the cantilever conprises a

tip af Themetodiarearding éndd, vepreirie ink CABATiSRSQHE OF Apre Bretal
Sa?%, wherein the ink conprises one or nore netals. 61.

e nmethod according to 55, wherein the ink conprises

one 62. Thy methed atcding o 5HAvhefdin tieink @dmeissradic vg nfode metal

55, wherein the ink conprises one or nore netal
NHWRYHSIET cl es. 63. The method according to 55, wherein

t he ok ' e

nanooar T o e AR A AN Roimprises ome g anere |
hydrephabkc wamopartisles. one or nore hydrophilic

nanopartjcles. .65. The had according ta 55, wherein
e, Phk TROMERHOd ASC0sHDE 5 S oV Erele L8 Ik AR e 48 Hore
h%ﬁglgmgcﬁgho%gﬁmsp shell. 66. The nethod according to

5, wherein the ink conprises one or nore netal

nanop&r Themethod ae¢arding o Phswheagin ity igkepmpriges ongipe more metal
net hlgd aglc‘%ldian%rto.CS 11v\,herei ntheink is a
HWBP 1511?8 CIP AR OIS € met hod according to 55,

wher 66 NThé\methidol atSorainb Y6l s Hpitidréia theik cOMipriddscone®i fvdle metal
accor di ngl to 55, wherein the ink is a hydrophobic ink,
ngpepattises fapag padesulatipg skl i s a hydr ophobi ¢ surf ace.

70. e [ : el pinde -1 sq a

nycr ST eg BELRARE RT3 Muirein MRAAE i bAoA

hydr 6&hThe methodfaacrding 7d 55, Mieereie thvoitik ac e bydtoplglit k55,

wher gé.nTﬁeb r%etl;hrc]) a%gor;ylrnlgstg gS,bv(\?}tlergeirq der io r1150 ztlJ iu)gdrophobic ink, and the

substrate surface is a hydrophobic surface.

70. The method according to 55, wherein the ink is a hydrophilic ink, and the
substrate surface is a hydrophilic surface..

71. The method according to 55, wherein the ink comprises both hydrophobic
and hydrophilic agents.

72. The method according to 55, wherein the ink comprises one or more metal
nanoparticles having an average diameter of about 100 nm or less.

73. The method according to 55, wherein the ink comprises one or more
biological molecules.

74. The method according to 55, wherein the ink comprises one or more
peptides or proteins.

75. The method according to 55, wherein the ink comprises one or more
nucleic acids.

76. The method according to 55, wherein the ink comprises one or more sol-

gel materials.
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and hydrophilic agents. 72. The nethod according to

55, wherein the ink conprises one or nore netal
wma0sps40bt cl es havi ng an average di aneter of abomUsSH00006009

run or less. 73. The nethod according to 55, wherein

t he kaﬁggﬁ%ﬁ%ﬁc&a@g% 5m&rah%@&k%ah1tpﬁ9ése&felo$§nore

. according to 55, wherein the ink
magnq:tmmasrmimerpnecmomﬂ;mmﬁ des or proteins. 75. The

msth [ t 0 .55, . i nk

¢ oo T BeE St Ok o 85, RO AT Bk REEEr O ¥ 8,
sé’iﬁ%ﬁdﬂ&tdr'ﬁ?atér[ﬁis SIOPTBEUrSRS e or nore sol gel
materials.77. The nethod according to 55, wherein the

i nk a%nﬁm g@ﬁlodraéc@dmﬁﬁ@ &5 ulepreinithe inkicempsises ane or more
ﬁthcgfg)ia eriafs orp %;%%fors th8reof € Method according to 55,

conprises one or nore sem conduct or

mat eBg.aﬂ“ﬁe ﬁfetl{bﬂ%@bﬁ&ﬁfg&o 1531 ﬁlvl&ﬁrém tiidink Tomprieésha@ or more
according to 55 erein the ink conprises one or nore
selpents Bavinge Beiligg oK opsd®isor s t hereof . 80. The

et gl 3¢ fleflioiGef Gafi:to S5SHRBin' RPI MomfpATRI 4RSS e

nore sSo vents g a bo I'ng point over 1000C.
c<6iihpoﬁﬂde windhhddmaseb tajom@valentﬂiﬁbondwﬁle the subgiratefurface.

conpr, nor. e co e hem b to,or
covaP é &ﬁ? a’ﬁ’g ARFTAINGHR ’u‘B ‘T’FL& ’é’grfc Fegélre%gﬁe
sikiRduas&or ding to 55, wherein the ink forms a
feature on the substrate surface. 83. The nethod

ac coBdli fhe metl®d acodrdingitp 56 Hehdrein thoinkdorms metabgxide on the
L e surface 84. The nethod according to 55, wherein

‘f ®ink fornms metal alloy on the surface. 85. The

met hgg, TRE AetiodGictsrdm,to BB eWRdrsinttheink firmiOmetl alloy on the
feature on the substrate surface which has a di mension
s@aver ol | ed by the geonetry of the cantilever. 86. The

met hed e ﬁ'lord%c%&dﬁ%itcé \Q’g S\?ﬁérgm g\ﬁmﬁ(% df Rnfe on

feature on str ace whi ch a W dih of
set3aute sarfecawhichhag o dimfowion tofitrotiedrbyrthe g&)‘:fnetﬂihﬁ’ thetdodever.
ta ﬁgo%g.l 'rf‘%e En%thSO% ac\(/:\éqr 1rnegI tg 5% he érgllr<1t € {HEIB formsf a? eta%lurrg or? the
substrate surface which has a width of about one micron to about 100 microns.
87. The method according to 55, wherein the ink forms a feature on the
substrate surface and the feature is subjected to fusion, sintering, or coalescence
conditions.
88. The method according to 55, wherein the ink forms a feature on the
substrate surface and the feature is subjected to annealing.
89. The method according to 55, wherein the ink forms a feature on the
substrate surface and the feature is subjected to light.
90. The method according to 55, wherein the ink forms a feature on the
substrate surface and the feature is subjected to laser.
91. The method according to 55, wherein the ink forms a feature on the
substrate surface and the feature is subjected to electrical current.

92. The method according to 55, wherein the ink forms a feature on the

substrate surface which contacts one or more electrodes on the substrate surface.



substrate surface and the feature is subjected to

fusion, sintering, or coal escence conditions. 88. The
woredosoghoarcordi ng to 55, wherein the ink fornmsPer/Uus2005/006009

feature on the substrate surface and the feature is

subj gt gfle %@dﬁg{gd@r tﬁs%%; w;m%ime droRES R FHnRE oh the

55, erein t a feature on the substrate
sshatdatecamrfacalandie shlgatted ® anmealing) a deneperatorel afghout 390°C Fhisss.

th [ to 55, in, t Ny f
feat e 107 o East itz o 3o h Ferdin B ipent & Royfte op e
sabYRaRCIuBEcd fhd BSE6jectEd to akinBal B @inpre&RFedifMBoGL0 098G to about

wherein the ink forns a feature on the substrate
380%G.ace and the feature is subjected to el ectrical

92. .Th ' 5 | i
o 98 e BT Gt ey Ry fBeion

r€RAbRAGH Sheubstedte pmfaeel ect rodes on the substrate
surface. 93. The met hod accor di ng o,gg(g wherei n the
i nk 8 e anetlod aseerding tore. whersny the inksforms g deatirg opdhe

|.eC ] - of about 3000C
sgwageséfﬂgighﬁﬁg??g? ﬁgo(fﬁglg%orgl nggé{g&% , wherein the
i nk 9Gr Mhe andtlaat accerding oS, whbrstr the enksforihaeg deaturd onghe
subj ected to, annealin I te rat yre.of .about .1000C
Shb o S0DBEn Toonvae foct MOH Ll s g aesistivay Gf about
1M6kRIcAm*e8 drikssi S subj ected to a reduction reaction
on the substrate surface. 96. The nethod according to

55, \i8erldic mathesl doakrding tosd Sawhergin the inknformea deatire oattke

sur.face ich.is made _conti nuous . i:NQ.... 9%.
STHARERrHE! SBibSelrSPL AU B! FRuctRl A5l Fabou
1f BRkoUhen *@fh foh®ostlishicéchnsenf.ace which is converted to

a netallic state which has a resistivity of about 10

m cr &8hriemehod assardinggto Shhwhersinibe intcloanap Atirs ogghe
BFLELLARE S LT B SR, U BUOBIGRA
has d00¢edhs tietiddyacobrdiatpantsSs lwheremabéimedrodtiorepbated talfdrm

m croohntcm 99. The t hod according to 55, wherein
lﬁ?és‘i’frkaPBF}F%S“gStF"é%\ﬁ‘H?ageon the substrate surface which

has g\ g’gte ni%fthcﬂb&%rdﬁlgrtggﬂ@h@l@&%h %ﬁlo@iﬁhéf)gat_eégpform

The method according to 55, wherein the nethod is
layepeattiekl oh thef substrdtaywiase oivhérein therinkh ereshd sameimeterial.

ot haB; hF Bisi s TRl 35 hetelitnd et it Ripesiedld fm
layers of ink on the substrate surface, wherein the inks are different material.

103. The method according to 55, wherein the ink forms a feature on the
substrate surface which is a line.

104. The method according to 55, wherein the ink forms a feature on the
substrate surface which is a dot.

105. The method according to 55, wherein the cantilever is an AFM
cantilever.

106. The method according to 55, wherein the substrate surface is glass.

107. The method according to 55, wherein the substrate surface is a thin film
transistor array.

108. The method according to 55, wherein the method is used to repair a flat

panel display.

1155239.1 10
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| ayers of ink on the substrate surface, wherein the
inks are the sane material. 102. The nethod accordi ng

w0 200558409herein the method is repeated to fornPdBYS2085/006009
of ink on the substrate surface, wherein the inks are
di T gpgn tl"héTﬁfeﬁfddaalccorng\g-to FhewAGLiRQEn@e ¢4 il daded Rith Ik with
wherein the 1 nk forns feature on the substrate

useioff amecrofabréatedinkwell fidled ¥Gth inkhe met hod according to

55, rejn _the .ink for f eat.ure on. the substrat
sur 1 400" The mistiod g e T 08, WM FBuIRe B e o
cotactWRel Ble Bubditecstinfabd SV@rankR cFabAtMOcRtdel Y REs. 106.
The nmet hod according to 55, wherein the substrate

surf déb The gleghod acqqtingta S msheisia the eastidvegisthsousht into
r.ej. t rf ' ti i |

PREGSUE, P Sy dfhfe B AR dranBul by Pless.

wher gilp. The megiddadcirdingzeds whereipahe cantildvat isfrenehpon contact

di spl agylog,. The net hod according to 55, wherein

ag ¥ietied Oy aptical MIGESERPYwi th ink with use of a

m cr b [ ick | i th : Th ith

et had aohg AR AN © oy Ekrbinyle (dMactihg s cabiBd ouc it

ube ofufphte-feedtmck.ont act with the substrate surface at an

angl f . abou O deqrees or Jess.. 111. The.nmetho .

e S ondinghe §iebig agfaHines s e heiRi e GiiaghBE if Bl ovt with

usDbOpisRIMRfic whliding Rangspstrate surface at an angle of

about 5 degrees or less. 112. The nethod according to

55, Uhsr dhemetwdeasardingve 55i whaseintthe pantileyenhasc wigkh of about
vi ewed R o(pt,[igéxl rp croscopy. 113. The net hod

Ong EaFan %/alfél é ) M8 n the contacti ng is carried out

Wi t h 1u6eThé nfetoderctaaihgac ks, Wwhdein thecdmkildvethacrwidih 6fabout
to 55, wherein_ the contacting is carried out with use
fiye myrions tq dhouf 22 MEeANi ng features. 115. The net hod
accondkn WosH i : :

aboutl o ant hetind PRl S3oMAABN HEURIQEFis Mol pli
shayedrcdntilgvdro 55, wherein the cantil ever has a w dth of
about_ fi m crons tq. abo 25 microns. 117. The .
ot hddBad B Firtteg ACEorgise R ar EhsToRRe ETme fratiied gut with
St bpioahl freb@3k shaped canti | ever.

119. The method according to 55, wherein the cantilever has a spring constant

of about 0.001 N/m to about 0.50 N/m.

120. The method according to 55, wherein the cantilever has a spring constant
of about 0.004 N/m to about 0.20 N/m.

121. The method according to 55, wherein the cantilever has a length of about
100 microns to about 400 microns.

122. The method according to 55, wherein the cantilever has a length of about
150 microns to about 300 microns.

123. The method according to 55, wherein the cantilever is one of a plurality
of cantilevers which deposit ink in parallel.

124. The method according to 55, wherein the ink is a polyol ink.

125. The method according to 55, wherein the ink comprises metal salts

together with one or more alcohols or polyols.

11



118. The nethod according to 55, wherein the
contacting is carried out with use of force-feedback.

wa i@s/0340e2 net hod according to 55, wherein the PCT/US2005/006009
cantil ever has a spring constant of about 0.001 NNmto

abouf> 6. Pfle Mefﬂod_]alg&rdi-ﬁgﬁo 95 LReiA GOl 09 Ratdros on the

wherein the cantilever "has a spring constant of about
siths@B% sNiface lmvaigoaitatedal 2Dmpiision dfzboutline mistdmotd abowetolSdhisgons.

to 5 rein the cantil ever, has .a | t h of. about
00 L SR Refhot et Y SR bR 1 Rup AR e
sasEHeCuiticd Whidh haVh£Ta@irfl dilenk@nbf dvesneafrén foabghhl 0
of about 150 m crons to about 300 mi crons. 123. The

migrohed according to 55, wherein the cantilever is one

¢ ; ¢ ¥ . ‘ P SV .
oar at P TR itholaciini (EYE el il HERGRIS reblieed s
silRkateSudFagollieh havika lalez4l. difbssioed fabdubaeon itirdigtotabobil 5

wherein the ink conprises netal salts together with
¥¢I8NHr nore al cohol s or polyols. 126. The net hod

accon g N d,Bstte cMSiGhdla EltSirk@ lggﬁff&g%dfaﬁ%m%ﬁeoﬁgréatafed

substrate surtface having a later i mensi on of abou
bptie methodof tleimabbut 15 microns. 127. The net hod

according to.5 wherein the. ink f feat th
bt P & cihed b W oRuEE Mo SRS Rens: on of |
aboubrcﬂf‘i@n?})\ﬁ% 8hmbR: ARAKYert @adH Kavipsa cabtifover ORIsIWhEYeE the

accor di ng 5, wherein the ink fornms features on the
caniiierersatan comprrise e tiptat e andwe can betiplessl caniilewersi wherein the
about one mcraon. to out .15 .m r )
R A T i
pRIVedAs esl inkydi§fteedvit the da) frreVidinpa 3bbstdh@lsurAcetebactifgtthe two
witing conductive netal congri sing; providing two or
opoEe eafilavEsWELs the gap andithesybsiratesiriare sethabilds delivered from
Lot ' ers can conprise a tip at the end
tﬁghedg)g%ﬂﬁeﬁ??tgﬁgé%&a%hti | evers, wherein the cantilevers
have 1al1.g@he ethod ancdrimmtovih 8@ whieseia ieugapas ebavit on@midron to
aboyt 20 mcrons; providing an ink disposed in the
BRI VB MYGIO@ng a substrate surface; contacting the two

or ngRe ‘Fﬂ@hﬂﬁhﬁ)\ﬂ%@iormntgno ltlﬁ’@, Velpei A R éa{beis abis tivabicrons to

surface so that ink is delivered fromthe gap to the
abas ¢ miceorsur f ace.

133. The method according to 130, wherein the gap is about ten microns to
about twenty microns.

134. An ink formulation for nanolithography comprising: one or more metal
salts and one or more solvents, wherein the concentration of metal salt is about 1
mg/100 pL to about 500 mg/100 pL.

135. An ink formulation according to 134, wherein the concentration of metal
salt is about 1 mg/100 pL to about 200 mg/100 pL.

136. An ink formulation according to 134, wherein the concentration of metal
salt is about 5 mg/100 pL to about 30 mg/100 nL.

137. The ink formulation of 134, wherein the formulation further comprises
two or more oligomer or polymer additives having different average molecular

weight.
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131. The nethod according to 130, wherein the gap is
about one micron to about five mcrons. 132. The

woredosogtoarcordi ng to 130, wherein the gap i s abomusionsen6009
mcrons to about ten mcrons. 133. The net hod

accof gy ”ﬁhéﬁ’ikjfg’r(?nulmcﬁ‘l@ﬂ aﬁeremhe E)r%*ﬁ%tontf&@hépcﬁﬁﬁﬂ%s at

to about twenty m crons. formul ation
leiastrtmllelohgoxgemﬂdwmwﬂeamoﬂbgnerone or nmore netal salts

and Ive re e _concentrat. o

ot al L e 16 SmAHIOR S OuRHEE RTBAEGOREHIGS or
mSke mé@Psal@n i nk formul ati on according to 134, wherein
the concentration of nmetal salt is about 1 ng/100 nL

to abélt Tixookfegrmmdaion of 1086whexgin; thi farayulatiogingler comprises
eaé:cordi ng to 134, wherein the concentration of netal
B¥Pt is about 5 ng/100 mL to about 30 ng/ 100 ni. 137.

The 14K AGndthddfor dite@fwritddh contiestivie ﬁlndtiﬂ&:ofrﬁﬁﬂiﬂg&t»ﬂo@fding a
further conprises two or nore oli oner or polyne
canidever hadng awrﬁge‘tﬁr erdvesrein e cagilensn B GPRprise a tip at the end

dn%t atﬂﬁgss gu 1 t p{on'icHHé I&rhlﬂ;OSél&gfﬁ thé"@a‘?ﬁlfdv@r L wherein

r mul conprises at 'l east one ol I goner
thmndk adsmblem tnanaihc pmiopanrcles;u&@wdfm subktrato isunfidczt ccmtacrbﬂmg the
t| on. ca

ciiyer 65 1] ths FepstiecrARe FOPRINRLS SvHE Tt thpandeyer end

t&m@sﬁ&gg}g@}faw further corrprlses epoxy. 141. A nethod
for direct witing conductive netal conprisin
@ntgature on the

provildz. n@hcamcdmd iaberding ha4 hgvheraim tei inkefagms

rein ver ¢ Ip at the end
‘m}%&‘ﬁﬁ“ a"?‘a}ﬁ? geggur%gnstu 1€ Rei‘gl%)p %Sﬁgr\??t ng an ink
di spesRATRE methed @3¢triling (& 14 ERehersih eedihk férR® a fokture on the

conprises netallic nanoparticles; providing a
suhspetersarfacesandrthe Batuse it abIcrtsd e heat @spMenbyver end and

the Substr abentiial afGind R0 1Ry HRn iR iHE KR ARabE AN the

the canti ever he substrate surface
smtx’atacéuﬁfa@omﬂl th@ fdaturd klsubjshted ¢o hightheeaindatf or ns a

featureo substrate f ceadt f eat
subj é8%- eEI gbeétacwé@eﬁ%w ‘?rﬁggﬁ %‘E‘Eﬁl'%} the

sﬁ&tr&é]surf%&eirﬁ' the FlARurk m‘sufaﬁﬁféﬁ t@héa% %h‘ﬁr?en?ﬂel&@%bout 300°C.

substrate surface and t feature is subjected to heat
treat nent.

BRIEF SUMMARY OF THE DRAWINGS

The patent or application file contains at least one drawing executed in color.
Copies of this patent or patent application publication with color drawing(s) will be
provided by the Office upon request and payment of the necessary fee.
Figure 1. Au Nanoparticles deposited between gold electrodes. (A) and (D) optical
images of two lines approximately 60 and 45 um formed by drawing the inked
cantilever along the surface, the cantilever width were 60 and 45 pm respectively. (B)
and (E) same patterns as in (A) and (D) after reduction. The measured resistance
across the gap for these patterns is 32 and 18 Ohms. They resisted water rinsing and
scotch tape test, as shown in (C) and (F), where the electrodes were pealed off but not

the patterns.

1155239.1 13
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144. The nethod according to 141, wherein the ink

fornms a feature on the substrate surface and the
wo e@s08®91 s subjected to light treatment. 145.pdhes2005/006009

nmet hod according to 141, wherein the ink forns a

r .

FIFRE 31 NS R B A BF B 81 Wit Bpica
1&%&&&&&%@ DhvivY dGHirdeferped by tirawingippb |pnainikeah céntilever

cont ai ns at | east one draw ng executed mqﬂf %1

or this pattern is 18

betpisr v eletrades p Ahe MEagireqrapiaiancegnnrss s &
otﬂgg! éﬁsateﬂl y@sfstkdfvoatafmﬁir%gna@e&kh ‘Mple hes %s Rh&Wh H8@)PWhere

ce upon request aynent of the necessary
tHeeedectribileguwere pealad o patrthé bhepatd:etp od@Mt Bxpopraphisehl Mo ge

of 55 o5 Wi diny 0 S heie R G arra o a dcHror RIS REe

fa%‘?i%tielégl}{@r aI ong the surface, the cantilever width
r and 45 nmrespectively. (B) and (E) sane .
Figatre 8r eu Mandpart{chds dapobiteDpetafeer goldadentioden (AYared (B) optical

8568 be Qoo 5 e oy PP B BEvaRe f 15 L h gentiever
bét%teﬁ’ fvd ERErddes! Th@ﬁle%?ﬂmelsl@taﬁg a2 thedgap M%@lg_ét{&% is 19

el ectrodes were pealed off but not the patterns.Figure
O&msALC)I\”&tmgmpmcoMﬁ\sI idepe sf t 28 phetvidedimegod G 8 mnebdigludimsthe

6 Vo a1 e8] b)) GPasaPRGESIo EaraRPIoMEef et cEs e
p%i}rme% N@n aﬁﬁ:‘iersQQ §sﬁe§%@tx§9§ﬂ%§fdeéje(ﬁl%§ésst(ﬁ?&?d @ dptical

e gap hi's pat ernis he pattern
uﬁ@bﬁhfb@le avaiaftertcunsgu@ahmjfo&ned bhdtaa\peg 2 é8um nked hantrdever

, Wwhere the. el e es wer ed of f but not
(qaﬁ@weﬁwélnlsﬂ?e?wl e(ves 3@? ﬁﬁweﬁ &%w‘? AR 1B cleptgdesy,

THE ﬂ%aédr@@re?ﬁ?ﬂngg?&ﬁ%?nﬁéf: gﬂ;r for (HR p&tRirk RSPORRS. (B9 ahdl gﬁ)

cursor pro I cat ed [1ne. Figure 3.
Thiasgrppitit IA(HMesmmp o$ il 5.6 qunb etidecléne apd| %S b beightoandsl. 1.5 A)n for
i mages before d after .c

thqnl?dla( an)a.l 3 %ij‘areﬂ bl Reeed aqep DRI EELY. L%Féergﬁl ) Brrespond

tcpﬁfr ofi MR HeEGh QR line] N€ NEBasured resistance across
t he g or this patternis 19 Chns. (C Topographic

Fifivie |5waﬁgeNarﬁophﬁu$esrdcpwr®d befween golil d&trodeshi€éAynd (B)roptical
t he re box in.( rres t o cursar
lr}wﬁ. toresnd hist euans o5t e fobmbd BRABTREER 10 i wide A
g QRAGELE &% {i@d%x%%ibé ethdRLNERR reeétgncelaeﬁ;sg chleg%p fsﬁans
(D) optical 1nmages before and after curing 0O
phﬂtenﬁ if 2 Ohnhs HC) Y Topdgraphic ABMhimagalo€d1.Sqmb wide/kme and 80 nm

(narrowed ysing FIB, cantilever showed in t I .
iRy indbs e Poremen i (Do ARLCRoRbas st piobfedihe Bbricated
La gross the gap for this patternis 9 Cns. (B) and (E)

0

pogr aphi ¢ AFM i mages of 15.5 mmw de |ine and 95 nm
Figirglét AanNaddpaftiolen deposited between gold electrodes. (A) and (D) optical

images of a gold lines formed across two electrodes. The measured resistance across
the gap for the line pattern in (A) is 190 Ohms. (B) and (E) Topographic AFM images
of 5 and 4 um wide lines and 12 nm height, in the red and blue boxed area in (A) and
(D), respectively. (C) and (F) correspond to cursor profile of the fabricated line.
Figure 7. Au Nanoparticles deposited between gold electrodes. (A) and (D) optical
images of a gold lines formed across two electrodes. (B) and (E) Topographic AFM

images of 3 and 2 um wide lines and 8 nm height, in the red and blue boxed area in
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the FIB tip, in the red and blue boxed area in (D)
respectively. (C and (F) correspond to cursor profile
woboosihetwdabri cated |ine. Figure 5. Au Nanopar t PC1/€S2005/006009

deposited between gold el ectrodes. (A) and (B) optica

(AC?@@QD) b@ip&ﬁveﬂy] QC§\EI1&$FI%Q:Bfrb§iﬂ>n@fto thelcuRt@r prITIES Y
ra

a nmw de FIB cantil ever across two
faém@ai@dg@@ The measured resistance across the gap for

F@?%&ﬁ?ﬁa&&gg@@o&fd gl%og%&p(%sﬁ):% bért%;%?rg 818 e%tIA 5%' |TBRE& con ox1de

ere oxe

usitigeeantiteveis) Ea(:li)lmé;@faﬁ &ﬁ'ﬂﬁﬂd@ dipspiggia Sﬁﬁll@feﬁfritd) en ofk-fillhel
fabricated |ine. . Au_,_ Nanoparticles dep03|ted

inkpellan ﬂwdaavz@mé@tl%d@gl thEAﬁintHﬁ\éFf @)018@{ indka | Notgdlges of
sifhild@tich 'g'lf?x%%h r¥RGefif 0SS two el ectrodes. The

neasured resi ance cross the gap for the line
Figare¢ 80 RlatinuiiBold slloydigk Gapasited Bgtmml gélielctopdesrapdilicon oxide

uiing iR dley iy et ol fapeines s oA Bjne & stele’

canBRRECSH AdPdc¥nt dafileddld léa'a)ed Wi’t'hrlﬁl? p@l?éjllﬁé)orpﬂ'k &K wﬁ§ péretded
of the fabricated Iine. gure . Nanoparticl es

byiénewing feangulet&}\eelnrcglowlde chnidevep deross @A)smafm unp) itet pwalf ink

i ma i nes .f rrredaros wo el ect.rod
THEFER Phae 365 Sap bR ISR 4 A5RETP HRy W54 Siierers
ardithe ﬁgﬁﬂdleavisrgehaiat&ltby 1 &jddest 3 esticoilwideuRnbiRyed. Aloathat

|n( (D), .respectively. (C and (F) correspond to
t @ﬁ@xew@dw of the dingg increases 3t ingieang nwebermf gyritings
caﬁh?e%ﬁum gold alloy ink deposited between gold

ectrodes on silicon oxide using cantilevers. Each
Figunel®aAFMbheigld itmpgel qipiangscale paliaditue\patteing ba sdivon oxide.
a line until

filled dth the .
Pallifiom atsEe (DIt o SRFAIOR IRBDD SRt Y740 o6 patterngd using
a POVES shhadesia digRgtArM K '%llpg 4ihe 1i%e sain%r ﬁié’UuQé?i Fhi@tls¥veal a

i nk deposited between gold el ectrodes on silicon oxide
inorepsegin ddight rom Tamttd (18 war betweacthe Gifstiahé sedond daykeisnes

was br | ed .usin single cantil ever or adjacent
Figlies | F O Cheiehuidasts rthoa® sfR Rads B 3h thefl 6 e
naepatiale 8k Wils Patthditbyeholding b inklcdited @RvimtidRal silicon nltrlde

cantil ever across the surface until it ran out of ink

AliMecapfiteren/tip in epatast pith hepsfagefrsrl fsay a gansiant forael Abent
QbR BM YR BB 5 G R e oro2

niNcthe nidié rdvh of astx I\Am:mfohﬁé@htfa fokcetdfd .3 hN&Gia et 6&31&15 height

W th |[ncreasing nunber of iting canti] evers. gure
6 niy) and-the feftrgprt r?wgagts a\fer%gﬁragéa féf%%ﬂ Pl mlsla@teé%m

L EETTIE  PATpa Sheu ,
coated tip.

Figure 12. AFM height images of nanoscale gold patterns on quartz. Gold
nanoparticles dissolved in mesitylene (the ‘ink’) were patterned by translating an ink-
coated conventional silicon nitride AFM tip across the surface at a rate of 0.15
microns/s. The line trace indicates that the height and the width of the lines increase
with applied force.

Figure 13. AFM height images of nanoscale gold patterns on quartz. Gold
nanoparticles dissolved in mesitylene (the ‘ink’) were patterned by holding an ink-

coated conventional silicon nitride AFM tip in contact with the surface for 10
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a PDVS coated silicon nitride AFMtip. The |line scans
of the cured patterns reveal a increase in height from

WQ@200510849920 nm between the first and second | aper/8$2005/006009
Figure 11. AFM hei ght i mges of nanoscal e gold

sQ/hEE TR IQEhlgHé‘Fit?ern (72l SurRd PP deb SR at D50° @El%lng a heat gun
patterned b an | nk-coat ed conventi onal

and theo omageidt rAm cAﬁM,dhmhcvlgbtwef ithe pasti¢la patternadecregseshirothe
surfgpe for @t a constant force. The rightnost

afoynd nB’o'ioar?L&ﬂ Y8r 50 nm height 3.5 nn) were

Figiread. @ptidallidiage oPa nfierdn Rbald platifiurd dine dfw With d@tlion nitride
were forned at a force of 1.5 nN (di anmeter 65 nm

careileyer a@omoléﬁ@cw@sw@fatw oxisly waferd ot he RA@,illfém? B¥ned
%gﬁ%egﬁ{lgtﬁwﬂ clﬁop&\e &Q'Ao tlﬁ r80@ 1;/4@?&“&1(70 eI 5

erns were | mage ter patterning
mlil':xblitrésf)e The @te‘edrsbr mk VFasgmn%erﬂeﬂ to AEMHbglhghﬂlng oraghet pite a

tt t ol d ti.cl
BPL05F 305 The hubfio) flelineanecutingoss e aEDes OBy
FﬁAnglﬁJ@SiBab JaldhabP KEPBLEE nEBN SBIL ﬁﬁahuﬁllinwwwsthla@ﬁlcon

Mtip across the surface at a rate of
nitride cangilever adress| dhnamiumaelectiodds cma ghiss Wafert Wbe pbtlgtlm ink

and .t hy dth.of ..t h

oppred ol 8 Saohils chloBRE A hERBa b cf B AaF s sglugon
cORhInfHg D AP A6 70 44110 mewaduuarai«eegnqio@eﬂi @ﬂgﬂ}“tol The
mesityl ene (the "ink') were patterned by hol ding an

praskisoninévassanesttaddn aetallie platinum by heatingawith o hgati gyn at 250 °C
t with the surface for 10seconds. The resulting
f(ﬁ)roltrb s%(r&hndvsvas cured for 10 seconds at 2500C using a heat

Fiitiired 60 AFM heightipetbe ofhhwyscale polddfeatties dkmlgbﬁtweén gdie
gartlcle patternsdcre sesfroma und 30 nm ?
Fedeg onsiligen oxdgy lde geld pgeyrsogiink at&lbcronéprr??& Qhmg of

oSk ?o%cﬂfdersgmdiss&@e?f 3, Wi ?rfegé‘ gﬁf‘cl)l/f(p)ﬂ vf!x'térr ge lar

cantilever across go l'ect on a silicon OXI
parickes aréTheesylt af thneentayark oﬁmkpwnh; embhdhyaarlcuu:m bryHieatmgien a hot

i ssql I n. 80% et hyl ene I I in 15
pfﬁt%?&o?st% getjgﬁ lésleﬁQn gjlglﬁ g?ﬁ% CO Ir? ed to netal
lj@qqt 'Ilﬁg cQbfPIAMRUmMILAH 116y 39@% éeﬁéra?e@ WBin T@El\/l"b!aﬂﬁi%vers

|ne after curlng was ap roxwratem% m Ccrons.
Tlhe gUmepmSurs@pmk camptisasgdOgng af p,lah@dn gile arshS G mg|of gold salt co-

G e S S e T S

pBlydthiy e gly@bl mma@ewemré@bpﬁeaﬁhgwlmwmahgm fod@0 seconds
di ssolved in 15 mcroliter aqueous sol ution containin

aez)‘iw o bro Boer patigrmdrapnaciost ke F0anicyps; ggribetween gol
rgc?etsg%él emc &g&cﬂel Wafg1 e}; X feSitar & of tﬂé(tr gsogbv S € 3@8 A

I num ating vvltha gun at
s&CIafldeaﬂ:é}nslemHetween chromlum electrodes ona glass wafer The

resistance of the trace was 32 ohms. Figure 17(B) was carried out with use of a
PDMS DPN stamp tip. (C) An AFM image showing the large grainy microstructure
of the platinum-gold alloy film; grain sizes were ~150 nm.

Figure 18. An optical micrograph of a large gold feature on glass prepared dropping
epoxy/gold precursor ink onto the slide and then curing for two hours at 150 °C. The
gold precursor ink was prepared by dissolving 85 mg of hydrogen gold tetrachloride

in 50 microliters of dimethylformamide and then adding 1 microliter of ethylene
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Figure 16. AFM hei ght i mage of nanoscal e gold features
drawn between gold el ectrodes on silicon oxide. The
wa@oedod/ogroerur sor i nk sol uti on conprises 100 ng pET/YSL0d5/006009
tetrachloride salt dissolved in 80% et hyl ene
glgtal aRd 4 20%0lvedr OF epdiiemixdir €o BalitlofitedSothe saitk618Hbh. Phe
t hree Iagers of ink, with each | ayer cured by heating
regiptapceraftthgfilm wag 0. 32QJUHSOC f or 10 seconds This trace
t r v
Flgﬁf e 1Y) Ax? %mglglé}éﬁlénr %*' 01]d att glgrr?. V%ﬁ)osk{%g

preédrmt uﬁk exftu rqafmtz udikg & BHJMS-ﬁéﬁecﬂ.ﬁﬁ@ mfrldbl AEMtipN Biad dold
and 50 ng gold salt codissolved in 30 mcroliters

PrequISRR Iy Wemﬁafarﬁsi hlgs, disgoliedachmgof sold tatrrehiandgdBpmme) in
SR NI AAAES TR LRRRS M e

0.1 angeof thuatit ecid. dhawrd xaéSosisransgude paitern(wasgzamdkl@t heatng with

ld ele siligcon oxide wafer. The .
a fait il 5 Ford Ocfordids e beshmetehe B AS dchieh gl
Cuﬁﬁ?t{@@qhn@l’t@w bet ween chrom um el ectrodes on a gl ass
The resistance of the trace was 32 ohns. Figure
Figgye0. Rarecewriting of s;bter Vinesongliedn ritrRRwBbRIE vtingp

An_AFM | t.he | arge
coiorge{ ¥ oY RE JAT S al et BE R o0 A negitygrink
lirek after ddRCEwritidg QBN NeSLFftlﬁng sitvel thicrOftn@pirtEatter oW EHpERtre
of a large gold feature on gl ass prepared dropplng
CUBBE )gm@gﬁﬁpémt%@rc forne miEascensdmage afea sinall pevgien of a line
0] I;
e e s
Figete 2dc Kipticaldmages ﬁewmg:crannhletvarmwocﬁdipmatlmw dfarcvaimeteial

and t hen ddln ite f et ene coI and 1
Sﬂmrd?aapmre 6%(}15 Lﬁ»@&ﬁ?ts%taﬁr%# 59\1 s of this
F.gé\}etzzs @eyssn@&h anm%wr @ﬁiﬁl@{aﬁﬁe Bulg &ﬁ?ccfrﬁﬁl@cm%h%rs

ohms. Figure 1 I'mage of a gold pattern
nagepeeticle gk dnya alegﬂombstmtg ceatcngUh precbrumigmrthinnfklno hiaser ablation

uar sing a.P coated.silicon nitrid EM tjp.
wih i34 B 447 Ackafl i B chrop nsrih e e andetiing sSss. 5
sub¥ra®d (i8 ﬂied:eh@f bAGE |11<ﬁ&%_eg €A (tfpPos® cafilevel wadtheh used to draw two

of di met hyl f or mam de 0 this solution is added 1 nL of

lings pytodhechypmiusm film@neagh sige of the lset-allatad gap anthacrassshg gap.

a
Fifafe 2% Ehy IR AR BB SHERL M R Byl
remte‘deiraiwn@s 15 nm hi gh after curing (see line trace).
Fi 20, Direct-witing of silver lines on a silicon
(1) ps-fresling

linsswihpd %@lvﬁﬁthaf‘néélqﬁé? Bndmess; | ver
(ZD?’FQQ A yfek Ehf withka 8.§ ?)gnr %ﬁh Gad 41 HBQﬁlcRxfles% .he 200 um | ong

ver in ines a Irect witing; (B) Resul ting
(3KE) Thaee-laypchmsw'rthcat&mras’vmﬂtmd 70 theckmessat ur e curi ng;

Flélﬁl‘éf 24. g go agt?plgstsoci[anpl eIIe(%rvgi im(%ry%%:p?gge inltorr.%la ?cr%{rabzraicated

reservoir. Top-view optical images of a cantilever (A) just above or (B) dipping into a

pool of ink in a millimeter-wide circular reservoir (fabricated by deep reactive ion

etching in a silicon wafer; bottom part of the image). Note the meniscus around the
cantilever in image B.

Figure 25. Optical images illustrating the repair of a thin film transistor (TFT) flat
panel display.

Figure 26. Schematic diagram of a tipless cantilever with an ink storage slit.
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and correspondi ng average height profile, revealing
that said line is 117.9 nmthick. Figure 21. Optical
w0 pegestoshow ng cantil ever m crodepositions of PET/US2005/006009
commercial silver nanoparticle ink on a glass
F%ﬁ% b %ﬁlﬁﬁ%{ S A B Alentiivk Absighd BHTiflesslit cantilevers.
position and | ow tenperature curing of a conmerci al
Figure 88. Qptivap imaged|lestiatikg the depgsitiers ofapanmatcial gibegraek on a
with a chromumthin film Laser ablation was used to
g]faésrﬁbétr‘ﬁgﬁmi%]r? S{H’iémgﬁ?vffﬁ um filmand expose the
FiUFe2bYTWE e@dragies Sdxpbsiabe atd uringeoftmes madobf dilver
image). A tipless cantilever was then used to draw two

narjapesicinin actess & BrrobatwaeT goldelsatredes png gless §Rbstigle when using
| aser -. ted gap and across the gap. Figure 23.

afﬁ‘tsﬁaggﬁ%r?mges illustrating the fabrication

Fifure B0 Liay evrrithglwites slitcantipeatedled wathi ngpld hhdparticle / 1,3,5-
One-layer line with a 6 mmw dth and 30 nmthi ckness;

TEBinkTwo- | ayer Iine with a 8.6 nmwitdh and 41 nm

F‘;%Jr‘ré] %’f?%lﬁagf(agrg Hﬂustﬁﬁr%ﬁarnl iA%RImdrt R (e Felﬁ%iﬁ‘ 08 1P CdiBpIaYand

ness. Fi e 24. Coating Of a tipless
siodhar objevtsr It wiilitesiarvantilgveti qusantijevaredmicrobrosto¢ aaited with e ehetal-

reservoir. Top-view optical ima cantil.ever (A
Pl aOL Bl R AT e B BBrHG e reERa Ao et e i ()
cafitt1dverB e Mb I8t 6 MmoHbRAIAK REk8TpuAkdhatisAonfishig d)inke€lPand

- reactive ion etching in a silicon wafer; bottom part
itp pratépsive weps pupmliss ehettheteriglip shaeantlesempiarie thedpeghdewar
in_j.mage B. FLgur : ti ' | 4l ' t he
opBaiTF 5 it AP oA et Bivaf Qs RR$RIyd e SRhdiEhisfa
ceita@in@ythe firfide owiife a SEARMRLAgE calh pEYidon bt anytdngleesBut the Z
cantilever with an ink storage slit.Figure 27. D agram
axis| Menkernef thobrghiness ohtheicpaiilgesi(yhishraries pph QS%‘%gg)i Yia
VERB b FNE kit R Bk ReqBam S| iy SpTARopa ThiG 06s\RE
seftbat dateets whe touehdoint ofdlntantiéewer on fhegurfece2@henTwdting it in
.exanpl es of deposjti and curi.ng of, lin made, of
TSP aRHD E SOEEE: ARt SY TR ISP IeR &0 (Beagg) e the
nfibBAL RSP mARrial 9l ass substrate when using a slit
cantilever. Figure 30. Line witing with a slit

Figure 32 eSehematia diagram ilhistiating aisesembinairamentdoy flat pgnelrepair. In

TEB ink., Figure.31. Diagram.illustrat.in .
e et SR se el BEE sepne bt iR Bk by 2
pBati6E bbthe khntiléver, &t ting €Rithddvay 6f the catileNedr ba\ies RMstrate

m crobrush coated with a netal precursor ink to repair

sepfass. A ichaprrviouselesign.caisw-nengetes raspiution ¥ 4 stage Reovides
cantilever motion, and a laser (not shown) cures the deposited material (“ink™). An
inking mechanism supplies the material (“ink”) to the cantilever prior to the
touchdown operation. A large motion Z-stage moves supplies gross Z motion for
inking, while the rotation stage can position the cantilever at any angle about the Z
axis.

Figure 33. Alternative design for a FPD repair instrument, in which a confocal
distance measurement device detects the touchdown of the cantilever on the substrate
surface.

Figure 34. Optical images illustrating the deposition of conductive Au traces

deposited from a 5 pm tipless cantilever loaded with gold nanoparticle ink across
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cantil ever's high-resolution notion. An inking
mechani sm conprising an inkwell and its protective
waowssspppl i es the naterial to the cantil everP@r/ius005/a6009
t he touchdown operation. A coarse Z- notion stage is
manamgd@gs praridalk WRGkhb (R, 28140 R BétwRBHc RNt @R I’I‘Qﬁ?ﬁcﬁﬁm tin
sur f ace, e a rotation stage can position it at any
0&%#@&€C§@$ﬁt the Z axis. Mnitoring of the brightness
n ich varie
Fifes B TS mg PR e R 8 AP et e S5 ety step
wikpirawingal el usB e tisleseastilegersof t ware detects the
touchdown of the cantilever on the surface when
Figure 36, fiagramjllpstiating thedpping and fapricatipa of mpiereaescala
8
e Y Ao A ol € pIB Rl et s
folld)\lved;by alringg Eaperananal ciunﬁg cu’ithm(bnsfm indicatedphatake suitable for

air. In this, desi g out put .of a | aser

lopgaeEyEcudibgke P golS PRI kb asr es the 7
t I

B R R B R e BroBroR
tOb%@vmmdSWm@ew@n a fem#nanoneter resolutlon XYZ st age

V. cantil.ever aser not
FiBhR ER e iR Ele TRleufag BV i ot igeh B enfafed ¥y s
pro@sicil oy thégkileRr Witkth. MAY & teﬂlml(:rdnﬂ\kqdk chtileR& is shown

cantilever prior to the touchdown operation. A |arge.

WIitHhg alinezofssimifer wisihe sBY Appritaisreyy eatlezenisshewn paiting a circa

tw]o rﬁﬁt H?le \I/A(/eé{rq Bg?l 1angesr ataf fhg @arﬁ% @(Egaﬁe fo%%aﬁgrséo&rk)%ﬁs&lp@ﬂjtge line

can angl e abou Igur
widthser nat i ve deS|gn for a FPD repair instrument, in

whi ch co fo di.st ance neasur enent. devi ce dete
Figtis 3o DpTiauind AN B o6 1 PO I TEBr i) SL B Bold traces

degysrnfea%emsﬂ 96 5‘8%8 bERYdefi 2hrdnfTBESTedtlolbls tar gcga pg%arﬁagm%es/

eposition o ctive Au traces deposit
mesitylenp! desnclanixiture (dasciilwade themdditiogal workamppantplas) e/as used

i et i R BR3Py v Bl B8 by
pefibARing AdEsh-tem fvtre 2rinPhBLFOAB00P ICURE 73 ih0iEs RNNwRIBFR

may be forned near a topography step when draw ng a
lowmrtempsnahge eurningytd2q° €dpn 6Q evrer . Figure 36. Di agram

tr abrlcat on.. of,
Fibble Bt SEbARS: TG, SRR D5 P KRS8 Bu e s s
adBesidrPlestsampRYahd ewed feodadcaids at 850 I Khapé pédl eweskhbved no
curing. . Experinental curing conditions are indicated

IO&SM@dlaﬁsgmsta itheagbatrate and Wm&w&hﬁpm gheanieal glpanings

such as gold nanoparticle inks.

DETAILED DESCRIPTION
The invention, which can for convenience be referred to as “cantilever
microdeposition” (CMD) in its preferred embodiments, can be practiced in numerous

embodiments, including those described below in the working examples.
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Figure 37. Diagramillustrating howthe line width is
controlled by (is proportional to) the cantilever

wowasis40bt gure 38. Experinmental results ill ustpet/Usmos/006009
how the Iine width is controlled by (is proportiona

H L m cron-w de
EJ&?{’ Fli\f ril ségﬁgﬁeWicﬁéé%pﬁ?l%@q‘of simlar wdth.
(B) fh 4 YiBst Binbb@ihenhd 1n@¥RIon! proRBEVIméthiol ifEfaBricating a
two-mcron line. Both i mages are at the sanme scale for

n&a@mter@cmp ard shmiefomettas-scala atiiras wsing Frgjileveggr microbrush,
and. AF nage r
50 B P800 D0 By EBLERLE) Bl epgon

nﬁﬁﬁfﬂ@ @Qhé{hfdamdlﬂp(ﬁinaﬁr aatietire thegof, dlispapapeat daid tasildver or
nmesityl ene / decanol mxture (described in

na@rebmsbr(a) PR gy swgntslse%facwgd (#3 gentagiing il% microbrush and
HRBLH A rtacd b tﬂaphﬂ("@ﬁelf\gpéﬂeﬁ% @%é QuntifVef &ShRtdbHdMo the
neta orm y perform ng nperature curing
sﬂ‘tstrﬁﬁ@;urfaﬁo Digiird 86 illustratasithe s)rrhmlpletm‘iﬁthhs myetlzod. ower
tenperature curing at 120 C for 60 mn. Figure 40.
Adhesi on Tests. Single-layer gold |ines were deposited
ont o pglf&gly ometsmaﬁ@st@&aﬁﬁalﬁ&n&@ﬁbfﬁ@mlﬁ% ef(m@Msured
for 10 seconds at 15 Tape peel tests showed no
phraHel totheaibstgite ﬂuxfa@emgx th@w th af e linp)ranggs framm @< micron to 15

B R e AT afeFRR L8 elRR ey et (7Y s

and3 Fdrhtay 200 Miclons R 3 height (e(gcmhsuréu substaptigilyesrtiegonally
odi nents, can be practiced I n nunerous enbodi nents,

(q 3964 lmalr@arteameﬂérgeﬂ pado BANSWSN t he wor ki ng
1T GEA A RO r SO MGSAURERELMAD b
afnﬂbxrolereatrmﬁgqhmrcabsryetear AEMSS fatmidated lnwing stand4rd misodhtaication

patterns . a captil ever, or,. brush, the hod
& Bfiahrs el by RS Phalbli D . BRCkor Pt HeRephy.
tl{lghlrﬂ rd@ﬂés‘?ﬁé}g eﬁﬂl gnﬁﬁ-o@ﬁﬁf&' 1B6usad SHEBBaRAicE MR Ag OFhed

m xt ure thereof | sposed on said cantilever or
mitroboish usily; ha(z@)hepsham o ar@nalewtiwmtaefrmmimd angnd bpund to

contactln q&@ ab %us and . the substrate s SIAr [ ace so
aAgro- s %“881" ¥ 8b! f‘?agn?et%%evé%?rﬁoﬂpé\?&g agputptctty o
cAAtIERR. UHB caﬁuéka@ B tbé Hith &uﬁlﬂfweup@ plotradiag out of the

illustrates the princi is net Preferably
priheipalrmiarecdtthe cansijearr. aﬁm@/@weﬁﬁwm@b@@s@pr ppg diced (sﬂlcon

nmeasured parallel to the substrate surface,

opg%&S g&MAdth of aline) ranges fromO0.5 mcron to 15

M Cr Q. orlnGre ndighBSHing @in€iteabredibodies iy foen g gap beslit of fixed

length of a line) exceeds, 100 m crops and refer% (y
ozzmrlamf'cw&ﬁlsthaawayl £ ¥sqfop ik sfarage Orfisneaiiag A microudic

cHURBHAPbE B rned VnliR 9gCR@tileYered bodies and/or the meso- or macroscopic

body it is attached to. The microfluidic circuit may comprise reservoirs, channels, and

vias for ink delivery. Channels and reservoirs may be formed by two substantially
parallel surfaces (such as the walls of the slits described above) or by three or more
surfaces (e.g. forming an open channel or a completely enclosed channel). In a
preferred embodiment, a substantially flat, tipless cantilever is used.

Many inks may be deposited, including organic and inorganic compounds,

including metal salts and complexes, sol-gel precursors, polymers, biomolecules such
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to said | ocal plane) ranges from1l nmto 2 mcrons.
Preferably, the cantilever or mcrobrush is a
wo@sosabr i cat ed devi ce, meaning a PCT/US2005/006009
m cr oel ectronechani cal system (MEMS) fabricated using
ashRIMAG (@, rlﬁmz 'Hep@ddsQd pRAGAL, cﬂéﬁ§paril(ﬂ§sl m Jotlitioms or
not limte ot ol 1 t hogr aphy,” el ectron beam
mixtudes thezgolf @enmltwnfmawbecmpmlﬁd pnfollomed Hw rgumbef of méﬁments

cromachi m.cr o
gy Bl 8 s e ey BT PSP Pkt Eg vicn o
1a§¢1%r @h 9ach, PROtOHtHoBraphVREd Surirdf by Epplisaivi of headht light.i t
may be a devi ce conprising a multiplicity of
cantilevers. The cantilever(s) may be with or wthout

LireFatireliséhilfot hudtticiho B8 VISR (0, "0e o di ce
(si | CaaNeRss, GpaSals, ¥atisthte shifccl) andoatadEmethoas are&known in
canti |l ever ed odles may forma %ﬂgwwr slit of fixed or

the arti ansl enevgkilled in ﬂmtamw rper ipstbe nakechrigpldieragyre in the
R O e
e1BEdiMente ahd woekdig Eianhﬁe@ddsalﬁ‘,ﬂmﬂ(belcﬂv Thheldition; elistofdeferences

AT N S RN
| .
ST Y SRR e e spolagielaiet o

pmmﬂmngﬂﬁﬁﬂﬁﬁSOQe g. formi ng an open channel or a
encl gsed. chann

ggggé@ﬁgﬂ%rnﬁmg H§Fﬁﬁpﬂﬁf @qulﬁuapﬁﬁﬁéggnigﬂpf?ever
Nhﬁ'oliiﬁ@giiapHWMXDPﬂm) mm*gea SRRASIbELEbmmBRiAN dRUelop&Bly C

i norgani ¢ conpounds, including nmetal salts and
Nemipk,énes(Chmgo db), ipméiclrtspically o kyherpdip \bﬁtbmawt@rsscale

a;%gﬁggcgaﬁ# tlg gn gﬁ(d % tfl ing: ﬂo%dm %&{){iﬁ 811%8 a%ﬂgstﬁ# oﬁ)%l&ﬁ a

oS or es there

meRRaRi thit@aniEly duadeises ectte coitadt phctivr OInlE)bn&asm WDPN pinting,
treatnents, including substrate cleaning,

the PEpERtARYON Hes Nt requite fsharp iy M@h?rmrﬁ@rwlx e a flat,
sﬂaﬁﬁ?-il 13:r891e$:? Mflf'\}elr %{39 ARAY a ¢ 11‘?15J tR%ﬁ means.
applic hea T

on 0 |terature u
Cpiitdeder mlm@deﬂtﬁltidn\aebdssit umd@nthelfelnmaﬁon of patternsniigh a pr1t1ca1

substr urf ac and cont act net hods An
digtasigh fomyihg NS By PEerF R Arn aage worle DU Prfine is
bdsPFdr QutyIG I%B‘?&thfbﬂl (el hifloddatd)Pattéinidpe pPractice of the

pr esent vention in’its many enbodinents includin
t he wmlfeetsrrmmmwlqm,ttbe thmoughpnkofregntilesierphissodeposition (in
cri bed bel ow.

a refere '
siRBUNE AT sseone) if AP oaf ot B DB prfiighfepeSf finde
higRERHEAL @S thetahtileSerseficidbeihirelativd © thesaraeey b e e byed.

reference in their_entirety and can_be relied upon in

Ggaarelhaspenkingythe cardilengr vsed in fhepreseghinvention does not contact
directly the surface of the substrate. Rather, a layer of ink is trapped between the

surface and the microbrush or cantilever end. Without wishing to be bound by theory,
it is believed that the interplay of hydrodynamics and capillary tension in the space
between the cantilever and the surface controls ink deposition. For example, the
pattern height and overall quality (continuity) is sensitive to the pressure applied to

the cantilever, while in DPN this is generally not the case. The line width is highly
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Cantil ever m crodeposition is related to but distinct

fromD p Pen Nanolithography(tm) (DPN(tm)) printing, a
wo ewsngdoegy commerci al ly devel oped by Nanol nk, PETTS2005/006009

(Chicago, IL), in which typi caIIy (1) a sharp tip with
co%regaqgcfgethg arngl‘rfneQJte w@cﬁﬁ‘ﬁsee a g r}sﬁl %St;tf(grrétxhﬁgle & am%@t‘fy
mﬂqmnﬂﬂufrottﬂlﬂk pagémirgl dpyed; (Whiile s esnteist, wWith I2RN u)alnting, itis

junction, contrast_to. rintin th
cdrifpled PbfhedbiBESon et b i ZorE Ry opjyen (e PaeRBple contact)
rﬂrtﬁéﬁf@%ﬁ{ g4s&kd. a flat, spatula-like mcroneter-sized
canttlever "or cantilever as the ink application neans.

Cant Hbeeer, ariot pHidie pwhh'tcabdwbbpmems agspsthtgdowith Bep Pen

N et Pl et s SRk TP BT, R

brisH fﬁbhﬂﬁldn%)r@&ﬁﬁesf&htﬂé%ﬂ/pd%itﬁﬁ dofifr6ll teélindlogly@nd computer-
nanoscal e) patternin Wiile its resolution is | ower,

cankrel desiam and fabriastion a orifhanse Arerhighly arlprst 19 etilevar

rons per second) is higher than that of DPN
mlcg?&tplg%lg%)&espem ally since higher speed (of the
cant Alvaxety ofpraductsabiated o DPINapriintingtoan b ebmittetidice) Nanylnk
be used. Cenerally speaki the canti Igver used in

ing g BRTRON HTBHIFER (S dBe Nt EBE H-R2 g et TP e
sosff%afr@% 5nrﬁ§ﬁal%ﬁ?12f)&§tﬁns Rab&etes, Ritd, %rlnﬁfvellﬁ |€al'11§ratlon

rapﬁe e ween t surface and the m crobrush
sofiwire, laligmmerersdftwiiie; haassovies fand thet ld<eb Simglel Ddl’l\byrmthgqnybes

it.is beli vedth thelnter I h d d
paskit P prabe e A1 fope sl Erds By R RN A By @R s
W@I‘P ds heemS e EAkifveRHah Bk SblatteddRRO NahbIBR. ATRY avayabIe hfa

he pattern hei ght and overall 21;&' it continuit

sl@mﬁ:m:d aWCbunSbamh@edm;@sEm BENORANSH-ITH RHX{"Y jland NTM

I
gl D i SO0 58t O SRR ehte,
Fi QUDBN prihtiap dn@ Gepdshionaehmdsaye extensivdy H%ctlhdbm&hdent
fromthe patterning speed, while in contrast, wth DPN

foblpwing pagent applicatipmsandalesi PrRlicatignsyphichareherply meggporated
b§ Qger%xﬂé% ih rtl?er? é’}mp&g Bhd woﬁﬁc%é 528 0P fcﬁQpréx%séiﬁ ﬂk@ﬁﬁ%ns,

ternin wever,

pdreahmlﬁwﬁthde.\peétap ﬂmmeamsmal puradetwstfhr @irryirgpout the
Nanol i thography, including but limted to inks, ink
depofitigBy y technol ogy, cantilever/ brush fabrication

p rOCEeSs, SSProQ/%%dal Wircaﬂﬁﬁls(‘id/ i g‘l okl Qzllnlfa%ﬁ:'}" OO FDRMn

onput ercontrol design and fabrication agorlthrrs are
thcghhqgrapﬂyé)/ant to cantilever microdeposition.

obt af s PEBUL AR L 4T g s SRyt lf???r(b@smogs
Utifiziflg SEAMiNSeRbE VG EapR| TBpS /IdBrodGssiPhérefor 8PPiodaERL
envi ronnental chanbers, pens, substrates, kits, inks,

Therkbe)! s, calibration
3. U.S. Regular patent application 09/477,997 filed January 5, 2000 (“Methods

Utilizing Scanning Probe Microscope Tips and Products Therefor or Produced

Thereby”), now U.S. Patent No. 6,635,311 to Mirkin et al. issued October 21, 2003.
4. U.S. Provisional application 60/207,713 filed May 26, 2000 (“Methods

Utilizing Scanning Probe Microscope Tips and Products Therefor or Produced

Thereby”). This application, for example, describes wet chemical etching, working
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software, alignnent software, accessories, and the

like. Single DPN printing probes, passive nulti-probe
W@00aps409A- f rane cantil evers, divi ng-boar d- shapernus2005/006009

cantilevers, as well as AC-node cantil evers can be

n .
e L

enDFHJI(/t m ar edt rademgrksl for Nanol nk, Inc., Chicago, IL)
o s PP aPR PR b A D MM 8 i Ve

U{iﬁ&,ih%%murgqtr@sé MABRbdopa i i d PEd A Elitire fBHIB} Prodlideans,
whi are hereby incorporated by reference in their

Themeby’pt y and support the disclosure for the present

| nventy gné%gu‘f ﬁjgrre 1%5'0}4/ IRk R, HiaPoEy ZHOZdOHZ“Methods

experimnen ers or carrying out th

UdkeAAs Stdmiktig HrobéJMicroEHde rISpsQamﬂPr&NHts "Cl&trd:ﬁ)ﬂ o6Pyodluced
15,133 filed Janua%y

Thesehor')-t Figapltptign. for exeme ¢ Flrm'rrbgr Wﬁ’a‘rheg‘é‘iﬂl Fehingoporking
exggf ¥e§7(e g:’:%r %rt%l@%? QefelRLs, 4nd ﬂigl%%s (wilYBit %@%ﬁ ihlt rlébrﬁ{eﬁ%y

nni-n croscopé i ps and Products Therefor
refereriee dulheackntitety.eby”) . 3. U.S. Regul ar patent

OF P 1137 SRt inbliss o sbbr 20BN 2 p autlinse e MRy f 2002
(“Mb@r{dﬁg thll&[ng%&%'iﬁg PrdfeaviRBYscope TipWakl Broddads aMherelig: or
35,31 1 to Mrkin et al. issued Cctober 21, 2003.

Pr@dudﬁdg"hembw) si onal application 60/207, 713 fi | ed May

T pstang e BBk b oFATA PEAT AR LB SEARGRRSS,
200 Newlitedbraghg MetkhaaPdre, Proéssty Pﬂ@aaceaetheeéfemmroduced

et chi ng, worKi ngexanpl es, references, and figures,
Thesetst)-are al | i ncorporated by reference in their

t
P o Bl ikt R WHAM 123801 IR R £ 5000 pdsed
od\ll;]CTagpldxmeognpsj’%Wsmwlﬂaw ﬁleTﬂI’Jemm;rpW mé)glreglgmﬂmdsmﬁlizing
There equl ar cat.li on
158 el Mirossona Tsway RGBT o Faadie Be Py e
M CfR’ﬁWﬂ%@h@%M&W@m/m% fao‘l%bﬁgheﬁrE&Hﬁ@slr 6, 2001

Thereby™).” This application, for exanple, describ
based o REM apallcmoomon@CTWﬁle/ W62 fidedMey 262091, (“Mﬁ&wéii e

Ulan St wpe Fimred yeniabiodl Fodeoy or Brodyped
TIRa®™. publication nunber 2002/0063212 Al published

May “30, 2002
11. U.S. Provisional application 60/326,767 filed October 2, 2001, (“Protein

Arrays with Nanoscopic Features Generated by Dip-Pen Nanolithography”), now
published 2003/0068446 on April 10, 2003 to Mirkin et al.

12. U.S. Provisional application 60/337,598 filed November 30, 2001,
(“Patterning of Nucleic Acids by Dip-Pen Nanolithography”) and U.S. regular
application 10/307,515 filed.December 2, 2002 to Mirkin et al.

13. U.S. Provisional application 60/341,614 filed December 17, 2001,
(“Patterning of Solid State Features by Dip-Pen Nanolithography”), now published
2003/0162004 August 28, 2003 to Mirkin et al. This application includes descriptions

of metallic, metal oxide, and inorganic solid state structures.
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("Methods Utilizing Scanning Probe M croscope Tips and
Products Therefor or Produced Thereby"). 8. U. S

w@adosng4opubl i cati on nunber 2002/0122873 Al pubbd¢HOED05/006009
Sept enber 5, 2002 (" Nanolithography Methods and

Pr otk s M BERA ERRLALAI0RRT, S aMFSH L by LiniBhod

PCT publication nu 0/ 47213 ubli $hed”’
anliApp2tdas foaAdignimg PRAGFa pp lai Sehstraiel”)mod p@EITdatiS(D@b00319

fil thosUt|I|2|ng Scanni ng
20@949335965%'1 égtBB%rzzfgg&éﬂ‘#’e ¥r'dGucts Therefor or

Pr odpc edg -'ﬂ"r@{/@ﬂ%ﬁal)appﬁ@atloﬁ%/ﬁgbﬂ% FAéd PraynyniE2, WO

01/91855 Al published Decenber 6, 2001 E;ased on PCT

(“Npmilitbegraphc Relibmtim Methots ) pod Ui teeelanapplipationfii75,060

p hods L] e M croscope Tips and
ﬁl&’? g%hg‘fa? %#tejroé é(# &glrc%’t?wgggra&ll%zreby ). 11. U S
Pr ovj 6sila raahman,aljs ecpulappidatiah | 3647 4B 0 ésbvopiisizhed,2,
(s Protein Arrays wth Nanoscgplc Featu

2%&4@& ?a 2 filgd @@SP@% adi Craske &t ghk Brocesses trﬁagqbrlgﬁg@
AHRNRISEA 80 003 A B ety o

magl 1nf2§)@1]11ch(caﬁ>bt petternethposbrdigioghe prsénd imb;atl@n andHen

. Nanol it d U S

ingPa iR N T EHBEY (FucBEh e SRR poPided Pelgpy to fyther
enlarbl% onE’l'sreme.? 1P lartae pldchiad ihe @r&@ﬁtaﬂaer@ﬂaﬁ fAlsg duﬁe@g%m@er

"Patterning of Solid State Features by
apphpati@erpulsuhsmnlas ROer 6p2H08) (“R*rows'ghsnmes hdd Czadendlgrgod et al.

P‘}"ﬁ%‘@&”&ﬁ“&& 2?%{9%)2 gﬁ%cng)an ?‘rgéréﬁ of. c,: hi)o 1 gts If&rﬁ%nn‘?{ﬂﬁ émcro

arldHAhg St Gue® Whethsdad tbe téstadusit dJﬂh&cSro Jséale Lén& is i?kel\pbsatww
application 60/367,514 filed March 27 2002,

" od
refarRNCABDHS BRtirstyF GFlspIUgieenlgr mltcéﬁi%p%wbe%l?egw alt5e2904 to
‘ 003 t
o 5 g A T i i
ZWY(ﬁ)Ogmdeikérébea @@ﬁern(ngl\ld‘mohduchag palyhiecs #oall is beraby on
inparpe b Fionye Bt SOHY: ATES biam Bl eaork 142,189

ﬁl%@ MdyD 13?605 {Mirk it a8 *f‘%ﬁd@@xm Pfodih NanddHR4 dnd Birect-
now publ i shed, 2004/0127025) filed August 26, 2003 to

WeitoNkeolitkographic pnmmg:dsﬁa@gdﬁmndﬂamennsa) is mg:oqm@tg@ byve
B0 S PGB (PR BRI ERAIGR AR oo
patRErie8 ABQAdRE GO TR pﬂ&ehﬂnﬁ&ﬁloﬁr IS U S '@t applicafiéh beiial no.
10/689,547 filed October 21, 2003 to Van Crocker et al. (“Nanometer Scale
Engineering Structures...”) is incorporated by reference in its entirety. Also, U.S.
patent application 10/705,776 filed November 12, 2003 to Cruchon-Dupeyrat et al.
(“Methods and Apparatus for Ink Delivery...”) is incorporated by reference in its
entirety.

In general, state of the art DPN™ printing and deposition-related products,
including hardware, software, and instrumentation are also available from Nanolnk,
Inc. (Chicago, IL), and these can be used to carry out the present invention. For
example, NSCRIPTOR™ instrumentation can be used for patterning. DPN printing is
further described in, for example, Ginger, Zhang, and Mirkin, Angew. Chem. Int. Ed.,
2004, 43(1), 30-45.
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i ncorporated by reference inits entirety (nmuch of the
text is provided belowto further enable one skilled

WO poosiogtazt to practice the present invention)PCBHUSDHNS006009
US regul ar application published as 2004/ 0026681
(" Prlﬁcﬁﬁfé{' bR ©F the ﬁmglﬂﬁﬂé’gro%%ﬁﬁ 8t c&tiedbut as described

publ i shed February scribes a variety of
ingfob exdmplnt §.5f Bat. bIIOL @642}@12%0011:10 eanldlsnmckNe‘tthqr dr 2Q¢03.
scal e

T sERicB g TS ing Bates” Rereo Bt B! ¢ihing progedures

use® SHEcHjurREBh MahidifRet- Pkl Ih&ﬁlbﬁdlogﬁlﬁﬂ}a rand 1SherdBPthcborated by
Mrkln et al. ("Electrostatically Driven

refasenskiin Ko etirptyyingludins figeeesi r@ff—'rm&es 200 yopgog grgnples: Zhang

S« t
eSS RSP S SPORRELIE B9 MRS
Nzﬁtidiﬁucthlsiﬂ Faguioaallﬁmrwl?ahgamcé@héé% 489 Mad, @000 kv, Rd, 20,
to rkin et_a Pept i nd, Protein Nanoarrays
OGABTEHOy B 1V3-1 87 Reemeich Bor B %ﬁ%ecthla Heqdidangrays o
RN SScf08, L5484 57 Dip P NIRSHASE AR Rpnsl g ous,
149 d13p4 bt & iZhangwt a4 h “Eabmichigorpai Sl&ifemnéobdfﬁuatn ANanosttdugures on

esent._in Al sq, ,,U.S. e a jcation,,...
B BRSOt Ry PaNasd ey ey s, Plherooss SPbLES tckgiion. Uss.
pa@'r@ Gﬁ[ﬂ[caﬁ@)n @k abricatd NI RSt N ofnetitieSincRding sub-50 nm
Structures. ..") is incorporated by reference in its

Scérdtfﬁtna@ﬂ)lanopurwureuB&edpmI‘éartohﬂmgrap@atan@ NVet@/iegbcat Feching”
filed t
(s frhﬁé/glf)hg@zﬁ% f;&pé z?reg? userf3g ?@yﬁ rl%g?( uR %}/5 glgo §scm)es etching

andieSidds/eatthtDyhicRtai BngRdiim tHetifveditibh laﬁd §. 1nd:0’rpgﬁfhﬁrb@'|
state of the art DPN(tm) printing and
refpEgss iR ity putHelYat ed products, includi ng har dwar e,
sof t 0LE
nonol € ﬁ%@&%&%&%@%aﬁ AR ANRof ARl £ffon,
2"¢ &dr, Marc 1. Madowp d&ﬁ:ﬁbts mmre and mnotdéhnolegmmﬂcmdlng addltlve and

NSCRI.PTOR( t str u | on .c be u
SBEAGY REOTBHRE BHATRIE ah SRty (R H Do Bet B apsfer ¥igh dry
etaﬁﬁgmzomg(%ﬁ)r 2}30n GRALEWitH 40 4R hodT Mt H); and
wq:trbuﬂt mmgoxpafdumsg (Chaptéret)c Alsa, 8 toxttDizectdBdterTegbreplogies for
R4 PE ORI ApyEapiond eSS, BieGiipnie i Ipghibudid pper Sources

(ERBPRI BigEeSfd D @@M@éy)cmmlwslm@f@ﬂdn&nafeomﬁmglesslnumamg
in conjunction with direct-wite nanaolithography, and

addifivigeand |sybstiselbrppetiods sy exempleebidlk migromag lélmgi gndejching

el udi OULeS - b6 . _
o 0 A 15 AR B SR
schietih aebotibgyinf@aplrapar i ng Arrays of Nanostructures

Functionalized with O igonucl eotides”; Adv. Mat.,
2002, 14, No. 20, COctober 16, pages 1472-1474; Zhang

AQUifibnal EvhBbddrtadl | zed Nanoarrays of

Embodiment 2: Cantilever microdeposition and curing for

producing conductive metallic and other patterns
In a preferred embodiment, for example, the invention provides a method for
writing conductive metal comprising: (1) providing a cantilever having a cantilever

end, wherein the cantilever can comprise a tip at the end or can be a tipless cantilever;
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I norganic Structures Prepared by D p-Pen

Nanol i t hography"; Nanotechnol ogy, 2003, 14, 1113-1117,
wabasgseb2 al ., "Fabrication of Sub-50 nm Sol i dPSL/EEE05/006009

Nanostrcurures on the Basis of D p-Pen

Rt BGRE Foseg 20 cofber e 0 pl e et suace
an8a#t) cbnBicting thdanaatilevercdndrand thensibstdite gurfagi s6 that ik is delivered

frogh P N E D T SRPIRYE SWERR Hhe SheoSigp paegay folggred
bydBEAIRE heat curRP Sep ©.gVby ki et médiuh-Fovie 144856t dni@frared gun.

et ching and nonol ayer Tresists which can be used in the
i nvdntanothenprgfearesdiembodiprn: stamp{ips &t apeshioalepesii material

nfirety. .T ex n ntals o cr ] L1OR;
whigh ek d St e oA LB B el R AR I L .
prifididnal pheme g}b;b&atim 60/544D60 araniet ¢Diveol Waite Mahslithowthpiey
addi tive and substractive nethods, for ex

with SO Eigy SDRHAST nd SpPRIONES 1 H 21458 &1 Anpachfilgd February

T
2005 ¢ s tpensch 083 847 - (X84 pthérh a4y herdby mcotpoeattdhy reference in their

Direct-Wite Technol ogi esfor Rapid Prototyping
e%‘fﬂ"i cations: Sensors, Electronics, and |Integrated

Powet aneddletEate kEGWWn irfthe RHAHE af Wl aflatile fGHT, fS@%hmple,

describes mcro and nanotechnol ogi es including =~
MalddMassheUSAdPertiland rQR ). | Gantibeverrous be Roated radrpinstionnlized as

m c hi ni ng_and etching are, descrihed. . e
degired- o hiplespitilnerars, Ao koowa s 2R a5 gesetinel st &t hamalsn
USE 2hent Mo 8358I70€ o Ghecalvd bl ;88,5240435Ad A dair@iladt al.; and 6,573,369

Enbodi nent s Enbodi nent 2: Cantil ever m crodeposition
tod#endensen fialf or produci ng conductive metallic and ot her

tt : ' { |
P Rh pdfanf L BF i 1o R TRY e plim KA hapd S¥ane
caftilestbr @@rherused togon(rd) atpeasvomk dimeasiomof the deatured forimed oa the

cantil ever gnd,, wherein the cantilever can conprise a
subptgate surfaces HAW IBKS-can be a tipl ess cantil ever: (2)

Provigll g idfbt! hf&hmgamt@t, alkiigh 3 PrinkRY 8mb6ihent 81 the
providing a substraté surface; and (4) contacting the
ingamtoinlig metal-bagtddanks, invdudinglsdth atetal prachissoe inks, afteatusinglmetal

is delivered fromthe cantilever, end to the substrate.
soltfy g aneielaponspLes kS oo RErRr g s afs gl bt n
pdt G abpE@HORNREL 16ebhd11i58 SRtetnsy noleHl abG®e 4Hd dscribed further
medi um power | aser or an infrared gun. |In another

bedowf erred enbodi ment, stanp tips are used to deposit

i al i.ch d : 4D f | i DS-
o o T oph A R TR I M RlcI R (e By blaRitial
to&ﬁﬁeF@ﬂieH QictodY, ft4xdplecord dringste matale of méal salts, (2) one or

Nanol i t hography with Stanp. Tip:;. Fabrication and
mpgafolveats; #ik(3) pre of moreadditives i desiggdy Pna @ adpist ther v

components of the ink to function together with the cantilever, the tip if present, and
the substrate.

Inks can be fully or partially dried, if desired, on the cantilever or the
cantilever tip before delivery to the substrate surface. Inks can be fully or partially
dried on the substrate surface after delivery.

The nanoparticles of the ink are not particularly limited although a primary

embodiment of the invention is metal-based inks. Inorganic compounds can be used
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13, 2004, and US regul ar patent application serial no.

11/056, 391 filed February 14, 2005 (attny no.
wO38843400264) whi ch are hereby incorporated byPCT/US2005/006009

reference in their entirety. Cantilevers are known in
inﬁ’ﬂqﬁnﬁ{ affdfks2hie A4 PaARI& chh BB %ublsBintiaH R ABMBgeneous or can be

roMasch USA (Portland, OR). Cantilevers can be

haterageadoandT iaymaniboveah corecheld stoeture éfidesiFeg| Ehay can have

cantil evers are al kpown in-fhe art as described i
orgaic sy petigsat splledh st ShoEePis Aiesths BLiRGE They
catl be seRidoAduddR ih Aaies itheflopld.or uadéhed. NadophticleOcan be

Henderson et al. An inportant feature of the invention
elpgried it insetinge@yrhave gn insulagpg phellofThemanepasti¢lesesagrbec an

be use I ' [ f
e’ iR, WnohEREle PAFuS BERRER0R o bltEr
tedi®logiballysuseful magtialscutlading electricabehndattorpmghnatic materials
L pri narf%:/ enbodi ment of the, i nq\{enti on is netal - bazsed
ine g feremagnetiy Disenalmsemicopueiers <o aPHRY myFHalh usi ng

- sal LS. f _ i ' .

NIRRT ol ox i U i DANRARG: CFEb R AT U SscfbfROperic
sieh b ifaraxamplerdectbBunginestentcanid\photpdurimescshcenafivadonpenlers.

and descri bed further | aw. .l n, gener al he thre
NEHREIE R P SHTSRERTSThErTieorb 35 Of e el o) o surface.

mat etThadolyéht Bpsidds E)soﬁdttpﬁﬂicﬁléﬂ? I@sited] Qhk SHAEHY Whichee Bikgh-

nore netals or netal salts, one or nore sol vents,

2

beiling aR)generally preferres. dipdiexanpls, Jolveatsswitle boiligy poiptiabove
dj usto~t.h he. | t

o 0 FRERROETRy Rt L L5 pgie

hydtb&irb@is@re dritkdeing aNhigh bbilingtolventXer txamply. dried, if
desired, on the cantilever or the cantilever tip .
bef oPeoridelivesy {p the sybstrats syefageathe 1k qancegin dirne @ degiged for

fo : fleXtu%é lv\?l\?ée}% z;r@ lp%:ﬁgﬂﬁlges?ab?eno%p ﬁm%uag%},{fﬁl[ &aﬁ‘wlé, e motnth.

after n nopartlcles eiln are no
Prfurablgitha féapurks edint bectuadd Andumdieastablé against smng witbrsblvefits

.the invention is netal -based inks._1norganic c ounds
incRiingALgESHv R S‘Plﬁé‘ltﬁ%‘i‘fjoi}ali“f‘g BYSES. FRa e G e B
aﬂ}ﬁaﬁﬁgﬁi AN1dsals! HeAAPPHSERO Uid Bthef RnBIBLHEAL €r 0geneous.
They CTan have a core-shell structure if desired. The

can Ofier ibisghsired tofoinacentinvaus masseoef siivgtures which provide, for

RGBT st A RGETTE, ORel HEPCHEAE ot kBl Bontacts

b¥RaP e tfe RS afidihe RBrfadeas othed #atited 1S tHeatifag: sukch B8 \fer
an insulating shell. The nanoparticles can be

expmplesiiciodesor hydr ophobi c. Nanoparticles can al so be
PreCH Ve czgnobeortla{?lggtructures or microstructures. The height of the feature is

not particularly limited as layering can be carried out to build up height. Lateral

dimensions such as length and width are not particularly limited as the methods
described herein can be used to prepare nanoscale and micron scale dimensions. For
example, dot diameter or line width can be, for example, about 5 nm to about one
micron. Alternatively, dot diameter or line width can be, for example, about one
micron to about 100 microns, or about 5 microns to about 25 microns.

Additional references are described throughout the rest of the specification for

use in practicing the present invention. No admission is made that any of these
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technologically useful materials including electrical

conductors, magnetic materials including ferromagnetic
wondosnsabs, sem conductors, and optical nateriBdBUS2005/006009

Nanoparticles can exhi bit quantum confinenment effects
re‘?e{i‘gnép Q?I@! RehH! TR ﬁQ&gIdneﬁ fitHeP d&2rib& bR MBI &ving non-

el ectrol um nescent and photol um nescence of vari ous
limgingrexamiesoparti cl es can be functionalized to

chem sorb to or covalently bond to the surface. The

solvent systemis not particularly limted. |nk

sol vents which are WORKING EXARIPLESNeral |y

preferred. For exanple, solvents with boiling points

abovkn the fltowing eampies, soldand platingm taces wetsowBttembeythis new

1 C e ' [
A RDIo et S STl Al XRaBh G 3Rt 30 5 k.
Thé okl éxaniptessare Bubeévidédiatd (1kan egperinemial sebtionnanda@) results

desired for formfeatures which are preferably stable
angldiscussipe after, for exanple, one nonth. Preferably,
E&p@rfrﬁeh'l’éles can be cured and made stabl e agai nst

rensing wth sol vents includi ng aggressive sol vents
MR¥ékigls chi ng systens. Features can be subjected to

anneal ing, light, lasers, electric _currents, and.other

st i rdlanqtakalts peregpurchased i highestavgilable prpmy oA LS
R b e R A St
difffergint besh widths eatequremardibtinsenddrt enitedithricesoramethode To

surface or_other f ature(f on the Sférface such as,

f
& {Gtahe gffest OF caulever widihy Ome aREISYers SprR BHTRA ) 540

foRL&qsh bt UFIBS techRSlopgi ght of the feature is not
particularly limted as |ayering can be carried out to

Nbuepattigle prepaiation_at er al di nensi ons such as | ength and

width are not particularly [jmt¢t t t

des C&P’?Joé’&rthci Se‘fe © OER b uﬁ%{lgc}h? %leg’ggg‘g?%ﬁ’ ﬁ%g%scar?% anda
cdWTk &S i MRl eHE e sét N SLadguiekanpl(e998jot  di aneter or

line width can be, for exanple, about 5 run to about
Pagternigron. Alternatively, dot diameter or line wdth

o, Bl BT B AR
Thégiohiionadopee ClRaneach Aseudess of NedRIPIOR @yamaink,tClecago, IL)

.rest of the specificatiqn for . use in practicin he .
ingireRER. CAVURT SO TG Lo B Teps il BreChEsor kg bypising the
z-%%??ﬁglr%tgfsetg %_ﬁﬁ% HcealitileVers %I{tIB cottA& Wit Birb@Britated inkwells

escribed by the follow ng nonlimting N
fidechwijth ésk. THERKMN@rEXANBLESs|ation hagé vieteothem gsesiampsitien the

AL B RSB i b SRR Pt win
sitfAc@NThY cdilSMBSWER beSughtio sttt @6Sslight angle (several degrees)
so that only the end of the cantilever touched the surface. A slight bending of the
flexible cantilever as monitored by optical microscopy indicated that contact has been
achieved. Note that for patterning micron scale features, it was not necessary to use
the force feedback and piezoelectric scanning/positioning features of the instruments.
However, for nanoscale patterns these fine positioning features provided control of

feature size and alignment at the sub-micron and in some cases sub-100 nm scale.
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The wor ki ng exanpl es are subdivided into (1) an
experinmental section, and (2) results and di scussion.

waez@snsqvent al Materials Al netal salts were peeTs®es006009
in highest available purity fromAl drich (M| waukee,

oy iddihfle cantilevers with tips and w t hout
Ri@%})‘éts%ﬁ“v?ﬁwﬁ'?gr ent beam w dt hs were prepared via
Ink ftibn cr of abri cati on net hods. To further test the

effect of cantilever w dth, sone cantil evers we

nar rdwey methedfor ugetbtvngng inkein %p‘?sss w&ﬁwpa@é&m enables
. . . Civcls )
AR P, IGO0t MRRRE e ep B P nl
midronl . Thdoink delivary nethaal inyolvechpnfioltowling gdner{l 5&p8) .

Patter.nin ron sized pafterns.were erated usjng
oo O SraeT 8P FHGFRBH P GUodIgeREE o he
apPRSRRINC thelcASAIEWIRAA BaRf a SMaiFPHNRAOb e tifiéNs CAfliGan have

L) instrunents. Cantilevers were coated with

vagioli$ enceshrapeseang widthsc fiemaevéralasicgnsie huedredseofzmistans p dirk

tors to bring.the.canii i . t. it
of g b paty e pRRLERT S AR ERR R i Ay o,
drtaﬁlfét ¥r ¢sdrvéinef inkiagd tisdhag@owap 6. tTherinkised thoupdesdidé ofthe

1e coated cantilevers qver the substrate, and to .
capfilengr andeadberss threnghy cabasive faersa Fassiyerlpading and deliyery of ink

. . _ e
wis RIS YETE LD BANGRE TR Acion) ACkuily 1 & R
ardarol labawters tbautivdyl dtaveus liqdid ¢ieks aAd sbntgdl tthdrdepdsmign oia
the flexible,. .cantilever as. nonitored by optical
el?ﬁtior‘%‘é‘&ﬂ}‘didrﬂéf"&%f’cp Bretsﬁéfm%ﬁ]g%b‘fedhas been achi eved.

Appidachhate ERLHIORL bAT Bd BYuBhiGhBRoARmBY With BRIMFBSe for baté@ing.
hot necessary to use the force feedback and

Inphest oadeect Insear fercedieridhagkpme¢hanism is gof wwquingds sobIs atpheroelectric
instrunments. However, for pnappscale,patterns these

scpEEBOR o b g v preQired BORRRIGLCR: EPRS photE R Ean be

ustl Z8bARdthe lchMBRN intd lcohtaet WidDtheisarfade, andloptitab@iRo%aFE San
sub- 100 nra scale. Results and Di scussion |nk

benensd 40 detent defechemohibe kartilever wiep dcqompes witp cppfget With e
su%ér{aces was devel oped that enables |ine and dot

paf ‘erns with dinmensions of hundreds of mcrons and as
Featatd Castrelidrihe patternsidan Herflrntkel byvdrawinpgethé oghtilemeo bloagd the

B PRI ksl WA
“Y” stepper motors or fine manual positioning screws can be used to translate the
lever along the surface in the form of the desired pattern. Commercial high-resolution
piezoelectric stage (NPoint, Madison, WI) may be retrofitted in either instrument.
With the NSCRIPTOR platform, one can use custom pattern design software to direct
the motion of the cantilever.. Importantly, if the cantilever is translated along the
surface in the direction of the long axis of the cantilever, the width of the line can be
directly related to the width of the end of the cantilever as shown in Figure 1. Thus,
one can control the shape of the lines, e.g. the width of the lines, via the geometry of
the cantilever. Using standard microfabrication techniques it is possible to fabricate
cantilevers with widths of about 1 micron to about 100 microns. Therefore, with this

method, line patterns can be generated that have widths under a micron to well over
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application, the cantilever can have a sharp tip on

the end, or be tipless, and can have various end
wabapesiand w dths, from several nicrons to hupdr/esmont06009

mcrons. |Ink |oading can be performed passively by

166 gbig "IEHQQaI‘"g@ %ﬂg‘eg)\fﬁﬁe WidtRO HapCdn B ﬁalﬁeﬁ‘leg 'h@ilﬁh ShriOis
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S|ve Ioadln

SR B b o s s Tudh FiB e o s St fue
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draw up liquid inks and control the deposition via
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spiR(eRORIEIR JFkk hBRHAPD Th prAR%EE) Rz@rycfoo‘aQﬁﬁ%ﬁﬁoleﬁ dcBleVBd with
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15 ovieras wWidmedpdilaysesdhatovare 45@ magrens leag, wiflespraignegstenteof 0.032
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22081 %8ery e s

Me)SOﬂ)&mcEtﬁ‘ls nedg wfth b1 donstant dfe. OO4IN/Tnii UAEdnceitHogtapay
NSCRI PTOR pl atform_ one can use custom pattern design
meBodaaih asdogspdian head GIBOF giedde fimaer seitce thadimensions of the

cdm e} WHlpﬁpﬁg\I IR CABbhdc ?é’ste\goﬂkﬁ (ﬁ] ﬁzﬂéﬂtgﬁ \gg rﬁlj-lg RGrfidaSs

ace Irectio g axi
tremﬂrited ender a stationavy dbditilefert NéitH ¢ureent anstrimentatien tohy can

related to the width.of th d of th til
b Tnss # Wk a® 100 migTons SRRREHOdeidien & Presog Hipa hele
cdrliffeVel PRSI ’at & s;SbedtolP 20 ‘ﬁh%ﬂs/@coh@ ealthbﬁgﬁﬁthe Yighet Shductivity

geonetty of the cantilever. Using standar
trmes raof etisainedifromrwtiteghsreqdseef li0tmicgong pessdgbrd.t o

bri ile ersvvl f about. m craon
Fighags Fbtghe SRk e 5 RuuliBe S it batimite Shtie gl onf by
tHé&Helg?ﬁ Bbthe dine lﬁ@c&e ne géxﬁe@ﬂ thBakickhia¥eofthding phtfedf lgeerated by
mcron to well over100 mcrons. The | arge range, of

aingle nessieancberunder tam thseysalthundied naaomefeis aften ciying (see

f(ﬁ%\)&l%ﬁe\égon)lzg[ig éen)%glreaqtpltl%lic&ﬁro? Bgé’i‘lﬁ% agé: %IQPE Sl a’elmrtrlé%vgg is

b%ﬁﬁ%ﬁ%ﬂ%% with Itl&mm\fadt?aﬂ anrmgle g?ezgwtharﬁses'gm\lvldegrpesl, cathher
an ej ght i 5 4

R BT LI GheT RS 03 SV ARCHSRO T 1 TaCRESY CoRing the

dfsﬁ%c@ﬁét@vgt‘-ﬁ?ﬁl% chhfiBvatadl BerfackN@ie o RE 81 BERINEUS thE E&RTdr,

cont 1 nuous
and the tip translatlon speed.

When the cantilever is pressed to the surface with high force, the height of the
patterned traces is decreased. To achieve the maximum height per pass for metal
inks, one can maximize the distance between the cantilever and surface as much as
possible without losing contact. Thus, using inks with greater viscosity and high

metal concentration enables higher patterns with this method. In preliminary
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yield resistivities as low as 4 m croohmcm The best
feature control was achieved with strai ght beam shaped
w@aovsiog@ver s and that "V-shaped" or "A-shaped"PCT/US2005/006009
cantilevers did not produce lines of controlled w dth.
I .
o ihe 130 AT M ERTONY ConRAEH oy BT BRGet o
bettvedr the santflexemand G@4uNaca whildmbeitding) thanahtilerey delectidb o
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sisgle ealileversl thahare 56 msicyews tas2bmirrorsdang: oae iedbjhto reproducibly

ntrol. By controllin ever al tterning.varjabl e .
ogRB ehes/ B 5 R P FERE piRe STk Bl EileB s Shown in
FigaRrey f twd QEfdr&titeipnRometies! DRe chmgrepdy igproveias@rl agply of

by a S|nqle pass can be under, 1 nmto several hundred

ink&iho it eolsma pyailabladroma singdediphby iiting WEcadiasyt capglevers
oMt : |

R R R B it RS hedi ety e BRARRed ilkSppply cap
yiald Hglgh pagerasidbelongdrdmepattensal Thegitee gap irldteeert thanantilevers

parallel to the surface. e can va t he hei.ght of
aqHHRS 4 TeERI¥eir &,E@ehﬁ? e tpﬁggﬂh@ a&Flgfe-a%"@n t GROLP Ve
clS?e'T'# E;%a%é’@{se@é}gl ARrERGE 10 hliBroh O/ AR sBatePEBAH N80 BE udddto

cant I and t peed h

ever, he tip transl’ation speed. \Wen the
inceeasd theViee widthpf desteates. cAltermativel ¥, axdenwinultipleicghtilevars are

th i ght of, th tt dt is d T
plackd Gk araR s ol r R pbRAET of fng SHsFE Sithg e or
diPfRfnE fiks WepArallde Figife diSdpiR abigiage of pithendiaitics lgendited

and surface as much as possible wthout |osin )
with muldple adjacent carsilegrs. iNete o the maxinepm Jing &%ﬂt (and s ink

hi,.gh t.al t ' ' . i t.h
B4 5 ke SRPGENLGR LR TaGORaR S DECRLER AT A

4 2pgdj foehn@in€ley e 8P NALs0 noeckhb yncyaasy imigne Wightls ks atithothe number
bet ween the cantil ever and the surface while
ofgsntileyersagthedncant i | ever deflection. One can further

L%?&e}‘;l% f%@e?#a?@kéfg%ﬁﬁea ﬁ&gﬂtro‘? hdine JHAGK i)ﬁ&ms by applying
multiple layers. Typically, for metal inks, each layer is first cured by heating before a
second layer of the same metal precursor ink is applied. A nanoscale two-layer
palladium pattern is shown in the AFM images and line scans in Figure 10. Note the
increase in height from 2 nm for the first layer to 10 nm for the second layer. The ink
used in this experiment was a saturated solution of palladium acetate dissolved in

80% ethylene glycol: 20% water. For other applications it may be necessary to build
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within the cantilevers to sense the force between the
cantilever and the substrate during approach to the
waeosag®and patterning. Qualitative observat i POEUREN®006009
i mplied that another nethod of increasing the height
r t | ati
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inkfle line width of the traces Alternatlvely, when
mul tiple cantilevers are placed further apart they can
1bMonelayer peotected naoropartidleénkst t erns of the sane
or different inks in. parallel. Figure 9 is an optical

.nag%ewsep%fithshw@dnrlr%goeer?ér%qr%nwwr | fiiphed generally
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lessnthae 260 me) ofimaey maferiabrepdn bitveatrs mie metltieg p@ehdep(¢5104 (a2

adj acent ntilev SO _nhat.e e incre
g Q0SES SompERS i S BpoGaIS . TSy, PRGRSRET s dHfeg 2 Foute to
inRE Por di@YERiRAUeptBIBos BNMERR M8 Tectd i f8 it Cadbe EdiRvetted®
and dot patterns by applying nultiple layers.

conyipioal filys at brw testpsratunek s This grinciplgyhas been dnplisd by othses, for
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6,094 haDi deReRBUITEM séficdh@Wiori ;fz\ttéﬂii@ s&EMlg mgeﬁn@mﬂndlemks
'scans in Fi %dre 10. Note the increa

suehas &dTeisad {idBe (ser alpaRidlsy ehalnpsisnse 1t988 2§6 d 6%& 49 &yTehe best
nan%?alltlgfés &GCHICCPP&EP 1?1](?%1% %sl[ye(ﬂ%})e\f’@ﬁ lﬁC %P&g’%&ﬁi or matrlx

ution of ] Um ace ssol ve
h#fe htygo@ﬁ etagbil;ty @l amBieAb cumtitions, fane inexjemsiva i prepartej amiscantbe

may be necessary to btull I dla yered features of
CQﬂV§’§?4ﬁ’ oy fragaitingpus filmsan Ioys tempergtres. o de, and

Ilﬁ@ﬂei)‘ﬁpm.ofl%ous alkanethiol-capped gold nanoparticles were prepared
following the method described by Hostetler, Murray et al. This method has been
also used to prepare other metallic nanoparticles such as platinum, palladium, and
silver. In addition, there are a number of similar methods of preparing stabilized

nanoparticles of other metals that would be equally useful for this application. Such
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For these experinments the substrate was renoved from
the patterning instrunent to cure each |ayer, however,

WO psos@d2 | nstrunment ati on coul d i ncl ude an enepgyUS2005/006009
source that can anneal or sinter ink as it is
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xYleheqaad dinsthydfosmamate to@elueepvaporatmmofthet inks.al s exhi bi t
extrene nelting point depression (as nuch as 1000 0C)
conpared to the bulk materials. Thus, nanoparticles
NehéSirtidle TakiFepogitionlan df Convidirsi6h to MetAle IAORRS td dttin ks that
metal s and nmetal oxides that can be converted to .
are spmpatitde withitheysubstrate efinteragieit it ganelly Paefyl t9rghaesen thiol
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GRS P Rish O P T Ry G T RS B TS so they
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al kanet hi ol - capped nanoparticles were prepared )
sitiodn, silicony ant eiligen hisddel eWhen Brednk s ipenpatibde withidier sugfaeg it
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afirytnte FERa i BEEQBxSTMRE ohincl ST bl some
néHlfolat dot@ints Jubh agitietitydéne wéreugefal for dothuiydephilfc sidm | ar
nmet hods of preparing stabilized |, .
hydrophobic glass surfaces. After depositing the ink onto suitable substrates, the
nanoparticle patterns were converted to continuous metallic films by heating the
surface with a hot air gun at 250 °C for several seconds. In principle, the
nanoparticles can be converted into bulk metal using many different sources of
energy, including a laser or heated stage, as long as the temperature is sufficient to

remove the insulating organic shell. In Figures 1 through 7, optical images show gold

traces written between two gold electrodes before and after curing, and an AFM line
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nanoparticles of other netals that woul d be equally

useful for this application. Suchnmethods use various
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qﬁrrr&%rr %ngb&%ﬁ ‘rlﬂhs MR B YRk HA& Atk é&rﬁmg& . "Ehe
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or unc eaned surfaces. er hand,
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mer capt osuccinjc acjd di.sperse in reI i vel
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quart oxi di zed silicon, 'tcon, and silicon
anuter3'd>é When the ink is |ncorrpat|ble with the surface

it nt| nu wets from
Propst Ot dLcoacty ey SRfpintaYseo s AR IR Sopbafbie
p&U&Bo@%dﬁ@& t/er&%@l 10R1eAn YEAE Wrfdced (sbOFiuby 4 ogtticduE the

and hydrophobi c gl ass surfaces. After depositing the

njtuie of theocappingsvup eantday asigaificarigolgamadhesione [Fer instance,

at t Vv t .
oS 0SB0 LB B3R PR AL e i
fcfrméd ﬁﬁﬁ@bﬂglasmaﬂ\dﬁhstbdd Psdofhi tppectest] Whereanommof tapé Bplaced
can be converted into bul k netal using many i_ff ;ent

o thecradtent raefnd thepctemoved, Horgyssr these hydka

S A MO 01061 L Y
hydroplobic goldgasopattmbesdoé. cbapped with methyl-terminated alkanethiols such
as hexanethiol) were removed by the scotch tape test, but withstood water rinsing
treatments. The best overall adhesion and conductivity was obtained by combining
hydrophilic and hydrophobic agents and the gold nanoparticles. Specifically, organic
soluble ink was made by dissolving nanoparticles prepared with hexanethiol into

mesitylene, and then adding 100 mg/ml of thiotic acid. Single layer patterns of this
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traces witten between two gold el ectrodes before and
after curing, and an AFM |inescans showi ng average
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obtained with a single layer of ink. Surprisingly, the
Iy T ae)
Y ik Rndlhed B0 ERER, SR RRERGUATS, ahdblss bRl
watesrihgisg. Erfaétetlﬁbhlyhad mdlem gvrtingi pnOpmm@owettmg ghass surfaces

we i RS RE G nBnes B B 40T Evigehelnl e S2alat ) ™

re¥iBtafSlORbcbieR Gape B Pinsin B sk i§ SRRAY HAS g6 Qfaﬁﬂ ably 10 to
18 carbon) with high boiling point to the ink

Theresulting g@lﬁl thipdilme aempplellicostevarprorimtaly 4¢d 0@ nm thicktas
?asufq%i NE n_p%l &5}]&@ gxc%ﬁgrll_l%gn&&c%%ﬁ?As\ﬁéa%\%gg%f)?/gﬁggaggbe

cohfigurition OF bit éfantpie, pacdsatielr anthe oae tiwvrtinBigte!2 theyarof
nangparti cl es solutlon conposed of (nanoparticles,

anpeeximatelng Gmirrens long andyy ra}crmtw@é ¥hB s dresisianess o

abut h%bﬁ]ﬂle e fP dﬁk@l‘é@%f}%f% ﬁl?c,rrg%ﬁ% B \L&ecafc%[é? of fé N
on the nanoparticles toforma three di nensiona

paticulat trace, dnd resstimitarfor pattemedarademmiog@séausrdqhhnm dgve
shown in t e opti cal of .Fi

bG8 S G TP Wp DRI geE B Bl dicioatmen.

slﬁmas: 9&9&& Edhhel Jlﬁalﬁe:d\&y gﬁgﬁﬂlg%kffrgﬁar&a@pmla@s fhia V8 S ratio

4 A&B, 5C, few cracks or holes were

o%gbtemamatqd tmogwlé lwdtqphvblc arﬂﬂh)d teratinated dligls s Raticles with
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f|| prepared fro noparticl e recur or.s adher
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@Eédﬁ?éé%r tnRing ff,taafcfes%tﬂ §15sGARRI Ao IS AER (R s RArRYnefer to
Slgnl icant rol'e i n adhesi on. For I nst ance,

1 ({aremporeters; fios matepialsducluding CacPd Ag R, Ma, &H1SenNBICo, and
%pping groups, such as thiotic acid, formed filns on
mﬁ?éss that withstood a scotch tape test, where a strip
NQﬁostcﬂlégrdtﬁ:rﬁH wRANMOParfidle Iia! tﬁfemanbpab@a&bamdnk hen
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sicay nifride Landsy G iraseeBliyd §E%q1§tm 1y, Heswetscarts al Wopamcle

1&%% Hfa@tgng the tip with a droplet of nanoparticle ink in a silicon inkwell for

several seconds. The coated tips were then used to generate line and dot features on a

quartz surface. For example, dot patterns were generated by holding the tip in contact
with the surface for 10 seconds, as shown in Figure 11. The diameters and heights of
the dots were varied from 50 nm to 85 nm wide and from 2.5 nm to 7.5 nm high by
changing the applied force from 0.2 nN to 4 nN. Lines were generated by translating

the tip across the surface at a fixed rate (~0.15 microns/second). The height and width
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hydr ophi li ¢ and hydrophobi c agents and the gold
nanoparticles. Specifically, organic soluble ink was
wones/oRy9zli ssol vi ng nanoparticl es prepared w t PCT/US2005/006009
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thi ol s and hydrophobic nmethyl-term nated thiols.
Particles with different ratios of_ dissim.lar thiol
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inJkitudntoStanéesticlas) v Widoalscer iayq métal AAhms th mcr&eed h%%a,
118, 4212-4213.) Al thou ol rt| cl e jinks re
DISLRORAY FARSSHS 15 OGRS e (OB T PEiuRbas Ay P
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5\759%@1@&45@9061)@16@lh@allnﬁn atouthis ppdeept.ocedur es for
maki ng particles with sizes in the range of |ess than
a nanometer to 100 nanonmeters, from materials
Na‘?ﬁirﬁ@téﬁgS@éle P%ttéﬁls With P‘bl¥6ﬂﬁﬂ(s.’\" , Co, and
others. Nanoscal e patterns with Nanoparticle Inks. The
Wiarkipry Exaneplebed ink formulations can be patterned

using the Dip Pen Nanolithography printing nmethod to
Ngnesicele Segtures of platinyn asing atpresurser Inkreoppisting@leld merd00 pL
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used to gen rate lne an ot Teatures
namvseale patterns a cantilever with an ultrasharp tip (e.g. silicon nitride) on the end

of a flexible cantilever offers the optimal resolution. After deposition the precursor
patterns are converted to metal features by heating with a hot plate or a hot air gun.
This curing or conversion reaction occurs rapidly (several seconds) at temperatures
around 250 °C. The thickness of the patterns can be increased by adding layers of ink

in between curing steps. Figure 10 shows layered nanoscale patterns generated on
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quartz surface. For exanple, dot patterns were

generated by holding the tip in contact with the
waeosag®9f or 10 seconds, as shown in Figure 11pCTiig2005/006009
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tip.gaf dhecia somesases kg tip-suhpiratgiholdingilimeased heat. In
prelimnary experinments this process has been
denonstrated for netals such as Au, Pt, Pd, and Ag,

Wor Exmyleog, her netals and netal alloys (outlined
in US. patents 5,759,230 and 4,539,041) are al so
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pattern size and thickness, whereas for nanoscal e

aggevLINation oariningd@magech ohA0Qand Hy# molepplay weight

: _ o] e
L L e
foqpme awbaductipaplatinms fime Roomstarcedigwrerhbtshdws emtxangde bfja
siggl%tl'cllyryrg p}lz\ldtitmrl]matragg tdrae\lmalge%wgern c%rcg]nq}uma é:lectgouc{g's. After curing, the
resistance of the 50 micron long trace was 80 ohms and the trace adhered well to the

surface during rinsing and scotch tape peel tests.

Working Example 4
Gold has a much lower bulk resistivity than platinum. Therefore, to improve
the conductivity of metal traces for applications such as repair of metal traces in thin

film transistors, a similar metal ink precursor was tested based on a gold salt,
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(several seconds) at tenperatures around 250 0OC. The
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hol ding time. Working Exanple 3 In order to change the
Working Examplevet ti ng properties of the netal salt
precursor inks, several different polynmers were ed
as afianefulisk forformingaeplective facranslionggddgevenld combine the
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metal trace, the substrate was immersed in silver enhancement solution for 1 hour.

Optical and AFM images indicated that the silver enhancement solution forms a silver
coating only on areas that already contain gold. This experiment provides additional
proof that the patterns contain gold metal in the fully reduced state. Current-voltage
measurements indicate that the resistance decreased to 24 Q) after silver was

deposited.

1155239.1 38



1155239.1

filmtransistors, a simlar netal ink precursor was
tested based on a gold salt, hydrogen tetrachl oroaurate
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nfg? & AfdNeA iflS0 hﬁ@%ﬂn&tﬁr%ﬂﬁﬁﬁﬁé eTo fHid YtioBiS added 1 pL of

eposi t ed. Wor ki ng
ethylene glycol and 0.1 mg of thlotlc acid. Although this ink can be deposited with
silicon nitride tips, the reliability of the patterning is improved if PDMS
(polydimethylsiloxane) coated tips are used for writing. Writing this ink on quartz
substrates produces features as high as 15 nm, as demonstrated in the AFM image in

Figure 19. The precursor ink patterns are cured in an oven at 120 °C for 5 min, and

then at 250 °C for 10 s. Importantly, the patterns exhibit excellent stability, resisting
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One net hod of inproving the adhesion of polyol inks to
gl ass surfaces (and many other surfaces) is to add

wa@ pabslosappunt s of epoxy to the ink fornul ati onpCTFU2005€06009

such ink, 85 ng of hydrogen gold tetrachl oride was

wgﬂeﬁﬁﬂ%iﬂggnd ﬁvosﬂra%ﬁ @&hﬁ&@msﬁe& (S %EWMz%T%WI@%m Taehat

mcroliters of this salt solution mcroliter of

126 %1 ene glycol and 1 nmicroliter of epoxy mixture were

added. Two part epoxy purchased from Epotek (377
Epotek) cured in 1 hour at 120 OC in the absence of
nmetal salts, and epoxy purchased from Al drich

(bi sphenol -F) cured in 1 mnute at 150 OC, although
the curing tinme increased in the presence of the gold
salts. The resulting ink m xture transported easily to
the surface during standard deposition processes, but
did not wet glass surfaces very well. After

patterni ng, heat was used to convert the netal salt
into nanoparticles, and to cross |ink the epoxy. The
resulting filmadhered extrenely well to gl ass
surfaces, withstanding all standard cl eaning
procedures (water rinsing and scotch tape peeling), as
wel | as nechani cal abrasion. As long as the netal
content of the ink was sufficiently high, netal traces
formed between gol d el ectrodes had adequately | ow

resi stance. Figure 18 shows an optical mcrograph of a
| arge gold feature on glass prepared using the epoxy
enhanced ink with two hours curing at 150 0C. The

resi stance of the filmwas 0.3 ohns. Worki ng Exanpl e
7. In all of the preceding exanples, mcron scale
patterns were deposited using cantilevers as source of
ink and the primary delivery tool. However, in order
to generate sub-mcron sized features using these
metal precursor inks, it is useful to use a sharp tip
on the end of a cantilever as the source and tool for
ink delivery. One netal ink that works particularly
wel |l for mcron and sub-m cron scale patterning is a
nodi fication of the gold ink described above. To
prepare the ink gold chloride (85.5 ng) is dissolved
in 50 nL of dinethylformam de. To this solution is
added 1 nmL of ethylene glycol and 0.1 ng of thiotic
acid. Although this ink can be deposited with silicon
nitride tips, the reliability of the patterning is

i nproved if PDMS (pol ydi net hyl sil oxane) coated tips
are used for witing. Witing this ink on quartz
substrates produces features as high as 15 run, as
denonstrated in the AFMinmage in Figure 19. The
precursor ink patterns are cured in an oven at 120 0C
for 5 mn, and then at 250 OC for 10 s. Inportantly,
the patterns exhibit excellent stability,
resistingwater rinsing and two piranha sol ution washes
(3: 1H2SO H2Q2) for 10 m n each at
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120 OC. All of the followi ng references are

i ncorporated by reference in their entirety.
w@dasosopal References Related to | nks and DeppST/USTNS/006009

Technol ogi es Bel aubre, P.; Quirardel, M; Grcia, G;
A@%frtﬁé ﬁ)lllo Ilgfererjfc%p Ble 1ﬁcorb/ora1@a %E?%ﬁ:‘ﬂ@é' ?r{‘tﬁbfi‘ entivety.

revisi ol Francoi's, J.
Additiocwal |R1efewénbesl Rglated Im thsaandyBepostgon

m crocantil evers. Applied Physics Letters 82 (18)
Teebmolaogses \ay 5, 2003. Daniel Huang, Frank Liao,

even es n VK 2K ni an,

BE P%setll)('\t/eélgfarrr)ae R@Pkﬁfc?qu%ég‘lggr lgiilgeﬁprl %ﬁeg:v; gol d
Dagleapafidnskdie, £9Meliedioll B.; Fedncbisek N, Beglaad (C. QrHabfica‘tlon of

Journal ofthe El ect r ocheni cal SOCI et 150651{

abmicroprygyssingypicrocapiey . 4np! mj hysics\fegss 82 (18) 3122-

Mlg J Harris, RW Vchet, M R dark, J. D
3Eong gr? 20@ Geen, J. J. Stokes G D. Wgnall G
DIameH{ua;t’rg FMnIB Llﬂm Steren Nibleda, Div'nilr&qdlmd, Rvo Swlmamayl,an

muir 14 17 (1998). Ben Ali
A compabls gy siaRe pﬂnﬁab&ﬁ?}d%wég?ﬁ?%f%@&m fpf flexible

el@@t?&ﬂé§ erd?ﬂamffﬂgzomcm&%@ﬁlcuﬁswzay 15'96(0}3@112 01487 (2003).

72-876 (2002). Brust, M:;
I\/Bthpﬁeulqrrﬂ EDWipgate, el. >Zhonz, JJE mlmRs%Vc@ﬁeM R. Clark, J.

%8%@88@%453&66\%{ Jg?mﬁ% ?J }Qa nﬁ GJ L Wllsﬁelk/pb ‘i’oM:r N.D.
EVA! 881 RCOW. DR EIYADaAEh i BYIS] en*§1998)1 our naI of

M cr oel ect r omechani cal stems, 2002, Vol | | 5No. 1,
Ben Agig MspOnearewtny, 4 - BibgieM.; Jgackimg £r.s Atgmic fapednictRscong tip
o) i ng of

BRI RIS £ baehhpi e ghagni o of

Bamt, M dFidd)0.; BethecDi; Sghaffrn,dd shydbielyn . i GhardsSo¢., Chem.

PCT/ NLO 4/ 467 or WD 02/00348. C. Bergaud, P.

Coaymaint P4 02-cuirardel, B. Belier, J-B. Pourciel.

S SERE E19. Waineim,dene 9hdsbbADSIRLIE PAHEYKAngYRGCIeU Sans

contact’ pour la fabrication de bi opuces. Device for

Mlht@ehcmmecthpmc@kﬂ)rstﬂm% dJcanehl bbYhéoslectreregabenicaloyy stemsa2002,
b gi cal solution. PCT/FR03/01481 or WO

‘)Ggilgé%gsp é‘%i? 0206016. 6, 294, 401 Jacobson et al .

pPhemeparticl e-based el ectrical, chemcal, and

mechani cal structures and met hods of maki ng sane

Bergesd0 4ddemi 1) Spiering, V. yldavisgdor weteradecolleetiagmg shspensing of
118u189 éth&p fo? arﬁﬁ{"a%{drﬁ %ugl{)yag\h& aH4 methods for collecting and

dispensing liquids » PCT/NL01/00467 or WO 02/00348.
C. Bergaud, P. Belaubre, M. Guirardel, B. Belier, J-B. Pourciel. Syst¢éme de dépdt de

solutions biologiques avec ou sans contact pour la fabrication de biopuces. Device for
the actively-controlled and localised deposition of at least one biological solution.
PCT/FR03/01481 or WO 03/097238 or N © 0206016.

6,294,401 Jacobson et al. Nanoparticle-based electrical, chemical, and mechanical
structures and methods of making same.

6,458,431 Hill et al. Methods for the lithographic deposition of materials containing

nanoparticles. Dispersed nanoparticles deposited onto a surface and converted to a
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nanoparticles. D spersed nanoparticles deposited onto
a surface and converted to anetal or netal oxide film

wo pdosmsape patterned. Used for applications suedm/as2005/006009
di ffusion barriers, electrodes, etc. Deposition is

mRE Bpﬁl@ﬁfjoﬁﬁb ik, FAnRPUrE BattcHRld) @é&ﬁtfb%glléﬁkﬁ% isfih asHiffusion
coat 1 ng, I nking Conversfon is performed using:

bdtrierst elemighe,teltccal Iy, photochemically, thermally, with

asna, ‘\ﬁm n ion beam with an el ectron beam

D%R}%l“l“ﬂ“ﬁé’? ed 4yinghi ch light is used as the energy

DSPIE 8pinkidhti fyinBedibicoling, Rikingat es a thermal rather
t'han a phot Né;gﬁm ga? rgactl ogn Ungger di fferent

Canmspm@rmsfome%angy properties 6,348,295 Griffith et
trox%{g%'%?gﬁl 3{#) %1@:911 gﬂeg% dg;\%lh{:ggfagti}g hax% 1oln beam,
w@iﬁ@ﬁ%ldctr@ﬂ bédif, hymsnglmnghodﬁhn svhixdt 1eghit isdesd s ’dﬁ&:nergy source, but

nanoparticle coll oida] sus enSngmpg)chr direct-wite

whesthe Hightdpitiatepa tb%wabramer ¢{pisa breagtion. an

i Jgfoved by application of
Ugﬁirlrjdégyf ﬁgaté’sla%ﬂerésng%m{a IJ?1(3?1pnopart icles fuse. Patent
6,348,295 Griffith et dalMgkhadstfpvmapld’actermg claotdomebud | ayers.

eIt apicAT oS beTiaes bF 46in FthsBPo b imaging. This

pAeRQREd{HRE naf@ﬁhicfd &oRda s@s@@ﬁsﬁ(ﬁg fbOdifecsWift@fdrivatdon. The
spln coati ng, gy di spl acenent, ejection technol ogi es
wit

nf\mqpquc@s Bre ¢agn hren inswlaging shqlbihgt caniberremenedileyt application

r i nti C Ce. pat |

@%%ﬁ) dglgg rhg n%lﬁc?})ﬁa'ﬁ?qlés B! I%a%rg chgerf #l@cﬁllagll)bactwe

Mﬁbad’ﬂdiﬁmlﬁﬁﬁeﬂe The €idimb Oaxdbepﬂ:ﬁu&edt\h@ Slecttdﬂhdigrfetlb reliation,
this technlque a flat rod or wedge is brought in cl ose
lagerothermalylomptemperaiiie.- ace to be covered, and then

DRSS P4 SHAIASR A RO Bkl By ispasment.
eﬁcmc&mhclnmlatg‘iest(nﬂ;\qet) tram$fer teelsruqaem(sgt me:rcbammtmt pmntn@D 0; §
thlnfjlmonth trall of .t he bar 10 "
clegseTicgREingy b SR ERA R iar: S8 Bk PS8 bar
n&@ﬁem/ §$rf"ﬂ>e9us‘éﬁ t&aép%Jsﬁ thes® ﬁﬁﬁ kRS mMhsh&dhhfueRtheesd or

for maki ng surfactant-capped netal nanoparticles.
wWe g5 baelighGol desegiroximitytta therrinfeey gosheaqoseladoans}yh@mws@ over

t hereof .. Pat ent et od for |
e it ot of B8 o BEic . ST Bl Rpo RUU 8 ik e
dRéct@dnBEtrabell Tho pekul QéMile E¥rmdtioh RE a Biig TMCH tﬁé trailing side of the

sol vent. 6,413,790 Duthaler et al. Preferred methods

bgror producing electrical circuit el enments
6,103,868 Health et al. Organically-functionalized monodisperse nanocrystals of

metals. Describes synthetic methods for making surfactant-capped metal .
nanoparticles.

6,645,444 Goldstein. Metal nanocrystals and synthesis thereof. Patent describes a
method for synthesizing metal nanoparticles that involves chemical reduction of a
metal-ligand complex in the presence of a solvent.

6,413,790 Duthaler et al. Preferred methods for producing electrical circuit elements
used to control an electronic display. Ink jet printing of materials to fabricate

displays, and various other soft lithography technologies.
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used to control an electronic display. Ink jet
printing of materials to fabricate displays, and

wo 200508890t her soft |ithography technol ogi es. 4pEBOSEL006009

Figlarz et al. Process for the reduction of netallic

g HYtl%‘P'P‘ & f@ﬁtﬂ nEfuRlidd 6f ROMIRI S §l§ﬂp<ﬁ 1
4%2?? E?ggzaesse 5, RJC 530 Chow gtl a8 Nanost ruct ur yols,
ammmmalhcqnqwdmlsecvmalacrdbf thllsmmowsa an al coholi ¢ sol vent

QS GORBLRIM shaTHeRsee e it ek s dod Sl Ahgpdol

séHéht ipPseesspor at ed by reference inits entirety is
provi ded below to further enable one skilled in the
art to practice the present invention (patent

SAHOTONAL, DT ION CROM NEU R ERE A IE L CONTUCTIVE
For additional backgrouPATTERNS)nportant applications

i n biotechnol ogy, . diagnosti¢s, mcroel ectronics, and
nanoREtFISE dfyicraaibed A Vﬁaﬂaég@qoaarw@gy 6#1%?%1“3&8 ety is
%fvufeﬁ BelowW e alﬂﬁﬂélaénaﬁlx BRS sQiled R t&@ grt 16 PfacGEAHP lp?esent invention
etter mcroelectronics are nee to provide f
(patmt hpplicatich ‘ﬂastﬁsesdonﬁahm:anmemdwnde Battarog Usﬂugar ds,
(ﬂ tals ca row di he required el ectrical
RIS y(%pat Pl circuit. Metals also can be
usedFaisa&l%&Jayeatck roﬁh@ REBCIRTOHBS @Phémioﬂh $n biBRWENREgy,
can be difficult, and ‘operating at the nanoscal e can
disghastion mieroslegremicsrand nandteshoology reduirg napestiwairesrad metals,

obd S o B! 5P PG B D8

ndeley td"plﬁbldbffﬂfpﬁﬁéﬂeﬁ aeb faslyb c@ap@es chifsundrodichio ®6ards,eand metals
limted by physjcal requirenents of the deposition

cprRseuids therenuied qlentrical serdiictiyity etomytetracHows Retals also can
bggeﬁ%g chlys f gbwfhg @&&emr%&# Ihﬁta ei" hHbE ﬁltﬂXulfr%ﬂHS
ano ot her

i ngs, al T gnnent
opcbatlingt @t tlheandmycmﬂe ¢anl makeanattens a:\em mdre glifficels. oMany armthcais @dre

G q wisod levelaa i AL eoah e i ared B
el@@&&'h@m‘ﬁai Basds drivetyt hipe tdnfjR ratcrePeMfedvRE nhdh\yqﬂéth@db are

For exanp e, the present I'nventi on prOV|des a net hod
ligfited bp obydical gecaummmsaf mheedepgstwmgropcssaude@ unbd'lscosﬂy

oot o e BHaS BBk GRER SiEores BERRRN WiRnG,

pRaRl fof, RednaRMer Mihgy, b.l1$g?nn§€nt abilitp t¢ RFEERINY dnll Wik, high
precursor; (b) contacting the precursor with a i gand

re(selytlamﬂnsiwﬁgfaglm i cient energy, optionally from an
ext eﬁgggaqr Oo%%gﬁ'iﬂa?{), tR& b’xrege%’t n{v%nltl(;ﬁr"&)%flﬁ' (sefh SGids ¥ S mbb@Ments

t he
which are summarized herein without limiting the scope of the invention. For

example, the present invention provides a method of depositing a conductive coating
in a desired pattern onto a substrate comprising: (a) depositing a precursor onto the
substrate in the desired pattern by nanolithography with use of a tip coated with the
precursor; (b) contacting the precursor with a ligand; (c) applying sufficient energy,
optionally from an extended radiation source, to transfer electrons from the ligand to
the precursor, thereby decomposing the precursor to form a conductive precipitate in

the desired pattern and thus forming the conductive pattern directly on the substrate.
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the precursor, thereby deconposing the precursor to
forma conductive precipitate in the desired pattern
w@pahsokues2 f or mi ng t he conductive pattern di r ecedpUSI05/006009
the substrate. The present invention also provides a
met NgYe Blesttlifenl8n &ls6 ?f%’d&% la\FethEd 8f printing adSalHE&He metal in
pattern onto a substrate conpri sing: ( a) draw ng a
adetizd pattemuomsma sebstiateicgupdsioer @ tiayinga metdl presutsor ant e

he .d d li.th h
iitiel? gn® by Rk eEpine hS I et e )

nﬁﬂﬂﬂfﬂg@zﬁih@g&lﬁm@semfﬁqw Refed th"?@ﬂleh’lhr@& gne () ¥Mecomposing the
optionally from an extended radiation source, to form

preRurspiobiieRPYiDg enesgnl optianal efrers o extgnded sadiation spuree; @ form

tl{e gg&ﬁc@igle fn{e?amntl g}% dfe\%lp%% ?{ef‘n @vﬁlldﬁtslte p or% f{(ﬂg i u%ﬁs)%{r a% e

he precursor, fenDV|ng

substntislt @ahiigl of ghepretdryorpind Withaw® rethovifg €opr ths eubistrate a
invention also prOV|ges a nanol it hographi c method

suhstaptrlquegtiyefdls medl a netallic precursor froma tip
Nt Orfe H:'@ t1@Jeﬁt15ﬁal§98mvﬁde§§%ﬁ6ﬁtﬁs Hpiic dhod comprisin
subsequ y convertin

precur sof hanostructure t
depasiinglal mctakihe possiutsor Tiom altp ostotal snubstm‘ntobbrm anmneslnmmre and
t hout use of electrical bias t we tip
bty BomeRne e Biskorspr s Fustiia S o M fosiy” 188
d#(;}ﬂﬁﬁio‘ntcaﬁ Bk 3iieg oUBWIRSLt GONST &1 d1Edri&d SRR efldet 118 tip and
epositing an ink conposition consisting essentially

swifstratepret al | i ¢ precursor from a nanoscopic tip onto a

subs tl"‘ﬁ? %)reesetn%q nfl\pen[[{)x? 'rl gggpo%d’elé %tnldﬁghthgé}?% i lﬂtc‘e% &)BL t1n

conver recursor o e nanos ruc

essentaally&ifadiépoﬁmhg ﬁﬂhnk&aﬁnpbsﬂi@d comistingasgetiny of a fri&falhc
i nvention are noted, t hroughout thls speci fication, but
PreRRISar KRB ARaR0FRPICHHROTN, atsulésﬁrawptg QA PRRqSEPEtuEE, andh ot

sﬁb%ggfegtl% t%not Igggégg ﬁqe@aﬁiw gfeg%b1nsomﬁé n%@g‘&&}ueQ5 RSRIAILE form.

y aval e for typical researc
Blaab andmmal aspeatsabf preddvattioonrd mated thro@outsthrscspeciﬁea;ﬁm, but

and reacti tvveen the substrate a the ink i.s . not .
RO RSBl TGS BB F16.9¢ Berded Fhrpgherngal Bas i
néﬂ{eeyé@wﬂen@ﬁv@ eQé Eahféﬁﬂ&ﬁ rédtID gvanatbteeﬁ,e t}lﬁlm ;@Earelms

The présent invention al so provides a nethod
Iaboiatdries gnwptdduunoru@eﬂmfes s not neasleheamdaedctipn é)stvcnen the substrate

ot R E B RET  Fer B BB R b e

§&&ﬁ&j@ﬁﬁmﬁﬂﬂﬂbﬁnﬁwﬂomm the formof a mcrostructure
or nanostructure on the substrate to forman array

havi A§e aresentdwtentipp alee proyéfsa aanathod qaf&ﬂﬁfé%hﬂ&%\asebgf
R PRl 6o IE O AL g oo
a pietallic precplbi mkmem&panna:ysmo ampbstaiteffom astifbisitthafe@m of a
microstructure or nanostructure on the substrate to form an array having discreet
objects separated from each other by about one micron or less, about 500 nm or less,
or about 100 nm or less.

The present invention also provides patterned arrays comprising a substrate

and discreet nanoscopic and/or microscopic metal deposits thereon prepared by the

methods according to this invention. The metal deposits can be, for example,

rectangles, squares, dots, or lines.
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and di screet nanoscopi c and/or m croscopic netal
deposits thereon prepared by the nmethods according to

wo boos/og4evENnt i on. The netal deposits can be, f oPCT/US2005/006009
exanpl e, rectangles, squares, dots, or |ines.The

Present fe@é’rﬁ @ﬁ&eﬂﬁoﬁhﬁ@ pFH\H’cYés %?éh&&%t&m% Hest! HeBibds hese

nethods I ncludi ng, for exanpl e, preparlng sensors,
iyl wkieg) o examated ptqpam@seanm,cbmmtmrata@d litlegraphi¢ teaplates, as

h I d bed h Fi 1
WA PURERP TR dRo RIS RE ot & of pal | aci um

stru thﬁf@ﬁ irPfeE@EkbeN® itlQstidid AFMSR of paueditinsfrut fiires
Working Exanple 1. Figure 2 in reference 16

agqording faathe prespmy imeansion in WarkingiExameter lict ur es accor di ng

to t {. ure
3" n P BERerb TR 1 rth ALEDIPARERLE structbh
acdording t ths paseqriavantioh n Weeking Esemple Hvention in
Wor ki_ng Exa le 4. Fi gure 4%]‘2“/Ireference 16

11 Etete S Tefrs i PSS, frnlRtymeYruchiey Rcgling
t&sl‘ﬁie%)@e 1&&%%11'11{“4&?&&1&1@%5 gi@béf.k' ng Exanple 5. Figure

eference 16 illuStrates AFM data of palladi um
st r u€igwre4 iractayentier@ itlosttates Ad?Mshtat ofipalladitinotruictures

VWor ki n anmpl e ri ion in Reference
aT@r‘{in%&ﬁ)ﬁ(@%%l?"é 8??1%“? rlﬁ&g %’BE §6 clai ns benefit
to pn%w@'s Rferanie! lieGaL RS ANHAB fDhilhduf BekFeset
al . ed August 26, 2002, and 60/419, 781 to Crocker

aegording tef the peesettinyaation in Wanking Fx@mplecor por at ed her ei n

DRt BHDERG Aptibrhlt R e RR AR PERETDRT) o

of NRpkdite 16'&1?&1m§189ne§ﬁ Ngl%egl(ﬁlﬁp b&tiﬂn‘xﬁ 60RI08I7a 1 ¢€ Clocker
DPN printing or NCOLI T HY printing). DPN

eiadt lod Augnst %qwqamm 6Q|‘4el9d§rhé® §|r¢0}<elae/tai|l Iftled ©ctaberz 1, 2002
nal nk 0, |L udi ng the
I'?@@F?%’P fa}?({]l?ﬁrelg%? ta%n © 1}Sueic,netzlgé:%"o carry out the

nanot&stdhagiba@ Abova¢ DPNIM ragd DIP PEN NASEBIITHOGRAPHT are
hough this specification provides gui dance to one

trquqmarlwof Naralek, dn¢. and apgrused pecordinglyihgiramte & PRV erinimgef
démwgmammm @gﬁndggt PPR Etﬁod%1 dseqhﬁfn?efn‘? Px%e

S not constitute an |ont at the technica
géneralyadvailable $ropr Namolak.tInc.Chiagoe, Uk ), imcltding thel NSpirggorE™an

carri ed by net hods d scribed in, for, exanple, .
wBihaap bovoseO par a0t B mgo RBRETRLY A4 PRBEID Y Righent mivention.
Appl 'A%Bhélﬁt?us s%@&ﬁ@&t?o ﬁﬁ@ésr élﬂdiaﬁfée t@&% ékﬂle%%%eezﬁ-t to

Power Sour ces, . ue and D.B. Chrise
practiciethe enventiers ;ncmdog refehnerse @cv thegedipion Kiteratyre Drseneference

dge%dnolt_lggr%ﬁttftg hn S&‘rﬁ‘m”ﬁ'oﬁ that the technical literature is prior art.

Direct-write technologies can be carried out by methods described in, for
example, Direct-Write Technologies for Rapid Prototyping Applications: Sensors,
Electronics, and Integrated Power Sources, Ed. by A. Pique and D.B. Chrisey,
Academic Press, 2002. Chapter 10 by Mirkin, Demers, and Hong, for example,
describes nanolithographic printing at the sub-100 nanometer length scale, and is
hereby incorporated by reference (pages 303-312). Pages 311-312 provide additional
references on scanning probe lithography and direct-write methods using patterning

compounds delivered to substrates from nanoscopic tips which can guide one skilled
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descri bes nanolithographic printing at the sub-100
nanoneter |length scale, and is hereby incorporated by

wo efospenee (pages 303-312). Pages 311-312 pr ovPOEUS2005/006009
addi tional references on scanning probe |ithography

1n3ﬂ€ al'([j llr{ ) %&1&% § %ﬁgg)tﬁ%gﬁ‘t iHednfidn P ﬂ]}s%)ﬂ'aﬁ% &9&5&%9 @%étncally

|vere es from nanoscopic tips
caductéveqaeeski | | edi n the art in the practl ce of the
present jnvention. text al

P eo R e ny b i ase Sesraped B vrsdrMadeys

F ﬁmﬁlfef;}ﬁ[s' &'@Hc%falbﬁcaﬁbx? OTHiESEnIcD 8 AMiRialiRiz8tioch, ZN@@GU icluding
Fundanental s of M crofabrication, The Sci ence of

mMahdansmonatpagq:s 384d5Ed. , incl udi ng netal dep05| ti on

R S e
cadbéfePattéink ithsese OF dip ﬁbnﬁﬁﬁolﬁtﬁﬁ@’apﬁ)h@mmmmtﬁ@ag\l)a

printing as a patterning tool. For all enbodinents in

patarngioss| Bl mpqekmenss lrb\hiwsmf@ lgpyingfocuments
wgfycﬁr PR8e BN g&gn{g POnIRL {}9 ggr ?%gmggig?ﬁ&} bg&%@ﬁsea&n%%m

eference or m par sent disclosure:
p;(rfl()ftﬁép&ser&tdmlosuﬁm ence, 29 January 1999, Vol. 283

(1§ 8Tiensr a1, Saercserddanyary, 80U S0Lpescol B8 5al - (3). U. S
(2?59%' ﬁb@iﬁ/‘%&lﬁﬁﬁﬁhbﬁﬁ)ﬁ' 607‘1 1@01/33 (ﬁeg jla%ufu’y' 7eq9@3{o%ﬁkm4@t al.

S. e ul ar pat ent
(3afh$ .rcravﬂsmmampnaamo@gsmq7|,7éa FehOatopeist, 1969 0> Markin etiiln

(45 hgl}lﬁg&@r fgfe%%ﬂ?{bl%v%oﬂhﬁﬁw 7n§1§qlllg§ gnclgsny fj‘}’g&@ Zd Izlllr:f(in et al.
(SE'IPSi l&b@i@ﬁ)lnal%?llbﬁﬂ)hl @RV 12Ged Ma¥ 261 260D tyBYirkig,et 2000
o0 Mrkin et 7) U S. Requl ar appllcatlon

(609). Sd%romwnalu 4p@acama 6PA207730 TiledbMey 20i 200 to Mlirking al.

Cpst R B o6 S5 53 TR 3 AP el
(8) N8N Yaited pirslicadivn hinfibércdORMOESH 204 1 pﬁibl;shemMatqu, 202 to

i nt but rather, multiple tips can be used, see for
2. U.S. Patent Publication 2003/ 0022470

Nan o)[(rﬁ‘% #1' febent krﬁ@hﬁ(&ﬂj&ﬂo b ¥l E(ﬁ%‘% ]iyg %nggﬁﬁ'tof int but, rather,

ogr ap to Liu et uary 30,
mARHe tipscanaretisedslsee for ieramppleov. Saﬁmenmmuliouicﬁgzmmoawo

SorsBrb s st Eh iR o SR P e dgy 6 i o
mggédjaggg‘g@@hgmgorl nting background and procedures
are described in detail coverlg;g a wide varie

enmbobi pasticwdar] inciriadiapplication 08/846B%: ﬁl%b’l@gr%uﬂégl( (Felgeesces 7
o b BB ol A
nanolithographic printing background and procedures are described in detail covering
a wide variety of embodiments including, for example: background (pages 1-3);
summary (pages 3-4); brief description of drawings (pages 4-10); use of scanning
probe microscope tips (pages 10-12); substrates (pages 12-13); patterning compounds
(pages 13-17); practicing methods including, for example, coating tips (pages 18-20);
instrumentation including nanoplotters (pages 20-24); use of multiple layers and
related printing and lithographic methods (pages 24-26); resolution (pages 26-27);
arrays and combinatorial arrays (pages 27-30); software and calibration (pages 30-35;

68-70); kits and other articles including tips coated with hydrophobic compounds
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probe m croscope tips (pages 10-12); substrates (pages

12-13); patterning conpounds (pages 13-17); practicing
woredoso8i®9t ncl udi ng, for exanple, coating tips PEBYED05/006009

18-20); instrunentation including nanoplotters (pages

- . H r . | . .
AR T3 orithe RAMMIES Gab B 67 A B o kol AGstract
(PapesyAs8D6alfiguras t-2Bs Thisdlisdosuraniatnot aral nead mat/se (epeajedhere

27-30): software, and_.calihration ages 30-35; 68-70);
bigiis BB TOPTRBFatSl B e AT OET e cont o with
hydr @ pRODKGafAPPBIRAGEPIARS0 1328 BV A1, PEHIhDS it 852002

(pages 38-_ 7), corresponding claims and abstract
to( (érgset Al 8 2pt anshigeflingtibetepdateBhery hpkis hiprby drpgrrorated by

ot and.nee othe r at ed . here | LS cher .
e GEHR) 7T e SRR FbHERELRHhks S %fible g of tips
whth@ate Pxtbina Caienitips 308 tht&h2123Vidied) and pwd bf db@eical, mechanical,

Septenber 5, 2002 to Mrkin et al., is not and nee
anfbheprcal dpamedarchefas tBspordng, e ank (or ﬁemswnaqowowdd) to the
e : | : : (]
S RURECUEE hid BB Gt R Rp L SR 08 gk
extpetrof nigsSmaveént bé thealeposition ¢aaspouad dhrosgh the apértwt s caltrolled

hani cal , _cheni dr.i ving.f f .
by P Eta R (YRGS PR bt R At g s ol i perns
subldRREE A&, psenilE LhRHouHs! dBSitiBR86hPEthdBSAultiple tip

nanol 't hogr aphy, "wherein the rate and extent of the
naroli¢hogrdphyf muhtiplaidgpositivh opmpounds.and arfaysugh t he

troll by the, driving f . Thi
oo Nehdlih e seleg fesrbsd R IbO%e st Bfess o
(@) B. We Minopethst Lak@suir, 1MK357 23 718G A NEhkC TRORNIABip-Pen’

deposition _conpounds, multiple tip nanolithography
Nanolithegraphyépdescribesforn @old pangstayqtags by surface-induced
. ; q ; 0t :
R L

aprdpriatd ¢8ld (prédursoksnid substratd-Sdrfadepwhieh react with the gold which
Nanol i t hogr aphy") describes fornmation of gold
lippats de praesss pld isgipt eqgrired BL 1A ATFSEY IREELER on of net al

(Bg‘%f‘.?m et 9, K. @@Pdhe&@mm 1'232\2@b%9$0&@*15¢écwoc§e%i%§1t,&m

f ‘appropriate go precursors and substrate surfaces
‘Dip-Ren’ Neaclithugraphy'hdegoibes duposition bﬁphgnmm engtalo &é}iﬁsr_nathdd,
hé“%_e\gscr),gi_n\r/ usI %r ed ﬁl xr'ggta eel%ggﬁerrlltiiﬁél \{%;%Iév_?'%fdég zip th %ﬁbs?r%te
whidh! 1661t B PEsBeSPndAS bt By Rrddan thd\meeint invegiaphy ™)
describes deposition of platinumnetal. This method,
howelrethe DRV printéeg propess, andnk isfzanstared e asustiateal Theisgbstrate
bet n the tip an S t I.C L t

catie T bRl B STt Py Tk Bl A pRBRR RSy

pAIMhdY. i TRinh dHGliZti06 @F She iAK oh fHe substiat@a ey yechetmica adsorption
substrate. The substrate can be flat, rough, c

aggl/orepvelestbanding. f ke transierred ink, dfdssirec can E%lhse&éiti'rre\ét?yd as part
o 8 UL A P B o, 0
example, a protein can be directly patterned onto a substrate by DPN printing, or a
template compound can be patterned which is used to bind a protein. The advantages
and applications for DPN printing are numerous and described in the above
references. Complex structures with high resolution and excellent registration can be

achieved, for example. Structures with line widths, cross sections, and

circumferences of less than one micron, and in particular, less than 100 nm, and in
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and/ or coval ent bonding. The transferred ink, if
desired, can be used directly as part of a fabrication
waole@sgst0oz used indirectly as a tenplate for feeL/82005/006009
fabrication. For exanple, a protein can be directly
paﬂﬁ&dl?{ RESHAATSH rfh SHORE JcBeSed Yo, BIEN bfifhg i9%an @nabling
tenpl &t e conpound can be patterned which i1 s used to
ndriofedbrigatpordnamotithographdecmd gy svhactvallgyys dnsde prasticd fabrication
rinti are nunerou d _described in the abpve . .
andh i e B i P s R BR RGO Tand @B This
typE &f RarfoPdUrRBtiod &l rfdnbAthbRAPERALarlife difiiuee dchib @ with many
exanmple. Structures with |line w dths, cross sections,
teghnplegiescthatase mesesnipblel fesmicrom pealmwork. dPIIN prigtipg fan be also
r.t i cul I . [ Leul I
B Sl pro RS OB Py B DABRRE Bobmb 28 e
peferedabl i ng nanof abri cati on/ nanol i t hographic

technol ogy which allows ong to gracti ce fabrication .
and The KR G#hR3 NRCSEIRNS thinb 78R By 2 FeApBIng frobe microscopic tip

inEitd adglom 2N A b0 . HiRicsn ¥R %hxe{lgtll the

nano rication and nanol i t hography can be difficu
midilacha ballwitip roatmgythe @odhnbthedipe SThehipt canrbe nmalified to facilitate

suitahle for mcron scal e, work. ripting, can be .
pritt el fpPruerdi ol §eph b eictfares Bt B paotfRotact wit
the iR Std a8 Delidbd oVed cIRAGPPeriodaBPEMEUCt Ures are

preferred. The tip can be a nanoscopic tip. It can be

a scBhnmpattgrprdspesited by dhe ngriodithogpaphyi @raent prticnlanyNingifed by

I t,can hol | ow~or - | C
th i o dfepSlen S et Bl MorsG HARE B b ot
Thé Reighthef thd pateaicddcbeltidtickartplef aboatd hint@tlessparidihoreg of
the precursor ink. In ?eneral, it Is preferred that
parfeulpsly, alpyes naber legsadf Ingsiase patensd thedimes san b forssxgmple,
niQd i B T '
o b EE FAPE LE hdihok ARjculAS, BRAY SO0 i \PREBL8E nd
mbkepatiapa]ibduh&0pamtveida or Essmifdosard pattesnadnthle uldes wotbs, for
and |ines and arrays thereof. The height of .the
RGO e TN e B HBEter G50t 5 G DOTieH AU, bghiF00
niBYi8e BRTekd, GHY fory paaeMhrly abbht Q00 hSwidelok 1dsk.nes are
patterned, the lines can be, for exanple, about one
m cr Atthonghethe nanadiskography isrpreéerplly camigd aut tp, forh @anosguetures,
nm w de or.|less,.and.more particularly ahout
sieptenft 4 histS feple R L8 RHftret R Y opditeBlsed to

pdtREn 8 ¥@dhR of AbIEqueRenidtdhk dareh dach Bs diRERER( sqare, dot, or
less, and nore particularly, about 500 nm wi de or
ling san bensefilon alsp desigring srpspimasuior smallerRappdBICRIes. ess.

Al thpugh i %mt%@lg{éni,@emaw | erd %c?ﬁcg}?%n}{a&‘?&fﬂi@g?tgﬁs,

to formnanostructures, structures a cron-sc
aredornixR] witls aseodf IDPIN riathg withuseabttp fdlovexpetepsrent s used
to patternastructure‘tﬁ?}f 1-10 sqpliarerri rons in a

such!hdepgsiting e PFRFUESOT SehPelor GATPIEra NFiksalle QRfoRsubSirate in
a Uéﬁieﬁ{pah&n%iﬁpug%?'aQBht‘ég tigxperi ments for smaller

nanostruct ures.
2) applying an appropriate ligand onto the substrate, wherein for example the

ligand comprises a donor atom such as nitrogen, phosphorous, or sulfur,
3) applying sufficient energy to transfer electrons from the ligand to the
precursor by, for example, radiant heat, thereby decomposing the precursor to form a

precipitate such as, for example, a metal.
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I n anot her enbodi nent, conductive patterns, including
nanoscopi ¢ patterns, are forned with use of DPN

w@roosos4g2 Wi t h use of the foll ow ng steps: 1) PCT/US2005/006009

depositing a precursor such as, for exanple, a netal

It t j [ N
sal 1 p&Qa ﬁg@?n?l%bﬁgge%e% a}nﬁ_cﬁerﬁﬁﬁiers%ge &i@él&&ﬁ%}(‘l) lzﬁglsﬁent No.

of a coate applying an appropriate l'i'g
5980998 e Sbarbmitet ak. €issueti Naemben?, 1999)ymhicht ik deteby invdrporated

conpri se t i
oo ind S US pIANS UAGT T NRBE o ERIRLRfver 14
200®CWhRASs hérehy fnldSrpotARTSl feerbh®. MEVVES BiesdYefereREes do not

exanpl e, radi ant heat, there]ik;‘ti(l deconposi ng the

dsclose psggess theorsmod dipr reninahelithegrgplonpraingfasothek anpl e,

NIRRT e R
abdru@from(DBN yeltihgvRather, tiky QU3 usswborsbntichahprising methods

incorpqarated by reference, and (2) U S. Patent, No. )
vgthiusg Of dSPENICINEPEIRGSIBE a4FSeTYQIEHIfeth ApleatplerHarain, opbegiments

LS04 SRR ORANEY SR elesoas iEEms
5¢0180,998 pateanat igt gt yamlogified iim tinexpected wapewith unexpected results
nanol i raphi es for depositiqn r t hey di scl ose
etk TS P R e a Re ot dnd B¢ DRRpe oo
Cﬁeﬁ%ﬁ :ijn uhdx@¥ctel S8} ORRh UaskfeORY BstuitORAhcIRbE fel dABmistry as
S

r s wWith use of dispensers conprising a reservoir
disebbsechindthp Sharatach, 28 :#8epatent.enbodi nent s are di scl osed

e dHE koD G oA AT B Floflhata RATGh e

t he en e genera

sHINEX TRE bAdent@ys b¥hiyhmaREXPehEld of esluating the sélue] bigtds DPN
printing as a patterning nethod, and the DPN printing
gpnasalbseontemplaigH de EOMPrise AR pePeBY vadsadiiiay allabli x¢attedynon-

S Gl oSt i S TheRte LRy
conBin@muddatb ankclindr &t ileast twd comhpotienta véhidhvehemicably reazit with.one
The sol vent .can be any materi al caﬁaﬁl e of sol vat

i
appiBegidst e IEHenPe o T RIEY SPuERsnt e Ihal PdpeteIcPR iR spidgance
pt?ég:i iRESRANST tHE soltuBad iTh Yred¥add aRbSHimERk %lhé &ﬁh odaﬁﬂ%f tgg

Ic material such as water, various al cohols an
sblatet dompFises & edlyy twehile angtberesoat fopentaftthaysluie edmpysdsasl ude

t | .t t i ch, . cal | t W { .
SBEPERBLISEHT AR DB B i e orean gy spobuth blon cid
(A?‘ 6 4 Bade (B). Maftpldlar®mBRMIiSIARS b@yhCas PP ifBrniadd, ASetord}

of the solution. In preferred enbodi ments one
acoigorikineyanpte; ard iodidgt Qthen ppammessarg nrrmetallip palis such as

anot her e f & he te conprises an
aﬁﬁ%?%%?F%%gmfgﬁgéggowénﬁgégg erein the term"salt"

meanha Ryriewsdointphets odtheaolutioh thayAe deposiedbaske (uBjtrate

Exanples are netallic salts s%gh .as pper ,I_ormate,
cgeaieently or sequentially, or in some combination of the two. Thus, 1t is
contemplated that the salt may be deposited concurrently with the ligand, or
separately from the ligand. It is also contemplated that the solvent may itself comprise
or contribute one or more aspects of the salt or the ligand.

As used herein the term "ligand" (L) refers to any substance which can be

thermally activated to displace one or more aspects of the salt in a redox reaction,

such that AB+L <-> AL+B, or AB+L <->A+BL. In processes contemplated herein

preferred ligands are non-crystalline, leave no non-metallic residue, and are stable
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acrylate, thiocyanate, and iodide. O her exanples are
non-netallic salts such as amoni um f or mat e and
wa@npovs/s40m acryl ate. The various conponents of PEEUS2005/006009
sol ution may be deposited on the substrate
m&g ¥ rﬁﬁ?dtﬁﬂM?é réf n%l anfsoa?@ SO BRiaBRL dQhki
0 p?ﬁrﬁa?gﬁllb e?ﬁEo |soco‘!r)1 Y ed thatl t%asa It migg
patreindeqlmsnewnbns emthuar paemulgr salttbhm'g rueed atgeasdnabde temperatures,
epar at el rom. heI| nd. . It is cont enpl at ed
whih arq graetally ramioctes tq SRS tart sttt 08 0t bat o one
or NRMRRTALEHS ltgtaﬁ@s a?é‘hftro%én Hbsors, 8@ 0ding or ehedible,

herein the term” ? refers to any subst ance
cywhihehylemineh & nwneberm pgheamtrpgat danorvandi their suxtugseheyever,

o3RRS oo hll . AR 5 e

cyeipeBfiRindih e tyblhexylainef @c[@ﬁpﬂyl@ﬂﬁ@l&y&lbectyl amine, and so
non-crystalline, |leave no non-netallic resi Tcégl and
foathe These Breceniyl @ e w sxaraPples Mowerer. anshmany eHher aliphatic primary,

se@&? oy Er?djtektiagﬁ Rithe@afid/Bt SBn2fP Flmo%eﬂpoﬁ%el ng jA§ aRA' dastgd.

oX’ reac wth a particular “sa use
r eas@aﬁbﬂnplatedrqohrtmmmmy martitﬂeodth«aroeng)enedsebdsyles salts and
.CO ered to be.less than refer

ligands. OB £XFPRIS RIS GFiCPPREY Zﬁ%&ﬁ&tﬂén anife a.dﬂaor %‘rem

wiK 3 RiBouttW At OHPeN ABhBEmaf b8 UFHARH f&fllltﬁfehﬁnsﬁlirt fregh&ip to
donors and their mxtures,” however, may al so be use

substatpl 4 smal enupi efol dotrent based gpkysrer oty Puréiciane mapidlso be
usf:?\g%gﬂrgtgﬁl/fdéﬁdw ‘i:rllg(:) 836%@%% oqg rggurgd]r %tl%gltg?qglhtate

trdi3p6@ fRNELP T substrdte\ndXe rmbasbedeom edsnmagr gropenies a0 e
aI [ phatr C primary, secondary and terti a(éa/ am nes
ptiand, largsampunts of higgdrilngsehventyapd/gr additiees pyglyas

e
h®epefdenty Jo édmtmheteltme filnn ptordoq;elmmhzmmmtsrﬁinoemplm pyrolysis

or without water a an al e used ) .
OYes MpraiiEe Stepaﬂgw trr%ﬁ»r .aﬁ%t t PTRABET: Etlélrﬁdrftwr it

m@?‘BH Q{) rt‘ﬂ(vhﬂF %(?)tré’ag e RASEHe R RIupRg Aedtio ifpréVe themy

e use ditives for adjustlngtherheoloyof
adheerop o€ therdeposited Imetérial te thefsabstiate astacfunetiomsyfche cd

sqgrBhBpAEEs e e oL of BoPhFe B nrsuffics M dgprae

bOI | W]ﬂr@t%h‘éﬁﬂ&&ltﬁﬁgéﬁfetﬁdﬂl ﬁlbtéﬁsa@é&ﬂerﬂﬁlated Preferred metals
tri et hyl phosphate, Triton X OO ycerol, etc., are

inghu sprdbicyive elementssushiescroagen ﬁb@é awhe@dabttt@heen@ydq 0
t { t
sePPRRIERE Sehit® ool bl SHHSEULRoPEGRY Hrofies) APOTRLE! ©

pRdudtant ditathMstsoit macﬁﬁrrmplﬁted lthat netdlarch as t:adrﬁtp.rrb ehromlum
worthwhile to treat the substrate %éoupl
cehylintron, deqdnapganceh dickgh glatipmepal emaég PRegIveD tin,

ti{mﬁﬁfizﬁ{c, LR, {ASeSKLF IAALLd RSrefh, fHENEM ARl A1fEincludes alloys,
coupl’i'ng

metal/metal composites, metal ceramic composites, metal polymer composites, as
well as other metal composites.

The substrate can comprise virtually any substance upon which a compound
can be deposited. For example, contemplated substrates include metals and non-
metals, conductors and non-conductors, flexible and inflexible materials, absorbent

and non-absorbent materials, flat and curved materials, textured and non-textured
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agent's nodi fying the hydrophobicity or hydrophilicity
of the surface of the substrate. Where the salt

w@omsasqs2 a netal, all nmetals are contenpl at edPCT/US2005/006009

Preferred netals include conductive el ements such as
mafPRk! solﬁlI dn\’i%ll@@rqnﬁ%éjs aﬁ&”boﬁ\l 1§1%e'aﬁ8 kg8 objects. Particularly
sem conductors such as silicon and germani um For Ssone
pqyfnq:edwbstra@@pe@clmultybq@rdsdpmr,cglass,fandan@hlm@ts Miewed from
nte | at ed hat romum

SPRoRye, o 2 Biekil ol SRR ERET b Bl ot

uﬂﬁ!ahaﬁi bEe séck}sédjfwmeﬁl Lt objédidiio WhitRHelffeseat REchigdsanay
can be used. used herein, the term"netal" al so

adviantagerauslyabg w@ed rietus) MetBeds andpperatus daughihergin may baised
fo??im? §fgoo?§8gﬁ%'ﬁ@hs @ﬁéh}{d’fﬁ%rsntﬁﬁa ﬂnB&ucles %M@M cahds 3)9113?‘?{(/1

can cdnprise virt
cidguyt ls;aﬁ&t gificen wpfers, wéuutity prirtimgpdecochtivaprintingleptajistsed.

For exanp] npl at ed substrates_ingl ude al s
elsﬁaosmggxegdlg&%aemsefra?sgogﬁae%ﬁn%soﬁwats%ﬂ?@ gr#@% bl e
m%fégmls gl{ogﬁétgneoﬂmh&ﬁat@has rhesr dedilodad) fudl ebt aReRsReNt

mat er | curved materials, textured and
agtoatotsexlectrieal mattects adapacitood, iand smﬂarﬂnolﬂw\merthodsrandlapparam can

both | ar smal | cul ar | refe

be gl SRErad SRR DReod Bid el dhoVegil eitrgpare
teHIRES for fAIRMEthoLIHRY 3K RempHAT sd@GitHogfiphy NE/sigdBe methods
breadth of contenplated substrates gives sone

to] qpainecs mpRAWieds etnﬁélas@téb@ ippf pHewapinterest obj ects to

whi ¢ [
appl Rc%orglfl%b P %1& ééﬂé: n gé"g?% rdae)u gﬂ{ea ug %{& %1 el}ag Ensu}r)rsatme
ildRuditestp é(ﬁﬁlly’ﬂa viedulittoard) whaghohby 8t inay st beniabtallédig or form part

rrultlchlp nodul es, PCMCI A cards, “nt%ﬁ IrCUIt ,
obytrglerironsg devicsrsughped compuety disk drixe ppptherdaty Brogessing,as

sthag@tdbﬂg% a%8l ngrc}%to? 'otlfek EGthRsic flb&déhédee Lu% anttéi‘%‘ iy ch?trér

anes unctional ly gradient mat
clmrgm‘ucmitmﬂemr atberenerigs siadess, rebmdtckwyceel ect r odes, f ueI
cel | trodes, actuat orsl e{ ect.ri c cont acts

capaéw genergySauEces §PRGmPIAted HEESip dng udafr?alyafawm

c&ableRT eﬁﬁ@t%gatﬁe A=A rcﬁelﬁﬁ:ﬂl RhQRAH Without EisiiBleRostsiapd
apparatus can be used E_re pare tenplates for further

damagmg rtlmh»}ostsuc hr the cpmqmg s;@nmcutaﬂagar@fpﬁyd eNGERY1BPULGPS are
connect . nanowi 1 e
aggalntvF 88‘11 g?nve El%} ca souA%eéblpalslllqlq%yesB%he Slgﬁ'%e 'ilrg{)sl %nd hot air
bloMRES Mei\tsﬁiﬂaﬂl@eﬁeﬁgy SRS itdhydesdlédtanl Rambmtradigtive devices
i ncluding especially a circuit board, whi ch nmay. or may

atmsn-TBewpyplengthsdaclpding x-mpy gensag fay snd afrasyielet 1 HH ether
sﬂgﬂéle e%e %&Cslauﬁﬁs cﬁﬂ%&gﬁonagécﬁgceqr PM?%on c%\bf\re tﬂa%‘élﬁltters It

rocessi Oor storage device, a te e or ot
slﬁmllﬁl”al@d) Bahmﬁéblde& th'ae theaatioas mrg}&roylrces agabe 4pplied in numerous

charger, control | er or other ener stora rel at ed
WaBA G BreresTi o i B By BB BNt S EArIRC BoF esuistag/igand

dép¥sltétfen ARY%uBHALE BoWRVED id Aternative embodiments, for example, a
heated ligand could be applied to a cold precursor, or a heated precursor could be
applied to a cold ligand.

Many advantages can be discerned from this invention including, for example,
smooth surfaces, good coating adhesion, and control of coating thickness. Still
another advantage of various embodiments of the present teachings is that coatings

can be deposited with a purity of at least 80% by weight. In more preferred
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capabl e of effecting the desired chem cal reaction(s)

W t hout causi ng excessive damage to the substrate or
wo b@sogabt ng. Thus, particularly preferred enepgpus2005/006009

sources are radi ative and convection heat sources,
RO TRRE bty B0 RPRP AR bt in
coatirg tsrap heabte®(96,, in anll nrcae peeférved etehddoeentaitheponity R at least 95%,

vel engt hs i.ncl.udi ng x-ray,. ga r nd
e pg;s(,?rg?eé{e_d eslhog}m%%‘élf Pﬁﬂfﬁam“&%?@y sour ces
I ncl steleandibiralii afdle cTHAS@ entbtiinéss BT te Pr@¥t teachings is that
transmtters. It should al so be appreciated that the

coatingsows berdepopjted ovithcvesy bitile vinstea pppretairedemhodingisat least
s.. tn. preferred i '
S et B B SRR R O SRS PG 8 e
desh@spateee Forlexansie, if coppat {18y forhate és evet aslprodusa copper
.exanple, a heated |igand could be applied to a cold
cifsniiciien at leass 80% ofdhg ePPsT depesisush oncihg subshate3p rempnde foym
| I . V i ﬁl "
oy Shet R A PR 208 B R s PR SR AL In
msrerfrafeasd embodinensttheiyaste ikasi mnre thad 1@%6ninrstill nydre preferred
coafing thickness. Still her, .advant age of var.i ou
CrRhRSLIPTHS HIESVHE SR TBTE Lot p o o) REeETES CRBatiRgL the
whddishe HsRWBid Y With a purity of at |east 80% by
wei ght. In nore preferredenbodi ments the purity of the
et a$tilbanashdradvandagsrafamripus eopleislimens bEthie pedsaategachings helow

coating is at | t 90% in still ,nor referr
tefiestitnontalim MaRH, B0 Sactily. % bt AR LS Rams at
teRipelafire£6F lessinst Bt $50°0g f}ﬁiéféfab}/y les thin higas 1 0% more

Still another advantage of various enbodi nents of the

prefesahniess thas Bbowd 57 € -tandmaesbatefogly abprdperyiesstempgratures

. . ¢ t ort od .

o8 Ul PR, o ORGP AGHLES pEFAFUETL ety

reladfieelyUbwttémperatuessielvsy atmut 00ACL hrodgsefemblypatde about F6PC.,
exanple, if cop

GRS Lot R AROOL SUvin Exn S eraRsugie aifed Rulpaple altough
b &9%&3%0@%& R&iox YORtbATRAS ﬁﬁ%ert%l}%ld%v tR ol RF Bppifegtions,

esired pattern, and no nore than 20% of the copper is
Theservanzds alfow peestsdr solutions tebpprepacd etiroembtenipexahirs, thhie
wast.e i s. no re.than 10% in still re preferre
ahBban b SR egalan Smpsafief tind B BooFHER 1 s
ao@Bl_%F;%Heﬁ%sﬁ@?@l‘aﬁV@? 16w h&R, WaEdig a |h§atrgﬂmm_raerobﬂ1&6m?%ature
Still another advantage of various enbodi nents of the

enyiregwant. t eachi ngs is | ow tenperature operation.

Met for e 6N [ L. i
S I QI R 55 i
used €5 praotitey/tht peSedtiaventdbouForld@mplayhl.&. Ratat doabJ894)088 ©

t han about 75 C , and nost preferably at ordinary. roongi
Shasmp et ol (Arrdl 165 19%0 A teprperalrd hegein 5 refersase InTifeentisedy 20

di8%10se§ ldfljeagi"epégiﬁ&l %ll@hiﬁﬁl iggluﬁﬁlrgfaq{rggégs fdr forming a layer of
palladium on a substrate comprising (1) preparing a solution of a palladium precursor,
(2) applying the palladium precursor to the surface of the substrate, and (3)
decomposing the palladium precursor by subjecting the precursor to heat. This
method can also be adapted to carry out nanolithography according to the present

invention.
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relatively | ow tenperatures bel ow about 1000C , nore
pref erably bel ow about 75C, and even as | ow as about

woe @S &Ewen | ower tenperatures are al so possi bl BCT/US2005/006009
al t hough bel ow about 500C the redox reaction tends to
be t [0, fRiteRd, Uos m&mpﬁbn&@is marmeeﬁ (eBRBer8,11998) is
precursor solutions to be prepare room

lnt:enppmtfai hereip bryrrefecbep@m itd entirety ahd dpelrostrdve@mmsﬂum gold

erature, . and deco siti.Qn to.be acc Lished
P“G% PO ARG of 8 REASTERGRle s B iR BEEROB kiR o

ttrleﬁmﬁh@grarrr@ RBMAIHENORRY preg_d'ﬂl@lrf%ht%n art describes
a ditional nethods and conpositions which can be_ used

t o pVPatPateat Nped.pb3¥hmareamentis msorposatedheipip by refgregee in its
erf> g&? Nhd Ialf)scloé %%Rrglﬁgsll{rlrg%g?r @IR Ip?écu%or tO(lA?{Sl gjoldli%atu}e(%g Dhis

ncor pora ence entiret
mathdd dhs 61|s@ be addfitedetotcatte pasndnotithogfaphg bt @ddingto thel pnctlemlg
a process for formng a |layer of palladiumon a
INYEMIY at e conprising (1) preparing a solution of a
pal | 36 AiRHeE AF.! paEnt N&k sarsﬂ'zrzlt@ Shhdif A28l I(Ashpr@ 2003) is
precursor to the surface of the substrate, and (3)
alse monypositeihdrbia hwabfemnccr m ity edirety @nd Id;sCde:q wse toif ngpreh &)

fOprecursor to he 1 t.hod can al so be adapted to
E‘Qﬁe}Pr‘Eﬁh'fsoﬁsaﬁf)lwe ﬁBéPM RIHHE S0 the present
| NVeRlth&ikh! the prbdért ientibh B beav&inb bhlavid®iPt6p& e foMowing
Sharma et al . (Decenber 8, 1998) is incorporated

inke pepattenying erapeinds aferpfinagticalr iinterest fanthedreseniiguention:
003%)%19 asltletolr %ggé)efr a?e%tg,];ﬁfvglc é’”h?aﬁ aﬁ&er nﬁf%&s,asﬂtféa%g{raﬁqro%prate

0 be
pdlRdivad éhdoﬁﬂlé abé&nte) aﬂdmﬂﬂywdbﬁbnaeCMXWMQrobmtmtwl\graeﬁe nt
invention. U S. Patent . 4,933,204, reov

ammEBIFb AR eidraie F@bﬁxsdﬁﬁer,épserlé%@lrdﬁs, splatenand s ettvtearr)é zine,
d
mgré@géa;aﬁﬁ&m Eﬁm@ﬁ%bﬁdlprﬁ@ r&h, 90k BnPhEGHa p;/re %nggsres,

eat uf es 'S m d'C&n al so be ada
inchiding c:b:mdrmmmnhéxatztrbgm)dpetmlnadaa@sdhnlgdhlg cyblehgrydaent, 3-

I nvent.l St.i furth ) Pat . ,b, 122 t
plafianiisSHluinplin, SytIp pentElainings Symetey IS toy e dBA i g micde
fRbRdE, E’ﬂﬁyfe‘ﬁfa ﬁfa‘?x{iﬁ@ polymdr§, lﬁé'lﬁdllhgb&ﬂy?éiﬂyl@rhe%%idé?es use

of copper (rn) f or mat € precursors, as as gold and

paly(mashylpredwandae)s POlA(‘tth:lgigholdhh apd eele(ﬂcrylmein) ion is

bel i eved e lin s f Q.

pat t %P‘ﬁg"“i?gﬁﬁﬁg&ﬁ%ené’r a“p”ée’td?:g%ﬁ‘t“gn Fn b catly dfoqlrt with
udeltT aG&E B IutiBNLARtihIOWhet€lR RS sol o8 temPFiseCWPPE metal salt, and

acetate; silver sulfate silver nitrate; silver

a pateraplubledisbymeresucipas 3 pelyeliylens exidagolyatss bayiag mplesular
w@%%néﬁt aaot%'}:if,Jl é(%(f“‘or IE%X a}fcglte%so% Sdélg 8&1{ g;%?lrs@gée%l RTIRREY
theutdirimpsageandron |ekaraple$dapbsmom of disodium palladium chloride in water
with 10% polyethylene oxide (MW 10,000) via DPN printing on amino-silanized
glass can be carried out (Schott Glass company), and subsequent chemical reduction
to palladium metal using a reducing agent such as, for example, 0.03 M aqueous
solution of dimethylamine:borane complex (DMAB). The concentration of the
reducing agent can be varied to determine the best conditions for reduction. Atomic
force micrographs of the patterns can be obtained before and after reduction. AFM

imaging can be carried out with the tip which was used to deposit the structure or a

different tip. If a different tip is used, the image can be better, particularly if the tip is
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ni ckel, cadmum titanium cobalt, lead, iron, and

tin; nmetal carbonyl conpl exes, including chrom um
wheooamssbbonyl ; am ne bases, including cycl ohexptBUST85/006009

3- picoline, (iso)quinoline, cyclopentylam ne,
serébta@bhydawdff@xhﬂ@gmgifam mahfd@bmrﬁ €ln geRrARBbRers which

t hyl ene di am ne; pol yners, including

armﬁ dpmunergiabussgRipEialing s pambe wsedrie theapresgnbimagntion.

pol I I .

o0, A AN SAERAEE Lol R SUMBREAT 85k B g
oucef ;Falladhum.lztcewlztdatdma& (Bﬂ(aaﬂi)mu?p)m bﬂhﬂm@@n asoxibliged silicon

wherein the sol utions conprise water, nmetal salt, and
substigee and stbseaient fsavgriapsbysappHoation of bbiasfngng pgenb suekeas a

llqgﬁi r¥3ﬁﬁra%§@éhpﬂkm9ﬁ‘ﬁ&r ax‘f@ BEat% tlﬂ:ﬁﬁﬂ%m]g&) s eO Another

eous sol utions’ can e al so as carriers
syitcm i pedladBiuadetade ageME soFfomt.eRefiopd pattedenpand feductim,

PR RO U e ] S
as eRoRfFoh tARkA R (Al At Sis€ AN cdafing A5SliBED 91“;%as§1§§ gbligh ASifow
conpany), and subsequent chemnical red ionto

tipp &lcabiaGaumentenan be suffisiena tor eagtyciuh theargduntion iediuding tefperatures

of RS Ap Al WA KENR A0 el 15076, Thehest bt on

terfperiter, aetiatiosphedigeohditians & Beaidjectdito acldted thik desitdde

best conditions for reduction. Atonmic force

patisray Sgpahe adteat time pfppeiotiveaminutss abhIQCrran askievt & desigd

resit, The SERMEY pPlle sebLETPENAY AP; BERBRL LARITHE rillihG, and

thedéxipbBmental ¢anditidnk can b f/ériazldetnhmpnqve itlse stshelilty. deﬂhallaphic
can. be better, partjcul if the tip jsselected

e PP O SRR o P i g i T Ak SovmPasgion. alSo can

be Yai&d t%lprowfl&l: BERS SesOitioh. @IF‘M %flcr%@fﬁ?% ErAbe d5¥&inéd before
(gmlntlng I nks can be used in the present invention. In

recamtothand gftes fipplication nhluedit mhtdmgmwlf ht:llgbgscap lnalysis of the

tion can be carrie
palGRE T Bihafihermtie cat by Ve R o Reresplutisp
OXI thh 2Rl &dsks, QQﬁ) sudRaé & abld,coated tipleas e RE rddeetsi 6fmetal
a pllcatlon a reducing agent, such as a

salr mﬁﬂd qnéh@@méevsg e"ﬁ%e 1ip Rempesitiningaide varied toreyani this.oFor
exJuH@Fp téh‘frﬁﬂ%fr/‘:é c{da%?e é@%ﬂﬁéﬁﬂ {v%'i‘a g 1%8414&%9' of'the tip.

ore ernin

Genhewllg thetips &d peefaraplycsalected add a&qitadi‘fd)r lohgatern® ugedtidavoid
sol vent including. a hal ogenated sol vent such as
catalyzigggeastinn PBthrt8¢ Hkan i nk for use in coating a solid

tip T%E r&&?ﬁéﬁ‘&fé tMrRueHd HR‘ail?%&érﬁed | sdif GRHEGIY g
can be sufficient to c the reduction 1 ncluding
carriedpert bt vapes raguctidrorathex ﬂmplls]plda;ldmsn reiﬂ()a{bri; whammlheSOOC
about .150C. heat erat
reRin g5 COeried 1o VARG! fotth A PASER OV Ehe Bt bstrste
HeHR# m@%ﬂa&ﬁeeirﬂea{&n@seakd Neat thel8@icitd dRnPfo aosﬂa%oF §tatfe aye
m nutes at 150C can achieve a desired result.
negdedbn same eases; ithis wg tm@mephqanemprwﬁhberees«amm thy

origBhlerd g audiofl.

In a preferred embodiment, deposition can be carried out for a silver salt

emulsion consisting of ferric ammonium chloride, tartaric acid, silver nitrate, and

water onto an amino-silanized glass substrate via DPN printing, followed by
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t he experinental conditions can be varied to inprove
the stability. Nanolithographic deposition
wexpsnsqvent al vari abl es, including substrate apdr/ugt05/006009
conposition, also can be varied to provide better
[ ki b [ ;
Aot At L Dol P! GRIFRTY Rl I VLR tified ou
to sifovhpdttgs. scan anal ysis of the patterns. The inaging

paraneters c be vari.ed i Mprove | mage,resol ytion.

' st gkderrad piBodifient The SRUAIR steBaraa® Frrmie ghtwith
suffiefedt N ah @ Skt ieANiné tPrelBicdthe Rkl sdlt HWvaBbhtusOBf & BRemically

cantilever. The tip conposition can be varied to

redyeingagent; fios examaple demperpairesshelaw abaut dRP Coeandie ysedins below

e 0] j i I i [
oo B0 Fth4lach 0Bl 1 3 BALHASLR0 Elpllfct
expeiimdng dcdoddinglgr@gsddesm gisen ikdystemi ahdgattedny zi ng
reaction with the ink. The reduction of, a

nandlbf drRRgitasHPetBpds Achonding tadbes mventionsalse caminclyde gpe o
: . Li G
o B A b b kg Bf AT il tion seps
aincasinat émpetyingoink @patingf emdwznet mers slepositiar stefse whihtneaynesd dip
substrate. .Heaters kpo in the art c be.used to
e BO KRN T HOE M5 BRIORG 03¢ DEpore RidePaUiGictensa |1 n
inchRITRg S128fRg stepd sddifRcHén fte@at ment can inprove the
preservation of the original pattern during reduction.

| n Erepderfositioagubsitsbriiuniant treamgpisitensancladmbil arecrgtdimited to
.out _for.,a sklver salt enul sion consisting of ferric
(méﬂ%wpfﬁ‘ﬁ?" ﬁgrc%ﬁllec#i de, tartaric acid, silver nitrate, and
(1)Vpiseia, UV, @r dRord 6l iy, hashiagdirghasslostuhsingat e vi a DPN

printing, followed hydevel oppnent géaphotoreduction
(2)phgmical Clegningriych A% 19T S¥aFPlFy PEaRhasieanhe, basic gohing geg.

rief.erred enbodi nent, the

hy?@g%?‘?‘g%ﬁétgg%a‘%gﬁﬂ&gﬁ @g&r??‘é‘gj’out with sufficient heat
(3)achemsaal br physival miodiicatorr eftthe sulistrate ne peimata itk tvanspartitor

adheS e PRI DO SIH Ao TS 000 Eoial D oM B e pfgee on
silRBR kide ARG afoP&ith 58Sho- OF tresdtiptd-GfniZing RnA! f)olgﬁ‘@rs

sel ect tenperatures and experiment accor ingl y based
cawying chémieally rdactyesuneticnatigioapder n. The deposition

nmet hods accor di.n thjs, i avention al sp can_incl .
@ eeEo B PR e L L AR B e S APat R esi
or Hig@ithy)g or chenical nodification steps ainmed at

i nproving ink coating; and one or nore deposition

I . . [ .
(S)ingnsstiompl thh swsjratgswiiiiephiiavesigrved FRBAPASHYMISFISHERING-2-
h . I - 1o P .
ANESPYGH AR08 P, BEBH AR [ EF FOSPSs, xrs. on
imk¥ifg e OBOF SOIMS)bsdcamiing probt amegihg éag. eV, AABM, NSOM,
i ncl.ude but are not, Iin]'te_d }10 . )
EFM...), any of the steps detailed below in the post-deposition section, and
combination thereof.
Probe cleaning or modification steps include but are not limited to (in no
particular order):
(a) plasma cleaning, washing, drying, blow-drying,
)] chemical cleaning, such as piranha cleaning, basic etching (eg. hydrogen

peroxide and ammonium hydroxide),
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(in no particular order): (1) plasma, UV, or ozone

cl eani ng, washing, drying, blowdrying, (2) chem cal
weohkeansqg2 such as, for exanple, piranha cl eanP@mUs2005/006009

basic etching (eg. hydrogen peroxide and anmoni um

(chy dicamite) or ghydicsifsdifiedtionrof iy siobéto profhiotd srainhMite Ohk

the substrate to pronote ink transport, or adhesion,

cogngg é%ﬂS@m OTHATISPOIE €2} bFe (reatgent fpunpart acharasdsutface of the
sﬂicHFﬁfthd@tx on 3 ?[h %ftﬁ&t’ﬁu&)ﬂ of'}rll&c%g{% ﬁféh&?nr% aZ%ents non-

anl zat am no- or nerca
co@mmd1thmlm sadl yiblegule loe ﬁbl@lﬁiehy ag@acichas

poly{clireedcol) ShEF Bonsichudrsgnalite Josst Bainpisass lowing phige
1nlé"€)ﬁ the@ip'Sihakadhg pdtbsity drl e'ﬁ}nanc(u?e sdrﬂl%@ Q&E'a@ﬁla‘%ﬁe fob Sk

substraté with techni ques deri fromoptica
dehvery.oscopy (e.g. AIMS), electron microscopy (e.g. CD
DSE . o$ |mag| ng (e.g. EDS, AES, XPS), ion imaging
PRIYON TERSSSI MB) or scanni ng probe inmaging (e.g. AFM
AC /EEM)Sl Fnblude but ROHotAfm idBroTheBSHodRiba ok 8 Hehow

in theé)ost eposition section, and conbi nati on
inksieeg by DPNBMopenting o5 depagitin widhipng esamorspreheésPossibleinks

inckPLIer it grerh%'i llhﬁtgh tt(\igr EIB‘S&JS c&'ﬁ&mﬂﬁﬁg @%%ﬁf fo%xqﬁé l))ltlg Q)ﬂhe

sima cl eani ng, oW dry

ﬁnalhmnnenﬁ bata]yetamoﬂhg:,ntss smiiil ﬁtblemufeaﬁlpalmhdiﬁmaﬁg:r abaﬁs Gost
etchin éeg g en peroxi de and, ammoni
maﬂyama igls) Or @i eé%ﬂmgﬁgeﬂwg%@llxwa of Aoy mserits.

ThéPfiapbe la@pésﬂec?) 8 BinY orSRRARE Gty &9 ok b)aﬂlﬂﬁégéé n,

or transport . base treatnent to I npart a char
depnsiticmcséepof, wWitheorsvithomowariatipn iofl éhetdhpmical t@npasitidnofiiomildyer to
lay am no- or mercapto-silanizing agents, noncoval ent

Yibdi fication with small nol ecul e or pol ymeric agents

suchpogsde ?@hﬁ&@ﬁt@p@ B80198¢ Y&Qire ﬁotsl’iiﬁlli’ed@(éinf A 1&ﬂ§r order)

i ncl ude those that increase |oading of the I nk on
(1)tHqatipg of ﬂ@rseb%taﬁﬁg f@@(@@pteyww a bedtdarap.rhypt gin blavese, @rrl@aplate,

Il |ver sition Stepss, ...
ORRa S et HE e THRES iy LR, it and
U\dﬁg}(ﬁbﬁ dlﬁfgedfpaﬁmbesq& gﬁﬂécﬁrdrﬂ@,k Sned@wnlTyorENGhH B} a plasma

printing or deposition with one or nore probe(s
souse) o ThF BraCRIeIm Y EICUER B (aRHUE, 5N $elitiane ithepr without

ppbepisgisgegemouns hat i form i ne bulk of (he
(3)pmimereon of tha paitanedigdatrate ihomst or more solutions,
(4) Electrochemical reduction,
(5) Chemical reduction,
(6) Exposure of the patterned substrate to a vapor or gas,
(7) Sonication of the patterned substrate, as well as all nano-scale, local equivalents
of the steps outlined above, if applicable, the source of the energy and/or composition
of matter been provided by one or more probe(s), which may or may not be the same
than the DPN probe(s); which include but is not limited to:

(a) Local heating of the deposited matter or surrounding substrate,

(b)Local irradiation of the deposited matter or surrounding substrate, and all

combinations thereof.

The succession of all or some steps may be repeated several times.
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matrix materials, or sacrificial reducing agents, and
m xtures of above materials. They nmay be deposited as

w0 boos/og40bzrs or as thick nultilayers (forned bypamiusiops/e06009
deposition steps), with or without variation of the

CchenjiaheaRERARbdtHRRrés @Mbe dY Be fhAn b%’(ﬁ{ductlve nanosc tplc grids
Post - deposition steps include but are not limted

wigich carpinghude ingngdveireso Fige pgaml(lq:)crmbaru stiyclgfesichr be formed.

strate, for a
MBHDR o 1 oY Bl ot PR s CRbeRhtlutsdiee
iniotafe ﬂke@hmam meﬁd&tmagat&tmmnn eni¢toscopfd andiBadabseopian d
W lig %fmor charged particles a@g el ectrons, iQns
team\meth@ Raﬁsgmﬁsa(fﬁpa&ltsr%glﬁﬁtr%d&&r yindugtqrs cagy brcwssd apmy

degﬁgcf{o flobn @l chrcui¥. ag&ﬂ%nﬁuctd(rg ?ﬁ’(f’{rhﬁsﬁé?&s i ?@u%ﬁ Aidb It

osensiti zi ng agents mer si on o
Fqraatien oExlukily&try @inebeicarrtadeoudto imoreesesthé hieigbine, th¢ dt)ucture

ectroc enlcal uction, m cal educ 6
D o pan frn bt eneiRErs (e MG 476 SRHOBOr ik
1n(/gr)t10§‘éﬁh bahbcno Qfecfrﬂ:%ll? @SﬁrﬁEﬂﬁgctﬁM@§ t lrnas%ﬁsor @ﬁpl%'tlbnsa%r
nano-scal e, |ocal equivalents of the step

excampla, thedmetblbicaleposit catpphlave;arﬁswlwth e/hgxhus c@ddiedt\hleen an analyte

.and 0s n of mat I,ded
of gREreaY iR (o Yhe ARG, I A aetaaprliféenS e PapPIp B
anftigad) DA HyBhdiRaRRe ()ﬁ)teln\ézﬂscﬁ‘btlcbrﬂ ahdi8thebniblecalanficognition
limted to: (a) Local heating of the deﬁgﬁlted matter

evgntssan be usrdi t &rizaeh 3 chanes, in fsistiviallhe metwidaef dis igventios
cafi PR Bl R ehPlodapBhEdighEdi ng substrate, and all

|na I ons € succession of all or sone
St eps. Sriytehiss, § ERBAR toCleay forr akarhplapdesdrites mehallthographic
nanostruct res can. be in the form of condﬁﬁtlve

i ‘@)f RIntine dor nanacompytingand miginelestronigs applications.
I g%v&ervels %?@gufﬁetr A Hx%ﬁﬁstféﬁﬂlegkeeffééfs”%P Byl c
ayer or ned

can bé on top of each other. Structures
napacomputingcppliedionpanditegtuescantbe caaiedsuibpsiog dsnduct i ve
at.terns, wt cand pic testi
el ph iAo e SR e Aol T BRER G Beb TR oy
refdhee iR t§ efipbtybe used as desired to forma circuit.
Sem conductors and transistors can be used as desired.

For nEhd ssbsterite pan bq a papégsybyieate asedeseriheddn, foriexample, U.S.
i
wlfF G5EF RIS B, PLOATE SRR S0P Ll GhERp EL B o

al "etdiebstedtesd’ h T hisulRMsietyttricancdiglutihety dfahebﬁmbd seadthry to be
connect el ectrodes. In sensor applications, for

eX@?‘g&‘Fﬁé’l by magascepicansthed S%eposit can have a resistivity
WA CReflofn B 56 N IR o b RIBB le¥hifiples are described below.

Reference 16’s Working Examples
General approach:

This methods provide for direct deposition of metal nanopatterns. Oxidizing
and reducing compounds can be mixed together, applied to the tip, and deposited on
the substrate at selected locations by DPN™ printing or deposition. The ink mixture
can be then heated (either by heating of the whole substrate or by local probe-induced
heating). Specifically, a metal salt and organic ligand cocktail can be used. A typical

ink formulation can comprise a metal salt (e.g. carboxylate, nitrate, or halide) along
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of interest binds to the structure. In biosensor

applications, for exanple, antibodyantigen, DNA
whydpsiogiogat i on, protein adsorption, and ot her PoOI/E8205006009

recogni tion events can be used to trigger a change in

wi"tl?§1'1 %ﬁr&ﬂ»ﬁa}(e orEQﬁw"l?éW?ga%e Qf llgmcﬁ(uhlnx‘{e%gﬁﬂdgﬁhlﬁ@s') BRIaRl e

d for bar Code applications t ent 579, 742
(smell aivderules sncheasaathy lenegtiwob rppbmsermmlas phkygﬁatﬂmﬁ@mde

R G R b e

re&Aivits UrfrBéolbgioan propesticst dfakd 1|iiﬁS &f&f ﬁ@;fdsﬁmn@ﬁ’neﬁmﬁ 11%(11&1@

nanoconputi ng applications and structures can be

geatle heatiggdn an a@biegt ehaet SrGranmeaY feagah‘i‘(bz%t@diﬁg assist the dis-
prgﬁ e&ﬁe@%ﬁ o eSalt 1o AlHh 4 {ﬁe&ll@:ﬁgg@h%ést? r@g(?g %188[@&&911? Mhis

rence inits entirety can
appfdat:h) snebddsrdepesitien ofeseariebed metalsfop meed axjles Jnol]ilcﬁng, for
Iar atet aﬁ’g‘}?éﬁllon 0. 10/444 061 filed I\/iy
exg rt BRast 1085 WA VetY Liftle opgapicoamiparinagtd see, for
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sl od ot pos bl ope LepRe St PECHEPTHES t he

red‘&ﬁ'@h Qlete RhivL®5YEEvait riingh Fig 1 shows AFM images and a height
scan of the patterns before (Fig. 1a) and after treatment (Fig. 1b and 1c) with
formamide and heat.
Reference 16’s Example 2

Palladium nanopatterns were deposited by DPN printing and metallized by
vapor reduction. A DPN ink consisting of palladium acetate in dimethylformamide
was patterned onto silicon oxide using the DPN technique. The DPN pen used was a

silicon nitride probe with a gold coating. This process also works well with
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hereby incorporated by reference, in particular for
the materials deposited]. Potential pitfalls may occur
WO Rooslogtobt gand evaporates fromthe patterned sSPOBUSBD&006009
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aliRlidunP 8 &T PR suhstveahe FRYA RS BXPASR ot Batdlybd BRMEGIcAon
a second step prior to the heating. Deposition
ofghp eretalealt direotky ohEMhie wanfileer @ado¢sshe goldiceated probgs.t Rrier to
Resear ch Al Veecp | nstrunents,, Sant.a Bar.abara,
PRARTLEH Tk ISP (R TkS: LR B SrPi SR F o eter
for BREInGEs. TROpAEHInIABstEANWAS pME&Ivdriicdllydh AGohieRIgl idiene
or lateral force nodes. Reference 16's Exanple 1 One

tubpand 10 mierghiiey of formamide liguidgrasimacsd i theettamierf the tube.

TI%PM%E (Oas [a'c@& {)nggge[tm%qﬂ&y Jn'd% t{e&’ ap$6°tCEfoF %9 ﬂllhas%' tHiPthe
acetylacetonate dissolved 1n chloroform
vdpot Basedtdduetion gfahe metdl yrecatsob sThis aiethodtie dsedull het ausn st

i nks are desired) on oxidiéed sil.icon %Iass,

f _ ,
PIgHTHG.ABS Mt peiderpondhe subsrale- bhg resvliing e HgisRE
reBiS AR Rlsolvnt i drtd GtherYohidiRit@BasGRIanfifed on. t he

ori zontal substtate and heated to 15Q0C for 2 mn.
Réfererecail6is\Example Batt erns were stabl e towards
solvent rinsing (including water, alcohols, and other,
non- Palladiumy peparrieys derasked WeDEN metﬁﬁvFithhwlﬁérre@l&tlon-
§ oxtl V& Yrideling) ifH o, 1
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pdipéthylendaxidg. (M W) 1 (5000) afas @attérneshonte amid-sitanizeld ghasel (Sadiptt

ith f i.d .. Ref 16, le 2
Gl FormiAR FFG A EN ACTRIRE: 0 BSferds iy RS FRROSF o 2
s BP0 INI 286 RY sHIBROH of @ity Mine Dofdnblchiblex (DMAB) to
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coati ng does not catal yze the reduction of the netal
Referenge 46(s Fxample Be cantil ever as does the gold

coatgd .probes. Priaor. 10, t i ng. the silkcon/silico
o o BB Pengpe et sbchi g b EE R ARl By shFRtsF b b, A
DPatigk cfn@sﬁstﬁlgrﬂfplﬂtiﬁ_ﬁm tdfaghiaide 6 RAtkr Hab phticrhed Y@s amino-

placed vertically in a caonical_ polyethylene tube and
sitepizefl glass (Sohet esssempaniaisingdhs BPNAschaguee dl hepattpraed

f a heating
s R8Nl b WP oot (0P R AR R, 10 e
digetipgshine (boeine @omplext (MM AB) &l capserzdusizm of The metuk pfeodrsor to
is useful because it preserves the petal pattern on

cqndctingyastaht Bhe refluctiondeacfion gosHss withizy segeads,of mmegsion. The

resulting metal structures are resistive to solvent rinsing. Fig. 3 shows an AFM height
scan of platinum nanostructures deposited by DPN and reduced by DMAB.
Reference 16’s Example §

Palladium patterns deposited by DPN. A DPN ink consisting of palladium
acetate in dimethylformamide was patterned onto silicon oxide using the DPN
technique. Prior to patterning the substrate was cleaning in piranha solution for 15
min at 80°C. After patterning the substrate was heated using a hot plate in air for at

least 1 minute. After heating the pattern was imaged by AFM. The resulting metal
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resistive to solvent rinsing and other common net hods
of cleaning. Reference 16's Exanple 3 Pall adi um

WO 2006/0840bEr ns deposited by DPN netal lized by chemiszins/006009
reduction. A DPN ink consisting of disodium palladi um
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least 1 mnute, After heating the pattern was inmaged

wagg alag emepsrateds ) ti ng netal structures show hi gh
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er conm)? net hods o eaning. Fig. 4 and Fig. 5
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Ik Compositian#10GeldoNanoparticles fuMesitylent éRecendl6,
nanol i t hogr aphi ¢ deposition of nmetallic nanostructures
Mixture

The gold nanoparticle ink described in the working example above was
improved by addition of an alcohol such as, for example decanol CH3(CH2);OH. The
addition of decanol improves wetting of hydrophillic substrates and in particular
avoids the beading of the deposited ink into droplets onto said hydrophillic substrate,
which would result in discontinuous (non-conductive) lines. This ink composition was
typically prepared by dissolving 1 mg of hexanethiol-capped gold nanoparticles in 1.5
uL of thiotic acid dissolved in mesitylene (1 mg/mL) and 0.3 pL of decanol. The ink
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cipitatio
illustrates the direct-writing of silver llnes on a silicon nitride substrate using the

Harima silver nanoparticle ink (composition #3). Observed variations in line width
and quality are the result of the increase in the viscosity (increasing concentration) of
the ink with time. With time, the ink became too viscous to form continuous lines. All
lines were drawn at the same cantilever speed relative to the substrate. Observed
striations are an artifact of the stop-and-go motion of the high-precision stage that was
used in this experiment. Figure 21 illustrates deposition of the same ink on a glass

substrate. Figure 22 illustrates the deposition and low-temperature curing of a

1155239.1 61



and | oss of useful netal content. Ink Conposition #3:
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Werkirig Exarplé 14t Deliveryeof ik té ithe Cantilever cul arly
rough (>_1 mcron, higher than the film being
depg“‘sgltre df illysirgigs thegmating oka tipless caaplsyen (wbvphomay bewithjer

witifoiP® §111t5 W?tﬂ Til's b§) Hlp%H{gqmo%?cqgfaglll&%ésd reservoir. In this experiment,

a microfabricated cantilever was mounted on the scanning head of the NSCRIPTOR

instrument (Nanolnk, Inc. Chicago, IL) and placed above a silicon microfabricated
inkwell chip with the help of the top-view video microscope and XY motor stage
integrated in the instrument. The fabrication of this inkwell chip, which is normally

used to deliver ink to tips for dip-pen nanolithographic printing, has been described in
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while Figure 30 (described in further details bel ow)
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anri]éc}trroip(ijci?ly let%%eedr to free the cantilevers. Alternatively, the silicon nitride layer
may be bonded to a Pyrex glass wafer and the silicon substrate is entirely etched. The
wafer is then diced to afford chips terminated with tipless slit cantilevers.

The cantilevers may be optionally coated with a thin reflective metal layer. The metal

coating must be carefully chosen so as not to react with or otherwise affect the ink.
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protecting on each side of a defect in the conductive
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(Oth@hles e @F ifGbblubp ddﬁﬂfte&'tcgf&:@ﬁm%%n 78 (2} & Hﬁﬁﬂé\k?hélﬁﬁlg

actual deposition with a slit silicon nitrid
andpesitienjeg mednsmdaptad socansasting andytranslating smdm}pﬁlemr qorthe

S TR R AL DR b

irethe hdpedda rpgdit Satele 3P an hkirgh igtdnaisalhat suppkes s'ﬂdemk to said
resi stance between the two gold el ectrodes in_imge B

capideveBdd) ontismabyfscusing systera a%fiamteﬁ fogpnvegsing thedapost
rdaﬂz}flafj ﬁl%’ a 'IJVE ?e s%tx?rﬁg tf(ln%ne%p{egﬁo Qectriifl cg)%]tqigct% l{) cQdffg

I'S not VI SI at-gun curing
sysesn nfay@bmprisoy lasgr and 1ti;efmalsingrtg)txdmr’ll"}reg:amu]lewrgnosiﬁogmgeneans
30 dem).nstqrgt es the deposi.tion of t

RSGRRES o 3 PeaOmeE TR B GROTng mofioR f i
PRI L S48 A Ol ORI
cwtadﬁnge:a‘;dentcrctm!ushmth sme substratet(Gpretrbiatien stage ﬁh‘a@annmﬂéllon
the mi%roab¥u Rl any angle about the Z axis; (4) optionally, a cantilever contact
detection means.

When the cantilever or cantilevered device has a at least partially reflective
coating, the said contact detection and cantilever deflection measurement means may

be chosen among a group consisting of (1) a video camera, its associated optics, a

light source and computing means adapted to measuring the brightness of light
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Enbodi ment 3: Instrunment and nethod for flat panel
di splay repair using cantilever m crodeposition and
wo amsnsouz i ng The invention further provides apCT/US2005/006009
instrument for the repair of gaps in open traces on a
rédeeied ekt B Wghﬁyoﬁab@wn%ae@@) $]aldr r@ﬂe&%&ﬁa ah1®3) a
I nst ru nt conpri si ng: a cantilever (o
cmfocajldrsmm¢ nmdaptmdnttsastﬁmcel Vi ng an ink; (2) a

cantil ever | di,n n oS ti ans a

cont St PRGrH e anT PR gnichREh BiTRr a0 R bRfef adhbeed to
theUepAL S 0t pad] didplays aR@BBEr mbgﬁhﬁaalys%sﬁ&aﬂt@, §UehQE @ehted
to pattern said ink on said substrate in the shape of

clacm@mams Bhe é1strumsyt may ¢oMPIifg sg@@@ag}l@ﬁheffgklog@,gm i es
I? %3#%@?%’610 (sc‘%)f?uc(f&%{nc ;. (4) optionally, a curing

conve I'ng the deposited nateri al

(2)ratrﬁ1cﬁo/hm&eﬁérl-s‘shlle WY stapé thaﬂﬁx@ptded cimpil@lee fihe immaion, and
conduction. The curing systempay conprise a |aser and
(3)t%la§%r69§l1¥?g‘h%6?m§§ed maETieEnN Bver positioni ng neans

&
(406 TP Fanidrt It s SO A AR R bl 36 R canfilever
pf{orﬁthe(mphc(@gn@ewwmse | ong-range Z-stage adapted to
tact| id mcrobr hWIthSId subst rat (3) a
et e s ot o et Shobfioft 2 PisisBh Sir ihithgn,
@%Qjo?atléﬁg Fe A cah Position tﬁé‘&ar@lﬂg\ﬂepﬁkadnly)énFﬂ abonitht ZVR(s.
e

cont act ection means. Wen the cantilever or
cant Figuped behae\d st dratgncofabis instrymeph mihiees thy brightness of the

c%rgﬂslivee% tésllvgm Lf v1gg/‘1deoql%a QO ﬁ&n{ﬁf}é to%gﬁfo%ﬂ (gf'}hggzgntllever on

ection ne

tiRfEca 1gIthidpmbodiieat, Ithkgta@lf of détecamgltnkepreclemaght dt tahich the
associ ated optics, a |ight source and conmputi n ggf\g}d
mieraptush of eANRYSTIF TGS lfli‘f@n‘B?thQ‘Fh the subsiratq is grgqualis

c?ﬁépﬁte 01?1?)\/6 1 of AR @i%le@fnz% aQeaC&ﬂ# %&1\6%& totRa cAhtileR_Efor

sor; and st ance
chmgssincirightnesy st themaﬂomaeqcncelfc XY Adtagerbmaenthatcantileeer

i nvent | provi des an |nstru nt. adapted.to the.r ir
gy UpdeoniseCRide TP Bl g o REALS e f Bghtness
ofdur§ ?ﬂu‘é kY cantiéRr BéndRig) %ﬁ#edéhgﬁ k’éﬂsn rt@ §lloJ G@tectlon of

Instrunment may conprise sone or al omnng
cqm;wtaAﬁamqnlta@u ¢he wnomwtey stade et mgﬁ mndmwe tb@ yarallever in the

XV e A00s EpRianERk on BE o phionDl YsfiE struqrypes. The

366 Bests AdiorRee Fotalon stagdkallbivs (Ko ca&hﬁldv@kﬂoriﬂlwmqﬁwllﬁﬁfmther
that supplies the material ("ink") to the mc

tltaarmusln b ipitheodirecgor paratlelte i éfmﬂb Fomsits fee er(dstp ifg bound
chB TR AL SNy A SR AR BG83 bl
ldadﬁigttb @loﬁmeﬁﬁ:ﬂg febdwer at any angl e about the Z axis.

To apply ink to the cantilever, the cantilever is moved upward by the coarse
motorized Z stage until it is above the level of the inkwell rotary stage. The inkwell
rotating stage then rotates the inkwell to a position directly below the cantilever. The
cantilever is then lowered into the inkwell and ink coats the cantilever. The cantilever
is then moved up again, and the inkwell is rotated out of the cantilever area. The
cantilever is then ready to deposit ink on the substrate.

After ink deposition is complete in a given area, the curing laser is activated.

Thru a mirror and beam splitter (or other device that selectively reflects the light from

1155239.1 65



Figure 31 shows a first design of this instrunent,
where the brightness of the cantilever is nonitored

WO 2@ses@en i magi ng to detect the touchdown of PEEUS2005/006009
cantil ever on the surface. In this enbodi nent, the
tﬁé‘ﬁtgerqgwgﬁg ad éuBQtreItsbe itRI 26t $R e MG BhtoAthe WRh ‘Whe}@ﬁ was
m cr obrush or cantil’ever conmes ih contact with
depbsited aCaring carcbonipived hed obgurs twpughethe heam sxdrttemgo th’e camera

SRR T e SSERBL AR bl STOAPE e

(BleR9S) tIPYQHon R 8RB BVATaréhe W YRI sibstk4eOTh k@@ b tdpaitNThe
under proper lighting, a dramatic change in brightness

ngeessdry flagipenel élsglamsumwteﬁrarn@mﬂ thg Jargp-distange pegitioning system
I t.ec
b bl A0 FRLEE MBSl LBk L8 g
dossmbnak®wiest anplef Withotf Znictiors atilizedshe E[é’pmsudm ofthe rgkntqnthat can
the 2D surface and on 3D ,surface structures. The 3

TR 1@ CRFE FSCTOlY Pvr s Aisianggdmefara\ig PPsition quamék?@?r or

gé)cﬁiﬁ@eﬁ{s%r Geer%# ifgtehAtNIGE tﬁafa 8l SuffRedaldr- nﬂghuhgnfapg)reclude
I recti on paral toits length, fromits free ehd to

micesbependeemg ofdmmmglpmrgmxanpl e below). This avoids

patt dparer et 8o dh ey 1% RS T AR T Pesrie it at

WHieh BRMickY@h dr Safiles cHReRitoRlact #h ERATBEABION | Zed
Z stage until it is apove the level of the inkwell

aceqmaplyshed hxg eomputer mekiigring ofdhapntaut eftanérexisirsar refleglivessensor
he i n . | . .
USrleREBH AR 98, AERSHL BB damgghanee
sbﬂd@\t\@hipuﬁd%iutslj &nt‘h&&ﬁﬁtﬁﬁ}&h@t@dﬂok&ls eerction b!ieco@l&mt i AGeetontact,
I's then noved _up again, and the ipkwell _ﬁztated out
the nanemetersedle Xief stageean mpve the fantileNesin $h§ XY AIEelians

c%e@o%%ﬁ%ﬁlkton' thE2BRuHAG AR flﬁgtﬁfac@‘fs{r@&ufe 'as g)rgpiﬁ?tﬁéro n

te In a given area e curing
eattodiradme @Flgilﬂ'eraj)ahawsk of dandlrigethﬂpspise height dtovhich ther

devj ce that .selectiv ects the t fronthe

cpaSley oS i Cariar atb Bibeie i adgP el by o RLf Gy
r%ﬁlﬂ)ritnE @ f tleCRpIoN e cbﬁ‘fo@ﬁ%sﬁﬁ{%@ skAsef (ag@ﬁrdvﬁﬂa&@ﬁohﬁKeyence
viewed as it occurs through the beamsplitter to the

G targetedianthe cagdoyse. Iav@steqmmg camrhe viswell g itasgersissythe

noved aver | arge rreters) to position
ctoﬂé)cﬁ 558?‘96I"@f"yol{}‘é?rpgrra&gasbmk'l??ﬁf Qf rate in need of
I epaiThe intuntioh F@sis byoVidedta R@hed fotitlPddytiveuRpair bf gapsifeopen
and the | arge-di stance positioning system are not

teggenPn dilat panel waRlan substratsdydecal degositionpfjawnspcprsor ik followed
ﬂﬁlg ok ghk 1580 bcﬁo{lgil&%gsgﬁqf%\eﬁ{oa ceﬁlpﬁgmg% &eps of:

GO RiTrors, I'ze notion o try
t hat }ﬁaﬂdm\aecahﬁlmaf(brmcrabme}n)bl y over |arge di st ances
(rmeters), to position the cantilever or the curing
Iaserpr6‘<}€}ngraé1§§‘f‘}rsoér”él% . Note that use of direct |aser

|1 ght §; 005718 Xailrife b dfd ThiGf1OREOoPe Vview ng of the curing

process.
providing a substrate surface;

contacting said cantilever and said substrate surface so that ink is delivered
from the cantilever to the substrate surface;

curing the deposited ink.
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In anot her enbodi nent (Figure 32), the task of

detecting the precise height at which the m crobrush
WwORr0SARivE ever comes in contact with the substprPar/@s25/006009

acconpl i shed by conputer nonitoring of the output of a

Working Exaffplé qfd:@iﬂii’ébtﬁ@ﬂéPWrﬂfﬁﬁ% CanfileveldRatition

focused on the cantilever. Upon cofitact, a dramatic
charlg&igure Séngndd tracets pyere depsits] fromtas prrtilss wattileten ddaded
[ detection of contacf.. After contact, th .1
wilh i anitPeEds Boafioss A8 R tlatink o BetPRER Catfei Y B0 fipdium
tid 8def ¥lectod &C W&'ﬁ&epéﬁﬁﬁ% gid éxpRriakt MnIHphetimBY, UNiShB8wn
and on 3D surface structures. In get anot her o
thatrthesd igatshiracesvgte efteaaliscontiruoug eid bad asmelt gamip nrveimity to

onf SRt Sep ot o7 shelfid BN R b BBy g o

topapraphyTstepowledn driwingud line ustdg atiglesifagalevel B dbcHaGRMSHT
agai n_avai l.abl e from Keyence Corp.) targeted at the

caétélﬁm et 2 lipg with ink fromgighi i I8 ap teivetitvesTTQ isbindaeg a non-
coftducdtNE g%‘%g‘&ﬂﬁﬁktesﬁﬂéﬁr J&%ﬁaﬂa&ﬁ%@\%ﬁ%@&& @e@?fﬁg}g %42? ﬁ%ﬁe

array. e invention further pr es a ne
cantldv¢riend faidpfally defosgaink aver thp eight ¢dzeclsutamayabef lifadd fipan ehe

i spl substrate by | ocal .d sitiqn,of a_precursor .
boftiRG1as ERBY B U CABIEYer LAY Bt e eeo AHEE I, ot in
nohQoRludve 1184 h@&_cﬁﬁﬂ%&f @k k. WGmPleERmea to MiOMbBleRKAsists

cantilever (or mcrobrush); providing a precursor ink;

of di) miﬁ'mgmgﬁrgblia?eﬁ qf!inl@froslaw_, vahittp !I%fu dn) wpitiog hdi:qvgg dayer ;
3t el BtprBE s GO @imodiR ol ond WS

Préfefibly, @edantiRvehie r@tuié&tIBGHe%rEw Bedi6r@ ;wittitgl the séddfd layer, as
deposited i nk.V\brkiQSg Exanple 14: Bidirectional )

begynattpingnasenlts{panrowest Hngy tvers ohtained mhem mevag, theeandilever
L ; 2oy

roFREETIE ST MR BT SR PR

cagiilpvdretiayetsnd oo bdeidé,ireleadidginkiindhwanted areas i Thés) is best achieved

el ectrodes. Wen repeating this experinent nultiple
bYHRGRAEROTAfIRE HEEMUFSHA 4R Si4l5E e gAIMIRGIETURENte of t en

di S%Pé&&?ﬁ&ﬁe@ﬂ%@%@ will ?&Bgﬁiégﬁﬁt hin QX hifdrhtivie© onl y

one of the ITO steps. Figur expl ai ns how a gap may
enfbedinpenteahdrepptications pb the pndsgntsinegntish emist Bmsana] teandtiveseare

' tiopl til . In.this di ; .
copiered B Mfee opr AEtirsseRiveioh PRI thisvipelges
thd @R dThsail\WantilE(erifo} @Mthe Bbridati GRSk ofRoSiRETe traces on

substrate, which are separated by ardgroove see Fi gure
poeits 9 r

flagpgnel Pisplagsidil) thevenairgrdabrigation of pthe iflak pang

distpTa%'s rtl&a%%etgﬂlg %bn&%iv%&e@,einlc:fuﬁ}n%dou]; Bgtrﬁr}lﬂeed to semiconductive
(polysilicon) layers, transparent conductive oxide layers (such as ITO); (iii)
especially, the repair of color filters in flat panel displays; (iv) the repair or fabrication
of other types of flat or flexible displays; including (v) the repair of organic light-
emitting diode (OLED) displays; (vi) the fabrication or repair of the masks used in
semiconductor chip manufacturing, including the photomasks used in UV
photolithography; (vii) the fabrication or repair of micro- or nanostructured stamps or
molds; (vii) the fabrication or repair of thin film resistors or other thick or thin film

passive components, as well as (viii) other micron-scale precision deposition
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bott om of the groove when the cantil ever body hits the

| eft edge. That may result in non-conductive |ines
wa@bdaososozr i ng of the ink. A sinple renmedy to tPCBHUS2005/006009

probl em consists of (i) witing a first layer of ink
apblications.abhe cahgleverted &rtCMDirhdy b¢ mbilifigd Forseenihk| r8éffion or

fromleft ﬁo right atop the first |ayer (a nmethod

deppiiemrARgbHigiesiFos &1{41%&?\‘54 thg,wholergniilevenmapbaenaled wiga layer

of‘b%[}lrﬁéreéﬁ%ﬁ ab PDM’@ @5 P gﬂgﬁﬁ%f Cpa%{lfb';/grs\%lkﬁ fn%&t?&e
second | ayer, es pat erning resu narro

actuatess; . gaenith ambtl‘agrmmﬂ helaten and)mengalt)hdn\&aﬂﬂmbmhemay be used to

rallel to i.ts th f fre end to S
beRE okl e Brtine G s 0o L D mhEPe FalybiBEh G same
chipwith 8thef 8bveasi fod ckatkipled AHEOEGde MiRScop ?Qz‘aﬁtll'e%xh»@i%ﬁ

achi eved b{ incorporating a cantilever rofation stage

integrataddippfer hishriesjutionsimagingrar a canipleverowitls fa héatet tip for ek
i ni ze that numerous alternative

cu@h%%ﬁ%#%ﬁ§§ﬁ§%d applications of the present invention
exi st. These alternatives are considered to be within
the scope of the present invention. In particular,
this includes the use of said cantilever for (iii) the
fabrication of network of conductive traces on fl at
panel displays; (ii) the repair or fabrication of
ot her elenments of flat panel displays than netallic
conductive traces, including but not limted to
sem conductive (polysilicon) layers, transparent
conductive oxide layers (such as ITO; (iii)
especially, the repair of color filters in flat pane
di splays; (iv) the repair or fabrication of other
types of flat or flexible displays; including (v) the
repair of organic lightemtting diode (OLED) displays;
(vi) the fabrication or repair of the masks used in
sem conduct or chi p manufacturing, including the
phot omasks used in UV photolithography; (vii) the
fabrication or repair of mcro- or nanostructured
stanps or nolds; (vii) the fabrication or repair of
thin filmresistors or other thick or thin film
passi ve conponents, as well as (viii) other
m cron-scal e preci sion depositionapplications. The
cantil ever used for CVD nmay be nodified for better ink
retention or deposition capabilities. For exanple, the
whol e cantil ever may be coated with a | ayer of
pol yner, such as PDVS (pol ydi net hyl si | oxane).
Cantilevers with integrated actuators, e.g. with an
integrated heater and thernmally driven bi norph, may be
used to better control patterning. Cantil evers adapted
for CVMD nay be conbined in the sane chip with other
devi ces, for exanple a Atom c Force M croscopy
cantilever with integrated tip for high-resolution
i maging or a cantilever with an heated tip for ink
curing after deposition. The foll ow ng are exenpl ary
speci fications for open line repair: WAT IS CLAI MED
IS: 1. A nmethod conpri sing
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providing a cantilever having a cantil ever end,

wherein the cantilever is a tipless cantilever;
w@easiogiony an i nk di sposed at the cantil ever epdr/US2005/006009

providing a substrate surface; noving the cantil ever

T@l@%l%wﬁg\éi‘er@(eﬁﬂ%ﬁ Whifi@tibnsSter bpGEIIROephipt 1 Nk s

fromthe cantilever end to the substrate

del i vere
surface

l'\+f\ ol

TTIre  Othioot

EP%ﬁ“ir%nar

\Ahnr n| A—t

at g=ace
| Spesificption et h

e ciithect r ot o o

)aokféﬁﬁ?edl ng

|rfa_oa Le ot

2. The net hod according to claim 1, V\,herel n

&mﬂwlﬂ@/e

5pad [Qpagon

0t hodL at

k%é'ﬁi%ﬂ"’?é ol i m

erei

Su rate

+hpo

O Rl et o

P59 AT DAfE
I accordi ng t

al
IIUI C IIBL (J.I D

ghf’is%@l'aﬁ-ﬁ to res1stance
(s%i 3| whe

P;éflaﬁmnan

fé‘kv SFEE 6

thp Lnk comm

LSes one_or

The et hod af

W “l'fsbs ¥R m
*ca) Torna Jine or repair?

1__wherej
hand lepgth
accordi ng
on the su

pMiaxiling lonathr

hverlOmgon. 7

2@ wicaom 1, whéowmi desighateidn
pstrate surfacelengihch has a

loppgest #@g Hoyrite with a
ksifiglepessd f eat ur e
di nensi on

SR )
met hod ac

fimeipere o
one
g%cor di ng

an - tha o1

ODbpostthy @eone!
CRiGbNENd ¢ Cl ai

;ecgmf Qq&aﬁ’ i@@(?

ry of the ca
m 1, wherein

c&rn‘% adksts at ¢ surface whi

it 100 mi crong
wherein the ink

N AnAd +ha f oo
L artu CIre T"CA

Ninlak @vigh tindé. forl RPair that
isti@cdphdbld 70 THEs vl help
Het%ﬁn@tﬁé" »G'ﬁt'a sﬁéed and

C rgtlm
ornms a feature

By on
LhsaifiBhd0

a feature

Rboro D0 hgec
HCAdensnding§nt o
b inkesed)bst r

coal escence
claim1l1, whe
fe surface a

By Boplategs 170°C
& 55lacha lasprsyptspydor
@thll& feature is |

Adbesion ed

claim1l,
SubDStrate
light.

Soteintapatesing.
wherein the in

11. The neth

pEhkaesists diatch tape test

forns a feat

andewatar tihdng.

Surtace and the feature s suBJected {o

12. The method according to claim1, wherein

the ink forns a feature on the substrate surface and
the feature is subjected to |l aser curing.13. The

nmet hod according to claim1l, wherein the ink forns a
feature on the substrate surface which is made

conti nuous after contacting.

14. The

met hod accordi ng

toclaiml1l, wherein the ink forns a feature on the
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substrate surface which is converted to a netallic

state which has a resistivity of about 10 m croohm cm
woroses®92 15. The net hod according to clai m 1, peyEsB®0F006009

the ink forns a feature on the substrate surface which

has a width of about 5 nmto about one mcron. 16. The

nmet hod according to claim1, wherein the nethod is
widAddS«d.ABMEDrIS | ayers of ink on the substrate

surface. 17. The nethod according to claim1l, wherein

the cantil ever conprises an ink storage slit or

chanpelp mifhod tBRpABIBOd according to claim1, wherein
the cantilever has a width of about one mcron to

abouprovidingra eamsilever having alcantijever shd.aplrrein tcantitavenis a
titfe abo§iev400 m crons. 19. The nethod according to
Ri%8Y Y™ *“Wherei n the cantilever has a width of about

fi veprividiagen ink difjiged Ahetanioier e). The net hod
according to claim1, wherein the cantilever is a

st r aPtYidipg ashalsedriaesit i | ever and the cantilever is
[ : T kROt
Ol SOy AE a8k BHE Boutd thel Bt BRtacB A il ©

deliaensd Somrthe emtilaver @il toThesubstritedudaxeor di ng to claim

1, wherein the cantjlever .is one of a urality of

cant 71 dRemetigd @ﬁor&g@o@icﬁalmrﬂk whﬁr%ﬂ*msr%%trat@z%%r%ms moved
ag@%ﬂgc&gnﬂggé}riggtggoﬁagy_cl aiml, wherein the ink is a

pol yol 1nk. 24. The nethod according to claiml,

wher &i Tht methotkaccording toedaimel, atherean the subsjrathaurfage ish

oge or e al clohol.s or (gol yols. 25. The net hod
SRUANATY ARG e SRSV h IS MOXEEr ei n the ink forns features

on t he THy hsdthcd R cordifohavi, Mheteih tHe@uBdtratd RITHt PAndf
about one mcron to about 15 mi crons. 26. The nethod

displayrsubsitgle@ o claim 1, wherein the ink forms features

on the : e . .

o oo DN ARG FecB At CUHIAYE0R ik hihtises one orore
milisls, nedtiladlts oF afetdl Agndpartidlai m 1, wherein the ink forns
features on the substrate surface . which have.a | ateral

di mefsiloR msthedrsgerdineetorflaimoh Whsreim Higrink SOmprtes pace opgore
sOtvERS BAHnd 2hotnb ol oGandisec | ve netal

conprisingproviding two or nore cantil evers each

havi g The ozathod seerdirgtos]aimhle mdierein the ink forms a feature on the
substrate surface which has a dimension controlled by the geometry of the cantilever.

8. The method according to claim 1, wherein the ink forms a feature on the
substrate surface which has a width of about one micron to about 100 microns.

9. The method according to claim 1, wherein the ink forms a feature on the
substrate surface and the feature is subjected to fusion, sintering, or coalescence
conditions.

10. The method according to claim 1, wherein the ink forms a feature on the
substrate surface and the feature is subjected to annealing.

11. The method according to claim 1, wherein the ink forms a feature on the
substrate surface and the feature is subjected to light.

12. The method according to claim 1, wherein the ink forms a feature on the

substrate surface and the feature is subjected to laser curing.
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cantilevers can conprise a tip at the end or can be
tipless cantilevers, wherein the cantil evers have a

w@apshetopeen t hem whi ch is about one m cron torPebUs1002006009
m crons, providing an ink disposed in the gap,

provigli mge ﬂleﬁib*asa*cé&}ﬁﬁxgstﬁ tlaffi Q; wheiPhE iirﬂQfohE? af¥uron the

more cantilevers wth-the ink disposed in the gap with
subistate sbfaceavkick iy hadsecantinedustafienéontacting! i vered from

t he p~o_the substrate surface. 29. The.nethaqd

acoor b Rb pis ORI §ARPR 0 Eie s MIoRgS Acrgyg on the
suiBsErhRRuiBceaBidh i donQertddCto AfetalBie staldwhitRhao 8 rea&eifftg bNsbout
to claim 28, wherein the gap is about five mcrons to

1@ puerookmgnnhdilesns. 31. The net hod according to claim

258 R e 00 | A R0 i b on

sutatr@ﬂeistlffalgar\amrm hay a Zoiidlh of atiduo § maptoyaboangte isichgl. one or
nor e net salts and. one or nore solyents, wherein_th
conc&fit Fﬁ% mﬂwéfacwéalg tQ glagm jlgw HSH’ttYli oo reRcateg to form
la?@&%tfirﬁp&ffﬁls&ﬁ&ra@-surﬁgc. An ink formulation according

0

claim 32, erein the concentration of netal salt
i s abduThd method@ocaertingdo albonitl, ROEreimthé Oantiitver 8dmprses an ink
I nk fﬁ{rrul at | Qn according to claim32, wherein the
Stopage SHY PR of netal salt is about 5 ng/ 100 ni to

about 8 3PheHeddd ddbordihg to ERdn i1MhéRIME dhitREvedhasd didth of
32, wherein the forrmulation further conprises two or

abrt enomigrondy absut pe) piesensaaed @ lopath ofabpwlgl A miceansie about

er.age nol ecul ar weight. 36. The ink formulation of
4@(?(%1% 3>, wherein the fornul ation further conpri ses at

| eas9.0MRe Alettpdn®cording tatlaireasvherein the kynthéver Bds a Width of
ink fornmulation of _claim 32, wherein the formul ation
A Hive sueropsp oukdt BIGHRRS| salts. 38. The ink

for at l.al nej I .
o TP ShEBeflodskALEo o1 Ak Rt AT 4o
beum thapgd odntideved and theeantideedr iopulhedtrathepthen pnshed.

ggm)- }2@'@«? mgﬁ%}/llag(lx?rgin% tg) Ic&n? i,swﬁearre]:}nl tﬁne: \r/n%rtho ai\s/ Iuge% t%r thin film
transistor repair.

22. The method according to claim 1, wherein the cantilever is one of a
plurality of cantilevers which deposit ink in parallel.

23. The method according to claim 1, wherein the ink is a polyol ink.

24. The method according to claim 1, wherein the ink comprises metal salts
together with one or more alcohols or polyols.

25. The method according to claim 1, wherein the ink forms features on the
substrate surface having a lateral dimension of about one micron to about 15 microns.

26. The method according to claim 1, wherein the ink forms features on the
substrate surface which have a lateral dimension of about one micron to about 10
microns.

27. The method according to claim 1, wherein the ink forms features on the
substrate surface which have a lateral dimension of about one micron to about 15
microns.

28. A method for writing conductive metal comprising
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providing an ink disposed at the cantilever end,

wherein the ink conprises one or nore netals, one or
woes/osmbal | i ¢ nanoparticles, or one or nore nBCHEIUS2005/006009

salts;providing a substrate surface; contacting the
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is delivered fromthe cantilever end to the substrate
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nanoparticle ink across an insul ating gap
bet wdénThomdthodiageordiagdo chims 28 A8herpinrthe paplisfabeuttfive microns

additjve repair of gaps in open traces on a flat panel
o H%gyr@ﬁﬁg?Tate by | ocal deposition of a precursor

i nk ol rRVBGtHOM acebrting toTlafaing, Wﬁ&eﬁl(thélga@p)@@ﬁ&ﬁtit&ﬁimicrons
form the nmethod conprising the steps of: providing a

tacahout tveepsr miggewdvi di ng a precursor ink; disposing said
- . n _ g -
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SO bt Bad or Mkrel r?etdledaity efikond sranorekelveans} wherviarthé¢ corichgtration of
substrate surface: curing the de ited ink to the

metah élﬂ&tsia\l?@“tf ]oﬁnﬁﬁ 0QuL tﬁlﬁbpﬁ%ﬁoﬁdﬂﬁﬁwﬁ apted to the
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(2) 34 PRRCIELE 25k 20, 24995, Lt P VL A58 o
nfief Qs kseBohtkmen obhg. ®Wesht R 8g/100 pL.

35. The ink formulation of claim 32, wherein the formulation further
comprises two or more oligomer or polymer additives having different average
molecular weight.

36. The ink formulation of claim 32, wherein the formulation further
comprises at least one oligomer and at least one polymer.

37. The ink formulation of claim 32, wherein the formulation comprises two
or more metal salts.

38. The ink formulation of claim 32, wherein the formulation further
comprises epoxy.

39. A method for direct writing of conductive metal or metal precursor
comprising

providing a tipless cantilever having a cantilever end,;

providing an ink disposed at the cantilever end, wherein the ink comprises one

or more metals, one or more metallic nanoparticles, or one or more metal salts;
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(4) an inking nechanismor device that supplies the
ink to the cantilever prior to the deposition; (5) a

wo a00ges4wt | on Z- st age nover to supply gross Z poOL/USI005/006009
for inking; (6) a rotation stage that can position the

cantélloemg AluRiYe 394K about the Z axis. 48. The
i nstTunent. according to claim47, wherein the

i nst camasting ther ¢cantileveendrand ¢le subsizate swrface sdéhasdnk is delivered

canti | eyer bendi upon de ition of the ink. 49. An
ﬁ?‘ﬁ&fl? Eﬂ{é}ﬁe(vef _E)‘?ddﬁoﬂge ?‘E’ﬁg'f‘ﬁﬁ Sgr&gcﬁaps in open traces on a

f1 at 4panied meihoRaddordivB $d Elaine 39 Reheréiflithedanti@veeR pulledfather

i nstrument conprising: (1) a cantilever adapted to

thampushelng an ink; (2) a cantilever hol ding and

posi [ . j . .

Prant alheiAcE 6 AHRR) Blnt 30 SRR B Bbanileuer is part of
axférﬁdydf&raﬁﬂiledérs.pl ay substrate in order to pattern said

ink on said substrate in the_shape of a repair. patch,.
(3) %h Tlammﬁéogé%% ng Fpafla%a§|‘?1&elgékledln§<ﬁ&mﬁ>88%afpstalllc
né}gﬁ&jﬁld%g.er; (4) optionally, a curing system adapted to
cohverting the deposited material into a

| ow 43 sTlst ingthby aéarding tagini 39, ovleraiotthe mklaftendelivetyi torthe
Ug)(ﬁ). tThe instrungnt according to claim49, wherein the
s ‘ir‘i‘ﬁgug%tlﬁfh‘rf’ " present and the curing system

CONPA4. SEHe Rethdd BEcoddiflg itd Elaind39SkGeiaRhd ik afleNgelWREfRhE
the cantil ever positioning device conprises: (1) a

subahaareudacerieewed at dismperaiiere 06 abw PPPKgorlpss. not i on of

said,captil.egver : . . :

o SR AR Gy i fEHRR, o) o oS ever

loadédt witevgdopatticle atiadrossisinsalhing ah baaweat alndodtivetragerials.
that can position the cantilever at any angl e ahout

t he %0-afimethgdidor di additivieirgpaizofegang 11 QRFBrIacEHR tlat panel
d&%ﬁ gﬁﬂs&ﬁteqﬁfvl.bgaef deposition of a precursor ink followed by curing of said ink
to a conductive form, the method comprising the steps of:

providing a cantilever;
providing a precursor ink;
disposing said ink on said cantilever;
providing a substrate surface;
contacting said cantilever and said substrate surface so that ink is delivered
from the cantilever to the substrate surface;
curing the deposited ink to the conductive form.
47. An instrument adapted to the repair of flat panel displays and other
substantially flat circuitry comprising:
(1) a cantilever of micrometric width for depositing ink on a substrate;
(2) a micro/nanometer-scale XYZ stage that provides cantilever fine motion;
(3) alaser to cure the deposited ink on the substrate;
(4) an inking mechanism or device that supplies the ink to the cantilever prior to the
deposition;
(5) a large motion Z-stage mover to supply gross Z motion for inking;

(6) a rotation stage that can position the cantilever at any angle about the Z axis.
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48. The instrument according to claim 47, wherein the instrument further
comprises a device to detect cantilever bending upon deposition of the ink.

49. An instrument for the repair of gaps in open traces on a flat panel display
substrate and similar devices, the instrument comprising:

(1) a cantilever adapted to receiving an ink;

(2) a cantilever holding and positioning device adapted to contacting and
translating said cantilever on the surface of said flat panel display substrate in order to
pattern said ink on said substrate in the shape of a repair patch;

(3) an inking device that supplies said ink to said cantilever;

(4) optionally, a curing system adapted to converting the deposited material
into a low-resistivity form adapted to electrical conduction.

50. The instrument according to claim 49, wherein the curing system is
present and the curing system comprises a laser and its focusing optics, and wherein
the cantilever positioning device comprises: (1) a nanometer-resolution stage
controlling the motion of said cantilever along the X, Y, Z axes; (2) a coarse long-
range Z-stage adapted to contacting said cantilever with said substrate; (3) a rotation
stage that can position the cantilever at any angle about the Z axis; (4) optionally, a

cantilever contact detection device.
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