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THMCNR-OP DEPCSI TION I N DI P PEN NANOLI THOGRAPHY

This application clainms the benefit of US Provi si onal
wae\ppbioaatT on No. 60/ 603,508, filed on 08/ 18/ 20PdT/aRTH0{IA 5966

Nonpr ovi si onal Application No 10/ 956,596 filed on

09/ 29/ 2004. TECHNI CAL FI ELD This invention relates to

an apparatus and nethod for thermally controlling

deposition in D p-Pen Nanolithography, or DPN (D p-Pen

Nanol i 1HERyAs [ORTROEFAGP DPROSETIEN NePIPPEN NN OLIIAIOERAFPKY of

Nanoi nk) . BACKGROUND ART The ability to create ever

smal | er struct ur es. ar

pr (;l"gﬂi &P HE p clajms the beng %I%aflrowes{og ?A%pt%cathon 0. g(y6§5 &)8 ﬁ]fed 0nhOS/18/2004

ast er
and Uidanerstisignel dnpiistiog Ne £0/936.P96 fled pr?9@P/é®i on of structures
on the nanoneter, or 10"9 neter, scale. One of these

technologies is DPN, Wht SRy ‘%&d}q geribed in U S Patent
No. 6,635,311. DPN is a net or deposi tin

ol BV eEOTPIt e 12Fn SRAPF B F g H’émta%w]a]f"ma% “Hetigp o Dv-ren
NanolifbograpRy, 6 MENO B HPREN{pARNraphy,hed DRt dxoekistesed wedeyparks of Nahdidke

di pping a pen into an inkwell and then using it to

wite except DPN i's on | er scale. In DPN,

the AFM tip, or "pen, A{%g@%% gﬁ r coated with the

deshihe endlityo breateLelvas sroaller sirygiates apd datteiheip thpkey Epg:{rﬂduqiqg ppaller and faster
clectrdnfR 1sBRd of e BJQVeJt REumSIbid: A6, the @REHRN YWRInGhrel Hithd R oR6tkH, 8510 meter, scale.

One ol?theée t?oﬁ%logles! 19 S?[]L' wlinglpls %escn{)ercli [9 %Li’éﬁ;}l%%ﬁﬁ 6%% ﬁq BM\I 1|;rprrle{ﬁgd for depositing

ace in e’ Sane wa ?%

molecyleyighte] 2 syrface wigh ’tb@ﬁ) oév@fomryé‘g@rrr_ucrwqpﬁ (AFND s The @etioddy \6§3S,much like dipping a

pen mﬂ@ﬂ\ﬁﬂvﬁ:ﬂ 210 usHQ 8o WritdWxtepDPONSon 2\ &rsmalfet ekl gn DPN, thaARMe tip, or
“pen,” 1s I‘éa of coa{g&] %th%%%sglg rrlotlecﬁlbcg «h anf thn%lzogﬁt o Icgnltaagwth-ﬁﬂaeaurface onto

N, to stop deposition t ImEhth
which gL R QTR PP 1 PP FRCES DS EG AP §) ptuch the same

way ofiehiiosld @ave agérteeeipipead to a | oss of registry between the

t I pW ﬁgﬁf {eaﬁoléy rht;@&z@r com%h%tatdﬁﬁmﬁ‘ Yrittn® wiaPNoeh 80 f);iﬁ&ton@must tift
I p cannot Ele ur
the pen 1‘ﬁ ste%mtlg%t hﬁgaxé 18 \ﬁui Iﬁ to sto éeﬁosmo & vatl rRustSDreak Contact w1th the

surface drfapiatebrt thipran oftspised to p lons B irRc e firted OTgice! Apegher drawback to
DPN 988 c&kll §;I Snnb e ud BevhEe pip@ts vihadlin bahkatt ntb@O@SbE bz0RInON -
contangmatl?n——depos%)?;mf Enbﬁgl%tédl Jﬂch mlreﬁotreag =4 &BQ tfo@ﬁ&evﬁé@: ﬁlﬂ catniﬂﬁn deposition on or off

_ mted i n that besides
while thi Biryeriindps eanictivifk the fofeet j p. or the tip's speed, ttxere
i S DN it fuBhef dfitedl @lthaOhegides thiweing éhp 0, itheitiprpr thatires sprad daege is little control

over ﬂ%l:p%giﬁgn S 13 DEEALRAE oA bR . t’[‘heptypu;ghﬁk &&&hl%@ﬁtlhheﬁlﬁl DPN

e e L B b e R
tempetarnchamobitityipiqeryment trnithi teitmesf mlqsrﬁha?,m@f@bvse«hm DP]é AaTsets dp lecding” or
spreadit3 Bitlok the/imtf SO i§ &B&ﬁgd ohtb MuttSe, AR thYPEIENiO the bladiSonlolf attuctii@y/that can be

i n DPN .and resy [ |
createg th%Pf?\ld { cause ﬁt{:tlusb rhecessaty VO atlthgf 8}" He 1nlg lu%g gl Iﬂ’gl ﬂi@ﬂrocg'sg a%g bggerformed in

oSl t a surf
o Ve s YU QPP R 5K e cwaémafg R e
may b€ Qdﬂfoﬁﬁd Bk eatathniMhitRlldIPR: thBee slugratafvarielyioSinkse d @88 mythod is also
neede%&)) 09 IiTolfﬂletere gﬁepgsnn%n b IfoSlnrHﬁl%@xées@ dlli-:?psll%n OF xﬁ(ﬁec@lEsQ)ge@ 8° BRIk
ormed I'n a vacuum the ink would evaporate too
deposipr}- ckl y and contam nate the system The need exists
f or Infornipeibr relévantaheagptstidveliressthgse breblgyesicinde et in HSPaveatingrfi, 737,646

and 6, %q 2. %Q/e\/@# L.OWSe b PeselrdiGerds Surfs £ gr{c%%ﬁé of iR E’dll@\h}hg @fadvantages:
Tnks. A better

mablhii'yat? gna%afm ffétﬁ% gchlc wdthouécﬁ&tlarﬁl a?i{lgs 9 i{ﬂhtjf tﬂ gvnb({&:Oé %rLta rol f alln'b 1nab111ty to
contrad éxcevpdifcigh efsnkoyce deppdifed. Fontiederegoind eepnsdeefrdsd Ite?dcf?f a process of turning ink
deposltlm eraﬁﬁac;ﬁ* iPOPN @ﬂth%ﬁ‘c%ﬁ&kuig QoAb Eth She ﬁ@an@ ddEess. Likasie, there is a need for
an ap*%ﬁa‘s %at 47 g’%géhe Hﬁéie 0519011 raqeeaﬁ%ﬁmo n Zatmg’ f%gcse e 1‘rgél% er %‘?}%gc’mamnmm

over thapfufase- s fr om one or m)re of the follow ng
di sadvant ages:
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inability to image in contact node w thout
contamnating, inability to turn deposition on or off

WO 2@nd3d2mabi ity to control excess diffusion oPCT/HK2005/015966
once deposited. For the forxgoing reasons, there is a
need for a process of turning ink deposition on and
off in DPN wi thout breaking contact between the tip
and the surface. Likewise, there is a need for an
apparatus that can control the ink deposition rate and

Iirrit the amount gfsceysemsor fike WivEkt®ion or

| n at 1.0 ugc?eld%{/ aet}he e(l)?}olﬂl ofslg'C Igrarit%D | S‘%L cs?on connicfmghog' and a multiple

patternizg mrmwndsabmmn@@od e it b e e pdorompries
a temp&fhthrk bdﬁ{nﬂ i@t he isthdgivapitpetiaidsa depasprote aftrdi®bd@d TheAip is capable of

being coglcdr wn? at leaoc r(])rtlcr Q‘Jtclrn%g Q&go%nld Sor L’llg %Ld t£]=:4§npt:1§t%fe U&nﬁ?l dgflce talt&s%he temperature

1 ONn CO nmper ature contro devi ce
of the naﬁmms cguppuidyors theg fhe a@@ﬁ@ﬂﬁﬂ%ﬂ%‘%@ﬂ%&‘ﬁﬁ HEepr-obe
M CAnOBE Bt dfithys. invédien provyides sdemabbﬂrobﬁeﬂbé tongridrgtoeiding a surface or

substra\(gI ahtba s@l‘muhgeﬁ(ﬁate meo f"ptc@aﬁeﬁ lwﬁlgat RO arﬂtgrmnggomb(ﬂlgd mﬁi thE ﬂﬁermng
nperature control device alters the ter]rlg(gral L ﬂ(q)ttb
compopigt PR PRt T COTD G REPTOFE (R AR T HE AURPLE A o o B i becomes
mobiletopinpwbit birite moffile pler, thepeimpanhe@mie defositedie the Pt]bstraﬁm dagired pattern. The
temper@i 8the pRfkterdi3 |c§nﬂ01ﬂ1\d %mtér&lrinow 1M khel 8% rage tdwtﬁﬂe bi tﬂd’bnﬁféﬁh&fnﬁdf the tip.

a S%ngtg% aslggrp of the Bréag%e%?%g% rg]vgde a}melfixé)(fé g) aosmn% Iﬁuk?tl % p?&emmtg cotnpounds,

The meshnd cmleeeprmlm ac AP aPte Scammrﬂtbh BiCIerORediP Afatg Witipet least two patterning
compoGABRRHIACH ih&r differeB AL fem}ﬂre&d’ﬂesiel’k@co&iﬂb e ﬁ}fﬂ\t{l& thefcbtipound with the highest

meltln% ﬁgfe?art@et 1%!1‘. e temgga%gp?ttﬂe ggttgﬂnﬁlg co&;@f@&%&’ bé aﬁcr@i tg ﬁfo@ qm§ fBose

econes

ot GGG RN BB e O HeEBT Pt oo
a substialfe idcoies witletbk padrtirgrcompoilile t enperature of the

patterning conpound is altered nore than the average

t enperature of Anot her

aspect of the ?g%gﬁfggéﬁr{g@ :e%r?%}%‘&l gSéSD nmet hod for

deposre fonglemnpteplmoe offlegtinvertiog. yig b@:@#}iﬁ@ﬁé@i by Tifeenasse the fpllowing.
Descrift@0Bf theREmpl Eabbdkhddg 2l tEelhbxsinpaniify ddhg@ Scanni ng probe

m CEr10§ gel%n%tlca l}pllhglga%:ts gl?ap%&l?rﬁgm#‘?%}l two pat terni ng 15

erent nelti ng}e
? ﬁwsfeél@somémgdata egatingfhe deppattienobOfg e 2 REMUBrmpound

vvi tHig. 8 krewdv mjbregdph nEIPAI wilfer cptpped adingrtePN 4t digrent Fingeratures.

t erm%ela bW EiQbn iRE PRt staﬁ{;lmhe\gmﬁﬁgnounds may be altered

to all ow oply. those

e e L

ex Ciie d edwe aomifyeerapl pioding @"@Dbﬁmﬁeabist@%t rate in cont act

Wit ¥ BewPahitedHh BOinGRMRAMAGitted bydDBRI EF DESCRI PTI ON OF

THE DRAW NGS A nore conpl ete appr eci ation of the

invention wll be readily obtained reference to the

fol | owi ng DescYPRSIOR FW@)@E&W di ments and

t heala6 @R ARARBYh Rigelgisamdedtls DPFirdjuired a @aEn Sristrs @attahsfer ink from an AFM
tip to a s};].Jfal&c' 'it El%tbeeeﬁ stB30n 919 ‘&Q‘gélt & OCQLII‘ uﬁdlgrq(eﬂcrwr%ﬁl%ﬁs%eth': 4 Qlﬂedz‘d?r deposition.”

sonetr at a re ardin ep03|t|on
RecenBAOTAl (5 SRR b « ST P Do PR L B G S o “vet
For exfhple, Wpbsitieshoudd e ossible & high iemppraniBPi e atbogtitiefoeiiigrpbint of water) and, thus,

tempeltaﬁfm&ﬁ(ﬁ:;eu{e@§ corﬁbl@epoﬁtloﬁhom a frl Ctl on i rrage of the
sarrp € S hows ree

Wi tTP lpgl\\llmgt%% enliag% thhtl%ﬁl%&)H Ay, Wﬁ(é cfag Flﬁfyﬁ)équlsue control over
viritindh dbdsition LGS Wmed e affahd thideppsitien rath el Pregdsing prntags fwithythe
surfacé | %&n@}f thgm-ﬁlséﬁﬂhhv% tRMaR YovJerErRﬂce frdbities 6nc® BWS ard so are able to achieve

hlghe E%\ l l nes OF I ndi.um V1\1/{‘)‘9cE)ntta%{l]nap }ﬂle su?tp ace. 91115 aﬁows in situ

conﬁrma’aon of the dep051ted pattern w1thout fear of contamination, Finally, tDPN expands the range of useable
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Al though it has been wi dely assuned that DPN requires
a water neniscus to transfer ink froman AFMtip to a
wabase17 it has been shown that transfer can PCDUS2005/015966

under xeric conditions, a method called "dry

deposition."” Recent studies of dry deposition have |ed

to a nunber of insights into how DPN can be extended

beyond "wet" inks. 5 For exanple, deposition should be
inkst possi bl e at high tenperatures (i.e., above the boiling

POi i ok tﬁlzeéﬁgmmg MQHDESW Gl téﬁ@é{hﬂesb @atldSRAE compounds

with h%gl?l ggg{ng t%l%lgfam%gﬁnfrﬂ{y Vﬁ %fw \XE{? preslsl.tres al}d(ilf : %e b%)rac‘: ﬁﬂw yrthan ¢ompounds with
low meljigp terarictatures Obbis chpkactonstiq helpg firpif thegamogé gfd@pc{n}g@ﬁi nmaﬁejﬁ 1ttpéss1ble to perform
the mdthé R0 aQ0m Mclo@kd and the deposition rate changed

WI t ou

e %(esen mVCIEIOP] £ 8rci:nqarr]1 cte\(M ﬂllgnﬁalﬂ co%tyorl Ing&g dep g‘l%fl) 511‘?(1 aysubstrate ofa

use ave Surt ace m) ties
paﬂer@mcemw@q AP S ETHREREPEKEPe4E T ETE 9| a&ﬁ%ﬂrfm deposition
indep& et dfdilne frd 5@ h&pbsiltmﬁ] to bd éppell Fhis inveauipn ngy wilitchcaanigeodbe ticpscope tips
used ,HB i g)ctale el lpaél 1t§mlt: Ree §1H¥o§@§eQAFﬁmp§ néﬂ % e@i’!@anﬁﬂg o%hJaHmcroscope

rnatlon e deposited E bE E} wod with
o, BORSHPEHEE PBTE=% VS ISR B BHFaE L 8 CPOHEr P b cosed v
a patitrgepdompiunkasd is Tévirglabiein fhod dimaysiont withirgeectio splespratg. ﬁ“@e invention also has a

meand ORGP ES te}?ﬂaérinurmf e Jﬁ@ﬂnﬁlﬁ %ﬁp&uﬁ@@ﬁﬁe&ﬁ) B i@ SentlyR@ L lo® 8 bA}@ming

ounds w th .es
compﬂlg% trlarg{}q]ow%%xblpmg? lg éosrrgglées Og% énogl[rptge J)a&err m§ Co! }m% V\i% ‘%6 transfer from the
tip to the Pt AE Wil thepulstrig- AEifstrmehile ipppap aqnippyd is demﬁltsd e xact oder of he
steps GRWA A6t éthotid nGt 2P 1dnf; Mitlley ekl iDLt of(pﬁttelhlng etlipbigd etk substrate.
e (le %he aat‘te%m%%&n% 1§1d Engy l%%gritagljéc{% Ehg &bgﬁ% BQ’QC (l)rrelfte@ aﬁéﬁxfglﬁlsl g}nperature A

Forexg invention is primarily directed
desico gt @RS creyte%lzyrﬁom h HeprthetdepssP B B gl sy be ised i PN o
a plurSliﬂﬂOﬁ‘@)irﬂfeB:pofeacH cqaadi wighraniestrefl rpod@eorchourdoay chsednif gulgiple tips are used,

one 0?19& s 09y lgtrcgapeq with &ff&&%ge%%lﬁgl chponni@ r mal C ontrol all OWS
ositi1on. i ndependent .of on
to B p&sﬁg a em tte gﬁ?}’é"r‘?t‘r} 68 r?lte dnn?o f?ﬂain the 96 era%?re g’f thé: envu"onment

I ze
This a1 Ob€ SIICIROBGOpEaréss hemaeneenscele- oTﬂFF @n‘s'@’ave@t P%@P FRdeTs to the greater
volun% WE Elise@& 1Rhi@ Epmihd e ti; But it 66:015 &0 PRndlAEVhd] atcérf)@ses BiaRiid. f HoBdxanple, if

the t1p is %@1@ ose &OSD 1%1 eg glamber glr 911%90%91@1}1 ¥e!feps§0 the ?“}l@l@ ‘3&&1@& tl'l:e g;ﬂ I;}?tllé cﬁgnber If the

evi ¢
tip is F’ipffe‘i RéF a@sspb% &b F”é“‘@fm%@feﬁg" b v Vi e PR tnérV?ﬁuH@ there is
consiGEd e Rl chanpel toi tis: aCat EBpetaal o the envikdamee Th: REPEsAtONS thapdtttming
comp{nglﬁ Egﬁ’etredtngre%aﬁ Hl%% &Qénﬁmm-lﬁﬁﬁto 'almé@g}tfis%olﬁg tPhe tﬂ%mﬁg BERAABR to stop
or altering the tenperature of the patterning
the WiHlpound on the tip sufficiently to allow the
pat Be riahgig teompeeird ottt itkoa fhs firt thie erfignofithd myerbinteation gan be used to start
or sto 'dép@mﬁo%ﬁﬁ)ut‘ﬂéh‘fp hh&ing Hﬁﬁea]p@)ﬁtﬁcﬁ Gl ROk SRA TR E}Qmﬂ)IS enﬁbﬁﬁﬁent of tDPN

ut111z¢§ @ﬁ%}%l?xg?ogrggxflasrv%{hngl}grz e el I ntg)grﬁtﬁrg abover&g‘%c cql éener&ﬁ\f{ Jl@use mote slowly
than dd@xp@8dstwertl lowmelnmramatuas, denal toér IEtSS’rﬂaan@ﬁ °@p SOVt sa#{@ﬂ diffgsivithiingits the spread
or blge‘%ﬁng’oglerj tﬁe Rk are Frid lb\%@{he difSivieD B @S fhbﬁ&fcrﬁ &Sl il ’cf)PI"il In basic Dip-

Pen Rc&]ﬁ%ér%)hy IWEO%EJ e?-{a% If;c%xﬁﬂa np&%ﬁg%ﬁ%pw th 18 u gsue%ze rf ncet i a'lsa n}eans lower
diffusiviit orstbdtiptas melepriwefting te pafterifigt compozpd feops fhgmg {13 IDPN, diffusivty on the tp i
contr&féﬁrﬂpffe@ﬁlﬁﬁl@paﬁﬁmﬂgeoﬁnﬁ(ﬁﬁh fat th@Eddd NBYis Bl Ridid Gledihg. If the bulk of the

air wai,t? atﬁgt cht the l})ageamrrgagr{elpﬁgﬁt hthr te S&e%l%‘ vg t ancbl'lee?ttthe Qubsifaf Vllhr}(g Imgy cause
the pattemping e egletdten e st ih%fdmli%ﬁufeé’f e W@er@w&@eﬂ%ﬂ may be
altere@B¥re Ban SR ckhe dubstriit) |Hehting Be bulS thaiLmdy3Belcausd El@wed EookiAg ofthe ink on the

upr%mgluﬂﬂxwgg%ﬁgg&%g with different patterning

ings e te erature of the patterni ng conpound

is éﬁowﬁreﬂ SRAST SRRt ef RePRTTE g CUPauTE PO figsubstrate i desired, the
folloveify/dx i Alp s/ for BiRi. SThis enamplé efat entodiaenpofjiaitN reevisiss forheating or cooling the

features on the nanoneter scale. 'The "environnment" of
the tiptefers to the greater volune of gases or liquid
around the tip, but not nmerely the imrediately
adj acent gases or liquid. For exanple, if the tipis
in a closed ~gas- fllled chanber the enV|ronnent

Y N a » Y a1 I
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consi dered to be no change to the average tenperature
of the environnent. The tenperature of the patterning
w@owposn2d7 i s altered nore than that of the envP@DDA®NE015966

to allow for fast cooling of the patterning conpound

to stop the witing. By changing the tenperature of

the ink on the tip this version of the present

i nvention can be used to start or stop ink deposition
substiiie bhiOuiinstoReit il g e Witgigattro alsirtieakore hadeastitionnfitta patigming compound when
ﬂmnégﬁugggtw&pﬁmg%@ﬁple enbodi mnent of tDPN utilizes

patternin ounds with hi er

P2 SRR 4 L DR TR TR 1 s
compepdpevirrdsataivhen if lew thferlaletaleﬁg tip rptilaetlieas or bauhenths P%ﬁtﬁmmg
compb @8 & hteal%ﬁ’o ot Aave 1&@1\Mﬁ$gltélﬁ1ﬁﬁﬁlred’lﬁ) fiheSieltddipyttelningtdn®oinB @ free to flow onto
the suﬁﬂ&a u ¢ VI eithog n?q %gy ?gw%tg &{;os%g}leof Eglpcﬁfeg tﬁatt fre nc;[ l31§b11e Qtvx\ﬁ{n ténl;bgrature or

e pattern created

about2BONput #lgp aﬁ‘a‘gsl cennd 9 e Pisrt w@eﬁ&ef thdsaelgh e strerts dpmperature above T,
the gibdd@ R defoiRSn r@E. , Whe@ We SdttrhiBf@mpliuhd ikl Mebtbd/or haited to a temperature less than
T Snde: OB%QREQ§|nce it al so neans | ower dlfoSIVIty on

fﬁ? f s well, preventing the patternin

f r ofen$ ?Wlﬁl@(ﬁ of tHP}II Eﬁmuseaf @pd}everf,wgﬁntfgxlaé %tremﬁtlvia geaters to deposit an ink
that iCQRY 4t 04°CeThelRyntiRed by g ntalref pal he®misRgh eQm@Umndak], caensd) or a
combgllgt?()&n ogt? a%ﬂ\tel ﬂ"\'ﬁ,le Ié%lst% Lﬁhﬂ}%@a&"‘a&ﬁ ﬁglg th@ ltqﬁ %q{ cgrglievér tna}dg%emgned to

were heate atternln%
Drovig i TP AR IPHNY BRI SHPRORS R P Al gpopha: The astiler
may IRUbb8ddaed epstant eaging pavyr, causeeviignglattngpaveng icherpoisedf feging power.

Desup(l c?lfﬁgesqy &L hetatlﬂ@ a&bﬁﬂé @)ﬁ]@&nts Iﬂkﬁ%a&hﬁ@er E}?H@%E ﬁteféﬁ @y c@gngﬁl@tﬁe design of
patterni n

the cath]éveg L%)gf/ Hﬁ)g’g] appé}{i{uwétlh%e ? T<h°8”f l{l(gcantllever produce(’fl {or tgefrmomechamcal
data taags by tb¢ I@Me%un cloRpkdarelyLayf Thityrentileg weyfatiipdeditha St@éeiﬁllw?rr@-mde
cantile¥tr SbrRWioh Hﬂ’oEkssO;ﬂ‘d h&fa tiVbrl its 181l endNGIMR VeRTus ofichirvaYfi Akt 100 nanometers. The

cantiIS\%trblfm ag Er%l?lme } a¥ou9 ‘855] gjhg)%%&?{ aml Qo ggBQM ng raQ%/ £SF1 tt) I@(?microseconds

eS Ire ow ng
The carfi@ever CWE'O*@&W ia sh?ft pyliss @%%‘fﬁ]@?ﬁs“@f'e ]{C@W\FIWHW a&@gtemperanne
sensd‘r Qﬁhbhﬁ@htdf Ehg caﬂﬁle&ptgﬂaﬂeﬁguetr&ﬁﬁéébsﬁhgsﬁfc% 1°@s

lsscg f guskrs!ltglﬂg af grlat%{ of %k%mvenat{natrl rl@ éonémsda coalm%ﬁg and is placed

ther terning co
in copiprepitly ﬁebstratﬁq én ineTgOHPED Boyp 10 P SLASSHesE 0. Tho drawing is ot t
scale 2B AMAOTiP I acRiaDNBuCH bEAlla SCBPEo the @StilEEchag d)dﬂmftaﬁﬂ Ahehittng BieabniHq is attached

to the%arq h %grQE gogﬂeg%n%fthe%p ?@Q}t \!V;Jy%y aerEsmtu;EQﬁmQ@SOt Q‘BJHHGQS it gﬁ‘r@lq passing

I't" 1S on the cantilever ti
vonghy SR B OB BB T TPna oG ifa‘fStﬁé? i °ﬁ§a“§’8ﬁgpc8‘a?ﬁ’a“d on the
substtag. heated to or above its nelting tenperature (Tm the

I’TE | tﬁgcaﬁtﬂgvtelenram&gatéam thhﬁéiyli)}%spfh&&eacﬁi i), McPRE Grdfl€molecule that
trate. This t he de

self- slcm J nétg ﬁlr)réoéay?r?_]chtrrngrnée(%iaﬁs ochth a8 stt)a,lr%ss 3 efl ar% alu ntu.m,h'p o%}l ox1d%s such as TiO,
and A940; aBRAIt T280IEut 99t1E is atlsspited For BHRY 2ttt rsoﬂell toveZRE arlevléunalee thermal
rangéMil th@ bhteRY re@Re HRROBhd ead 1o céliery roe@tne is by B@pdkA51D eﬁlaﬁ,wbe

t he |on o
accomis]ieg P%f“ﬁé‘ea&‘gﬁwﬁB Etldngla cBIEta%lg%g e 0 d?g éFA’% o1 Oa ht\é%)?ate set atel 10°C. The
cap of eerpeiibdiion @al e et gplackdfor #pout @natp@geswt@ntlmyler@@@@med aQypeut 35°C.

From%mﬁggo% daﬁfshwa“’ 1é 8, it i@ omsitu Bk pﬁEeerQ@BJsitsl tfe‘&faﬁ&%qﬁNafeJﬁ of two
i nt eg rated reS|st&ve ‘heaters to deposit an ink that is

“mmﬁﬁTW8m§F“2§%?“$ﬁ “®Bntilever may be made of many
At ebérsuisbicrtaraingoapduids indie afhich eopld bayises forgpnoggale soldering. The

meth6OFPI Migd ﬂa@e@n ﬁﬁcngﬂaﬁ)rg'iﬁeﬂlﬁeculksf alfoaﬁg foﬁcﬁllle&twkdé %aﬁiﬂhaﬁullb H3JThe deposited
urs, a c ntileyver nmay be

compalérgilcahfglaiwatgm arte ot\o/ dlaect Of JF]ucI?dte t£e ? ? Eﬁ\{%\l\s into the

pat tNanp fllffg.‘ﬁlé m@gm@mgwnqs ﬁ@t et efgr@) deg‘aqiwqh@f polymers, inorganic polymers,
low TSRS bulidc 8, or difRicGdREulds @MEe udell o IRy Ahtﬁoublﬁtﬂd d2fbndehice@n T,, has been noted
abovg oa1r11 Sntlo ec&le H&%}l(ie%gesg@r tion Hokn i x?:g" bile tro lmgﬁl'e\c{saar fXﬂcp& ﬂ%ﬁﬁe}aﬂﬂ may be used.

over, I'n short pJIses 0 %eatlng power . Desired

changes in the heating and cooling constants of the

cantilever tip may be altered by changi ng the design

of the cantilever. One version of the tDPN apparat us

ut|I|zes a S|I|con AFM cantllever produced for
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cantil ever fabrication process, and has a tip on its
distal end wwth a radius of curvature of about 100
wmavens2eT S. The cantil ever has a heating ti nePOf/UsI»02/015966
1 to 20 m croseconds and a Xooling tine in the range
of 1 to 50 m croseconds. The cantil ever can approach
700C in short pul ses and, because' the resistive
heati ng el enentis also a tenperature sensor,
For'intabe Drdaisitiomiaf 4 sviieo'e Bdvid ok Ban@reryttd mpebeatificient foedpoitiere orifigm highly
v1scou99q?ﬁﬁ|op RssltPleds v9Gus 1fghid.- ’Ih% s@b%@%} beQ:@-LrJyl{lzé Lﬂaﬂés&ﬁﬁ&x%ﬁthatthﬁybe

modlﬁﬁg %rg%&ﬁggoclg{ntgoglg%tlo E%/?\?l € a ) aglc furtlac,p tstﬁlc ltE;aaé{(arl]l% eaémgcglme?t ogtDPN utilizes
freshlyt-¢iiased evrod P prbsitate. t he ti p 10 is for msd on a cantilever
40. Bedibs ik AMbdRGistive hbuddrs, 4n) mSMadh candiiFbcidnbi@alied R ténSperature of the patterning

compoan& onﬂ} t%) ﬂ%}%h thse r[:@n'n ox%{d t§ @angéon égm %&o‘n‘ﬂﬁo ﬁtﬂg {nL}ﬁo\é %{?d %oh@BN One

exampé’edﬁctopqngwilly %1?‘\%]5 :or cl%ggﬁl gﬁggtquéez?r:esgtl\%Ganhlﬁgprs\,,\)é}g}ch&fwe a0 internal
electrib#8$ teSdtik ¢ €le@dne i Rl IB6.if blked acursnffivisitly high obdge Angth¢r@siinple would be a
remotpﬁéédnﬂgnénb Qrfélég 'é]oul:cl::] ﬁla&:@lﬂ{ ﬁe a@&ﬁgfto é‘ipabﬁ oJUaﬂi oliﬁle palﬁaﬁﬁé cGlgpound the

, causin i on
i ot E B S ST D TE SR E G e ey e
into the pattraioe whrtjoudoh de 6 YAphodptioh: cammd ajoye GRR)be a wiviogihpricated gntenna on
the caM vt Bk hhEantBoe kbterdial e Si6d 1£t0 the ﬁ;ﬁd?bdn&l@vef 19, RRIROdoAMRES with

W B T T
tempegipeof th® POEmIng cuarbtnds Yictceding fdﬁrmetltW kesp ihe mpttePping comgpoyyes] ffozen or
Hnmoﬁig ng@de%%Qtuﬁ@Qto Ve Elmbtﬁtetlmsn%ch Sudhatbolih @dkgRnt®fould B€a thermionic cooler or

utilize t}hetPel er e% eCt. 'Eheesse c§o lln%e e Qgtg}ngyrh?ﬁlgér%temgfg%to tﬁe%tantﬁéa‘ 0 é) dovgie for

1 on acco
depositipy cépatthemg.cwgmandg @Ptmoplri Peire Wkt roéFpoebwthéPSm Ry & B&aﬁm‘éleg element,
a volafilg pdérniEE Aorfdurid nla@ be iflnakhikze G @i thedip udtil PEsitiod 13 @esEAPOmE the R@perature of .
the paﬁe%l{%tchljnk)aﬂlh ﬁgché/s o@éxc%@ylts tTh %E})ogt%n og:grls aﬁ%gctfof? j‘;&lltl‘?tpé%ul;s‘rra’i"’ngxeven‘rs

def. mai ntai ned at about

subsequen) PR ofatioa Py tf‘eﬂﬁﬁfi‘i’ﬁ?gr%‘?mﬁ’é{’f‘la shown in Fig. 2, it | s

K noswexbivak shibpdinep oo ®EY mapbeadélrodio tsatd tee- mglsiowqmmmsewause tDPN.
allowf paﬁet’l\ﬁlgctgl:ﬁpcluﬁ& ?ﬂlﬁ@t@w ‘tﬁ)ﬁﬂlﬁ&ﬁcﬁﬁos@) oﬁ t}fé BinBledehfd tip, P pattermng compound may
e A PELESLEURS EETRRURE AL AT ) S
thickness githef bayl sqasmipgiantl deppsiting PRY?IPI e ovey F}g aame érefmslbéhqﬂlf@éhe tip statiopary in the
plane 8f theQMpg arddQlowRirdi @Gt avbattbrBing@APduATE dposng. The deposi t ed
co np #1%9 ?x%ggn Ergbromn@nt%% fﬂ)\ﬁdeg R Qe#n&sﬁlﬁé ;Qﬁerﬁlré%l)rﬁr%m 11¥ zngcuum

gr owt ostruct ures. ferent patternin
enclosgts BT 8! ttlmfeswv@a%@foéﬂlépﬂaw%ﬁfnh@m@ e ey g posiole o
place thg) Clﬁngﬁmnﬁle@oinyllm-mgh vicoim (DHY). bt sekteraing compaupisyouldjevaporate too quickly and

WouldQ:()IgMage tﬂpé aGH l ﬁ?‘enﬂ@&fm@@of Wb{'lﬂestﬂ@:ﬂ}l)bleél bS/ HQ)%Q thta Eh@ of high T,
dependen \dlag%Tnhas bgen not ed abo

n
v b e
patterging agmietuing prillgémairequytietia fong enoyeh {o b patierarddnivibs FWfP@nTlfeﬁWﬁamre ramping
of the %atteﬁing &%ﬁlnd 6l ccﬁﬁol lidpQditiod ny t}i&éf&l: ber{EeM iBra&iuh EhcBbued) A ddifhally, due to

the br?a%Qange oyé)at[étmng Icom g] !ﬁalt ol ‘ge VI S 1t is agslg Bc%mﬁ% to g&%&%@h@ in a liquid-

cous &7 su stra € ny size
filled et pagfitled gRcloftt er | aI that may be nodi f i ed by apatterning
C ONMp&has edafiplp Bgbstidentaf tOPE Bllo@s Stith @&E®Ritied df tdlkiplé @iterfdiprompounds from
the sa%%(%mg !)reingmgepg Ltte E&E led} (lAI l§ Z@é) vfexfe%&% Xnt&\!ll@lﬂ:“ﬁ?gder of their

a as a su Besi des | ht'egrated resist
meltingdeapttaTes Jit/C FPE%‘H%‘h% PR EoR o ST To{ ST Tl Dol {ih may o deposited
by kedp@B e fvatkiigeen@bratida @clpati(BY. Similglycionpotemitds @mpdund At angB tnay be deposited
at wo@n% g}%etrg]t@reﬁgﬂ'ﬁl &)t 21 Me@ﬁ%} te |dc%@sn£cf a@mn%)em hloGe ”fm@?) The patterning

com s G4V S 8 B1 <O R SEOh Y S Py o omperats nd
facilitgte evziegosgios t Thissanaeanibpdimapiqonld bagiaddortith breayray Gtips Hlteesropggr more of the tips in
electrically resistive elenment that will heat if
bi ased at a sufficiently high voltage. Another exanple
woul d be a renote el ectromagneti c energy source that
could be attuned to an absorption band of the
patternlng conpound the t|p onto mhlch t he conpound

e o o Y




10

15

20

25

30

35

40

into the patterning conmpound on the tip. An absorber
in the exanpl e above could be a mcro-fabricated
w@nicens21on the cantil ever, or any an absor benPCT/US2005/015966

material integrated into the tip or cantilever. Al so,

used in conjunction with patterning conmpounds with

melting tenperatures equal to or bel ow 25C, cooling

el enents may be used to alter the tenperature of the
the angiedpld PRidrtg o nyea hiifferbhettgwad domgouedsenent woul d keep

t hetiR a&kleﬁlﬁbhtrbgtmm% Qa'erﬁlrogﬁﬁcﬁlmt‘féﬁ fok ﬁm@séd%adéﬁt)ﬂlclanon Large arrays of
heater cergf%\?clrstrﬁag ge ptin aa(%ekc)lttu§ c 3 l’\lzvl% etnrm?‘g tﬁan 13 oﬁef' }s ancﬂhus {caslon L élmgs could bhe

Thermoni ¢ ¢ er or
slievpibe s e B ThFFE eenirelhonidgliasy dspasitiensof priife kreiety of solid inks that were
previoudlf i@gteaiitéto OPN. €ot: hlytaﬂcéltn@tats BEappragitaie nRMEY terhRrafife®bould B fa@dmed with
this te%ﬂ&s&r@a'u%l nQJomE}é}t stcﬁg Q!)l %%Qw%beE%%tmemo%cges %’letDﬁQcan be solid at

. af | deposi t asl c ing a coo
25°C, éls%’ﬂlé HT Possabl%lr“a% wp @ulblaxef BYlficompoRBHRItE Fray mhree- diensional
nanostrue®@hi [ 1 zed on the tip until deposition is desired.
Once the tenperature of the patterning conmpound
reaches or _exceeds its Tm deposition occurs and
r eact P8 APt e g Plrdns ﬁ’faw’émr%glgea fpaligitptsspecific applications of the
inventipy.gPoseapcribrexefils he nodhttrdedtb Hgit the srpmofde inventiodxdesmibkdin this application.
enbodi nent of tDPN nay be utilized to create
t hr ee- di nensi onal struct ur§s Fecause tDPN. allows a
patterni ng conpound' s fl uidi o0 be enhanced nostly
on Pipesition af O Acvdsr AEMdipscogied Vath PEAtrethahanper dowmbolshele. mayrastered over
four, 0@ nddGRetr igRad rei@db blh fnic@fibshP@ Br 2FONALAE 1ikdks bdd schk) 6 for a total scan time of 256

s. For%%§x}u£ Qtth% e ggyr%e oﬁ‘&é’ éégtglé‘{’:ér as %Qrg sgi )E)n%ll bel;(!:elen;mﬁ'“&%Assl meanl temperature.

esire ness sca
When éhs &Bg?f‘tuﬂrﬁbf the &g wasieldibelap OPHY dim etﬂweat% frer ﬁ?éﬁ 19 patiyyped squares were
obserB@| Rilsiﬂgthﬁ ﬁt&erﬁﬂelﬁtuﬁet t&98°QHﬁ£ry)PlAr§ Ttnl'}@sulﬁyd an@thEpoEdﬁi% IR rﬂ&a@e height of

« this ar%%s Mv&%cﬁ Lll%Ltli]}gless tchan oqualI'tEn el[en imt og 4 E}H g? yaﬁ._rjl\#c%ust delpcautl ion was

ﬁnaﬂny%?rl WH@;&TMWI CYFG D BEETE évﬁsnfrﬂwg tqzléﬁ‘ﬁoqmangu apyquare vﬁmm a height of 2.5 nm,
indica@R &} mthhﬁxolaﬁe eSS en afFigl Hernnesessamy fr}éﬁﬂnaﬁldgl: |s]§oyvn QlfFlgt Heonfirms OPA

deposﬂé)t tl" ilﬂld[ﬁ? chpﬂpcg %)g)gég egmétlp 1 g%ﬁxfa?%roup Whlclh woul? {educe ii;llctmﬁrelatlve to

posSSsI ace coate ever 1nu
the bayg 2 e iﬁuﬂmhangTWeﬂlﬁWéwfeﬁvgd LohplotH s @m@vmr% Beht
depositient e éilcad fetrich UahHyClas@aiattalind & QilitadGolSWSk@Red AMN22°C reduced friction
«uch &Redi ment of tDPN obviates this problem by all ow ng

the use of hjigh Tm patterni ng conmpounds, which

confS sk ﬁ??sywmwd [ RHRRERYRY uoR E%l%*@r deposttiqtgantinpsgldr a iagyeipr the
heatinprugens wiasetopredi . § Hatvs thive liypa tvtitn via P NCART Gl ipl sedibehtally traced three

vemcaﬁ mfoﬂ A aﬂléa@ Thé BankiB8 wRHSHARn @ ha@ ﬁ@@&pgs 'ietaflﬁle ORLO adbbiion
er

te rat u In a
e e o e e
ona SIM?H grefaes é dat storred erplipations hgd den slomra kol by highlyilecatizd pdaethdsipeaidully
complét@iA € ra6de of PELHiQHSHcoHgs. GRAPE WD) %ménh)ﬁktoﬂﬁy"o@ﬁvﬁds%&dpe|Cﬁnt1levers for

Combx%nQP Tll\xlena r%ﬁc}raﬁlaa?ﬁlgnganﬁﬁh%ael eaochn r%g{’rrgz? B})etraﬁcr%o {Oﬁrnal of Mlcroechtromechamcal

e er ex
Systenéﬁ%d 1-hierfe 2459) Thamsear VEH dlff?s% frenge Yeipremtsetedrp fong ot o in that the i is
coatedIith the frkt@mifidotneiund Nl iCtHaTHe ivd Subftrat Iﬁhstahlﬁtclﬁlam thirimal corfd@dtivity than Si.
The prles@rﬁ E)@Q‘ﬁr%nts hof not ﬁ&% vﬁ@&gr%{emkqgn Qﬁn og éheth% thegéubggate is

re coated onto the tip in or er o elr

PR APUPEY QPO FRRTFHGE tife crth&&meear&tantwel@swéﬂ tpiprpseconds for
the cargifgebr, 0 AnaSErnd)fer thenfpC) 10 nbrveondufst theinkyaud ~DEnaghepass btk heated
region QMhJ‘S@@@dtJ‘ Chls! s MR A ges1t31§1m§tr1@ﬁly§u§strg§Lrgl\%gl-%ea)mtmg and that deposition

tternin ounsAan B may be

would § oﬂéﬁé‘él?{‘ B ‘ff“%?“%ﬁ?f&“?gﬁ‘ﬂg]ﬁﬁ? YL B S eyl slefion ofthe
substragetppagegial pyghendinserde p B¢ veitd sratds taiipainatthetRRN wijotoe ifterh¢)00 kHz range
demondthRd Paie 4Q1 Mirfgappiibgacinds nust b e chosen carefully to

avoi d sol vation effects that could ower their nmelting

tenperatures and facilitate co-deposition. This sane

enbodi ment could be used with an array of tips, where

one or nore of the tips inthe array c uld patterning

conpounds The devel oprrent of tDPN opens several

Y R T o
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achi eved over wafer-scale areas. Thermal control
shoul d al |l ow deposition of a wide variety of solid
WO pos/0sd2at wer e previously inaccessi bl e to DPNPCHUS2005/015966
i nstance, netals of appropriate nelting tenperatures
could be patterned with this technique, creating a
nanoneter scale "soldering iron." Finally because the
nol ecul es in tDPN can be solid at 25C, it should be
P O Stk tered o Figt thalal the potewtidl tbd sayi@panfigiimpiovigOihip bthegrphy method. First, the
lme—wﬁﬁt(ftl@%@tﬁ atth@If ﬁgxgﬁﬁrﬁ)f Lrodd Schdl) ﬁﬁmghﬂ%ﬁﬁﬁm @§lstem is only 98 nanometers across,
i nv

which fs 8?11%2%‘};1%8 Ehggél 1Hsp(1f %S ne%f tgle s '[156? ~900 ters om a tIi]eated cantilevers

ar e rate sp e
with tiggspkrietthen 2 rpgorgsferstige by fﬁvie%fect Hhich %eele n%eeuawplﬁmfe i%fﬁ‘b‘l 343 nm.
Advanée 8 tif nsthubtiof 0@l mérerotk hilfivl. debieassia apewitth b fa@rdertf @rdnin@A Second,

althou@%%!kl sb ?edﬁ?l[}le/ c&ic?wﬁpcgc!h atﬁa?én{ %{t] hneElﬁégB lnﬁapi'rre%‘%ﬁdngé iPfhe Q‘fldth The

coate manner
indepegise P B TRID FBP S STl “6%’? P FEAeT0eH i e of et
not difSijbladt e D4 moifleOfolibwing WipoditiaL T8 rsptoeofaDPNis iz o to L@ Bentional DPN,
where E.ut:xjgﬁﬁg tmceé’lob%qa%eratgtré meIQz{ses @otthq{leaiep(ﬁlﬁanatte Erﬂ%e Q&bse%@gt s&eadﬁg bf the

squar e e ratur antil ever was
pattern Cﬁteedé)é %%ce d#ii‘uﬂcgtt Pip tglé é]]mﬁ% .t%lalﬁglp?f eﬁlépresumably having larger halos
of contapimpien. Afhus; lecal dpfrehovewatipewidballay frstaleryitiqnhygestapdhaisatiyes) Gareful

engme%& Ot R leSer -Em an@dugshrﬁg shé\ia 215)(; tOPN ﬁtmﬁ%@t\nd@ @ spall 4580 Rabineters. In
Rai sing the t at ur

e e B S RS ol B B B TR AN g
featureg yrel| ﬁ&glepwevsghltoweg remteémaslea%%oatt@ t1PSnm vvhl chis

slightly less than one-half the height of a full

nonol ayer. Robust depositiggn ywas finally seen when the

cantil ever tenperature was raised to 122CB creati {r)}g a

S QUPBIBBPODH P S P et et agler bHHTE A0 (e Polime
was pay(3- dddécylmph}heaWDT) asenghraiwnting polfangg useBil fof grgenic FETs. The tip was heated to
~200°€ Q{dgr%{?frgégﬂ b id tn[nllaﬁ&ﬂ) Ofhe hﬂ@%&hen%a&m frb orFe'eQetroﬂe to.the other for 2 minutes:

| on. A to mca
The de@?(sﬁ?ﬂiélé%w"é ?PE’?%\/‘P “?(go ‘}e an ﬁrbeta a’\}\gb%élﬁl Wos™d reduce
friction relative to the bare m ca surface. No change
in friction was observed feimdidee | ower cantilever

te r@e{poseg:mliI (I;Iﬁﬁduhr;l- h?or ltﬂe 9e|3§1r og %Qr%g'clalte Im?c[a ct]saog ﬂ@ﬁqu?t r&gﬂ %gﬁ to make modern

nonol ayer
el PRPIBH 1 RO SO BEIF PO TRICHS Y PR miot o ow meling
point Al 0 W glinnbe POt t HiO N siptvaer eiek df A 8tdinds amieasd tip spppdef 3 pny's. Bach line
was fr gr@etd '65'&11% G% p%age!’r%ceg)%?ﬁlé ﬁ%}%gtu{g%b @Itettep%o ﬂfeg: Hltted Q 85°C and 135°C do

eating current was stop shows three |ines
not sheyy, the fagling piottomped Wi &vpieen t‘tﬂé6tq i fie ths Preling tprapegayre of the indium,
156.64CN rRAIY L bt akht lzvhsﬂ@i&crfam?ic ,Rihizh BRicE ﬂﬁre t?_ehﬁaltlﬁ@féﬁlpelreaﬁﬁff indium, and
irst, upper left i ne. Thus,
demon\é\@%es mg'ts{ %omg%lna ﬂnﬁ%gl er?hgr roughly 2 minutes after the
cantllever heati ng was stopped. Modification of
ul t otaiotisy, Man Gbdifi@tiont @y eistiena oftheyirdsent drenswirafegomeible @rlight of the above
teachi @t 1@1 ﬁlgrgf&@ e ﬁxﬁ%tb&l%a’t tm@@@m@:ﬁtﬁ)ﬂ nﬁ?ﬂé"fﬂicﬂc@d &ﬁnﬂéc%ﬁ 3 specifically
I zed near the tip and ly conplete in the range
““MB? 1-10 mi croseconds. (Klng et al., Design of Atomc
Force M croscope Cantil evers for Conbi ned
Ther nonechani cal Witing and Thermal Reading in Array
Operation, Journal of M croel ectronechani cal Systens,
Vol . 11, No. 6, 2002) The present systemdiffers from
the systempresented in King et al. in that the tipis
coated with the patterning conpound and in that the
m ca substrate has a nmuch [ ower thermal conductivity
than Si. The present experinents do not indicate
whet her the ink remains hot on the tip or whether the
substrate is significantly heated by the tip;
al t hough, a sinple scaling of the cooling tine
constants yields ~10 m croseconds for the cantilever,
~100 nanoseconds fox the tip, -10 nanoseconds for the
i nk, and -10 nanoseconds for the heated region of the
substrate. Thus it is Ileer that resi dual heat in

" I T .._l_.__.__l " I T T




woul d cease quickly on substrates with greater thernal
conductivity, such as Si or a netal. Careful selection

w@booblss2substrate material and engi neering o fPETES2005/015966

wite speeds could reduce the tDPN wite tine into the
100 kHz range denonstrated in the data storage
application. TW' featife's O Fig:"5

Teve' arthe' poteritial for significantly inproving

this
i thography nethod. First, the line-width (full wd

hi
th

What iediaihalid maxi mum of cross section) in this

10.

11.

non-optim zed systemis only 98 nanoneters across,

whi ch is conparable to the radius of curvature of the

t iApherbaintrol- dpP@atiyaerapnieiter s (from a SEM) . Heat ed

C 3 Bthinkn® yﬁﬁeﬁm&ﬂ)&dﬁe Il}i dasubs bakipeloattVan a2 _Qasiﬂ&fa PEIRIN@IE Sonipayhd; and

b%tef aetr){nirg al eogdevi\cl:\éhh %Qlﬁv%?rgonq&ke to'ﬁ%rtik,sw cpe’int&tprg e}éﬁ?crc rgl%l device alters

sABIMPEE" S5™nH A(R/anc_sm I'p constructio shoufl .

t her ef e Emperargngf the préerpiasomPIup By ibe VEragserapRraie qiipe environment

of magedteigle. Second, al though the ink is presumably

cooler with each subsequent line, there is no

appreci abl e change in line-width. The independence of

| ThrepRerags B clgin b epsd the terprereiys Gepiraldevipg qauses theratsRripgeAmyognd to

mai nl y wadt@mbeivee doppilddaemsbhiar pness of the tip, not

di ffusion of the OPA nol ecul es foll ow ng deposition.

This aspect of tDPNis in contrast to conventi onal

DBk 2rgirds &f etk easi ng t he gl obal tenperature increases

bot h t herdiejropiitin ogrs-fiddehambral abdhe subsequent spreadi ng

of t hewﬁ)e?crﬂ thd thnge @M= € 6htrbiMievdd hifAGR téfﬂ;fefa\?h&j dPlhe pﬁe@ﬁ%&ompound more

heat i ng the%eb% Ieadts totulrarf%er atterns presuma 'y

havi ng | ar g8t 14l GE° SPPESH AR Hati"onS This, | ocal

control over heating will allow fast deposition rates

ang: S ofgatures. Careful engineering of the

cantileyver,. tip,. and. substrate should.allow tDPN to

wite Pe3 lIiuﬂ[rwet? lgafépo%%ﬁﬂ eaénéle%fi@ﬁs Eeéérfé? der s. In the . _

pr esenthdrgipnbyierrsiitue septel defice piire e dimmerfukeo! G patterning compound more - -

cont am nat | B twereagobapFaachf ths tttenasmbghads ar ound

deposited features or “fill-in" patterns follow ng

repeated imaging with coated tips. Exanple 2 ,
RRePads Af G bbyrein the topneraiiEzsonisledy e urligie g &perature of the patteming

conduc tdmpounp abry rhed thdxetnse ey ofd wisstistoshes whidivee gpitdryrpepmpyas may be

pol y(3aéggsq%c_:yl t hi ophene) (PDDT), a sem conducti ng

pol ymer "useful for organic FETs. The tip was heated to

~200C under nitrogen (to avoid oxidation). The tip

- Wasapbdren oftrém h evtlerfir hetempyatues contiolrdodiee 4ltgrs thia emptritere offagybstrate in

2 m NUt&aet il Be SHRRAS boBFbuhd. N€ Was 20 nmt hick and 150

nm wi de and spaned an 800 nm w de gap. Exanple 3

Deposition of Indium For the repair of nanoscal e

ciTheapparatns of claghh 1, vheeipthoratimisgesmpeseids peirdpryipbosphonie roif-

circuitry, it is inportant to be able to wite small,

O ek M S 5010 RPLAR) O

shows a series of 3 mMfmlines witten at a tip speed of

3 1 HhaBatus EAGlN |, i@&eiﬂf@ﬁ;ﬁf Gl &_ﬁxdiisﬁﬂ- _eﬁdi oﬂ?_ﬁmﬁléveﬁmd thd#mperature

trace/retraces y the. 0si.ting.ti top two

li nes \‘i\?n%r?lt% i %ta P’é@&“ﬁlﬁ‘a‘g%i%t@ t%roag%o t(p%l?l‘g\r/l\fﬁevtehe f ai nt

line at bottomleft was witten at 1 56C which is

C |Tq63§%%ztra@us t)hﬁhlirﬁrﬁ |\x1hcj:r5lﬂt*131§ PRl b sl eddv@a éablévdiBng th; tgréperature

156.6C.__ T ine at.battomright s witten at 1 :

whi ch fosfm\r’}gfvlme%ée\sfgw %'aemeflrtellllt?%r a%g mtto\ggn%gr%@ vﬁltr' e of indium

and denonstrates robust deposition at this

t empHbaduid ofolaikD Whebis thy tempobiftye coR@i dei-1cads b @bte Al@romagnetic energy

vari at iscgﬁg_ of the present invention are possible in

light of the above teachings. It is therefore to be

understood that the clained invention may be practiced

ot herwi se than as specifically described. What is

clainmed is: 1. A thermal control apparatus conprising:



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

a scanni ng probe mcroscope tip capable of being
coated with a t | east one patterning conpound; and a

wao eovpesatur e control device, operatively conneRCBUS1005/015966

the tip, -wherein the tenpeérature control device

alters the tenperature of the patterning conpound nore
than the average tenperature of the environnment of the
tip. 2. The apparatus of claim1l, wherein the

t aigebatiiibehodhit' vighidevenee cbatvsemeticlogrgy adutrerinatinged to an absorption
CONMPOURGa b@netphiRRslk bdn@Bunlet ween i mmobil e and nobile 3.

The apparatus of claiml, wherein the tipis in a
gas-filled chanber; and wherein the tenperature

C Oh¢ gpodrati efclage 1 1atvhegsinghetripeote ckeptypep guptigereray ouTprds attuned to the absorption
pat t er pisAgrw@ppound nore than the average tenperature

of the gas in tbhie chanber. 4. The apparatus of claim

1, wherein the tip is exposed to the anbi ent

atTrowphrtys ef clagm b, wWregnetharemdipeelepteormpaaptistenfray s@uPpRip iuneddatheabsorption
al t er s binh 6r ah RUIPBY BhHW Rer@ifvely toeneprad tb 86 ). N conpound nore
than the average tenperature of the anbi ent

at nosphere. 5. The apparatus of claim 1, wherein the

t Sipwpattygriclén hrheatin tetd ipkrmgsd ereydista] gd ofagspiivat i e spperature

t he patdn@sinivitg is@ osaapcheBiRint M Rantiler. t enper at ure of a
substrate onto which the patterning conpound may be
deposited. 6. The apparatus of claim1l, wherein the

t hpeopaEt cEldn it Fhreinds sogias deneptulizesthe Felfffpeiedt ure of a
substrate in contact wth the patterning conpound. 7.

T . i y ' ni ng

c o R o o e ppar at us

of claim1, wherein the patterning conmpound is

10x aspaiaasaptol thdttiod hpdpasigsiclaang. 9. The appar at us of

cl @l Mnda sigrein the tip is formed on a distal end of

a cantrl ever and the te%r ture.control device idS, a

pi FEY B R PR RO PUTERPC FRTPEY AR BH°T AP FRE"ESEM T ever .

.- 1ContiFtig tmppamag crspofnd pitstheputsiatggher ein the tip is

f QkBE OBmR RSl AL pAREindomPoufBB bd th 8N @ he PAtE iR ompound to transition:
tenperature. c%gﬁerao(lm(gbﬁe\:(i ce is a resistive el enent
integrated I Nto the cantilever. 11. The apparatus of

cl ai m Mhergiibt Enperafuref the paYerpiag Qrervendliers] meefieg G pgrage temperature
renot e el echiit@ragbaicdniof @ag:; g source. 12. renote

el . i .o\ i . ,
o o e s i desed
appar at#§™of claim 11, wherein the renote

el ectromagnetic energy source is attuned to the

abﬁx@ &E}ﬁdd‘aﬂn Qﬁﬁl%,%er&iﬁ‘ e fubddate ilﬁﬁcalﬁﬂheﬂﬂ%ﬁﬁé Mﬁlp%d glaim

11, mherggn hhqﬂrenote el ectromagneti c energy source

i s att OREEYPEPRE Bsor ption band of an absorber that

is operatively connected to the tip. 15. The apparat us

Of 716 hngthddadlin cIMAGE Ginbeih BEpditbrhind SmpRAd - 1RbcEnyUiriSHoftkosiBid]
of a cantilever and the tenperature

The method of claim 18, wherein acts of contacting the patterning compound with the substrate, altering the

temperature of the patterning compound, and allowing a desired amount of patterning compound

to transfer to the substrate are performed in a vacuum enclosure.

The method of claim 18, wherein acts of contacting the patterning compouind with the substrate, altering the
temperature of the paiterning compound, and allowing a desired amount of patterning cormpound

to transfer to the substrate are performed in liquid filled enclosure.



control device is a cooling elenent built into the
cantilever. 16. The apparatus of claim 15, wherein the

weombiohg1el enent utilizes the Peltier effect. BRFI/UIINE5/015966

23.
24,
25.
26.

27.

28.
29.

- and al |,oy.0g, alcﬂsgasrdeg ?@a{zﬁly gznnmgﬁlz SLOLOG: SOURALRd

30.

31

32.

apparatus of claim15 wherddn the cooling elenent is a
therm onic cooler. 18. A deposition control nethod
conprising the acts of: providing a substrate;

provi ding a scanni ng probe m croscope tip coated with
atThi-eéBdd 6t phatvhaddinicin of coarpair dattcining ouparod witigthd shies trate, altering the

tpat ter Qflin[ﬂgat&@ m%ﬁ‘thﬂgtc@anﬁ@ aﬁdgﬂsﬁﬁé\atcﬁsue@aln{oﬁl{t bi{@ttethi8g compound
enper a

terni yng so as to al | ow
the patt %apsﬁeirf?dhe s‘rllbsmgeuaﬁ el‘trmm a asni{dl o%dlgst Ween i mmobi | e
and nobi | e; vvherel n the tenperature of the patterning
C OfFP QA of Sairhd, GheRkh DY Rerditd 3Bmo iR bRV RGE e bRARRIBJ A aBout 25°C.
of the environment of the ti p; and allow ng a desired
anmount of the nobile patterning conpound to transfer t
0 Thheetadly&dlaim i % wherirthdmtmirggoqmtiddpsp meltife terfHyeatuppadstehgn or equal to
as in ¢laimd8, wherein the substrate is mca, and the
patterning conpound i s octadecyl phosphonic acid. 20.
The nethod as in claim 18, wherein the patterning
C OTtp octhd of Gaird 08, wivckicteangl of blieiighipltapegint efite patRiing Fiyg>ound comprises
met hod aﬁénng&@tkrﬁﬁcga%:e O‘Mﬂ@ uSdtrtke AR % isQf o tvchd rﬁgent.u&%ompound
patterning conpound with the substrate, altering the
tenperature of the patterning conmpound, and allow ng a
d B metthdafivaim 18, pherqiathe atof ltvanedisiqoertere efgheprtgrén eymptognd comprises
t he subgtueak s «Rkent m%@ﬁdﬁﬁﬁ’e grcﬁlp aonMs%ﬁgJM AhieRELiStllEhent & resistive

The nmethod o cls,.0 ntacting the
patter nlﬂrr?ﬁmé%decgﬂ?} s %nﬁrg}fsﬁléméau s Ta ée Il?terl ng the
tenperature of the patterning conmpound, and allow ng a

d efe k8o ddNTHA 1 8, Ok thdd AnilpBYini IRGt GLUNPALE VL tat@erriy @6Hoid td Build up on the

“the SUbSbttra §°a‘%r%‘1‘ {ngrmed inliquidfilled

encl osure. ffddm 18; hefe a"te of
contacting the patterning conpound with the substrate,
al TR kretB@l of hiem bE pLdidthe e Blfowin B Pattrhiey doinpyndto hyilo uindy the substrate. -

to transfer to the substrate are perf orrredlnagas
filled enclosure. 24. The nethod of claim 18, wherein
t NEhe pathdder ¢14in g8, ebaghotiedt di sl wang e bdtternige dompquet tabuild ep on the substrate - -

ab ? ;'It 2t(5 Qﬂes&@ thlclygﬁ 15%&:'?)9 golrglt tﬁél tlﬁ %tmogagy in \M@ﬁﬁﬂ% |of]thé shl%trate while
patternin

paL o L SRS N B LA SIREL Al LR
18, whekmsikdt he act of altering the tenperature of the
patterning corrpound corrpri ses altering the tenperature
gng{eg}%tﬁ?sd%g a&xg% wherc tIh%af of ﬁ%%di}ﬁggatsgaggltlgga?oﬁ)e JiWuc}opc:op%gigcomprises providing
wher ei rﬁplurﬁétyaf:ttps @P‘eﬁwbéhqpﬁ‘&ﬂ!’ﬁéo@e%er ature of the
patterning conpound corrprl ses the use of an el enent

S le el thd off crlagrliln 1§ r\]v ergr[ oﬁgr%}%hlgg a scr:]ag.rlmg)g Cpro%e Bjcr%gcg}gequ Lo%gﬂnxéf% providing

resi’stive trona
e n e r g y @Mltyéf tipgrigergat éeé% rie gy s Eaterpif 2 diffeppnt P?‘f?é“%‘i“fﬂj’&nd
of claim18, further conprising the act of allow ng
the patterning conpound to build up on the




33.

34.

substrate to a desired thickness. 29. The nethod of
claim 28, wherein the act of allow ng the patterning

w@oevposn2d7 t o build up o n the substrate to a deGI/DEI05/015966

t hi ckness i s done by repeatliédly scanni ng the sanme area

of the substrate. 30. The nethod of claim 28, wherein

the act of allowi ng the patterning conpound to build

up o n the substrate to a desired thickness is done by
halugithgst dedstippndtoapitonag yonippmnistremybiagige f of he
syBskihAlGoi; | € i ncreasing the distance between the
PRl bR B 0 L ) BB 8 e ai
t he acmeltyfe tymmeretives hgpagersesramioneyls FroperoHinesibI ks pldhel pptine
CONPI i &RSerdAlrd WitBlihe G tt@nify coiiygbhudiiyviigfthethighst i0Ab @fipatntrdforming the
t he pa&g%n%hng conpound. 32. The nethod of claim 18,

wher ei n YR %pt of providing a scanni ng probe
niceniaering dp ertteipe CHRPRG Clhe S8/ i ng a plurality of

t lalpSing tihefieragie of tba@tentup@orbiomuds ® acto alto@dt lpdstdne ¢ the patterning

di fferent DAl SHHERYEQIRAWEEL 2R Bnobfl; a”  PM ti pl
nufprVVpatternlngﬁconpounds conprijsin th agt% ofh red
BRI AT 2EPHESE FrafraRile BERIPRTCAE R ' E4Ri hg® Priopem e fesre

m crosexwpe; tip coated with at | east two patterning
CONMPOURHSeNAKI ek petofin ceipbundBh Hobe@nstieKBBIeAtukts &8 reachfi®r excceeded
patterning COEF%HQdS orm ng coatings in order of

their neltifig"tenperatures with the patterning

conmpound havi ng the highest nelting tenperature

f afdrhdd Bih:ﬁmt 33 'ﬁﬁere&(ﬂﬁta&t BproviidR b aﬁlﬁﬂn@ grobeli@cradpt 8 ddptges providing
conpoun th.the su I . al erature

of theag%%@%?%?%ﬁm%gﬁgggﬁﬁ§W§%£%§£%%ggﬁpﬁﬁﬁggpIeast

one of the patterning conpounds to transition between

i mobi | e and nobile; and allowi ng a desired anmount of

the nobile patterning conpound to transfer to the
substrate in a desired pattern; wherein only those
patterni ng conpounds whose transition tenperatures are
reached or exceeded are deposited. 34. The net hod of

cl aim 33, wherein the act of providing a scanning

probe m croscope tip conprises providing a plurality

of tips coated with at [east two desired patterning
conpounds.



