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conventi ondl |RATERNING SYSFEMFQR SAMEY printing is one nethod for
creating sub-lithographic features on sem conductor devices. The
t echni que creates sel f-assenbl ed nmonol ayers' (SAMs) on specific sites

on a surface of a substrate of the sermucdeatierpdevice. In a
conventional. process, a master nold with topographical features is
prepar ed -by phot ol Ehegimsstnet g inycatien ity te seyaigppdurtor fabreation gnd, more

Referring to RpGifchly, @meiRER aStRplahdh Syskihn RR Batinifle a substrate.
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BACKGROUND
As the deveiopment of nanoscale semiconductor devices and systems increase,
new processes and materials are needed to fabricate such semiconductor devices and
components. While feature sizes on the semiconductor devices are decreasing, the cost of

20  lithographic tools is increasing exponentially. Further reductions in feature size are often
restricted by the lower limit of dimensions that can be achieved using lithographic
methods. Semiconductor devices having features of about 60 nanometers (nm) or less,
which are referred to herein as “sub-lithographic™ features, are difficult to produce using
conventional Iithography.

25 Microcontact printing is one ﬁaethod for creating sub-lithographic features on
semiconductor devices. The technique creates self-assembled monolayers (SAMs) on
specific sites on a surface of a substrate of the semiconductor device. In a conventional
process, a master mold with topographical features is prepared by photolithography or
electron (e-beam) lithography. Referring to FIG. 1A, a stamp substrate 10 having a

30 resist 12 thereon creates a pattern on a surface of the stamp substrate 10. An elastomer
casing 14, conventionally formed from polydimethylsiloxane, is deposited over the stamp
substrate 10 and resist 12, and cured. The stamp substrate 10 and resist 12 are separated
from the cured elastomer casing 14 to form a soft stamp 14" with topographical features.
(FIGs. 1B and 1C) The soft stamp 14' includes a pattern that corresponds to the pattern in



30 resist 12 thereon creates a pattern on a surface of the stanp
substrate 10. An el astonmer casing 14, conventionally formed from
pol ydi met hWOsi008st843@, i s deposited over the stanp substBGHES20@/069E0
resist 12, and cured. The stanp substrate 10 and resist 12 are
separated fromthe cured el astomer casing 1410 forma soft stanp 14
wi th topographical features. (FIGs. 1B af- 1C) The soft stanp 14
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sub-1ithographic_features on_ sem conductor devices are desired, as
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FIG. IA51 Cr : t:] L3 M f RAR: i :
vari ous s{sag(ca}gag@%é? g%?liﬁgg’tli gﬂﬁg%%gﬁ%ﬁg&ts%t%%ﬁfg‘%i onaﬁ%gfr oonpnic

t echni ques; Tfeatures @) Egnicopd@etor deyicesare deripnslsassecitinamsddr aphieving sinea sof t
stanp during mcrocontact printing according to conventional process
t echni ques; FIG 2 is a flowchart of an enbodi nent of
fabricating and using a st argRIGF DHMCRIPEIOMOF IDRASNINGS; 25FIG 3 is a

cross-sectional vi enbaodi nent of a sta of the present
i nvention with aan?(\r%v’ ?Ir}é'f] erbraf%fm%sﬁg {08 BEF 0?8 S(?iﬁ‘%mg? g‘fﬂ?g various staggs@el 4
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conpl ex accordi ng i((t? ' iﬁ elrg_bodi rre_ntct.of t h(‘aN pr es%g% i nyention; FIGs.
5-18 are cross-s&CtY onal WV RTRSSFCUeRY SHvTRAR bYW HHPE SBHFRNiFCes or
printing according to conventional process techniques;
FIG. 2 is a flow chart of an embodiment of fabricating and using a stamp of the
present invention;
25 FIG. 3 is a cross-sectional vicw of an embodiment of a stamp of the present
invention with an ink material chemisorbed to the stamp;
FIG. 4 is a cross-sectional view of a stamp-ink material-receptor substrate complex
according 10 an embodiment of the present invention;
FIGs, 5 — 13 are cross-sectional views of embodiments of stamp structures or
30 intermediate stamp structures of the present invention during various stages of fabrication;
FIG. 19 is a cross-sectional view of an embodiment of a stamp of the present

invention including self-assembled block copolymer domains; and’



30i nternmedi ate stanp structures of the present invention during

vari ous stages of fabrication; FIG 19 is a cross-sectional view of
an enbodi n®ix2008/138038t anp of the present invention incl uRGCTGS2008/060520
sel f -assenbl ed bl ock copol yner domains; and - 3 - Ms. 20A, 20B
and 20C are cross-sectional views of an enbodi nent of a receptor
substrate including self-assenbl ed nonol-&ers thereon. MODES FOR
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and the ink 25material are capable of chem cally bondin The
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di fferenti at i Bowevehi chddrasettiof neteadls mepberised hs the receptor substrate, such as any
clectrically conductive, electrically nonconductive, or electrically semiconductive material
forming a solid phase at room temperature, as long as the recepior substrate and the ink
25  material are capable of chemically bonding.

The stamping surface includes at Jeast a first region having chemical affinity for
the ink material. Other regions of the stamping surface may lack chemical affinity for the
ink material or may have a different chemical affinity for the ink material, such as
substantially less chemical affinity. The region of chemical affinity provides the stamping

30  surface with at least one region of chemical differentiation, which has difterent chemnical
propertics than the other regions of the stamping surface. The region of chemical
differentiation enables the stamping surface to chemically react with at least a portion of

the ink material. The region of chemical differentiation may be formed by depositing a



properties than the other regions of the stanping surface. The region
of chem cal differentiation enables the stanping surface to

cheni cal | yWMO248%/130#32h at | east a portion of the ink nmatBET/H$2008UG0520
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of chem cal diré fiec:getihakinon 52 on the stanping surface. The ink
R AR M AT R LS T —
-9 - affinity between the stamping surface and the ink material is less than the chemical
affinity between the ink material and the receptor substrate. The ink material may be any
material to be deposited on the receptor substrate and capable of forming a pattern, such as
a SAM, on the receptor substrate. By way of non-limiting example, the ink material may
30 beasmall molecule with the ability to function as a SAM. The ink material may include
at least one functional group that chemicaily reacts with the region of chemical
differentiation 52 on the stamping surface. The ink material may aiso include at least one

functional group that chemically reacts with the receptor substrate. The ink material may



be nono-functional, bi-functional or nore. In one enbodi nent, the ink
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hydr oxymet hangzubdanth@ecde. &5 why & nby AmiRKlk 4, G s@fifafbd or unsaturated, linear
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non-limiting example, the ink material may be 2-aminoethanethiol, aminothiophenol,

25  cysteine, homocysteine, leucinethiol, 2-butylaminoethanethiol, 2-
cyclohexylaminoethanethiol, a mercapto alcohol, e.g., 2- mercaptoethanol (HS-
CH,CH,OH) or 4-mercapto-1-butanol, acetylenic thiol, an aliphatic or aromatic thiol,
lactic acid, hydroxybutyric acid, hydroxyisocaproic acid, hydroxyisophthallic acid, 8-
hydroxy-7-iodo-5-quinolinesulfonic acid, hydroxymandelic acid, hydroxymethanesulfinic

30 acid, a hydroxybenzoic acid, hydroxynapthalenesulfonic acid, hydroxypentadecanoic acid,

hydroxyundecanoic acid, an acetylentc carboxylate or sulfonate, e.g., propiolic acid, 4-

butynoic acid, or 3-pentynoic acid, or combinations thereof.
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st anpi ng surface by any conveni ent non- |
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stamp 300 having chemisorbed ink material (I-X-Y) on the regions of chemical

25  differentiation 52. Thus, the ink material is only in contact with the regions of chemical
differentiation 32.
The stamping surface may be wetted with the ink material under conditions which
enable the ink material to react chemically with the regions of chemical differentiation 52.
The ink material may be coated onto the stamping surface by any convenient method. By
30  way of non-limiting example, the ink material may be directly contacted with the
stamping surface or the ink matertal may be absorbed onto a piece of paper and the
stamnping surface may be pressed against the piece of paper. Altemately, a cotton swab or

the like may be used to transfer ink material to the stamping surface. Ink material may be



rapidly transferred to the stanping surface. For exanple, contacting
the stanping surface with ink material for a period of tine of

appr oxi mat B102088/13¢03800 seconds is sufficient to enabl e RCEUS2AM8/060520
material to chemisorb to the region of chemical differentiation 52.
However, contact may be maintained for substantially I|onger periods
of time to ensure Sthat the ink material-feacts with the region of
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25 differentiation that are distinct from the regions of chemical differentiation 52 that bind to

the first ink material.

As indicated at 1050 of FIG. 2 and illustrated in FIG. 4, the stamp 300 having the
ink material chemisorbed to the region of chemical differentiation 52 is brought into
contact with the receptor substrate 200, forming a stamping surface~-ink material-receptor

30 substrate complex 400, As described in detail below, the receptor substrate 200 may,
optionally, include an additional material layer thereon to improve wettability of the
receptor substrate. Upon contact, the Y portion of the ink material may form a chemical

bond with the receptor substrate 200. The bonds between the ink material and the receptor



substrate 200 nay be covalent, ionic or polar bonds. The chem cal
bonds between the stanping surface and the ink material may have a
weaker bonWO20033t3A t han t hose between the i nk nateri aPCTAGIR0Q8KNE0520
receptor substrate 200. The stanp 300 may be contacted with the
receptor substrate 200 under appropriate conditions to transfer the
ink material 5 fromthe stanping surface8-o desired regions on the

receptor subsgiakfe 3Hd0nay HaGota ?égg%n?éd% %Iﬁbﬁﬂd@%ﬁéﬂﬁsmﬁﬂ{?h@ beHe%HP-f e®r
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material. The stanping surface and the receptor surface 200 may
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400 may be exposed condi tions |ch e or disrupt .the
20chen cal at TPy Bapanats R pabpmmetar Behdhife ol o ebisis S
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affinity between the ink material and the rec Qr, substrate 200 nmay
be substantl\;ﬁa ¢s 10 AIPYRsEY e thsyeqepter ﬁmtqgagﬁggﬁ’?ﬁfé"ﬁﬁﬁ% BPGeen t he

stanp 300 5andpitaginicAk HERtaRpindlsuffRY -BR niled AMeskpiod SR Yomfe r@ﬁgmyﬁﬁaﬁt

el ectrochem caIIy, or hy exposure tq a polar, protic solvent. By way
of non-1im tiAGAPPIRIEARY & 10 340 reipwes g eranls | S HirHes ey de pdegpaniarat i on

52 include g%gro%ntéch’gl%tm EJQHQPIUIS% ?1@%1%331‘ SLIvERRioh A& cfind ™ 300 and
the ink material m eave ermal 'y, oxidatively, or

el ectrocheni cal | yAs Iﬂfdlcaf?d\nélﬂéﬂ of Fi§e 2rtheytamping urfile ink gedterial-receptor
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stanp 300 an5 e i nk” nmat er sure
protic sdlverhemiddlaffimgydcmrbodie neitns of dhembvel cbtfaﬂqmangn Sorf theﬁampmg udes
t opogr aphi cal u;f%%tagé £ ink matenlgﬂ while the chemical affinity between the ink material and the
receptor substrate 200 may be substantially unaffected by the conditions. The bonds
between the stamp 300 and the ink material may be cleaved thermally, oxidatively,
clectrochemically, or by exposure to a polar, protic solvent. By way of non-limiting
25 example, if the regions of chemical differentiation 52 include gold or thiol groups, the
bonds between the stamp 300 and the ink material may be cleaved thermally, oxidatively,
or electrochemically. 1f, however, the regions of chemical differentiation 52 include
acid/base groups, the bonds between the stamp 300 and the ink material may be cleaved
by exposure to a polar, protic solvent.
30 In one embodiment, if the stamping surface includes topographical features, which
correspond to the regions of chemical differentiation 52, an aqueous solution is introduced
into channels between the topographical features to cleave the bonds between the

stamp 300 and the ink material. By way of non-limiting example, referring to FIG. 4, the



correspond to the regions of chem cal differentiation 52, an aqueous
solution is introduced into channel s between the topographical

f eat ures twWOCI0e8A3&032 he bonds between the stanp 300 and REREUS2A8/060520
material. By way of non-limting exanple, referring to FIG 4, the -
9 - aqueous solution may be introduced into voids 130" to break the
bonds between the ink material and the st%np 300. In another
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disrupting the ink miaterial/receptor substrate bonds. Other methods of cleaving the gold-

25  thiol bond inclide thermal cleavage and electrochemical cleavage.

By way of non-limiting example, if the stamp 300 has regions of chemical
differentiation 52 that include thiol functional groups (e.g.,
mercaptopropyl(trialkoxy)silanes), the disulfide bonds between the stamp 300 and the ink
material may be cleaved by reductive conditions including (1) exposure to metallic zinc;

30 (2) electrochemical reduction or (3) exposure to other thiols (e.g., thiol-disulfide
rearrangement discussed herein). Dithiothreitol is a particularly usetul reagent for

reducing disulfides to thiols in this manner.



rearrangenent discussed herein). Dithiothreitol is a particularly
useful reagent for reducing disulfides to thiols in this manner. WO
2008/ 13103MRCIr8/82@®8/ 060520 - 10 - By way of nonPCT/Hb20084a$0520
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Table I: Matcrials for the Regions of Chemical Differentiation, Inks, and Receptor

Substrates
Regions of
Chemical Ink Material Receptor Substrate
Differentiation _
Gold 2-aminoethanethiol, aminothiophenol, 8i0, grafted with a
cysteine, homocysteine, leucinethiol, glycidoxypropyl(trialkoxy)silane

2-butylaminoethanethiol, or
2-cyclohexylaminoethanethiol
Gold To forn urea linkers: Si0,grafted with an
2-aminoethanethiol, aminothiophenol, 'isocyanatopropyl(triatkoxy)silane
cysteine, homocysteine, leucinethiol,
2-butylaminoecthanethiol, or
2-cyclohexylaminoethanethiol

to form urethane linkers:

any mercapto alcohol, e.g. 2-
mercaptoethanol (HS-CH,CH,0H) or 4-
mercapto-1-butanol

Gold Any acctylenic thiol Si0, grafted with 6-azidosulfonyl-
hexyl(tricthoxy)silane or 8i02
grafted with 11-bromoundecyl
(triethoxy) silane and further

- reacted with sodium azide
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Thiol Group | Any aliphatic or aromatic thiol 810, grafted with 6-azidosulfonyi-

hexyl(triethoxy)silane or Si02
“grafted with I 1-bromoundecyl
(triethoxy) silane and further
reactéd with sodium azide
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Amine Group
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10

Although Table 1 identifies certain ink materials having orthogonal reactivity,
many functional groups in the ink materials are suitable for use with materials with which
they are not categorized in Table 1. Any and al) such combinations are within the scope
of the present invention. The ink material/stamping surface and ink material/receptor
substrate combination may be selected based on conventional understanding of chemical
interactions and bond strengths. The stamp 300 may be formed by any conventional
method that produces the desired pattern on-the stamping surface, which pattern mirrors
the pattern to be formed on the receptor substrate 200. The pattern on the stamping
surface 1s defined by the regions of chemical differentiation 52, which have chemical
affinity for the ink material. By way of non-limiting example, the paitern on the

stamp 300 may be formed by conventional techniques, such as by using a mold or by
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Any al i phat i Ceh@hicar Rty f6r thdinRmaterial. By way of non-limiting example, the film 70 may
be formed from gold, an inorganic material, such as silicon dioxide, or a block copolymer,

10 A resist layer 180 may be deposited over the film 70 and patterned by conventional
photolithographic or e-bearn lithographic techniques, forming openings 72. Photoresist
materials, e-beam resist materials and lithographic techniques are well known in the art
and, therefore, forming the pattern in the resist layer 180 is not discussed in detail herein.
The resist material may be a positive or negative resist and may be an organic or an

15 inorganic material including, but not limited to, polystyrene based resists,
poly(meth)acrylate based resists, silsesquioxane materials (“SSQ”) and combinations
thereof. The resist layer 180 may be formed over the film 70 bya conventional coating
technique including, but not limited to, dip coating, bar coating, spin coating, roll coating,
spray coating, and flow coating depending on the material used in the resist Jayer 180.

20  The pattem in the resist layer 180 may be transferred to the film 70 using resist layer 180
as a mask, as known in the art. As shown in FIG. 6, the film 70 may be etched to produce
the stamping surface 70' on the stamp substrate 50. While the stamp 300 is illustrated in
FIG: 6 as including topographical features, the stamp 300 may be substantially planar. If
the material used as film 70 has affinity for the ink material, such as gold, the stamping

25  surface 70' may correspond to regions of chemical differentiation 52. However, if the
material used as film 70 does not have affinity for the ink material; the stamping
surface 70' may be modified to include a layer of gold or to include functional groups,
such as thiol or amine groups, that have affinity for the ink material. The modified
stamping surface 70' may correspond to the regions of chemical differentiation 52. By

30  way of non-limiting example, if silicon dioxide or block copolymers are used as the
material of film 70, the film 70 may be modified with a layer of gold or with thiol-or

amine groups to provide the regions of chemical differentiation 52,
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chermical d1fferent:anon 52 may enable complete or qubstantlally complete patterns of mk
matenal to be formed on the receptor substrate 200 such that a better transfer of the ink
material to the receptor substrate 200 may occur relative to the stamps that do not form
complete SAMs.

20 In another embodiment, the film 70 is formed from an inorganic material
inchuding, or modified to include, exposed thiol or amine functional groups thereon. By
way of non-limiting example, the film 70 may be formed from silicon dioxide and coated
with a mercaptopropyl(trialkoxy)silane compound (e.g., CAS Nos. 14814-09-6, 4420-
74-0, available from Gelest Inc., Morrisville, PA}. The coating of the

25  mercaptopropyl(trialkoxy)silanc compound may provide exposed thiol groups on the
stamp 300, which correspond to the regions of chemical differentiation 52. To form such
a stamping surface, a silicon dioxide film may be deposited on the stamp substrate 50 and
patterned by conventional techniques to form topographic features. In other words, silicon
dioxide may be the material used for film 70. By way of non-limiting example, the silicon

30  oxide film may be patterned by (1) conventional photolithography (i.e., down to 60 nm) of
photoresist followed by dry etch; (2) e-beam lithography (down to ~30 nm) of e-beam
resist followed by drv etch; (3) graphoepitaxial self-assembly of a block copolymer and

removal of one domain to form an etch mask followed by dry etch as further described
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structure of goheethylmethacrylate, polysryrene—polyxsoprene (PS—b PI), polystyrene-b-lactic acid, or

polyethyleneoxide-polymethyimethacrylate. As described in detail below, the block

copolymer may be a diblock copolymer. However, block copolymers having three (a

30  triblock copolymer) or more (a multiblock copolymer) blocks may aiso be used.
Examples of triblock copolymers include, but are not limited to, poly(styrene-block
methyl methacrylate-block-ethylene oxide) and block copolymers having three or more

blocks selected from the following: polystyrene, polymethylmethacrylate,
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pol yet hyl ene- pol yi net hyl nmet hacryl a

pol ynet hyl matizdr art apmicdtsl tytbmfywecd’ rtlgﬁi staw, substrate 50 by any suitable means. Any
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copol ymerd$ | rieuercabstigie S04s vot Hoeted orpny pertiewar Bl st yr ene- bl ock net hyl
methacty! at e bl 0CyeiRler BboR¥ichky BEREPRINCRAN ABRI:S: 08Bk it AP
or nore bl ocks selecte rom’the fol ng: polystyrene,
pol ynet hyl nettecdwigyésandyding, for example, deposition methods, coating methods, transfer
methods, and/or other available application methods. The diblock copolymer may be
applied by spin coating, dip coating, spray coating, and combinations thereof. In such
30 methads, the diblock copolymer may be dissoived, dispersed, or suspended in a medium
{e.g., asolvent). The solution, dispersion, or suspension may be deposited on the stamp

substrate 50, and the medium may be optionally removed {e.g., through evaporation at
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acid, polyvinylpyridine, and conbi nations thereof In one enbodinent,

t he bl ock WépWP8/1#e432i s a di bl ock copol ymer. Di bl ock cop®fT/ue0es/a¢es20 be
symmetric (L e., the volune fraction of the first block is
substantially 5 the same as the volume fraction of the second bl ock)
or asymretric (i e , the volume fraction 19f the first block is

subst anti al | yarfibitfiter eetatddianperdi@e vaat armntie ol iedivedpreine) GRG0
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P ed Co arsssaittlomsfts rdibE Lpd e SRS s BhnsBee) A fenstgpe
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i ncl udi ng, r exa osit t s,, coati ng. net hqds r.ans
s hods. and 6 SRR e SRR RS BEGb Sl SUR Sl SRS Copiadbies icb Bigeton
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and conbi nations thereof In such 30 nethods e di bl ock copol yne
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solvent). The sol @ekat,o tS“FRP@rﬁb%ﬂp@&bs%{%@@%ﬁh&f‘dM){stg AeRISLd&g on

the stanp substrate 50,” and t he ned I um may be ‘optional 'y renoved
(e.g., thr ougs[qrfwggg&}rraqpp@ﬁp @ph black of the diblock copolymer. As such, no block of the

block copolymer preferentially wets the surface of the stamp substrate 50. The stamp
substrate 50 may be formed from one of the materials previously described. While the
25  stamp substrate 50 is depicted as being substantially planar, the stamp substrate 50 may be
pattermned prior to deposition of the diblock copolymer. For example, the stamp
subsirate 50 may include trenches that serve as guides for the formation of self-assembled
block copolymers therein. The trenches may be formed using conventional lithographic
techniques or using block copolymers, as described in detail herein. In one embodiment,
30  the stamp substrate 30 is chemically pattemed to include a series of chemical regions of
about the same size of each block in the block copolymer, which serve as guides for the
formation of the self-assembled block copolymers therein, A symmetric diblock

copolymer may be deposited on the stamp substrate 50, forming film 70", Ifthe stamp
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usi ng bl ock copol yners, asS descr In detail herein. |

enbodi merd0, 3¢ fiblogk petpmenuhatipan erdsrd demnaipdiyioginiprstarsen ndigionsions.
block i nt he. Dieaeg “nAHY bR pdud vaRekh bBGYRRRR ikl To T on
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way of non-limiting example, the diblock polymer may be thenmally annealed by heating
25  the diblock copolymer to a temperature of from about 0° C to about 250° C for up to about
24 hours or fonger, preferably under a vacuum or inert atinosphere. Solvent annealing
may inchide exposing the diblock copolymer to a solvent until the diblock copolymer
swells. At least a portion of the solvent may then be removed, such as through
evaporation.
30 As shown in FIG. 10, each block of the diblock copolymer in the film 70" may
self-assemble into a domain during the anneal. Symmetric diblock copolymers self-

assemble into lameilar structures in which altemating lamellae each represent a domain

including one block of the diblock copolymer. A distance between the middle of a first
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material |ayer 60 may be formed between the stanp substrate 50 and
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A di stance bendksergoidbhichistrapgorgming §roypso provigy the regions of chemical

differentiation 52.
Alternatively, lamellae 120 maybe removed to create a pattern on the stamp 300",
25  asshown in F1G. 11. To remove the lamellae 120, lamellae 110 may be cross-linked, for
example, by exposure to radiation, e.g., ultraviolet (UV) radiation. Cross-linked lamellae
may have, for example, improved mechanical properties and lower susceptibility to
removal during further processing. In some embodiments, the block of the block
copolymer that forms lamellae 110 may be susceptible to cross-linking without t]lu-:
30 addition of a cross-linking agent. For example, 1f the block copolymer is a polystyrene-b-
polymethylmethacrylate diblock copolymer, the polystyrene block may be cross-linked by
exposure to UV radiation. Alternatively, the block of the block copolymer that forms
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Alternatively, t h?n Qxlncoe? l%o 1m<3nr| %epul.tgdc n F?(? pﬁl % tenalt] %‘ may ge ﬁectwely 2 -

deposited over the cross-linked lameHae 110. The material 170 may have a different etch

25  selectivity than lamellae 110. By way of non-limiting example, the material 170 may be
gold that is deposited using a grazing angle deposition. Gold may be sputtered onto the
surface at an angle of a few degrees above parallel to the stamping substrate 50. The gold
will be deposited above lamellae 100 and to a small extent within voids 130 at the top of
the sidewalls. However, the bottom surface 135 of voids 130 will be largely protected

30  from gold deposition by the adjacent lamellae 110 and a stamp 300" including gold
regions of chemical differentiation 52 on the cross-linked lamellae 110 may be formed.
(FIG. 13).
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(FIG 13). cross-linked | anel I 1 he, st 300"
iy al 5o be (uBRIROI SR “PhPE R PTPELCASTRYS: For iealin a0 Mo
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recept or substrate 200. Referring.to FIG 12, mat
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| anel | ae 110. For exanple, the materi al be an
those previously df:smbed to allow self-assembly w1t in each void 130 to form a second
set of altemating lamellae 142 and 144, as shown in FIG. 16. The lamellae 142, 144 may
be oriented substantially perpendicular to the stamp substrate 50 and substantially in
30 regster with each sidewall 150, forming stamp 300"".
Optionally, lamellae 142 may be cross-linked by methods such as those previgusly
described. Refermring to FIGs. 16 and 17, uncross-linked lamellae 144 may be removed by

methods such as those previously deseribed, forming a pattern of Jamellae 142. The



inorganic material, such as silicon dioxide or gold. The material 170
may be pl anarized, exposing the top surface of |anellae 110. The
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openings 72 may be preferentially wetted by the same block of the diblock copolymer.

30  For example, if the diblock copolymer to be self-assembled in the openings 72 isa
polystyrene-b-polymethylmethacrylate diblock copolymer, a polystyrene homopolymer
may be grafted to the silicon-containing sidewalls 150 so that the openings 72 may be

wetted hy the polystyrene block of the diblock copolymer. Altematively, a



10 to the receptor substrate 200. However, if two of |anellae 110,
142 and 144 have chem cal affinity for the ink material, the ink

mat eri al P WHHIS t hese two regions, formng a pattePfFiE/UWGTWUS#&y
be transferred to the receptor substrate 200. The |amel | ae 110, 142
shown in FIG 17 may have chemical affinity for the same ink material
or the lanellae 110, 142 may have cheni€2- affinity for different ink
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includes more than two dlslmcl regions of chemical differentiation. The first and second

ink material may be applied to the stamps during the same printing process or during a
separate printing process.

25 By way of non-limiting example, combinations of materials used as the regions of
chemical differentiation of the stamp, the ink material and the receptor substrate are
described herein. However, the stamp, ink material or receptor substrate may be formed
from other materials and may include other combinations of materials, as previously
described. For example, the stamp may include gold regions of chémical differentiation

30  and interact with the ink material via a gold-thiol bond. In an embadiment where the
stamp includes SiO, topographic features coated with a mercaptopropyl(trialkoxy)silane
compound, the ink material may interact with the stamping surface via disulfide bonds. A

disulfide bond is relatively weak (between about 50 Keal/mol and about 60 Keal/mol).
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g éHzCHZOH) or 4-n~9ercapto 1-butanol, may be used to form urethane linkers.

25 In one embodiment, Huisgens-1,3-dipolar cycloaddition may be employed using a
Si0, receptor substrate grafied with 6-azidosulfonylhexyl (triethoxy)silane or 11-
azidoundecy! group monolayers formed by grafting 11-bromoundecyl(triethoxy)silane
(available from Gelest) to SiO2, then derivatizing with sodium azide (available from
Gelest, Inc., Morrisville, PA), The ink material may be an acetylenic thiol and may be

30 prepared, for example, by reaction of 1.4-butanedithiol or 1.2-ethanethiol with 0.5 eq. of
propargyl bromide to yield an acetylenic thiol (single thiol unit) or reacting a

aminethanethiol with propidic anhydride to make N-(2-mercaptoethyl) propanolamide.



St anp- Si 02- propyl -SH + R-S-S-R St anp- Si 02- propyl -S-S-R + HS-R Wen
the stanp includes gold regions of chemcal differentiation or
10rhercapt&i9r%5’ﬁ§/l@t1?§l koxy) si | ane coated regi ons of chenPeHP52008/660520
differentiation, am nes may be present in the ink material and may be
enpl oyed to bond the receptor substrate and the ink material. The
receptor substrate may be a Si02 recept o#7substrate grafted with a

gl yci doxypropy! (t Nu@lelh¥no Stabioftes STREMARE is dnBthék cheARirNAGich 260 e 3dkd 18
and 2530-83-8 available from Gelest, Inc., Mrrisville, PA) and the

ink materi al boag teredenigesupstraismgithegak waﬁ@@#hif Bt recapiqr ERsHRiS pHE R Si-Cl
h |
S eyl o, TSRS RO A4Sy Y ARPREL NIl

2- cycl ohexyl am noet rom Sigma-Aldric

St. Louis, N@xposlufmﬂﬁue;m@ﬁbmmawugmmam eTtedniermbie sl nqnlyemmierzy, t he
receptor substrat e ma be Sl&mé)grafted vwﬁ3 a
i socyanat opr O'Eﬂ}ll‘(eflﬁi’%f iRbR51Ne eobSHRBNH dopasaieingdFesinetinh el est |

Inc., Morri S\’Bult)llcﬁmng)éﬁian@tﬁgi Topﬁ—cﬂrﬂdﬂwﬁﬁﬁrﬁfnb&had@ﬂol@ﬂla&aﬂable from Sigma-
20ani noet hanet h ol, am noth 1%heno cyst ei ne, honobcystei ne,

| euci net hi ol A!gnc}b{m:ysg@wg@ﬂ ﬁx@etnﬁmm‘napf@ralcohol e.g., 2-mercaptoethanol (HS-
2- cycl ohexyl ilable from Sigma-Aldrich, Inc.,
; Ng;"'ill td?—ﬁ%?h%e%ap{gﬁibimﬁ%?

St. Louis, rece strate and the ink nmaterial nay react

to formurea |i nkwn@theﬁ&maainamabﬁwe inR MatcNBIe&ptod stk €A Mt m#Sy: i used with
2- mer capt oet hanol (HSCH2CH2OH) or 4- ner capt o- I-buﬁsgnol ggég be u ed
to form ufet HBRHEATP hﬂw}gsgoldzsglﬂnw@wé%ﬁ@amﬂﬂﬁalkﬁ} s oated LAY o

cycl oaddi ti Orl:heméahﬁff@r&ma%&anﬂ& 8@ indkPidn.” B RicBlor SISt ﬁhﬁbagS@Et ed
wi th 6-azi dosul fonyl hexyl (triethoxy)silane or 11- azi doundecyl group

nonol ayers f @md vith 6gazidobil fogylhexid bnethymiaugdvéﬂabiee&dmo&}ylps; Thane

(avai | abl o 1 PORFERNESonsir b viIEe: s Bl BLtpectinbit e MR AR

be an acetyl Qﬂé)fbetahlaﬁﬂ)haﬁﬁldr ammttmmap Qﬂﬁ@ﬂﬁ@@rpuﬂ) o themmob 6fthb§ecept0r
reacti on of 1, 4- but anedi t hi ol or .1, 2-et hanet

pr opar gy!1%r O?‘Wﬂ‘étet”éﬁyﬁe%q"a’%ﬁtoé‘d’é‘fWQ?ﬁVQ Itlﬁ (gf‘“J(tE? ’h‘ﬂ?‘@ "P‘ﬁ' rB‘? t‘tm{‘t ) or

reacting a angHembanaichsl g%ﬁsibfﬂfeqm Mherianhydride to make B
N- (2- mer eapt oet hyl ) propanol am de.
In one embodiment, the stamp may utilize an acid-based interaction with the ink -

material and the stamp may be formed of SiO, topographic features coated with material

to create exposed amine groups, such as an aminoalkyl(trialkoxy)silane compound. When
20 urethane bonding is utilized, the receptor substrate may be Si0O, grafted with an
isocyanatopropyl(triatkoxy)silane available from Gelest, Inc., Momisville, PA. The ink
material may be, for example, lactic acid, hydroxybutyric acid, hydroxyisocaproic acid,
hydroxyisophthallic acid, 8-hydroxy-7-iodo-5-quinolinesulfonic acid, hydroxymandelic
acid, hydroxymethanesulfinic acid, hydroxybenzoic acids, hydroxynapthalenesulfonic
25  acid, hydroxypentadecanoic acid, or hydroxyundecanoic acid.

Huisgens-1,3-dipolar cycloaddition may also be utilized with the stamp having
aminoalkyl(trialkoxy)silane regions of chemical differentiation thereon. The receptor
substrate may be $iO, grafted with 6-azidosulfonylhexyl (triethoxy)silane available from
Gelest, Inc or derivatized with an azidoalkyl as known in the art. The ink material may be

30  any acetylenic carboxylate or sulfonate, e.g., propiolic acid, 4-butynoic acid, 5-pentynoic

acid, etc.
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formed of Si QlphfRRgh@RBECHERbLIES coated with material to create
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hydr oxybenzoiidergicalds sulisiedtidyyidaytd ak@hes bd thapate@mchastanp. In some
hydroxypent ade%ﬁa% i(l)nie%ts?tgé gdtteglronqxéj sgtg*fn(ﬁl 191@)9 FE&R locprc%lzjicg features on the receptor
substrate 200 that are sub-lithographic. By way of non-limiting example, the pattern on
the stamp may have a pitch of between about 10 nm and about 100 nm, producing features
r20 between about 5 nm and about 50 nim on the receptor substrate 200. In another
embodiment, the pattern on the stamp is about 14 nm or less, producing features on the
receptor substrate 200 having a size of about 14 nm or less.
As illustrated in FIG. 20A, the pattern formed on the receptor substrate 200 may be
a first SAM 210. The ink material deposited on the receptor substrate 200 by the stamp
25  may form the first SAM 210 that corresponds to the pattern on the stamping surface, thus
providing a differentiated pattern on the receptor substrate 200. The first SAM 210 may
have a thickness of less than about 20A (2nm), which is affected by the selection of the
ink material and, in particular, the spacer thereof. By way of non-limiting example, the
first SAM 210 has a Jateral width less than about 60 nm. In one embodiment, the first
30 SAM 210 has a lateral width of 2bout 14 nm. 1t will be understood that the lateral width
of the SAMs corresponds to the feature size of the stamping surface. After the receptor
substrate 200 is patterned, further processing may proceed as desired. Conventional

techmiques, which are not described in detail herein, may be used to produce a
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about 14 run RévidRBiscussed to form a second set of alternating lamellae 310 and 320 that are
20 substantially perpendicular to the surface of the receptor substrate, as shown in FIG. 20C.
Further processing may proceed as described herein. For example, one of the
lamellae 310, 320 may be removed and used as either an etch mask or a mask to guide
deposition of further materials,
Thus, the SAMs 210, 220 patierned on the receptor substrate 200 may be used for
25  guiding selective deposition of materials and for chemical pattering of block copolymers
cast onto 1t, which may in turn serve as etch masks. While the latter application may seem
redundant given that the stamp may have been prepared using block copolymers, the
advantage is that lithographic definition of features will be required for the stamp, whereas
multiple patterned receptor substrates may be prepared from a single stamp without
30  further hthography. For example, patterning a substrate using conventional
tithographically and/or sub-lithographic techniques has been hampered by difficulties
including, for example, high costs and/or incompatibility with high throughput production

methods. Further, the self-assenbly of block copolymers to an underlying chemical



As illustrated in FIG 20A, the pattern forned on the receptor
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sel ectively deposited on portions of the receptor substrate 200

| acking the first SAM 210. Alternatively, or in addition to, materi al
may be deposited exclusively 10on the first SAM 210 or exclusively on
portions of the receptor substrate 200 |acking the first SAM 210.

The receptor substrate 200 may al so be treated with a second ink

material that is chemcally distinct fromthe first ink material used

to formthe first SAM 210, creating a second SAM 220 thereon, as
shown in FIG 20B. The second ink material may be one of 15t he ink
material s described herein. A block copolyner with domains sel ective
to the first SAM 210 and second SAM 220, respectively, and with
dormai n si zes and norphol ogi es that match stanp pattern may be
deposited over the first SAM 210 and,the second SAM 220. Deposition
and sel f-assenbly of this diblock copolymer may proceed as previously
di scussed to forma second set of alternating | anellae 310 and 320
that are 20substantially perpendicular to the surface of the receptor
substrate, as shown in FIG 20C. Further processing may proceed as
descri bed herein. For exanple, one of the
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sorbing the 1hk material to gold, a compound containing at

least one thiol functional group, a compound containing at

least one amine fumctional group or combinations thereof.

5. The method of claim 1, wherein transferring the chemi-
sorbed ink material to a receptor substrate comprises forming
a self-assembled monolayer on the receptor substrate.

6. The method of claim 5, further comprising depositing an
oxide on a portion of the receptor substrate, the portion of the
receptor substrate being free of the self-assembled mono-
layer, subsequent to transferring the chemisorbed ink mate-
rial to a receptor substrate.

7. The method of claim 1, wherein transferring the chemi-
sorbed ink material to a receptor substrate comprises trans-
ferring the chemisorbed ink material to a receptor substrate
comprising silicon dioxide and a compound selected from the
group consisting of grafted glycidoxypropyl(trialkoxy)si-
lane, grafied azidoalkyl(trialkoxy)silane and isocyanatopro-
pyl(trialkoxy)silane.

8. The method of claim 1, wherein chemisorbing an ink
material to at least one region of a stamp comprises chemi-
sorbing the ink material comprising an acetylenic thiol func-
tional group to a stamp comprising gold or a compound
containing at least one thiol functional group.
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16. The method of c aim 15, wherem transferring the
chemisorbed ink material to a receptor substrate comprises
transferring the chemisorbed ink material to a receptor sub-
strate comprising silicon dioxide and 6-azidosulfonylhexyl
(triethoxy)silane or a grafted azidoalky! silane.
17. The method of claim 1, further comprising simulta-
neously chemisorbing the ink material to the at least one
region of the stamp and chemisorbing a second ink material to
a second region of the stamp, wherein the second region is
chemically differentiated from the at least one region.



13. The method of claim1l, wherein chem sorbing an ink material to at
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an acetylenic sulfbnate to a stanp conprising silicon dioxide and a
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l.east one regi opegbn biie seinapwith an iR matbaahedrhpdsesfcontaitingl, wher ei n
contacting at l@é:a%t oﬁéetopﬁgl'zﬁﬂu@ﬁ feafifrangh \thé Rtaaip ivikh theankal
conprises cont ag east one region of chemcal differentiation

on the stamp \Mt 23 c% ]é%‘@félﬂmw Wﬁ%eu:[@ :ﬁﬁﬁﬂ Hﬂst?ét@' m 19,
wherei n contacti ngl@b % N,

mat eri al conpri 88 EYRIREHEAGTY 1 ‘hé ?J %I EfB ture on
the stanp with FHEPIERS RAEIGHHE t1e SPRS % eél1 CmatErigly g,
wher ei n cont act chgmasosbed to Hrecatlay QlWeTeElﬂ%l %ﬂ@rh@ﬂpadhered to the
regi on of the sta?p. Toevmeilwebofdainat ) whertemecenfbstingasubitraiet he i nk
mat eri al chem senethetiakigedt] ddiagtd omthe tdeast ok refensifahp. 25.

The nethod of Ckl%hg é@mﬁﬂ'&% Rovakaflasdidifig ahs wabttakonithithet he ink
mat eri al adhere

Féacffo ﬁ%%éii%ﬁ %Be%ofo?eoﬁh TR rrp(r]I i ses i
at | east one re %fl ?ﬁl@ s‘{fa erun ecﬁb%t <‘eap at ter L?ngtg the

covalently bondln

receptor substr corrprl : dep05| ting a bloc mer over a
stanp substrate; qlilgl%%t %%\ BP RIS SOy Atapp Spgﬁ%@tg%/ I east two
annealing the block copolymer to form at least two poly-

mer domains overlying the stamp substrate;



-34- chem sorbing an ink material to at |east one of the at |east two
pol ymer domains overlying the stanp substrate; and transferring the
ink material chem sorbed to the at |east one of the at |east two

pol ymer domains to the receptor substrate. 27. The nmethod. of claim
26, wherein chem sorbing an ink material ,fo at | east one of the at

| east two pol ynmer donmai ns overlying the 3 anp substrate conprises
chem sorbing the ink material to at |east one pattern defined by a
plurality of lanmellae forned fromthe at | east one of the at |east
two pol ymer domai nshemisgghingha ink naddriol tocdtdeast2me oflibe et teast

chemi sorbing an i nk twatmsiyaler tonaind @astyiogehedftaibsubstrdtegsid t wo

pol yner domai ns ovediisfermithotthe i1 daterfdl BEbmabe@ tiPlheseeasi@d sor bi ng

ink material h Lead | d
of thoreof - 20 fhoE iﬁg@p?‘” F%‘?‘%h 3&%"2?%."??;‘?&‘%&%. ng an’

ink material to at ast.t _ rrer do I ns
overlying the stan'ij j}g goér" ég ‘ﬁﬂ( al}ld mat eri al
to a first polyrfBfeHS ¢ At igast pee pif T?ﬁ%ﬂ? HELHPIEHEN sor bi ng
the ink materi aloveslyangdbestrmpp ?a;sgah’éﬁrat@oﬁ@mrléﬁs chemigosblugcdisol yner,
the first pol ymankdoaterial kaat legstond eaitenl dafifi¢hbyya plutdleyertt t han
the second pol yremetlasafonmet from ticoak lespalnenef the at ¥ast The et hod
of cl aim 26" V\hq;rcgymefagﬁﬁ@grl ng the ink material chem sorbed to the
at |east one of 't hg qhelanbdOFR 1AM YHBKhEXIREASHISrbH (g tor
substrate compr ies iGPH 8 1o ddEs KRGS bl Gigthe 0 the at
east one of the at1 ﬁ-‘& érge[ ) ST b

substr at et havi néwgr o1 ﬁﬁp f SFPf }Hl? FOrSRa %”m?lﬁéferu al
than the at | easpatgral pavipgditlerant fanchiopsl gspupseon appRSieends 31, The
met hod of cl ai mo3@hergRgr ei n contacting the ink material cheni sorbed
to the at |east oB8. Ghenthad of eksm Z&Nbﬂieynehemmhmgmimh a
receptor substr ataetialtnagt leaglr@s ef tlehanicasd tvad polynigr damainse i nk
material than tbeed{idedsd seag ehbithaeadorhpasds EempeyiRerthdomai ns
conpri ses coval %ﬂ&hﬁé‘r&%% AgirsIyier ABhRHA B t]leﬂH?:l%@é n{é? the at

| east one of th ﬂ{c{dn %hyl:éﬁ%% %'tl dHlk H&‘P@r’lﬁ% qé %d e?r

b . 32.
Shori Sor bi g &n olTASEE e BRELELIG 8y SH ﬁl;s °8¥:‘118¥ bRIS.  ang

transferring th@a‘élllﬂ&ﬁglb‘?lﬁ@&]? ufpdidferant ]8115{1 seqdp Hm&rreceptor
substrate correri‘s}PnglOfﬂl%Blm fié’rpﬁllﬁ@% patterned sel f-assenbl ed
nonol ayer on the 3@CEht dicthodoiTcdini 260 RN fdipgkhedpl! yner
over the patter jedesgl én@ﬁﬁefﬁéde fﬂénsﬂ I%&S@F@n@ﬂ?tl@é‘ﬂ?ﬁialsﬂﬂvbhe bl ock

copol ymer to en?ﬁf(ﬁn 11 Qlﬁ % 1e\i'e9 b ﬁsé’ nth@LO a
pattern. 1 g an i nk
mat eri al to at lbfag]te 18 én?t% 2 ﬁ’%H“S&r ? be (i 8“6rb| ng the
ink material tol%AEWQ BRlyny @115 tq’lﬁﬁ é CIVIBRd- t hi ol
bonds. greater chemical affinity for the 1111\ material than the at Ieast

one of the at least two polymer domains.

31. The method of claim 30, wherein contacting the ink
material chemisorbed to the at least one of the at least two
polymer domains with a receptor substrate having a greater
chemical affinity for the ink material than the at least one of
the at least two polymer domains comprises covalently bond-
ing the ink material chemisorbed to the at least one of the at
least two polymer domaiils to the receptor substrate.

32. A method of patleming a substrate, comprising:

chemisorbing an ink material to at least one region of a

stamp; and

transferring the chemisorbed ink material to a pattern on a

receptor substrate comprising:



34. The nethod of claim 32, wherein chem sorbing an ink material to
at | east one regien of a stanp conprises chem sorbing the ink
material to gold, a conpound containing at |east one thiol functional
group, a compound containing at | east one am ne functional group or
conbi nati ons thereof. 35. The nethod of claim 32, wherein

chem sorbing an ink material to at |east3®ne region of a stanp

conpri ses chenisorbing t he ink naterial conprising an acetylenic

t hi ol functional Q}E‘@I a sta ri SI old or a con&%gnd
cont ai ni ng at Ieast N3 PRttet TEFSHR ﬁmom €T PRet%et hod of
cl ai m 32, wherein trafRPERHT]| Sfﬁ‘ﬁféschem sorbed ink material to a
receptor substrate depgtiiiags: blogksfopolymgr oiver dve phdemisddsalirk
material to a recept oassemided atanodayaer asdng silicon di oxi de and
grafted 6-azidosul f gmyddi he(md5¢1@é yhidrliaR@able sElf-agsedtiipdecy!
(tri ethyloxy)silane.gfthe ocﬂ-ti@ AnfS aGhfe. 32, wherein
chem sorbing an "3’§ T‘ﬁé % d ?c ﬁa%&hé}ﬁ .g?egmgarm 1{;%:1%1?”13

elg ec

conprises chem so erl al

oup
consi sting of al‘;f1 a%t i‘%ﬂ 8f'élr%mg 4 ﬁn‘f}f&l fonate
to a stanp corrpF?r ﬂa&g hﬁ vﬂwﬁteaf Hbe SARPSYrane % si | ane
conpound. 38489 geldn ndsai m 32, wherein transf erring the
cheni sorbed i nk nMeZFIn@metﬂ@odaOf doipidd; wheeinrchesmisorhing andnk
transferring thmatéreati tecatteatione megiter ofik stamp coegeidesrchentist r at e
conprising siligsabii dxd tek mdem“alatal guhfconypdiery torthidieg koxy) si | ane
or a grafted aZléé@t% khx%'l 'i‘ﬁﬂ&ionﬁ ”ETLB dii‘n@@éﬁlﬁﬁﬁh Gt a
substrate, CONPfd,§ ?é*hﬁﬂ:rt Hti% 1stt1?e1%6f| east one

region of a sta to a

fi ?st portion O;Tpse;r@i IS’FE gglgeg A I?Qrtlfgj : de on a
second portion rongl{ggitolua? a Sk &88}1{“ Wsferring
the chenmi sor betprbrig tguak |11&4te'f161 %pmpflgmqm@q epic Buelduapt or
substrate, the Gewdngroygr ta énstemp kempetsepg @old ulysareaepedichg free of
the i nk mat eri atontaining at least one thiol functional group.

36. The method of claim 32, wherein transferring the
chemisorbed ink material to a receptor substrate comprises
transferring the chemisorbed ink material to a receptor sub-
strate comprising silicon dioxide and grafted 6-azidosulfo-
nylhexyl (tnethoxy)sﬂane or 11-azidoundecyl(triethyloxy)si-
lane.

37. The method of claim 32, wherein chemisorbing an ink
matenal to at least one region of a stamp comprises chemi-
sorbing the ink material selected from the group consisting of
an acetylenic carboxylate and an acetylenic sulfonate to a
stamp comprising silicon dioxide and a grafted aminoalkyl
silane compound.

38. The method of claim 32, wherein transferring the
chemisorbed ink material to a receptor substrate comprises
transferring the chemisorbed ink material to a receptor sub-
strate comprising silicon dioxide and 6-azidosulfonylhexyl
(triethoxy)silane or a grafied azidoalkyl silane.

39. A method of patterning a substrate, comprising:

chemisorbing an ink material to at least one region of a

slamp;

transferring the chemisorbed ink material to a first portion

of a receptor substrate; and

depositing an oxide on a second portion of the receptor

substrate subsequent to transferring the chemisorbed ink
material to a first portion of a receptor substrate, the
second portion of the receptor substrate being free of the
ink material.



