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LITHOGRAPHIC PATTERNING FIG . 2 depicts embodiments of selective directed self 
assembly , in which the substrate prepattern also selects the 

CROSS - REFERENCE TO A RELATED local morphology formed by a block copolymer blend 
APPLICATION ( either cylindrical or lamellar ) , in addition to imparting 

5 long - range order . White scale bar in scanning electron This application claims the benefit under 35 U . S . C . 119 ( e ) 
of U . S . Provisional Application No . 62 / 220 , 610 filed on Sep . microscope images denotes 250 nm . 
18 , 2015 , the disclosure of which is incorporated herein in FIG . 3A depicts scanning electron microscope images of 
its entirety . lamella ( top picture ) and cylinder ( bottom picture ) forming 

block copolymers self - assembled on chemical line grating 
STATEMENT OF GOVERNMENT RIGHTS patterns with 44 nm pitch , according to embodiments of the 

invention . 
This invention was made with Government support under FIG . 3B depicts scanning electron microscope images of 

contract number DE - ACO2 - 98CH10886 and lamella ( top picture ) and cylinder ( bottom picture ) forming DE - SC0012704 awarded by the U . S . Department of Energy . 15 block copolymers self - assembled on chemical line grating The Government has certain rights in the invention . patterns with 47 nm pitch , according to embodiments of the 
FIELD OF THE INVENTION invention . 

FIG . 3C depicts scanning electron microscope images of 
This disclosure relates generally to the fabrication of lamella ( top picture ) and cylinder ( bottom picture ) forming 

nanometer - scale structures . In particular , it relates to litho - 20 block copolymers self - assembled on chemical line grating 
graphically creating nanometer - scaled patterns on surfaces . patterns with 49 nm pitch , according to embodiments of the 

invention . BACKGROUND FIG . 3D depicts scanning electron microscope images of 
lamella ( top picture ) and cylinder ( bottom picture ) forming Directed self - assembly ( DSA ) is an emergent nano - li - , 25 block copolymers self - assembled on chemical line grating thography approach in which self - assembling block copo patterns with 52 nm pitch , according to embodiments of the lymer thin films ( BCP ) are ordered using larger - scale , pre 

defined guides patterned by standard lithography . Typically , invention . The white scale bar denotes 400 nm . 
lamellar ( line / space ) or cylindrical ( arrays of dots ) copoly FIG . 4A is a graph showing the defect density versus 

chemical pattern pitch for lamellar phase block copolymer mer pattern morphologies are spatially templated by either 
topographic relief or patterned chemical inhomogeneity on 30 films with representative scanning electron microscope 
the substrate . Commensurability between the guiding fea images . 
ture spacing and the natural pitch of the copolymer induces FIG . 4B is a graph showing the defect density versus 
a high degree of position and orientation order in the chemical pattern pitch for cylindrical phase block copolymer 
self - assembled , nanoscale patterns . However , directed self - films with representative scanning electron microscope 
assembly is limited in the range of structures that can be 35 images . 
fabricated in a single layer because each BCP material FIG . 5A depicts a scanning electron microscope image of 
defines only a single equilibrium morphology . a 1 : 1 lamella : cylinder blend self - assembled on chemical line 

These approaches still rely on a single morphology to grating patterns with 42 nm pitch , using an electron beam 
generate patterns , controlling the type of pattern formed by exposure dose of D = 1 . 1 D . ( where Do = 1 , 600 uC cm - ) to 
the orientation of the morphology relative to the surface . For 40 define the chemical pattern , according to an embodiment of 
example , a cylinder oriented surface - perpendicular produces the invention . The white scale bar denotes 400 nm . a circular hole , while the same cylinder oriented surface FIG . 5B depicts a scanning electron microscope image of parallel produces a line . Defining the pattern by orientation a 1 : 1 lamella : cylinder blend self - assembled on chemical line control is not ideal for fabrication , most notably during grating patterns with 46 nm pitch , using an electron beam subsequent pattern transfer processes , as the perpendicular 45 exposure dose of D = 1 . 1 D . ( where Do = 1 , 600 uC cm - 2 ) to and parallel orientations require different considerations define the chemical pattern , according to an embodiment of during these steps . the invention . 

SUMMARY FIG . 5C depicts a scanning electron microscope image of 
a 1 : 1 lamella : cylinder blend self - assembled on chemical line 

This disclosure provides embodiments of a new approach 50 grating patterns with 50 nm pitch , using an electron beam 
that enforces coexistence of multiple , aligned block copo exposure dose of D = 1 . 1 D . ( where Do = 1 , 600 uC cm - 2 ) to 
lymer morphologies within a single patterning layer . define the chemical pattern , according to an embodiment of 

In an embodiment , a method is provided which includes the invention . 
plasma cleaning a substrate , depositing a polymer brush FIG . 5D depicts a scanning electron microscope image of 
onto a surface of the substrate , depositing a resist layer , 55 a 1 : 1 lamella : cylinder blend self - assembled on chemical line 
optionally annealing the resist layer , forming grating pat - grating patterns with 54 nm pitch , using an electron beam 
terns onto the resists , developing the grating patterns , etch - exposure dose of D = 1 . 1 D . ( where D . = 1 , 600 °C cm - 2 ) to 
ing to transfer the grating pattern to the polymer brush , define the chemical pattern , according to an embodiment of 
depositing block copolymer films onto to the substrate . The the invention . 
resulting film may be annealed . 60 FIG . 6A is a graph showing the fractional pattern area 

covered by lines F , , versus pitch of the underlying chemical 
BRIEF DESCRIPTION OF THE DRAWINGS prepattern for a single electron - beam dose D = 1 . 1 D . F2 = 1 

denotes an entire pattern of lines , F _ = 0 denotes an entire 
FIG . 1 depicts prior art directed self - assembly , which pattern of dots . Representative scanning electron micro 

utilizes a substrate prepattern to impart long - range order to 65 scope images are inserted . 
both lamellar and cylindrical self - assembled block copoly . FIG . 6B is a graph showing the fractional pattern area 
mer films . covered by lines F? versus chemical prepattern pitch for 
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different electron beam prepattern doses , 1 . 1 D . ( squares ) , creates a single pattern type within a layer - very different 
1 . 2 D . ( diamonds ) , and 1 . 3 D . ( triangles ) ( where Do = 1 , 600 from the arbitrary patterns that can be created using lithog 
uC cm - 2 ) . raphy tools . 

FIG . 6C is a graph showing F , versus dose for prepattern This disclosure provides a new approach that enforces 
pitch of 46 nm ( circles ) and 50 nm ( stars ) . 5 coexistence of multiple , aligned block copolymer morpholo 

FIG . 7A is a scanning electron microscope image depict - gies within a single patterning layer ( FIG . 2 ) . This approach 
ing regions of fully ordered , nearly defect - free hexagonal is described by Stein et al . in Nature Communications 
dot arrays with F , within a single BCP blend on the same 7 : 12366 , DOI : 10 . 1038 / ncomms12366 , the disclosure of 
substrate , according to an embodiment of the invention . which ( including the supplemental information ) is incorpo 

FIG . 7B is a scanning electron microscope image depict - 10 rated herein in its entirety . This extension to directed self 
ing regions of fully ordered , nearly defect - free line gratings assembly involves furthering the role of the template guid 
with F , - 1 within a single BCP blend on the same substrate , ing pattern in influencing the block copolymer assembly 
according to an embodiment of the invention . process . In addition to enforcing positional order , here the 

FIG . 8A is a scanning electron microscope image depict - template may locally select the desired motif of a block 
ing selective directed self - assembly of simultaneous coex - 15 copolymer resist capable of forming multiple patterning 
isting morphologies , according to an embodiment of the morphologies . 
invention . The image has an overlay of the local morphology In an example , self - assembly of a blended 50 / 50 mixture 
spacing ( Ax , line ) , across the grating pitch ( computed using of polystyrene ( PS ) and poly ( methyl methacrylate ) 
image analysis ) . ( PMMA ) ( PS - b - PMMA ) lamellar and cylindrical phase 

FIG . 8B is a scanning electron microscope image depict - 20 block copolymers onto any appropriate surface chemical 
ing selective directed self - assembly of simultaneous coex - patterns results in simultaneous formation of coexisting 
isting morphologies , according to an embodiment of the ordered morphologies in separate areas of a substrate ( cyl 
invention . The image has an overlay of the local morphology inders and lamella ) . This is in contrast to more typical 
spacing ( Ax , line ) , across the grating pitch ( computed using directed self - assembly shown in FIG . 1 , wherein assembly 
image analysis ) . The chemical patterns used in FIG . 8A and 25 of either lamella - forming or cylinder - forming PS - b - PMMA 
FIG . 8B have identical alternating regions of pitch = 50 and block copolymers onto chemical patterns generates well 
46 nm . ordered patterns of either lines / spaces ( lamellae ) or hexago 

FIG . 8C is a scanning electron microscope image depict - nal dot arrays ( cylinders ) . The spacing ( pitch ) and duty cycle 
ing selective directed self - assembly of simultaneous coex - of the underlying chemical pattern influences the quality of 
isting morphologies , according to an embodiment of the 30 the block copolymer assembly but not the morphology . Here 
invention . The image has an overlay of the local morphology the chemical template selects and encodes desired local 
spacing ( Ax , line ) , across the grating pitch ( computed using spatial arrangements of different coexisting morphologies , 
image analysis ) . self - assembled from a single , sophisticated resist — a block 

FIG . 8D is a scanning electron microscope image depict - copolymer blend capable of simultaneously forming mul 
ing selective directed self - assembly of alternating mor - 35 tiple design motifs . 
phologies down to single columns of lines and dots in close Substrate chemical prepatterns may be formed by elec 
proximity , according to an embodiment of the invention . tron - beam exposure of silicon wafers treated with a PS 
The image has an overlay of the local morphology spacing brush . Exposure and chemical development of a PMMA 
( Ax , line ) , across the grating pitch ( computed using image electron - beam resist ( about 50 nm thick ) may result in 
analysis ) . 40 line / space grating patterns with spacing ( pitch ) ranging from 

FIG . SE is a scanning electron microscope image depict - about 40 to about 60 nm . A subsequent oxygen etch may 
ing selective directed self - assembly of a single column of transfer the image into the underlying PS brush , creating 
dots in a field of lines , according to an embodiment of the chemical contrast between it and the native ( hydrophillic ) 
invention . SiO2 substrate . 

FIG . 8F is a scanning electron microscope image depict - 45 The chemical grating prepatterns may impart a high 
ing selective directed self - assembly of a single line in a field degree of translational order to the assembly of a thin film 
of well - ordered dots , according to an embodiment of the made from , for example , a 1 : 1 blend of lamellar and 
invention . cylindrical PS : PMMA block copolymers . The BCP mor 

phologies align and register to the prepattern because the 
DESCRIPTION 50 PMMA block lowers its energy by segregating to the SiO , 

stripes , while the PS block tends to wet the PS substrate 
This disclosure relates to the challenge of lithographically regions . In addition , the material self assembles into well 

creating patterns on surfaces with dimensions in the range of ordered hexagonal cylinder patterns for some prepattern 
5 - 50 nanometers . This size range is challenging for the pitches ( e . g . , 42 nm ) and aligned line / space patterns for 
traditional optical lithography equipment used in semicon - 55 others ( e . g . , 50 nm ) . The two BCP materials in the blend 
ductor electronics industry and other high technology indus - may remain intimately mixed on the chemical templates , 
tries . More specialized equipment such as electron beam and it is the underlying chemical template that may deter 
lithography has the required resolution but lacks the speed mine which type of pattern ( lines / spaces , or dot arrays ) is 
( throughput ) necessary for manufacturing . The semiconduc - formed by the blend . Casting this same blend onto a neutral 
tor industry has turned to nanotechnology “ self - assembly ” 60 surface may result in a two - dimensional mixed morphology 
based methods as a possible alternative , and is taking a ( lines and dots ) , without evidence of vertical segregation of 
particularly long / hard look at self - assembly of block copo - constituent chains , or more complex three - dimensional 
lymer thin films ( BCP ) as a potential solution . Block copo - structure . 
lymer self - assembly has perhaps the right combination of The directed pattern morphology may be entirely lines / 
resolution and speed to be manufacturable . However , many 65 space for grating prepattern pitches between about 48 nm 
challenges remain unsolved before technology adoption . and about 54 nm , and may transition sharply to a majority 
One particular issue is that block copolymer self - assembly hexagonal dot array for pitches < 44 nm . Chemical patterns 
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with pitch larger than – 55 nm may in some examples result These same principles of the embodiments described 
in poorly aligned patterns with mixed morphology . Thus , the herein may also be applied to prepatterns defined using 
morphology that develops can be selected based on the pitch graphoepitaxy . 
of the underlying chemical pattern . Chemical prepatterns 
with similar pitches but different duty cycles can also change 5 EXAMPLES 
the type of pattern formed by the blend from lines to dots . 

One may locally encode the pattern motif of a cylinder / Assembly of Single Morphology BCP on Grating Prepat 
lamellae block copolymer blend resist using either the pitch terns . 

and / or duty cycle of the underlying chemical prepattern , Electron beam lithography and O2 plasma etching was 
imparting an important new function to the lithographically lý 10 used to generate chemically patterned substrates of alternat 
defined chemical prepattern beyond guiding the positional ing hydrophobic , polystyrene ( PS ) and hydrophilic ( nomi 

nally SiO2 ) stripes , which imparts a high degree of trans assembly of nanoscale domains . Through careful design , lational order to the assembly of the individual lamellar this approach may be used to generate more arbitrary , polystyrene - block - poly ( methyl methacrylate ) ( PS - b localized morphologies within a single self - assembled copo 
lymer blend layer . For example , grating prepatterns with 3A - 3D , top row ) and cylindrical ( MW = 99 kg mol - 1 , 
identical pitches alternating between regions 50 nm and 46 PS : PMMA 54 : 46 ) ( FIGS . 3A - 3D , bottom row ) BCP phases . 
nm can be programmed to assemble either alternating dot Multiple copies of each grating prepattern is fabricated , 
array / line array regions or the inverse ( line array / dot array ) systematically increasing the electron beam exposure dose 
by independently changing the duty cycles within the two 20 between copies to widen the linewidth of the hydrophilic 
regions of the pre pattern . By locally varying the pitch of the oxide stripe while keeping the spacing constant . While it 
chemical prepattern , it may be possible to similarly program may be challenging to measure the absolute chemical pattern 
regions of hex dots and lines ranging from multiple periods linewidths ; the exposure dose provides a robust means of 
of each to a single period . For example , the regions where systematically varying this width . The BCP morphologies 
the prepattern has a larger pitch form a line morphology , 25 align and register to the prepattern because the PMMA block 
with a correspondingly larger pitch ; whereas regions with a lowers its energy by segregating to the SiO2 stripes , while 
tight prepattern pitch form a dot morphology with a small the PS block wets PS substrate regions . The quality of the 
pitch . In the limit of directing the assembly of alternating self - assembled pattern may be quantified by calculating 
single columns of lines and dots from a blend , we rely on the defect density at each pitch , using image analysis ( FIGS . 4A 

1 30 and 4B ) ) . The lamellar BCP remains highly ordered with material ' s sensitivity to both prepattern pitch and duty cycle almost zero defects across a range of chemical prepattern to program the location of each . More complex , non pitches , centred on the intrinsic BCP repeat period ( Lo = 48 uniform areas of dots and lines can be programmed through nm ) ( FIG . 3A ) as one would expect for line - forming patterns suitable prepattern design . on a line grating . The cylindrical morphology also aligns Although polystyrene ( PS ) and poly ( methyl methacry 
late ) ( PMMA ) blends are described above , any suitable between its intrinsic repeat period ( for a cylindrical mor mixture of block copolymers may used for patterning , phology , this is the distance between cylinder rows , Lo = 44 including , but not limited to PS - PMMA , PS - P2VP ( styrene nm ) and the prepattern pitch ( FIG . 4B ) . The lamellar and 
b - 2 - vinylpyridine ) , PS - P4VP ( polystyrene - b - 4 - vinylpyri - cylinder systems exhibit some qualitative differences in their 
dine ) , PS - PEO ( styrene - b - polyethylene oxide ) , and 40 response to pattern mismatch ( for example , sharpness of the 
PS - PDMS ( styrene - b - polydimethylsiloxane ) . transition from ordered to disordered patterns ) . This differ 

The range of copolymer molecular weights used in pat ential tolerance may be exploited to locally select the pattern 
terning may range approximately from about 5 kg / mol to motif of a blended lamellar / cylindrical BCP resist . 
about 500 kg / mol . Assembly of BCP Blend on Grating Prepatterns . 

Although in the embodiment above , equal volumes of two 45 A thin film made from a 1 : 1 blend of the same lamellar 
block copolymer materials are blended , the ratio can be and cylindrical block copolymers assembles differently on 
varied . Furthermore , more than 2 copolymers may be mixed the same type of underlying line / space chemical prepatterns 
into the blend . ( FIGS . 5A - 5D ) , forming well - ordered hexagonal cylinder 

Although in the embodiment above , a cylindrical phase patterns for some prepattern pitches ( for example , 42 nm , 
material with a lamellar phase material is mixed , other 50 FIG . 5A ) and line / space patterns for others ( for example , 50 
possible phases that can be mixed include , but is not limited nm , FIG . 5C ) . The BCP blend has an L , of 46 nm when 
to , spherical and gyroid phases . Furthermore , two materials formed on a substrate with a random PS / PMMA polymer 
of the same phase , but different molecular weights can be brush . In these experiments macrophase separation of the 
mixed . blend components is not observed . Rather , the two BCP 

Although in the embodiment above , electron beam lithog - 55 materials remain intimately mixed , as evidenced by the 
raphy is used to define the chemical prepattern , any type of uniform patterns across the macroscopic sample dimensions 
lithography can be used , including photolithography , ion ( FIGS . 5A - 5D ) . Cross - sectional SEM images show the films 
beam lithography , laser lithography , interference lithogra - to be two - dimensional with a thickness of 27 nm , without 
phy , and imprint lithography . evidence of vertical segregation of constituent chains , or a 

The chemical prepatterns may be integer multiples of the 60 more complex three - dimensional structure . 
intrinsic block copolymer length scale , rather than approxi - The fractional pattern area covered by lines ( F ) may be 
mately equal to that length scale as shown in the embodi - quantified by analysis of the SEM images , where F = 0 
ment above . denotes a complete hexagonal dot pattern and Fz = 1 corre 

Although in the embodiment above , chemical prepattern sponds to entirely lines / spaces . In FIGS . 5A - 5D , the directed 
is made using hydrophobic ( PS ) / hydrophillic ( silicon oxide ) 65 pattern morphology is entirely lines / space ( F2 ~ 1 ) for grating 
stripes , other materials can be used , and the prepattern may prepattern pitches between 48 and 54 nm , and transitions 
be shapes other than stripes . sharply to a majority hexagonal dot array ( F , - 0 . 2 ) for 
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pitches < 44 nm ( FIG . 6A ) . Although the prepattern pitch is assembly of alternating single columns of lines and dots , one 
precisely controlled , there is greater uncertainty with respect may rely on the material ' s sensitivity to both prepattern 
to the oxide stripe width . This stripe width likely decreases pitch and the width of the oxide stripes to program the 
slightly for large prepattern pitches due to the nature of the location of each ( FIG . 8D ) . More complex , non - uniform 
fabrication process . Chemical patterns with pitch larger than 5 areas of dots and lines can be programmed through suitable 
B55 nm result in poorly aligned patterns with mixed mor - prepattern design such as an ordered single column of dots 
phology ( F2 - 0 . 6 ) . Thus , the displayed pattern morphology in an otherwise uniform line grating ( FIG . 8E ) or the inverse 
can be selected based on the pitch of the underlying chemi pattern consisting of a single line in a field of ordered dots 
cal pattern . ( FIG . 8F ) or even more arbitrary geometries . Thus , selective 

Chemical prepatterns with the same set of pitches but 10 directed self - assembly affords an additional means of con 
fabricated using higher electron beam exposure create sys - trolling the ordering BCP layer : by locally selecting the 
tematically wider SiO2 linewidths and wider hydrophilic morphology , in addition to the spatial registry and alignment 
regions ( see diamonds and triangles FIG . 6B ) and can afforded by patterning DSA approaches . This enables the 
change the type of pattern formed by the blend from lines to resist to form structures at a length scale below the chemical 
dots , as evidenced at the prepattern pitch of 48 nm , where 15 prepattern : for example , the radius of curvature of the dot 
the blend changes from forming nearly uniform lines / spaces patterns is encoded in the BCP molecules , and not the 
( F , - 1 , squares in FIG . 6B ) to hexagonal dots ( F , - 0 . 2 , directing template . 
triangles in FIG . 6B ) as the oxide stripe widens . The process Methods 
may be optimized by selecting single grating pitch param Silicon chips ( ~ 1 cm² ) were cleaned in 02 plasma and 
eters preferential for either line or dot patterns and varying 20 then coated with a hydroxyl - terminated polystyrene brush 
the exposure dose to control the SiO2 linewidth . FIG . 6C ( MW = 11 kg mol - ) ( Polymer Source , Inc . ) by spin - casting 
shows the line fraction for a 46 nm prepattern pitch ( circles ) from toluene ( 1 % wt ) and annealing at 200° C . for 4 hours 
and 50 nm prepattern pitch ( stars ) . The parameters of pitch in a vacuum oven . Unattached PS was removed after anneal 
and oxide linewidth can be independently selected , making ing by rinsing with toluene . The advancing contact angle of 
it possible to program regions of fully ordered , nearly 25 the prepared PS brush was measured at 94 + 6° and a receding 
defect - free hexagonal dot arrays with F , O ( FIG . 7A ) and contact angle of 77 - 5° . PMMA electron - beam resist was 
line gratings F , - 1 ( FIG . 7B ) within a single BCP blend on spin - coated to a thickness of ~ 50 nm and baked on a hot 
the same substrate . plate at 180° C . for 3 min . Line / space grating patterns were 

Blends of block copolymers can form either homoge - exposed in a JEOL JBX6300 - FS electron beam lithography 
neous single phases , or coexisting phases . It has also been 30 tool using 1 nA beam current with doses ranging from 1 , 200 
demonstrated that in thin films , blends of BCP cylinders and to 2 , 080 uC cm - 2 . After exposure , the samples were devel 
lamellae can either form a single - phase or two - phase mor - oped in room temperature methyl isobutyl ketone : isopropyl 
phologies . Coexistence is a signature of the energy - degen - alcohol ( IPA ) ( 1 : 3 ) for 60 s and rinsed in isopropyl alcohol . 
eracy of two possible morphologies . In the present work , Exposed grating patterns were transferred to the PS brush 
this phenomena is exploited , using a blend composition 35 by oxygen plasma etching ( March Plasma CS1701 ) RIE tool 
( 1 : 1 ) designed to give coexistence of dots and lines on using 82 m Torr 02 , 14 W radiofrequency power for ~ 30 s . 
unpatterned , neutral substrates ( FIG . 2 ) . Nevertheless , the The remaining PMMA was removed by soaking in toluene 
ability to locally select the morphology through the under at 60° C . for 10 min , with the final 5 min in an ultrasonic 
lying template pitch is surprising because one might naively bath . Block copolymer solutions ( Polymer Source , Inc . ) 
expect lamellar morphologies to always be favoured ( com - 40 consisted of lamellar - forming material ( MW = 104 kg mol - ? , 
pared with hexagonal dot arrays ) on chemical line / space polydispersity 1 . 09 , 50 . 1 % PS content ) and cylinder - form 
patterns , given their symmetry match to the guiding pattern . ing material ( MW = 99 kg mol - 1 , polydispersity 1 . 09 , 63 . 8 % 
Instead , we observe that certain ranges of template pitch and PS ) , at 1 % concentration in toluene . Gel permeation chro 
linewidths drive the blend to adopt a pattern of hexagonally matography ( GPC ) and nuclear magnetic resonance ( NMR ) 
registered dots . 45 were performed to confirm material purity . BCP films were 

Increasing Complexity of Self - Assembled BCP Blend . deposited by spin - coating at 2 , 000 r . p . m . for 45 s . The films 
The results above imply that one may locally encode the were thermally annealed in a vacuum oven at 205° C . for 

pattern motif of a cylinder / lamellae BCP blend resist using ~ 12 h . 
pitch and / or oxide stripe width of the underlying chemical To increase the contrast during SEM imaging , after 
prepattern . Through careful design , this approach may be 50 anneal , samples were illuminated with ultraviolet light for 5 
used to generate arbitrary , localized morphologies within a min and developed in acetic acid to remove the PMMA 
single self - assembled copolymer blend layer . For example , block . Images of uncoated samples were taken with an 
grating prepatterns with pitch alternating between regions 50 Hitachi S - 4800 scanning electron microscope with an accel 
and 46 nm can be programmed to assemble either alternating erating voltage at 1 kV in deceleration mode . Data for FIGS . 
dot array / line array regions ( FIG . 8A ) or the inverse ( FIG . 55 6A - 6C were obtained from a single chip simultaneously 
8B ) by independently changing the widths of the oxide patterned with a range of grating pitch and exposure dose . 
stripes within the two regions of the prepattern . By locally About 10 samples have been imaged with similar results . 
varying the pitch of the chemical prepattern , one can simi The description has not attempted to exhaustively enu 
larly program regions of hex dots and lines ranging from merate all possible variations . The alternate embodiments 
multiple periods of each to a single period . This is empha - 60 may not have been presented for a specific portion of the 
sized in FIG . 8 by the overlaid traces , which are measure invention , and may result from a different combination of 
ments of the local spacing of the BCP morphology ( Ax ) , in described portions , or that other undescribed alternate 
the direction of the grating vector . For example , in FIG . 8B embodiments may be available for a portion , is not to be 
the regions where the prepattern has a larger pitch form a considered a disclaimer of those alternate embodiments . It 
line morphology , with a correspondingly larger pitch ; 65 will be appreciated that many of those undescribed embodi 
whereas regions with a tight prepattern pitch form a dot ments are within the literal scope of the following claims , 
morphology with a small pitch . In the limit of directing the and others are equivalent . Furthermore , all references , pub 
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lications , U . S . Patents , and U . S . Patent Application Publi - lithography photolithography , ion beam lithography , laser 
cations cited throughout this specification are incorporated lithography , interference lithography , or imprint lithography . 
by reference as if fully set forth in this specification . 6 . The method of claim 1 , further comprising : 

plasma cleaning the substrate before depositing the poly 
The invention claimed is : mer brush . 
1 . A method for creating patterns on a surface of a 7 . The method of claim 1 , further comprising : 

substrate , comprising depositing a polymer brush onto the annealing the block copolymer film . 
surface of the substrate ; 8 . The method of claim 1 , wherein the block copolymer 

depositing a resist layer ; film has a predetermined pattern . 
forming grating patterns onto the resists ; 9 . The method of claim 8 , wherein the predetermined 
developing the grating patterns ; pattern comprises lines . 
etching to transfer the grating pattern to the polymer 10 . The method of claim 8 , wherein the predetermined 
brush ; pattern comprises ordered dots . 

depositing a block copolymer film onto to the substrate ; 11 . The method of claim 10 , wherein the dots are struc 
tured into hexagonal dot arrays . 15 

forming a pattern on the surface of the substrate , said 12 . The method of claim 8 , wherein the predetermined 
pattern comprising multiple morphologies on a single pattern comprises lines and ordered dots . 
patterning layer . 13 . The method of claim 1 , wherein the grating patterns 

2 . The method of claim 1 , wherein the block copolymer have a pitch between about 40 nm and about 60 nm . 
film comprises PS - PMMA ( polystyrene - poly ( methylmeth - 20 14 . The method of claim 13 , wherein the pitch is from 42 
acrylate ) ) , PS - P2VP ( polystyrene - b - 2 - vinylpyridine ) , nm to 54 nm . 
PS - P4VP ( polystyrene - b - 4 - vinylpyridine ) , PS - PEO ( poly 15 . The method of claim 1 , wherein the method further 
styrene - b - polyethylene oxide ) , or PS - PDMS ( polystyrene comprises varying a prepattern linewidth , varying a duty 
b - polydimethylsiloxane ) . cycle , or varying a prepattern pitch within two regions of a 

3 . The method of claim 1 , wherein the block copolymer 25 pre 
has an average molecular weight ranging approximately 16 . The method of claim 1 , wherein the multiple mor 
from about 5 kg / mol to about 500 kg / mol . phologies comprise dots and lines . 

4 . The method of claim 2 , wherein the block copolymer 17 . The method of claim 1 , wherein the multiple mor 
comprises more than 2 copolymers . phologies comprise alternating dot array and line array 

5 . The method of claim 1 , wherein forming grating regions . 

patterns onto the resists is achieved by electron beam 

and 


