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ABSTRACT: Directed assembly of polymer blends using chemically heterogeneous patterns during spin-
coating can be used to produce nanopatterned polymer structures. Well-ordered morphologies are obtained
when the characteristic length of a polymer blend is commensurate with pattern periodicity. In this paper,
spin-coating speed and solution concentration were used to control the characteristic length of a polystyrene
(PS)/poly(acrylic acid) (PAA) blend. With increasing spin speed or reducing solution concentration, the
characteristic length decreased. Critical spin speeds or solution concentrations that produced the required
characteristic length commensurate with the given pattern periodicity were predicted. Well-ordered morphol-
ogies were obtained when spin speed or solution concentration was close to the critical value. A new method
of image analysis was introduced to quantitatively evaluate the quality of replication of the underlying pattern.
The range of commensurability between characteristic length and pattern periodicity for well-ordered mor-
phologies was investigated. When the range of commensurability was within 20%, well-ordered morphol-

ogies were produced.

Introduction

Directed assembly of block copolymers and polymer blends
using chemically functionalized nanopatterned templates is cur-
rently of particular interest. Patterned polymer structures with dif-
ferent functionalities at the nanoscale have potential applications,
such as flash memory devices,' quantum dots,>* templates for
nanolithography,*® and optoelectronic devices, including semi-
conductor transistors” " and LEDs.!*"

The phase separation of block copolymers has been used to
form highly ordered nanostructures by chemically functionalized
patterned templates.'”>”>® Experimental and theoretical
results®20222>2628 demonstrated that well-ordered block copoly-
mer morphologies were produced when the phase domain size, L,
was commensurate with the pattern periodicity, 4, i.e., L/A = 1.
Nealey and co-workers® observed long-range order provided that
the commensurability was ~10%, i.e., 0.89 < L/A < 1.09. The
phase separation of polymer blends also has been used to fabricate
well-ordered patterned polymer structures.”’ >’ Raczkowska
et al.’® found that, similar to block copolymers, well-ordered
morphologies in annealed samples were formed only when the
characteristic length, R, of the unpatterned polymer blends was
commensurate with the pattern periodicity, i.e., R/A = 1. In
contrast, Chiota et al.*” directed the nanoscale assembly of
polymer blends into complex patterns at multiple length scales on
a single template using solvent annealing. As polymer blends are
not restricted by the block length, annealing facilitates the
replication of patterns with multiple length scales in a single
template.

The phase-separated morphology of a polymer blend in a thin
film can be described by a characteristic value of the most pre-
dominant length, e.g., characteristic length, which is usually found
by fast Fourier transformation (FFT) analysis. The characteristic
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length of a polymer blend represents the predominant length of
vectors, which are randomly drawn passing through the two
phases.**"*? The characteristic length is related to the length or
size of the phase domains. It represents the repeat length from
domain to domain of one of the species or the size of domains for
both species. Normally, the characteristic length increases with
increasing domain size. It is widely accepted that on a homo-
geneous substrate with a single surface energy the characteristic
length of polymer blends in spin-coated films can be controlled
by spin speed and solution concentration.** *” Walheim et al.**
reported that the average domain size of polystyrene (PS)/poly-
(methyl methacrylate) (PMMA) blend decreased with increas-
ing spin speed. Ton-That et al.*’ found that, for PS/PMMA
blends, the domain size was controlled by changing solution
concentration.

For the directed assembly of polymer blends on heterogeneous
patterns with different functionalities, Raczkowska et al.** dem-
onstrated that the characteristic length of the phase separated
morphologies of PS/poly(2-vinylpyridine) (PVP) blends decreased
with increasing spin speed or reducing solution concentration.
The optimal replication of the pattern occurred when the char-
acteristic length and pattern periodicity (4 um) were commen-
surate. Nisato et al.** controlled spin speed and solution con-
centration to obtain well-ordered patterned morphologies of
deuterated polystyrene (dPS)/polybutadiene (PB) blends on chem-
ically functionalized patterns of 4 um periodicity. The pattern
periodicities in these studies, however, were microscale. The
degree of commensuration required between the characteristic
length and pattern periodicity, R/A, on the directed assembly of
polymer blends at the nanoscale has not been studied. From the
manufacturing viewpoint, the control of processing conditions
can significantly impact the fabrication of highly ordered poly-
mer nanostructures and has not been fully investigated.

In this work, patterned polymer structures of PS/poly(acrylic
acid) (PAA) blends were produced by directed assembly on
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Table 1. Spin Speeds and Solution Concentrations Used during
Spin-Coating

trials spin speed/rpm solution concn/wt %
1-9 1000—9000 1.0
10—15 3000 04-14

chemically heterogeneous patterns, fabricated using a combina-
tion of electron beam lithography and self-assembled monolayers
of alkanethiols with different functionalities.>’ Spin-coating speed
and solution concentration were used to control the characteristic
lengths of the phase-separated blend morphologies. Here, for the
first time, the degree of the commensurability required for well-
ordered assembly of polymer blends is presented.

Experimental Section

Materials. Polystyrene (PS) with weight-average molecular
weight (M) of 18 100 Da, poly(acrylic acid) (PAA) with M, of
2000 Da, and N,N-dimethylformamide (DMF) were purchased
from Aldrich and used as received.

Assembly of PS/PAA Blends. The chemically heterogeneous
patterns were produced by combining electron beam lithogra-
phy and self-assembled monolayers of alkanethiols with differ-
ent functionalities. This method has been described previously.®’
The nanopatterned template was placed on the rotating plate of
a spin-coater. Six minutes after 70—80 uL of the polymer solu-
tion (PS/PAA with the weight ratio of 7/3 in DMF) was dropped
on the template, the polymer solution was spin-coated on the
template surface for 30 s. The chamber of the spin-coating
machine was purged with high-purity nitrogen gas to control
the humidity to less than 1%. The spin-coating speed and solu-
tion concentration were varied as shown in Table 1; trials 1—9
investigated the effects of spin speed and trials 10—15 the effects
of solution concentration.

Characterization. The morphologies of PS/PAA blends were
examined by field emission scanning electron microscopy (JEOL
7401F) and atomic force microscopy (PSIA, XE-150, 40 Nm ™'
tip spring constant in noncontact mode was used). To calculate
the characteristic lengths of the initial morphologies of PS/PAA
blends, fast Fourier transform (FFT) analyses of the correspond-
ing atomic force microscopy (AFM) topography images were
performed by AFM image analysis software XEI (PSIA Corp.,
Version 1.5). The FFT diagrams were used to calculate the char-
acteristic length of the phase-separated morphologies of poly-
mer blends.

Results and Discussion

The effects of spin speed and solution concentration on the
phase-separated morphologies of PS/PAA blend on homoge-
neous substrates were first investigated to achieve the relationship
between characteristic length and spin-coating conditions. The
critical spin speeds and solution concentrations, producing the
required characteristic lengths which were commensurate with
the given different pattern periodicities, were predicted and verified,
respectively.

Spin Speed. Homogeneous Substrates. To investigate the
effect of spin speed on the characteristic length, the PS/PAA
blend solutions were initially spin-coated at different spin speeds
on homogeneous substrates with a single surface energy. Figure 1
shows the AFM topography images of the PS/PAA phase-
separated morphologies on the homogeneous substrates. The
bright and dark regions in the images of Figure 1 are the thick
and thin areas, respectively. The bright regions corresponded
to PS domains while dark areas were attributed to PAA
domains.*’” The driving force for phase separation of poly-
mer blends during spin-coating on homogeneous substrates
is based on the thermodynamic theories of polymer mixing
and difference in solubility parameters of the two polymers
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Figure 1. AFM topography images of phase-separated morphologies
of PS/PAA blends on homogeneous substrates with a single surface
energy. The scanning size was 10 um x 10 um. The spin speed was
varied: (a) 1000, (b) 2000, (c) 2500, (d) 3000, (e) 3500, (f) 4000, (g) 5000,
(h) 7000, and (i) 9000 rpm. Corresponding FFT diagram for each AFM
image was inserted.

in their common solvent.*** Fast Fourier transform (FFT)
analysis of each image is also shown in Figure 1. The domain
size of the morphologies decreased with increasing spin speed.
Round diffusion rings were observed in the FFT analysis,
indicating that the initial morphologies are isotropic.>

The diameter of the diffusion ring (i.e., the wave vector at
which the intensity of the FFT diffusion ring is maximum), k¥,
can be used to calculate the characteristic length, 1/k*.3%!
With increasing spin speed, the diameters of the diffusion
rings increased (Figure 1). Figure 2 shows the relationship
between spin speed and characteristic length of PS/PAA phase-
separated morphologies. With increasing spin speed, the
characteristic length decreased. Phase separation and do-
main coarsening behaviors of PS/PAA blend during spin-
coating are time dependent. Because the evaporation of the
mutual solvent (DMF) was accelerated with increasing spin
speed, the time available for the phase separation and domain
coarsening of the PS/PAA blend was reduced. These kineti-
cally driven behaviors resulted in a reduction of the char-
acteristic length of the PS/PAA blend. Raczkowaska et al.*
reported the relationship between characteristic length and
processing conditions as R = c¢/w'/>. We generalized this
equation as

R = ka®cf (1)

where R denotes the characteristic length, k is the constant,
and w and ¢ are spin speed and solution concentration, res-
pectively. When the results in Figure 2 were fit to eq 1, the
exgonent for spin speed, a, was —0.71. The k and ¢ were 3 x
10° nm/(rpm ™~ *"" x wt %) and 1.0 wt %. Similar results were
also found by Walheim et al.** for the effect of spin speed on
the domain size of a PS/PMMA blend. By increasing spin
speed, the domain size of the phase-separated morphology of
a PS/PMMA blend could be reduced. Increased spin speed
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Figure 2. Effect of spin speed on the characteristic lengths of PS/PAA
phase-separated morphologies.

also decreases film thickness, leading to smaller domain sizes
with the rapid evaporation of solvent.

Heterogeneous Patterns with Constant Periodicity. The effect
of spin speed on the directed assembly of PS/PA A blend on the
heterogeneous patterns with constant periodicity was then
studied. Figure 3 shows the FESEM images of the PS/PAA
polymer blend solution spin-coated at different spin speeds on
the alternating MUAM/ODT patterns with a constant peri-
odicity of 1000 nm. The phase separation and domain coars-
ening of PS/PAA blends generated two distinct phases, with
dark areas being attributed to PS and the light regions to PAA
(Figure 3).% Similar to the driving force on homogeneous sub-
strates, the thermodynamic driving force for phase separation
also occurs with heterogeneous patterned substrates. In the
case of heterogeneous substrates, however, the phase domains
selectively wet their chemically attractive patterns and dewet
the chemically unfavorable surfaces, driven by the polymer—
surface interactions.>* According to the requirement for com-
mensurability between characteristic length and pattern peri-
odicity for the perfect directed assembly,*® we expected that
well-ordered patterned structures of PS/PAA blend would
occur when the characteristic length was close to the pattern
periodicity of 1000 nm. The critical spin speed to produce the
required characteristic length of 1000 nm was calculated to be
3082 rpm using eq 1.

Figure 3d shows the directed morphologies of PS/PAA
blend at spin speeds of 3000 rpm. Because the spin speeds
were close to the critical value of 3082 rpm, the resultant char-
acteristic lengths were similar to the required characteristic
length for the given pattern periodicity of 1000 nm. There-
fore, good pattern replication was achieved. When the spin
speeds were slower than 3000 rpm (Figure 3a—c), poor repli-
cation of the patterns was observed because the character-
istic lengths were larger than the given pattern periodicity of
1000 nm. Figure 3e—i shows the patterned PS/PAA struc-
tures at spin speeds higher than 3000 rpm. As the spin speed
increased, the characteristic lengths became increasingly smal-
ler compared to the pattern periodicity of 1000 nm. Poor pat-
tern replication was observed. With increasing spin speed,
more PAA domains were trapped in PS domains as shown in
Figure 3e—i. In order to fabricate well-ordered morphologies
on patterns with constant periodicity, spin speed can be con-
trolled to produce the required characteristic length to be
commensurate with the given pattern periodicity. The fabri-
cation of well-ordered directed morphologies of polymer
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Figure 3. FESEM images of the directed PS/PAA morphologies on
alternative MUAM/ODT patterns with 1000 nm periodicity. The dark
regions are PS domains and the gray regions are attributed to PAA
domains. The spin speeds were varied: (a) 1000, (b) 2000, (c) 2500,
(d) 3000, (e) 3500, (f) 4000, (g) 5000, (h) 7000, and (i) 9000 rpm.

blends has been reported to require geometric commensura-
tion between the characteristic length and pattern periodicity.*
When the characteristic length is greater than the pattern
periodicity, the larger domains completely wet the chemi-
cally more attractive surface (pattern), but excess material
spills over onto more energetically unfavorable surfaces of
the pattern. For characteristic lengths smaller than the pattern
periodicity, there may be insufficient material to completely
wet the energetically favorable surfaces, forming discontin-
uous patterns.

Heterogeneous Patterns with Different Periodicities. Well-
ordered replication of patterns occurred when the given pat-
tern periodicity was commensurate with the characteristic
length, which can be controlled by spin speed. The effect of
spin speed on replication of patterns with different periodi-
cities (333—1333 nm) was investigated. Figure 4 shows the
FESEM images of directed morphologies of the PS/PAA
blend on MUAM/ODT patterns with different periodicities.
The replication of patterns with 1333 nm periodicity at dif-
ferent spin speeds are shown in Figure 4a—d. For good directed
assembly, the characteristic length should be equal to the
pattern periodicity of 1333 nm. On the basis of eq 1, the
critical spin speed to fabricate the required characteristic
length of 1333 nm was calculated to be 2056 rpm. Because all
the spin speeds used (3000—9000 rpm) were faster than the
critical spin speed of 2056 rpm, the resultant characteristic
lengths were smaller than 1333 nm and poor replication
of the patterns was observed. Figure 4e—h presents the effect
of spin speed on the directed assembly on patterns with a
1000 nm periodicity. As shown in Figure 4e, well-ordered
patterned structures of the PS/PAA blend were produced
because the spin speed of 3000 rpm was close to the calcu-
lated critical spin speed of 3082 rpm. Increasing the spin
speed resulted in smaller characteristic lengths compared to
the pattern periodicity of 1000 nm and resulted in increas-
ingly disordered patterned morphologies (Figure 4f—h).
Figure 4i—1 shows the directed assembly on patterns of 667
nm periodicity. The critical spin speed to obtain the required
characteristic length of 667 nm was calculated to be 5452 rpm.
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Figure 4. FESEM images of directed assembly of PS/PAA blends using
alternative MUAM/ODT patterns with various periodicities: (a—d)
1333, (e—h) 1000, (i—1) 667, and (m—p) 333 nm. The spin speeds were
changed: (a, e, i, m) 3000, (b, f, j, n) 5000, (c, g, k, 0) 7000, and (d, h, 1, p)
9000 rpm. w. stands for the critical spin speed for each pattern
periodicity.

When spin speeds were either lower or higher than the critical
spin speed, poor assembly was observed. Spin speeds of 5000
and 7000 rpm produced characteristic lengths of 643 and
565 nm, respectively, and good directed assembly (Figure 4j,k).
Figure 4m—p shows the morphologies for a pattern with a
333 nm periodicity. The corresponding critical spin speed to
obtain a commensurate characteristic length was 14505 rpm.
Because the spin speeds used were lower than the critical
value, poor assembly occurred.

These results show that control of the spin speed can be
used to obtain the required characteristic length commensu-
rate with the pattern periodicity. Spin speed controls phase
separation and domain coarsening. The pattern-directed
dewetting/wetting behaviors of PS/PAA blend are also time-
dependent. As the solvent evaporates, the polymer mobility
is reduced; eventually patterning ceases. The evaporation rate
of the solvent is increased with increasing spin speed, reduc-
ing the time available for directed assembly. Solution con-
centration also affects polymer mobility and time available
for assembly and can be used to achieve the good assembly
on patterns when the spin speed is experimentally inaccessible.

Solution Concentration. Solution concentration can also
control the characteristic length. The effect of solution con-
centration on the characteristic length was investigated on
homogeneous surfaces and heterogeneous patterns.

Homogeneous Substrates. To investigate the relationship
between solution concentration and the characteristic length
of a PS/PAA blend, solutions with different concentrations
were spin-coated on homogeneous substrates. Figure 5 shows
the phase-separated morphologies as measured using AFM
and FFT. The domain size decreased with more dilute solu-
tions. The round diffusion rings in the corresponding FFT
diagrams indicate that the morphology was isotropic on the
homogeneous substrate. The influence of solution concen-
tration on the characteristic length of the PS/PAA blend is
shown in Figure 6. The characteristic length increased line-
arly as the solution concentration was increased from 0.4 to
1.4 wt %. During spin-coating, the polymer blend solution
spreads uniformly on the substrate, forming a liquid film.
The spreading of this film is controlled by competition between
centrifugal and viscous forces. With increasing solution con-
centration, the viscous forces increase, restricting film thin-
ning. A thicker film provides a longer period of time for the
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Figure 5. AFM topography images of PS/PAA blends films on homo-
geneous substrate with a single surface energy. The scanning size was
10 um x 10 um. The solution concentration was varied: (a) 0.4, (b) 0.6,
(c)0.8,(d) 1.0, (e) 1.2, and (f) 1.4 wt %. Corresponding FFT diagram for
each AFM image was inserted.
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Figure 6. Relationship between solution concentration and the char-
acteristic lengths of PS/PAA phase-separated morphologies.

solvent to evaporate and for phase separation and domain
coarsening, resulting in an increased characteristic length.
For PS/PVP blends, Raczkowska et al.*® found that the
characteristic length increased linearly with increasing solu-
tion concentration. Ton-That et al.*’ also found that the domain
sizes of PS/PMMA blends were increased linearly by increas-
ing solution concentration and that solution concentration
could be used to control the domain size of polymer blends.
Similarly, the domain height difference between PS and PAA
decreased with reducing solution concentration because a
shorter period of time was available for domain coarsening.

Heterogeneous Patterns with Constant Periodicity. The influ-
ence of solution concentration on the directed assembly for
patterns with 1000 nm periodicity is shown in Figure 7. Since
directed assembly is best when the characteristic length is com-
mensurate with the pattern periodicity, well-ordered pattern-
ing was expected for a solution concentration producing
a characteristic length of 1000 nm. Using the relationship
between characteristic length and solution concentration
(Figure 6), the critical solution concentration was calculated to
be 0.96 wt %.
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Figure 7. FESEM images of the directed PS/PAA morphologies on the
MUAM/ODT alternative patterns with 1000 nm periodicity. The dark
regions are PS domains and the gray regions are attributed to PAA
domains. When the spin speed remained constant as 3000 rpm, solution
concentrations were varied: (a) 0.4, (b) 0.6, (c) 0.8, (d) 1.0, (e) 1.2, and
(f) 1.4 wt %.

As shown in Figure 7, the directed assembly on patterns
with constant periodicity varied with solution concentra-
tion. For solution concentrations smaller than 0.96 wt %
(Figure 7a—c), the characteristic lengths were smaller than
the pattern periodicity and disordered patterned structures
were observed. Figure 7d shows the morphology when the
solution concentration was close to the critical value of
0.96 wt %. In this case, good assembly was observed. As
shown in Figure 7e.f, increasing the solution concentration
to 1.2 and 1.4 wt % produced characteristic lengths that were
larger than the pattern periodicity, and the morphology
became disordered again. By controlling solution concentra-
tion, Raczkowska et al.** and Walheim et al.** also found
that well-ordered morphologies were produced when the
produced characteristic length was commensurate with the
pattern periodicity for blends of PS/PVP and PS/partially
brominated polystyrene (PSBr), respectively. The use of spin
speed and solution concentration together to control the
characteristic ratio to achieve well-ordered pattern replica-
tion on the nanoscale, as well as the required level of com-
mensurability, was not investigated in these studies.**

Heterogeneous Pattern with Different Periodicities. For the
fabrication of well-ordered morphologies on patterns with
different periodicities, control of the solution concentration
is important. Solution concentration can be varied to pro-
duce the required characteristic length commensurate with
the corresponding pattern periodicity.

Figure 8 shows the FESEM images of the directed assem-
bly of the PS/PAA blend on patterns with different periodi-
cities. For a pattern periodicity of 1333 nm (Figure 8a—d),
the required solution concentration was calculated to be
1.24 wt %. All the solutions concentrations were smaller
than 1.24 wt %, so the resulting characteristic lengths were
smaller than the pattern periodicity and disordered mor-
phologies were observed. When the pattern periodicity was
reduced to 1000 nm (Figure 8e—h), a solution concentration
of 0.96 wt % was required to obtain the commensurate char-
acteristic length and well-ordered assembly (see Figure 8e).
For a pattern periodicity of 667 nm, the critical solution con-
centration was calculated to be 0.68 wt % between the experi-
mental concentrations of 0.6 (Figure 8j) and 0.8 wt %
(Figure 8k). For these concentrations, good patterning was
observed, while for concentrations smaller (0.4 wt %, Figure 81)
or larger (1.0 wt %, Figure 81) poor assembly was produced.
Figure 8m—p presents the morphologies on patterns with 333 nm
periodicity. Figure 8p shows the well-ordered assembly produced
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Figure 8. FESEM images of directed assembly of PS/PAA blends using
alternative MUAM/ODT patterns with various periodicities: (a—d)
1333, (e—h) 1000, (i—1) 667, and (m—p) 333 nm. The solution concen-
trations were changed: (a, e, i, m) 1.0, (b, f, j, n) 0.8, (c, g, k, 0) 0.6, and
(d, h,1,p) 0.4 wt %. C, stands for the critical solution concentration for
each pattern periodicity.
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Figure 9. Schematic diagrams of the predesigned patterns with differ-
ent periodicities: (a) 1333, (b) 1000, (c) 667, and (d) 333 nm.

when the solution concentration matched the critical solution
concentration of 0.4 wt %. For solution concentrations larger
than 0.4 wt %, (Figure 8m—o), disordered patterned morphol-
ogies were observed. Although for a concentration of 0.4 wt %
the characteristic length was close to the pattern periodicity of
333 nm, some defects were still observed, indicating kinetic
factors may still play a role. Similar to spin speed, solution
concentration can also be controlled to produce character-
istic length commensurate with the pattern periodicity to
achieve excellent directed assembly of a PS/PAA blend.

Quantification. To quantitatively measure the directed assem-
bly of a PS/PAA blend, a new method of image analysis was
developed. In this method, the actual patterned morphol-
ogies seen in the FESEM images were compared with the
corresponding pattern geometries, considered to be perfect
assembly (Figure 9). Patterning efficiency, E,,, a dimensionless
parameter, was introduced to quantify the relationship between
the template and the assembled polymer blend, as shown in the
equation

ST @
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where N is the number of the pixels. S ;is attributed to the gray-
scale of the corresponding pixel i in the predesigned patterns. Sy ;
equals 1 when the dark regions are taken to be PS domains, and
So.;equals —1 when the bright areas in the predesigned patterns
are taken to be PAA domains (Figure 9). S; denotes the gray-
scale found in the FESEM images for pixel i. When the grayscale
at pixel i was greater than 127, pixel i was considered a dark
region and S;is given a value of 1. When the grayscale at pixel i
was smaller than 127, pixel i was considered as a white region
and S; is given a value of —1. The resultant values of E, vary
from 0.5 to 1. When E|, equals 0.5, the phase-separated mor-
phologies are not affected by the chemically heterogeneous
patterns and are isotropic. When £, equals 1, perfect replication
of the underlying pattern is produced. For each FESEM image,
five different areas were randomly chosen and compared with
their corresponding pattern geometries having the same size and
pixel number. Five different patterning efficiencies were calcu-
lated and used to obtain the average and standard deviation
(used for error bars).

For each FESEM image the patterning efficiency was mea-
sured and compared to the ratio of the characteristic length
to the respective pattern periodicity, R/A. Figure 10 shows
the effect of R/A on the patterning efficiency. Three levels of
replication were defined in Figure 10. When 0.5 < E;, < 0.6,
the directed morphologies were considered disordered. Par-
tially ordered and well-ordered patterned structures were
defined when 0.6 < £, < 0.75 and E, > 0.75, respectively.
Values for E, > 0.75 were found when 0.8 < R/A < 1.2
(region I). It is widely accepted that when the characteristic
length is commensurate with the pattern periodicity, i.e.,
R/A = 1, perfect directed morphologies are produced. Here it
is seen that for well-ordered directed assembly of polymer
blends the range of the commensurability should be within
20%. Values for 0.6 < E, < 0.75 were found when R/A < 0.8
(values of R/A < 0.2 were not investigated) or 1.2 < R/A <
2.0 (region II). In this region, partially ordered patterned
structures were produced. Values for £, < 0.6 were found
when R/A > 2.0 (region III). In this region, disordered
(nearly isotropic) structures were produced.

Conclusions

Nanopatterned polymer structures can be produced by direc-
ted assembly of polymer blends on chemically heterogeneous

patterns during spin-coating. Well-ordered polymer morphol-
ogies can be produced when the characteristic length of polymer
blends, R, is commensurate with pattern periodicity, A. Control of
the characteristic length to be commensurate with pattern peri-
odicity is important for the fabrication of well-ordered directed
morphologies in polymer blends. In this paper, spin-coating
speed and solution concentration were used to control the
characteristic length of a PS/PAA blend and to produce the
well-ordered morphologies.

The characteristic length was reduced by increasing spin speed
from 1000 to 9000 rpm or reducing solution concentration from
1.4 to 0.4%. For the directed assembly on patterns with periodi-
city of 1000 nm, a well-ordered morphology was produced when
spin speed was 3000 rpm and solution concentration was 1.0%.
Under this condition, the characteristic length was commensu-
rate with the pattern periodicity. For the replication of patterns
with different periodicities (333—1333 nm), the critical spin
speeds or solution concentrations, producing the required char-
acteristic lengths to be commensurate with the given pattern
periodicities, were predicted. Well-ordered morphologies were
found when the spin speed or solution concentration was close to
the critical value. Disordered morphologies were observed when
the spin speed or solution concentration was larger or smaller
than the critical value.

In this paper, the range of commensurability between char-
acteristic length and pattern periodicity for well-ordered morphol-
ogies of polymer blends was discussed for the first time. A new
method was introduced to quantitatively evaluate the directed
morphologies based on image analysis. It was observed that when
R and 1 were within 20% of each other (0.8 < R/A < 1.2), well-
ordered morphologies were produced. When R/A < 0.8 or 1.2 <
R/A < 2.0, partially ordered morphologies were found. Disor-
dered morphologies occurred when R/A > 2.0.

In this paper, the effect of processing parameters, such as spin
speed and concentration, on the fabrication of nanoscale pat-
terned polymer blends is reported. This work is important for the
development of high rate nanomanufacturing methods to accel-
erate the commercialization of nanostructured polymers for a
variety of applications.
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