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ABSTRACT: The phase transitions for the films of a symmetric polystyrene-b-poly(methyl methacryltate)
(PS-b-PMMA) on a modified surface, like the order-to-disorder transition (ODT) in the weak segregation
regime, was investigated by in situ grazing incidence small-angle X-ray scattering (GISAXS). The selective
interactions at the surface by PS-brush substrate that favors the preferential interactions with the PS
component of the block copolymer enhance the parallel orientation of the lamellar microdomains to the film
surface. This effect for weakly interacting PS-5-PMMA films leads to a gentle decrease of the transition
temperature with increasing film thickness up to 50L, (lamellar period). We discuss this thickness dependence
of transition temperatures for PS-b-PMMA films on preferential surfaces in terms of the temperature

dependence of y between two block components.

Introduction

The thin films of block copolymer (BCP), consisting of
chemically different polymers covalently linked together, have
received attention as promising templates and scaffolds in tens of
nanometers, since BCP can self-assemble into the ordered nano-
structures such as lamellar, cylindrical, gyroid, and spherical
arrays on the substrates.> Some research efforts for various
applications of BCP films have stimulated the studies on the
controlled interfacial interactions and the confinement at the
interfaces to facilitate the microdomain orientation for the desired
practical uses.>'® The preferential interaction of one block
component with substrate and/or the difference of surface tension
between two block components can lead to the parallel orienta-
tion of lamellar microdomains in the v1c1n1ty of two interfaces
at the substrate/polymer and polymer/air.>~® In contrast, the
balanced interfacial interactions (on the neutral substrate) enable
BCP microdomains to orient normal to the film surface.” " It is,
therefore, of great importance to understand the phase behavior
in film geometry that confines polymer chains to the interfaces,
which would be expected to differ appreciably from that in the
bulk state.'™"®

A classic order—disorder transition (ODT) behavior of BCP
can be determined at a temperature of Topr from the ordered
to the disordered (or physically phase-mixed) state when the
enthalpic term of free energy of mixing is equal to the entropic
term. As for a symmetric BCP of yN > 10.495, the microphase
separation occurs, where y is the segmental interaction parameter
as a function of temperature (7) and N is the overall number of
segments in the BCP.">?° Hence, an ODT-type BCP where y is
proportional to 1/7 shows the microphase separation upon
cooling and the phase mixing at elevated temperature.

It has been reported that the transition in BCP films, unlike
that in the bulk state, can be influenced by the 1nterfa01al inter-
actions.”! ** The transition behavior for the films of symmetric
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polystyrene-b-deuterated poly(methyl methacryltate) (PS-b-dP-
MMA) on Si substrates was first studied by ex sifu neutron
reflectivity (NR) as a function of temperature and film thickness,
leading to the thickness dependence on T.,, where T.. is a
temperature when the decay length (&) reduces dlscontmuously
with increasing temperature and approaches to infinity.?! This
transition temperature was defined as the order-to-a partial
disorder transition rather than ODT, since the scattering length
density above Topr of the bulk state never achieved a constant
value equal to the average value of two components. It indicates
that the periodic ordered layers remains at the interfaces of the
substrate and the top, while the middle of the film still is
disordered.*

A field-theoretic simulation study of BCP confined between
two neutral walls showed that the ODT by taking the fluctua-
tion effect into account is strongly suppressed for L, (lamellar
period) < 1 but consistently shifted up to 10% with respect to the
mean-field value of y N = 10.495, which is in agreement with the
analytical study on the confinement effect of ODT in the BCP
melts.>>* This result also represents that the phase transition of
BCP in film geometry can be significantly influenced by the inter-
facial interactions.

Recently, the phase transitions for the films of a lamella-
forming polystyrene-b-polyisoprene (PS-b-PI) on preferential
surfaces was investigated by in situ grazing incidence small-angle
X-ray scattering (GISAXS) in comparison to that for the bulk
state.”® The thickness dependence of transition temperatures, as a
consequence of the suppression of the compositional fluctua-
tions, leads to a characteristic thickness of ~12L, where the
transition temperature begins to significantly increase with de-
creasing film thickness. Hence, for the film less than 121, the
Topt increases drastically with decreasing film thickness because
the strength of interfacial interactions is inversely proportional to
the film thickness. It should be pointed out that PS-b-PI possesses
a strong temperature dependence on y, indicating a drastic
change with thermal energy.

To elucidate the effect of temperature dependence on y for the
transition behavior of BCP films in the weak segregation regime,
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in this study, we focused on the phase transitions for the films
of lamella-forming polystyrene-b-poly(methyl methacryltate)
(PS-b-PMMA) on preferential surfaces as a weakly interacting
BCP with a weak temperature dependence of y. The thickness
dependence of transition temperatures for PS->-PMMA films
leads experimentally to a gentle decrease of the transition tem-
perature with increasing film thickness up to 50L, (lamellar
period), which is still above the order-to-disorder transition
temperature (Topt) for the bulk PS-b-PMMA. This result is
systematically compared to the transition behaviors calculated by
the mean-field theory depending on the relative magnitude of
enthalpic contribution (temperature-dependent part) to y.

Experimental Section

A nearly symmetric PS-b-PMMA used in this study was
purchased from Polymer Source, which was synthesized by the
sequential anionic polymerization of styrene and methyl metha-
crylate in tetrahydrofuran (THF) at —78 °C in the presence of
LiCl using sec-butyllithium as an initiator. The number-average
molecular weight (M) and polydispersity index (PDI), charac-
terized by size-exclusion chromatography (SEC), were measured
to be 29000 g/mol and 1.08, respectively. PS volume fraction
(®ps) of BCP was determined to be 0.553 by 'H nuclear magnetic
resonance ("H NMR) based on the mass densities of two compo-
nents (1.05 and 1.184 g/em® for PS and PMMA). A hydroxyl-
terminated polystyrene (PS-OH) was synthesized via anionic poly-
merization (Polymer Source), having M, = 10000 and PDI =
1.07.

To prepare a selectively preferential PS-brush surface, a thin
film of PS-OH by spin-coating on the standard Si substrate from
the solution in toluene was annealed at 170 °C under vacuum for
3 days. During annealing well above the glass transition tem-
peratures (7},) of PS (<100 °C), end-functional hydroxyl groups
of PS-OH diffuse to and react with the native oxide layer. After
rinsing with toluene to remove the nonanchored chains, the
thickness of PS-brush was measured to be 5.0 £ 0.3 nm by ellip-
sometry (SE MG-1000, Nanoview Co.).

A given amount of PS-b-PMMA was dissolved in toluene and
spin-coated onto the PS-brush substrate that was cleaned with
toluene and dried with a stream of nitrogen before use. Sub-
sequently, the BCP films were annealed at 170 °C under vacuum
for 3 days to allow the thermal equilibrium above 7,’s for PS and
PMMA (100 and 115 °C, respectively). The thicknesses of BCP
films were controlled by spin-coating at high speed (4000 rpm)
from 196 nm (10L,) to 980 nm (50L,), where Ly (=19.6 nm) is
consistent with d-spacing at 170 °C in the bulk state, determined
by d = 2m/g*.

Synchrotron scattering experiments were conducted to probe
the transition temperatures at 4C1 for small-angle X-ray scatter-
ing (SAXS) and 4C2 (GISAXS) beamlines of the Pohang Accel-
erator Laboratory (PAL), Korea.?” The operating conditions for
GISAXS were set to a wavelength of 1.38 A and the sample-to-
detector distance of 2.2 m. The film samples were mounted on a
heating cell under vacuum, and the incident angle was set at
0.16°—0.18°, which is above the critical angle (0.156°) of PS-b-
PMMA films.*® For BCP films, this technique has recently
provided the detailed analysis with the characteristic patterns of
nanostructures by virtue of the large scattering volume,® 2
whereas X-ray reflectivity allows a mean value of electron densities
for two components due to the lack of the contrast between two
components.®® 2D GISAXS patterns were recorded using a CCD
detector (Princeton Instruments) positioned at the end of a
vacuum guide tube when the X-ray beam pass through the BCP
films under vacuum. The least exposure time and frequency were
used so as to avoid the sample degradation by X-rays. SAXS was
measured to determine the bulk behavior of the BCP. All the
heating experiments were automatically controlled with a PID
temperature controller from 150 to 245 °C at a constant heating
rate of 0.9 °C/min and with the exposure time of 10—60 s.
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Figure 1. (a) SAXS intensity profiles for the bulk PS->-PMMA as a
function of scattering vector (¢) at various temperatures during heating
at a rate of 0.9 °C/min from 150 to 245 °C and (b) the scattering
parameters derived from SAXS profiles. The inverse of the maximum
intensity (1//(¢max)), full width at half-maximum (fwhm), and d-spacing
by d = 27/q* are plotted as a function of inverse temperature (1/K).
Arrows indicate the first-order peak at ¢* = 0.319 nm™ ' and the second-
order peak at 2¢*.

Results and Discussion

SAXS intensity profiles for PS-»-PMMA reflecting the phase
structures in the bulk state, measured at various temperatures
during heating at a rate of 0.9 °C /min from 150 to 245 °C, are
shown in Figure la as a function of the scattering vector (g),
where ¢ = (47t/A) sin 0; 20 and A are the scattering angle and
wavelength, respectively. At low temperatures (7" < 200 °C), a
sharp scattering peak located at ¢* = 0.319 nm ™' and the second-
order peak at 2¢* relative to the first-order reflection (indicated
by arrows), the characteristic of the lamellar microdomain
morphology, are observed due to the microphase separation by
the unfavorable segmental interactions between two block com-
ponents. Here, only discernible higher order peak to 2¢* is caused
by the low contrast in electron densities between two components
of PS-b-PMMA. With increasing temperature (7> 200 °C), the
primary peak significantly weakens and broadens and then
maintains a diffuse maximum with no second-order peak. The
diffuse scattering at higher temperature corresponds to the
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Figure 2. 2D GISAXS patterns for PS-»-PMMA film of 40L, (785 nm)
on PS-brush substrate at incident angle of 0.17°, which is above the
critical angle (0.156°) of PS-b-PMMA films. All patterns were taken
at each temperature during heating from 160 to 230 °C at a rate of
0.9 °C/min after thermally annealing the film at 170 °C for 3 days under
vacuum.

characteristic correlation hole scattering of the disordered (or
phase-mixed) BCP, which arises from the compositional fluctua-
tions of two connectmg components in the R, (radius of gyration)
length scale."” This behavior is typical for ODT-type BCPs
undergoing a transition from the ordered to disordered state
with temperature. Accordingly, one can readily determine an
order-to-disorder transition (Topr) at 200+ 5 °C for PS-h-PMMA
by the discontinuous changes of the scattering parameters derived
from the SAXS profiles, such as the inverse of the maximum
intensity (1/1(¢*)), full width at half-maximum (fwhm), and
d-spacing (d) by d = 2m/q* as a function of inverse temperature
(1/K), as plotted in Figure 1b. As temperature increases over
Topt, 1/I(¢*) and fwhm increase and d-spacing gradually de-
creases, where the interaction parameter () between two block
components decreases proportionally to 7 and the thermal
fluctuation increases. It should be mentioned that a broader
transition range (195—205 °C) can be correlated to the weak
temperature dependence (or small enthalplc contribution) on
¥ = 0.0282 + 4.46/T for PS-b-PMMA** compared with the
strong temperature dependence on y = —0.0419 + 38.54/T for
PS-h-PL%?

Figure 2 shows in situ 2D GISAXS patterns for PS->-PMMA
film with thickness of 785 nm on PS-brush substrate, at which the
patterns were taken at each temperature during heating from 160
to 230 °Catarate of 0.9 °C/min after thermally annealing the film
at 170 °C for 3 days under vacuum. This thickness corresponds to
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Figure 3. Intensity profiles from the GISAXS patterns in Figure 2 for
PS-b-PMMA film of 40L, at both (a) the hidden scattering scanned
along the ¢. direction near ¢, = 0 (the vertical beamstop) during heating
and (b) the in-, plane scattering scanned along the ¢, direction at constant
¢- = 0.269 nm™" (corresponding to ¢. of the reflected beam), res-
pectively. Intensities were rescaled with the shift factor of 3—4.
(c) Maximum intensities of both peaks as a function of temperature.
By the discontinuity in intensities, the parallel orientation of the lamellar
microdomains on PS-brush substrate disappears into the disordered
state in film at greater than 209 °C.

40L,, where L, is the interlamellar spacing or d-spacing (d =
27/q*) of 19.6 nm, taken at the ordered state of bulk PS-b-
PMMA at 160 °C. The least exposure time at the selective
temperatures was used in order to avoid X-ray beam damages
that can influence the transition temperature. In the scattering
geometry used, ¢, is the scattering vector normal to the incident
plane, which is related to d-spacing of the film by d = 27/q,, and
qz is the scattering vector normal to the sample surface, defined as
= (4mr/A) sin 6. In order to probe the morphology of the entire
ﬁlm the incidence angle was set dt 0.17° above the critical angle
(0. 156°) of PS-b-PMMA films.*®
For the GISAXS pattern at 7= 160 °C, two strong scattering
peaks along ¢. near ¢, = 0 (or the vertical beamstop) are distinct,
hereafter denoted as the hidden scattering, and little in-plane scat-
tering peaks are perceptible along g, at constant ¢. = 0.269 nm”~'
(corresponding to ¢. of the reflected beam). This characteristic
pattern corresponds to the interfaces for the multlldyered lamellar
microdomains aligned parallel to the film surface,***’ in good
agreement with the recent report on the films of lamellar-forming
PS-b-P1.% The parallel orientation of the lamellar microdomains
can be attributed to the selective interactions on PS-brush
substrate to the PS component of the BCP, causing near the
substrate the high concentration of PS block chains that can lead
to the compositional propagation into the film, evidenced by the
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Figure 4. SEM images for PS-»-PMMA film of 40L, on PS-brush
substrate, which were taken by quenching after thermally annealing the
film at 170 °C for 3 days under vacuum. The left and right images was
taken at a tilt angle of 55° after etching PMMA component and cross-
sectional view with no etching, respectively.

SEM images in Figure 4 (will be discussed later). The similar
GISAXS patterns are shown in the film even up to 205 °C, which
is higher than the Topt (200 °C) of the bulk PS-b-PMMA,
although the in-plane scattering peaks weakly appear. With
further increasing temperature (7' > 209 °C), the in-plane scatter-
ing peaks intensify and reach a weak and broad maximum up to
230 °C at the expense of the hidden scattering peaks, indicating the
disordering of BCP films at higher temperature. Two elliptical
diffuse scattering patterns observed for 7> 209 °C from the ref-
lected and transmitted X-ray beams confirm a disordered BCP
film, which arise from a superposition of the correlation hole
scatterings by the compositional fluctuations in the films. Upon
direct cooling to 160 °C, the hidden scattering peaks reappear, and
the in-plane scattering peaks gradually weaken but still remain in
1 h due to insufficient annealing time for the thermal equilibrium
(not shown here).

To determine the transition temperature in the BCP film
quantitatively, the intensity profiles from the GISAXS patterns
in Figure 2 are scanned along the ¢. direction near the vertical
beamstop gqy = 0) and along the ¢, direction at constant g. =
0.269 nm™ ', as shown in parts a and b of Figure 3, respectively.
Over the temperatures from 160 to 230 °C, the hidden scattering
peaks at the ordered state (7" < 209 °C) in Figure 3a are much
sharper than the in-plane scattering peaks at the disordered state
(T > 209 °C) in Figure 3b, reflecting the structural changes of the
entire film during heating. Hence, these complementary tempera-
ture dependences of both peak intensities enable us to efficiently
determine the transition temperature in the BCP film, as plotted
in Figure 3c, which are reasonably consistent with the direct
analysis of the GISAXS patterns. Two discontinuous changes by
an increase of in-plane scattering and a decrease of hidden
scattering are observed at 209 +4 °C as a Topr of PS-b-PMMA
film of 40L,. The similar transition temperatures were measured
for PS-b-PMMA films of 32L, (628 nm) and 50L, (980 nm) on
the PS-brush substrate, which are still above the Topr (200 °C) of
the bulk PS-h-PMMA. This behavior can be a consequence of the
suppression of compositional fluctuations by the pinned high
concentration of PS block chains near the PS-brush substrate,
which would be evidenced by the compositional propagation into
the film where the lamellar microdomains orient parallel to the
film surface.*®

Figure 4 depicts the SEM images for PS-b-PMMA film of 40L,
after thermally annealing the film at 170 °C for 3 days under
vacuum. The left image was taken at a tilt angle of 55°, where the
PMMA microdomains were removed by UV exposure and sub-
sequent rinsing with acetic acid shortly to enhance the contrast,
indicating the parallel orientation of the lamellar microdomains
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Figure 5. 2D GISAXS patterns for PS-b-PMMA films of (a) 16,
(314 nm) and (b) 10L, (196 nm) on PS-brush substrate at incident angle
of 0.17°. All patterns were taken at each temperature during heating
from 160 to 230 °C at a rate of 0.9 °C/min after thermally annealing the
film at 170 °C for 3 days under vacuum.

to the film surface. The cross-sectional view by only the direct
beam damages confirms the consistent result with the left image,
though weak in the contrast.

2D GISAXS patterns for PS---PMMA film of 16L, (314 nm)
and 10Ly (196 nm) on the PS-brush substrate are shown in
Figure 5a,b which were taken at the same manner during heating
from 160 to 230 °C. For the GISAXS pattern of 16L, film, two
strong hidden scattering peaks along ¢. near ¢, = 0 are evident up
to T ~ 212 °C due to the parallel orientation of the lamellar
microdomains to the film surface, and with increasing tempera-
ture (7 > 212 °C), the in-plane scattering as well as two elliptical
scattering is significantly intensified up to 7'= 230 °C, indicating
the disordering of BCP films. Moreover, for the GISAXS pattern
of a very thin film of 10Ly, the hidden scattering peaks up to 7' =
214 °C weaken with further increasing temperature, and the
in-plane scattering is intensified for 7> 215 °C. An increase of
transition temperature for film of 10L, can be attributed to the
effective interfacial interactions by the PS-brush substrate with
decreasing film thickness. The numerical intensity difference of
the in-plane scattering between the ordered and the disordered
state is ~3000 a.u. for film of 40 L,. However, with decreasing film
thickness these differences come to 200 a.u. for film of 10L, due to
the low contrast, which hinders the transition measurement when
the film thickness is less than 10L,,.

The maximum intensity profiles of the in-plane scattering
peaks are shown in Figure 6a as a function of temperature with
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Figure 6. (a) Maximum intensity profiles of the in-plane scattering
peaks for PS-h-PMMA films from 10L, to 50L, on the PS-brush
substrate as a function of temperature, which were scanned along the
g, direction at constant . = 0.263nm" " for 10L, 12L, 16Lo, 25L¢, and
32L, films and at constant ¢. = 0.269 nm™ ' for 40L, and 50L, films
during heating at a rate of 0.9 °C/min. The dotted line indicates a Topr
(200 °C) for the bulk PS-b-PMMA. (b) Thickness dependence of
transition temperatures for PS---PMMA films in comparison to that
for PS-b-PI films on the PS-brush substrate, which is reproduced from
ref 23. These transition temperatures were determined at the midpoints
of the discontinuous range in intensities. Error bars indicate the initial
and final points of transition temperatures, and the lines serve as a guide
to the eyes.

varying PS-b-PMMA film thickness, which were scanned along
the ¢, direction at constant ¢. = 0.263 nm ! for films of 10L,,
12Ly, 16Ly, 25Lo, and 32L,, and at constant ¢. = 0.269 nm ™' for
films of 40L, and 50L, on the PS-brush substrate, respectively.
For the film of 50L, on the PS-brush substrate, an increase in
intensity of in-plane scattering peak corresponds to the phase
change from the parallel orientation of the lamellar microdo-
mains to the film surface to a disordered state for the BCP film
resulting in the correlation hole scattering, leading simply to a
Topt determined at the midpoint of 208 °C. This transition
temperature is the similar to those for the films of 40L, and 32L,
while they are still above Topr (200 °C) for the bulk PS->-PMMA
(indicated by dotted line). As the film thickness decreases to 10L,,
an increase of transition temperatures is observed up toa Topr =
215 °C.

The thickness dependence of transition temperatures for PS-b-
PMMA films is shown in Figure 6b, where the experimental data
points are given as closed symbols. With increasing film thickness
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Figure 7. Maximum intensity profiles of the in-plane scattering peaks
for PS-b-PMMA films of 10L, on the PS-brush substrate depending on
the exposure time, which were analyzed in similar manners of Figure 6.
For comparison, two sample pictures after measurements are shown in
the inset (the left and right pictures for the films with 15 and 60 s
exposure, respectively). A dark line observed in the sample with 60 s
exposure depicts the serious sample damage with long time exposure by
X-rays.

up to 50L,, transition temperatures for PS->-PMMA films gently
decrease from 215 to 208 °C, whereas for PS-b-PI films repro-
duced for comparison in ref 23, they remarkably decrease to 121,
and then hold the same to 40L,.>* We speculate that the different
behaviors of transition temperatures can be attributed presum-
ably to the relative magnitude of temperature dependence on
% between two BCP films. A decreasing tendency of the transition
temperatures for PS-b-PMMA films may be correlated to the
weak temperature dependence of y between two block compo-
nents, presumably due to the small enthalpic contribution to
« that is inversely proportional to temperature.

Figure 7 shows the maximum intensity profiles of the in-plane
scattering peaks for PS-b-PMMA films of 10L, on the PS-brush
substrate depending on the exposure time, which were analyzed in
the similar manners of Figure 6. An unusual transition tempera-
ture (~195 °C) for the film of 10L, with 60 s exposure is observed
by the discontinuity in intensity, which is lower than that (215 °C)
for the film with 15 s exposure. Here, we emphasize the impor-
tance of the optimum exposure time in the GISAXS measure-
ment since the transition temperatures of PS-b>-PMMA films may
be aberrantly altered due to the serious damages by X-rays. It was
observed that the transition temperatures were floating when PS-
b-PMMA films were exposed to X-rays for long time, unlike that
in the bulk state. For instance, during heating from 160 to 230 °C
at a rate of 0.9 °C/min, the sample surfaces with 60 s exposure
showed a dark line by the optical microscopy (OM) and the eyes.
It represents that PS-~-PMMA films were seriously degraded
with long time exposure by X-rays, as is directly seen on the right
photograph in Figure 7. For the sample surfaces with less than
25 s exposure, there was no discernible damage by X-rays, as
shown in the inset (the left and right pictures for the films with
15 and 60 s exposure, respectively). For this reason, the exposure
time of 15 s was set to effectively minimize the degradation by
X-rays because it still allows an effective intensity resolution at
least within the error range of the correct transition temperature
we believe.

When the propagating profiles due to the preferential interac-
tions penetrate the film, a decay length (&) for the propagating
profile becomes comparable to the film thickness composed
of the lamellar microdomain layers. Therefore, this thickness
dependence of transition temperatures can be indirectly probed
by & with temperature change. We take the apparent transition of
208 °C for the film of 50L, due to the suppressed fluctuations as a
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Figure 8. Theoretical transition temperature as a function of non-
dimensionalized decay length (£¢*) by employing y = 0.0282 + 4.46/T (O)
in the mean-field region. y = 0.0327 + 2.322/T (O) with weaker and y =
0.0107 4+ 12.92/T (») with stronger enthalpic contribution are relatively
compared in terms of temperature dependence of y between block
components.

starting point. For BCP films of finite thickness,*® ~*° within the

surface interactions, the previous theoretical study on the mean-
field free energy functional suggests the effect of y on & for the
exponential decay of a propagating 2profile starting from the
surfaces through the films as Eg* = 2'7/[1 — (37/3o)]"%, where § =
2Ny — 2Ny, + s with 7, = 3"2/[¢(1 — ¢)]*'%; Ny, and ¢* indicate
Ny atmean-field spinodals and the equilibrium wave vector of the
bulk state, respectively. On the basis of the correlation between
&g* and nL,, we calculated the transition temperatures as a
function of §¢* by employing y = 0.0282 + 4.46/T in the mean-
field region with a minutely adjusted molecular weight to possess
the desired ODT.* Two modified y’s with weaker (= 0.0327 +
2.322/T) and stronger enthalpic contribution (= 0.0107 + 12.92/
7), both of which yield the same hypothetical Topt at 208 °C,
were also employed to clarify the effect by temperature depen-
dence of y between two block components, as plotted in Figure 8.
Interestingly, the transition temperature of hypothetical BCP
films with stronger enthalpic contribution to y yields a drastic
decrease at lower §¢* and plateaus to a constant 208 °C, which is a
similar tendency the transition temperatures for PS-h-PI films
that possesses ¥ = —0.0419 + 38.54/T.%° In contrast, the transi-
tion temperature of BCP films with weaker enthalpic contribu-
tion reveals a slower (or gentle) change with increasing &g*.
A decreasing tendency of the transition temperatures for PS-b-
PMMA films may be correlated to the weak temperature depen-
dence of y between two block components, more than likely due
to the small enthalpic contribution to y that is inversely propor-
tional to temperature. This result illustrates accordingly that the
temperature dependence of y between two block components
significantly influences the thickness dependence of transition
temperatures for BCP films on preferential surfaces in a good
agreement with the experiments.

Conclusion

The transition behavior for the films of a weakly interacting
PS-b-PMMA on PS-brush substrate was investigated by in situ
GISAXS measurements by varying film thicknesses from 10L, to
50Ly. The selective interactions at the surface by PS-brush
substrate that favors the preferential interactions with the PS
component of the block copolymer enhance the parallel orienta-
tion of the lamellar microdomains to the film surface. The
thickness dependence of transition temperatures for PS->-PMMA

Kim et al.

films leads experimentally to a gentle decrease of the transition
temperature with increasing film thickness up to 50L, (lamellar
period). However, these are still above the Topr for the bulk PS-
b-PMMA, which can be attributed to the compositional propa-
gation into the films and consequently to the suppression of
compositional fluctuations. When the film thickness is correlated
to the product of &¢*, drastic and slower temperature depend-
ences as a function of &g* can be attributed to stronger and
weaker enthalpic contributions to y, thereby leading to the
characteristic thickness dependences of transition temperatures
for BCP films. Hence, this remarkable difference in trend enables
us to speculate the relative magnitude of enthalpic contribution to
% between two block components.
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