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ABSTRACT: Selective solvent crazing is proposed as a novel method for depth profiling and obtaining
three-dimensional information by AFM on the microphase morphology in ultrathin polystyrene/poly-
(methyl methacrylate) (P(S-b-MMA)) diblock copolymer films on silicon substrate. To remove selectively
one of the blocks, chain scission must be achieved within this block. Therefore, a proper chosen solvent
has to cause selective swelling combined with crazing. Both effects depend on differences in the solubility
parameters of the polymers relative to the solvent. As a complementary contrasting procedure for the
P(S-b-MMA) diblock copolymer system, plasma etching, which preferentially degrades PMMA, is used.
For the same system a solvent crazing of the PS block is proposed with cyclohexane as a crazing agent.
The novel procedure gets of special importance if the solvent-dependent morphology of spin-cast ultrathin
diblock copolymer film can be inverted, e.g., if PMMA islands in a PS matrix spin-cast from toluene
solution are inverted to PS islands in a PMMA matrix spin-cast from methyl ethyl ketone (MEK) solution.
Again, the phase inverting solvent has been selected by help of the solubility parameters.

Introduction

Environmental crazing of polymeric materials in the
presence of an organic liquid or vapor is a well-known
phenomenon, which may manifest itself even without
the presence of external mechanical stress.! It results
from local heterogeneity of composition and/or local
anisotropy of molecular orientation, which can lead to
high stress or strain concentration caused by solvent
diffusion, i.e., when a time varying solvent concentration
profile superposes a heterogeneity profile. Solvent craz-
ing may be regarded as an inherent material weakness
of glassy polymers.! Some of the previous work has
focused on the nature of the polymer—solvent interac-
tion, specifically on the solubility parameters of the
solvent and polymer, and it was shown that a crazing
agent may be selected for a glassy homopolymer by
inspecting the solubility parameters of possible sol-
vents.36

In the case of glassy block copolymers we propose to
select a solvent that acts as both crazing agent and
selective dissolution agent for one of the block copolymer
components. If both conditions are handled by using the
solubility parameters in a proper way, then this block
can be removed by selective solvent crazing. This allows
to obtain the three-dimensional information on mi-
crophase morphology in thin block copolymer films and
depth profiling by atomic force microscopy (AFM). An
important aspect of these investigations is the possible
chain scission as a prerequisite for preferential dissolu-
tion of one of the block phases. Diblock junction is
mainly located within the interphase between neighbor-
ing segregated block phases.” The interphase acts as a
barrier of the swelling as well as for the chain scission
and for selective dissolution.

A method for analyzing a given segregated block
copolymer system by means of solvent treatment can
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be established in a two-step selection procedure: first,
a solvent for selective dissolution of one block copolymer
component should be chosen; second, one should
make sure that this solvent acts as an solvent crazing
agent.

Ultrathin spin-cast P(S-b-MMA) diblock copolymer
films on silicon substrate are taken as examples for the
proposed microdomain contrasting procedure. To re-
move the PMMA microphase air plasma etching has
already been used successfully.8~11 We have used a new
solvent etching procedure for the removal of the PS
microphase. The three-dimensional information ob-
tained by selective solvent crazing has been compared
with the information obtained by selective air plasma
etching.

Selection of Solvents. The solubility parameter was
used as an adjusting parameter for the choice of solvents
for the spin-casting and for the subsequent contrasting
procedure; i.e., the selection of solvents addresses two
different phenomena: (i) one solvent addresses the
microphase formation by spin-casting of the ultrathin
block copolymer film on silicon substrate, and (ii) the
other solvent addresses the contrasting of the micro-
phase domain structure of that film.

A diblock copolymer film prepared from solution by
spin-casting may be in a nonequilibrium microphase
structure with each of the microphases in a glassy state.
Therefore, the glassy microphase-separated structure
depends on the solvent used in the spin-casting pro-
cesses. The intended nonequilibrium morphology fea-
tures may be realized by means of Hansen'’s solubility
parameters of the solvent and the copolymer, which
quantify the polymer—solvent interaction.'?

In the description of polymer—liquid interactions
proposed by Hansen,'3 each polymer (j) and solvent (i)
is characterized by a set of three parameters (Hansen
parameters) designated by subscripts d (dispersion),
p (polar), and h (hydrogen bonding), according to the
type of the interactions they reflect. The region of
solubility is characterized by the difference between
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Table 1. Solubility Parameter 6 and the Dispersion dgq,
Polar dp, and Hydrogen-Bonding on Components of
Polymers (PS and PMMA) and Solvents (Cyclohexane
and MEK)13.14

0 Od Op On
[MPa?]  [MPa'?]  [MPa'?]  [MPa'?]
PS 22.47 21.28 5.75 4.3
PMMA 22.69 18.64 10.52 7.51
cyclohexane 16.8 16.8 0 0.2
MEK 19.0 16.0 9.0 5.1

solvent and solute solubility parameter:13-15
Rij = (4(0ig — 6jd)2 + (5ip - 6jp)2 + (O — 6jh)2)1/2

The smaller this difference, the better is the polymer
solubility in the solvent. The “total” cohesion parameter,
Oy, of either polymer or liquid, given by 6; = (4% + dp?
+ 0n?)Y2, corresponds to the Hildebrand parameter.

The nature of the solvent influences the degree of the
swelling of the polymer chains in each domain and
hence an effective volume fraction of each domain.1® The
microphase-separated structure, which exists already
in the solution, determines the nonequilibrium structure
in the film obtained after complete solvent evaporation.
This is the result of the high evaporation speed of the
solvent compared to the speed of structural relaxation
in the microphase-separated system.!” For example,
toluene is a better solvent for PS than for PMMA, and
the P(S-b-MMA) diblock copolymer highly diluted in
toluene has a partially segregated PMMA core and a
PS shell.1® Thus, from toluene solutions one gets spin-
cast block copolymer films with PMMA islands embed-
ded in a continuous PS-block microphase.!! In contrary
to this morphology, we aimed at PS islands in a PMMA
block microphase. Therefore, we have chosen methyl
ethyl ketone (MEK) as a solvent, which has solubility
parameters good for PMMA and weak for PS
(Table 1). The difference between MEK and PS solubil-
ity parameters (Ruekps) is 11.1 MPal2, and the differ-
ence between MEK and PMMA solubility parameters
(Rvexpmma) is 6.0 MPal2, MEK is a better solvent for
PMMA than for PS; thus, it should lead to PS island
morphology in ultrathin spin-cast P(S-b-MMA) films.

According to the contrasting phenomenon, we choose
cyclohexane. Cyclohexane should act as crazing agent
on PS islands embedded in glassy PMMA matrix in a
spin-cast ultrathin film on silicon substrate and should
be able to show selective dissolution of PS block copoly-
mer component. The solubility parameters of this sol-
vent are listed in Table 1. The difference between cyclo-
hexane and PS solubility parameters (Rcnps) is 11.4
MPal2, and the difference between cyclohexane and
PMMA solubility parameters (Rchpmma) is 13.3 MPa?2,
Cyclohexane is a ® solvent at 34.5 °C for PS and a
nonsolvent for PMMA.1* The selectivity of cyclohexane
toward PS in a PS/IPMMA system has been shown by
Krausch et al.,’® who used this solvent for selective
dissolution of the linear PS component in a PS/IPMMA
blend. Also, Russell et al.?0 investigated the penetration
of cyclohexane vapor into ordered multilayers of sym-
metric PS/IPMMA diblock copolymers by neutron reflec-
tivity and observed only a swelling of the PS layer at
the free surface. The underlying multilayered structure
was unperturbed by the solvent vapor. This result
indicates that the first PMMA layer near the surface
acts as an effective diffusion barrier, preventing pen-
etration of the cyclohexane.
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Vincent and Raha® examined the stress crazing of
some homopolymers in the presence of liquid environ-
ments. It was shown that hydrogen bonding is an impor-
tant factor, which must be considered for the explana-
tion of crazing behavior of a polymer. To generalize the
results of Vincent and Raha, Van Krevelen et al.! plotted
their data in a dys—0dvp VS Ons—Onp diagram with o, =
((0a)? + (9p)?)¥2. The subscripts S and P denote solvent
and polymer. There is a small zone near the center (dys
~ Oyp; Ons = Onp), Where all solvents dissolve the poly-
mer. At a large distance from the center, crazing is
generally found. In the intermediate zone, the main
phenomenon is solvent cracking, although dissolution,
swelling, or crazing is observed with some solvents. This
diagram permits the prediction of solvent behavior.
Cyclohexane is in the intermediate zone, nearer to the
boundary with crazing region for PS, and in the crazing
region for PMMA. Vincent and Raha3 and Kambour et
al.2 investigated cyclohexane as crazing agent for PMMA
and PS, respectively, and determined the critical strains
¢. for solvent crazing of PS (0.13%) and of PMMA
(1.10%). The critical strain of solvent crazing ¢; was
assumed to be the minimal value of strain, at which the
appearance of the first craze was observed. It may be
estimated by bending polymer sheet in an active liquid.3
According to crazing agents classification of Vincent and
Raha, cyclohexane is a high-strain crazing agent for
PMMA and low-strain crazing agent for PS, i.e., a
stronger crazing agent for PS.

Experimental Section

Diblock Copolymer. The symmetric diblock copolymer
P(S-b-MMA) used in this work, courtesy of R. Stadler, is
described elsewhere.?* The molecular weights of the styrene
and the methyl methacrylate blocks are 128 and 147 kg/mol,
respectively; My/M, = 1.11, and it is denoted as SM120. The
weight fraction of the polystyrene block measured by *H NMR
amounts to wps = 0.4.

Sample Preparation. The copolymer films were prepared
by spin-casting a 5 uL droplet of a MEK solution with
concentration 2.5 g/L at room temperature and ambient
conditions onto the silicon substrate, already rotating at 4500
rpm, as described elsewhere.!! The substrate (about 5 mm x
5 mm) was cut from a highly polished silicon wafer and cleaned
with a precision wipe and with air plasma. The spin-cast films
were dried in a vacuum for 4 h at 50 °C.

Plasma Treatment. The plasma cleaning of the substrate
and the sample etching were performed in HAARICK (PDC-
32G) plasma cleaner. For substrate cleaning a power of 60 W
was used for about 20 min. For selective etching the PMMA
microphases, a power of 40 W was used for about 20 s. The
air plasma was regulated by controlling the air pressure to
obtain the brightest plasma luminosity. After each etching
period the samples were kept in a vacuum for an additional
15 min.

Atomic Force Microscopy. The ultrathin diblock copoly-
mer films were measured by atomic force microscopy, using
Tapping Mode while simultaneously recording the topography
and the phase shift of the cantilever oscillation to obtain a
material contrast. The AFM measurements presented in this
paper were all made by a Multi Mode scanning probe micro-
scope, Nanoscope 111, Digital Instruments. We used Tapping
Mode silicon tips with a cantilever length of 125 um (Nanosen-
sors). All pictures were taken with light tapping?? (A, ~ 70
nm; rs, > 0.8) from an area located 1 mm around the rotational
axis given in the spin-casting process.

To obtain information about the absolute film thickness
relative to the substrate, the films were scratched. The AFM
tip was adjusted to a surface reference point, e.g., an intersec-
tion of two scratches, using an optical microscope and the
samples were imaged by the AFM. Then the samples were



Macromolecules, Vol. 37, No. 5, 2004

20 —
15 1 m
£10 4
5 -
0
10
E 5 A,_—'\_’_—\——
0 - ¥ T e ¥ T
0 50 100 150 200 250 300 ™"
= a5 spin-cast = after 20 s plasma eftching

Figure 1. AFM topography images of a ultrathin P(S-b-MMA)
diblock copolymer film on silicon substrate, spin-cast (4500
rpm) from MEK solution (2.5 g/L) (a) as spin-cast, (b) after 20
s of selective etching in air plasma, and (c 1, 2) the superim-
posed cross sections of topographic images before and after
plasma etching taken at the positions indicated by white lines
(1 and 2) in (a) and (b). AFM image size: 544 nm x 544 nm.
Data scale: height (a, b) 20 nm.

treated by air plasma or solvent. After that the samples were
again adjusted under the AFM tip as described above, and an
AFM picture of the identical surface area was taken. A com-
parison of the cross sections of the two topography images
yields the information on the polymer composition profile
inside the sample.

Results and Discussion

The topography of an ultrathin P(S-b-MMA) film on
silicon substrate spin-cast from MEK solution is shown
in Figure l1a. The dark area on the left-hand side of the
image displays the bare silicon substrate after removal
of the polymer film by a scratch. The topography image
exhibits round elevated islands in a continuous matrix.
The elevated domains have an average diameter of
about 55 nm and a lateral periodicity of about 77—80
nm that is comparable to the domain period L of 72—
79 nm as predicted for the bulk diblock SM 120.2% To
obtain information on the morphology inside the diblock
copolymer film, two methods were used: selective
plasma etching the PMMA microphases and selective
solvent crazing the PS microphases.

Selective Plasma Etching. PMMA is known to be
etched in air plasma faster than PS.°~11 The as spin-
cast sample shown in Figure la was subsequently
etched for 20 s in air plasma, and an AFM picture of
the identical area was taken (Figure 1b). A cross section
(Figure 1c) of the film before (Figure 1a) and after 20 s
of selective plasma etching (Figure 1b) reveals that the
about 5 nm thick continuous phase was removed down
to a substrate, while the elevated islands remain almost
unaffected during this etching time. This result allows
us to assign the elevated islands to the PS-rich micro-
phases.

In the case of ultrathin films spin-cast from toluene
solution it has been shown that the PMMA microphases
are higher than the PS continuous phase.!! The films
from MEK solution have an inverse structure. Depend-
ing on the relative solubility of the two block compo-
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nents in their common solvent, PMMA phase shows a
stronger swelling response in MEK than PS phase. This
thermodynamic property leads to the formation of the
PS microphases in the surrounding PMMA matrix
during the spin-coating process. During evaporation of
MEK the PS is more quickly depleted of the solvent.!®
Subsequent evaporation of the residual MEK from
PMMA leads to a collapse of the better soluble PMMA
phase, and this leads to elevated PS islands.

Figure 2a,b shows the topography and the corre-
sponding phase contrast of a sample spin-cast identi-
cally to the one in Figure 1la. The phase contrast (Figure
2b) reveals that the composition of the islands differs
from that of the surrounding matrix, confirming the
result obtained by etching procedure. The islands are
dark, and the continuous phase is bright in the phase
shift image. That means that under the given conditions
of the AFM measurement the PMMA microphases
appear brighter than PS microphases in the phase shift
image.

Because of the AFM tip geometry, we cannot answer
the question of whether the domains remaining after
plasma etching have a convex or concave structure near
the surface of the silicon substrate. In the case of diblock
copolymer films characterized by PS domains in con-
tinuous PMMA matrix the question cannot be answered
by the selective plasma etching without additional
experiments, whether the PS domains are situated
directly on the silicon substrate or a thin PMMA layer
covers the substrate. An alternative etching method
sensitive to PS will help to answer this question.

Selective Solvent Crazing. To obtain the comple-
mentary information on microphase morphology of the
ultrathin P(S-b-MMA) diblock copolymer film spin-cast
from MEK solution, the as-spin-cast sample (Figure
2a,b) was treated with cyclohexane (see “Selection of
Solvents”) for morphological analysis.

Before the immersion in cyclohexane, the sample was
exposed to cyclohexane atmosphere at room tempera-
ture. During the vapor exposure all PS blocks remain
on the film surface independently of whether chain
scissions occur. After removal from the cyclohexane
vapor the sample was dried in a vacuum, and the iden-
tical area as before treatment was measured by AFM
(Figure 2c,d). The diblock copolymer film morphology
is strongly modified by the vapor treatment: the initial
elevated domains are eliminated and hollows with ele-
vated rims at the edge are left behind. From a compari-
son of the cross sections (Figure 2g) of the film before
(Figure 2a) and after the cyclohexane vapor treatment
(Figure 2c), it can be seen that PS material spreads
laterally on the film surface, forming a layer decorating
the PMMA phase. In the phase shift image the continu-
ous phase and the hollows in the middle of the rims are
dark (PS), and the rims are somewhat brighter. From
Figure 2g it is clear that the diameter of the rims is
comparable to the diameter of the initial domains. The
morphology after cyclohexane vapor treatment is a
result of the confined relaxation of the PS chains caused
by the nonequilibrium of the as-spin-cast film.

The fact that the PS material remains on the film
surface during the vapor exposure can be used for the
comparison of PS amount on the surface before and after
additional sample immersion in cyclohexane for the
selective dissolution of the PS block. The sample was
immersed in cyclohexane at 25 °C for 168 h. (Additional
investigations showed that the visible changes of the
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Figure 2. AFM topography images (a, ¢, €) and phase contrast images (b, d, f) of an ultrathin P(S-b-MMA) diblock copolymer
film on silicon substrate, spin-cast (4500 rpm) from MEK solution (2.5 g/L) (a, b) as spin-cast, (c, d) after an exposure to cyclohexane
vapor for 3 h at 25 °C (dried 2 h at 50 °C in a vacuum), and (e, f) after an subsequent immersion in cyclohexane solvent for 168
h at 25 °C (dried 2 h at 50 °C in a vacuum). The white lines (1 and 2) in topographic images (a, c, €) indicate the positions, where
the cross sections (g 1, 2) were taken. AFM image size: 615 nm x 615 nm. Data scale: height (a) 30 nm, (c, €) 15 nm; phase shift

(b) 6°, (d) 15°, (f) 10°.

initial morphology of the spin-cast films occur already
after an immersion time of some minutes, but the
desired result of dissolution can be achieved only after
a longer immersion time.) After immersion the sample
was dried in a vacuum, and the same area was scanned
again by AFM (Figure 2e,f). Because of the unaffected
PMMA microphase arrangement, the topographic image
looks similar to the image obtained after treatment in
cyclohexane vapor. On the other hand, the surface pro-
files show large differences as can be seen from the
comparison of the cross sections of the film after cyclo-
hexane vapor treatment (Figure 2c) and after subse-
quent immersion in cyclohexane (Figure 2e) shown in
Figure 2g. After immersion the film thickness becomes
smaller than the film thickness after vapor treatment,
and this is at all places of the film. The polymer material
can be reduced only by chain scission, i.e., by the
dissolution of the cleaved chains of the PS blocks in
cyclohexane. We expect that all the cleaved PS chains
are dissolved in cyclohexane, whereas the remaining PS
blocks must be still bonded to the PMMA blocks.

Figure 2g shows that the initially elevated domains
have lost their material after immersion in cyclohexane
down to the substrate, generating uncovered parts of
the substrate surface. In the phase contrast (Figure 2f)

the uncovered substrate is detectable as a bright points
in the center of the deepest hollows. Presumed that the
PMMA phase keeps the initial morphological structure
during cyclohexane treatment, we can conclude that the
initial elevated domains extend down to the substrate.
This result is unexpected; because of surface free energy
reasons, PMMA should cover the silicon substrate
completely. Using the plasma etching technique, one get
no chance to elucidate the PS-covered morphology of
PMMA phase. But with the help of the cyclohexane
immersion technique one can remove the covering PS
and investigate the PMMA phase morphology.

Annealing. To confirm the assumption of solvent
crazing of the PS block and to prove the selective
dissolution of the resulting linear PS, two samples, an
untreated one and a sample immersed in cyclohexane
at 25 °C for 168 h, were annealed at 150 °C for 21 h
(Figure 3). The initial symmetric diblock copolymer gets
asymmetric due to chain scission, and this influences
the equilibrium morphology of ultrathin block copolymer
film. From Figure 3 it is clear that the morphological
structures of the films achieved during the annealing
show significant differences.

It is known that the morphology of ultrathin sym-
metrical P(S-b-MMA) diblock copolymer films with the
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Figure 3. Topographies (a, c) and phase contrast images (b,
d) of the ultrathin P(S-b-MMA) diblock copolymer films on
silicon substrate, spin-cast (4500 rpm) from MEK solution (2.5
g/L) (a, b) after annealing for 21 h at 150 °C and (c, d) after
an immersion in cyclohexane for 168 h at 25 °C (dried 2 h at
50 °C in a vacuum) and subsequent annealing for 21 h at 150
°C. Image size: 1 um x 1 um. Data scale: height 20 nm; phase
shift 10°.

film thickness smaller than L/2, where L is a domain
period in the bulk, consists after annealing of PS-rich
islands on a continuous PMMA-rich layer located at the
interface to the silicon substrate.?* Because of the
limited annealing time, the films in Figure 3 did not
yet achieve the equilibrium state, but a greater part of
the PS blocks accumulated already on the film surface
forming islands. So it became possible to compare
quantitatively the volume of the PS islands in the
untreated film (Figure 3a,b) and film after immersion
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Table 2.
filma Nmax ? [Nm] Fps ¢ [%] Vps 9 [nm3/um?]
a 1341 35+3 (3.2 £ 0.5) x 108
b 741 20 +3 (1.1 £ 0.5) x 108

aFilm a (Figure 3a,b); film b (Figure 3c,d). ® hpmax = maxima
height of the PS islands. ¢ Fps = surface coverage of the PS islands.
dVpg = PS islands volume per um?2.

(Figure 3c,d). The quantitative results of the film
analysis are shown in Table 2. The surface coverage of
the PS islands and the volume of these islands were
determined with the help of a combination of two
Nanoscope programs Analyze/Grain Size and Analyze/
Bearing from phase contrast and topographic images,
respectively. As a ground level of the islands (threshold
height) for the volume measurement an average surface
level of the surrounding matrix was chosen. The result
obtained shows that about 65 + 5% of PS blocks were
removed from the film by selective solvent crazing.

In the case of chain scission at the block junction, the
PMMA blocks lose their neighboring PS blocks com-
pletely, and PMMA homopolymer remains. Alterna-
tively, PMMA blocks with short PS blocks can be formed
if the scission occurs inside the PS phase. This asym-
metry should lead to a change of the PMMA behavior
during annealing. For films immersed in cyclohexane
the PMMA did not form a continuous layer after
annealing for 21 h at 150 °C but dewets pointwise the
substrate at places, which were covered initially with
PS microdomains in the as spin-cast state. The wetting—
dewetting situation of the PMMA is a object of further
investigations and will be not discussed in this work.

Phase Identification of the Rim. The diblock film
treated by the solvent shows the rims surrounding the
initial PS islands in the as spin-cast film. The composi-
tion of this elevated rim was investigated as described
in the following. A P(S-b-MMA) diblock copolymer film
was spin-cast identically to the films shown in Figure
la and Figure 2a,b and was immersed in cyclohexane

0 50 100
@ — after solvent treatment
= gter subsequent plasma etching

150 200 250
nm

lel . ¢ ¥
~ N T

Figure 4. Topographies (a, ¢) and phase contrast image (b) of a ultrathin P(S-b-MMA) diblock copolymer film on silicon substrate,
spin-cast (4500 rpm) from MEK solution (2.5 g/L) (a, b) after an immersion in cyclohexane solvent for 1 h at 25 °C (dried 2 h at
50 °C in a vacuum), (c) after subsequent selective etching in air plasma for 15 s; (d) the cross sections of topographic images
taken at the positions indicated by white lines in (a) and (c); (e) schematic side view of the film shown in (a). AFM image size:
615 nm x 615 nm. Data scale: height (a, ¢) 15 nm; phase shift (b) 10°.
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Figure 5. Schematic side view of a ultrathin P(S-b-MMA)
diblock copolymer film on silicon substrate, spin-cast from
MEK solution.

at 25 °C for 1 h. After removal from the solvent the
sample was dried in a vacuum and measured by AFM
(Figure 4a,b). As can be seen from phase shift image
(Figure 4b), the elevated rims have a different (brighter)
phase contrast compared to the hollows and the con-
tinuous matrix. The same fact can be observed in Figure
2d,f. Three compositional situations can be discussed
in principle: first, the rim consists of pure PMMA; sec-
ond, the rim consists of pure PS that by some reasons
has a different phase contrast compared to the other
PS:; third, the rim consists of both PMMA and PS. To
examine the compositional situation in detail, the
sample was etched for 15 s in air plasma (Figure 4c).
From the comparison of the topographic images (Figure
4a,c) it can be seen that the elevated rims were strongly
affected by plasma treatment. The cross sections (Figure
4d) of the film before and after plasma etching reveal
that the rims were almost removed. The hollows and
the continuous matrix remain almost unaffected be-
cause the hollows are filled with PS blocks and the
matrix is covered by PS material after the short cyclo-
hexane treatment. Since PMMA is known be etched by
the air plasma faster than PS, it can be concluded on
the basis of the obtained results that the rims consist
of PMMA or contain a large amount of PMMA. Pure
PMMA is not soluble in cyclohexane and stable against
the solvent treatment at 25 °C, but cyclohexane seems
to influence the rims as can be seen from the comparison
of the cross sections of the film after vapor and solvent
treatment (Figure 2g). Hence, it can be concluded that
the rim is a part of the PS/IPMMA interphase. Figure
4e shows a schematic side view of the film morphology
after short solvent treatment (Figure 4a) or after cyclo-
hexane vapor treatment (Figure 2c,d) as discussed
above.

The selective solvent crazing technique allows to
determine the form of the PS/PMMA interface profile,
which is covered by the PS domain and dipped into the
continuous PMMA matrix in the as spin-cast film.
Figure 5 shows a schematic side view of the as spin-
cast film in the sense of a logic consequence on the basis
of all results obtained from this work, which illustrates
the vertical composition in the ultrathin P(S-b-MMA)
diblock copolymer film on silicon substrate spin-cast
from MEK solution.

Conclusion

The morphology of an ultrathin film can be verified
by choosing the appropriate solubility parameter of a
solvent for the spin-casting procedure. If the solvent is
preferentially good for one of the block components, then
this component is available for forming the continuous
matrix in the spin-cast film; i.e., the resulting continu-
ous phase can be predetermined by choice of the
solubility parameter. MEK was chosen as a solvent for
the spin-casting procedure to obtain the PS micro-
domains in a continuous PMMA matrix from the P(S-
b-MMA) diblock copolymer.
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By inspection of solubility parameters of the block
components of a diblock copolymer, a solvent for the
selective solvent crazing is selected, which shows a
dissolution of the cleaved chains of one block component.
For selective dissolution of the PS microphase in P(S-
b-MMA) films the solubility parameters of cyclohexane
are appropriate. Some additional investigations show
that the observed selective crazing effect is sensitive to
time and temperature of the cyclohexane treatment. The
contrasting parameters used in this paper are optimized
to gain a qualitative viewpoint and to evaluate in-depth
information about domain structure. This optimization
is done aiming at crazing and selective dissolution of
PS microdomains. Alternatively, by etching in air
plasma, it is possible to remove selectively the continu-
ous PMMA matrix. Both the contrasting procedures
confirm and supplement each other.
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