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Acrylic pressure-sensitive adhesives (PSAs) are extensively used to fasten display layers. Although PSAs must
show sufficient adhesion for application to existing displays, PSAs must utilize stretching and recovery to
mitigate the effects of deformation for application to flexible displays. Therefore, in this study, an ultraviolet
(UV)-patterned acrylic PSA was prepared by incorporating a region showing variable degrees of crosslinking
achieved using a contrasting UV-patterned film. The gel fraction was measured to confirm the degree of cross-
linking, and the adhesion was measured by peel strength, pull-off, and lap shear tests. Dynamic mechanical
analysis (DMA) stress relaxation was used to measure the recovery. The highest gel fraction was obtained at a
crosslinker content of 1 part per hundred resin (phr) and a UV dose of 1600 mJ/cm? The low-crosslink-density
area was optimized using the 50% gray patterned film. The acrylic PSA prepared with 0.001 phr of 2,5-bis(5-tert-
butyl-benzoxazol-2-yl)thiophene (BBT), a light-emitting compound used to visualize the pattern formation,
showed the clearest pattern. Although the adhesion of the UV-patterned acrylic PSA initially decreased, it
gradually increased for the 2 mm pattern. However, the shear adhesion was maintained without appreciably
changing. Although the acrylic PSA could not withstand certain deformation conditions during UV patterning, it
was stretchable at a pattern size of 4 mm, and the recovery increased to approximately 60% at a pattern size of 2
mm. The results confirmed that the UV-patterned PSA is suitable for application to flexible displays.

1. Introduction communication, which is competitively intensifying the development of

flexible displays composed of a substrate (e.g., a window), a driving

Acrylic-, silicon-, and rubber-based pressure-sensitive adhesives
(PSAs) allow various materials to be assembled with only light pressure
and attached without any residual water [1,2]. In particular, acrylic
PSAs have attracted considerable attention in numerous industries
because various reactive monomers can be selected and acrylic groups
can be readily modified [3]. Although acrylic PSA is widely applied to
assemble the layers used in various displays [4-8], the fourth industrial
revolution currently underway is changing the way communications
technology handles information, especially by providing consumers
with customized services that intelligently combine controllable artifi-
cial intelligence with products that collect information. Therefore, dis-
plays have become increasingly important in machine-human

element (e.g., a thin-film transistor, (TFT)), a display element (e.g., a
liquid-crystal display (LCD) or an organic light-emitting diode (OLED)),
and an encapsulation, among other components, which must be able to
bend freely. Currently, heterogeneous display materials may cause de-
fects arising from bending-generated stress, and research is currently
underway to solve this problem [9-19]. Recent work on PSAs has
involved research on single-layer constituents for fixing and assembling
flexible displays [20]. In addition, Simhadri et al. designed fluorinated
bis-diazirines to manufacture flexible covalent adhesives that are as
flexible as conventional polymer based adhesives. As an effective
crosslinking agent, it exhibited an adhesion of more than 5 MPa to high
density polyethylene (HDPE) with low surface energy [21]. Seo et al.
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Fig. 1. Ideal schematic diagram. (a) Synthesis of acrylic prepolymer. (b) UV-dose-dependent crosslinking reactions.

reported a study on a multilayer flexible touch sensor. Multilayer flex-
ible touch sensors were fabricated by printing parallel equidistance
stripe pattern on PET film using conductive flexible adhesives (CFAs) as
electrodes. CFAs are rubber based and have shown excellent perfor-
mance in terms of flexibility, conductivity and durability. The critical
pressure remained unchanged in each cell as the radius of curvature was
decreased to 60 mm [22]. Kadioglu et al. reported a study on the
behavior of flexible adhesives under the impact load of adhesive joints in
automotive adhesive bonding. Flexible adhesives exhibit high strength
and strain rates to improve structural impact resistance [23]. Son et al.
reported a study on flexible shape memory polymer (SMP) adhesives.
The advantage of SMP is that it adheres to harsh conditions such as
underwater and rough surfaces. However, the disadvantages are that
SMP is too hard to hold and strong adhesion to flexible surfaces. To
improve this, they designed a flexible SMP adhesive composed of a
backing fabric and a thin SMP layer [24]. To apply an acrylic PSA to a
flexible display, the PSA must maintain sufficient adhesion to withstand
deformation and recover when the deformation is released.

Previous studies have investigated various factors including the
molecular weight, degree of crosslinking, type of elastomer, and reactive
monomer composition used to develop PSAs for application to flexible
displays [25-28]. The adhesion and recovery of acrylic PSAs were
limited owing to the tradeoff between the molecular weight and cross-
link density. Although elastomer-based acrylic PSAs show improved
recoveries owing to relatively long molecular chains, it is difficult to
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apply such PSAs to flexible displays because the adhesion exceeds the
allowable limit.

As previously mentioned, the adhesion and recovery of acrylic PSAs
are tradeoffs. That is, although low molecular weight and crosslink
density are advantageous for PSA adhesion because of high wettability,
they are disadvantageous for recovery owing to weak intermolecular
interactions [25]. High molecular weight, crosslink density and mono-
mer formulation, on the other hand, improve PSA recovery owing to the
high degree of entanglement and the interaction between the molecular
chains. However, because of the low degree of substrate interaction, the
PSA adhesion deteriorates [26-29]. To overcome this tradeoff, an
acrylic prepolymer was synthesized, and the ultraviolet (UV) radiation
dose was adjusted to vary the pattern crosslink density (Fig. 1). The
degree of PSA crosslinking was controlled by the UV dose and the
contrast of the patterned film [30].

In this study, UV patterning was attempted in order to provide suf-
ficient adhesion and recovery to withstand the stress and strain gener-
ated by the adhesive that fixes each layer when the display is folded or
bent for flexible display application. Therefore, we observed the patterns
formed by varying the crosslinker content and UV dose to optimize the
low-crosslink-density region. In addition, UV-patterned acrylic PSAs
were produced with various pattern sizes and were subsequently visu-
alized. Fig. 2 shows the strategy for designing the UV-patterned acrylic
PSAs. The low-crosslink-density region maintained adhesion by
increasing the wettability. The high-crosslink-density region improved

Fig. 2. Strategy for designing UV-patterned acrylic PSAs.
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Table 1
Formulation of acrylic prepolymer.

Formulation Acrylic prepolymer
Reactive monomer (wt.%) 2-EHA 75

IBA 21

NVC 4
Phtoinitiator (phr) Irgacurel173 1

Table 2
Formulation of UV crosslink acrylic PSAs.
Sample Acrylic Irgacurel173 PEGDMA UV Dose
Names prepolymer* (wt. (phr) (phr) (mJ/cm?)
%)
PSA00 100 1 0 200-2400
PSA02 0.2
PSA04 0.4
PSA06 0.6
PSA08 0.8
PSA10 1.0

Acrylic prepolymer* (WINNERSCHEM, Republic of Korea).

the acrylic PSA recovery by increasing cohesion. The PSA adhesion and
recovery were plotted as functions of pattern size to confirm the appli-
cability of the UV-patterned acrylic PSAs to flexible displays.

2. Experimental
2.1. Materials

An acrylic prepolymer (WinnersChem, Republic of Korea) was used
as a general-purpose PSA without further purification to confirm the
formation of a UV pattern showing a different crosslink density. Acrylic
reactive monomers 2-ethylhexyl acrylate (2-EHA, 99.0% purity), iso-
bornyl acrylate (IBA, 99.0% purity), and N-vinylcaprolactam (NVC,
99.0% purity) purchased from Samchun Pure Chemical Co., Ltd. (Re-
public of Korea) were used without further purification to polymerize
the acrylic prepolymer to confirm the effect of the UV pattern on the PSA
adhesion and recovery. Poly(ethylene glycol) dimethacrylate (PEGDMA,
Sartomer, USA) and 2,5-bis(5-tert-butyl-benzoxazol-2-yl)thiophene
(BBT, Sigma Aldrich, USA) were used as a crosslinker and luminescent

Pattern film
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compound to visualize the PSA UV patterns, respectively. The photo-
initiator used for the prepolymer polymerization and crosslinking was 2-
hydroxy-2-methyl-1-phenyl-propan-1-one  (Irgacure 1173, BASF,
Germany).

2.2. Synthesis of acrylic prepolymer

The acrylic prepolymer was prepared by the bulk polymerization of
the acrylic-monomer mixture, 2-EHA, IBA, and NVC by UV irradiation
[4,31,32]. The mixture and the photoinitiator were charged into a dry
500 mL round-bottomed flask equipped with a four-necked separable
flask and a mechanical stirrer, thermometer, and condenser with a
drying tube and a N3 inlet (Table 1). The mixture was steadily stirred for
20 min at room temperature in Ny to remove the any residual oxygen,
which retards the polymerization. The monomer mixture was synthe-
sized by irradiation with a UV spot-cure system (SP-9, USHIO, Japan)
under a Ny-rich atmosphere until the temperature of the mixture rose to
5 °C. The polymerization was iterated 5 times, and the acrylic prepol-
ymer was stored in a wide-mouthed bottle to protect the prepolymer
from light and air.

2.3. UV crosslinking of acrylic PSAs

The UV-crosslinked acrylic PSAs were prepared by blending 100 wt%
of the synthesized acrylic prepolymer with 1 part per hundred of resin
(phr) of PEGDMA and Irgacure 1173, respectively to obtain optimum
crosslinking density. The mixture syrup was mixed and deformed using a
paste mixer (SR-500, Thinky, Japan) for 2 min at 800 rpm. Subse-
quently, the acrylic PSA used to visualize the patterns was prepared by
adding BBT to the blends, which were coated onto the surface of 75 pm-
thick corona-treated polyethylene terephthalate (PET) films and covered
with a silicone release film. In this step, the pattern film was covered
over the silicone release films when the UV-patterned acrylic PSAs were
prepared. The coated acrylic PSA films were then UV-crosslinked using
conveyor-belt-type UV-crosslinking equipment operating with a 100 W
high-pressure mercury lamp (main wavelength: 340 nm) [33]. To
confirm the crosslink density of the acrylic PSAs, films were prepared
using various crosslinker contents and UV doses (Table 2).
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Fig. 3. Manufacturing of UV-patterned acrylic PSAs.
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Table 3
Formulation of UV patterned acrylic PSAs for visualization.
Sample Acrylic prepolymer*  Irgacurel173 PEGDMA BBT
Names (wt.%) (phr) (phr) (phr)
PSA/ 100 1 1 0.0003
BBTO03
PSA/ 0.0005
BBTO5
PSA/ 0.0007
BBTO07
PSA/ 0.001
BBT10

Acrylic prepolymer* (WINNERSCHEM, Republic of Korea).

2.4. Design of UV-patterned acrylic PSAs

Similar to the procedure followed to UV-crosslink the acrylic PSAs, a
syrup was mixed with the acrylic prepolymer, and the crosslinker and
photoinitiator were coated on a PET film and covered with a silicone
release film. The UV-patterned acrylic PSA was prepared by UV irradi-
ation and covered an overhead projector (OHP) film on which the
pattern had been printed (Fig. 3), because when the pattern was printed,
high- and low-crosslink-density regions were formed, thereby enabling
recovery and adhesion, respectively. Furthermore, the UV intensity and
pattern formation were investigated based on the pattern contrast. From
this result, the UV-patterned acrylic PSAs were manufactured with
different pattern sizes.

2.5. Visualization of UV-patterned acrylic PSAs

To visualize the pattern of the UV-patterned acrylic PSAs, BBT was
mixed with the acrylic prepolymer, crosslinker, and initiator, and was
prepared by UV crosslinking. As shown in Table 3, the pattern formation
was confirmed by changing the BBT content to confirm the optimal
content required for pattern visualization. The patterns of the BBT-
containing UV-patterned acrylic PSAs were confirmed using UV irradi-
ation [34].

2.6. Gel fraction

The gel content depends on the solvent solubility. In this work,
toluene was selected as the solvent. The gel fractions of the crosslinker-
blended acrylic PSAs were determined by shaking the samples
(approximately 5 g) in toluene for 1 day at 20-22 °C. The soluble frac-
tion was then removed by filtration and dried at 80 °C to a constant
weight. The gel fraction was calculated using the following equation:

Gel fraction (%) = (W1/W0) x 100, 1)

where W, and W are the weights before and after filtration, respectively
[25].

2.7. Adhesion strengths

The peel strengths of the 25 mm-wide specimens were investigated
using a texture analyzer (TA-T2i, Micro Stable Systems, UK). The spec-
imens were pressed onto stainless steel (SUS) substrates by two passes of
a 2 kg rubber roller and then aged at room temperature for 24 h. The
peel strength (defined as the average force applied to a PSA specimen
during debonding) was determined in accordance with the ASTM D3330
standard at 180° and 20 °C and a crosshead velocity of 300 mm/min.
The average applied force (in N/25 mm) was recorded for six different
runs. The pull-off test was performed using a universal testing machine
(AllroundLine Z010, 2 kN load cell, Zwick, Ulm, Germany). On a poly-
methyl methacrylate (PMMA) surface, the UV-patterned acrylic PSAs
were loaded, covered crosswise with a glass slide (120 x 25 x 1 mm3),
pressed with a 2 kg weight for 5 min, and then aged at room temperature

Polymer 237 (2021) 124324

100
Crosslinking Agent (phr)

—0—0
£—0.2
1—o—0.4
—v— 0.6
0.8

1.0 l —F

©
o

2]
o
1

Gel Fraction (%)
oS

20

T T
800 1200 1600 2000 2400
UV Dose (mJ/icm?)

Fig. 4. Gel fraction plotted as functions of crosslinker content and UV dose.

for 24 h. The adhesion area was 25 x 25 mmz, and the crosshead ve-
locity was 5 mm/min. Lap shear was measured using a texture analyzer.
The test specimens were cut into smaller 25 mm-wide pieces. Each PSA
film removed from the silicone release film was attached to another PET
substrate (the adhesion cross-sectional area was 25 x 25 mm2, and a 2
kg rubber roller was passed over the film surface three times). Lap shear
tests were performed at a crosshead velocity of 5 mm/min. The shear
strains were calculated using the following equation:

Shear strain (%) = AL/t x 100, 2)

where AL is the moving distance and t is the PSA film thickness. The
PSAs for application to flexible displays are usually subjected to
different shear strains depending on the PSA structure and radius of
curvature. Therefore, investigating the relationship between the shear
strain rate and the thickness of the applied PSA films is imperative for
their future application to flexible displays [25].

2.8. Recovery

The recovery of the UV-patterned acrylic PSAs was investigated by
stress relaxation using a dynamic mechanical analysis (DMA) apparatus
(Q-800 TA Instruments, USA) to determine the PSA characteristics and
suitability for application to flexible displays by measuring the corre-
lations between the deformation and stress with time. During the initial
test, the PSA samples were stabilized for 1 min, and 300% strain was
applied for 10 min. Afterwards, the test specimens were recovered for 5
min. The degrees of elastic recovery and residual creep strain were
measured for the PSA samples and plotted as functions of time for
different applied strains. The initial and final stresses and the relaxation
ratios were determined from the obtained stress/time graphs [25].

3. Results and discussion
3.1. Gel fraction

To prepare the UV-patterned PSAs, the maximum degree of cross-
linking allowed in the low-crosslink-density area must be determined
based on the pattern contrast. Therefore, the gel fraction was measured
based on the crosslinker content and the UV dose (Fig. 4). The gel
fraction continuously increased with both increasing crosslinker content
and UV dose (except for the crosslinker-free PSA) and stabilized above a
UV dose of approximately 800 mJ/cm? because the C=C bonds avail-
able for the reaction were trapped between the polymer networks [35,
36]. In particular, when 1 phr of the crosslinker was added, the highest
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Fig. 8. Photographs of UV-patterned acrylic PSAs prepared with (a) 0.0003, (b) 0.0005, (c) 0.0007, or (d) 0.001 phr of BBT.

intensity plotted as functions of the pattern darkness and UV-irradiation
distance. When the film was exposed, the UV intensity continued to
increase to 240 mW/cm? with decreasing UV-irradiation distance. When
a silicone film and a pattern film on which the pattern had not printed
were added, the UV intensity rapidly decreased. As the pattern dark-
ened, the UV intensity decreased continuously. In particular, for the
black pattern, the UV intensity was approximately 0 mW/cm?. For the
gray pattern, on the other hand, although the intensity sequentially
decreased as the pattern darkened, the UV intensity stabilized in the
range of approximately 18-66 mW/cm? when the UV-irradiation dis-
tance was 0.5 cm. The results suggest that the adhesion strength must be
quantitatively measured based on the darkness of the gray pattern and
the adhesion strength in the high-crosslink-density region.

3.3. Peel strength measured as function of contrast of gray pattern film

A sample was prepared and the peel strength was measured to
confirm the pattern formed by the gray-pattern-induced formation of the
low-crosslink-density region. Half of the gray pattern was printed on the
pattern film used to prepare the PSA film, and the darkness of the gray
pattern had changed. The prepared patterned film was then covered
with the coated acrylic PSA film and irradiated with UV light. Fig. 7
shows the peel strength of the UV-patterned PSA plotted as a function of
the gray-pattern contrast. The nonpatterned region of the PFGO5 (Gray
5%) did not show any meaningful peel strength. From PFG15 (Gray

w/o Pattern

Half Pattern

16 mm Pattern

15%), a difference in peel strength emerged and increased with
increasing pattern darkness. The difference between the peel strengths
of the high- and low-crosslink-density areas of PFG15, PFG35, and
PFG50 continued to rise to 2.4, 6.8, and 10.1 N/25 mm, respectively.
Interestingly, the difference in the peel strength increased because not
only did the peel strength of the low-crosslink-density region increase,
but also that of the high-crosslink-density region decreased with
increasing pattern thickness; this was attributed to the decrease in the
UV dose of the low-crosslink-density region with increasing pattern
darkness. Therefore, the diacrylate participates in the crosslinking, and
the degree of crosslinking increases because it is concentrated in the
nonpatterned acrylic prepolymer region. The graph in Fig. 7 shows that
the difference between the adhesion strengths of the low- and high-
crosslink-density regions was fixed at PEG50, which showed a differ-
ence of approximately 10 N/25 mm, and the UV-patterned acrylic PSA
was studied based on this value.

3.4. Visualization of UV patterns as functions of BBT content and pattern
size

Although the peel strength measurements confirmed that the pat-
terns showed different degrees of crosslinking, BBT (a fluorescent dye)
was used to more intuitively understand the pattern formation. To

efficiently visualize the pattern, fluorescent dyes must be uniformly
dispersed, and BBT is used for visualizing UV-patterned acrylic PSAs

8 mm Pattern

4 mm Pattern

2 mm Pattern

Fig. 9. Photographs of (a) nonpatterned, (b) half-patterned, and (c) 16, (d) 8, (e) 4, or (f) 2 mm UV-patterned acrylic PSAs.
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Fig. 10. Peel strength plotted as functions of pattern size for (a) nonpatterned, (b) half-patterned, and (c) 16, (d) 8, (e) 4, or (f) 2 mm UV-patterned acrylic PSAs.

because it belongs to a class of organic derivatives characterized by
auxochrome groups and n-electron systems and shows very high solu-
bility in various organic solvents. BBT absorbs light between 340 and
450 nm and fluoresces in the visible spectrum [37-40]. To optimize the
BBT content, the UV-patterned acrylic PSA was visualized according to
the BBT content. As shown in Fig. 8, as the BBT content increased, the
difference between the low- and high-crosslink-density regions could be
visualized under UV irradiation, and the difference was most pro-
nounced at 0.001 phr. Therefore, the BBT content was fixed at 0.001
phr.

A patterned film was printed to determine how the degree of cross-
linking affected the adhesion strength and recovery of the UV-patterned
acrylic PSAs fabricated with various sizes of low- and high-crosslink-
density areas. For an extreme comparison, nonprinted and half-printed
pattern films were prepared, and the resulting pattern size reduced
from 16 to 2 mm.

The concern in carrying out this experiment was that the pattern film
may not play any role when the pattern size was reduced. Therefore, it
would be difficult to discern the formation of a pattern showing a
different degree of crosslinking because the difference in the UV-
irradiation dose would be negligible. However, after the UV-
irradiation patterning, the pattern was very well defined by the

150

visualization achieved using the BBT (Fig. 9). On the contrary, the UV-
irradiation-induced crosslinking could be controlled very precisely.

3.5. Adhesion strength

The peel strength was measured to determine whether the UV-
patterned acrylic PSAs actually showed different crosslink-density-
dependent adhesion strengths (Fig. 10). Fig. 10a shows that the
average peel strength was approximately 2.5 N/25 mm for the non-
patterned crosslinked acrylic PSA. As the pattern was formed, the peel
strengths of the patterned and nonpatterned regions started to differ. In
addition, as the pattern size decreased, the frequency of fluctuations in
the peel strength continuously increased in the region showing a
different degree of crosslinking. As shown in Fig. 7, owing to the low-
crosslink-density area, the crosslinking reaction was concentrated on
the gray-pattern-free region and the crosslink density increased. In other
words, when the pattern was formed, the peel strength of the high-
crosslink-density region was lower than that of the counterpart region
shown in Fig. 10a. Furthermore, the pattern-film-induced lower cross-
link density was consistent with the initial UV pattern design with the
intent to increase the adhesion strength.

It is difficult to quantitatively measure the adhesion strength of UV-
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Fig. 11. Pull-off adhesion plotted as functions of pattern size for UV-patterned acrylic PSAs.
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Fig. 13. Stress relaxation plotted as functions of pattern size for UV-patterned acrylic PSAs: (a) change in strain and (b) elastic recovery and residual creep strain.

patterned acrylic PSAs because the peel strength fluctuates according to
the region. Therefore, a pull-off test was conducted to quantitatively
evaluate the adhesion strength of the UV-patterned PSAs, and Fig. 11
shows the results. The adhesion strength continually decreased as the
pattern was formed. Considering the peel strength measurements,
although the adhesion strength should increase as the low-crosslink-
density area is introduced, the coexistence of the low- and high-
crosslink-density regions in the pull-off experiment showed that the
adhesion strength actually had decreased by inhibiting the PSA cohesion
itself. However, for the PSAs patterned at or below 8 mm, the adhesion
strength began to increase, thereby confirming that the adhesion
strength of the UV-patterned PSAs showing different degrees of cross-
linking was reduced for a specific size. Therefore, a synergistic effect was
observed when the pattern was densified.

Because the PSA shear adhesion is an essential factor in determining
the applicability of the PSAs to flexible displays, a lap shear test was
conducted to measure the shear adhesion (Fig. 12). Although the various

UV-patterned acrylic PSAs showed slightly decreased shear stress, there
was no remarkable difference among the various pattern sizes. However,
when the pattern was introduced, the shear strain rapidly decreased and
the modulus slightly increased. Although decreasing the strain rate is
disadvantageous for stretching, an increased modulus is beneficial for
recovery. Therefore, it was necessary to determine how the patterning
and pattern size affected the stretching and recovery by evaluating the
latter.

3.6. Recovery

A stress relaxation test was conducted using DMA to confirm the
stretching and recovery of the various UV-patterned acrylic PSAs. For
the elongation analysis, 300% deformation was maintained for 10 min,
and the recovery was analyzed after the deformation (Fig. 13). The
nonpatterned acrylic PSAs were stretched by 300%, but hardly recov-
ered after deformation. The 16 and 8 mm-patterned acrylic PSAs could

: Panernlsize (mm) @ ll:r!itiall sSttrress - 100
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Fig. 14. Stress relaxation plotted as functions of pattern size for UV-patterned acrylic PSAs: (a) change in stress and (b) initial and final stresses and relaxation ratio.
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Fig. 15. Summary of pattern-size-based properties of UV-patterned acrylic PSAs.

not withstand 300% deformation, and the specimen was delaminated. In
contrast, the 4 and 2 mm-patterned PSAs withstood the 300% defor-
mation, and the recovery and elastic recoveries both increased. The
elastic recovery of the 4 mm UV-patterned acrylic PSA was approxi-
mately 24%, the recovery after 4 min was approximately 44%, and the
elastic recovery and the recovery of the 2 mm UV-patterned PSA
increased to approximately 30% and approximately 60%, respectively,
after 5 min because the PSA cohesion strength was adversely affected
when the low-crosslink-density region was large. Furthermore, the
synergy with the high-crosslink-density region increased when the low-
crosslink-density region was small. Fig. 14 is a graph showing the stress
generated when the UV-patterned acrylic PSAs were stretched by 300%.
As in the strain-rate measurements, the 16 and 8 mm-patterned PSAs
were delaminated, the initial/final stress of the 4 and 2 mm-patterned
PSAs continuously increased, and the relaxation ratio decreased. When a
material is deformed, the initial stress reflects the modulus of the ma-
terial. That is, the modulus of the acrylic PSA increased with decreasing
pattern size at or below 4 mm. The results of the lap shear test show that
although the PSA modulus increased when the pattern was formed,
there was no notable difference according to the pattern size. However,
the results of stress relaxation showed that there was a subtle difference
because the specimen substrate was different depending on the mea-
surement method, and the rigid substrate used to measure the stress
relaxation was more sensitive to the measurement than that used to
measure only the PSA modulus. The results of this study confirm that the
UV-patterned acrylic PSAs fabricated using pattern films showed
improved adhesion strength and recovery when patterns showing
different crosslinking degrees were densified (Fig. 15).

4. Conclusions

Overcoming the tradeoffs between the PSA degree of crosslinking,
adhesion, and recovery, and combining the advantages of the high- and
low-crosslink-density areas, we used a pattern film to prepare a UV-
patterned acrylic PSA. The pattern formation was visualized using
BBT, and the adhesion strength and the pattern-size-dependent
stretching and recovery of the acrylic PSAs were systematically
analyzed. However, although the adhesive cohesion strength itself
inhibited the ability to combine the high- and low-crosslink-density re-
gions, the adhesion synergistically increased and the shear modulus also
improved when the pattern was densified to 8 mm or less. The stretching
and recovery measurements suggest that when the low-crosslink-density
area was large, the PSA could not stretch by 300% and was delaminated.
However, when the pattern was reduced to 4 mm or less, the PSA not
only could be stretched by 300% but also the recovery improved. In this
study, although the pattern was only reduced to 2 mm, we will explore
the feasibility of reducing the pattern to the micrometer regime and
applying such PSAs to flexible displays in future studies.
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