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ABSTRACT: We synthesized a series of new intrinsically
stretchable block copolymers (BCPs) in linear AB-type, ABA-
type, and star-shaped architectures composed of oligosacchar-
ide (MH) and flexible poly(n-butyl acrylate) (PBA) blocks for
the application in field-effect transistor memory. The BCP thin
films are used as the charge trapping layers in the memory
devices where the BCPs phase separate into ordered MH
microdomains in soft PBA matrices. The MH microdomain
works as the charge-trapping sites while the soft PBA matrix
provides a stretchability. In particular, the BCPs of the ABA-
type and star-shaped architectures with the end MH blocks
not only show superior memory performances but also form
physical networks that impart mechanical resilience to the thin films such that they can endure 100% strain without formation of
cracks. The mobilities and the memory windows of the devices are nearly constant even when the charge trapping layers are
stretched and released at 50% strain for 1000 cycles. This work highlights the importance of the molecular architectures on the
BCPs intended for stretchable electronic materials.

■ INTRODUCTION

Electronic devices with a high performance as well as a high
stretchability are desirable for next-generation applications,1−7

such as stretchable transistors,8−14 light-emitting diodes,15−17

smart sensors,18−22 memories,23 and energy-storage devi-
ces.24,25 In the past decade, rapid developments in new
materials or concepts for structural design, fabrication
techniques, and applications have contributed to the significant
progress in the stretchable electronics. Two representative
approaches to fabricate stretchable electronic devices have
been developed.26,27 The first method is the manipulation of
the geometric structures of nonstretchable materials to be
wavy,2,28 buckled,5,29−31 or wrinkled.32 The fattening of such
structures under strain prevents the materials from large stress
so that the stretchability is enhanced. However, the fabrication
processes of this method are complicated and give a low yield.
Another approach is the use of intrinsically stretchable
components, including stretchable conductor electro-
des,5,12,26,30 dielectrics,14 and semiconductor materials.9,11,13,33

This method requires no structural engineering, but the
development of the intrinsically stretchable materials suitable
for electronic devices is a great challenge.

The synthesis of the intrinsically stretchable block
copolymers (BCPs) consisting of conjugated polymer and
soft polymer segments has received considerable attention due
to their fascinating ordered phase-separated microdomains that
can provide desired functions. In our previous work, we have
reported the diblock copolymers consisting of carbohydrate
(maltoheptaose, MH) and flexible polyisoprene (PI) blocks for
stretchable memory applications. MH is a green material and
can trap charges.34−36 We found that various types of memory
behaviors, including WORM, Flash, and DRAM, can be
created by simply controlling the self-assembled nanostruc-
tures of MH-b-PIs. Furthermore, the characteristics can be
maintained over 500 cycles upon 40% strain due to the
introduction of the flexible PI blocks.
In addition to the typical diblock copolymers, more

complicated molecular architectures, such as triblock,37

multiblock,38 cyclic,39 and miktoarm star copolymers,40,41

have been synthesized. It was shown that more diversified
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morphologies and mechanical properties can be obtained by
altering the molecular architectures of BCPs.42−45 It would be
therefore intriguing to take the advantage of the BCPs bearing
soft and electric-responsive segments covalently linked in
molecular architectures other than the conventional linear
diblock form for the use in stretchable devices and to explore
the effects of the molecular architectures on the performance
of the devices.
In this work, we synthesized a series of new intrinsically

stretchable linear and star-shaped BCPs composed of
oligosaccharide (MH) and flexible poly(n-butyl acrylate)

(PBA) blocks by ATRP and click reaction for the application
in field-effect transistor (FET) memory. The linear forms
include AB-type (MH-b-PBA) and ABA-type (MH-b-PBA-b-
MH), and the star-shaped BCP bears four arms with PBA
chains in the center, as shown in Scheme 1. The BCP thin
films serve as the charge trapping layers in the memory devices
where the MH block and PBA block provide charge-trapping
capability and stretchability, respectively. We find that the
ABA-type and star-shaped BCP thin films show superior
memory characteristics that can be stably maintained under a
cyclic large stretching, manifesting the critical role of the

Scheme 1. Synthesis of AB-Type, ABA-Type, and Star-Shaped Oligosaccharide-Based Block Copolymers
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molecular architecture. The nanostructures of the BCPs with
different molecular architectures were systematically studied by
atomic force microscopy (AFM), small-angle X-ray scattering
(SAXS and GISAXS), and optical microscopy (OM) to clarify
the relationship between the nanostructure, memory character-
istics, and stretching behaviors of the BCPs. The mechanical
properties were further examined by AFM apparatus operated
in the PeakForce tapping mode.

■ RESULTS AND DISCUSSION
Synthesis and Characterization of the Polymers. As

outlined in Scheme 1, the AB-type (MH-b-PBA), ABA-type

(MH-b-PBA-b-MH), and star-shaped ((PBA-b-MH)4) BCPs,
where MH is A block and PBA is B block, were synthesized.
The detailed synthetic procedures are described in the
Experimental Section of the Supporting Information. First,
the azido-terminated PBAs (PBA-N3, N3-PBA-N3, and (PBA-
N3)4) were synthesized via ATRP of n-butyl acrylate using
ethyl 2-bromo-2-methylpropanoate, ethylene bis(2-bromoiso-
butyrate), and pentaerythritol tetrakis(2-bromoisobutyrate) as
the initiator, respectively, in which the [monomer]0/
[initiator]0 ratios of 100−400 with various reaction times
were applied to produce the polymers with different molecular
weights. The 1H NMR and FTIR spectra of the azido-

terminated PBAs are shown in Figures S1−S7 of the
Supporting Information, which confirm the successful
syntheses of these compounds. All the SEC traces exhibit a
unimodal elution peak with the Mw/Mn values of 1.12−1.23
(Figures S13−S15). The characteristics of the azido-termi-
nated PBAs are detailed in Table S1.
The azido-terminated PBAs were then covalently linked with

N-maltoheptaosyl-3-acetamido-1-propyne (MH−CCH) to
form block copolymers by click reaction. A representative 1H
NMR spectrum from MH-b-PBA6k-b-MH is shown in Figure 1,

Figure 1. 1H NMR spectrum (400 MHz) of MH-b-PBA6k-b-MH and
IR spectra of N3-PBA6k-N3 and MH-b-PBA6k-b-MH.

Table 1. Molecular Parameters and Bulk Strucures of the Block Copolymers

code sample f PBA
a Mn,SEC

b (g/mol) NPBA
c Mn,NMR (g/mol) Mw/Mn

b bulk structured d-spacingd (nm)

A1 MH-b-PBA3k 0.80 10 100 25 4 430 1.18 HEX cylinder 12.7
A2 MH-b-PBA7k 0.88 12 500 52 7 830 1.18 HEX cylinder 13.8
B1 MH-b-PBA6k-b-MH 0.78 15 400 46 7 200 1.16 HEX cylinder 10.4
B2 MH-b-PBA10k-b-MH 0.86 20 500 82 11 800 1.17 HEX cylinder 12.4
C1 (PBA3k-b-MH)4 0.79 31 600 92 13 100 1.18 HEX cylinder 11.3
C2 (PBA5k-b-MH)4 0.86 35 600 156 21 300 1.16 HEX cylinder 11.9

aVolume fraction of PBA block ( f PBA) was calculated using dMH = 1.36 g/cm3 and dPBA = 0.90 g/cm3. bEstimated by SEC in DMF containing 0.01
mol L−1 LiCl using polystyrene standard. cDegree of polymerization of PBA block. dBulk structure and d-spacing determined by SAXS.

Figure 2. AFM topographies of annealed (a) A1, (b) B1, and (c) C1
thin films. The z scale is 15 nm. 2-D GISAXS patterns of (d) A1, (e)
B1, and (f) C1 thin films.
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which confirms the presence of the characteristic protons of
both the PBA (peak c) and MH (peak i) blocks together with
the characteristic signal at δ = 8.26 from the methine proton of
the triazole ring (peak j). The corresponding FTIR spectrum
in the inset of Figure 1 exhibits a broad absorption peak
around 3000−3500 cm−1 resulting from the hydroxyl groups of
the MH block, while the absorption peak at 2110 cm−1 from
the azido group of N3-PBA-N3 disappears. The SEC trace of
MH-b-PBA6k-b-MH (Figure S14a) exhibits a unimodal peak
with the Mw/Mn value of 1.16, which clearly shifts toward
higher molar mass as compared to the corresponding azido-
terminated PBA precursor. All the BCPs exhibit similar 1H
NMR, FTIR, and SEC results, as shown in Figures S8−S15.
The volume fractions of the PBA block ( f PBA) for the BCPs

calculated using the reported density values for amylose (1.36
g cm−3) and PBA (0.90 g cm−3) are in the range 0.78−0.88.
The molecular characteristics of the BCPs are listed in Table 1.

Microphase-Separated Structures. The self-assembled
structures of the AB-type, ABA-type, and star-shaped BCPs
were first investigated by the SAXS technique. The bulk
samples were cast from the THF solutions, a poor solvent for
MH block, and then solvent-annealed under the vapor of the
mixed solvents with THF/H2O = 1:1 (w/w) for 12 h. The
SAXS profiles of the as-cast and annealed samples are
compared in Figure S16. The AB-type BCP, MH-b-PBA3k
(A1, f PBA = 0.80), after annealing exhibits a distinct primary
scattering peak q* with higher order scattering peaks at √3q*,
2q*, √7q*, and 3q*, indicating that the minor component
MH forms a highly ordered array of hexagonal close-packed
(HEX) cylinders. Although the diffraction peaks of MH-b-
PBA7k (A2, f PBA = 0.88) are in order of q* and √3q*,
characteristic of HEX cylinders, the peaks are broader and the
higher-order peaks are missing (Figure S16b). This implies a
less ordered structure in A2 sample, possibly in the transition
state between cylindrical and spherical domains due to the
higher fraction of PBA. All the ABA-type and star-shaped
BCPs, MH-b-PBA6k-b-MH (B1, f PBA = 0.78), MH-b-PBA10k-b-
MH (B2, f PBA = 0.86), (PBA3k-b-MH)4 (C1, f PBA = 0.79), and
(PBA5k-b-MH)4 (C2, f PBA = 0.86) show characteristics of HEX

Table 2. Thin Film Structures and Memory Characteristics of the Block Copolymers

code thin film structurea d-spacingb (nm) mobility (cm2 V−1 s−1) Ion/Ioff,av Vth,writing (V) Vth,erasing (V) ΔVth

A1 parallel HEX cylinder 10.1 0.16 4.2 × 106 10 −26 36
A2 BCC sphere 10.9 0.13 5.1 × 106 4 −25 29
B1 parallel HEX cylinder 9.1 0.42 1.3 × 107 42 −25 67
B2 parallel HEX cylinder 9.7 0.31 1.8 × 107 5 −27 32
C1 parallel HEX cylinder 12.7 0.44 7.8 × 106 57 −21 78
C2 parallel HEX cylinder 13.0 0.26 1.6 × 106 23 −23 46

aThin film morphology determined by GISAXS and AFM at 25 °C. bDetermined from the first-order diffraction peak of GISAXS profiles.

Figure 3. (a) Elastic modulus image, (b) AFM topography image, and
(c) distribution of the elastic modulus (Es) of B1 thin film.

Figure 4. (a) Schematic of the FET memory device. Transfer
characteristics of FET memory devices using (b) A1, (c) B1, and (d)
C1 thin films as charge trapping layers.
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cylinders, among which the star-shaped BCPs are less ordered
even after annealing. The d-spacings determined by the
relation d = 2π/q from the first-order peaks are in the range
between 10.4 and 13.8 nm. The bulk morphology and the d-
spacings of the studied BCPs are summarized in Table 1. Note
that the upper f PBA bound (∼0.9) for the HEX cylindrical
structure of the BCPs composed of MH and PBA blocks is
higher than that for conventional BCPs with both flexible
blocks.46 This is attributed to the high incompatibility between
MH and PBA blocks as well as the rigid and extended MH
chains that cause the BCPs to preferably microphase separate
into domains with a lower curvature to reduce interfacial free
energy.
We then examined the morphology in thin films where the

confinement effect from the interfaces may orientate the
microdomains or even change the structures. The thin films
with thicknesses of 50−55 nm were prepared by spin-coating
from THF solutions onto bare silicon wafer and solvent-
annealed for 12 h. The surface structure of the thin films was
characterized by AFM, as shown in Figure 2 and Figure S17. In
Figure 2a, the A1 film exhibits a fingerprint-like pattern. In
comparison with the SAXS data, the curved stripes are the
cylindrical domains parallel to the surface. For the A2 thin film,
instead of cylinders, an ordered dot pattern can be clearly seen
on the surface (Figure S17d). According to the SAXS data that
suggest a transition state for the bulk A2 sample, the dots on
the A2 film should be the spherical MH domains that form due
to the surface effect. All the ABA-type and star-shaped BCP
thin films show parallel cylinders after 12 h annealing,
consistent with the SAXS results.
To gain more insights into the morphology and micro-

domain orientation, the thin films were subsequently analyzed
using GISAXS techniques. The as-cast BCP thin films show
ring-like diffraction patterns (Figure S18), indicating that MH
microdomains are randomly oriented before annealing. After
annealing, A1 exhibits a diffraction pattern characteristic of

HEX cylinders parallel to the surface. The corresponding
crystallographic planes are marked in Figure 2d. For the A2
thin film with higher f PBA, GISAXS shows the diffraction
pattern of spheres in body-centered cubic (BCC) arrangement,
consistent with the spherical domains observed by AFM
(Figure S17d). The GISAXS patterns of ABA-type and star-
shaped BCP thin films are shown in Figures 2e,f and Figures
S17e,f. All reveal parallel HEX cylinders in the thin films. The
more diffuse diffraction patterns indicate the microdomains are
not as oriented as those in the AB-type thin films. The thin film
morphologies of the BCPs are summarized in Table 2.

Figure 5. (a) Retention time of A1-, B1-, and C1-based FET memory
devices. (b) Endurance characteristic of B1-based FET memory
device.

Figure 6. (a) Schematic of the FET memory device under cycling
stretching test. Stability of the memory devices with (b) A1, (c) B1,
and (d) C1 electret films under cyclic stretching at 50% strain.
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Mechanical Characteristics. The Tg of PBA is around
−54 °C so that the soft PBA block not only serves as an
insulator matrix but also provides the stretchable characteristic.
To examine the stretchability of the BCP thin films, the films
were first transferred onto a polydimethylsiloxane (PDMS)
substrate (20:1 mass ratio of base to cross-linker) and then
stretched at 100% strain. The morphologies of the films upon
strain were investigated by the optical microscopy (OM), as
shown in Figure S19. No cracks are observed for B1 and C1
thin films while A1 thin film shows slight cracks under 100%
strain even though f PBAs are similar (0.78−0.80). The ABA-
type and star-shaped BCPs are apparently more stretchable
than the AB-type, suggesting that the molecular architectures
can significantly affect the mechanical properties. In the case of
the films with higher PBA volume fractions, A2, B2, and C2, all
the films remain smooth under 100% strain. The longer flexible
PBA chains bring about more entanglements that can
effectively hold polymer chains together to prevent fracture.

The mechanical properties of the BCPs thin films were
further measured using PeakForce Quantitative Nanomechan-
ical Mapping (QNM). The surface mechanical mapping of the
representative ABA-type B1 thin film is shown in Figure 3a
where the z-axis represents the elastic modulus. The
fingerprint-like pattern is well correspondent with the AFM
topography image (Figure 3b), clearly revealing the PBA (soft)
and MH (hard) domains with highly distinguishable moduli.
Figure 3c shows the distribution of the elastic modulus Es
extracted from Figure 3b, and the averaged elastic modulus is
56.12 MPa. The averaged elastic moduli of all the BCPs are
summarized in Table S2, and the values are in the range
between 5 and 100 MPa, which is close to the values of rubbers
(10−100 MPa) as shown in Figure S20. Moreover, for the
BCPs with similar PBA fraction, the averaged elastic modulus
is in order of star-shaped > ABA-type > AB-type. Therefore,
the flexibility of BCP thin films can be tuned not only by
introducing different fractions of soft segments into BCPs but
also by designing different molecular architectures.

Electrical Characteristics of FET Memory Devices. The
memory characteristics of the prepared FET memory devices
using MH-b-PBAn, MH-b-PBAn-b-MH, and (PBAn-b-MH)4 as
the electrets were investigated. Here the electrets also serve as
the charge storage layers. The devices were fabricated in the
bottom-gate/top-contact configuration with p-type semicon-
ductor pentacene as charge transport layer, as shown in Figure
4a. The measurements were conducted in dark to prevent the
light-induced charge transfer or excitons. Figures 4b−d show
the representative transfer curves for A1, B1, and C1 thin films,
all of which exhibit the typical p-type accumulation mode with
good current modulation. The field-effect mobilities measured
in the saturation region of the devices using A1, A2, B1, B2,
C1, and C2 thin films as electrets are 0.16, 0.13, 0.42, 0.31,
0.44, and 0.26 cm2 V−1 s−1, respectively, and the Ion/Ioff ratios
are 106−107.

Figure 7. OM images of A1, B1, and C1 thin films under cyclic stretching at 50% strain.

Figure 8. Illustration of the structure changes in AB-type, ABA-type,
and star-shaped block copolymers under stretching and releasing.
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To switch the conductance of transistor-type memory
devices, the charges should be stored in or released from the
electret layers in a controlled manner. The devices were
applied with a gate pulse ±100 V for 1 s to achieve the charge
storage and release state, i.e., ON and OFF state, of the
memory devices. When a positive gate bias Vg = +100 V is
applied for 1 s, a positive shift is observed on the transfer curve,
which is caused by the injection of the induced electrons from
the pentacene layer into the electret layer. This operation is
defined as the “writing” process. On the contrary, a negative
gate bias Vg = −100 V for 1 s drives the holes to inject into the
electret and leads to a negative shifting of transfer curve,
known as the “erasing” process. The capacity of digital
information storage, called memory window, is defined as the
threshold voltage difference between writing and erasing state.
Figures 4b−d show the positive and negative shifts of the
transfer curves of the memory devices at a fixed drain voltage
Vd of −80 V for A1, B1, and C1 electrets, and the memory
characteristics for all the samples are listed in Table 2. The
memory windows of the devices using A1, A2, B1, B2, C1, and
C2 as charge storage electret layers are 36, 29, 67, 32, 78, and
46 V, respectively. The memory capacity is significantly
improved as the fraction of the MH moiety increases. This is
because the MH moiety can effectively trap electrons through
the deprotonation on hydroxyl groups.35 Interestingly,
although the morphologies and MH fractions of the AB-type
(A1, fMH = 0.2), ABA-type (B1, fMH = 0.22), and star-shaped
BCP electrets (C1, fMH = 0.21) are similar, C1-based device
shows the largest memory window, followed by B1-based
device. A similar result is found when comparing A2 ( fMH =
0.12), B2 ( fMH = 0.14), and C2 ( fMH = 0.14) electrets.
Therefore, in addition to the MH fraction, the molecular
architecture of the BCPs is another factor that affects the
memory performance and the memory window can be greatly
expanded by increasing the number of MH blocks in the BCPs.
The long-term stability of the trapped charges in the BCP

electrets was examined, and the drain current as a function of
time is exhibited in Figure 5a. The retention time is defined as
the time duration of the stored charges retained in the charge
storage layer. The currents of the ON and OFF states for the
B1- and C1-based devices can be well maintained for at least
104 s with ION/IOFF ratios above 106, among which the C1
electret is particularly stable. In contrast, when using A1 as the
trapping layer, the current of the ON state decreases by 3
orders of magnitude in the same period, with a ION/IOFF ratio
down to 104, indicating a poor retention time for the AB-type
BCP electrets. Again, both the molecular architecture of the
BCP and the fraction of MH can significantly affect the long-
term stability of OFET memory devices. The ON/OFF state
switching endurance of the devices with B1 thin film was
evaluated by the writing/reading/erasing/reading (WRER)
cycle measurement. The drain current was kept at Vd = −80 V,
and the writing, reading, and erasing processes were
implemented at Vg = 100, 0, and −100 V, respectively. The
results in Figure 5b indicate that the memory device using B1
as the electrets can achieve an ION/IOFF ratio around 106 over
100 cycles.
For AB-type BCPs, each PBA block has one chain end that

prefers to locate at the interfaces to lower the surface free
energy.47,48 Considering the molecular architectures of the
ABA-type and star-shaped BCPs, the PBA chains are in the
middle between end MH blocks. The tendency of PBA to
locate at interfaces is thus lower because PBA no long has

chain ends to play such a role. In other words, the contact area
of MH phase with pentacene at the interface should be larger
for ABA-type and star-shaped BCPs even though the MH
factions are similar. The water contact angle analysis displayed
in Figure 2 demonstrates that the contact angles (66° and 64°)
of B1 and C1 thin films are lower than that of A1 film (80°),
confirming a greater number of hydrophilic MH segments on
the surface for ABA-type and star-shaped BCPs. It has been
shown that a higher contact area between the charge trapping
sites and the semiconductor layers can enhance the memory
performance.34 This explains why the performances of the
devices using ABA-type and star-shaped BCPs as electrets are
generally superior to those with AB-type BCP.

Stretchable FET Memory. The memory characteristics of
the devices using the BCPs as the charge trapping layer upon
stretching were further examined. The BCP thin films were
stretched on PDMS substrates and then transferred onto SiO2/
Si substrates for FET device fabrication, as shown in Figure
S21. We measured the transfer curves of the devices with the
BCP charge trapping layers stretched at tensile strain from 0 to
100%. The memory windows of A1-, B1-, and C1-based
devices at 100% strain are 30, 60, and 76 V, respectively, and
the ION/IOFF ratios are as high as 106 (Figure S22). As shown
in the OM images of Figure S19, A1 thin film only slightly
cracks while B1 and C1 films are nearly intact under 100%
strain. Therefore, the charges can still be effectively stored in
the trapping layers under high strain and the memory windows
are comparable to those of the corresponding unstrained films
(36, 67, and 78 V in Table 2), especially for the star-shaped C1
film.
We also performed the stability tests of the devices with the

BCP films that were stretched and released at 50% strain up to
1000 cycles. Figure 6 shows the memory window and the
charge carrier mobility of A1-, B1-, and C1-based devices as
functions of stretching/releasing cycle. For A1 thin film, the
mobility sharply decreases by 1 order of magnitude and the
memory window also decreases after 400 cycles. Remarkably,
the mobilities and the memory windows keep nearly constant
until 1000 cycles for B1 and C1 thin films.
Figure 7 and Figure S23 show the OM images of A1, B1, and

C1 films with increasing stretch−release cycles at 50% strain.
Microscale cracks are observed in A1 thin film at 50 cycles, and
the number of the cracks greatly increases after 400 cycles, as
indicated by the red circle, whereas B1 and C1 thin films reveal
only a few cracks at 400 cycles and no significant increase in
the number of cracks is found at 1000 cycles. Figure S24 shows
the 1-D GISAXS profiles of A1 and B1 thin films along the qy-
axis after stretch−release tests at 50% strain for 0, 100, 400,
and 1000 cycles. All the profiles of A1 and B1 films exhibit
parallel HEX cylinders regardless of the number of the cycles.
The d-spacing of the MH cylinders in A1 thin film is
unchanged after 1000 cycles, and that in B1 thin film only
slightly increases from 10.6 to 11.0 nm, suggesting that the
microdomains can be maintained after the stretch−release
cycles even though the macroscopic cracks have appeared.36

Therefore, it is not the change of the BCP microdomains but
rather the cracks of the films responsible for the decay of the
electrical performance after cyclic stretching. Figure S25 shows
the AFM surface morphologies of pentacene deposited on A1
and B1 films after stretch−release tests. For A1 film that cracks
severely above 50 cycles, the grain size of top pentacene layer
greatly decreases after the film is tested for 400 and 1000
cycles. In contrast, for B1 film that reveals fewer cracks, the
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grain size of pentacene is not significantly changed with the
cycles. Thus, the formation of the cracks in the trapping layer
not only lowers the charge storage capability but also
deteriorates the packing of the top semiconductor layer and
causes a smaller grain size so that the charge transport is
retarded due to an increase in the areas of grain boundary.
We have shown that a stable memory performance under

stretching can be achieved by the use of the BCPs with MH
and PBA segments as the charge trapping layers in the FET
devices, especially for ABA-type and star-shaped BCP thin
films. The plausible mechanism is discussed as follows. For the
BCP films, the stretchability is imparted by the soft PBA chains
that can move freely at room temperature. The hard MH
domain plays two roles here. In addition to the role as the
charge trapping sites, it also works as the junction that provides
mechanical strength due to the strong molecular interaction
between MH chains. For ABA-type and star-shaped BCPs, the
multiple MH blocks in one BCP molecule may join in different
MH domains, and the middle soft PBA blocks then become
the tie chains connecting the hard domains, as illustrated in
Figure 8. In other words, the hard MH domains serve as the
physical cross-linking points linked by the soft PBA chains,
similar to the structure of elastomers, which prevents the films
from tearing apart under high, repeated strain. In the case of
linear AB-type BCP, the PBA blocks are unable to work as tie
chains between MH domains, and thus the soft PBA domains
break as PBA chains disentangle at relatively low strain.

■ CONCLUSIONS

In this study, the intrinsically stretchable BCPs consisting MH
and PBA blocks in linear AB-type, ABA-type, and star-shaped
architectures were successfully synthesized by ATRP and click
reaction. The BCP thin films show either parallel cylindrical
MH domains or highly ordered spherical MH domains,
depending on PBA volume fraction and the molecular
architecture. The stretchability of the thin films can be
significantly improved by introducing the flexible PBA segment
into BCPs. For ABA-type and star-shaped architectures with
end MH blocks, physical networks are formed in the BCPs
where the hard MH domains serve as the physically cross-
linked junctions and the flexible PBA blocks in the middle are
the tie chains connecting the junctions. Such a network
structure endows the thin films with rubber elasticity. The films
can thus endure high strain and the FET memory devices with
ABA-type and star-shaped BCP thin films as charge trapping
layers show remarkably stable charge carrier mobilities and
memory windows even when the trapping layers are under
severe cyclic strain tests. This work demonstrates that the
design of the molecular architectures provides BCPs a great
potential to be applied in high-performance stretchable and
wearable electronic devices.
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