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Abstract

We report high performance pentacene based organic field-effect transistor (OFET) memory
devices using the electrets of conjugated rod-coil block copolymers, poly[2,7-(9,9-
dihexylfluorene)]-block-poly(stearyl acrylate) (PF-b-PSA) and their nanocomposites with single-
wall carbon nanotubes (SWCNT). The self-assembly PF-b-PSA electret with the PF nanorods
covered by the crystalline PSA block exhibited a distinct hole-trapping capability due to the high
electrical field generated in the confined dimension of the nanorods. Thus, it could effectively
reduce the current leakage and stabilize data retention with a large memory window (35.8 V) and
a high ON/OFF ratio (>10* over 10* s. Furthermore, the memory window of the device was
further improved to 49.2 V by wrapping well-dispersed single-wall carbon nanotubes (SWCNT)
in PF-b-PSA. The bundles of PF nanorods along the SWCNT effectively capture electrons and
maintain similar retention characteristics as that of the PF-A-PSA device. This study
demonstrated that the self-assembled conjugated rod-coil block copolymers and their
nanocomposites could act as charge-storage electrets for high performance OFET memory

devices through the precise morphology control.

KEYWORDS: rod-coil block copolymer, organic memory, polymer electret, carbon nanotube,

nanocomposites.
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1 Introduction

Organic field-effect transistor (OFET) type nonvolatile memories'® have attracted extensive
scientific interest due to their advantages of the non-destructive reading, multi-bit storage, and
easily combined with circuits.”"® A typical configuration of OFET memory devices is a
conventional transistor with an additional charge storage layer (named as the electret) between
the semiconductor layer and dielectric layer. The electret is employed to create the hysteresis

behavior and modulate high- and low-conducting state, including metallic nano-floating gate

14-17 18-20

dielectrics, organic ferroelectric oriented-dipole dielectric materials, and polymer

21-26
electrets.

Among the studied electrets, the polymer-based electrets with the advantages of low cost and
solution processability compared to the metallic nano-floating gate that require multi-procedures
for preparing well-dispersed nanoparticles. The memory window, an index for the charge-storage
capability, is strongly dependent on the hydrophobicity, conjugation length, and architecture of
polymer electrets. For example, polymer electrets with hydroxyl groups exhibited much
noticeable hysteresis by trapping electrons than that of the counterparts with non-polar molecules,
such as polystyrene.'”?**” We recently showed that the memory window could be enlarged by
enhancing the conjugation length of m-conjugated moieties of fluorene or thiophene or through

the star-branched architecture of triphenylamine.*****%%

Self-assembly nanostructures derived by amphiphilic block copolymers have been considered

30,31

a candidate for electrets. However, the commonly used block copolymers lack of effective

32,33

charge trapping, such as poly(styrene-b-4-vinyl pyridine) micelles and lamellar poly(styrene-

b-2-vinyl pyridine) thin film." Therefore, integrating metallic nanoparticles within the ordered
yl pyr g g P
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periodic nanostructure were employed to produce a better trapping capability but the
accompanied nanoparticle aggregates led to a small memory window or current leakage in their

. 163233
data retention. >

More recently, we discovered the tunable memory characteristics using the
maltoheptaose-block-polystyrene (MH-b-PS) electret by the morphological transfer from the
random sphere, to vertical cylinders, and horizontal cylinders.”* The memory window was further

enhanced by the electret of MH(pyrene)-b-PS supramolecule due to the additional hole-trapping

capability.

The employment of carbon-based materials, such as graphene, as nano-floating gate could
have the charge storage and memory stability,” but it still remains a challenge to integrate those
trapping segments into the device by solution processes. Single wall carbon nanotubes (SWCNT)
also have been considered as promising carrier-transporting materials®® and could well-disperse
in conjugated materials through m-7 interaction.”” However, the OFET memory devices using the
electrets of conjugated rod-coil copolymer and their nanocomposites with carbon-based materials

have not been studied yet, as far as we know.

In this study, we demonstrate a simple and efficient strategy for manipulating the electrical
characteristics of pentacene-based OFET using the electrets of conjugated rod-coil block
copolymer, poly[2,7-(9,9-dihexylfluorene)]-block-poly(stearyl acrylate) (PF-b-PSA) and its
nanocomposite with single carbon nanotubes (SWCNT). The self-assembled PF rod block is
expected to trap the hole in the confined nanostructure while and PSA block acts as the tunneling
layer. To the best of our knowledge, this is the first example of using conjugated rod-coil block
copolymers as the charge-storage electrets in OFET memory devices. Furthermore, the well-
dispersed SWCNT within the PF-h-PSA matrix further enhanced the electron-trapping capability

for achieving a large memory window. As shown in Fig. 1, the pentacene-based OFET memory
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device incorporated with the block polymer electrets and fabricated with a bottom-gate/top-
contact configuration. The effects of the materials morphology on the OFET memory

characteristics were discussed in details.

2 Experimental Section

2.1 Materials. Polyfluorene macroinitiator (PF), PSA, and poly[2,7-(9,9-dihexylfluorene)]-
block-poly(stearyl acrylate) (PF-b-PSA) were synthesized as reported previously.®  The
molecular weight (M,) of PF, PF-b-PSA and PSA were 2610, 42280, and 27000, respectively,
with the polydispersity indices (PDI) of 1.61, 1.57, and 1.38. Pentacene (sublimed) and single-
walled carbon nanotubes (SWCNT) were obtained from Luminescence Technology Corp
(Taiwan) from Strem Chemicals, Inc. (Massachusetts, USA), respectively, which were used as

received. All of reagents or anhydrous solvents were commercially available and used as received.

2.2 Device fabrication. The devices were fabricated on highly doped n-type Si(100) wafer
with a 100-nm-thick SiO, treated with a solvent cleaning procedure and dried under a steam of
nitrogen. A homogenous toluene solution of synthetic polymer with concentration of 8§ mg/ml
was filtered through a PTFE membrane, and then spin-coated at 2000 rpm for 60 s onto the wafer
substrate with 100-nm-thick SiO,. The prepared thin films were allowed to dry in vacuum at 25
OC for 2 h. On the other hand, PF-b-PSA (12 mg) and SWCNT (3 mg) were suspended in toluene
(3 ml) and ultra-sonicated for 90 min with a fixed temperature of 0°C, and then centrifuged
(Centrifuge 5424, Eppendorf) at 12000 g for 20 min. After removing the non-dispersed SWCNT
precipitation, the black supernatant solution was spin-coated at 1200 rpm for 60 s onto same as

above-mentioned substrate. The thickness of all studied electrets was controlled between 40 and
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45 nm. Subsequently, the semiconducting layer, pentacene, was deposited with a growth rate of
0.5 nm s™' at 107 torr. The top-contact source and drain electrodes were subsequently deposited
by 100 nm thick gold through a regular shadow mask, and the channel length (L) and width (W)

were 50 and 1000 pm, respectively.

2.3 Morphology Characterization. Atomic force microscopy (AFM) measurements were
obtained with a Nanoscope 3D controller atomic force micrograph (AFM, Digital Instruments)
operated in the tapping mode at room temperature was used to study the surface structure of
pentacene and the studied electrets. Transmission electron microscope (TEM, JEOL 1230) was

used to characterize by the internal morphology of the PF(SWCNT)-b-PSA electrets.

Measurements of Electrical Properties. All the measurements of the transistor memories were
conducted using a Keithley 4200-SCS semiconductor parameter analyzer (Keithley Instruments
Inc., Cleveland, OH, USA), with a Remote PreAmp (4200-PA) in a N,-filled glove box at room
temperature. Triaxial cables were connected into the probe station to minimize the background
noise. The capacitance of the bilayer dielectrics was measured at 40 kHz on metal-insulator-
metal (MIM) structures using a Keithley 4200-SCS instrument equipped with a digital
capacitance meter (model 4210-CVU), similar to the method we reported previously.”* The
carrier mobility («) and threshold voltage (Vy,) were estimated from slope and intercept of the
linear plot of the square root of drain-to-source current (Is'"?) versus the gate voltage (V,) by the

following equation in the saturation regime:

_WC,m

5= "5y V=V (D

where Ci is the capacitance per unit area of total dielectric layer and Vy, is threshold voltage.
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3.1. Morphology of PF-b-PSA Thin Films

Fig. 2 shows the AFM images of PF, PF-b-PSA, and PSA thin films spin-cast from toluene
solutions on SiO; substrate. As shown in the figure, PF and PSA thin films exhibit a relatively
smooth surface with a low roughness of 0.31 and 0.94 nm, respectively. On the contrary, the PF-
b-PSA film shows the anisotropic nanorod structure with the size of 53+9 nm in diameter and

188+24 nm in length. As reported previously,~*

the contact angles of a water droplet on SiOs,
PF, and PSA thin films were 530, 950, and 115°, respectively. It indicates that both polymers do
not prefer to cast on the 100-nm-thick SiO, specifically and thus the substrate effect on the above
surface structure could be eliminated. As a result, the formation of a nanorod structure is
probably driven by the immiscibility between the PF and PSA blocks, where the rigid chain

conformation and strong m-m stacking of rigid PF backbones® results in the microphase

separation from the PSA block.

The grazing incidence wide-angle X-ray scattering (GIXD) was used to characterize the
molecular orientation and crystalline domain of the studied polymers. As shown in the insets of
Fig. 2(a-c), the GIXD images of the as-cast PF thin film exhibits an amorphous structure while
the PF-b-PSA and PSA ones show obvious peaks in the gy direction. The corresponding d-
spacing of 4.06 A indicates the crystalline feature of the long-alkyl side chains on the PSA block,
similar to that reported in the literature.”® Furthermore, the PF conjugated block facilitates the
formation of (100) diffraction spot along ¢, axis and leads to a parallel lamellar packing of PF-b-
PSA with the d-spacing of 2.92 nm, corresponding to the side-chain length of PSA.***' The

lattice spacing of PF-H-PSA thin film agrees with that of the bulk sample (Fig. S1(a) in ESI7 ).



Journal of Materials Chemistry C

These results suggest that the PF nanorods are horizontal in the PF-b6-PSA film and the side
chains of crystalline PSA are perpendicular to the substrate plane for minimizing the system
entropy between hydrophobic PSA blocks and hydrophilic SiO,, as illustrated in Fig. S1(b)

(ESTH).

The grain sizes of pentacene on the electret surfaces of PF, PF-b-PSA, and PSA are in the same
distribution of 170-250 nm due to the similar surface hydrophobicity between PF and PSA, as
shown in the AFM images of Fig. S2 (ESIf). On the other hand, all of the X-ray diffraction
patterns of pentacene shown in Fig. S3 (ESIj) exhibit similar crystalline peaks. The typical
coexistence of two crystalline phases are “thin-film phase (001)” and “bulk phase (001")”
diffraction peaks with vertical periodicity of 1.51 nm (¢=0.417 A" and 1.44 nm (g=0.437 AN to
polymeric substrates, where thin-film phase is the dominant phase with notable intensity since
the deposited thickness of pentacene is thinner enough (< 50 nm) to suppress the formation of
bulk phase, which could eliminate the carrier-transporting resistance produced by structural
mismatch between these two crystalline phases.**** Also, there is no significant change in the
grain size and the intensity of the first-order peak (001) for all spectra, indicating the identity of

pentacene crystallinity between the studied OFET devices.
3.2. OFET Memory Using PF-b-PSA Electrets

In general, the field-effect mobility (1) of pentacene transistor with a typical p-type
accumulation mode is highly dependent upon their grain size and crystal structure.””***
However, as the initial curves depicted in Fig. 3a, the studied OFET memory devices with PSA,
PF, and PF-b-PSA reveal diverse mobilities of 0.58, 0.47 and 0.092 cm? V! s'l, respectively, in

the saturation region with high Io,/log value of ~10. Note that the electrical characteristics listed
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in Table 1 were measured in dark to prevent the light-induced charge transfer or excitons.**
Among them, the transfer curve of PSA device not only shows a poor hysteresis behavior
between the forward and reverse scans but also exhibits the highest On current ~ 1.83x10™A at a
fixed gate voltage of -50 V, implying the absence of the capture ability to the mobile carriers
(holes) in the pentacene channel. On the contrary, the dual-sweep curves of the initial transfer
characteristics of PF and PF-h-PSA show relatively lower on-currents and larger hysteresis
phenomena with the positive-shifted threshold voltages (V) of backward sweeps of 31.3V (PF)
and 37.5V (PF-b-PSA) (Fig. S4, ESIf), indicating the hole-trapping ability is successfully
induced by incorporating the PF block into the electrets. However, the Vy, of the backward sweep
using PF-b-PSA shifts to a more positive region than that of PF device, attributed to the
morphological effects that a higher electrical field generated in the cylindrically confined

45,46

dimension™" of the PF-b-PSA nanorods achieves a large hole-storage capability even at the low

volume fraction of the PF block.

The transistor memories are extended from the regular transistors and operated by combination
of the applied appropriate gate pulse to modulate the transfer curves, causing the diverse
resistance at a fixed gate bias. As shown in Fig. 3(b), after the writing procedure of applying a
gate pulse of +50 V for 1 s, the onset of transfer curves is maintained at the gate bias of 0~6 V
and results in the written Vy, of -6.86 V (PF) and -0.21 V (PF-b-PSA). The onset of the writing
transfer curve in PF device is still close to 0 V as well as its initial sweep implies the lack of
electron trapping owing to its electron-donating nature, while the slightly shift to the positive
region of writing curve in PF-h-PSA device is probably owing to the electron trapping by tiny
dipoles produced from the oxygen atoms in the side chains of PSA.***” In the following, the

transfer curves could be substantially switched to the negative direction with the threshold
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voltages of -35.7 V(PF) and -36.0 V(PF-b-PSA) after the erasing procedure of applying a gate
pulse with -50 V for 1 s to trap the holes by the electron-donating polyfluorene in the studied
electrets. Therefore, the memory windows (AVy,), the difference between the Vy, shifts of the

writing and erasing curves, of the PF and PF-b-PSA are 28.8V and 35.8 V, respectively.

More important, the long-term stability of the charges trapped within electrets is a key index
for a nonvolatile OFET memory. Fig. 3(c) shows the ability to retain data with the retention time
after the writing and erasing operations. The readout current value of the ON state at a fixed Vg
of -10 V for PF device decreases linearly in the initial stage and then maintains at low current
value of 4.7x1072 A over a monitoring time of 8000 s, presenting a poor retention characteristics
due to the conjugated PF block in the electret causing the charge dissipates rapidly. On the sharp
contrast, the ON current values monitored at 8000 s for the PF-b6-PSA device is ameliorated
significantly to 1.04x10™ A, leading to a better retention time longer than 1.2x10* s with a high
ON/OFF ratio of >10*. It indicates the advantages using self-assembled conjugated rod-coil block
copolymer as the electret as described in the following: (i) high built-in electric field produced by
low dielectric constant PSA tunneling layer that usefully maintains the charge injection ability
from pentacene to the PF block under the writing and erasing gate pulses,'*'>** ii) discrete PF
nanorods as trapping segments that effectively reduces the current leakage,"""* iii) crystalline
comb-like PSA coil segments that could play an blocking layer to resist the de-trapping of store
charges after removing the gate bias.*’ Note that the dielectric constant of PF, PF-b-PSA, and

PSA estimated from the measured capacitance at the frequency of 40 kHz is 3.03, 2.59, and 2.37,

which decreases with introducing non-polar PSA moiety.

3.3. Transistor Memories using the PF (SWCNT)-b-PSA Electret

10
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Morphology of PF(SWCNT)-b-PSA Thin Film. Even though the enhanced hole-storage
stability have been achieved by self-assembly rod-coil copolymers, the devices with the PF-b-
PSA electret show a poorly electron-trapping capability after the writing operation due to the
electron-donating nature of polyfluorene. By considering the extensive m-conjugated structures of
the rod blocks, dispersing metallic SWCNT ***""° in the electret is a feasible strategy to further
enhance the electron injection for achieving a large memory window. In addition, the insulating
PSA coil block could provide the de-bundled SWCNT with a good solubility and long-term
stability in the suspension after centrifugation with 12,000 g for 20 min;*’ therefore, the color of
the PF(SWCNT)-b-PSA suspension is blacker than that of PF(SWCNT), and the suspension is
very stable without the precipitation after over a half year of storing at room temperature (Fig. S5,

ESI¥).

The thin film of PF(SWCNT)-b-PSA with the thickness of c.a. 44 nm were prepared from spin
coating and characterized by AFM and TEM. As shown in Fig. 4(a), the PF nanorod structure
becomes larger in length and width compared to PF-b-PSA (Fig. 2(b)), and becomes bundles of
nanorods at specific points along the axis of SWCNT. Note that toluene is a common solvent for
both polymer blocks of PF-5-PSA but a poor solvent for SWCNT. It suggests that the stronger
(Flory-Huggins interaction parameter) value is induced once the strong n-m interaction formed
between PF block and SWCNT, driving a significantly microphase separation in the prepared
solution compared with the PF-b-PSA solution without SWCNT.* Also, the corresponding
enlarged TEM images (Fig. 4b) with about lum2 without staining is used to confirm that the
SWCNT with 6 nm in diameter indeed are dispersed within PF(SWCNT)-b-PSA electret. It
indicates that SWCNT are surrounded by self-assembly PF nanorods since using AFM image

does not show the SWCNT structure. In addition, PF(SWCNT)-b-PSA thin film also reveals the

11
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crystalline PSA property and the quenched photoluminescence spectra in comparison with
pristine PF-h-PSA thin film (Fig. S1(c) and S6 in ESIY), indicating that lower work function of
SWCNT could effectively capture the electrons form the photo-excited excitons,”' i.e., charge

transfer, due to the presence of PF(SWCNT) hybrids.

OFET Memory Performance using the PF(SWCNT)-b-PSA as Electret. The
PF(SWCNT)-b-PSA thin film sandwiched between two conductors was first employed to
measure the leakage currents in comparison with the thin films of PSA and PF-H-PSA in Fig. S7
(ESIT). Similar to the results of PSA and PF-H-PSA in a fixed range of the bias scan, the
PF(SWCNT)-b-PSA electret exhibits a low leakage current density52 of ~3x107 A/cm? since the
PF(SWCNT) hybrids are effectively covered by the comb-like crystalline PSA block, which
could avoid the SWCNT contacting with the electrodes or semiconducting layer in the OFET

device directly.

The analog pentacene-based device incorporated with PF(SWCNT)-b-PSA as electret was
prepared to explore the OFET memory behavior. As the metallic SWCNT possesses rich carrier-
withdrawing capability, the field-effect mobility measured in the saturation region of
PE(SWCNT)-b-PSA decreases to 0.005 cm”*V's™ even if the crystalline structure of pentacene in
Fig. S3 (ESIY) is similar to the devices that do not contain the SWCNT in the electrets. However,
the PF(SWCNT)-b-PSA device still maintains appreciable Ion/log of ~10° and p-type
accumulation mode, suggesting no ambipolar behavior induced by the electrets. To investigate
the electrical memory performance and compare with PF-b-PSA OFET memory, the writing and
erasing processes were applied equally as aforementioned conditions. Fig. 4(c-d) and Table 1
shows the transfer characteristics of the PF(SWCNT)-b-PSA memory device. Fig. 4c presents a

prominent hysteresis loop with 59.6 V hysteresis window defined by the difference of Vi,

12



Page 13 of 26

Journal of Materials Chemistry C

between forward (21.4 V) and backward sweeps (-38.2 V), indicating the incorporation of
SWCNT into electret not only shows the electric bistability behavior but also improves the

carrier-capturing ability.

In Fig. 4d, the Vi of the writing curve for PF(SWCNT)-b-PSA device is 20.55 V which
exhibits an obviously shift to positive region compared with that of PF-b-PSA device (-0.21 V),
exhibiting the induced electrons effectively inject into dispersed SWCNT. For the erasing
process, the Vi, is further switched to -28.7 V that maintains the hole-trapping polyfluorene rod
as well as PF-b-PSA device. As a result, the memory window is significantly enlarged from 35.8
V (PF-b-PSA) to 49.2 V (PF(SWCNT)-b-PSA), more than 60% of the whole sweeping-voltage
range, with the highest trapping density (An) of 7.06x10"*cm™ that is comparable (or even better)
to that of the state-of-the-art nano-floating gate and block copolymer-nanoparticle hybrid

memory devices.

The retention capability of nonvolatile OFET memory devices was measured after the
application of +50 V (ON state) and -50 V (OFF state) gate pulses for 1 s to investigate the
carrier stability in PF(SWCNT)-b-PSA electret. As shown in Fig. 5a, the stability extracted at the
zero gate-source voltage for the ON and OFF current states of PE(SWCNT)-b-PSA device could
be kept at least longer than 10* s with the ON/OFF ratio over 10*. This above results are
attributed to not only the PF(SWCNT) hybrids for the holes/electrons capturing but also the
crystalline PSA passivation layer that could restrain the trapped charges from penetrating into
active layer when the gate pulse is removed. Also, the PF(SWCNT)-b-PSA device was tested by
the cycle of the writing/reading/erasing/reading (WRER) operation to investigate the

reproducible and reversible stability. As shown in Fig. 5(b-c), it shows a stable switching

13
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behavior with obvious ON/OFF states and displays an excellent reversibility between the writing

and erasing states with a conductance change of ~10° over 200 cycles.
3.4. Proposed mechanism for PF(SWCNT)-PSA electrets

The memory performance of OFET memory based on PF(SWCNT)-b-PSA can be elucidated
through the mechanism proposed in terms of energy level diagram in Fig. 6. The HOMO energy

234 and low-molecular-weight polyfluorene® are -3.2, and -2.44 eV,

levels of pentacene
respectively; while their LUMO levels are -5.0, and -5.39 eV. In addition, the work function of
SWCNT is -4.3 eV>* whereas PSA is an insulator. During the writing process, a large amount of
electrons are induced in LUMO level of pentacene by the positive electric field and immediately
tunnels to SWCNT through PSA (Fig. 6a), causing that the Vy, of the writing curve substantially
shifts to a positive direction owing to the extra holes accumulated in the active channel of
pentacene before the V, scans. This electron-trapping capability of SWCNT is coincident with
the photoluminescence result in Fig. S6 (ESIT). As further applying a negative gat-source bias
(erasing process), a large amount of electric-field induced holes are injected to the HOMO level
of electron-donating polyfluorene, where not only occurs recombination with the electrons
trapped in SWCNT but also captures the supplementary holes; therefore, the Vy, of the erasing

curve obviously moves to positive region and the device returns to a low-conductance state (OFF

state) at the V; =0 V.

Also, using low dielectric constant polymer as tunneling layer benefits the trapping process on
the metallic-based nano-floating gate memory has been demonstrated since the built-in field
generated by tunneling layer is inverse proportion to the dielectric constant. In this study, the

PSA block with dielectric constant of 2.37 that is much lower than wild-used PS or PMMA due

14
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to its long alkyl side chain groups. As a result, the low-k PSA matrix plays an important
tunneling layer, where provides large built-in field to inject carriers into nano-floating charge-
storage segments once applying the electric-induced holes/electrons in the semiconductor-electret
interface. Furthermore, the crystalline nature of PSA block could facilitate to retain trapped
charges within electrets when the gate-source bias is removed, resulting in superior retention

characteristics.

4 Conclusions

We have demonstrated that the high performance OFET memory devices could be achieved
using the nanostructured electrets derived from conjugated rod-coil block copolymer, PF-b-PSA
and its nanocomposites with single wall carbon nanotube. Self-assembled PF rod block played an
important role to improve hole-trapping capability, while the low dielectric constant PSA block
provided high built-in electric field for effectively carrier injection. Furthermore, the well-
separated SWCNT in PF-b-PSA were constructed by strong n-m interaction between polyfluorene
and SWCNT, resulting in an enhanced memory window up to 49.2 V, stable retention time over
10* s with ON/OFF-current ratio (>10%), and stable reversibility over 240 cycles. Our study
showed that the conjugated rod-coil block copolymers and their nanocomposites could act as

charge-storage electrets for high performance OFET memory devices.
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Table 1. The electrical and memory performance of the studied OFET memories using various

polymer electrets.
Vin, ave [V] Trapping
Have IOn/IOff, Vth, ave of Memory
density An
[em*V7's] ave initial [V] Writing Erasing  window [V]
[em?]
PSA 0.58+0.04 5.7x107 -5.42 Negligible Negligible Negligible Negligible
PF 0.47+0.05 4.6x107 -3.56 -6.86+1.1 35.7+4.1 28.8 4.06x10"
PF-b-PSA 0.092+0.01 1.3x107 -3.40 -0.21%0.6 -36.0+1.5 35.8 4.77x10"
PF(SWCNTs)-b-PSA  0.005+0.01 5.5x10° -1.93 20.55+2.3 28.7+1.8 49.2 7.06x10"
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(CH3)17CHs

(charge-storage site)-b-(low-k tunneling layer)

Fig. 1 (a) Chemical structure of PF-h-PSA, (b) schematic configuration of the pentacene-based
OFET memory device.
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Fig. 2 The AFM height images of (a) PF, (b) PF-b-PSA, and (c) PSA films, ~40 nm in thickness.
The insets of (a-c) are their corresponding 2D-GIXD images.
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Fig. 3 (a) Initial transfer curves, (b) writing/erasing plots, and (c) the corresponding memory

retention characteristics of the devices using PSA, PF, and PF-5-PSA as electrets at V4= -30V.
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Fig. 4 (a)AFM height image and (b) TEM image of PF(SWCNT)-b-PSA thin film with thickness
of ~43 nm. (c) Dual gate voltage sweeps after writing process (50 V, 1s) and (d) their transfer
curves of the OFET memory device using PF(SWCNT)-b-PSA as the electret.
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Fig. 5 (a) Memory retention characteristics after the writing and erasing operation on the OFET
memory device with PF(SWCNT)-b-PSA as electret. The currents at ON and OFF states were
read at V;=-10V and V3= -30V. (b) The reversible switching on the ON- and OFF- states and (c)
the endurance characteristics of the device using PF(SWCNT)-b-PSA electret.
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Fig. 6 Proposed mechanisms and energy band diagrams under the (a) positive and (b) negative

bias for the OFET memory using PF(SWCNT)-5-PSA as electrets.
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