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ABSTRACT: Despite remarkable advances in the development of
organic field-effect transistor (OFET) memories over recent years,
the charge trapping elements remain confined to the critical
electrets of polymers, nanoparticles, or ferroelectrics. Nevertheless,
rare reports are available on the complementary advantages of
different types of trapping elements integrated in one single OFET
memory. To address this issue, we fabricated two kinds of
pentacene-based OFET memories with solution-processed amor-
phous and f-phase poly(9,9-dioctylfluorene) (PFO) films as charge
trapping layers, respectively. Compared to the amorphous film, the

B-PFO film has self-doped nanostructures (20—120 nm) and could

act as natural charge trapping elements, demonstrating the synergistic effects of combining both merits of polymer and
nanoparticles into one electret. Consequently, the OFET memory with f-PFO showed nearly 26% increment in the storage
capacity and a pronounced memory window of ~45 V in 20 ms programming time. Besides, the retention time of #-PFO device
extended 2 times to maintain an ON/OFF current ratio of 10°, indicating high bias-stress reliability. Furthermore, the f-PFO
device demonstrated good photosensitivity in the 430—700 nm range, which was attributed to the additive effect of smaller
bandgap and self-doped nanostructures of f-phase. In this regard, the tuning of molecular conformation and aggregation in a
polymer electret is an effective strategy to obtain a high performance OFET memory.
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Bl INTRODUCTION

Nonvolatile organic field-effect transistor (OFET) memories
have received extensive attention for their light weight,
structural flexibility, nondestructive readout, and multibit
storage in a single cell'™" Up to date, a variety of
multifunctional charge storage elements (referred to electrets)
have been developed to improve the charge trapping density
and stability, which generally can be categorized into three
types: polymers,"”” nanoparticles (NPs),’
However, in most instances, the above trapping elements were
always used independently and did not realize the comple-
mentary advantages. Recently, a double floating-gate strategy
has been proposed to adopt different metal NPs or two-
dimensional (2D) nanoflakes simultaneously in one nano-
floating gate OFET memory.'"”"? Nevertheless, the memory
performances are unavoidably influenced by the NPs size and
distribution, which were limited to the thermal evaporation
process or the hybrid concentration.'*'> Thereby, many
attempts have been made on the simple solution-processed
polymer electrets.'”'” Previous studies revealed that electronic

.89
and ferroelectrics.>’
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and topological structure of polymer, such as p—n electronic
structure, limited effective conjugated length, and unique steric
interaction are closely associated with the tuning of memory
characteristics.”>'® But beyond that, polymer chains process
supramolecular interaction and topological structure and tend
to stack one by one and then assemble into nanostructures or
aggregates which may act as self-doped charge trapping
elements for memories. In addition, it is found that through
light-assisted programming the charge trapping capacity of
OFET memories can be further improved.'”~' In view of the
above facts, however, a photosensitive electret that integrates
both merits of polymer and NPs has yet to be announced.

In this regard, polyfluorenes (PFs) are a promising candidate
with various nano- or microstructures to satisfy the
aforementioned requirements.””>* Among them, p-phase,
which stemmed from an intriguing “planar zigzag” (2, helix)
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Figure 1. (a) Schematic configuration of the pentacene-based OFET memory device with amorphous or #-PFO film as electrets, together with the
water contact angles of the PFO surface (side view of a drop of water). (b) UV—vis absorption spectra of amorphous PFO, -PFO, and pentacene
films (left axis). PL spectra of amorphous and f-PFO films (right axis). 2D AFM images of (c) amorphous PFO film and (d) f-PFO film.
Corresponding 3D AFM images of 40 nm thick pentacene deposited on (e) amorphous PFO film and (f) f-PFO film.

chain conformation, showed higher current efficiency (CE) and
electroluminescence (EL) spectral stability in deep blue
polymer light-emitting diodes (PLEDs).”* Such a high
efficiency results from the critical functionalities of the f-
phase: electron-trapping and promoted hole mobility (107> cm?
V~!s71),*® which indicates the f-phase may potentially serve as
charge trapping elements in OFET memories.”””’ Previously,
Feng et al. reported nanostructured PFO (10—15 nm)
dispersing in poly(methyl methacrylate) (PMMA) and
modulated the threshold voltage (Vy,) under light illumina-
tion.”” Shih et al. demonstrated 50—70 nm PFO NPs
embedded into poly(methacrylic acid) (PMAA) to construct
a molecular level nanofloating gate OFET memory.”® However,
the formation of p-phase in film state correlated charge
trapping mechanism for OFET memory is still unclear.

In this work, we fabricated pentacene-based OFET memories
with S-PFO and amorphous PFO films as charge trapping
elements to clarify the f-phase effect on the OFET memory
characteristics. UV—visible (UV—vis) absorption and photo-
luminescence (PL) spectra were employed to confirm the
formation of f-phase in the film states. The morphology
influence of B-phase was studied by atomic force microscopy
(AFM) and contact angle measurements. OFET memory
properties including hysteresis windows (with and without
illumination), light-assisted reversible threshold voltage shifts,
and endurance performances were investigated, suggesting the
P-PEO device showed better memory performances and
photosensitivity than the amorphous one. The corresponding
mechanism of f-phase on the trapping of hole and electron in
OFET memory was detailedly discussed. Finally, we further
investigated the effect of f-phase content on the charge
trapping behavior.

B EXPERIMENTAL SECTION

Fabrication of OFET Memories. Figure la shows the schematic
illustration of the OFET memories with a top-contact and bottom-gate
configuration. Heavily doped n-type Si wafer with 300 nm SiO, was
used as the substrate. The substrate was cleaned sequentially in an

ultrasonic bath with acetone, ethanol, and deionized water for 10 min
each and then dried in the oven at 120 °C for 30 min. Later, the
substrate surface was UV/ozone cleaned for 3 min and transferred to a
N,-filled glovebox. Next, about 60 nm thick PFO films were spin-
coated from a 5 mg/mL chloroform solution and then baked at 50 and
80 °C separately on a hot plate for 30 min to remove the residual
solvent. Two types of PFO films, namely amorphous PFO baked at 50
°C and f-PFO baked at 80 °C, were used to create the electret layers.
After that, 40 nm thick pentacene was thermally evaporated at a
deposition rate of 0.1 A s under a pressure of 5 X 10" Pa. Finally,
about 50 nm thick Au was thermally evaporated through a shadow
mask to form source and drain electrodes with the channel width W =
2000 um and length L = 100 um. Besides, control devices with
(octadecyltrichlorosilane) OTS gate dielectric treatment were also
fabricated.

Characterizations. UV—vis absorption spectra were measured
with a Shimadzu UV-3600 spectrometer at room temperature, and PL
spectra were recorded on a Shimadzu RF-5301(PC) luminescence
spectrometer. The film morphologies of PFO and pentacene films
were recorded with a Bruker’s Dimension Icon AFM in tapping mode
(Bruker’s Sb/Si probe tip with a resonant frequency 320 kHz and the
spring constant 42 N m™'). Commercial LED with a wavelength of
410—800 nm (visible-light spectroscopy, see Figure S1) was shined
directly from the top of the device with an intensity of $ mW cm™.
The electrical characteristics were measured by an Agilent B1S00A
semiconductor parameter analyzer in a shielding box and in ambient
air, and the thicknesses of PFO films were measured using a Bruker
Dektak XT stylus profiler. A two liquid (water and diiodomethane)
contact angle method was adopted to explore the surface energy (ys)
of PFO on SiO, substrate (see Supporting Information for the details).

Bl RESULTS AND DISCUSSION

Optical Properties of Amorphous and f-Phase PFO
Films. UV—vis absorption and PL spectra are introduced to
characterize the formation of f-phase, as shown in Figure 1b.
The maximum absorption peak of PFO films by annealing at 50
°C was located at 385 nm, and its maximum emission peak was
at 424 nm, indicating that the PFO films at lower annealing
temperature (50 °C) was in amorphous state. However, a new
absorption peak appeared at 437 nm at higher annealing
temperature (80 °C); moreover, its PL spectrum was red-
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Figure 2. (a) Transfer characteristics in the linear regime (W = 2000 ym, L = 100 gm, 300 K). (b) Transfer line method (TLM) plots of pentacene-
based OFET memory devices with amorphous and f-phase PFO electrets. (c) Output characteristics with amorphous PFO electret. (d) Output

characteristics with -PFO electret.

Table 1. Transistor and Memory Performances of Pentacene-Based OFET Memories with Two PFO Electrets

electret Hoe (cm?/(V 5)) Vi (V)
amorphous 0.27 + 0.07 -50=+0.38
P-phase 0.13 £ 0.04 —11.7 + 0.03

Tone/ Ty memory window (V) An (cm™)
7.17 X 10° 453 2.6 X 102
278 x 10° 57.0 3.3 x 10

shifted from 424 to 440 nm, suggesting the formation of f-
phase in the film state, which was consistent with our previous
reports.”™** In this regard, similar to PFO p-phase-based
solvent-induced pattern,”” nanostructures generated from S-
phase PFO behave like a “guest”, together with amorphous
chain of polyfluorenes as a “host”, suggesting the self-doped
nanostructures in f-PFO film act as a perfect complementary
system of polymer and floated nanoparticles in one electret.
Morphology and Surface Energy of PFO Films. For
OFETs, the morphology and surface energy of the polymer
electrets are critical factors to influence the growth and
crystallinity of overlaying semiconductor (pentacene in this
work).”” In this case, we characterized the surface hydro-
phobicity and calculated the surface energy (ys) of PFO layers,
as shown in the inset of Figure la and Table S1. The surface
energy, including the polar component (78) which is attributed
to polar forces arising from permanent and induced dipoles (as
well as hydrogen bonding), whereas the dispersion component
(¥3) is due to instantaneous dipole moments.”” The surface
polarity yp (i.e., the ratio of the polar component to the total
surface energy) of f-phase PFO is 5.4 X 10~° and much smaller
than that of amorphous PFO (0.016), indicating that the
surface of f-phase PFO interacts more weakly with water
molecules. Although the presence of nanostructures can
improve the film hydrophobic property from 93.5° of
amorphous PFO to 102.3° of the S-PFO, the two PFO films

possessed similar surface energies of 37—38 mJ/m? due to the
high ratio of 7§ and would lead to a “layer + island” growth
mode of pentacene.31 Further, the 2D AFM image was used to
analyze the morphology of PFO films. As shown in Figures 1c
and 1d, one can see that the amorphous PFO film is quite
uniform and smooth with a small root-mean-square (RMS)
roughness value R, = 0.33 nm. Conversely, f-PFO film shows
rough morphology (Rq = 0.67 nm) and significant surface
fluctuation (—2 to 2 nm) due to the formation of fB-phase
nanostructures with the size of 20—120 nm, indicating the -
PFO film could offer significant nucleation sites when
pentacene deposited. Therefore, the differences of growth
and crystallinity of pentacene on the two PFO films should be
dominantly dependent on morphologies. As can be seen in
Figures le and 1f, the representative 3-dimensional (3D) AFM
image of pentacene on S-PFO film displayed smaller and
compact pentacene grains of 0.2 ym, unlike that on amorphous
PFO film with larger grains (0.41 ym) but clear grain vacancies.
Moreover, due to the rough surface of f-phase PFO film, the
activation energies for pentacene nucleation and re-evaporation
from PFO surface were dramatically reduced during the
thermal evaporation process.””**> Compared with the penta-
cene/amorphous interface, the coverage of pentacene film was
better thus a larger interfacial contact area was formed between
the initial growth of pentacene (ca. 1.5—S5 nm, referring to the
conductive channel) and f-PFO film, as depicted in Figure S2.
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Figure 3. Dual-sweep transfer curves taken under dark (dark line) and illumination (5 mW/cm?, blue line) of (a) amorphous PFO device and (b) j-
PFO device. Reversible shifts in Vy, (square root of Ig vs V) of (c) amorphous PFO device and (d) f-PFO device. WRER cycles of (e) amorphous
PFO device and (f) f-PFO device. The drain current was measured at Vj,g = —50 V. The writing, reading, and erasing voltages were at Vg5 = —50,

—20, and 0 V (LED light), respectively.

Electrical Characterizations of Pentacene-Based OFET
Memories with PFO Films. Figure 2 shows the representative
transfer and output characteristics of the pentacene-based
OFET memories with the two type PFO electrets, and the
calculated transistor corrected parameters are summarized in
Table 1. The typical p-type field-effect transistor behavior with
a typical linear/saturation property was observed for both of
the PFO memory devices. The S-PFO device has lower
mobility of 0.13 + 0.04 cm®* V™' 57" than those of amorphous
PFO device (0.27 + 0.07 cm? V™! s7!). The smaller pentacene
grains in the S-PFO device were responsible for its lower
mobility. Meanwhile, the smaller pentacene grains induced a
larger contact resistance (R.) of 11.9 MQ at the Au/pentacene
contact (Figure 2b), which would lower the extraction of the
mobility. Besides, the rough channel region (pentacene/$-PFO
interface) could also influence the carrier transporting due to
charge scattering effect.”

To investigate the impact of self-doped nanostructures on
the memory properties, the hysteresis window of the transfer
curve upon double sweeping was measured, as illustrated in
Figures 3a and 3b. The double sweeping of Vg was from 80 to
—80 V and then backward under dark and light conditions,

respectively. Both of the memories show obvious counter-
clockwise hysteresis loops. For the amorphous PFO device, the
hysteresis window was approximately 50 V (31% of the total
applied bias) under dark and mainly located in the negative Vg
region, indicating that the trapped charges were holes. Under
illumination, the hysteresis window was extended to ~126 V
(78% of the total applied bias) and located in bipolar Vg
region, demonstrating both holes and electrons could be
trapped with light assistance as we previously reported.'” By
contrast, the f-PFO device processed larger hysteresis window
either under dark (~54 V) or under illumination (~140 V),
exhibiting the -PFO device has pronounced electron trapping
capacity under illumination. It should be noted that there are
some other physical factors that can cause hysteresis in OFETs,
such as polarization of dipolar groups (e.g, —OH) in the
electret bulk, water absorbance induced traps within the
semiconductor or at the semiconductor/electret interface, and
charges injected from gate electrode.”” " Considering that
there is no —OH group in PFO chain, the influence of
polarization in PFO bulk can be excluded. Besides, thermally
grown 300 nm thick SiO, is enough to block the charge
injection from gate electrode.” In this regard, we remeasured

DOI: 10.1021/acsami.6b03792
ACS Appl. Mater. Interfaces XXXX, XXX, XXX—XXX


http://dx.doi.org/10.1021/acsami.6b03792

ACS Applied Materials & Interfaces

Research Article

the hysteresis to check the influence of water absorbance by
leaving both of the OFET memories in a constant temperature
and humidity controlling box for 2 weeks (with the humidity of
30—40%). From Figure S3, one can see that the amorphous
PFO device showed obvious volatile anticlockwise hysteresis,
which is in agreement with the feature caused by water induced
traps.”**” However, the hysteresis was negligible in the f-PFO
device, which is attributed to the additive effects of the compact
pentacene grains deposited on f-PFO and hydrophobicity of f-
PFO surface. Generally, larger pentacene grains allow the water
molecules to penetrate quickly and easily through the
semiconductor layer and to be adsorbed at the pentacene
grain boundaries and the pentacene/PFO interface.”*” The
water molecules could generate long-lifetime electron traps, so
extra holes are needed to balance the prestored electrons during
the positive to negative sweeping process, created an inaccurate
large hysteresis window of 50 V for amorphous PFO device
under dark.*® By comparison, the compact pentacene grains
deposited on B-PFO film could help suppress the diffusion of
water molecules. As a result, the damp atmosphere induced
instability can be weakened in the -PFO device, demonstrating
that the formation of self-doped nanostructures is beneficial to
improve the device reliability in air.

In order to better compare the hole trapping ability of the
two kinds of PFO films, the reversible threshold voltage shifts
were performed. As shown in Figures 3c and 3d, the
programming/erasing operations were —80 V (under dark)/0
V (with light) for 1 s. When the application of Vg = —80 V was
applied to the device for 1 s in the dark, the transfer curve
shifted toward the negative direction, serving as the
programming process. Subsequently, the memory device was
illuminated for 1 s, and then the transfer curve recovered to its
initial state, serving as the erasing process. The memory
windows between the programmed and erased states were
calculated approximately 45 and 57 V for amorphous and j-
PFO device, respectively. It is worth noting that the memory
window of the pentacene-based OFET memories originate
from the holes tunneling into the pentacene/polymer interface
and polymer electret under negative Vs> In our work, the
larger memory window of S-PFO device might be attributed to
the stronger charge trapping ability of S-PFO induced self-
doped nanostructures and the enlarged interfacial contact area
between pentacene and f-PFO. As mentioned in the section of
optical properties, amorphous phase and S-phase coexisted in
the f-PFO film and formed the “host—guest” system. The
interfaces between amorphous and f-phase could act as charge
trapping sites due to the potential barrier produced by the
different LUMO energy levels and physical defects,” ultimately
to improve char%e storage density compared with pure
amorphous PFO.” In addition, the larger interfacial contact
area between pentacene and S-PFO films could help broaden
the effective tunneling area and ensure more charge
injection.*”** The trapped holes played a critical role in the
formation of internal electric field (E;,) and then blocked the
subsequent hole injection.”"** However, the trapped holes can
be released through photogenerated electrons in the light
erasing process.””*** According to the equation E = hc/4, the
maximum photon energy of our incident light is calculated to
be ca. 2.9 eV, which is larger than the band gap of pentacene
(~1.9 eV) but extremely close to that of amorphous PFO (2.94
eV).”® By exposing amorphous PFO device to illumination, the
photoexcitons were generated mainly in pentacene and diffused
toward the conductive channel to be separated by E;,. Then the

photoexcited high-energy electrons can neutralize the trapped
holes. Despite the same HOMO energy level, the LUMO level
of f-PFO was 0.12 eV lower than that of amorphous PFO, thus
leading to a smaller bandgap of 2.82 eV. Therefore, the f-PFO
electret could increase the amount of photoexcitons and
enhance the photosensitivity of pentacene-based OFET in blue
light range (435—450 nm, Figure 1b).

The multiple electrical—optical switching is evaluated to
further explore the effect of f-PFO on the electron trapping,
with a series of programming (Vgg = —50 V, under dark),
reading (Vgg = —20 V, under dark), and erasing (Vg = 0V,
under illumination) processes (refer to WRER cycles). As
shown in Figures 3e and 3f, both the PFO memories exhibited
rewritable memory characteristics with high ON/OFF current
ratio of ~10°. It can be seen that the ON current (erased state)
was stable for both of the memories during the WRER cycles
(Figure S4). However, the OFF current (programmed state) of
the #-PFO device showed an upward trend from 6.1 X 107" to
1.0 X 107 A in the initial cycles and then remained relatively
unchanged. The initial increment in OFF current can be
attributed to the electron trapping ability of S-PFO. As
mentioned above, both pentacene and S-PFO film contributed
to the generation of photoexcitons, and the rough contact area
between the pentacene and S-PFO films could provide
additional exciton-separation sites; thus, a large number of
photogenerated electrons were generated in the conductive
channel of the B-PFO device, making sure the full
neutralization of previously trapped holes. In addition, the
lower LUMO level also brought a strong electron trapping
ability to localize the residue photogenerated electrons.
Moreover, due to the self-doped morphology of S-PFO film,
the surrounded amorphous PFO chain may act as tunneling
matrix and suppress the electron release. Taking into account
the promoted hole mobility of the #-PFO film (Figure SS), the
negative pulse of V53 = —50 V might not offer enough holes to
neutralize the trapped photogenerated electrons during the fast
optical—electrical switching process.”> Thus, the trapped
photogenerated electrons would become more after several
light erasing operations and induce a positive Vi shift of the
programmed state.”” Under the same reading voltage, OFF
state current increased until the accumulation reached
saturation. As a consequence, OFET memory with fB-phase
PFO also demonstrated well electron trapping ability.

In a sense, high hole trapping capacity represents the
tunability of Vi, for the p-channel OFET memories, so it is
necessary to research the variation in trapped charge density
(An) as the function of the programming voltage. The An is
calculated according to the following equation: An = (AVyy/e)
C, where e is the element charge, C, is the total capacitance per
unit area (roughly calculated from the equation 1/C; = 1/Cppq
+ 1/Cgp,)- Figure 4a shows a linear change of the AVyy as a

function of Vgg, corresponding to the model of Fowler—
Nordheim (F—N) tunneling for charge trapping OFET
memories.** Upon the programming voltage of Vgg = —80 V
for 1 s, the calculated An was up from ca. 2.6 X 10'* cm™ for
amorphous PFO devices to 3.3 X 10'> cm™ for f-PFO devices,
reflecting that pentacene-based OFET memory with S-PFO
electret has more trapping sites. The hole trapping capacity was
further characterized by investigating the AV as a function of
applied programming time (f,,.,) under a constant Vg5 = —80
V. As can be seen in Figure 4b, AV of both the PFO devices
increased logarithmically with ¢,,,, due to more trapped holes.*®
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Figure 4. (a) Corresponding shifts of threshold voltage (AV7py) and
trapped charge density (An) as a function of negative programming
bias (V). (b) AVpy as a function of applied programing time (tpmg).
(c) Bias stress characteristics measured at Vg = —50 V and Vg = —25
V at 1 s interval.

However, the S-PFO device still processed larger memory
window of 44.8 V than amorphous one (25.6 V) even in torog =
20 ms. When £,,,,, was longer (e.g, 2 s), AVyy reached certain
saturated values since the previously trapped holes will build
the internal electric field.”"*> Then the difference of memory
windows between the two PFO devices got smaller and tended
to be constant (~11 V). This result indicated that there existed
stronger trapping sites in the f-PFO device, especially at the
pentacene/f-PFO interface, thus making it easy to trap
sufficient holes in only 20 ms.

To evaluate the charge storage stabilities of the two OFET
memories, the bias stress characteristics were performed under
dark and are shown in Figure 4c. Compared to the OFF
currents (programmed state), the ON currents (erased state) of
the two OFET memories exhibited more rapid degradation. In
this case, the ON/OFF current ratio of the f-PFO device could

be maintained over ~10° when the stress time was more than
8000 s, 2 times than the amorphous PFO device (4148 s),
further confirming that the trapped photogenerated electrons in
the S-PFO electret layer were more stable than those in the
amorphous one.

Content Effect of -Phase on the Memory Perform-
ances. The effect of f-phase content on the memory
performances of pentacene-based OFET memories was also
investigated. Higher-content J-phase electrets with similar
thickness (60 = S nm) were prepared via spin-coating from
toluene and DCE solution,”® denoted as f-PFO (medium) and
B-PFO (high) film, respectively. The content of f-phase can be
defined from the excited PL (PLE) spectra with an increasing
density peaking at 436 nm (Figure S6), indicating the content
followed the order of DCE > toluene > CHCI;. The hole
trapping capacities of OFET memories with higher-content -
PFO electrets were characterized as shown in Figure S7. All the
memory devices displayed linear increase in AV as a function
of Vs; however, the device with the highest content of f-phase
did not show the largest AVyy, meaning the hole trapping
capability was not consistent with the increasing trend of f-
phase content. It was because the high content of S-phase
induced harmful surface fluctuation and poor crystallinity of
pentacene. Large amounts of traps distributed not only in PFO
film but also in the disordered pentacene structure,””"” leading
to insufficient light erasing and thus a smaller memory window.
In addition, the bias stress characteristics of the OFET
memories with increasing content of fS-phase are displayed in
Figure S8. One can see that the memory device with higher
content of f-phase had slower degradation, which was mainly
caused by the strong electron trapping ability of fS-phase.

According to the above analysis, we proposed the potential
electrical programming and light erasing mechanism, as shown
in Figure 5. When an appropriate negative Vg was applied to
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Figure 5. Operational mechanisms of pentacene-based OFET
memories operated in electrical programming mode: (a) with
amorphous PFO electret; (b) with S-PFO electret. Operational
mechanisms of pentacene-based OFET memories operated in light
erasing mode: (c) with amorphous PFO electret; (d) with S-PFO
electret.
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the OFET memories under dark (Figures Sa and Sb), holes
were tunneled from pentacene and trapped into the pentacene/
PFO interface and the PFO bulk. Considering the amorphous
and f-phase PFO have the same HOMO levels which means
the same tunneling barrier, the higher hole trapping capacity of
P-phase device is attributed to the self-doped nanostructures for
two factors: in one aspect, the self-doped nanostructures
provide more charge trapping sites and stronger charge
trapping ability at the pentacene/S-PFO interface; in another,
the self-doped nanostructures create a larger interfacial contact
and thus broaden the tunneling area. The trapped holes would
reduce the concentration of holes in the conductive channel
and form the internal electric field (E,,) which pointed toward
pentacene; thus, the transfer curve of the OFET memories
shifts to the negative direction. Besides, the injected holes
which diffused and were trapped to the SiO, interface should
also be considered. Control devices with the structure of Si**/
SiO,/OTS/amorphous or f-PFO/pentacene/Au source—drain
have been carried out (Figure S9). A negligible degradation of
memory window implied that the trapping at SiO, interface
existed but played a minor role, especially for a 60 nm thick
PFO bulk. When the OFET memory devices are illuminated
(Figures Sc and 5d), a large number of photoexcitons are
generated in the pentacene layer and minority excitons in the f-
PFO layer. Driven by E,, these excitons are quickly divided into
photogenerated holes and electrons.*”** Photogenerated holes
drift toward the conductive channel to form a photocurrent and
decreased the electron injection barrier,'”*
downward moving photogenerated electrons recombined with
most of the trapped holes at the pentacene/PFO interface. As
the light illumination time increased, the photogenerated high-
energy electrons further diffused into the PFO bulk to
neutralize the residual holes; thus, a light-assisted erasing
operation was obtained.

whereas the

Bl CONCLUSION

In summary, synergistic effects of self-doped PFO nanostruc-
tures as charge trapping elements were investigated in OFET
memories. Compared to amorphous PFO film, the $-PFO layer
contains self-doped nanostructures and can be regarded as a “2
in 17 electret, combining merits of simple solution-processed
“host—guest” polymeric and nanofloating gate electrets. This
special electret has the following significant advantages: (i) self-
doped nanostructures to provide more trapping sites and
stronger trapping ability; (ii) an enlarged interfacial contact
between the initial monolayers of pentacene and #-PFO film to
broaden the effective tunneling area; (iii) an additional
absorption peak at 437 nm to enhance the photosensitivity of
pentacene-based OFET in blue light range (435—450 nm); (iv)
the increased hydrophobicity to ensure the stabilities and
reliabilities of OFET memories in ambient air; (v) a lower
LUMO energy level to provide strong electron trapping ability.
Benefiting from the above synergistic effects, the OFET
memory based on f-phase PFO as the charge trapping element
exhibited impressive memory and photosensitive performances
compared with the amorphous one. Our results demonstrated
that polymer conformation modulation could be a promising
strategy to design novel optoelectronic applications with
memory functionality, such as intelligent RFID, optical data
encryption, etc.
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