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Novel Authentic and Ultrafast Organic Photorecorders 
Enhanced by AIE-Active Polymer Electrets via Interlayer 
Charge Recombination

Chun-Yao Ke, Mei-Nung Chen, Mu-Huai Chen, Yen-Ting Li, Yu-Cheng Chiu,* 
and Guey-Sheng Liou*

Organic photonic memory, featuring a variety of glamorously light-driven 
characteristics, is rapidly growing into an indispensable building block for 
next-generation optical communication systems. However, the ambiguity of 
their operating mechanism associated with the limitation of photoadaptive 
materials as an electronics promoter results in the slow development of 
photonic transistor-based devices. In this study, the conjugated polymers 
composed of donor–acceptor motifs with typical aggregation-induced 
emission (AIE) behaviors are designed and successfully discover high-
performance photoprogrammable memory. Moreover, the mechanism of 
photoboosted recording behavior, attributed to the recombination of the 
formed interlayer excitons right after simultaneous excitation without 
applying vertical and parallel electric-field at the interface in-between 
active semiconductor and AIE polymers, is cautiously corroborated by 
steady-state PL and pulse PL measurements. The AIE-polymer memory 
devices perform ultrafast photoresponse time of 0.1 ms, an outstanding 
current switch ratio up to 106, and retention stability over 40 000 s 
without significant dissipation. Furthermore, photoresponsive AIE-
polymer electrets not only modulate the memory performance through 
the emission wavelength but easily switch storage behavior of nonvolatile 
memory from flash to WORM by adjusting the torsion-angle through 
the motif of the donor and acceptor moieties. These findings open an 
avenue for designing conjugated polymer electret for ultrafast optical 
storage devices.
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1. Introduction

Following the explosive growth of 
information and the rapid evolution 
of computing speed, the technology of 
optical-communication systems[1] fea-
turing high security, high speed, low 
latency, and low interference charac-
teristics have been urgently desired in 
various application of artificial synaptic 
memory,[2] encrypted storage,[3] wearable 
sensorimotor,[4] and nonvolatile flash 
memory.[5] Compared with conventional 
electric-driven memory, the novel photo-
modulated memory has arisen enthu-
siasm of researchers because of their 
energy-saving, ultrafast transmission, 
and orthogonal operability in voltage 
stress as well as optical pulse. These out-
standing potentials comfortably resolve 
the bottleneck of significant delays 
regarding von Neumann architecture 
unstructured data analysis, processing of 
large images, and field of artificial intel-
ligence.[6] However, the progress of this 
crucial topic, up to date, is far behind 
voltage-driven nonvolatile memory, 
blaming on the lack of comprehensive 
commentary that could precisely pro-
vide the criteria for the design of photo-

adaptive materials and the pattern for the configuration of 
photonic FET memory device.

Recently, several approaches to photoprogramming behavior 
through the blending semiconductor structure and floating 
gate systems have been reported in the field of OFET memory. 
The blending system by mixing inorganic perovskite quantum 
dot, n-type polymer, and photochromic materials in the p-type 
semiconductors, could simply manufacturing process and store 
charge in the valley of energy-level.[7] However, this approach 
may bring about an adverse impact on semiconducting perfor-
mance. Besides, photoactive materials such as lanthanide and 
perovskite are utilized as charge storage sites in floating gate 
architecture.[8] These photoluminescent (PL) materials as the 
memory layer inhere prominent behavior since the emitted 
light could be further absorbed by the semiconductor layer 
upon photoexcitation that produces the electron–hole pairs and 
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subsequently separates by external bias to be captured in the 
specific trapping sites.[9] Therefore, if their emissive wavelength 
and the absorbance of the employed semiconductor can match 
smoothly, the performance of memory devices is expected to 
be improved significantly. To shorten the photoprogramming 
time, the recently reported photoinduced memories utilized 
luminescent inorganic materials wrapped in insulating poly-
mers to create specific morphology of inorganic materials for 
greater contact area in-between the semiconductor and charge-
storage layer.[10] Unfortunately, those strategies are not appreci-
ated for large-area production, which necessarily considers the 
blending ratio, dispersion of photoresponsive substances, and 
specific morphology.

In our previous study, the conjugated donor-acceptor poly-
mers, poly(triphenylamine)s (PTPAs), as plenary-contact area 
materials incorporating distinctive luminescent character-
istics by introducing different acceptor groups to precisely 
dominate the luminescence behavior, corresponding emission 
wavelength, and even the energy-level, can become excellent 
candidates for the application to photonic memory or photo-
recorder.[11] Among the PTPAs, PTPA-CN and PTPA-CNBr 
featuring specific functional groups (cyano, α-cyano-stilbene) 
in the sidechain of triphenylamine-core possess AIE-behavior 
emitting forceful blue and orange light, respectively, and also 
exhibit admirable capability of hole trapping in voltage-driven 
memory.[12] Nevertheless, the PTPA-3CN with pendant group 
of tricyano-vinyl inhering the strongest electron-withdrawing 
ability in PTPAs, which displays nonluminous aggregation-
caused quenching (ACQ) behavior owing to the highly planar 
structure and formidable intramolecular charge-transfer, could 
exactly capture two kinds of polar carriers under voltage-driven 
operation.

Herein, novel photoprogrammable nonvolatile transistor 
memory devices with easily solution-processable AIE-polymer 
electrets and, importantly, their corresponding mechanism are 
demonstrated. The prepared photoinduced memory devices 
with AIE-polymers manifest ultrafast photoresponse in 0.1 ms, 
high current switch ratio up to 106, and the retention stability 
over 40 000 s without significant dissipation. To the best of 
our knowledge, this is the fastest organic photonic transistor 
memory up to date. Through steady-state PL and pulse-PL 
analyses, we could directly observe the formation of interlayer 
exciton within vertically stacked semiconductor/AIE-polymers, 
where the semiconductor supplies the electrons while the elec-
tret material provides the holes, thereby forming the authentic 
photoprogramming memory. Namely, a realization of the 
optical-writing phenomenon only requires the dual-layer excita-
tion instead of supplying vertical electric fields required in con-
ventional transistor memory. On the contrary, even the optical 
stimulus with long exposure time, the device derived from 
the nonfluoresced PTPA-3CN as electret with mismatched 
energy-level to the semiconductor resulted in no output-
current signals for light recording. In short, herein the novel 
and innovative investigation of conjugated AIE polymers create 
both photoadaptive capability and ultrafast response for the 
photonic transistor memory. This discovery is a key to design 
high-performance photoactive electrets for light recorders and 
provides energy-saving operating patterns in transistor-based 
memory systems.

2. Results and Discussion

2.1. P-Type Photonic Memory Employing PTPAs Based Electret

The configuration of a photoprogrammable transistor memory 
device based on typical bottom-gate (BG) and top-contact (TC) 
OFET is illustrated in Figure 1a. The PTPA derivatives with varied 
photoluminescence behaviors were spin-cast on the top of SiO2/
Si++ substrates. Pentacene as a p-type transporting layer was depos-
ited on the top of studied polymer electrets by thermal evapora-
tion. Through the PL information of PTPAs shown in Figure S1 
(Supporting Information), PTPA-CN and PTPA-CNBr reveal 
conspicuous emission peaks at 457  nm (blue light) and 576  nm 
(orange light), respectively. On the contrary, PTPA-3CN with a 
strong electron-affinity group (tricyano-vinyl) performs intra- and 
intermolecular charge transfer, indicating that PTPA-3CN is ACQ-
polymer. As a result, the introduced functional groups (cyano or 
α-cyano-stilbene) into PTPA-CN and PTPA-CNBr behaving AIE 
phenomena demonstrate that could allow the light-excited exci-
tons to consume energy through the luminescent emission. The 
detailed synthetic preparation, fundamental thermal, optical, and 
electrochemical properties of monomers and polymers have been 
attentively discussed in our previous literature.[11]

To explore the photostorage characteristics of the PTPAs 
memory devices, the red-green-blue (RGB) light was utilized as 
the stimulating source without gate and source–drain voltage 
applied in neutral devices in Figure  1b–d. The results manifest 
the hole-transporting behaviors of the transfer curve as previous 
report[13] with an on/off current ratio of 103. The PTPA-CN- and 
PTPA-CNBr-based devices exhibited distinctly positive shifted 
threshold voltage (the programmed state) after the appropriately 
illuminated operation. The changed onset of transfer curves 
could present the information of electret materials, including 
the capability of storage and polarity of charges. As a result, 
AIE-polymer devices demonstrated the behavior of photoin-
duced charge-trapping under blue-light, while the PTPA-CNBr-
based device could also respond under green-light in addition to 
blue-light. However, the transfer curve of AIE-polymer devices 
revealed no noticeable shift under red-light. Our findings con-
firm that the photoboosted behaviors tightly correspond with the 
UV-vis absorption of two electret layers as shown in Figure 1e,f, 
respectively. It is worth mentioning that PTPA-CN- and PTPA-
CNBr-based devices under voltage-driven operation exhibit hole-
trapping only. (Figure S2, Supporting Information). Interestingly, 
the PTPA-3CN, an ambipolar electret material with the ability to 
capture two different polarities of charges in pentacene-based 
memory devices (Figure S2, Supporting Information), possesses 
the widest absorption range and the most significant photosen-
sitivity among all PTPAs (Figure  1g). However, the operating 
transfer curve of the PTPA-3CN-based device in Figure  1d still 
maintains the same trace as the initial curve, despite elongating 
the exposure time of RGB light sources to 2 min, as shown in 
Figure S3 in the Supporting Information. This unexpected 
pheno menon reveals that the working principle of memory 
between voltage-driven and optical-driven is entirely different. As  
a result, the target AIE-polymers in this work open the photo-
induced memory behavior for the configuration of transistor-type 
memory devices, where the actuation light is closely related to 
the absorption nature of the AIE-polymers. In strong contrast to  
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AIE polymers, the studied ACQ polymer suppresses the photo-
response effect even though the corresponding device did have the 
electron-trapping capability through a voltage-driven operation.

2.2. Observation of Interlayer Charge Recombination in 
Double-Layer Heterostructures with PTPAs

To further investigate the relationship between the emis-
sive behavior of AIE-polymers and the photoprogramming 

performance in these devices, the steady-state PL measure-
ment of single-layer with pure AIE-polymers and double-layer 
with the deposited pentacene on the polymers were measured 
and illustrated in Figure 2a,b. The PTPA-CN and PTPA-CNBr 
samples with unilayer (dash-line) and bi-layer (solid-line) struc-
tures were excited by 405-nm light, exhibiting emission peaks 
at 457 and 576 nm, respectively. Afterward, compared with the 
emission intensity of unilayer film on quartz, that of bilayer 
is dramatically decreased by 63% (PTPA-CN) and 73% (PTPA-
CNBr), respectively. The results of conspicuously PL intensity 

Figure 1. a) Schematic illustrations of the studied photoprogrammable recorder device, relevant molecular structures, and luminescence characteris-
tics. b–g) Transfer characteristics of the photoprogramming states with corresponding UV–vis absorption spectra of b,e) PTPA-CN, c,f) PTPA-CNBr, 
and d,g) PTPA-3CN. The devices were exposed to the fixed light intensity (5 mW) with different wavelengths for 5 s photoprogramming operation, 
and the transfer curves were measured after 3 min. All currents were measured at the fixed drain voltage (VDS = −60 V) in the truly dark. (blue light: 
395–415 nm; green light: 522–542 nm; red light: 640–660 nm).
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Figure 2. Steady-state PL spectra of a) PTPA-CN (dash line), pentacene/PTPA-CN bilayer (solid line), and b) PTPA-CNBr (dash line), pentacene/
PTPA-CNBr bilayer (solid line) with excitation wavelength from 405 to 650 nm. c) Normalized PL spectra of unilayer AIE-polymers and bilayer structure 
composed of pentacene and AIE-polymers. The new emission band near 1.78 eV indicates the formation of interlayer excitons. (λex = 405 nm) d) Illus-
tration of the band alignment of pentacene/PTPA-CN and pentacene/PTPA-CNBr bilayer. Photoexcitation of the pentacene/PTPA-CN and pentacene/
PTPA-CNBr bilayer leads to tightly bound interlayer excitons, with electrons (e−) in pentacene and holes (h+) in AIE-polymer. e) The PL spectra of bilayer 
and single pentacene structure excited by 405 and 576 nm. f) Normalized Pulsed-PL spectra with pentacene/PTPA-CNBr bilayer structures utilized 
diverse incident pump frequencies from 10 kHz to 100 MHz, and the duration time is 60 ps.
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quenching could be regarded as evidence of the efficient energy 
transfer between AIE-polymers and pentacene.[8a] Inspection 
of the normalized PL spectra (Figure  2c) with 405-nm photo-
excitation on pentacene/AIE-polymer devices shows that an 
additional low-energy emission peak near 690  nm (1.78  eV) 
could be observed apart from the original peaks of polymers. 
However, the PL spectra of PTPA-3CN deposited with penta-
cene did not reveal the additional emission peak under exci-
tation wavelength ranging from 405 to 650  nm as shown in 
Figure S4 in the Supporting Information. All the pentacene/
AIE-polymers bilayer-structure samples present the additional 
low-energy emission peak, and the hypothesis regarding the 
additional emission band is suggested through an energy-level 
diagram in Figure  2d. The difference of the highest occupied 
molecular orbital (HOMO) levels for PTPA-CN/PTPA-CNBr 
(−5.26/−5.33  eV) and pentacene (−5.60  eV) is higher than 
0.15 eV which is the pentacene binding energy of Frenkel exci-
tons.[14] The appropriate energy level facilitates a higher pos-
sibility of the relaxation pathway for photogenerated excitons. 
Therefore, the noticeably additional emission band with the 
bandgap of 1.78 eV could be attributed to interlayer-recombined 
exciton from the lowest unoccupied molecular orbital (LUMO) 
of pentacene and the HOMO of the AIE-polymers.[15] In con-
trast, the HOMO level between PTPA-3CN (−5.51  eV) and 
pentacene is too close to provide sufficient driving force for 
surmounting the Coulombic interaction of bound excitons 
generated in pentacene, as shown in Figure S5 in the Sup-
porting Information. Hence, the PTPA-3CN-based device, 
behaving with unique voltage-driven memory properties, is 
unable to convert the optical stimulus into the electrical signals 
through the interlayer excitons between PTPA-3CN and penta-
cene. Based on the energy-band alignment and normalized PL 
spectra, we have affirmed the requirement of an energy level 
match between AIE-polymers and pentacene. It is noted that 
devices with various thicknesses of pentacene have been inves-
tigated and performed similar capability of trapping electron 
(Figure S6, Supporting Information), indicating that the inter-
layer-exciton is not dependent on the thickness of pentacene 
and likely to generate only at the interface between electret and 
pentacene. The recombination of interlayer excitons is sponta-
neously succeeded, in which the electrons are supplied from 
the pentacene and the holes provided from the AIE-polymers. 
Thus, it is an indispensably crucial issue that the semicon-
ductor and photoactive electret layers must be excited simul-
taneously to generate excitons under an exposed environment 
for realizing that the luminescence electrets could effectively 
enhance the photoprogramming behavior.

2.3. Occurrence and Dynamic Procedure of Interlayer Exciton

To soundly corroborate that the existence of interlayer charge 
recombination could occur solely under the dual-layer exciting 
circumstance, the intentionally designed experiments were car-
ried out using PTPA-CNBr as the photoactive layer in the fol-
lowing measurements to support our proposed mechanism. As 
shown in Figure 2e, the excitation source at 576 nm, the same 
as the emission wavelength of PTPA-CNBr, was selected to 
mimic the situation of the top pentacene layer illuminated by 

the orange light from the polymer electret. In other words, the 
excitons only subsist in the upper pentacene excited by 576 nm 
light for the bilayer architecture. Compared with curve 1 excited 
by 405-nm light in Figure  2e, curve 2 displayed the nonlumi-
nous behavior of PTPA-CNBr under 576  nm photoexcitation 
and revealed no extra emission band from interlayer charge 
recombination. Moreover, the luminescent intensity of the 
additional emission band (Figure 2e, curve 1) is much stronger 
than that of pentacene (Figure  2e, curves 3,4), implying that 
pentacene as the source of interlayer exciton irradiation can be 
excluded.[16]

To elucidate the results of AIE-polymers exhibiting dual-layer 
excitations demonstratively, the pulse-PL measurement with 
different pumping frequencies was employed to construct the 
details of the optical-modulating procedure. With increasing the 
pulsed frequencies, the luminescence intensity of AIE-polymer 
displays higher since the interval between each laser pulse 
becomes more compact. For example, the operating frequency 
of 10 kHz represents an interval of 0.1 ms, while 100 MHz is 
10 ns, indicating that the sample could be triggered to generate 
more photoexcited excitons by densely photon-pumping within 
a constant period. Because the lifetime of a photoexcitation 
exciton for common organic materials is about 10−8–10−9 s.[9b,17] 
Thus, the shortest interval pulse (100  MHz) was designated 
to timely supplement refreshing excitons into AIE electret by 
the subsequent pulse. Consequently, the excitons of pentacene 
induced by emissive AIE polymer could preserve to form inter-
layer charge recombination. In Figure  2f, the Pulse-PL meas-
urement for the bilayer specimen consisting of PTPA-CNBr 
and pentacene using 405  nm pulse with 60  ps duration time 
was conducted at high pulse repetition rates of 10 kHz, 50 kHz, 
100 kHz, 4 MHz, 10 MHz, and 100 MHz, respectively. Surpris-
ingly, the results show that the interlayer charge recombina-
tion from interlayer excitons can be observed regardless of the 
operating frequency as shown in Figure S7 in the Supporting 
Information. In other words, even though the operational fre-
quencies feature long intervals (10  kHz to10 MHz), the con-
sequences induced by each pulsed laser could be regarded as 
independent, and the additional emission peak could also be 
observed under individual irradiation with an excitation time 
of 60 ps. When the operating frequency increases, accordingly 
stronger light intensity at 690  nm could be obtained, which 
is attributed to the formation of the more concentrated inter-
layer excitons. Consequently, the action of photoprogramming 
caused by the interlayer exciton possesses possible potential to 
be accomplished in an ultrafast operating time.

2.4. Working Principle for “Photoinduced Memory” Behavior

Herein, we propose a plausible mechanism to interpret the 
photoprogrammable behavior comprehensively, as illustrated 
in Figure 3. The photoprogramming phenomenon for the pen-
tacene-based transistor memory device with AIE-polymers as 
photoresponsive electret layer is composed of four successive 
progressions (using PTPA-CNBr as an example): (i) The pho-
togenerated excitons accumulate within the bottom PTPA-CNBr 
layer upon exposing 405-nm light that provides the higher photon 
energy than energy bandgap (Eg) of the photoactive material 
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featuring sufficient absorption ability to the light stimulation. 
(ii) The fractional excitons generated in PTPA-CNBr would self-
recombine and thus emit shiningly orange light. Then, the upper 
pentacene could effectively absorb the emitting light to produce 
excitons. In other words, the phototriggered excitons can exist 
simultaneously both in the two mutual-contact layers under 
incessant irradiation. (iii) According to the proper energy level 
alignment, a new additional emission band derived from inter-
layer excitons could also be observed at a more bathochromic 
position. (iv) Finally, electrons reside in the PTPA-CNBr layer 
and holes remain in pentacene. As a result, the mechanism of 
the photoprogramming process could be constructed.

2.5. Authentic Organic Photorecorder Enhanced 
by AIE-Active Polymer Electrets

The influence of emission wavelength from the targeted electret 
layer on the photonic memory device is presented in Figure 4a,b. 
The transfer curve would significantly shift to the positive direc-
tion after light exposure, resulting from the numerous electrons 
stored in the electret layer through yielding plenty of interlayer 
exciton recombination, which accomplishes and obtains the 
genuine photoprogramming behaviors. The process is similar 
to conventional transistor memory, utilizing external electrical 
stress to inject electrons into the charge storage layer. More-
over, the stability of the programmed photonic memory device 
was demonstrated to be valid as illustrated in Figure 4c,d. The 
transfer curve was scanned at 2, 12, 24, and 48  h after expo-
sure to blue light, confirming that no significant change in the 
behavior of storage electrons (the vertical and parallel electric 
field was exempted within programming and resting period 
to achieve the definition as an authentic photonic memory). 
Besides, the retention tests at a reading gate voltage of 15 V con-
firm that the optical-writing information regarding current con-
trast and stability could be well preserved as shown in Figure 4d. 

In Figure  S8 (Supporting Information), the results show that 
the photoinduced memory window of the PTPA-CNBr-based 
device can be boosted more pronouncedly than the case based 
on the PTPA-CN electret after lengthening the exposure time. 
Since the uninterrupted excitons are generated in the electret 
layer under external light stimulation, the optical-modulating 
performance should be dominated by the absorption of penta-
cene toward the emitted light of luminescence polymer electret. 
The emissive characteristic of AIE-polymers (40  nm) and the 
absorption of pentacene (50 nm), as depicted in Figure S9 (Sup-
porting Information), indicates that pentacene prefers to absorb 
the longer emission wavelength of PTPA-CNBr. Consequently, 
the orange light supplied from PTPA-CNBr should facilitate 
more effectively to generate the abundant excitons in the pen-
tacene for enhancing the photoinduced memory window, even 
though that the energy barrier between PTPA-CN and penta-
cene is smaller than that of PTPA-CNBr.

It is worth mentioning that the inherent weakness of p-type 
semiconductor systems may be thought of as limited by the 
deficiency of minority carriers for charge trapping,[18] resulting 
in tiny or invisible memory windows by voltage-driven opera-
tion even though the electret materials possess a powerful 
electron-affinity ability.[19] In short, the sensational photo-
programming operation with luminescent polymer electrets 
where the photons could rapidly convert optical energy into 
photoexcited excitons for effectively enhancing the concentra-
tion of minority carriers to augment the memory windows. 
Furthermore, contrary to the most denounced problem of the 
voltage-driven operation (the electrical stresses are essential to 
inject charges), the optical-driven mechanism works very well 
without the application of vertical or parallel electric fields. The 
unique and peculiar behaviors demonstrate that this photopro-
grammable process is not only energy-saving and environment-
friendly but complements storage operations in ultrafast time. 
Put differently, the light as the fourth electrode can substitute 
for the gate electrode in a transistor-based configuration.

Figure 3. Schematic diagrams of the mechanism of photoprogramming under blue light illumination based on PTPA-CNBr electret memory device.
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2.6. Ultrafast Responsive PhotoRecorder and Tunable Storage 
Behavior via AIE-Electret

To investigate the characteristic of light-writing for the versa-
tile applications, two cardinal parameters, light-programming 
time and reversed-application voltage to the initial state, should 
be quantified through the in situ measurements including ver-
tical or parallel electrical field effect. In Figure  5a,b, the tem-
poral currents of initial curves maintain at a quite stable low 
conducting state (10−11–10−12 A) in the dark, implying that the 
applied electrical field has not deteriorated the original devices. 
By triggering blue light for 1–10 s on the working AIE-polymer-
based memory devices, the source-drain currents abruptly 
bounce and are measured up to 10−6 A, afterward, obviously 
achieving on/off (high/low) current ratio of 105 and 106 (PTPA-
CN and PTPA-CNBr) by scanning transfer curve after the in 
situ optical-writing procedures, as illustrated in the Figure S10 
in the Supporting Information. Hence, the in situ operations 
could be used to determine the optimal illuminated-induced 
time for PTPA-CN and PTPA-CNBr with the photoprogram-
ming feature, which is 5 and 1 s, respectively. In Figure 5c, the 
long-term retention measurement, a pivotal issue for exam-
ining charge storage stability as nonvolatile photoprogram-
mable memory devices, displays the remarkable steady IDS 
for more than 40 000 s without significant dissipation. Fur-
thermore, benefitting from an extraordinary working mecha-
nism, the PTPA-CNBr device reveals a superb response-ability 
for the duration time of 0.1 ms (white light and blue light) as 
shown in Figure 5d,e, and the results of the real-time current 
and device monitoring images are also recorded and demon-
strated in Video in the Supporting Information. Moreover, 

we promote the scanning resolution utilizing the fastest sam-
pling setup and the result is demonstrated in Figure S11 in 
the Supporting Information. It is worth noting that the inter-
layer exciton recombination could be generated rapidly under 
single-pulse stimulation as in the aforementioned pulse-PL 
experiment (Figure S7, Supporting Information). Namely, the 
AIE-polymer electret creating ultrafast interlayer recombination 
with the excitons from semiconductor for the photonic memory 
possesses the potential to realize photoprogramming operation 
within 60 ps of exposure time.

To investigate the effect of voltage-driven erasing capabili-
ties for the photoinduced memory devices, a flow diagram of 
four successive steps was designed to read out the value of 
IDS dependent on the modulated gate-voltage as summarized 
in the upper graphs of Figure  5f,g: (1) positive gate voltage 
(50  V) was repeated 3 times for the electrical-programming 
procedure; (2) one blue light pulse for 5 and 1 s (PTPA-CN 
and PTPA-CNBr) acts as the beginning photoprogramming 
step; (3) negative gate voltage (−50  V) was applied repeat-
edly 20 times for the electrical-erasing procedure; and (4) 
the value of IDS in the final state was read for the PTPA-CN/
PTPA-CNBr devices at a gate voltage of 20/15  V, respectively. 
To monitor the responding current in steps 1–3, the off-state 
reading mode was embedded between each disposed of step, as 
shown in the bottom graphs of Figure 5f,g. In the first step, the 
electrical-programming process could not successfully achieve 
the trapping-electron behavior by external positive electrical 
bias that could ensure the conductive current remaining in 
off-state before illumination. In step 2, After injecting photons  
into memory devices, the photogeneration electrons could 
reside in the electret layer, and the relevant current instantly 

Figure 4. Presenting the transfer curve of a) PTPA-CN, b) PTPA-CNBr device under different irradiation time ranging from 1 to 60 s. The c) transfer 
and d) retention characteristics of authentic photonic memory with PTPA-CNBr electrets, these curves were preserved in a dark environment for 2, 12, 
24, and 48 h before scanning.

Adv. Funct. Mater. 2021, 31, 2101288



www.afm-journal.dewww.advancedsciencenews.com

2101288 (8 of 9) © 2021 Wiley-VCH GmbH

turns into on-state with a recognizable high current of 10−6 A. 
Afterward, the programmed devices with trapped electrons in 
the electret layer were attempted for recovery to the initial state 
through applying continuous 20 times negative gate pulses. By 
extending the read-out current time, it could be confirmed that 
the programmed PTPA-CN device could be reliably restored 
to the initial state in step 3. However, the PTPA-CNBr could 
still preserve most of the electrons in the electret layer for the 
read-out IDS of marginally decreasing as shown in region 3 of 
Figure 5g. The IDS in PTPA-CNBr devices maintains at 10−7 A 
over 1000 s without pronounced decay and displays a distinctly 
on/off current ratio of 105 even by utilizing compact electrical 
stress operation. These results manifest that the transistor 
memory devices employing PTPA-CN and PTPA-CNBr as 
charge storage materials exhibit exceptional nonvolatile flash 
and WORM-type memory performance, respectively. That is, 
the tunable memory behavior could be achieved by twisting 
the dihedral angle between donor and acceptor moieties as 

illustrated in Figure S12 in the Supporting Information. In 
the nutshell, to correspond with the requirements of different 
communication devices, the versatile memory behaviors can be 
accomplished through molecular design strategies.

3. Conclusion

In conclusion, we have successfully developed an authentic 
nonvolatile photonic transistor memory device based on AIE-
polymer electrets for the first time. Herein, the proposed mecha-
nism of photoinduced programming for memory devices using 
AIE-active polymers as electrets has been comprehensively 
elucidated. This photoprogramming behavior was realized by 
constituting the appropriate energy level between semicon-
ductor and electret layer and creating the situation of dual-layer 
excitation. Then, the interlayer excitons formed spontaneously 
could be directly observed by the optical analyses. Furthermore, 

Figure 5. Transient characteristic of the photonic transistor memory based on a) PTPA-CN, b) PTPA-CNBr at VDS = −60 V and Vread = 20/15 V by using 
light stimulation with a fixed wavelength of 405 nm, and exposure time varied from 1 to 10 s. c). Long-term stability of the readout current for the 
PTPA-CN and PTPA-CNBr device. The multilevel behavior of the PTPA-CNBr photonic memory at VDS = −60 V with an illuminating time of 0.1 ms under 
d) blue and e) white flashlight for 5 times. Continuous gate-bias stresses on the device with f) PTPA-CN and g) PTPA-CNBr electret. Step 1: electric-
programming pulse with +50 V, repeated three times, Step 2: photoprogramming pulse under blue light 5/1 s, performed once, Step 3: electrical-erasing 
pulse with −50 V, repeated 20 times, Step 4: reading at a gate bias of 20/15 V, VDS = −60 V.
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the semiconductor absorbs the light emitted from the AIE-
polymers efficiently to generate numerous additional excitons, 
resulting in a significant enhancement of the memory-window 
behavior. Through integrating applied electrical-field and light-
stimulation (in situ), the superior memory characteristics could 
be accomplished readily under ultrafast programming time 
of 0.1 ms, including a high current switch ratio up to 106 and 
a long retention time over 40 000 s. Besides, we propose the 
coherence between the charge storage behaviors and molecular 
design strategy, which provides the potential for versatile appli-
cations in future light-communication technology.

Supporting Information
Supporting Information is available from the Wiley Online Library or 
from the author.
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