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A B S T R A C T   

Next-generation photo-driven memory devices and artificial neuromorphic networks have shown great promise 
in adopting organic photo-recordable devices because of their tremendous merits, highly tailorable structures, 
facile processing, and low power consumption. There are generally-two operation approaches, light-assistant and 
genuine methods, that can be divided into categories based on whether to apply electrical biasing (VGS or VDS) 
during the photo-programming process. The genuine type manifests glamorous characteristics in optical 
communication and neural computation due to the exclusion of additional electric consumption. Nevertheless, 
there is a lack of investigation into the relationship between the genuine photo-programming process and the 
design strategy of polymeric electrets. This work is the first to employ triphenylamine (TPA)-based aggregation- 
induced emission (AIE)-active poly(ether sulfone)s as the electret layer of a photonic transistor memory device to 
elaborate photo-induced programming. Every chemical building block, AIE-active TPA, ether, and sulfone 
moieties, has been soundly elucidated and plays an indispensable role in possessing high-performance homo-
polymer-based photonic memory, including enhancement of photo-induced recording, outstanding retention (14 
days), and reducing the working voltage (VGS = 0 V and VDS = − 5 V). This study presents an eye-catching design 
strategy for creating polymer-based photonic memory that also satisfies energy-saving criteria in practice.   

1. Introduction 

Nowadays, with an ever-increasing amount of information that 
needs to be calculated, accessed, and stored, the revolution of the op-
toelectronic device is urgently desired. To boost the data storage abili-
ties of memories in modern electronics, scaling down is the mainstream 
for achieving high-density memory chips that face their bottleneck due 
to technical complexity [1]. Compared to typical electrical-driven 
memories, photo-driven memories that signal-readout are orthogonal 
to photo-modulating operations endow ultrafast transmission and low 
power consumption to ensure high output variance between different 
current levels. As a result, photonic memories inhere attractive merits 
for next-generation nonvolatile memories. 

To obtain the photo-memory behavior, embedding charge storage 
components, such as metallic and semiconducting nanomaterials, or 
inserting blending type electret between the gate and semiconducting 
layer are the most common methods [2]. Among nanomaterials, inor-
ganic quantum dots, polymer dots, and perovskite nanocrystals (PVSK 

NCs) have exhibited good photo-gating behavior due to the high pho-
toluminescence quantum yields for triggering the photoexcitation ex-
citons in the semiconducting layer followed by the separation of 
electron-hole pairs then. Chen et al. brought out the first hybrid com-
posite composed of PS/perovskite and inspired a series following 
exploration and modification [3]. However, facing the dilemma of 
dispersion issues and specific morphology requirements. Thus, there is 
still a distance to practical large-area production for the blending 
systems. 

In comparison, homogeneous polymeric electrets provide a facile 
method for fabricating organic field-effect transistor (OFET) memory 
devices [4–8]. Besides offering decent heat resistance and mechanical 
tolerance, polymer electrets are favorable even for severe process con-
ditions. Recent advances in light-stimulated synaptic devices that 
employ polymeric gate dielectric materials have demonstrated excellent 
photo-induced programmability by reacting to transient optoelectronic 
stimuli [9–14]. To perform optical-writing processes, the polymer 
electret photonic devices should apply electric stress (gate voltage or 
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drain voltage) during irradiation. Therefore, the phenomenon should 
refer to light-assisted electrical programming or optoelectronic stimu-
lation. Although extensive studies on optoelectronic stimulative opera-
tion in photoresponsive polymeric electret OFET memory have been 
reported, there is a lack of investigation into the relationship between 
genuine photo-programming or optical stimulative operation and 
polymer electret design strategy, which would be a more energy- 
efficient operation strategy for next-generation optical communication 
systems due to the exclusion of additional electric energy consumption. 

In our recent work, we designed and employed triphenylamine 
(TPA)-based conjugated polymers with photoresponsive pendent groups 
as the charge to unveil the enigma of the photo-induced storage layer of 
genuine photo-programmable OFET memory [15]. The mechanism 
investigated of photo-boosted recording behavior depicts the recombi-
nation of the formed interlayer excitons through appropriate energy- 
level alignment at the interface in-between active semiconductor and 
polymer electrets. Unfortunately, the high electric stress is still deman-
ded on the flash-type device with PTPA-CN electret to eliminate the 
electron trapped by the photo-programing procedure, which would 
restrict the practicality of the application. 

Herein, high-performance poly(ether sulfones) (PESs) derived from 
diphenolic monomers and 4,4′-difluorodiphenyl sulfone were adopted 
as electret layers of photonic transistor-type memory devices for the 
very first time, as illustrated in Fig. 1. Classic aggregation-induced 
emission (AIE)-gens, α-cyanostilbene (CNBr) and tetraphenylethylene 
(TPE), are attached to the TPA unit as the photo-active building block. 
Consequently, the PESs could achieve moderate photoluminescence (PL) 
quantum efficiency and appropriate energy level. Under genuine photo- 
programming, the TPE-PES and CNBr-PES memory devices demonstrate 
prominent memory windows of 10 V and 50 V, respectively, indicating 
the transfer curve would dramatically change toward the positive di-
rection following light exposure without providing vertical and parallel 
electric stress. The isolation system produced by ether linkage offers 
reliable and durable information storage. Both PESs-based photonic 
devices could maintain the memory behavior for the last 100,000 s 
without significant dissipation. They can expect to preserve the 
switching ratio above 103 even over 109 s (approximately 32 years) 
through extrapolation calculations. Surprisingly, sulfone linkage could 

offer a favorable growth environment for pentacene to gain a large 
domain size with fewer crystal boundaries despite the relatively low 
hydrophobicity. As a result of the lower contact resistance between 
electrodes and semiconducting materials due to the large grain of pen-
tacene, the operating voltage could reduce to 5 V [16]. Especially, TPE- 
PES with an extended conjugation length displaying a higher hole af-
finity can quickly neutralize electrons trapped in OFET device. 

Significantly, compared to the recent emerging light-stimulated 
synaptic devices or organic photonic memory summarized in Table 1, 
our study not only realizes the simple photo-programming method 
without applying voltage but also observes the reduced erasing voltage, 
which is lower than that listed in the literature [9–14]. Namely, this 
work has achieved outstanding energy-saving performance in the recent 
development of organic photonic memory, implying that the well- 
designed polymer structures with exceptional AIE performance have 
received less attention in applying organic photonic memory [17–18]. 
To our knowledge, this is the first time incorporating a series PESs in 
photonic memory devices to effectively improve the high voltage issue 
that the polymeric electret faces by adopting a facile and low-cost 
polymerization method, making PES one of the potential candidates in 
the future photonic memory device operation methods to realize pro-
gramming and erasing are highlighted in blue and brown colors. 

2. Experimental section 

2.1. Synthesis and characterization of monomer 

The synthetic routes of the designed polymers and the corresponding 
FTIR spectra are depicted in Fig. 2. 4,4′-Dimethoxytriphenylamine 
(TPA-OMe), 1-[4-(bis(4-methoxyphenyl)amino)phenyl]1,2,2-tripheny-
lethene (TPE-OMe), and 2-(4-bromophenyl)-3-[4-(bis(4-methox-
yphenyl)amino)phenyl]acrylonitrile (CNBr-OMe) were prepared 
according to the previous reports [19–20]. Afterwards, 4,4′-dihydroxy-
triphenylamine (TPA-OH), 1-[4-(bis(4-hydroxyphenyl)amino)phenyl] 
1,2,2-triphenylethene (TPE-OH), and 2-(4-bromophenyl)-3-[4-(bis(4- 
methoxyphenyl)amino)phenyl]acrylonitrile (CNBr-OH) were synthe-
sized by demethylation reaction with high yields above 93% [21–22]. 
The diphenolic monomers are confirmed by NMR, FT-IR, and melting 

Fig. 1. Schematic diagram of the fabricated photonic memory devices and design strategies of each building block of photo-active PES electrets striving toward 
stable and low-consumption photo-programmable memory devices. 
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point measurements, as summarized in Fig. 2 and S1-S4. The peak from 
the hydroxyl group is around 9.3 ppm in 1H NMR, O–H stretching 
around 3550–3200 cm− 1 with the absence of aliphatic C–H stretching 
band around 3000–2800 cm− 1, and sharpness of melting point indicates 
the pure diphenolic monomers were ready for step-growth 
polymerization. 

2.2. Synthesis and characterization of Poly(ether sulfone)s 

TPA-based PESs, TPA-PES, TPE-PES, and CNBr-PES, were success-
fully synthesized via conventional aromatic nucleophilic substitution 
polycondensation, as shown in Fig. 2. After the polymerization, the 

crude product was washed thoroughly with methanol and water by a 
Soxhlet extractor, and the neat PESs with high yields could be prepared. 
The inherent viscosities and molecular weights of the obtained PESs are 
summarized in Table S1. It is worth noting that only an inexpensive and 
easily removed alkaline catalyst is necessary for this polycondensation. 
Consequently, this facile approach could significantly suppress the 
interference from residual metal catalysts in the electrical characteristic. 
1H NMR spectra of TPE-PES and CNBr-PES were also measured, as 
depicted in Figures S5-S6. FT-IR spectra of dimethoxy intermediates, 
diphenolic monomers, and the target PESs are illustrated in Fig. 2. The 
O–H stretching around 3550–3200 cm− 1 disappears, while the C–O 
stretching of ether linkage appears near 1250 cm− 1, confirming the PESs 

Table 1 
Comparison of recently developed photonic memory devices or optical synaptic transistors, including floating-gate and polymer-type electrets. The Fig. 1. Schematic 
diagram of the fabricated photonic memory devices and design strategies of each building block of photo-active PES electrets striving toward stable and low- 
consumption photo-programmable memory devices.  

SiO2 

thickness 
Electret Semiconductor Programming Operation Erasing operation Classification Ref. 

100 nm PVN blending with 
30% PCBM 

Pentacene 740 nm-light and VGS of 20 V 
for 60 s 

740 nm-light and VGS of 
− 20 V for 30 s 

Light-assisted electrical programming process/ 
Light-assisted electrical erasing process 

[9] 

90 nm PS/Al2O3/Ta2O5 Pentacene 635 nm-light and VGS of 20 V 
for 300 s 

– Light-assisted electrical programming process [10] 

100 nm PVN Pentacene 254 nm-light and VGS of 4 V 
for 1.5 s 

254 nm-light and VGS of 
− 4 V for 2 s 

Light-assisted electrical programming process 
/Light-assisted electrical erasing process 

[11] 

100 nm Sol-PDI BPEPDI 640 nm-light and VDS of 40 V 
for 20 s 

60 V above 5 s Light-assisted electrical programming process 
/Electrical erasing process 

[12] 

100 nm C10-DNTT DNTT 405 nm-light and VDS of − 30 V 
for 20 s 

60 V above 5 s Light-assisted electrical programming process 
/Electrical erasing process 

[12] 

ITO P4PMS F16CuPc Illumination and VGS/VDS of 
10 V/40 V for 10 s 

Volatile Light-assisted electrical programming process [13] 

300 nm Layer-free Pentacene Illumination and VGS of 100 V 
for 10 s 

Illumination and VGS of 
− 100 V for 10 s 

Light-assisted electrical programming process/ 
Light-assisted electrical erasing process 

[14] 

100 nm TPE-PES Pentacene 365 nm-light for 1 s Without 
any VGS/VDS 

− 10 V for 5 s Genuine photo-programming process/Electrical 
erasing process 

This 
study 

100 nm CNBr-PES Pentacene 365 nm-light for 1 s Without 
any VGS/VDS 

WORM-type Genuine photo-programming process This 
study 

[9] ACS Applied Materials & Interfaces 2019, 11, 40366–40371. [10] Advanced Electronic Materials 2020, 6, 1901255. [11] IEEE Electron Device Letters 2022, 43, 124–127. [12] 
Advanced Materials 2020, 32, 2002638. [13] ACS Applied Materials & Interfaces 2010, 2, 6, 1614–1620. [14] Advanced Electronic Materials 2022, 8, 2101349.  

Fig. 2. Synthetic routes and corresponding FTIR spectra from dimethoxy intermediates and diphenol monomers to target PESs.  
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were successfully obtained. 

3. Results and discussion 

3.1. Thermal properties 

Thermogravimetric analysis (TGA) and differential scanning calo-
rimetry (DSC) was used to study the thermal stability properties of PESs 
(Figures S7 and S8), and the glass-transition temperatures (Tg), 
degradation temperature (Td), and char yields are summarized in 
Table S2. In both nitrogen and air atmosphere, the produced PESs 
demonstrated remarkable thermal stability with insignificant weight 
loss up to 400 ◦C. Besides, TPA-based PESs possess a char yield above 
47% at 800 ◦C. The Tg of PESs is from 188 ◦C to 220 ◦C. As a result, PESs 
could easily afford the high temperature in the following physical vapor 
deposition, one of the most common processes in optoelectronic devices. 

3.2. Optical and electrochemical properties 

The optical properties of PESs films investigated by ultra-
violet–visible spectroscopy (UV–vis) and PL spectroscopy are depicted in 
Fig. 3 and summarize the corresponding data in Table S3. The charac-
teristic absorption peak at 308 nm attributed to the TPA moiety π–π* 
transition and charge transfer peaks caused by the donor–acceptor in-
teractions of TPE-PES and CNBr-PES appeared around 350 nm and 423 
nm, respectively. Furthermore, the high transmittance in the visible 
region of TPE-PES suggests the potential for transparent and colorless 
electronics. In contrast, the appearance of CNBr-PES film is light 

yellowish, as shown in Fig. S9a. The AIE effect of PESs depicted in 
Fig. S9b and S9c could simulate the emission behavior from solution to 
solid states using the N-methyl-2-pyrrolidone (NMP) polymer solutions 
with different methanol fractions. The dilute NMP solutions of TPE-PES 
and CNBr-PES exhibit gradually enhanced PL intensity through mixing 
with an increasingly poor solvent of methanol to obtain the nano-scale 
aggregation. The AIE phenomenon of TPE could ascribe to the twisted 
propeller-shaped conformation hampering π-π stacking interaction and 
the restricted intramolecular rotations caused by physical constraint in 
the aggregate state, known as the restriction of intramolecular motions 
(RIM) mechanism. [23] Meanwhile, CNBr exhibits the AIE behavior 
because aggregation-induced planarization enhances oscillator strength; 
also, the bulky and polar cyano group precludes parallel face-to-face 
intermolecular interaction and provides intermolecular hydrogen 
bonding to rigidify molecules. [24] Thus, TPE-PES and CNBr-PES 
possess strong emissions in film state at 490 and 575 nm, respectively, 
as shown in the PL spectra. 

The energy levels were investigated by the measurement of cyclic 
voltammetry (CV) using PES film-coated indium-tin-oxide (ITO) glass 
substrate as the working electrode in 0.1 M tetrabutylammonium 
perchlorate (TBAP)/anhydrous acetonitrile (CH3CN) solution. 
Figure S10 and Fig. 4 show the CV diagrams and accompanying energy 
levels, and Table S4 summarizes the obtained results. With the extended 
conjugation length and acceptor on the side chain, TPE-PES/CNBr-PES 
possess lower energy levels of HOMO (-5.33 eV/-5.35 eV) and LUMO 
(-3.21 eV/-3.25 eV) and smaller bandgap compared to TPA-PES. The 
appropriate energy levels allow polymeric electret to perform a more 
effective energy transfer to pentacene and trigger the interlayer-exciton 
recombination between the interface. [15] The samples with single 
(AIE-active PESs) and double layer (pentacene deposited on AIE-active 
PESs) structures are analyzed via steady-state PL spectra, as shown in 
Figure S19. The occurrence of interlayer recombined excitons could be 
observed and exhibited an additional emission peak around 690–700 
nm. 

3.3. Surface morphology 

The surface morphology plays an essential role in the OFET memory 
device because the charge transfer and trapping processes occur in the 
interfaces between semiconductor and electret layers. [25–26] To reveal 
the surface behaviors generated by PESs, BPA-PES, the most typical PES 
derived from bisphenol A, was also synthesized for the following dis-
cussion. According to the literature, pentacene is susceptible to surface 
roughness and hydrophobicity. [27–31] The favorable condition of 
pentacene growth on polymer electret, including the properties of low 

Fig. 3. (a) UV–vis absorption spectra and (b) PL emission spectra of spin-coated 
PESs films. (Thickness = 40 ± 2 nm). 

Fig. 4. The energy levels of pentacene and TPA-based PESs measured by cyclic 
voltammetry. 
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surface energy and the smooth electret surface, could improve the 
wettability of pentacene. The aqueous contact angles of BPA-PES, TPA- 
PES, TPA-PES, and CNBr-PES are 85◦, 85◦, 86◦, and 89◦, respectively, 
while the film roughness varies between 0.233 nm and 0.258 nm as 
depicted in Figure S11. BPA-PES, TPA-PES, and TPE-PES exhibit similar 
contact angles due to the hydrophobicity brought by alkyl chains and 
phenyl rings. In the case of CNBr-PES, introducing a bromine atom to the 
molecular structure increases hydrophobicity and gives it a higher 
contact angle [32–34]. In addition, the smooth and uniform surface also 
could minimize the defects or interfacial trapping between the semi-
conductor and electret, ensuring that the charge capture behaviors could 
ascribe to the chemical structure of polymer electrets. The typical 
terrace-like form of pentacene with average domain sizes from 1060 to 
1570 nm could be produced as shown in the atomic force microscopy 
(AFM) topography of pentacene deposited on PESs. 

Generally, as the hydrophobicity increases, larger grain sizes could 
be obtained to reduce crystal boundaries. However, pentacene with a 
larger grain size of around 1060 nm could be generated in the case of 
BPA-PES as electret, which exhibits poorer hydrophobicity than 
carbazoledioxazine-based polymer, Poly CD, reported previously by us, 
and the corresponding structures and data are summarized in Table S5 
for comparison [5]. Consequently, in addition to the effect caused by 
roughness and hydrophobicity, the larger grain size should be attributed 
to the difference between the structures of sulfone and carbazole- 
derivative. As Ji et al. reported in a previous study [35], the twisted 
conformation and highly polar functional groups on a molecular level 
are two crucial factors offering a repulsive interaction between the 
polymer and the π-electron clouds of the pentacene skeleton that leads to 
an ordered vertical orientation of pentacene and further expands into 
more prominent domains. To soundly corroborate the effect of these two 
units, the X-ray diffraction (XRD) measurement was designated to 
investigate the relationship between polymer structures and 
morphology characteristics. As illustrated in Figure S20, Pentacene thin 
films with different thicknesses (5, 20, and 50 nm) on BPA-PES exhibit 
(00 l) diffractions. In particular, the (001) diffraction pattern peak (2θ 
= 5.46◦) at the beginning step (5 nm) of the growth process yields a d001 
spacing of 1.62 nm. This representative peak at 2θ = 5.46◦ did not 
appear from pentacene films on Poly CD; instead, a relatively weak 
diffraction peak at 2θ = 5.70◦ (d-spacing: 1.51 nm) was observed for 5 
nm film, indicating a reasonably low crystallinity with a larger tilted 
angle of the pentacene molecules on the Poly CD surface. In other words, 
BPA-PES contains sulfone moiety providing higher polarity and more 
contorted conformation for facilitating a more beneficial growth envi-
ronment of pentacene instead of the coplanar and more hydrophobic 
carbazole-derivative in Poly CD. 

Consequently, contact resistance (RC), the parameter determined by 
the interface between the materials of electrodes and semiconducting 
materials, could be reduced according to more significant grain 
boundaries of pentacene with fewer trapping sites and vice versa [16]. 
Reliable measurement and calculation for getting contact resistance (RC) 
is the transfer line method (TLM), which is a direct application of 
equation (1) [36]. Plotting the data of RtotalW against channel length (L) 
with good linearity, RcW can be derived from the extrapolation, as 
presented in Fig. 5. The results indicate that the Poly CD with a smaller 
pentacene grain size possesses more significant contact resistance than 
BPA-PES with a larger pentacene grain size. 

Rtotal = Rch +RC =
L

WCi(VGS − VT)μch
+RC (1)  

where VDS, ID, Rtotal are the drain voltage and corresponding current and 
total resistance; all of them is channel length dependence parameter. Ci, 
VGS, and W are the capacitance per unit area of the SiO2 layer, gate bias, 
and channel width, respectively. Therein, an electrode of gold was then 
deposited onto the pentacene. The grain size of pentacene is the primary 
factor affecting RC in this investigation. PESs could reduce the contact 
resistance between the semiconductor and electrode and give prominent 
surface properties. 

3.4. Performance of pentacene-based photonic memory with PESs 
electrets 

The OFET memory devices fabricated based on typical bottom-gate 
(BG) and top-contact (TC) configurations and PESs as electrets were 
adopted to study the photonic transistor memory characteristics, as 
illustrated in Fig. 1. All measurements were performed in the glove box 
with a blackout curtain (a genuinely dark and inert environment) to 
eliminate the interference of indoor light. The primary electrical hys-
teresis and output curves of PESs-based OFET memory devices are 
illustrated in Fig. 6 and Figure S12. The saturation regime field-effect 
mobility of pentacene-based memory devices was evaluated as depic-
ted in Figure S13 with estimated values of 0.03 cm2 V− 1 s− 1. Meeting 
our expectations, all the memory devices fabricated by TPA-based PESs 
electrets could achieve the saturated region by only VDS = − 5 V. 

Moreover, the read-out currents reveal that the higher current 
induced under the same gate bias as the acceptor units introduced in the 
side chain strengthens the dipole capability and accumulates more 
charges in the channel. Among the TPA-based PESs, CNBr-PES demon-
strates the largest hysteresis window through dual-sweeping and eluci-
dates that the extended conjugation length results in enhanced hole- 

Fig. 5. Transistor total resistance vs channel length (TLM plots) for (a) BPA-PES and (b) Poly CD transistor memory devices. (Where Rc, BPA-PES is 0.001 MΩ, and 
Poly CD is 0.188 MΩ). 
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trapping capability [37]. To confirm the electrical memory behaviors 
based on the relatively low working voltages brought by PESs, a thicker 
dielectric layer of 300 nm SiO2 was adopted for memory devices to rule 
out the leakage current and tunneling effect. Figures S14-S15 depict the 
typical hole-transporting characteristics of the transfer curve with an 
on/off current ratio of 104 under a fixed drain voltage (VDS = − 20 V). 
The results demonstrate that comparable hole-trapping behavior could 

be sustained despite the varied gate dielectric thicknesses. However, the 
300 nm SiO2 device possesses the enlargement of memory windows. 
Based on the constant transferred (stored) charges number ΔN (ΔN = Ci 
× ΔVth/e), ΔVth is the shift of threshold voltage, Ci is the capacitance of 
the gate dielectric, and e is the elementary charge, which is determined 
by the charge trapping capability between electret and semiconducting 
materials, the more oversized memory windows in 300 nm thick SiO2 

Fig. 6. The hysteresis window of the p-type PESs-based 100 nm SiO2 OFET memory devices. All currents were measured under a dark environment and fixed drain 
voltage (VDS = − 5 V). 

Fig. 7. (a) Diagram of the genuine photo-programming operation that occurs during light exposure without providing the gate and source-drain voltages. (b)-(e) 
Transfer curves of PESs memory devices based on 100 nm SiO2 under UV light (365 nm, 5 mW cm− 2) photo programming and electric erasing. All currents were 
measured under a dark environment and fixed drain voltage (VDS = − 5 V). 
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device compared to the 100 nm thick SiO2 device could ascribe to the 
smaller capacitance of thicker gate dielectric [38]. Notably, in contrast 
to the other photoresponsive polymeric electret Poly CD and PTPAs we 
delivered recently [5,15], the drain voltage could be reduced pro-
nouncedly. The relatively low working voltage could obtain regardless 
of the oxide thickness, owing to the sturdy pentacene layer built on PESs. 
The similar trend of electrical characteristics dispels the concern for 
memory behaviors caused by leakage current or tunneling. Therefore, 
we utilized a 100 nm SiO2 layer for the subsequent investigation. 

The 365-nm UV light was utilized as the stimulating source to 
explore the photo-induced characteristics of the PESs-based memory 
devices without gate and source-drain voltages applied on neutral de-
vices in Fig. 7. The transfer curve of BPA-PES and TPA-PES barely 
moved; markedly positive shifted transfer curves of TPE-PES and CNBr- 
PES could be obtained after the illumination. 

By prolonging the irradiation time, the TPE-PES and CNBr-PES 
memory devices could demonstrate more prominent memory windows 
of 10 V and 50 V, respectively, indicating the photo-produced electrons 
are trapped into the electret layer successfully, as shown in Figure S 16. 
The dual-layer device comprises pentacene and electret layers, with the 
former on top and the latter on the bottom. Therefore, under this 
configuration, both absorbances of organic semiconductor and polymer 
electrets determine the amount of photoexcited exciton generated. Ac-
cording to absorption spectra in Fig. 3, TPE-PES exhibits the highest 
absorbance (0.13) at a wavelength of 365 nm, followed by CNBr-PES 
(0.09) and TPA-PES (0.07), while BPA-PES and pentacene are too low 
to detect. As mentioned above, when 365 nm light was utilized as the 
light stimulation, TPE-PES memory devices should exhibit the best op-
tical writing ability. However, CNBr-PES memory devices indicate more 
extraordinary performance for storing photogenerated electrons under 
the same illumination source. That is, the absorption intensity at the 
wavelength of the external light source is merely-one of the elements 
constructing photo-induce programming behavior. 

It needs to note that the pentacene layer could receive substantial 
energy transfer from the underlying emissive layer, AIE-polymer elec-
trets, with the intense emission in the film state. The behavior of dual- 
layer excitation, the photoexcitation excitons simultaneously existing 
in the semiconducting and electret layer, would emerge and facilitate 
the formation of interlayer-recombined excitons, which subsequently 
realize the construction of photo-programming. Owing to the emission 

wavelength of around 575 nm, which is more beneficial to the absorp-
tion of pentacene upon UV illumination for generating more interfacial 
excitons, CNBr-PES memory devices possess the largest memory window 
among the PESs-based devices. Despite TPE-PES polymer electret having 
the highest quantum yield, the results demonstrate that the CNBr-PES 
memory device manifests greater energy transfer efficiency than TPE- 
PES. Furthermore, the programmed TPE-PES photonic memory device 
could return to the original neutral state after erasing operations under a 
lower applying power of just − 10 V for 5 s. However, the CNBr-PES- 
based device could retain most trapped electrons after photo- 
programming even with reverse-polarity electric stress. In further 
depth, the following section will go through the differences in storage 
characteristics between TPE-PES and CNBr-PES. 

For the further exploration of the photo-storage phenomenon that 
converts optical stimulus into electrical signal and preserves at the high 
current state after light irradiation, the real-time drain currents were 
recorded at a fixed VDS of − 5 V in Fig. 8. The output current contrast 
ratio is a critical parameter for obtaining a real-time current state in the 

Fig. 8. (a) Transient characteristics of the photonic transistor memory device with PESs-based electret and the corresponding illustration of electret and pentacene 
layer at “off,” “programming,” and “on” stages. For optoelectronic stimulative operation, Vread = 0 V for BPA-PES, TPA-PES, and TPE-PES memory devices, and Vread 
= 5 V for CNBr-PES memory devices during the irradiation to obtain the real-time read-out currents at VDS = − 5 V. (b) Schematic diagrams of the working principle 
of photo-programming under UV light illumination for the AIE-active PESs electret memory devices. 

Fig. 9. Long-term stability of TPE-PES and CNBr-PES photonic memory device 
after programming by 1 s UV light. The retention characteristics of read-out 
currents were recorded over 100,000 s at VG = 0 V and 5 V, respectively. 

C.-Y. Ke et al.                                                                                                                                                                                                                                   



Chemical Engineering Journal 457 (2023) 141209

8

application of photo-driven memory. Consequently, the memory devices 
with BPA-PES, TPA-PES, and TPE- PES electrets acquire the off-state 
stable current (10− 12 ~ 10− 13) without applying gate electric stress 
(0 V). Nevertheless, 5 V gate bias is necessary to guarantee a decent on/ 
off current ratio to prevent misreading for the CNBr-PES-based device. 
In Fig. 8a, the drain currents remain off-state (<10− 11 A) for 100 s to 
ensure stable read-out values and preclude the light influence while 
settling the device. Afterward, apply UV light (365 nm, 5 mW cm− 2) of 1 
s to the apparatus for programming operation. During photoexcitation, 
the light-produced excitons within pentacene can overcome the barrier 
of binding energy and give charge pairs for accelerating transporting 
[39]. Consequently, the photo-induced current could generate simulta-
neously depending on the emission wavelength of PESs that pentacene 
could absorb [40]. Finally, the devices were steadily read in the dark for 
500 s to confirm the memory behaviors. Nevertheless, the current could 
barely maintain for the BPA-PES-based device, indicating that the 
electron-withdrawing sulfone group would not perform the electron- 
trapping characteristic under light illumination. Besides, TPA-PES- 
based devices could produce less than one order discrepancy between 
on-current and off-current owing to the inappropriate emission wave-
length and low quantum yield resulting in inefficient energy transfer 
from the electret to the pentacene layer. In contrast, the current from 
10− 12 A increases abruptly up to 10− 8 A for CNBr-PES and 10− 9 A for 
TPE-PES, revealing a “photo-on” characteristic with an on/off current 
ratio of more than 103. 

Herein, the possible working mechanism to elucidate the light pro-
grammable behavior exhaustively for memory devices using AIE-active 
PESs polymer as electrets in Fig. 8b, which is composed of three suc-
cessive progressions: Initially, devices maintain a neutral state since the 
conductive channel could not generate under electrical stress (I). Sub-
sequently, 1 s of UV illumination (365 nm, 5 mW cm− 2) for photo- 
writing was employed. Depending on the absorbance difference of UV 
light, PES electrets could produce ample photoexcitation excitons, while 
pentacene generates much fewer photoexcitation excitons (II-1). The 
simultaneous dual excitation was facilitated through energy transfer 
from photo-active PESs to pentacene and followed by the recombination 
of interlayer excitons, allowing the residue electron to trap in the elec-
tret layer (II-2). Meanwhile, the high-energy holes from photoexcitation 
excitons could remain in the semiconductor layer (III). Finally, the 
trapped electrons could stably store in PESs electret; thence, the devices 
preserved the high conductive state. 

The retention characteristics of devices derived from TPE-PES and 
CNBr-PES were investigated, as shown in Fig. 9. After photo- 
programming, all currents could maintain without obvious decay over 
100,000 s, demonstrating the nonvolatile nature with outstanding sta-
bility, which could be attributed to the soft ether linkage hindering the 
stacking and avoiding the dissipation by conjugation. According to the 

extrapolation depicted in Figure S17, these PESs-based memory devices 
could be expected to preserve the switching ratio above 103 even over 
109 s (about 32 years). Furthermore, an upgraded measurement, as 
shown in Figure S21, a stable IDS with negligible variation for the CNBr- 
PES memory device and slight dissipation for the TPE-PES memory 
device was obtained for two weeks (more than 1,200,000 s) of mea-
surements, affirming the excellent retention capability of these devices. 

As a critical factor in memory device application, the erasing 
behavior of charged devices could achieve by applying a negative bias. 
Intriguingly, TPE-PES only required − 10 V to recover to the initial state 
as a Flash-type memory, as shown in Fig. 10. The very low erasing 
voltage could ascribe to the extended conjugation length, leading to a 
higher hole affinity and further boosting the neutralization of the trap-
ped electrons presented in the transfer curves. However, the CNBr-PES- 
based device exhibits non-erasable WORM-type behavior even after 
applying gate pulse repeatedly 20 times, as illustrated in Figure S18, 
due to the twisted dihedral angle between donor and acceptor groups 
[15]. 

Furthermore, the endurance of the Flash-type memory device 
derived from the TPE-PES electret was demonstrated by write-read- 
erase-read (WRER) cycles. As illustrated in Fig. 10, the photonic mem-
ory device was programmed by UV light for 1 s, and reading on-current, 
which represents signal “1” for 60 s under VDS = -5 V. Afterwards, a 
negative bias VG = − 10 V for 5 s was applied to discharge the device and 
to read off-current as signal “0” for 120 s to complete a cycle. The period 
of de-trapping for the TPE-PES device has to prolong due to the retarded 
dissipation of residual charges, which could be related to the high 
electron affinity of the sulfone group. Despite that, TPE-PES displays 
superior durability for switching between on and off states over 100 
cycles (500 cycles shown in Figure S22) without significant degradation 
in a current ratio of ~103. 

4. Conclusions 

In this study, every building block of triphenylamine-based poly 
(ether sulfone)s have been elucidated soundly to construct the high- 
performance photonic transistor memory. The judicious design for a 
solution-processable charge storage layer of homopolymers could rule 
out the consideration of dispersion technique, specific morphology, and 
compromising electrical characteristics. In addition, a facile energy- 
efficient operation approach for genuine organic photonic memory de-
vices has been proposed via incorporating an AIE-active group (TPE and 
CNBr), realizing that the photoexcitation electrons could be generated 
and then remain in the storage layer solely through irradiation without 
introducing additional electrical stress. Moreover, the synthesized TPA- 
based PESs possess advantages, such as facile, budgeted, and easily 
purified polymerization, outstanding thermal stability, and solution 

Fig. 10. (a) Reversible current-response behavior under WRER steps for demonstrating the durability of TPE-PES device, the applied WRER steps including (i) 1 s UV 
light (365 nm, 5 mW cm− 2) photo-programming (ii) Reading on-state for 60 s (iii) Electrical-erasing (VG = -10 V for 5 s) (iv) Reading off-state for 120 s. (b) 
Endurance test of TPE-PES for 100 switching cycles. 
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processability for practical large-area production, and were the first ever 
employed in OFET memory devices as electret layers. We also demon-
strated that a polar and twisted sulfone group could provide a favorable 
growth environment for pentacene and reduce the contact resistance 
between semiconducting materials and electrodes, leading to lower 
working voltage (VDS = − 5 V). The results confirm that PES-based 
photonic memory devices behave with nonvolatile characteristics 
since PESs constructed with highly distorting ether linkage could 
restrain the leakage of stored charges, exhibiting remarkable retention 
of the charged state over 100,000 s. Besides, TPE-PES is a flash-type 
memory with excellent durability under photo-writing operation for 1 
s and electrical erasing operation at − 10 V for 5 s. Finally, the prepared 
PESs with high transparency and manufacturability could further inte-
grate with flexible substrates and become potential candidates in soft 
and portable optoelectronic devices. 
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