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Experimental Section:

Precursor Preparation: The dielectric material polyvinyl alcohol (PVA, Mw = 67
kDa) was purchased from Macklin. The Bis(trifluoromethane)sulfonimide lithium salt
(Li-TFSI, 99%) and photoinitiator 2,2"-Bis(2-chlorophenyl)—4,4',5,5'-tetraphenyl-1,2'-
biimidazole (CI-HABI) were purchased from Aladdin. The p-type highly n-extended
organic D-A copolymer poly[2,5-bis(alkyl)pyrrolo[3,4-c]pyrrole-1,4(2H,5H)-dione-
alt-5,5'-di(thiophene-2-yl)-2,2'-(E)-2-(2-(thiophene-2-yl)-vinyl)thiophene] (PDVT-10)
with a concentration of 5 mg/mL was purchased from Derthon Optoelectronic Materials
Science Technology Co Ltd. All materials utilized as received, without further
purification. The PDVT-10 (5 mg) and the CI-HABI (1.5 mg) were dissolved in 1 mL
chloroform and stirred for 3 h at 50 °C to obtain a uniform solution. The PVA (0.5 g)
was dissolved in 9.5 ml deionized water by stirring the mixture at 80 °C for 6 h and
then left to stand for 8 h at room temperature. To obtain Li-TFSI doped PV A precursor
solutions, 0.5 g of PVA and different quality of Li-TFSI (0.1g, 0.2 g, 0.3g) were
weighed and dissolved in different volumes of deionized water (9.4 ml, 9.3 ml, 9.2ml)
as solvent, respectively.

Devices Fabrication: The purchased commercially available heavily doped silicon
wafer was used as the gate. The silicon wafers were sequentially cleaned by
ultrasonication with ethanol, 70 °C mixed solution and deionized water for 10 min,
where the mixed solution was prepared with deionized water, ammonia and hydrogen
peroxide in a volume ratio of 7:2:1. Finally, the wafers were purged and dried with

nitrogen. The PV A solution was spin-coated on the silicon wafers at 1000 rpm in 50 s



and annealed at 50 °C for 1 h as a dielectric layer. After the semiconductor solution was
mixed in a certain proportion, the mixed solution was spin-coated on the dielectric layer
at 1000 rpm for 60 s and annealed at 150 °C for 10 min to form an active layer. Finally,
50 nm gold was thermally evaporated onto the active layer through the shadow mask
as the source/drain electrode.

Films Characterization: The morphology and roughness degree of organic thin
films were observed using AFM (HITACHI Japan). The optical absorption properties
of organic thin films were examined by UV-vis spectroscopy (UV-2550, Shimadzu).
The UPS (Thermo ESCALAB 250XI) was employed to analyze the valence band top
and secondary electron cutoff edge, which could obtain the energy band structure and
work function information of the films. The capacitance of dielectric films were
investigated by the impedance analyzer (Keysight, E4990A).

Devices Characterization: The electrical characteristics of the transistors were
measured by the semiconductor parameter analyzer B1500A (Agilent), 4200SCS
(Keithley) and FS-Pro (PDA). The UV light source for the experiments was provided

by light driver (DC2200, Thorlabs).



Supplementary Figures :
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Fig. S1 Working Mechanism of PVA Gate dielectric layer doped with Organic Lithium Salts. (a)
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before applying negative voltage and (b) after applying voltage.
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Fig. S2 Variation of capacitance per unit area with frequency of devices doped with different

concentrations of Li-TFSI.
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Fig. S3 (a) Output characteristic Curve of PVA device doped with 2% mol Li-TFSI. (b) Leakage
current curves of PVA and PVA-TFSI gate dielectric devices.
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Fig. S4 (a) Ultraviolet absorption Spectra and (b) Bandgap diagrams of PDVT-10 organic thin films
before and after the introduction of CI-HABI.



a — PDVT-10 b —PDVT-10 PDVT-10: CI-HABI

PDVT-10: CI-HABI

- —_—
Z N
Z Z
= =
S =
S =3
o o

_ R /

Eeuar=1731 K= 1689 eV
24
] e e —————
s
0 1 2 18.0 17.5 17.0 16.5 16.0
Binding Energy (eV) Binding Energy (eV)

Fig. S5 (a) Valence band top and (b) secondary electron cutoff edge of PDVT-10 and PDVT-10/Cl-
HABI thin films measured by UPS.

EC_

-3.11 eV
-3.44 eV
I 3916V oo
EV_ 4.33 eV
-4.56 eV
-4.87 eV
PDVT-10 PDVT-10: C1-HABI

Fig. S6 Band structure diagrams of PDVT-10 and PDVT-10/CI-HABI thin films.
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Fig. S7 Long-term/short-term potentiation transition and synaptic weights modulated based on PVA

dielectric device by Ultraviolet light stimulus with corresponding (a) power and (b) width.
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Fig. S8 (a) Transfer characteristic curve of PDVT-10/CI-HABI devices before and after Li-TFSI
doping with PVA. The Output characteristic curve for PDVT-10/Cl-HABI devices (b) before and
(c) after doping with Li-TFSI in PVA.



=200 —#

&
I
c

—Vg=-5V w5 ms
—Vg=-8V 100 ms
40 Lo 2l 200 ms
gk —_ ms
g g (.«“"‘i ——250 ms
— vt A1
o (&) -100 4
S ) i
e & |
=| : {
50 1
0 -ﬂm h .
s 1S 5 (] 1.5 2
Time (s) Time (5)
Cn d :
........ . Vg =5V 50 ms
Ve=-8V 100 ms
—_—Vg=-10V -15 150 ms
— =200 _ s 200 MS
< 3 ‘
K E; 150 ms
s 5 0k — 300 ms
< = — 400 ms
&£ 100 &
= =
st
(| ) Sp—
. ; 0 b—r— e
0 1 1.5 2 0 1.5 2
Time (s) Time (s)

Fig. S9 The EPSC behaviors triggered by gate stimulus of various (a) intensities, and (b) durations
of PDVT-10/CI-HABI devices based on PV A gate dielectric. The EPSC behaviors triggered by gate
stimulus of various (c) intensities, and (d) durations of PDVT-10/CI-HABI devices based on PVA:
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Fig. S10 The EPSC behaviors triggered by different pulse amplitudes of PDVT-10/Cl-
HABI devices based on PVA: Li-TFSL
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Fig. S11 (a) The EPSC of PDVT-10/CI-HABI devices based on PVA: Li-TFSI with pulse width of
1000ms at different time intervals. (b) The Z index plotted as a function of the time interval between

two continuous stimuli (At) with different pulse widths of the device.
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Fig. S12 Band structure of PDVT-10 and PDVT-10: Cl-HABI heterojunctions.
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Fig. S13 Comparison of photoelectric synergistic effect between single-channel and double-channel

layer artificial synaptic device.
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Fig. S14 The photoelectric synergism is associated with the grayscale pixel image, and the
"duckling" image refresh process is displayed on the 10 x 10 synaptic unit, which simulates the
image grayscale change caused by the volatile behavior of the device, by the memory behavior of

single-channel and double-channel devices.
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Fig. S15 Long-term characteristics optical pulse induction based double-channel layer artificial
synaptic device and conductance changes in the process of optical writing and electrical erase with

30 consecutive light pulses and positive voltage pulses (Vgs, Pulse =5V, Vpg =-5V, pulse width
=1s, interval = 0.1 s).



Table S1. Comparison of optoelectronic performance of OFETs with PDVT-10 as channel layer.
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