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Figure S1. The proposed process flow of a large ZTO/Au NPs optosynapse array. First, the lift-off process
is carried out to define both the gate electrodes and the word lines using the sputter-deposited Au films.
The gate electrodes within the same row are connected to a word line. As a gate insulator, HfOx can be
deposited by sputtering. Subsequently, the Au NPs precursor is spin-coated on the gate insulator, followed
by the spin-coated ZTO active layer. The photolithography and etching processes are again needed to define
the channel area. Finally, the lift-off process is performed to define the drain and source lines, followed by
the deposition of Al film using electron beam evaporation. The drain electrodes within each column are
connected to a bit line, while the source electrodes are connected to a source line.



Figure S2. Cross-sectional HRTEM image of spin-coated ZTO on a SiO2/p*-Si substrate.



Figure S3. HRTEM image of Au NP on a SiO2/p*-Si substrate. The lattice spacing of Au NP is ~0.23 nm.
(Inset: the nano-beam electron diffraction (NBED) pattern of Au NP)
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Figure S4. (a) The UV-Vis transmittance spectrum of ZTO on the quartz. (b) The corresponding plot of
(ahv)? as a function of photon energy for the determination of the optical bandgap of ZTO.
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Figure S5. Deconvoluted O1s XPS spectra of ZTO deposited on the SiO2/p*-Si substrate.
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Figure S6. FDTD simulation of the electrical field intensity distribution for the ZTO/Au NP heterostructure
under 545 nm light illumination.
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Figure S7. SEM image and particle size distribution histogram of (a)(d) Au NPsx1, (b)(e) Au NPsxs, and

(c)(f) Au NPsx7 on the SiO2/p*-Si substrate.
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Figure S8. Ip-Ve transfer characteristics of ZTO, ZTO/Au NPsx1, ZTO/Au NPsx3, and ZTO/Au NPsx7
phototransistors measured in the dark with Vo =10 V.
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Figure S9. Ip-Ve transfer characteristics of (a) ZTO, (b) ZTO/Au NPsx1, (¢c) ZTO/Au NPsx3, and (d)
ZTO/Au NPsx7 phototransistors measured under 520 nm light illumination with various optical power
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densities. The drain voltage (Vb) is 10 V for all phototransistors.
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Figure S10. Ib-Ve transfer characteristics of (a) ZTO and (b) ZTO/Au NPs phototransistors measured under
635 nm light illumination with various optical power densities. The drain voltage (Vb) is 10 V for both

phototransistors. (c) The extracted photoresponsivity at Ve = 20 V of ZTO and ZTO/Au NPs
phototransistors to 635 nm light.

11



@ 10° (b) 1.0 (c) 10°
=
sf g L S
10 ] E/ 0.8 S 108,
< 107¢ 2 06f & )
o 2 04 § 10}
1011: g | :\é 10%¢
10 = 0.2 5
1018 T o) S S 10%
-10 -5 0 5 10 15 20 0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Vs (V) Devices of different batches Devices of different batches
(d) (e) ®
T 40 0.0 =
8 — S 14¢
ol 2 20} <
o 3.0f o - = b
s o > 1.2 =
= g -40r = 10}
‘é 2.0t S a -
e s 0 S osl +
S 1.0t £ gol 0
@ = ’ 5 0.6
< = 5
S 00— 000 £ 04l
S 0 2_ 4 6 _8 10 12 14 0 2 4 6 8 10 12 14 o 20 30 40 50
n Devices of different batches Devices of different batches Power density (mW/cm?)

Figure S11. (a) Io-Ve transfer characteristics of the ZTO/Au NPsx3 phototransistor of different batches.
(b)-(f) Statistical data for electron mobility, on/off current ratio, S.S., and Von measured in the dark, as well
as the photoresponsivity to 520 nm light for the ZTO/Au NPsx3 phototransistors. The statistical analysis is
shown in Table S1 and S2.
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Figure S12. SNDP of the ZTO/Au NPs optosynaptic transistor with the application of voltage spikes (Ve

=-5V, ta =5 ms, 10 ms period) (a) under 520 nm light illumination (p = 30 mW/cm?) and (b) without
lighting.
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Figure S13. SRDP of the ZTO/Au NPs optosynaptic transistor with the application of voltage spikes (Ve
=-5V, ta =5ms, N = 16) under 520 nm light illumination with (a) p = 40 mW/cm?, (b) p = 30 mW/cm?,

and (c) without lighting.
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Figure S14. The cycled LTP/LTD characteristics of the ZTO/Au NPs optosynaptic transistor with potential
spikes of (a) Ve = -5V (ta = 5 ms, 10 ms period) under 520 nm light illumination, (b) Ve = -5V (ta« = 100
ms, 200 ms period) without lighting, and (c) Ve =-5V (ta =5 ms, 10 ms period) without lighting. The same
depression spikes of Ve = 1.2 V (ta = 5 ms, 10 ms period) without lighting for depression in three cases.
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Table S1. Statistical analysis of mean value (i) and standard deviation () on the extracted electrical
characteristics of ZTO/Au NPs phototransistors measured in the dark. (See Fig. S11b-e)

Electrical characteristics n c Coefficient of variation (%)
Electron mobility (cm?/Vs) 0.44 0.05 10.78%
On/off current ratio 2.49x107  1.49x107 59.82%
Subthreshold swing (V/decade) 1.31 0.28 21.29%
Turn-on voltage (V) -6.23 0.42 -6.70%
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Table S2. Statistical analysis of mean value (i), standard deviation (o), and coefficient of variation on the
photoresponsivity of the ZTO/Au NPs phototransistors to 520 nm light. (See Fig. S11f)

Optical power density n (A/W) 6 (A/W)  Coefficient of variation (%)
p =20 mW/cm? 1.15 0.03 2.86%
p =30 mW/cm? 0.83 0.03 3.46%
p =40 mW/cm? 0.69 0.03 4.71%
p =50 mW/cm? 0.61 0.03 4.69%
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Table S3. Extracted fitting parameters from Fig. S14 using eq. (3) and (4).

Excitatory

. . ap
stimuli

ap BP BD Gax Guin Gmay/ Gmin

Vo=-5V (tg=5

6.0x10”
ms) under lighting

5.08x10” 342 315 343nS 9.7nS 3.5

Vg=-5V (ta=
100 ms) without ~ 7.17x10”
lighting

1.06x10® 357 374 313nS 9.5nS 3.3

Vg=-5V (ta=
100 ms) without 5.46x107°
lighting

555x10" 354  3.08 11.4nS 9.3nS 1.2
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Table S4. Comparison of the performances of optoelectronic synaptic transistors reported in the literature
with those of our work.

Energy
Device Structure Potentiation/depression Pulse width Gmax/Gmin
Consumption
Pentacene/ Potentiation: 790 nm Potentiation: 10 ms 4 -
~1. n
MoSe»/BiSes/PMMAS'  Depression: Vg=-10 V Depression: 1 ms
Pentacene/PMMA/Zr-  Potentiation: 405 nm Potentiation: 0.1 s A -_
~ ~8
CsPbl; perovskite® Depression: Vg=-40 V Depression: 1.5 s
Potentiation: UV
) Potentiation: 10 s
VO, Depression: Vg=—1.5 ~1.8 11 nJ
) Depression: 10 s
increase to -3.5V
Potentiation: UV Potentiation: 100 ms
1GZO™ ~1.4 2
Depression: V=8 V Depression: 100 ms
Potentiation: 470 nm
_ Potentiation: 400 ms
IGZ0O% Depression: V= 0.05 ~36.6 64 W
‘ Depression: 400 ms
increase to 1 V
Potentiation: UV Potentiation: 500 ms
B-Ga 05> , , ~3.5 500 nJ
Depression: Vo= 50 V Depression: 500 ms
Potentiation: Vg=-5V o
ZTO/Au NPs o Potentiation: 5 ms
. under 520 nm lighting ' ~3.5 17 nJ
heterostructure!™s workl Depression: 5 ms

Depression: V=12V
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