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17 Fig. S1. The liquid phase epitaxy (LPE) layer-by-layer impregnation method
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19 Fig. S2. (a-c) AFM surface images of MOF-NPs films with different LPE dipping cycles,
20 (d-f) spin-coating of PMMA on MOF-NPs films
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22 Fig. S3. SEM surface images of MOF-NPs films with different LPE dipping cycles, (a)l
23 cycle MOF, (b) 3 cycle MOF, (c) 5 cycle MOF
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Fig. S4. Size distribution of MOF nanoparticles at different LPE cycles

The size of MOF-NPs can be obtained from the X-ray diffraction spectrum (XRD, Fig.
2c). It can be seen from the XRD spectrum that the 1,3,5 cycle MOF half-height width (5)
values of the diffraction peak at (222) are 0.388, 0.386 and 0.379 respectively, and the

corresponding diffraction angles () is 5.922. According to the Scherrer formula:
K2
B Bcos 8

where K is the Scherrer constant (0.89), 4 is the X-ray wavelength (1.54056 A). The

average particle size (D) of 1,3,5 cycle MOF-NPs can be calculated in above equation. The

calculated D values are 20.31 nm, 20.43 nm and 20.83 nm respectively.
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46
47 Fig. S5 Absorption spectra of MOF films with different numbers of deposition cycles and

48 their corresponding thicknesses
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51 Fig. S6. Forward and reverse transfer curves in dark under transistors with different cycles
52 of MOFs
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60 Fig. S7. 1/f noise current curves of different dielectric layer devices, (a) MOF-NPs films
61 devices,(b) MOF-NPs /PMMA films devices
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63 Fig. S8. Transfer characteristics curves of different dielectric layer devices without
64 illumination and in different light intensity illumination of 810 nm, the drain voltage is set
65 to—60V, (a)SiO,, (b)1 cycle MOF, (c) 3 cycle MOF, (d) 5 cycle MOF
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Fig. S9. Transfer characteristics curves of different dielectric layer devices without
illumination and in different light intensity illumination of 810 nm, the drain voltage is set
to —60 V, (a)PMMA (b)l cycle MOF/PMMA, (c) 3 cycle MOF/PMMA, (d) 5 cycle

MOF/PMMA
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Fig.S10.AFM surface images of MOF/PDPPBTT:PC¢BM films with different LPE
dipping cycles.
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Fig. S11. Time responses of different dielectric layer devices only under light illumination
and light co-control method at -60 V drain voltage, (a-c)1,3,5cycle MOF only under light
illumination, respectively. (d-f) 1,3,5cycle MOF under light co-control method,

(a) (b) (c)
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Fig. S12. Time responses of different dielectric layer devices only under light illumination
and light co-control method at -60 V drain voltage, (a-c)1,3,5cycle MOF/PMMA only
under light illumination, respectively. (d-f)1,3,5cycle MOF/PMMA under light co-control

method, respectively.
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90 Table.S1 Photodetection performance parameters of devices with different dielectric layers

Lo R Dshot* D1/f
lightLdark b i
dielectric layer K‘;” A\I;"" ’ G [x10!4 [x1013
(V] VI e [awe [ms]  [ms]
Jones] Jones]
SiO, 28.5 1.5 0.00278 2.1 3.1 0.23 0.032 1450 45
PMMA 0.5 21.5 9.67 226.6 346.7 21.7 25.1 25 37
1 cycle MOF 18 9.5 17.6 84.4 129 17.9 13.6 40 55
3 cycle MOF 6.5 20 27.8 417 638 50.1 72.6 47 60
5 cycle MOF 20 8 1.59 442 67.7 3.89 6.14 55 70
1 cycle
MOF/PMMA 2 225 13.6 317.7 486.1 30.6 37.5 25 30
3 cycle
MOF/PMMA 5.5 24.5 32.6 650.1 994.5 67.6 72.1 28 31
5 cycle
MOF/PMMA 15.5 14 10.2 127.6 195.2 16.8 10.8 30 35

91 Concrete parameters of OPTs at —60 V drain voltage under 810nm@0.018 mW cm™
92 illuminations

93
94 Table.S2 Materials and performance comparison of different types of phototransistors

95

Active layer R(A W) Dghoi (Jones)  Ref.
96

C8-BTBT : PC4,;BM  8.6x103 3 4x1014 [S1]
97
08 ZIF-8 70.7 2.14x101'° (521
99 Sr-MOF 1300 2.90x1015 (831

. 14 (4]

100 In-TCPP 30.8 7.28%10
101 PDVT-8 : PCsBM 750 4.5%1015 [S5]
102

103
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105 Table S3 Comparison of the PPF and EPSC of synaptic transistors reported in

106 different literatures and this work

Sample PPF(%) EPSC(nA) Data source
IDTBT 72.8 159.46 (6]
DPP-DTT:N2200 140 8 [S7]
DPPDTT/SEBS 132 9.5 (58]

Rubrene 1.3 2 [S9]

Nbs;Clg 4 39 [S10]

AZO 180 20 (S11]
In-Zn-O 400 1000 (812]

3 cycle MOF 142 588 This work

107
108 Table S4 Comparison of the Egyk. of light-controlled synapse-related performance

109 synaptic transistors reported in different literatures and this work

Sample Egpike Data source
Pyrene/Phenanthro 560 pJ [S13]
Mzxene:PVA 120 mJ [S14]
P3HT/ITIC 39.6pJ [S15]
Zn0O/A1203 30pJ [S16]
AlI203 TuJ [S17]

3 cycle MOF 100nJ This work
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Fig. S13. Transition of STM to LTM behavior by (a)pulse intensity and (b)pulse width(68

mW/cm?, 810 nm)
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Fig.S14. “Learning-experience” behavior of the device,

(b)forgetting, and (c)relearning processes.
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