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Fig. S1 AFM image of the TIPS-PEN surface used as the organic semiconducting layer. 

Fig. S2 Optical images of (a) a jig used for electrode connection with probe tips, (b) actual device, and 

(c) connected state of (a) and (b).



Fig. S3 Simulation results of the current-density distributions at off state (VD = −10 V and VG = 50 V) 

of the (left) typical VOPT at te = 2.5 s and (right) optimized device at te = 20 s.

Fig. S4 Transfer curves of the optimized devices (five cells).



Fig. S5 Absorption spectrum of TIPS-PEN.

Fig. S6 Schematics of the network source electrodes of VOPTs with aperture sizes of (left) 20 and 
(right) 40 μm.



Fig. S7 Simulation results of the current-density distributions at on state (VD = −10 V and VG = 50 V) 

of VOPTs with different aperture sizes of (a) 20 μm, (b) 40 μm, and (c) 80 μm. (d) Normalized current 

value extracted from the simulation results of (a)–(c).



Fig. S8 (a) Schematic diagram of lateral-type OPT. (b) Static photoresponse of the lateral-type OPT 

under dark and illumination with various light intensities. (c) Photosensitivity values extracted from 

(b).

Fig. S9 Comparison of the photoresponsivities of the lateral-type OPT, vertical-type VOPT at te = 2.5 

s (typical VOPT) and 20 s (our optimized VOPT) under a light intensity of 209 μW/cm2.



Fig. S10 Dynamic photoresponse of (a) the typical device (te = 2.5 s) and optimized device (te = 20 s) 

and (b) with gate voltages of −20, 0, and 22 V when multiple UV lights are applied.



Fig. S11 Photosensitivity of the VOPTs at te = 2.5 s (typical VOPT) and 20 s (our VOPT) at light 

intensities of (a) 1.12 μW/cm2, (b) 33.5 μW/cm2, (c) 99.5 μW/cm2, and (d) 149 μW/cm2.

Fig. S12 Distributions of channel conductance calculated in the ideal systems.



Presence 
of CBL

CBL/Source pattern 
formation method

ION/IOFF
(Under dark)

Photosensitivity
(Max)

Minimum 
light intensity

(μW/cm2)
Application Ref.

O
Electro-beam evaporation/
Electro-beam evaporation ~102 ~0.2 105 — 1

O
Laser ablation/

Thermal evaporation ~103 ~4.5 50 — 2

O
Anodization/

Thermal evaporation ~103 — — — 3

O
Thermal evaporation/ 
Thermal evaporation 5.5 × 105 — — — 4

O
Photolithography/
Photolithography ~103 — — — 5

O
Magnetron sputtering 

deposition/ 
Thermal evaporation

~106 — — — 6

O
Photolithography/
Photolithography ~106 — — — 7

O
Evaporation/
Evaporation ~105 — — — 8

X —/Evaporation 1.8 × 105 ~104 50 Photo sensor 9

X —/Spin-coating (nanowires) ~105 ~105 20 Photo sensor 10

X —/Photolithography ~5 × 102 ~5 × 102 ~0.57 Photo sensor 11

X —/Spin-coating (nanowires) ~103 ~102 5 Photo sensor 12

X —/— ~5 × 102 ~10 ~0.15 Image sensor 13

O
Photolithography /
Photolithography ~105 2.86 × 104 1.12

Photo sensor, 
photonic 

computing

Our 
device

Table S1 Summary of the characteristics of VOPTs (presence of CBL, CBL/source pattern 

formation method, ION/IOFF, photosensitivity, minimum light intensity, and application.)
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