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Figure 1 Schematic diagram of the working principle of intelligent visual perception system inspired by the human visual system. (Figure 2 was

modified from FreePik (https://www.freepik.com)) (color online).
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Figure 2 Schematic illustration of photoelectric synaptic devices in terms of material category [28—30], visual application [31-33], and multi-sensing

integration [34,35] (color online).
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Figure 3 Molecular formula of chemical structures of partial small molecule organic semiconductor materials used in optoelectronic devices [45,46]
(color online).
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Figure 4 (a) Representative transfer characteristics of OFET of Dif-TES-ADT films prepared on the SiO,/Si substrate [48]. (b) Mobility of Dif-TES-
ADT films prepared by the WSDC method compared with the blade coating [48]. (c) Flexible OFETs of Dif-TES-ADT films prepared based on the
WSDC method [48]. (d) Mobility of the Dif-TES-ADT material in the literature [48]. (e) Flow chart of full process printing [1] (color online).
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Figure 5 (a) CPOM image of TIPS-pentacene crystal OFET array, scale: 100 um [49]. (c) OM image of TIPS-pentacene OFET array, scale: 100 um
[49]. (b, d) Typical transfer and output curves of unique TIPS-pentacene crystal device array [49]. (¢) Schematic diagram of the two-dimensional C8-
BTBT crystal OFET [28]. (f, h) Typical transfer and output curves of 2L crystal film [28]. (g) Change curves of average and maximum mobility with

different layers [28] (color online).
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Figure 6 (a) EPSC increase by about 15 pA under electrical and optical frequency stimulation [59]. (b) PSC rises and falls with optical writing and
electrical erasure (20 pulses) [59]. Figure (a), (b) reprinted (adapted) with permission from ref. [59], copyright 2023, American Chemical Society.
(c) Absorption spectra of Cs;Bi,lo NCs/PMMA, DPPDTT and Cs;Bi I NCs/PMMA/DPPDTT films [60]. (d) PL spectra of Cs;Bi,Ig NCs/PMMA and
Cs;Bi, ]y NCs/PMMA/DPPDTT films [60]. (e) Structure of the flexible synaptic transistor devices, the channel length (L) and width (W) of the
transistors are 0.3 and 3 mm, respectively [29]. (f) Schematic diagram of light and artificial multiwavelength photoafferent neurons captured by the
human eye [29]. (g) Current over time under light stimulation at different wavelengths. Red light at 620 nm, Green light at 525 nm, Ultraviolet light is
365 nm (0.97 pW/cmz) [29]. (h) Absorption spectra of PVDF-HFP, PVDF-HFP + DPP-DTT, PVDF-HFP + 5 nm AlO, + DPP-DTT. The graph is the
amplified absorption spectra of PVDF-HFP + 5 nm AlO, + DPP-DTT with a wavelength of 700-870 nm [29] (color online).
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Figure 7 (a) Schematic diagram of the fluid flow in the closed 3D microchannel [30]. (b) Results of corresponding fluid flow simulation [30].
(c) Absorption spectrum and the PL spectrum of the MAPDI; crystal array [30]. (d) Current-Voltage diagram of the MAPbI; crystal array [30]. (e)
Time-resolved PL spectrum of the MAPbI; crystal array [30]. (f) Light absorption of BCP/2D-OIHP membrane and P3HT membrane [78]. (g) tau map
of BCP/(PEA),PbBr, [78]. (h) tau map of BCP/(BPMA),PbBr, membrane [78]. (i) UPS spectra of BCP/(PEA),PbBr,, BCP/(BPMA),PbBr,, PEABr
and BPMABTr [78]. (j) Energy level diagram of P3HT, BCP/(PEA),PbBr,, BCP/(BPMA),PbBr,, PEABr and BPMABTr [78] (color online).
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Figure 8 (a) Schematic diagram and light response characteristics of a biomimetic photoreceptor [31]. (b) Conceptual design of OAAT
photosensitive array under light and dark background, as well as photocurrent mapping under different conditions [31]. (c) Schematic diagram of
polymer perovskite layer heterojunction phototransistor [87]. (d) Energy band diagram of polymer perovskite heterojunction devices and the spectral
absorption diagram of the materials used [87]. (¢) Schematic diagram of adaptive behavior under strong and weak light conditions [87]. (f) Normalized
current response diagram of device simulation light intensity adaptive self-protection mechanism [87] (color online).

{45 A48, (HLEP3HT:PCBM/PVA 5 [ 4> i I} 18] 5 25
%

KI8bJE N 1 A 25 M3 x 3 SR B 51 v] LAAE
BHEHE T 5t N BR T BUE, FHFRTEmE SN, 2sH
PR B NG SR R LU R T 3 < 3
wn VA B B 52 T B UG A SRS PR EE  m DA 3
SR T ZEUE. fEEE R, TR EUGXT
PERETESRIE TS e P N, HgWnid b 5o, B
KGR L2 sfa 2 BT, 3 HAE I S5 MR
& L e 7 535 B AR T A A B A 2R B 471 1Y) D FE AN
RS (8], SR A A A SRR R S B AR A T T AT
W

456

N TALGEA 28 2 G0 AT RS UL 00 A4 o R A
SAEBRIIRE, b T PRI RV T AL AL M8 S i A e
Prits BV VURANFT BRI, 2R, FES— &P AR
PR 5 S RIS I b 22 2h RE 5 88 2 — K A AR 136
i,

N R 5 6 5 1 i I A W o 2R e AR A 5
TR AR BE L BAT . A5 R G W] LAE L A
TGRS A I 7 x5 DG EAT M o2 1 98 Ot 506 BEAT
o A A, LR, BRSO T 1 AT
N I RO M PR TR R SE BN SRR T 41
WU, B DR AR M AT IR AR M. LB 20 i = 2 6
DONS P IR, T AR AT A AR SR AR I



FREFRE: b 2024 5 S4B a4 W

RN, IR P 16 2 i B 4 TNy, A0 4T i 2 52 21 )
T el LR, AT A R 6 5 3 N X IE
EAT AT Ay /b 5 6 6 BRI A, AR R S84
. AR 56 ) 3 R AT A FE N IR AE T
X RS, T DB R B B O 8 R
2 R2YE, LSRG AR P75,

o [ R 2 B 58 2 S BB T R T R T S
il B TR 18 R S T8 B XU T e 't L AR (KI8c). 2k
TR A VLR S-S5k 2 0 7 R A i kG, ot
A HLTR IR AN L IR RE ST BB SR, TR 7oA
IR T BN, il & A P- AR S ARG
em A T DL 5E S MU, N SR 5 SR A AT 9(<35 ms, i&
B AR NS Frl g J97 38 75 (225 ms)). FE EE B2,
I i A o 5 R IR B B R A S B, R
BT AR ) R FH SR BN A 1) & AT

FENCHRAGUIZRad R, e H A A A T DAASAEL N 2
M RANBENAT N, BT I BT ImiE 40
PR A4 0 P R 1, 36 I 3 R T A ) 2B ) R AE AR W A
A B 25 A T (AN 28 A 1R O 58 B ) S I v A B Bh 28
W, Bk, MR T AN R, BT S R
FTFF, MR IE RS T HOEE NGB, SR, 78 2 BRIMNIS
TG, B TI8IE S, 5 I3 ICE B B R, FEE
ST (] O S K, BT IE 3 T LAY T S v ENE, A
T e 2808 N AN WAL 3RS, EI8e B T B T4k
IR HE A, ARt e LR 7 B A L R
B R, b Al e S 0 IR AR SR
fih 5 FLIAL(PSC).  PSCYE B FE A 3 48 T 1) e 7
18, M5 224838 B 2T 1 HEFERIRES, X6 BT A1
& RE SR A FR. X 55 % 2% A IS B S e A > i
FEARE], F I HPSCRE G HR I [A] 1M 12381 4 0. 8 7 528l
XX — AW B IE NI R, AHEEYE S5 E
(PDPP-TT) ML EKH & ¥ s G BUZ(CPB QD)IA] (1) 5t If
SR A ST AR ' FE S AAT R I B, N I8 dFITR, T
KIS, fECPB QDR =4+, HFHBET
PDPP-TTHICPB QDEHIfe 451, Yl FIER A -
BEARE T AR 43 B R H R R TR AR AN
FIrERE, BB — e B rrIee s, Mg T
HLF7ECPB QDM IALER, i T T A=A
G, M5, ST EMAENERREZ RS2
E T HBEEWIE R ESENCERE. 5
FERAZ TR S AR, AW EE S BREG

A DA 0D B PR N B SR 2 b, IRE KRR
Ja B b B -2 G, DT 3 5 R R AR () A A T
N, BESTREIR T BN F LB AE T B S AT
N, TEFEBREMEIT (300 pW/em FI2 mW/em®) 884 1
HEIE R, B — i mm 5 F g 3 m, - T fE
SRR B I (14 mW/em®) B8 4F R 0 IE AL FR, B
VA — A i) )87 YA e 2RI 3 N A ) B A I () TP 2%,
FSC AR AT FSARL N R SE B 538 6 1) H AR 4T 4.

AR PR [ 3 AT A3 et Rl S i N s
. ATE R e R E R E S AL Bk 3 B0E N )
AR, TR P53 L ) ik v AT A ke S i
%o 55 ' 6 D 7 BT T S B i 82O, S b S AT
RNEAVERIMG RGP AEF B2, FR W 24YiE
MAEEAT BRI FELEF B, HHENTHERR
G EZOIRE L —.

3.2 NRPLHE R 2 BB

R T IAEL HadE N Ah, A BRI BE % AN R 1
gt NHRAALHELE B v] 70 9 =Fh,  Hob S A ok
2L, gf. WOLRI =R AR, BT LA R AR
N AT R g e 5 B, MR, H T R
PR 2 iR B AR KOE B 1A MU R 4 A 14558
o 7R N AL SE RSB RO AT RE. R SC IR
FAn BRI p A ML it A8 4H R 1 A W' 2 S A 8 (organ-
ic optical sensing inverter, OOST)(&I9b /=) S E A ARHL MY
JHES v ok AN ] 7€ () AR 590 (AT /48 LA R R B s Bt
AR RS A BRI, i EI9b AR, R R T e
(PDI)LA 2 2,9- — 283k — 2834 [2,3-b:2",3'-f] MEWY 3£ 3,2-b]
WEWY(C,o-DNTT)EL AT H A 47 31 A L faf % 27 Dy e, Tin Y
X (2-7K 2. 55)-FE VY Bk — 3V i% (BPE-PTCDI) flp %4 —
Z59F[2,3-b:2", 3'-F]WEW} I [3,2-b]HEWT (DNTT) HI/E AH &
() LT AR 2. DNTTIH R 5 4 ) 9 K ABURK, i PDI
VR Sz R, DRI, 2% ORH 48 R DATE 21 /4%)
W TR RZIORE: E9afBiR T O0SIAE V=0 VI
&L R X EE NS 5 B S S v-TR, R4 E A
OOSIFEJL T NE N BIE T, 8252 kb 58 8250
ms I BENLE Bk RS (. SRR h). ek
T, HRHE650 nm(ZL). 520 nm(4%). 450 nm(iE) G,
WL B8 (1 FLAS 5 (Voun) A R )46 1) 22 ZIR A5 (R
Fepesr, <27f«1?). SER IR S AT LLE I OOSTR
WA E N, GAESE, WU TREAEE S

457



W5 A AL SIS S L R 5t

=
-
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Figure 9 (a) Voltage response of OOSI over time under different lighting conditions [32]. (b) Left is a schematic diagram of the structure of OOSI.
The channel material of the p-type OFET is composed of DNTT/C,,-DNTT, while the channel material of the n-type OFET is composed of BPE-
PTCDI/POD-sol. (b) Right is the absorption spectrum of the organic semiconductor material and ultraviolet to visible light used in the article. The
absorption spectra of the two types of OFETs (n-channel and p-channel) are significantly different, and the PDI based thin film has wider absorption,
DNTT based films are sensitive to shorter wavelengths [32]. (¢) Simulate color recognition on a 6 x 6 flexible cross array [32]. (d) Implementing color
image capture on an 8 X 8 photoelectric synaptic array [92]. (e) Photoelectric synapses used in convolutional neural networks for color image
recognition tasks [92] (color online).
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Figure 10 (a) ANN constructed based on photoelectric synapses [33]. (b) CNN constructed based on photoelectric synapses [102]. (¢) A multi task
reservoir computing system based on optoelectronic synapses construction [104] (color online).
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Figure 11 (a) Schematic diagram of a single photoelectric synaptic device constructed [106]. (b) A flexible neural morphology transistor imaging
array based on the device shown in Figure 10(a) and its image preprocessing schematic diagram [106]. (¢) Schematic diagram of bipolar optoelectronic
synapses for optoelectronic synergistic tuning [107]. (d) An artificial retina array capable of image perception and convolutional recognition [107].

(e) Edge enhancement function of images [107] (color online).

FL 7 AT DAk B A R F AR P S 33 A A 75 81 XA
M RE, R TAEAT AR A H U A XS 5 () TG B
Ihise. BbAk, BT e P A T o )k R, SR AT DL
LR G R VER 2 i S S AR RE 7T, X TR
i 7 I T AR A S AR R D Re AR B KR
F LR B RE, 3 x 3R EESIE N — A5
FEURZ, 1) D s b e T 0 SO0 1) g i o7 R e, 481 T XL
W 4 i () S AR BE Ty B, AR e BT S8
“57, BiALDIREIG N T BRI LR, A5 P45 S A3 b
Bk T RGBT RS, IS T A IE R IR (K 1 e).
1G58 DL FoAth— 6 G AL ] 732 0T DA B e
GAL B, AL, A5 FHAH ] )28 44 5 44 SE B A A0
FEE TR 25 THUAL 3 Ty 66 PR i A S B 470 RN T Ao 428 X 2%
KPL G I BAE BRI A ThRE. W 11dFR, BT
TALEE R T F 5 IR BRI T 1 s
155, AR AT 2 N 68%HE T 2290%.

B, ChenZe! HRIE T 5T i H] AL 35 4410

AHUR AR AE, JEr] DR THm N i k-2 14 57
JiR &5 A RO TR R, R AR TR R
(<1 V)N e 6 T 2 J2 v S 8 1) R v 7 AL
WXBN A A ARG T AE BN, SeAh, MR L AT ARE AN TR
(K16 IS AE O T B LM SR IZ AR iZas T B
PONAFREES, FREMASERMGN 2> i, @
RS SRR A RHCAZ SR E TRe, W]
RS B JZ SR A B A7 A 9 N TRRRRBE, 8 AN R 2%
N TR R OL T AT IR A —64 x 6411
JCE TR BIVE N AR, DI ST #8185
MIRLIE R EE. %R IR A RS, AR HAl A 5
P B T PR AR, N A0 O R ) 3 23 2 1) 9 66 % A1
51%. HMLLZR, ARG E bs VTR ey, A TALR
J SRR 1 O1% IS &, I HAE NG 58/ 5 3
ERABIER] 7 88%. XA %N AL R AT LA 2L
M2 2] SRR RS E KR ) B A RO HAE A R
A BN e R 4 B 15 D0 AT T AT 131

461



W5 A AL SIS S L R 5t

4 BT 2 AR

NARTT CASEIRA I L SR B R AL HE L ko
LFXNMAFREER, FFPRE BN LUV R 2% f3
15 ﬂ%%*%?%ﬁi%%ﬁﬂ%ﬁMﬁﬂ %A

%#,z%b@ﬂ%m%aﬁm%kﬁﬁ%%ﬁkﬁ
PE. BRAL, 2 DRI AN AR ARt mT DUSR R N 1 R A
JERHERATE. BN E IO 2 AN B NS L — A
CRET RGNS T, AN 26 3t

AN B — [ RN T VR M B R ) B 2 O A R ER B
B, TE 2 AN E SLRVE R, AT LA B A 5 47t
XA FEEAT I FICAZ S BRI, H TR 2 B AL AR 1
W R ERA R RN E S, B RS
17, TSR 2AE SR AN T RE. 1E20204F, PR AR 4]
BN VGl A LA L5 A i P SOUR R G B 0F Ol R AR I
AR LIRS, BRI ERIN KE T,

T BT i A T R AR AR A 1 R A S L. ] 12a
RNETE /IR AT B 5 BN T
B2 J6(bimodal artificial sensory eeuron, BASE). 1%
BASEH L N &8 M s L B R J AR Ik 2% . kAT
FOG PRI ES o 7K s B B9 1 H 25 00 R f s 46 (&
12b). et PRI 25 A e 7748 33 vT LL43 ) 78 24 40
DRSS B JEK o (R B2 4, K 7 R AR A 5 R i i 1 8
HHOM B EBAE S, R)E, REMWIMMERSE N BE
5 A DU I B 1 HL AR B S ik it AR R RS
FLVL, AL T AR s 1t SR i 5 LA, R B RS B
FEL YL LA A 2 1 AR B [ 49 360 1 2 5 1R U b AU, i 8 6 T
YET7 3, AR AU 22 7 AT AR A5 Rl 45 10 5 o f o 3 4
ST, AT RE S RO At A0 B LA LR T 52
R IBNAE. bk, FERRI 2238 W - B s 0IR il
25 1) 5 SR v S 7 RURSL TR0 P B I S A T AR R i
B, B IR 1 Fb S A0 A i i PR R e T R B 5. 1405

PR TR IR T AU T E M SRS RS 2

Size Size Size 100
1 3

s = Vi
eov
F AH
I i
__________________________ k
S0

Recognition rate (%)

(a) sion o b Visual Hapti
[ mapping mapping
k- S =
\\\\ >~ o ..' ™
= \/—/.» $.
- ¢ B
= - <% o ll-
T2
Touch -
# ! Mot ool
o T
B

8

Velocity (um min™)
»

lnachvated

1 2 3 4 5
e
o

-AEPSC%®@t= T,

12 —{3}— Region| —O— Region Il — Reglon m ‘ @ No = l—
hﬁé“—J**

Achvated

Bl 12 (a) BASEA#IRE KR, (b) 2k & eI RN T IR IIAEDY; (o) P38 1k L Se ML+ 3 22 ek

(192 Ji2 72 1)

7.5
® B -® 2
= Output image §7_o & i
® ® ® geo
ol E
® ® ® 7 §° i ,/\
® ® @
o 5.5 Aut

.............

jh |

SRbIvAZ

Figure 12 (a) Schematic diagram of BASE structure [34]. (b) Multi-sensory fusion realizes the control of robotic arm grasping function [34].
(c) Visual and tactile and multi-sensory recognition applications implemented on a single device [35] (color online).
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Abstract: In recent years, organic electronics has surged forward, fueled by the rapid advancement of organic
semiconductor materials and their devices. This progress holds immense promise for innovative applications in fields
like wearable electronics and artificial intelligence. Organic semiconductors shine with several benefits: their low cost,
excellent biocompatibility, tunable spectral response, and impressive flexibility. These attributes unlock significant
commercial potential, particularly in emerging intelligent sensing fields like optoelectronic devices. In the realm of
flexible biomimetic vision sensors, they are an indispensable building block. This paper delves into the research
advancements shaping artificial neural form visual intelligent sensing systems. We explore the categories of organic
photoelectric materials and photoelectric devices crucial for biomimicry in visual sensing, culminating in the discussion
of integrated multi-sensory systems encompassing both vision and touch. Finally, we analyze the significance and
current challenges of developing organic bionic vision systems, offering feasible research directions for harnessing the
power of organic visual perception and multi-sensory integration in the future.

Keywords: organic materials, photoelectric synapses, bionic applications, multi-sensory fusion, intelligent perception
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