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Abstract: The emergence of light-tunable synaptic transistors provides opportunities to break through the von Neumann bottle-
neck  and  enable  neuromorphic  computing.  Herein,  a  multifunctional  synaptic  transistor  is  constructed  by  using  2,7-
dioctyl[1]benzothieno[3,2-b][1]benzothiophene (C8-BTBT) and indium gallium arsenide (InGaAs) nanowires (NWs) hybrid hetero-
junction thin film as the active layer. Under illumination, the Type-I C8-BTBT/InGaAs NWs heterojunction would make the dissoci-
ated  photogenerated  excitons  more  difficult  to  recombine.  The  persistent  photoconductivity  caused  by  charge  trapping  can
then be used to mimic photosynaptic behaviors, including excitatory postsynaptic current, long/short-term memory and Pavlovi-
an  learning.  Furthermore,  a  high  classification  accuracy  of  89.72%  can  be  achieved  through  the  single-layer-perceptron  hard-
ware-based neural network built from C8-BTBT/InGaAs NWs synaptic transistors. Thus, this work could provide new insights in-
to the fabrication of high-performance optoelectronic synaptic devices.
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 1.  Introduction

With  the  clipping  evolution  of  artificial  intelligence  sys-
tems, massive amounts of data now need to be processed effi-
ciently[1−5].  However,  traditional  computers  with  von  Neu-
mann  architecture  are  frequently  unable  to  process  unstruc-
tured  information[6−11].  The  achievement  of  synaptic  func-
tions  can  supply  the  elementary  information  processing  unit
for  the  coming  neural  network  computer,  enlightened  by
the  human  brain[12−16].  Up  to  now,  phase-change  memory
and  memristors  are  particularly  well-reported,  where  syn-
aptic  devices  can  be  effectively  stimulated  by  electrical  sig-
nals[17−21]. But for the light signals, it can provide low consump-
tion  stimulation,  high  bandwidth,  strong  anti-interference
ability,  high  energy  efficiency  and  ultra-fast  signal  transmis-
sion[22−25].

Recently,  light-stimulated  synaptic  devices  have  attrac-
ted significant  attention[26, 27].  Han et  al.  fabricated an  organ-
ic  photoelectric  synaptic  transistor  (PST)  by  using  quantum
dots and 2D materials  with polymers as  the hybrid photoact-
ive  dielectric  layer[28].  Besides,  Huang et  al.  demonstrated  a
transistor  constructed  based  on  the  blending  of  biomaterials
and  organic  semiconductor  materials[29].  These  works  re-

vealed the considerable application potential of hybrid materi-
als in PST. It  is noted that indium gallium arsenide (InGaAs) is
a  typical  III–V  alloy  semiconductor  with  a  narrow bandgap at
room  temperature[10],  high  electron  mobility,  large  quantum
efficiency,  low  leakage  current  and  strong  radiation  resist-
ance, which is widely used in the fabrication of electronic and
optoelectronic devices[30]. Moreover, the 2,7-dioctyl[1]benzothi-
eno[3,2-b][1]benzothiophene (C8-BTBT) as a promising organ-
ic  semiconductor  has  advantages  in  high  crystallinity[31],  effi-
cient  charge  transport  and  high  ultraviolet  responsivity[32−34].

The combination of these two materials would provide effect-
ive tactics for manufacturing photoelectric devices.

In  this  work,  a  multifunctional  PSTs  were  fabricated  us-
ing  hybrid  C8-BTBT/InGaAs  NWs  heterojunction  thin  films  as
the  active  layers.  These  devices  successfully  mimicked  hu-
man synaptic behaviors, including excitatory postsynaptic cur-
rent (EPSC), paired-pulse facilitation (PPF) and Pavlovian condi-
tioning.  Then,  we demonstrate the applicability  of  the C8-BT-
BT/InGaAs NWs synaptic transistors in building high-perform-
ance  neuromorphic  networks  using  a  single-layer-perceptron
hardware-based  neural  network  (SLP  HW-NN)  for  the  Modi-
fied  National  Institute  of  Standards  and  Technology  (MNIST)
handwritten digit dataset with a recognition accuracy as high
as 89.72%.

 2.  Experimental section

 2.1.  InGaAs nanowires preparation

InGaAs  nanowires  were  synthesized  on  Si/SiO2 wafer
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pieces (270 nm thick thermally grown oxide) in a two-zone ho-
rizontal  tube furnace using a  chemical  vapor transport  meth-
od. The mixed InAs and GaAs powders (with the ratio of 1 :  9
in  wt%)  were  loaded  into  a  boron  nitride  crucible  at  the  up-
stream zone of  the furnace.  The growth substrate pre-depos-
ited  with  a  0.5  nm  thick  (nominal  thickness)  Au  film  as  the
catalyst was set at the downstream zone. The temperature of
the  downstream  zone  was  first  elevated  to  800  °C  and  kept
for  10  min  in  order  to  anneal  the  Au  catalyst.  Then,  the  tem-
perature  of  the  downstream  zone  was  cooled  directly  to
the growth temperature (660 °C) for the first step growth and
the  source  temperature  was  started  to  elevate  at  the  same
time.  When  the  source  temperature  reached  the  designated
value (810 °C),  the first  nucleation step began. After 1−2 min,
the  downstream  was  stopped  with  the  heating  and  then
cooled to a second step growth temperature (570 °C). Finally,
the  second step growth lasted for  40  minutes.  The hydrogen
(99.9995%)  was  used  as  a  carrier  gas  during  the  entire
growth process with the flowrate maintained at 100 sccm.

 2.2.  Materials and devices fabrication

2,7-dioctyl[1]benzothieno[3,2-b][1]benzothiophene  (C8-
BTBT) was purchased from SunaTech Inc. without further puri-
fication.  Polystyrene  (PS)  was  purchased  from  Sigma-Aldrich
without further purification.

 2.3.  Methods

A  heavily  n-doped  Si  wafer  with  a  thermally  grown  SiO2

layer (285 nm) was used as the substrate. Before device prepar-
ation, the substrate was sonicated in acetone and ethanol for
30  min,  respectively,  then  rinsed  with  isopropanol,  and  fi-
nally  dried by N2.  Next,  the substrate was modified under  UV
ozone  for  20  min.  During  the  off-center  spin  coating  (OCSC)
process,  C8-BTBT was  dissolved in  chlorobenzene (CB)  with  a
concentration  of  5  mg/mL.  PS  was  added  into  the  C8-BTBT

solution  as  an  additive  (10  wt%  of  PS).  The  substrate  pre-
pared with the nanowires was put into the chlorobenzene solu-
tion,  sonicated  for  5  s,  and  then  200  mL  of  the  solution  was
taken out and mixed with the C8-BTBT solution to form a tern-
ary  solution.  The  semiconductor  layer  was  fabricated  on  the
SiO2 via  the  same  OCSC  process  in  the  N2-golve  box.  Finally,
50-nm-thick  Ag  source  and  drain  electrodes  were  deposited
at  a  pressure  of  ~8  ×  10−4 Pa  on  C8-BTBT  films  with  a  shad-
ow mask,  resulting in  a  channel  with length-to-width ratio  of
80 μm/1000 μm.

 2.4.   Characterization

The electrical properties and synaptic function of the pre-
pared  C8-BTBT/InGaAs  NWs  transistors  were  measured  in  a
shielded  box  using  a  semiconductor  parameter  analyzer
(Keithley 4200-SCS). All data were measured in air with a relat-
ive humidity of 28%.

 3.  Results and discussion

The two-step catalytic solid-source chemical vapor depos-
ition (CVD) was utilized to synthesize InGaAs NWs[30]. Fig. 1(a)
shows  a  schematic  illustration  of  the  CVD  step  up  for  the
NWs  synthesis.  The  high-resolution  transmission  electron  mi-
croscope  (HRTEM)  and  scanning  electron  microscope  (SEM)
are  adopted  to  characterize  the  physical  features  of  InGaAs
NWs. The HRTEM and SEM images are shown in Figs. 1(b) and
1(c),  exhibiting  the  straight  and  uniform  nanowire  with  the
3.5  Å  of  inter  planar  spacing,  which  is  in  line  with  the  <111>
prominent direction of NWs. Subsequently, the energy dispers-
ive  spectrometer  (EDS)  mapping  of  TEM  is  used  to  show  the
uniform distribution of In, Ga and As elements along the NWs
(Fig. S1).

The  composition  of  InGaAs  NWs  is  confirmed  by  EDS
shown in Figs. S2(a) and S2(b), which determines the composi-
tion  of  InxGa1–xAs  with x being  about  0.43.  Fig.  S2(c)  exhibits

 

Fig. 1. (Color online) (a) Schematic illustration of the CVD setup for the NWs synthesis. (b) SEM image and (c) HRTEM image of the InGaAs NWs.
(d) Device schematic of the C8-BTBT/InGaAs NWs phototransistors. (e) Ilight/Idark curve from the devices under light with different intensities. (f) Out-
put characteristics in dark and under light (0.4 mW/cm2).
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a SEM image of a cross-section of a C8-BTBT/InGaAs NWs het-
erojunction  prepared  on  a  silicon  substrate  with  SiO2 dielec-
tric layer (285 nm), which shows that the thickness of the act-
ive  layer  is  approximately  40  nm.  Next,  the  X-ray  photoelec-
tron  spectroscopy  (XPS)  image  of  the  thin  film  added  with
NWs is shown in Fig. S2(d). A slight peak shift of S 2p into the
lower  binding energy  shows the  carrier  transfer  between the
C8-BTBT and InGaAs NWs. Then, Fig. 1(d) shows the schemat-
ic diagram of an artificial  synaptic device based on hybrid or-
ganic-inorganic  heterojunction.  The  relationship  between
Iphoto/Idark ratio and light intensity is investigated and shown in
Fig. 1(e). When the gate-source voltage (Vgs) is 20 V, the incid-
ent  light  intensity  is  0.2  mW/cm2,  and  the Iphoto/Idark ratio  of
the  device  reaches  2.7  ×  107.  Fig.  S3(a)  is  an  atomic  force
microscope  (AFM)  image  of  a  C8-BTBT/InGaAs  NWs  hybrid
thin  film,  demonstrating  the  film  hold  slick  surface  and  low
roughness  with  the  root-mean-square  roughness  (RMS)  is
0.64 nm. The AFM image of C8-BTBT thin film is also shown in
Fig.  S3(b).  Moreover,  Fig.  S3(c)  shows  the  transfer  curves  of
the devices that are exposed to different illumination intensit-
ies  and  gate  voltages.  It  is  evident  that  the  higher Iphoto/Idark

ratio  can  be  achieved  by  boosting  the  light  power.  The  out-

put  curves  of  the  device  are  also  essential  to  evaluate  the
photoresponse  performance.  When  exposed  to  the  light  of
0.4  mW/cm2,  the  drain-source  current  (Ids)  of  the  device  in-
creases  significantly  under  all  different Vgs,  which  shown  in
Fig.  1(f).  When  the Vgs is  –10  V,  the  device  completely  shut
down  in  the  dark.  The  minimum  device  current  can  reach
–1.0  ×  10–14 A,  and  the  overall  level  is  maintained  at  about
–9.5  ×  10–14 A.  Under  light  irradiation, Ids can  increase  to
–51 μA significantly.

The formation of memory in the brain is relevant to the es-
tablishment  of  a  synapse. Fig.  2(a)  demonstrates  the  parts  of
the brain related to memory and schematic diagrams of biolo-
gical synapses. The designed synaptic devices based on organ-
ic-inorganic  hybrid  film realize  the  slow current  decay,  which
can be used to mimic synaptic-like behaviors[35, 36].  To under-
stand the importance of NWs in synaptic devices, only C8-BT-
BT:PS  is  deposited  as  the  reference. Fig.  2(b)  shows  a  weak
EPSC  response  of  the  C8-BTBT  transistors.  When  applying  a
light  pulse  to  the  device  (365  nm, 0.4  mW/cm2,  0.05  s),  the
EPSC  immediately  peaks  up  to –27  nA  and  then  swiftly  dives
to 10.4% under dark condition. The electron–hole pairs in the
C8-BTBT  channel  layer  are  generated  after  light  irradiation,

 

Fig.  2.  (Color online)  (a)  Schematic illustration on the workings of  brain connections and biological  synapses.  (b,  c)  EPSC stimulated by a light
pulse for the phototransistors from pure C8-BTBT and C8-BTBT/InGaAs NWs transistors, respectively. (d) ΔW as a function of time collected from
EPSC. (e, f)  PPF measured from the phototransistors with pure C8-BTBT and C8-BTBT/InGaAs NWs transistors, respectively. (g) PPF index decay
and fitting curves.
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and  the  photo  generated  holes  fractionally  occupy  the
charge  trap  state  at  the  C8-BTBT/SiO2 interface.  When  the
light  is  turned  off,  the  photo  generated  holes  will  gradually
be recaptured, resulting in decreased EPSC behavior[37]. In con-
trast,  the  synaptic  devices  with  hybrid  C8-BTBT/InGaAs  NWs
film show a much stronger EPSC under the same light stimula-
tion. When removing the light pulse, the device current dives
to  43.0% (Fig.  2(c)),  demonstrating  significant  non-volatility.
The main reason for the apparent enhancement of synaptic be-
havior  after  adding  the  InGaAs  NWs  is  that  the  InGaAs  NWs
play  the  role  of  a  hole  trap  to  prevent  the  recombination  of
photogenerated  electrons  in  C8-BTBT[38].  Under  the  irradi-
ation  of  light  (light  absorption  of  C8-BTBT  and  InGaAs  NWs
are  shown in  Figs.  S4(a)  and S4(b),  respectively),  C8-BTBT will
cause the separation of electron-hole pairs and result in the im-
provement of carrier concentration. Meanwhile, the highest oc-
cupied molecular orbital (HOMO) and lowest occupied molecu-
lar orbital  (LUMO) levels of C8-BTBT totally cover the conduc-
tion  band  (CB)  and  valence  band  (VB)  of  InGaAs  NWs.  Thus,
the  Type-I  heterojunction  is  constructed,  and  it  is  beneficial
to  transfer  holes  from  the  C8-BTBT  layer  to  InGaAs  NWs  un-
der  the  light  stimulation[39].  The  (αhν)2–hν curves  of  C8-BTBT
and  InGaAs  NWs  are  shown  in  Figs.  S4(c)  and  S4(d),  demon-
strating  a  big  difference  in  the  band  gap  and  confirming  the
Type-I  heterojunction  of  organic-inorganic  hybrid  film.
Moreover,  the  detailed  process  of  carrier  transport  is  shown
in Fig. S5. On the one hand, under a negative electric field ap-
plied  on  the  gate,  a  small  part  of  photo-generated  holes  in
C8-BTBT  can  be  captured  by  interface  defect.  On  the  other
hand,  because  of  the  relatively  large  gap  and  energy  barrier
between  the  LUMO  level  of  C8-BTBT  and  CB  of  InGaAs  NWs,
the transfer of electrons from C8-BTBT to InGaAs NWs is more
difficult  than  holes[40].  Therefore,  the  more  photogenerated
holes will  be trapped by InGaAs NWs under light stimulation,
which  will  leave  the  photogenerated  electrons  in  C8-BTBT
film and cause the persistent photocurrent.

ΔW)
ΔW = Ip − It It

PPF = % ⋅ A
A

The  change  of  synaptic  weight  (  is  defined  as
,  of  which  is  the  initial  channel  current  and Ip is

the  postsynaptic  current  changes  over  time  after  the  light
pulse.  As Fig.  2(d)  illustrated,  the  ∆W of  the  C8-BTBT/InGaAs
NWs  synaptic  transistor  is  significantly  larger  than  that  of
only C8-BTBT device. The results indicate that the organic-inor-
ganic  hybrid  thin  film  could  induce  more  carrier  capture  and
retention,  showing better  potential  in mimicking human syn-
aptic  behaviors.  Hence,  this  behavior  is  used  to  simulate  the
learning-forgetting-relearning process by employing a pair  of
successive  light  pulses,  as  illustrated  in Fig.  2(e).  The  PPF  in-
dex as an important neurological function is mimicked success-
fully  by the PST.  Here,  the two consecutive peaks are applied
with 300 ms time interval. The following formula can be used
to  describe  the  PPF  index: ,  where  the  first

and second EPSC values are represented by A1 and A2, respect-
ively[41].  It  is  obvious  that  when  the  organic-inorganic  hybrid
thin film is introduced, the more pronounced PPF index is real-
ized with the same interval time (Fig.  2(f)). Fig.  2(g) compares
the  differences  between  the  two  devices  in  PPF  index.  Ac-
cording to the trend of  the curve,  PPF index of  pure C8-BTBT
devices  is  easier  to  decay  to  the  initial  current,  while  C8-BT-
BT/InGaAs NWs devices can maintain for  a  longer time.  Com-
pared  with  the  C8-BTBT  device,  the  C8-BTBT/InGaAs  NWs  hy-

brid  thin  film  has  more  contact  interfaces  of  organic  and
inorganic materials.  Therefore,  the photogenerated holes can
be  captured  at  the  organic  semiconductor-NWs  interface
and  dielectric/organic  semiconductor  interface,  offering  a
stronger carrier storage capacity.

Similarly, the artificial synaptic devices can also be conver-
ted  from  short-term  plasticity  (STP)  to  long-term  plasticity
(LTP)  by using different  number  of  light  pulses,  pulse  widths,
pulse  intensities,  and  so  on[6].  After  the  light  pulses  stimula-
tion  with  varying  power  density,  the  EPSC  are  calculated  by
measuring  the  difference  between  current  after  spark  1   and
2  s  (It)  and  resting  current  (I0)  before  pulse  spark,  which  is
shown  in Fig.  3(a).  Similar  to Fig.  3(a), Fig.  3(b)  shows  the
EPSC changed with different pulse widths.  The It is  measured
at 1 and 2 s after stimulation with different pulse widths.  The
results suggest that the addition of NWs could make the disso-
ciated  excitons  more  difficult  to  recombine,  and  the  channel
decays more slowly at the same time.

Multi-level  stimulus  behavior  with  10  continuous  light
pulses (0.4 mW/cm2, width = 0.2 s, interval = 1.8 s) are demon-
strated in Fig. 3(c).  The conductivity state with many modula-
tion stages is observed, indicating that the PST has the poten-
tial  to  achieve  multi-level  optical  storage.  Due  to  the  aug-
ment  of  light  stimulation  intensity,  the  significant  change  of
EPSC shows the tendency of  transformation from STP to LTP.
The behavior could be explained that as the intensity of light
pulse  increases  and  more  holes  are  injected  into  the  InGaAs
NWs.  Moreover,  the  increase  in  optical  power  density  could
realize  a  conversion  for  the  device  from  STP  to  LTP. Fig.  3(d)
is  extracted  from Fig.  3(c),  demonstrating  the  connections
between  the  EPSC,  the  number  of  pulses  and  different  light
power intensity. The long-time potentiation/depression charac-
teristics of optoelectronic synaptic devices could be also con-
firmed  for  continuous  light  and  voltage  pulses,  which  are
presented  in Fig.  3(e).  The  readout  current  increased  step-
wise under 30 optical stimuli (0.4 mW/cm2, width = 0.2 s, inter-
val  =  3.8  s).  Then,  under  30  electrical  stimulations  (–40  V,
width = 0.2 s, interval = 3.8 s), the synaptic transistor shows a
stepwise  decreasing  trend.  Furthermore,  the  photoresponse
of  C8-BTBT/InGaAs  NWs  phototransistors  can  be  turned  on
and off  by light  irradiation (0.08 mW/cm2,  49 s)  and electrical
pulse  (–70  V  and  2  s),  respectively.  Several  work  cycles  of  or-
ganic–inorganic  artificial  synapse  based  on  PST  are  shown  in
Fig. 3(f).

As discussed above, due to the relatively high light absorp-
tion of the thin film, multiple interfaces and Type-I band struc-
ture,  the  photogenerated  holes  can  be  easier  to  transfer  and
are trapped by the InGaAs NWs. As shown in Fig. 4(a), the elec-
trons  left  in  organic  semiconductor  which  cannot  be  recom-
bined.  Then  the  persistent  photoconductivity  is  induced.  At
the same time,  due to the position of  the Fermi energy level,
there  is  a  potential  barrier  at  the  interface,  which  further
hinders  the electrons  transfer  and holes  backflow.  Besides,  in
Fig.  4(b),  a  large voltage (–70 V)  is  applied to the gate to pull
the  trapped  electrons  from  the  InGaAs  NWs  and  this  results
in the device returning to the off state quickly. Thus, the state
of the devices can be switched through light stimulation and
gate  voltage  repeatedly.  Importantly,  in  order  to  investigate
the potential in practice application, Pavlovian learning (classic-
al  conditioning)  is  demonstrated  based  on  the  PST[42].  As
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shown in the Fig. 4(c), the electrical and light pulses could be
adopted  as  conditioned  stimulus  and  unconditioned  stimu-
lus, respectively. We define a threshold of 0.4 μA. The 0.2 s con-
tinuous  optical  pulse  simulates  the  initial  food  and  induces
the  EPSC  to  reach  the  threshold.  The  initial  bell  ring  is  simu-
lated with five consecutive electrical pulses, which does not in-
duce the salivation response threshold simulation.  After  0.2  s
of continuous optical pulse and electrical pulse repetitive stim-
ulation,  EPSC  over  0.4 μA  is  observed,  indicating  the  Pavlovi-

an simulations reach the saliva threshold. The complete associ-
ation  process  and  human  brain  memory  process  are  shown
in  the  Fig.  S6.  It  obviously  shows  that  the  mixing  stimuli  can
realize  the  classical  Pavlovian  conditioning  successfully  and
strengthen  the  effect  of  learning  by  increasing  the  learning
times[43].

Finally,  in  order  to  illustrate  the  performance  improve-
ment  of  the C8-BTBT/InGaAs NWs synaptic  transistor  in  neur-
omorphic computation, these PSTs with discrete and finite con-

 

Fig. 3. (Color online) (a) Light intensity dependence of the EPSC with different light pulse stimulation. (b) Light pulse width dependence of the
EPSC with different width stimulation. (c) The EPSC of 10 consistent light pulses measured from the different light intensity. (d) EPSC change ex-
tracted from (c). (e) Photonic potentiation and electric depression by 30 times of light pulses and negative electric pulses. (f) Stability testing of
photoresponse of C8-BTBT/InGaAs NWs phototransistors.

 

Fig. 4. (Color online) Schematic illustrations of (a) the existence of electrons in the device after light illumination and (b) the recombination pro-
cess of electrons and holes with voltage applied to the gate. (c) The complete association learning process. After training, CS can trigger UR (can-
ine saliva secretion, unconditional response).
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ductivity  characteristics  are  used  to  construct  a  SLP  HW-
NN[44].  In  PST,  changes  in  channel  conductance  result  in
changes in synaptic weights. The long-term potentiation pro-
cess is driven by 50 light pulses (0.4 mW/cm2, width = 0.2 s, in-
terval  =  3.8  s),  while  50  voltage  pulses  drive  the  long-term
depression  process  (–40  V,  width  =  0.2  s,  interval  =  3.8  s).
Figs.  5(a)  and 5(b)  show  the  corresponding  mean  values  of
the  variation  range  for  long-time  potentiation/long-time  de-
pression  characteristics  in  several  C8-BTBT  and  C8-BTBT/In-
GaAs NWs transistors, respectively[45]. In order to make dynam-
ic  range  more  prominent  and  noticeable, Gmax/Gmin value  is
used for evaluation[46]. The Gmax/Gmin value of C8-BTBT transist-
ors is 41.6, and the ratio of C8-BTBT/InGaAs NWs transistors is
197.2,  which  exhibits  a  more  remarkable  conductivity
change, as described in Fig. 5(c).

The  performance  of  SLP  HW-NN  consisting  of  C8-BTBT
and C8-BTBT/InGaAs NWs PST are evaluated, respectively. The
60 000 training sets are applied in the MNIST dataset for learn-
ing  and  10  000  image  test  sets  to  assess  classification  preci-
sion.  The  MINIST  dataset  is  composed  of  handwritten  digital
images  with  10  classes  (from  0  to  9)  and  each  image  is  28  ×
28 pixels.  Therefore, a SLP HW-NN consists of 784 input neur-
ons  and  10  output  neurons,  exhibited  in Fig.  5(d)[47].
Moreover, Fig.  5(e) presents the synaptic apparatus array cor-
responding to the SLP HW-NN. As shown in Fig. 5(f), the simu-
lation results indicate that the SLP HW-NN composed of C8-BT-
BT  could  provide  up  to  82.78%  recognition  rate.  In  contrast,
the C8-BTBT/InGaAs NWs synaptic devices can provide a recog-
nition accuracy as high as 89.72%. This demonstrates that the
C8-BTBT/InGaAs NWs PST has more advantages in neural net-
work classification recognition.

 4.  Conclusion

In  summary,  an  efficient  photo-synaptic  transistor  that  is
based  on  a  C8-BTBT/InGaAs  NWs  hybrid  heterojunction  thin
film is constructed. The addition of InGaAs NWs improves the
retention  of  the  continuous  conductance  and  exhibits  excel-
lent photoresponse characteristics and programmable persist-
ent photoconductivity effects to simulate basic biological syn-
aptic behavior. The simulated SLP HW-NN composed of C8-BT-
BT/InGaAs  NWs  PST  can  achieve  classification  accuracy  as
high as 89.72% for MNIST dataset, which shows the great po-
tential in practical application.
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