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Abstract   Intrinsically stretchable organic photodetectors (IS-OPDs) are highly attractive for applications such as skin-mounted wearables, soft

robotics, and electronic textiles. However, simultaneously achieving mechanical robustness and stable optoelectronic functionality under high

strain remains a challenge. Here, we demonstrate that the fibrillar network morphology formed by high-molecular-weight conjugated polymer

blends provides an effective pathway to overcome this limitation. The entangled, interconnected polymer fibrils establish a mechanically perco-

lated network that efficiently dissipates strain energy and suppresses crack propagation, enabling a high fracture strain of about 80% and en-

hanced toughness. The fibrillar network also forms continuous charge transport pathways, resulting in improved carrier mobility and reduced

trap density. Therefore, the IS-OPDs exhibit outstanding performance stability under large deformations, maintaining a high detectivity of about

1012 Jones at strains above 40%, while enabling reliable optical communication and clear imaging capability even at 100% strain. Our study iden-

tifies a high-molecular-weight-driven fibrillar morphology as a key structural motif for mechanically robust IS-OPDs.
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INTRODUCTION

Stretchable  photodetectors  have  emerged  as  next-generation
soft  optoelectronics  with  promising  applications  such  as  skin-
mounted  wearable  sensors,  soft  robotics,  and  electronic
textiles.[1−5] In these scenarios, photodetectors must operate re-
liably  under  large  and  repeated  mechanical  strains  (e.g.,  about
42%  for  finger  joints,  about  45%  for  wrists,  about  63%  for  el-
bows,  and  about  100%  for  knees),[6,7] while  maintaining  stable
photoresponse,  low  noise,  fast  response,  and  high  detectivity.
Organic semiconductors are attractive for such applications be-
cause of their mechanical compliance and solution processabil-
ity.[8−12] However,  achieving  intrinsically  stretchable  organic
photodetectors (IS-OPDs) that can simultaneously tolerate large
tensile  strains  and  preserve  optoelectronic  functionality  re-
mains a central challenge.[13−15] This difficulty arises from the in-

trinsic  conflict  between  the  structural  order  required  for  effi-
cient charge generation and transport and the mechanical com-
pliance  needed  to  accommodate  large  deformations  without
fracture or performance degradation.

Current  strategies  to  address  this  limitation  have  focused
on  molecular-level  designs  or  compositional  modifications.
Typical  approaches  include  synthesizing  stretchable  conju-
gated  polymers  with  flexible  side  chains  or  backbones,[16−21]

incorporating  dynamic  or  noncovalent  interactions,[22−26] or
blending  photoactive  materials  with  elastomeric  matrices  to
improve the mechanical  softness.[27−30] While these methods
can  enhance  stretchability,  they  often  compromise  charge
transport,  increase energetic disorder,  or  dilute the photoac-
tive phase, ultimately limiting photodetection performance.

However,  engineering  thin-film  morphologies  beyond  the
molecular scale is still  out of reach.[31−33] In organic semicon-
ductors,  both  mechanical  and  electronic  properties  are  gov-
erned  by  hierarchical  structures  spanning  multiple  length
scales,  from  chemical  structures  to  molecular  packing,  and
mesoscale  phase  separation.  Deficiencies  at  any  structural
level can degrade overall  device performance.[34] In this con-
text,  fibrillar  morphologies  have  been  widely  recognized  as
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highly  desirable  in  organic  solar  cells  and  organic  photode-
tectors  because  they  promote  efficient  exciton  dissociation
and  provide  continuous  percolation  pathways  for  charge
transport.[35−40] However, the exploitation of fibrillar architec-
tures  to  simultaneously  address  the  mechanical  robustness
and optoelectronic stability of IS-OPDs remains unexplored.

Here, we demonstrate that the fibrillar network morpholo-
gy  formed  by  high-molecular-weight  conjugated  polymer
blends  offers  an  effective  route  to  resolving  this  long-stand-
ing  trade-off  (Fig.  1a).  We  show  that  kinetically  controlled
polymer  crystallization,  enabled  by  solution  processing  with
ortho-dichlorobenzene (o-DCB), drives the formation of an in-
terconnected  fibrillar  network  composed  of  entangled  high-
molecular-weight polymer chains (Fig. 1b). This mechanically
percolated  fibrillar  network  provides  efficient  strain-energy
dissipation  pathways,  enabling  a  high  fracture  strain  (>80%)
and  enhanced  toughness  (Fig.  1c and  Table  S1  in  the  elec-
tronic  supplementary  information,  ESI).  The  fibrillar  network
also serves as a continuous charge-transport highway, reduc-
ing  trap  states  and  recombination  while  facilitating  efficient
carrier  transport  and balancing photodetection performance
(Fig.  1d).  The  synergistic  combination  of  mechanical  energy
dissipation  and  electronic  percolation  allows  IS-OPDs  to

maintain stable photodetection performance under large de-
formations.  Our  results  establish  a  high-molecular-weight-
driven fibrillar network morphology as a powerful multi-scale
structural  motif  for  balancing  the  mechanical  durability  and
optoelectronic functionality in IS-OPDs.

RESULTS AND DISCUSSION

Systems Selection and Multi-scale Morphology
To validate our proposed strategy of leveraging high-molecular-
weight-driven  fibrillar  networks  for  IS-OPDs,  we  employed  an
all-polymer  system  consisting  of  PQM-Cl  as  the  donor  and
P(NDI2OD-T2)  as  the  acceptor.  Both  polymers  incorporated
thiophene-based  conjugated  backbones  with  pronounced  in-
trachain  torsional  flexibility,  which  promoted  conformational
disorder  and  facilitated  chain  entanglement  at  high  molecular
weights.  The  number-average  molecular  weights  are  82.7  kDa
for  PQM-Cl  and  53.3  kDa  for  P(NDI2OD-T2)  as  determined  by
high-temperature  gel  permeation  chromatography  (Fig.  S1  in
ESI). The UV-Vis-NIR absorption spectra of the neat and blended
films demonstrate complementary absorption across the visible
region (Fig. S2 in ESI),  supporting a broadband photoresponse,
while providing a suitable platform to explore the morphology-
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Fig.  1    (a)  Schematic  illustration  of  the  IS-OPD  device  architecture,  highlighting  a  photoactive  blend  film  composed  of  high-molecular-weight
conjugated polymers that form an interconnected fibrillar network, enabling enhanced mechanical robustness and efficient charge transport with
suppressed  trap  states;  (b)  Schematic  representation  of  conjugated  polymer  fibrils  formed  through  crystallization  of  PQM-Cl  and  P(NDI2OD-T2)
chains;  (c)  Comparison of  elastic  modulus  (E),  yield  point  (εy),  fracture  strain  (ε),  and toughness  (t)  for  blend films processed from CB and o-DCB;
(d) Summary of photodetection performance metrics of OPDs fabricated using CB- and o-DCB-processed active layers.
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property relationships in IS-OPDs.
To  regulate  crystallization-driven  phase  separation  and

thereby access distinct multi-scale morphologies, blend films
were  processed  from  chlorobenzene  (CB)  and o-DCB,  which
differ  significantly  in  their  boiling  points  (132  °C  versus  180
°C). In situ absorption spectra during solution drying revealed
comparable (0-0)/(0-1) vibronic peak ratios for CB and o-DCB
at the initial stage, indicating similar aggregation states in so-
lution (Fig. 2a and Fig. S3 in ESI). However, o-DCB processing
extended the film formation timescale from about 2 s (CB) to
about 27 s for PQM-Cl, providing a sufficient time window for
polymer  chain  rearrangement  and  self-assembly  (Fig.  2b).
This  prolonged  drying  process  enables  a  more  complete
chain reorganization during film formation, directing distinct
crystallization pathways and phase separation behavior.

Grazing incidence wide-angle X-ray scattering (GIWAXS) re-
veals that both films adopt a predominantly face-on orienta-
tion,  with  pronounced π-π stacking  reflection  at  1.64  Å−1 in
the  out-of-plane  (OOP)  direction  and  lamellar  reflection  at
0.2−0.4 Å−1 in the in-plane (IP) direction, favorable for vertical
charge transport in OPDs (Figs. 2c and 2d). Compared with CB

processing,  the o-DCB  blend  showed  significantly  enhanced
crystallization  with  better-defined  lamellar  ordering.  Multi-
peak fitting revealed increased lamellar coherence lengths of
181 Å for P(NDI2OD-T2) and 58 Å for PQM-Cl, which are sub-
stantially higher than those of the CB blend (77 and 55 Å, re-
spectively;  Fig. S4 and Table S2 in ESI).  The o-DCB blend also
exhibited enhanced crystallinity, as evidenced by an approxi-
mately 18% increase in the total lamellar peak area relative to
that  of  the  CB-processed  film.  Such  enhanced  crystallization
reflects  more effective chain rearrangement during slow sol-
vent  evaporation,  favoring  extended  polymer  packing  and
providing a  structural  foundation for  fibrillar  network forma-
tion.

The impact of this crystallization behavior on the morphol-
ogy  was  directly  visualized  by  atomic  force  microscopy-in-
frared  spectroscopy  (AFM-IR)  mapping  at  1308  cm−1,  corre-
sponding to the characteristic vibration of P(NDI2OD-T2) (Fig.
S5  in  ESI).  As  shown  in Fig.  2(e),  the  CB-processed  films  dis-
play  coarse,  irregular  aggregates,  whereas o-DCB  processing
yields a well-developed, interconnected fibrillar network with
a characteristic fibril width of about 50 nm (Fig. S6 in ESI). The
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Fig. 2    (a) 2D contour images of in situ UV-Vis-NIR spectra of PQM-Cl:P(NDI2OD-T2) blend films processed from CB and o-DCB; (b) The absorbance
of PQM-Cl (λ about 560 nm) as a function of spin-coating time; (c) GIWAXS scattering patterns and (d) corresponding sector-averaged I-q profiles of
PQM-Cl:P(NDI2OD-T2)  blend  films  processed  from  CB  and o-DCB;  (e)  AFM-IR  images  of  the  blend  films  acquired  at  1308  cm−1.  The  color  scale
represents the IR amplitude, and the scale bar is 200 nm.

  Nie, H. B. et al. / Chinese J. Polym. Sci. 3

 
https://doi.org/10.1007/s10118-026-3746-y

 

https://doi.org/10.1007/s10118-026-3746-y
https://doi.org/10.1007/s10118-026-3746-y
https://doi.org/10.1007/s10118-026-3746-y
https://doi.org/10.1007/s10118-026-3746-y
https://doi.org/10.1007/s10118-026-3746-y
https://doi.org/10.1007/s10118-026-3746-y
https://doi.org/10.1007/s10118-026-3746-y


elevated IR amplitude within the fibrils indicates a higher do-
main  purity,  which  is  consistent  with  crystallization-induced
phase separation. Resonant soft X-ray scattering (RSoXS) was
used  to  probe  the  morphology  (Fig.  S7  in  ESI).  No  pro-
nounced  scattering  peak  was  observed  in  the I-q curves,
which can be attributed to the limited resonant contrast  be-
tween the donor and acceptor components with similar con-
jugated backbones. Instead, the o-DCB-processed film exhib-
ited  a  pronounced  low-q intensity  upturn,  which  corre-
sponds to enhanced scattering from larger length-scale struc-
tures  (d =  2π/q)  and  suggests  the  formation  of  larger  and
more phase-pure domains. To further verify the role of molec-
ular  weight  in  fibrillar-network  formation,  a  low-molecular-
weight  batch  of  PQM-Cl  was  used  as  a  control.  This  PQM-Cl
batch exhibited markedly enhanced solubility in CB, as shown
by  solubility  analysis  (Fig.  S8  in  ESI).  When  blended  with
P(NDI2OD-T2)  under  the  same  processing  conditions,  low-
molecular-weight  PQM-Cl  failed  to  develop  an  interconnect-
ed  fibrillar  network  and  instead  formed  coarse  aggregates
(Fig. S9 in ESI), highlighting the critical role of high molecular
weight  PQM-Cl  in  fibrillar  network  formation.  These  results
demonstrate that enhanced crystallization in high-molecular-
weight  blends  drives  the  formation  of  high-purity  intercon-
nected  polymer  fibrils,  establishing  a  mechanically  percolat-
ed  and  electronically  continuous  network  that  underpins
both  effective  strain  accommodation  and  charge  transport
preservation under deformation.

Mechanical Properties
The phase-separated morphology was strongly correlated with

the mechanical response of the blend films. Representative ten-
sile  stress-strain  (σ-ε)  curves  are  shown in Fig.  3(a).  The o-DCB-
processed  blend  exhibited  a  fracture  strain  of  80.55%  and  a
markedly higher toughness than the CB-processed blend, which
fractured at 51.47%. Notably, the yield strain of the o-DCB blend
reached 9.56%, representing a 1.6-fold increase over that of the
CB blend, indicating enhanced structural  integrity and delayed
plastic  deformation  under  the  applied  strain.  Additional σ-ε
measurements  show  the  same  trend  of  enhanced  mechanical
properties in the o-DCB-processed thin films. These results also
confirmed the statistical reliability and reproducibility of the me-
chanical data (Fig. S10 in ESI). In comparison, neat high-molecu-
lar-weight  PQM-Cl  and  P(NDI2OD-T2)  films  exhibited  substan-
tially  lower  fracture strains  than the corresponding blend films
(Fig.  S11 in ESI),  indicating that the high molecular weight of a
single isolated component was insufficient to account for its ex-
ceptional mechanical properties. These results suggest that the
enhanced mechanical robustness arises from the interpenetrat-
ing  fibrillar  network  formed  in  the  high-molecular-weight
donor:acceptor blend.

Cyclic  tensile  tests  were  conducted  to  further  investigate
the  strain-energy  dissipation  capability  (Fig.  3b).  Under  an
identical  applied strain of 20%, the o-DCB-processed film ex-
hibited  a  significantly  larger  hysteresis  area  between  the
loading  and  unloading  curves  than  the  CB-processed  film,
corresponding  to  energy  dissipation  values  of  6.61  and  5.24
MJ·m−3, respectively (Figs. 3b and 3c). The damping capacity,
defined as the ratio of dissipated energy to total input energy,
reached 82.3% for the o-DCB blend, exceeding the 75.5% ob-
served for the CB blend. These results indicate that the high-
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Fig. 3    (a) Stress-strain curves and (b) cyclic tensile loading-unloading curves of PQM-Cl:P(NDI2OD-T2) blend films processed from CB and o-DCB;
(c) Comparison of energy dissipation and damping capacity for the blend films; (d) Optical microscopy images of blend films transferred onto PDMS
substrates under different applied tensile strains.
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molecular-weight  fibrillar  network  provides  efficient  path-
ways for strain-energy dissipation during large deformations.

To  evaluate  the  mechanical  performance  of  the  support-
ing  elastomer  substrate,  thin  films  were  transferred  onto
polydimethylsiloxane  (PDMS)  membranes,  and  crack-onset
strain  (COS)  was  monitored  by  optical  microscopy  (Fig.  3d).
The  CB-processed  film  developed  extensive  irreversible  mi-
crocracks  at  40%  strain,  whereas  the o-DCB-processed  film
maintained  its  structural  integrity  even  at  100%  strain  with-
out  observable  cracking.  This  striking  contrast  confirms  that
the interconnected fibrillar  network effectively translates the
molecular  packing  and  mesoscale  morphology  into  macro-
scopic film cohesion, thereby suppressing crack initiation and
propagation under extreme deformation.

Photodetection Performance
To  evaluate  the  photodetection  performance  independent  of
mechanical  deformation,  rigid  OPDs were fabricated with  con-
ventional  ITO/PEDOT:PSS/active  layer/PNDIT-F3N-Br/Ag,  where
the active layer was PQM-Cl:P(NDI2OD-T2) blend film processed
from  CB  or o-DCB,  and  the  thickness  was  optimized  to  about
300 nm for both conditions (Fig. S12 in ESI). Fig. 4(a) shows the
representative dark current density-voltage (Jd-V) characteristics.
Compared with the CB-processed device, the o-DCB device ex-
hibits  a  consistently  reduced  dark  current  under  reverse  bias,
reaching  2.42×10−8 A·cm−2 at −0.1  V.  Correspondingly,  the  ex-
ternal quantum efficiency (EQE) spectra measured at −0.1 V re-
veal enhanced photon-to-current conversion for the o-DCB de-
vice  across  the  400−700  nm  spectral  range  (Fig.  4b).  The  con-
current  suppression  of  dark  current  and  enhancement  of  EQE
translate  into  a  markedly  improved  specific  detectivity  (D*),
which reaches 2.18×1012 Jones at 570 nm for the o-DCB device,
compared with 1.65×1012 Jones for the CB counterpart (Fig. 4c).
The noise  power  spectral  density  (Sn)  of  the o-DCB device  was

consistently lower in the low-frequency regime (Fig. S13 in ESI),
which is indicative of reduced flicker noise and suppressed carri-
er-trapping dynamics.

To elucidate the physical origin of the enhanced photode-
tection  performance,  we  first  examined  the  internal  electric
field  characteristics  of  the devices.  Capacitance-voltage (C-V)
measurements  revealed  a  higher  built-in  potential  (Vbi)  for
the o-DCB  device  (0.789  V)  than  for  the  CB  device  (0.733  V)
(Fig.  S14  in  ESI),  suggesting  a  more  efficient  charge  separa-
tion.[41] Furthermore,  capacitance-frequency (C-F)  analysis  al-
lows  the  extraction  of  the  trap  density  of  states  (tDOS)  as  a
function  of  energy.  As  shown  in Fig.  4(d),  the o-DCB  device
exhibited  a  moderately  reduced  tDOS  (at  about  0.49  eV,  im-
plying  partial  suppression  of  deep-trap  states.  These  results
indicate  that  the  morphology  formed  under o-DCB  process-
ing  improves  donor-acceptor  percolation  while  mitigating
electronic  disorder,  both  of  which  are  essential  for  lowering
the dark current.[42]

Charge  transport  and  recombination  were  further  investi-
gated to establish a direct link between the morphology and
carrier  dynamics.  Space-charge-limited  current  (SCLC)  mea-
surements performed on hole-only and electron-only devices
revealed  enhanced  hole  (μh)  and  electron  (μe)  mobilities  in
the o-DCB-processed  blend  films  (Fig.  S15  and  Table  S3  in
ESI),  reflecting the improved transport within the bulk active
layer.  Complementarily,  photo-CELIV  measurements  probe
carrier  extraction  dynamics  under  operational  device  condi-
tions  and show a  higher  effective  carrier  mobility  for o-DCB-
processed  OPDs  (Fig.  4e).  The  consistent  mobility  enhance-
ment observed in both bulk- and device-level measurements
suggests  the  formation  of  a  well-connected  transport  net-
work.  Charge  recombination  was  probed  by  light-intensity-
dependent  measurements  of  the  short-circuit  current  and
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Fig. 4    (a) Dark J-V characteristics, (b) EQE spectra at −0.1 V, (c) D* derived from EQE and Jd at −0.1 V, (d) tDOS as a function of energy, (e) photo-
CELIV transients, and (f) carrier recombination rate of PQM-Cl:P(NDI2OD-T2) based OPDs processed from CB and o-DCB.
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open-circuit  voltage,  which  indicated  reduced  trap-assisted
recombination  in  the o-DCB  devices  (Fig.  S16  in  ESI).  Tran-
sient  photovoltage  measurements  further  revealed  a  lower
recombination rate constant (krec),[43] corroborating the more
efficient charge extraction (Fig. 4f).

These  results  demonstrate  that  the  kinetically  controlled
fibrillar  network  morphology  formed  from  high-molecular-
weight conjugated polymer blends simultaneously promotes
efficient  charge  transport  and  suppresses  trap-mediated  re-
combination. This morphology-enabled balance between low
electronic  disorder  and  robust  percolation  pathways  under-
pins the reduced Jd and enhanced D* observed in o-DCB-pro-
cessed OPDs.

Given  the  balance  between  mechanical  and  photodetec-
tion  performance,  IS-OPDs  were  fabricated  with  a  TPU/
PEDOT:PSS  (M-PH1000)/PEDOT:PSS  (4083)/active  layer/PN-
DIT-F3N-Br/EGaIn@Ag  structure,  where  M-PH1000  and
EGaIn@Ag  served  as  stretchable  transparent  and  back  elec-
trodes, respectively (Fig. 1a).[28] No additional external encap-
sulation  layer  was  applied  in  this  work;  the  EGaIn@Ag  back
electrode  formed  a  native  gallium  oxide  skin  in  air,  which
helped stabilize the liquid metal electrode and suppress leak-
age  during  mechanical  deformation.  The  devices  processed
from CB and o-DCB were systematically compared.

Representative  dark J-V characteristics  under  tensile  strain
are  shown  in Figs.  5(a)  and  5(b),  and  the  evolution  of Jd at
−0.1  V  is  summarized  in Fig.  5(c).  For  CB-processed  devices,
the  reverse-bias Jd increases  sharply  beyond  30%  strain,  ris-
ing from 1.95×10−7 A·cm−2 at 0% strain to 2.07×10−6 A·cm−2 at
30% strain and further to 1.18×10−4 A·cm−2 at 70% strain, ac-
companied by a collapse of the rectification ratio to near uni-
ty.  This  behavior indicated the formation of  irreversible leak-
age  pathways  and  electrical  failure  under  deformation.  In

contrast, o-DCB-processed  devices  maintained  a  stable Jd of
the  order  of  10−8 A·cm−2 with  minimal  variation  up  to  40%
strain,  demonstrating  markedly  enhanced  electrical  robust-
ness. At higher strains (60% and 70%), a non-monotonic vari-
ation  in Jd is  observed,  which  is  likely  associated  with  the
degradation  of  the  rectification  behavior  under  large  defor-
mation.  Additional  strain-dependent dark J-V curves showed
similar  trends (Fig.  S17 and Table S4 in  ESI).  These variations
may  originate  from  the  formation  of  localized  microcracks
and  interfacial  inhomogeneities,  which  introduce  additional
leakage  pathways  and  reduce  the  effectiveness  of  the  injec-
tion  barrier.  The  environmental  stability  of  IS-OPDs  was  also
evaluated  in  air.  As  shown  in  Fig.  S18  (in  ESI), o-DCB-pro-
cessed  devices  retain  more  stable  strain-dependent  dark J-V
characteristics  compared  to  the  CB-processed  devices  after
air exposure, which can be attributed to the mechanically ro-
bust fibrillar network morphology.

Consistent  with  the  dark  current  evolution,  the  EQE  spec-
tra of both devices gradually decreased with increasing strain
(Figs. 5d and 5e), suggesting a reduced carrier collection effi-
ciency and enhanced trap-assisted recombination induced by
mechanical  deformation.[44] The  resulting  strain-dependent
D* values are shown in Fig. 5(f). The o-DCB-processed devices
exhibit  negligible  degradation  in D*,  maintaining  values
around  1.89×1012 Jones  up  to  40%  strain,  whereas  CB-
processed  devices  suffer  pronounced  performance  loss  at
30%  strain.  The  key  performance  metrics  are  summarized  in
Table  1.  Therefore,  these  results  demonstrate  that  the  inter-
connected fibrillar network formed by high-molecular-weight
conjugated polymers effectively translates microscopic struc-
tural  integrity  into  macroscopic  device  stability,  enabling  IS-
OPDs with robust mechanical resilience and reliable photode-
tection performance under large deformations.
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Fig. 5    Strain-dependent dark J-V characteristics of IS-OPDs processed by (a) CB and (b) o-DCB; (c) Dark current density at −0.1 V as a function of
strain. Strain-dependent EQE spectra of IS-OPDs processed by (d) CB and (e) o-DCB; (f) D* at 560 nm under −0.1 V as a function of strain.
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Practical Applications of Stretchable Device
Stable and mechanically robust IS-OPDs are essential for emerg-

ing applications such as deformable optical communication sys-
tems  and  wearable  imaging  platforms.  As  proof-of-concept

 

Table 1    Summary of performance metrics for IS-OPDs under different strains.
 

Device Strain (%) Jd@−0.1 V (A·cm−2) EQE@560 nm (%) R (A·W−1) D*@560 nm (Jones)

CB 0% 1.95×10−7 42.20 0.191 7.64×1011

10% 2.48×10−7 42.32 0.191 6.78×1011

20% 2.50×10−7 39.74 0.179 6.33×1011

30% 2.07×10−6 36.75 0.166 2.04×1011

40% 3.17×10−6 34.96 0.158 1.57×1011

50% 3.79×10−6 32.75 0.148 1.34×1011

60% 7.57×10−5 27.72 0.125 2.54×1010

70% 1.18×10−4 26.62 0.120 1.95×1010

o-DCB 0% 3.40×10−8 41.19 0.186 1.78×1012

10% 4.25×10−8 40.68 0.184 1.58×1012

20% 3.45×10−8 39.24 0.177 1.68×1012

30% 2.39×10−8 37.71 0.170 1.94×1012

40% 2.27×10−8 36.55 0.165 1.93×1012

50% 1.30×10−7 33.04 0.149 7.32×1011

60% 4.44×10−5 31.72 0.143 3.79×1010

70% 4.36×10−5 30.32 0.137 3.67×1010
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Fig.  6    (a)  Schematic  illustration of  the  optical  communication system based on IS-OPDs and the  corresponding output  pulse  signals  recorded
under 560 nm optical pulses modulated at 0.5 kHz with a bias of −0.1 V; (b) Schematic of the single-pixel imaging setup using an IS-OPD, where a
stainless-steel mask patterned with the letter “S” is employed for spatial modulation and the photocurrent is collected at 0 V bias; (c) Reconstructed
single-pixel images of the “S” pattern obtained at tensile strains of 0%, 40%, 70%, and 100%.
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demonstrations,  we  showcase  optical  communication  and
strain-resilient  single-pixel  imaging  enabled  by o-DCB-pro-
cessed IS-OPDs.

The transient  photoresponse of  the  IS-OPD was  evaluated
under  pulsed 560 nm illumination.  The device  exhibited fast
rise and decay dynamics with a high signal-to-noise ratio, in-
dicative  of  efficient  charge  extraction  and  minimal  carrier
trapping.  The  rise  and  fall  time  were  on  the  microsecond
scale (Fig. S19 and Table S5 in ESI), corresponding to an oper-
ational  bandwidth in  the  kilohertz  (kHz)  range,  which is  well
matched to the modulation frequencies (0.5−5.0 kHz) used in
the  optical  communication  demonstration.  The  transient  re-
sponses  measured  over  a  range  of  modulation  frequencies
further confirmed the capability of the device for high-speed
optical  signal  detection  (Fig.  S20  in  ESI),  which  supports  its
use in optical communication. In addition, the IS-OPDs exhib-
ited a wide and strain-insensitive linear dynamic range (LDR),
maintaining values above 105 dB up to 40% strain (Fig. S21 in
ESI), which ensures a broad linear operating window for light
detection and thereby preserves signal fidelity during optical
signal  transmission. Fig.  6(a)  shows  the  output  pulse  signals
recorded at a modulation frequency of 0.5 kHz with a bias of
−0.1  V.  Notably,  the  transient  photoresponse  remains  stable
under large applied tensile strains. To demonstrate strain-tol-
erant optical communication, a simple word, “SCUT,” was en-
coded using the American Standard Code for Information In-
terchange (ASCII) format, in which optical signals correspond-
ing to binary “0” and “1” were clearly distinguished and accu-
rately reproduced by the IS-OPD even at 100% strain.

The IS-OPD was implemented in a single-pixel imaging sys-
tem. As illustrated in Fig. 6(b), an “S”-shaped mask was placed
above  the  device  mounted  on  a  programmable x-y transla-
tion stage, and the spatially resolved photocurrent was recon-
structed under increasing tensile strain. As shown in Fig. 6(c),
the  device  preserved  a  clear  imaging  contrast  and  spatial  fi-
delity at strains of 0%, 40%, 70%, and 100%.

These application demonstrations  provide direct  evidence
that  the  interconnected  fibrillar  morphology  induced  by
high-molecular-weight  conjugated  polymer  blends  enables
the  simultaneous  achievement  of  superior  mechanical  ro-
bustness  and  reliable  optoelectronic  functionality,  thereby
supporting the use of IS-OPDs in advanced deformable opto-
electronic systems. From the perspective of practical applica-
tions,  stretchable  optoelectronic  devices  are  required  to  ac-
commodate  the  strain  levels  encountered  in  typical  human
motions  such  as  finger  joints  (about  42%),  wrist  bending
(about 45%), elbow movement (about 63%), and knee flexion
(about  100%).[45] In  this  context,  our  high-molecular-weight
polymer-based  IS-OPDs  maintained  stable  optoelectronic
performance up to 70% strain and remained operational even
at  100%  strain,  demonstrating  mechanical  robustness  that
meets  or  exceeds  the  requirements  of  most  wearable  and
bio-integrated applications.

CONCLUSIONS

We  demonstrate  that  crystallization-driven  fibrillar  networks
formed  by  high-molecular-weight  conjugated  polymers  pro-

vide an effective route for resolving the long-standing trade-off
between  mechanical  stretchability  and  optoelectronic  perfor-
mance  in  intrinsically  stretchable  organic  photodetectors.  The
interconnected  fibrils  composed  of  entangled  polymer  chains
enable  efficient  dissipation  of  strain  energy  through  network-
level deformation rather than via localized crystallite fracture or
reorientation,  resulting  in  high  fracture  strain  and  enhanced
toughness.  Meanwhile,  the high-purity conjugated network on
the  tens-of-nanometers  length  scale  establishes  continuous
charge-transport pathways, leading to improved carrier mobili-
ty and suppressed recombination.

The presented IS-OPDs based on the PQM-Cl:P(NDI2OD-T2)
blend  exhibited  stable  photodetection  performance  with  a
specific detectivity of 1.89×1012 Jones maintained up to 40%
tensile  strain  and  supported  reliable  optical  communication
with  high  signal-to-noise  ratios  as  well  as  single-pixel  imag-
ing  even  under  100%  strain.  These  results  establish  high-
molecular-weight  conjugated  polymer  fibrillar  networks  as
key  structural  motifs  for  IS-OPDs,  enabling  large-strain
stretchability  without  compromising  performance  reliability.
More broadly, our study highlights the critical role of molecu-
lar weight and processing control in governing both the me-
chanical  and  optoelectronic  properties.  For  next-generation
polymeric acceptors, optimizing the molecular weight in con-
junction  with  controlled  pre-aggregation  and  film  formation
kinetics  is  essential  for  simultaneously  achieving  a  broad
spectral response range, high detectivity, and mechanical sta-
bility.
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