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Abstract: Fiber-based electronics is an emerging research field and attracting considerable
attention in materials, medical, and engineering communities due to their great potential of
being woven into smart electronic textiles for future wearable devices and combat-related
missions of soldiers. However, the device performance of fiber-based electronic devices is
still lagging behind the planar counterparts due to the lack of proper interfacial materials and
electrodes. In the Taiwanese Nanoscience Program, the Jen group is responsible for
developing proper charge-transporting layers (CTLs) for the fiber-based target electronics,
providing expertise in interfacial engineering, and applying them to polymer and hybrid
perovskite solar cells. In this program, we have developed novel low-temperature solution
processable CTLs and interface materials to facilitate the fabrication of high-performance
and stable perovskite solar cells (PVSCs). Now, we have extended our efforts to develop
crosslinkable CTLs and non-fullerene acceptors for wide bandgap polymers, and to develop
passivation methods based on graded fullerene heterojunction in low bandgap Pb-Sn binary
PVSC:s for fiber-based electronic applications.

Introduction:

In the past few years, stretchable electronics have attracted extensive research interests in
diverse communities because of their promising merits to cover complex (non-flat) surfaces
with functions adaptable with human movements.!'! Due to the challenges of applying
brittle inorganic semiconductors onto these stretchable electronics, flexible organic
semiconductors become the most promising material system for wearable electronics,
especially for organic semiconductors forming fibers. Compared to a thin film, the fiber
network structure can release shear stress more easily and tolerate much higher stretch strains
without deteriorating the properties of employed semiconductors.*”  Moreover,
multifunctional electronic applications can be accomplished by incorporating combination of
semiconducting/conducting components into the organic fibers, some even as nanofibers.
Eventually, such multifunctional organic fibers can be woven with textile fiber fabrics into
“Smart Clothes” for both civilian and soldiers for desired functions.

To fulfill semiconducting organic fibers into practical applications, several challenges need to
be addressed. First, the typically used metal wire core electrodes need to be replaced since its
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rigidity and heavy weights restrain the wearable textile applications. Second, the
performance of the fiber devices needs to be significantly improved in order to compete with
thin-film counterparts. The lower performance of the fiber-based electronics will
significantly hinder the deployment of these devices for practical applications. Finally,
significant efforts need to be made to integrate different functionalities into single electronic
fibers and weave them into applicable smart clothes.

To enhance the performance of the fiber-based electronics, interfacial engineering is an
important area, not only to reduce the interfacial barrier to maximize the device performance
but also to improve the wettability and increase the adhesion between the constituent
interlayers.”*) The functions of the interfacial materials can be summarized into four main
parts: (1) Tuning the energy alignment at the electrode/active layer interface; (2) Facilitating
the charge extraction efficiency in device and improving the charge selectivity of electrodes;
(3) Controlling the surface properties of interfaces to modulate the morphology of the active
layer grown above; (4) Improving interfacial stability and adhesion between the active layer
and electrodes.” By providing expertise of Jen group in interface engineering, including the
development of electron- and hole-extraction materials and functionalized self-assembled
monolayers (SAMs) developed for polymer and hybrid perovskite solar cells, we have aimed
to integrate our materials and interface engineering knowhow into the fiber-shaped devices
development.

In this program, we have developed low-temperature solution processable advanced
charge-transporting interlayers (CTLs) to facilitate the fabrication of stable high-performance
perovskite solar cells (PVSCs). As previously reported, we have developed a new class of
electron-transporting layers (ETLs) that can replace TiO, realizing efficient conventional
n-i-p PVSCs. Now, we have extended our efforts to develop crosslinked CTLs, mapping
non-fullerene acceptors for wide bandgap polymers for polymer solar cells, and to develop
passivation methods based on graded fullerene heterojunction in low bandgap Pb-Sn binary
PVSCs for fiber-based electronic applications. Our recent research progresses in these area
are summarized in this report.

Results and Discussion:

Development of crosslinked charge-transporting layers for highly efficient and stable
perovskite solar cells

Although the performance of PVSCs has already been demonstrated to rival those of the
prevailing inorganic counterparts, the device’s long-term stability under thermal, photo-, and
moisture stresses has been raised as one major challenge before the commercialization of this
technology. To provide possible solutions to overcome this hurdle, we have designed and
synthesized a crosslinkable n-type conjugated molecule, c-HATNA, that can be crosslinked at
a relatively low temperature (~110 °C) to form a robust ETL on top of the perovskite layer.

DISTRIBUTION A: Approved for public release, distribution unlimited.



The crosslinked c-HATNA film is hydrophobic and possesses very good thermal stability,
enabling the fabrication of stable inverted PVSCs (ITO/NiO/CH3;NH;Pbl;/
c-HATNA/bis-C60/Ag). By proper doping to increase its electron-transporting property, a
high PCE of 18.21% was obtained with respectable moisture and thermal stability without
encapsulation. Moreover, this c-HATNA ETL can be used in conjunction with another
crosslinkable hole-transporting layer (HTL) c-TCTA-BVP to fabricate an all-crosslinked
CTLs (substrate/c-TCTA-BVP/  CH3;NH3Pbl;/c-HATNA/bis-C60 /Ag) for PVSC.
Benefitting from the low-temperature crosslinking reactions, the derived cells can achieve
high PCE of 16.08%
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Figure 1. (a) The synthetic route of crosslinked c-HATNA via the
thiol-ene thermal polymerization; (b) the first DSC scans of a blend of
c-HATNA with and without PETMP by a heating rate of 10 °C/min. (c)

efficiently crosslink UV-visible spectra of the thin films before (black line) and after
c-HATNA, its thermal crosslinking (red line) at 110£5 °C for 30 min and solvent rinsing (blue
transition properties line); (d) Energy level diagram of complete PVSC layers with a typical

with and without the planar p-i-n configuration of ITO/NiO/MAPDbI;/c-HATNA /bis-C60/Ag;

. Water contact angles of films of c-HATNA (e) and PCBM (f). (g)
ass1stapce (,)f PETMP photograph of the?:ievices with PCBM (left) and( c)-HATNA (right) ETLs
were investigated first after exposure water droplet for 5 min; (h) photograph of the devices
by differential scanning with PCBM (left) and c-HATNA (right) ETLs after immersing into water
calorimetry (DSC). As for 5 min.
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shown in Figure 1b, the crosslinking temperature estimated from the broad exothermic peak
decreased significantly from ~179 °C for the pristine c-HATNA film to ~87 °C for the
c-HATNA/PETMP blend film. This result clearly indicates the fast and complete thermal
crosslinking of c-HATNA/PETMP film proceeds at a much lower temperature due to rapid
thiol-ene reaction. This provides more tolerance for the perovskite layer below compared to
most of the traditional thermal crosslinking reactions reported so far. Presented in Figure 1c¢
is the UV-vis absorption spectra of the c-HATNA/PETMP blend film (on glass substrate)
before and after crosslinking at 110 °C, wherein the crosslinked film was further rinsed by
various organic solvents (acetone, dichloromethane (DCM), toluene, and tetrahydrofuran
(THF)) after crosslinking to remove any un-crosslinked residues. A high optical quality film
obtained after solvent rinsing with similar absorption intensity (compared to the as cast film
with similar thickness before rinsing), indicating good solvent resistance as a result of
crosslinking.

As shown in Figure 1c, the absorption edge of the c-HATNA film is located at ~460 nm,
corresponding to an optical bandgap of 2.70 eV. The onset of the first oxidative potential
versus Fc/Fc+ was found to be -1.12 eV, corresponding to the highest occupied molecular
orbital (HOMO) level of -6.70 eV which will provide better hole-blocking capability and
charge selectivity (Figure 1d). Meanwhile, its lowest unoccupied molecular orbital (LUMO)
level was estimated to be -4.00 eV, which matches reasonably well with the conduction band
minimum (CBM) of CH3;NH;Pbl; affirming the feasibility of achieving efficient electron
transfer between them.

The contact angle measurement (by water droplet) of c-HATNA film was displayed in Figure
1e, wherein the c-HATNA and crosslinked film showed a higher contact angle of ~96° and
~97°compared to that (~68°) of PCBM (Figure 1f). This enhanced hydrophobicity is in part
attributed to the introduced alkyl thiol co-crosslinking group which will benefit the moisture
stability of the derived inverted PVSC. To realize the waterproof efficacy introduced by
c-HATNA, moisture resistance of its derived PVSC were placed under extreme conditions to
examine for certain fixed time. First, water was directly dropped on the fabricated device for
5 min as shown in Figure 1g. The reference device with a PCBM ETL degraded completely
(brown color CH3NH;Pbl; changed to yellow color Pbl,) in 5 s after contacting the water
droplets while the sandwiched perovskite film in c-HATNA-derived device remained intact.
To better illustrate this, Figure 1h showed the photos of the devices immersed in water for 5
min. The PCBM-derived device degraded completely while the c-HATNA-derived device
showed impressive waterproof property.

Given these promising results enabled by the c-HATNA ETL, we have further developed a
PVSC using all-crosslinked CTLs by replacing the NiO HTL with our previously explored
crosslinkable =~ HTL, c¢-TCTA-BVP. A device with the configuration of
ITO/c-TCTA-BVP/CH;3;NH3Pbl3/3 wt% Et;N-doped c-HATNA/bis-C60/Ag was fabricated as
shown in Figure 2a and its corresponding energy level diagram was illustrated in Figure 2b,
where the CBM and valence band maximum (VBM) of the perovskite layer are aligned with
the LUMO and HOMO of the crosslinked ETL and HTL, respectively. Its J-V characteristics
measured under AM 1.5 G illumination and a scan rate of 0.1 V s-1 was present in Figure 2c.

As shown, the device derived from the both crosslinked CTLs shows a PCEMAX of 16.08%,
with a VOC of 1.05 V, a JSC of 20.90 mA cm 2, and a FF of 73.3% (under reverse scan). We
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noted that the hysteresis appears slightly while the scan rate is gradually increased from 0.01
Vs't0 0.5 Vs ', which might stem from the interfacial charge traps at the HTL/perovskite
interface. The stabilized photocurrent of the top-performing device measured at a constant
bias of 0.84 V near the MPP was plotted in Figure 2d, wherein a steady photocurrent of 18.8
mA cm >, corresponding to a steady PCE of 15.7%, is achieved, consistent with the
performance obtained from J-V measurement. All these results confirm the good reliability of
the fabricated devices using the all-crosslinked CTLs.

Since the crosslinking
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ITO/PEN substrate. and (d) The stabilized photocurrent density (black) and PCE (blue) of the
Figure 2g portrays its all-crosslinked PVSCs obtained while holding the solar cell near the
stabilized photocurrent maximum power point voltage 0.84 V. The photograph(e), typical J-V
measured at a constant curves(f) and stabilized photocurrent density (black) and PCE (red) (near

. the maximum power point voltage 0.79 V) (g) of all-crosslinked PVSCs.
bias of 0.79 V near the

MPP, wherein a steady PCE (~13.1%) close to the value obtained from J-V measurement is
confirmed.
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Development of non-fullerene acceptors for wide bandgap polymers for high performance
polymer solar cells

Recently, non-fullerene polymer solar cells (NF-PSCs) with p-type conjugated polymer as
donor and n-type non-fullerene small molecule as acceptor have attracted great attentions and
made significant progresses.!""'*! The PCE of the state-of-the-art NF-PSCs has reached 13%
due to the development of new polymer donors and non-fullerene acceptors."*'"! Among the
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non-fullerene  acceptors, 2-(3-oxo0-2,3-dihydro-1H-inden-1-ylidene)malononitrile  and
indacenodithiophene (IDT) or indacenodithieno[3,2-b]thiophene (IDTT)-combined small
molecules (ITIC and its analogues) are demonstrated as the most successful candidates for
NF-PSCs, because of their impressive advantages of easy accessibility, strong absorption in
the visible region, easily tunable energy levels, and superior morphological stability in the
blend film."*"™

To match with those novel acceptors and achieve better device performance, considerable
efforts have been dedicated to the development of D-A type wide bandgap (WBG) polymer
donors (optical bandgap > 1.8 eV) and proved to be an effective strategy."®>"! However, it is
a daunting challenge to develop efficient WBG polymer donors to match with NIR acceptors,
not to mention for ITIC-analogues and NIR acceptors simultaneously because the suitable
energy levels between donor and acceptor is another prerequisite for achieving a high PCE in
addition to a broad complementary absorption spectrum.

]

1510 00 -1.0

-2.0

C4Hy

Figure 3. a) Chemical structures of PBDT-TT, ITIC, IT-M, and 6TIC; b) 2D GIWAXS pattern of pure
polymer PBDT-TT; c) Synthesis routes of monomer TT-Th and the polymer PBDT-TT. Reagents and
conditions: (i) KOH, THF/H,O (v/v, 3/1), reflux, overnight; (ii) 3-(bromomethyl)heptane, K,CO3;, DMF,
100 °C, overnight; (iii) NBS, THF, 0 °C to RT, overnight; (iv) Pd,(dba)s;, P(o-tol)s, chlorobenzene, reflux, 3
days.

We have developed a novel, highly planar and weakly -electron-deficient moiety
bis(2-ethylhexyl) 2,5-bis(5-bromothiophen-2-yl)thieno[3,2-b]thiophene-3,6-dicarboxylate
(TT-Th) to construct a wide bandgap polymer donor PBDT-TT with BDT as the donor unit
(Figure 3). Two weak electron withdrawing units, i.e. carboxylic ester, were introduced to the
electron-rich backbone of TT and spurred it as a weak electron-deficient acceptor part. In
addition, an unsubstituted thiophene was inserted between the BDT unit and the carboxylated
substituted TT as bridge to reduce the steric hindrance.

As expected, PBDT-TT thin film shows an intense absorption spectrum in the region of
400~650 nm and appropriate HOMO (-5.23 eV) which can simultaneously match with
ITIC-analogues and NIR acceptors. Consequently, when the ITIC-analogues as acceptor
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(absorption onset around 800 nm), the optimized PSCs devices based on the PBDT-TT:ITIC
and PBDT-TT:IT-M (Figure 3a) exhibit a PCE of 9.67% and 11.38% with a high fill factor
(FF) of 0.68 and 0.71, respectively. Meanwhile, the device based on PBDT-TT with a NIR
acceptor 6TIC also show a high efficiency of 11.03% with a superior short circuit current (Jsc)
of 21.4 mA/cm?, which owing to the broad absorption of NIR acceptor 6TIC extended to 950
nm. It is notable that the wide bandgap polymer PBDT-TT is one of the most efficient donor
that can simultaneously match with ITIC-analogues and NIR acceptors in NF-PSCs with PCE
over 11%. The results indicate that TT-Th is a promising new weak electron-deficient moiety
for constructing efficient wide bandgap polymers and PBDT-TT is another promising
candidate for high performance NF-PSCs.

Defect passivation via graded fullerene heterojunction in low bandgap Pb-Sn binary
perovskite solar cells

Development of low bandgap (~1.2 eV) Pb-Sn binary perovskites are exciting and have
recently gained immense attention because of their high photovoltages, lowered Pb toxicity
and its pivotal role in realizing perovskite tandem solar cell.**! To further improve the
optoelectronic quality and reduce photovoltage deficit for this class of low bandgap
perovskites, it is important to reduce the density of trap sites, which adversely impacts the
open-circuit voltage (Voc), charge collection efficiency and device performance.”® Trap
sites usually stem from facile point defect formation in the perovskite crystals and
uncoordinated bonding at the film surface. Particularly for Sn-based perovskites, Sn cation
vacancies have been identified as an additional critical factor that could deteriorate perovskite
semiconductor properties.””) Recent studies reporting perovskite-fullerene interactions/
heterojunctions in Pb-based perovskites provide some insights for overcoming these issues
due to defects. First, the trap sites in perovskite thin films could be passivated by applying
fullerene derivatives, like C60 or PCBM.*® As a result, the electronic properties of the
derived device could be effectively enhanced and the hysteresis phenomena were
significantly suppressed. Second, the fullerene derivatives could be applied as an efficient
ETL for PVSCs since it has appropriate charge transport properties and lowers the resistance
at perovskite/ETL interface.

In this program, we have studied the passivation of defect sites in low bandgap
CH3NH;3Pb sSng 513 perovskite through the incorporation of fluoroalkyl-substituted fullerene
(DF-C60) via a graded heterojunction (GHJ) structure. Graded distribution of DF-C60
successfully reduced number of trap sites and the resultant films had characteristically lower
Urbach energy, dominant bimolecular recombination, and higher surface / bulk
recombination resistance.'*”! The improved optoelectronic quality of films with GHJ structure
reflected in improved performance for corresponding photovoltaic devices, with best PCE up
to 15.61% and a remarkably high Voc of 0.89 V. A Voc ~ 92% of the Shockley-Queisser (SQ)
limit achieved here is comparable to that of state-of-the-art inorganic technologies and is the
best among PVSCs till date. Additionally, through stability studies, we found that though
GHIJ with DF-C60 can slow down degradation due to moisture penetration, the oxidative
susceptibility of Sn in binary perovskites sharply constraints overall stability.
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To understand the improved optoelectronic quality of films with GHJ structure compared to
PHJ structure, we characterized the absorption band edges. The band-edge of perovskite thin
film with GHJ structure is sharper than the film with PHJ structure. Urbach energy (Eu),
which is the energetic disorder at the band edge, can be derived using the relation:
a= o exp (E/Ey) | where a is the absorption coefficient, E(=hY ) is the photon energy, and Eu
is the Urbach energy. As shown in Figure 4, the control PHJ sample has Eu ~ 40 meV,
whereas the GHJ sample has an Eu of ~ 32 meV, which is ~20% lower. This indicates that the
incorporated DF-C60 with a gradient distribution lowers density of trap sites and sharpens
band edge in Pb-Sn binary perovskites. Films with GHJ structure will thus have a lower
trap-assisted recombination, which explains the improvement in Voc for GHJ compared to
PHJ.
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Figure 4. (a) Plot of In(a) vs E(=hy) used to extract Urbach energy of perovskite films with PHJ and GHJ
structure. Light intensity dependence of (b) open-circuit voltage and (c) short-circuit current density for
devices employing PHJ and GHIJ perovskite structure.

To further elucidate the improved optoelectronic quality and understand charge
recombination process in Pb/Sn-binary perovskites with different structures, light-intensity
dependent current-voltage characterization measurement was performed. Figure 4b-c show
the light-intensity-dependence of Voc and Jsc, respectively. The Voc is related to the splitting
of the quasi-Fermi levels of electrons and holes with the quasi-Fermi level positions set by
the free-carrier concentration, which in turn are determined by the balance between the
photogeneration and recombination rates. The relationship between Voc and light intensity (I)
is: Voc = nkT/e In(I/Io + 1), where n is the ideality factor, e is the elementary charge, k is the
Boltzmamm constant, and T is the temperature. For a trap-free, complete bimolecular
recombination, n should be close to unity. On the other hand, if trap-assisted
Shockley-Read-Hall (SRH) recombination dominated, the ideality factor n approaches 2. In
the case of PHJ, the ideality n ~ 1.86 at low incident light intensities (< 10 mW/cm?)
implying dominant SRH type recombination in this region. However, at the higher irradiance
regime from 10 to 100 mW/cm?, the ideality n ~ 1.30 approaches bimolecular limit. In the
case of the GHJ devices, the n ~ 1.08 was observed across the entire range of light intensity
(from 2 to 100 mW/cm?). Further, according to the power law dependence between Jsc and
[,58 the light intensity dependence of Jsc (Figure 4c¢) demonstrate that the GHJ PVSC has a
higher slope of 0.92 compared to 0.85 for PHJ PVSCs, indicating the reduced extent of
non-radiative trap assisted recombination with GHJ. These results definitively establish that
bimolecular recombination is dominating in the GHJ devices and trap states in the GHJ
perovskite thin films are far lesser than the PHJ thin films. The incorporated DF-C60 thus
contribute towards passivation of defect states in perovskite thin-films which effectively
enhances the perovskite optoelectronic quality and improves device performance.
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»  Collaboration with Prof. Wen-Chang Chen at National Taiwan University (NTU)
Mechanically Robust, Stretchable Organic Solar Cells via Buckle-On-Elastomer Strategy

We have actively collaborated with Prof. Chen’s group at NTU during this period. In this
report period, we focus on the development of stretchable organic solar cells (OSCs). In
recent years, the exploitation of stretchable organic solar cell (OSC) has attracted significant
research interests due to the rapid progress of wearable electronics. However, the
development of a stretchable OSC is quite challenging since it has a strict requirement for the
mechanical deformability and durability of each constituent layer in device. It shows the
success exploitation of efficient stretchable OSCs necessitates the integration of material and
device engineering. Herein, we first utilized the buckle-on-elastomer strategy to prepare
mechanically robust, stretchable inverted OSCs with much improved efficiencies by using
more advanced BHJ system. The completed flexible device stacks were first fabricated on a
PEN substrate (2.5 um thick) and then were attached onto a pre-strained 3M elastomeric tape
as illustrated in Figure 5.

Owing to the pre-strained status of
pF s 4 the elastomer, the ensemble
— wrinkle will be formed in response

lPeel off the device | o accommodate the strain once the
pre-strain was released, which can
afford the derived OSC with a
much improved mechanically
robustness and stretchability. As
shown, once the pre-strain force
applied onto the elastomer is
released, random buckling scaffold
is formed in response to
accommodate the strain (Figure 6).

(a) (b)

©

We demonstrated that a pristine
efficient (PCE: 5.61 %) OSC using
such buckling scaffold can still
preserve a high PCE of 4.13 %

Light

Figure 5. (a) Device configuration of the fabricated solar cell

device. (b) Illustration of the fabrication procedures of the
studied stretchable solar cell device in this work, wherein a
pre-strained (100 %) 3M elastomeric tape was used and the
prepared device stack was attached on top of it. Sequentially,
the relaxation of the pre-strained elastomer developed the
buckles. (c) A real photo portrayed a fabricated stretchable

even under 30 % compression. The
effects of mechanical deformation
and durability on the electrical
performance are investigated to
reveal that such good mechanically

robustness stems from the intact

device attached onto the skin.

film morphology under
compression. More intriguingly, we demonstrated that such device can still retain its 64.3%
efficiency after 50-cycle compression-stretching testing from 0 % to 30 % compression
(Figure 7). This result disclosed that the stretchable inverted OSCs using random buckling
architecture can have an outstanding compression-stretching endurance, revealing promising
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potential for applications in large-scale and wearable OSC production.

—a— Initial
—e— 30 times

0 —4— 50 times|

-15 -

—=—1

Current density (mA/cm*2)

Figure 6. OM and photographlc (insets) 1mages -0.1 0.0 0.1 02 03 04 05 0.6 0.7
of the device stack attached on a pre-strained Voltage (V)

(100 %) 3M elastomeric tape under (a) 0%
compression, (b) 20% compression, (c) 30%
compression, and (d) restoration back to 0%
compression.

Figure 7. The J-V characteristics of the devices at
the initial state, after 30 and 50
compression-stretching cycles.

Intrinsically Stretchable Nanostructured Silver Electrodes for Realizing Efficient Strain
Sensors and Stretchable Organic Photovoltaic

In addition to wusing the
buckle-on-elastomer strategy, we
also develop a durable and
deformable transparent electrode
fabricated without the pre-strain
treatment and target to replace
the ITO electrode. We first
adopted polyethyleneimine (PEI)
as the metal-chelating layer and
then fabricated the hybrid
electrodes on a 3M™ tape with a

mpltﬂayer Strucmre_ of Figure 8. Efficient PVSCs integrated on a flexible textile.
Si0,/PEV/Ag(12nm)/modified Schematic representation of (a) an intrinsically stretchable
PEDOT:PSS (Figure 8). The | electrode and (b) a derived stretchable OPV using surface

3M™ tape herein was used as an | buckling technology.
efficient stretchable and adhesive
substrate and the thin solution-processed SiO, layer was added to improve the light
incoupling into the derived device. As for the inserted PEI layer, it can simultaneously
improve the optoelectronic properties and stretchability of atop thin Ag film. Similarly, the
Zonyl surfactant was added into PEDOT:PSS to enhance its mechanical stability.””
Consequently, such hybrid electrode was revealed to have high electrical conductivity (>10°
S cm™), high elastic moduli (ca. 10> GPa), high transmittance (> 70%) across 400 to 900 nm,
and decent stretchability (100% of the original conductivity can be retained after 50-cycle
stretching under a 20% strain without pre-strain treatment), which is very suitable for serving
as an efficient stretchable electrode.” We manifested the good stretchability of this hybrid
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electrode resulted from the reversible phase separation endowed by the nano-cerebral

morphology formed in Ag film.

0 30 60 90 120 150 0 50 100 150 200 250

Tt Time(s)

Figure 9. (a) Relationship between resistance and strain. (b)
Changes in resistance under different bending degrees and
(c) continuous finger motion. (d) Relative resistance under

When fabricating a resistive-type
strain sensor using this hybrid
electrode, a large gauge factor (GF >
30) and stretchability (>20%) can be
obtained (Figure 9). This
performance 1is rivaling with the
results reported in the literatures.'*
Since the hybrid electrode 1is
constructed on a 3M™ tape, the
whole device stack could be readily
attached onto a human body to
receive such information as the
respiratory rate and the motion of
physiological behavior, revealing its
great merit in  personalized
health-care  systems. = Moreover,

inspiratory breathing

representative  fullerene-based and
l-polymer based OPVs using this

electrode were fabricated and
demonstrated superior stretchability.
For the PTB7-th:PC71BM blend, the
derived OPV can yield a decent
PCEs of 6.0% along with high
deformability  (surface  buckling
treatment was employed to reinforce
the mechanical properties of the
PTB7-th:PC7.BM  active layer)
under a 20% tensile strain, for which
75% of its initial PCE can be
retained after 50 deformation cycles
(Figure 10).

Meanwhile, the all-polymer OPV
derived from the PTB7-th:N2200
blend can maintains over 96% of its
original PCE after 50-cycles
stretching (under a 20% strain)
without using the wrinkled structure,
benefitting  from  the  better
mechanical stretchability of N2200
over PC7;BM.

o -
111 ristine
; g

& =

o4
Voltage(V)

PTB7-Th

Figure 10. Efficient PVSCs integrated on a flexible textile. a)
J-V curves and b) OM images (40x) of stretchable
PTB7-th:PCBM-OPV devices that had been subjected to
various numbers of deformation cycles; and c) cartoon
representation of PCBM and all-polymer based devices
before (left) and after subjected to 50 cycles of stretching
(right).
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