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disrupting technology on the current 
display market.[5,6] Nevertheless, the sci-
entific community continues to develop 
new classes of chromophores,[7–14] func-
tional materials, and device architectures 
to further improve OLEDs performance 
or extend their application potential, as in 
visible light communications (VLCs).[15,16] 
Beside these efforts, there is emerging 
interest in stimuli-responsive organic 
devices, which can be controlled remotely 
by an external trigger, such as light.[17]

In organic thin film devices, light-
responsivity can be introduced in the 
functional layers by embedding a photo-
chromic compound, whose isomers are 
able to induce a distinct macroscopic 
effect on the optoelectronic properties 
of the device. A reversible modulation 
of such properties can be achieved by 
irradiating the device with photons of 
energy sufficient to trigger the revers-
ible dopant photo isomerization process. 
The most prominent classes of photo-

chromic compounds which have been used successfully in 
photo-switchable technologies are azobenzenes[18–22] and dia-
rylethenes (DAEs).[20,21] In particular, DAEs show a number 
of properties which are highly desirable for the design and 
fabrication of a variety of responsive systems: i) vastly dif-
ferent optical, electrical, and energetic properties between the 
two, thermally stable, isomers; ii) highly reversible and fatigue 
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1. Introduction

Organic thin film technologies have been widely devel-
oped for the last 30 years, and have now deeply penetrated 
the market, with an increasing impact expected for the 
upcoming decade.[1–3] Among them, organic light-emitting 
diodes (OLEDs) rapidly evolved from early prototypes[4] to a 
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resistant photochemical reactions, and iii) an extremely ver-
satile chemical structure that allows fine tuning of the optical 
and electronic properties.[23–25] Thanks to the latter, DAEs are 
widely utilized as photo-responsive elements in a range of dif-
ferent applications such as photoactuation,[26–29] supramolec-
ular assemblies,[30–33] biological binders,[34–37] and colorimetric 
probes.[38,39]

When DAEs are embedded in electronic or optoelectronic 
devices, the induced light-responsive behavior relies on the 
drastic variation of the dopants effective conjugation length 
induced by the isomerization, which in turn leads to a sig-
nificant shift of the energy of their frontier molecular orbitals. 
Such a variation, when judiciously engineered, offers the poten-
tial for the reversible optical control of energy barriers and trap 
states for the charge carriers flowing through the device. Exam-
ples of light-responsive not-emissive devices involving DAEs 
derivatives are memory devices[40] and transistors.[41–43]

The very first attempts to incorporate DAEs into an OLED 
are relatively recent considered that both the DAEs chemistry 
and the OLED technology have been known for more than 
30 years.[4,23,24] In 2008, Zhang et  al. published the first work 
taking advantage of DAEs photochromism to modulate OLEDs 
performance.[44] In that work, a thermally evaporated device 
incorporated a layer of a pristine DAE derivative to realize a 
switchable energy barrier for positive carriers. Electrolumi-
nescence (with a turn-on voltage VON of 12 V) was visible only 
after UV irradiation due to the favorable band alignment of the 
closed DAEs with the other functional materials.

One year later, a similar design strategy was followed by 
the Meerholz group to fabricate solution-processed switchable 
blue-emitting OLEDs leveraging newly designed cross-linkable 
DAE-based hole-injection materials.[45] Notably, a combination 
of hole injection layers enabled a maximum device current den-
sity ON–OFF ratio (defined as the ratio between the current 
density in the ON and OFF states) of ≈ 300. Their multilayer 
approach was necessary since blending the DAEs derivative 
directly into the emitting polymer led to an irreversible reduc-
tion of the device electroluminescence efficiency and loss of 
photo-responsivity.

In 2015, Qian and coworkers presented a work on a light-
responsive OLED based on DAEs blended in a multicomponent 
emissive layer (EML).[46] Remarkably, they achieved the revers-
ible optical patterning of the device emissive area on the micro-
scale. Here, the complexity of the EML did not allow them to 
identify a single origin of the device light-responsivity, which 
eventually was ascribed to a combination of hole trapping and 
energy transfer processes. More recent studies were focused on 
stimuli responsive light-emitting transistors,[43] or moved in the 
direction of limiting the amount of the photoswitchable motif, 
by means of preparing self-assembled monolayers[47] to modu-
late OLEDs performance via functionalized electrodes.[48]

With the aim to elucidate the impact of DAEs isomerization 
on the transport of the different charge carriers, here we report 
the design, fabrication, and characterization of optically switch-
able organic light-emitting diodes (OSOLEDs) based on an 
active bi-component layer, consisting of the highly investigated 
emissive polymer poly(9,9′-dioctylfluorene-alt-benzothiadiazole) 
(F8BT) and a specific photochromic DAE that locally generates 
trap states for both charge carriers types. For the first time, we 

investigated the effect of the DAEs isomerization on the trans-
port of both electrons and holes via the characterization of spe-
cifically designed optically switchable single-carrier devices.

2. Results and Discussion

We selected the materials for the EML blend by considering the 
following aspects. First of all, we decided to use F8BT as the 
host material, as this is known to be a well performing fluo-
rescent polymer that has been largely studied and used for its 
electron-transport properties.[49–51] The light-responsivity was 
achieved by selecting DAEs as photochromic switches, which 
are known to exhibit high fatigue resistance to the switching 
cycles and the ability to reach up to 96% of closed-isomer at 
the photostationary state (PSS).[25,52] Building on our previous 
studies on the modulation of frontier molecular orbital energy 
levels in DAEs,[53] we identified a specific DAE derivative car-
rying a fluorinated bridge and trifluoromethylated arms (here-
after simply named DAE), which exhibits the desired energetics 
to be matched with F8BT. The molecular structures and optical 
characterization of these compounds are shown in Figure  1a. 
Indeed, the highest occupied molecular orbital (HOMO) and 
lowest unoccupied molecular orbital (LUMO) levels of the 
DAE closed isomer (c-DAE, photogenerated by UV irradia-
tion) give rise to a type I heterojunction with the fluorescent 
matrix, as shown in Figure 1b. In this situation, the transport of 
both holes and electrons within the organic blend is hindered 
due to the photogeneration of intragap trap states at energies 
≈200–300 meV from the host bandgap edges.[49,53] Conversely, 
the device irradiation with visible light triggers the reverse 
photo chemical reaction switching the DAE back to its open 
form (o-DAE). In this case, both HOMO and LUMO levels 
of the dopant lay outside the F8BT bandgap, thus the charge 
transport in the matrix is restored.

To verify the retention of the photochromic activity of the 
dopant in the solid state, we investigated the absorption of a 
blend combining an optically inert polymer, that is, polystyrene 
(PS), and DAE (at 20  wt% concentration). Indeed, the negli-
gible absorption of the PS in the visible range, facilitates the 
detection of the spectral variations due to the dopant isomeriza-
tion. Such a blend was spun on amorphous silica and charac-
terized via UV/vis absorption spectroscopy. Figure  1c,d shows 
the blend absorption spectra under UV and visible irradiation. 
We can observe how the absorption band in the visible range, 
a fingerprint of the DAE closed isomer, gradually grows under 
UV irradiation while it vanishes under visible light in the sub-
sequent irradiation step. The study of the reaction reversibility 
and fatigue resistance in the solid state was carried out over 
four successive light irradiations, each of them long enough 
to switch the dopant in the PSS. Each spectrum collected was 
subtracted from the one recorded after the previous irradiation 
step and thus in the resulting difference spectra the unchanged 
matrix contribution can be eliminated (please see details in 
Figure S1a, Supporting Information). The symmetric curves 
(with respect to the x axis) obtained by plotting the resulting 
data, (see Figure S1b, Supporting Information) confirm that 
the high reversibility of the dopant photochromic reaction is 
retained also in the solid state.
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We studied the impact of the dopant photochromic activity 
also on the F8BT fluorescence. As shown in Figure S2a, Sup-
porting Information, the F8BT:DAE 20  wt% blend emission 
drops systematically after UV irradiation (≈25%), while it fully 
recovers after visible irradiation. Such photoluminescence (PL) 
variation, which further confirms the DAEs’ switchability in 
our blend, can be ascribed mainly to the host–guest spectral 
overlap that favors Förster resonant energy transfer (FRET) 
from the host to the essentially non-fluorescent guest,[39,54] as 
previously reported,[55,56] as well as to some minor degree of 
self-absorption. Exciton dissociation via transfer of one carrier 
species only to the DAE cannot be ruled out (also considering 
that the PL is obtained by exciting the host in the high-energy 
region of its Gaussianly distributed density of states), but we 
consider it is less favorable than energy transfer, given the 
type I nature of this heterojunction, and the frontier level mis-
match that is expected to be somewhat smaller than the exciton 
binding energy (EB  ≈  0.5  eV). In contrast, the neat polymer 
(see Figure S2b, Supporting Information) does not show fluo-
rescence modulation under light irradiation. Furthermore, 
as shown in Figure S3, Supporting Information, atomic force 
microscopy (AFM) carried out on thin films of neat F8BT and 
on the F8BT:DAE 10  wt% blend (the maximum doping used 
in our devices) did not show significant roughness variations 
connected to the presence of the dopant and its potential phase 
segregation.

Given the positive outcome of the preliminary investiga-
tions carried out on the photo-responsive blend, we fabricated 
solution-processed OSOLEDs based on F8BT:DAE blends with 
increasing concentrations of DAEs (1, 5, and 10  wt%), having 
the architecture ITO (150 nm)/PEDOT:PSS (40 nm)/F8BT:DAE 
(90  nm)/Ca (30  nm)/Al (150  nm), as illustrated in Figure  2a. 
The optoelectronic characterization, after UV and visible irra-
diation, of the least and most doped devices are reported in 
Figure  2b,c,e,f, respectively (see Figure S4, Supporting Infor-
mation, for full data). Remarkably, the clear device light-
responsivity is already visible with 1 wt% dopant concentration. 
As expected, the UV irradiation converts the DAEs to their 
closed form and they act as trap sites for the charge carriers, 
thus hindering transport through the blend and consequently 
increasing the device threshold voltage (VON), in line with pre-
vious reports.[44–46] Notably, the device performance, including 
its initial VON, is almost fully recovered after the exposure to vis-
ible light that switches the DAEs back to the open form, thereby 
reducing the density of charge trap sites in our blends. Accord-
ingly, the larger the dopant loading the larger is the induced 
reversible VON shift (calculated as the difference between the 
VON after UV irradiation and the VON after visible irradiation) as 
reported in the boxplot, in Figure 2d. This shows the statistics, 
for each blend, over successive irradiation steps, confirming the 
large device photo-tunability of our blends. In particular, the 
average VON shift is 2.1 ± 0.2 V for the least doped blend, and it 
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Figure 1. EML design and optical photoswitching: a) Absorption and normalized PL spectra of F8BT (host, thin film on amorphous silica) and 
photochromic guest (DAE, 5 × 10−5 m solution in acetonitrile), in the inset their molecular structures; b) HOMO–LUMO levels alignment after UV, 
λirr = 315 nm (red line) and VIS, λirr = 528 nm (blue line) irradiation. c) DAE optical switching in the solid state (PS:DAE 20 wt%) after UV and d) after 
VIS irradiation. c,d) Inset: the normalized absorption measured at 390 nm.
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doubles to 3.7 ± 0.3 V for devices incorporating the blend with 
10  wt% DAE loading. This behavior is due to the increasing 
concentration of switchable trap sites within the blends. Inter-
estingly, after UV irradiation, for biases larger than VON, the 
device current density and luminance values rise steeply to 
match the values measured after the visible irradiation. This 
observation can be explained by considering that once the 
photogenerated traps are filled, the electrons charge transport 
is expected to rapidly transit from the trap-limited regime to the 
space charge limited one (SCLC), therefore resulting in a sharp 
current density increment.[49,57–59] Furthermore, our devices dis-
play good fatigue resistance, as demonstrated by the retained 
device performance over multiple irradiation cycles (Figure S5, 
Supporting Information). Interestingly, the initially better per-
formance of the OLED based on pure F8BT (Figure S4a,b, Sup-
porting Information), drops to values comparable with or lower 
than those recorded for the other (switchable) devices, and does 
not show photo-modulation during the following irradiation 
steps. It is worth noticing that the used irradiation times are 
more suitable for smart signage applications than for VLCs. 
Nevertheless, we believe that a shortening of the irradiation 
time is still achievable by using a more intense light source[46,60] 
and by fabricating devices with thinner layer stacks in order to 
minimize the radiation necessary for DAE isomerization. Fur-
thermore, DAE derivatives able to undergo faster isomerization 
reactions could be designed and employed.

The presence of the photochromic dopant in the EML does 
not have a strongly negative impact on the overall device per-
formance for loadings up to 5  wt%. Indeed, the maximum 
external quantum efficiency (EQE), measured on devices after 
visible irradiation, was similar (0.17  ±  0.04%) across the dif-
ferent blends, with the exception of the most concentrated 
one (10 wt%) which showed a markedly lower EQE of ≈0.05% 
(Figure S7, Supporting Information). The best performing 
devices (DAE loading 5 wt%) showed maximum ON/OFF ratios 
of ≈20 and ≈90 for current density and luminance, respectively, 
and a maximum luminance of 151  cd m−2 (Figure S4c,d, Sup-
porting Information). It is worth noticing that our devices were 
not optimized to achieve high performance, instead, a simpler 
device architecture was intentionally chosen to limit the contri-
bution from unnecessary functional layers, such as hole- and 
electron-injection/transport layers. Additionally, the more 
demanding procedure for the full characterization of the switch-
able devices (compared to the non-switchable ones) might have 
had a detrimental impact on the long-term device performance. 
We expect that adding charge transport and injection layers to 
the device stack while maintaining the DAE concentration at 
5 wt% (or lower) should improve the overall performance of our 
OSOLEDs. As expected, the F8BT electroluminescent (EL) spec-
trum is not altered by the presence of DAEs in the blend, as 
shown in Figure S6, Supporting Information. Although there 
is a non-negligible spectral overlap between the host (F8BT) 
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Figure 2. a) OSOLED device architecture. b,c) Reversible optical control of the current and luminance versus voltage behavior for OSOLEDs with a 
DAE loading of 1 wt% under irradiation with UV, λirr = 315 nm, and VIS, λirr = 528 nm light. d) Statistics over eight irradiation steps of the VON variation 
under UV, λirr = 315 nm, and VIS, λirr = 528 nm light for different DAE concentrations. e,f) Current and luminance versus voltage behavior for OSOLEDs 
with a DAE loading of 10 wt%. In plots b,c,e,f, the legend labels, from top to bottom, follow the chronological order of the irradiation steps. Markers 
on selected datapoints are guides to the eye.
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emission and the guest absorption spectra, the combined effect 
of a small concentration of the guest and of the well-established 
small quantum yield for the close-to-open isomerization (con-
firmed by the long-time needed for the isomerization pro-
cesses, for example, as in the experiments reported in Figure 1) 
means that significant back-switching of the DAEs during the 
device characterization process is expected to be negligible, and 
we did not notice in fact any evidence to suggest the contrary. 
This is also in line with independent previous literature.[44]

To shed further light on the underlying phenomena regu-
lating our device light-responsivity and eventually evaluate our 
EML design strategy, we fabricated switchable single-carrier 
devices to investigate the impact of DAE isomerization on the 
charge carrier transport. Additionally, the non-emissive nature 
of such devices, which clearly confirms their unipolar nature, 
allows us to exclude other potential influences on the device 
behavior such as FRET and self-absorption phenomena.[56] 
Such devices were based on the blend with 10  wt% loading 
of DAE as it gave the largest light-induced VON variation for 
ambipolar devices. Electron-only (e-only) devices had a semi-
transparent layer of environmentally oxidized Al (eo-Al) as 
bottom electrode, as oxygen lowers the Al work function (WF) 
down to ≈3.4–3.7 eV,[61] and thus the architecture eo-Al (15 nm)/
EML (90  nm)/Ca (30  nm)/Al (150  nm). Given the similar low 

WF of the electrodes, only electrons are favorably injected in 
the device and thus subjected to the optically switchable trap-
ping process, as shown in Figure 3a. Differently, in hole-only 
(h-only) devices, to avoid the injection of electrons, the standard 
Ca cathode was replaced with Au (with a WF of ≈4.8–5.1 eV),[62] 
thus yielding the final architecture ITO (150 nm)/PEDOT:PSS 
(40 nm)/EML (90 nm)/Au (150 nm). Here the gold contact gen-
erates ≈1.5–1.8 eV energy barrier for the injection of electrons, 
which ensures that only holes will flow through the device and 
thus interact with the photochromic dopant (up to very large 
applied voltages, exceeding those used here), as illustrated in 
Figure 3d.

In Figure 3, we report the comparison between the current 
density–voltage (J–V) characteristics of single carrier devices 
based on F8BT, neat and blended with DAE. In the case of pris-
tine F8BT (Figure 3b–e), no significant variation in the charge 
transport properties is detected following the light irradiation 
cycles, neither for electrons nor for holes. Interestingly, the 
maximum current density of electrons exceeds that of holes 
by two orders of magnitude. This behavior can be explained by 
considering that in our devices electrons are injected through 
an ohmic contact whereas holes through a rectifying one as 
shown in Figure  3a–d.[49,63] Indeed, the electronic characteris-
tics (Figure 3b) show two typical different transport regimes: at 
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Figure 3. Optically switchable single carrier devices. a) Energetics in the electron-only device: top, F8BT LUMO-contacts WF alignment; bottom, sche-
matic representation of the optically generated trap states for electrons. e.o. Al stands for “environmentally oxidized Al”, o-DAE for “open DAE”, and 
c-DAE for “closed DAE”. d) Energetics in the hole-only device: top, F8BT HOMO-contacts WF alignment; bottom, schematic representation of optically 
generated trap states for holes. b,e) Device characteristics after light irradiation (UV: λirr = 315 nm, VIS: λirr = 528 nm) for the neat F8BT in electron- and 
hole-only device configurations, respectively. c,f) Device characteristics after light irradiation (UV: λirr = 315 nm, VIS: λirr = 528 nm) for the F8BT:DAE 
10 wt% electron- and hole-only device configurations, respectively. In plots b,c,e,f, the legend labels, from top to bottom, follow the chronological order 
of the irradiation steps. Markers on selected datapoints are guides to the eye.
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low voltages the transport is hindered by trap states, intrinsi-
cally present in disordered organic semiconductors, and then, 
once the carriers fill them, the current density sharply grows 
to reach the SCLC regime.[57] In contrast, in the h-only devices 
reported here, the charge transport is injection-limited due to 
residual hole-injection barriers with the selected electrodes.

Looking at the J–V plots (3c,f) of the heavily doped blend 
(10  wt%), and regardless of the light irradiation, we observe 
a reduction of the maximum current density measured with 
respect to the pure-F8BT devices. In particular, electron trans-
port appears to be strongly affected by the presence of the photo    -
chromic dopants. Indeed, in the voltage range investigated, the 
device mainly remains in the trap-limited regime, thus the max-
imum current density drops by more than two orders of mag-
nitude (from 7 × 10−1 to 3.8 × 10−3 mA cm−2, evaluated at 5.0 V) 
compared to the undoped device. Conversely, we measured a 
lower drop, by ≈66%, in the case of the hole-only device.

Importantly, however, both doped single-carrier devices 
show a marked and fully reversible light-responsivity, as proof 
of simultaneous trap activity on each type of charge carriers. 
Upon irradiation (see Figure  3c,f) of e-only devices we meas-
ured a current density variation larger than one order of mag-
nitude (from 3.8  ×  10−3 to 3.1  ×  10−4  mA cm−2, evaluated at 
5.0 V). Differently, in the case of hole-only devices, the current 
density is reversibly modulated by a 3.6 factor (from 4 × 10−3 to 
1.1  ×  10−3  mA cm−2, evaluated at 5.0  V). The trapping of elec-
trons induced by the photochromic dopant is thus more than 
3.4 times larger than what measured for holes.

3. Conclusion

We successfully designed, fabricated and characterized solu-
tion-processed OSOLEDs based on F8BT and DAE and having 
a simple device architecture based on blending of the two com-
ponents. We first assessed the retained DAEs photochromic 
activity in the solid state via UV and PL spectroscopy measure-
ment. Then, we demonstrated the ability of our devices to be 
remotely controlled via optical stimuli achieving a maximum 
reversible device threshold voltage shift of 4  V. Our best per-
forming device showed a maximum ON/OFF ratio of ≈20 and 
≈90, for current density and luminance, respectively. Impor-
tantly, we designed our EML for the generation of optically 
switchable trap sites for both holes and electrons and, for the 
first time, we directly assessed the trapping process via the 
characterization of switchable single-carrier devices. Our data 
confirm the marked charge trapping activity on both carriers, 
and, crucially, also demonstrate that electrons are predomi-
nantly affected. Our optically switchable electron-only devices 
gave, under the same irradiation conditions and trap-state ener-
gies, a reversible current/luminance modulation over 3.4 times 
larger than that observed for the hole-only devices.

This work contributes to the deeper understanding of the 
design strategy and driving mechanisms of light-responsive 
devices. For the first time, via direct investigation of the trap-
ping mechanism in both ambipolar and unipolar devices based 
on the same blends, the trapping process acting on each charge 
carrier type has been decoupled and evaluated. Our results pave 
the way for further optimization of device performance to aid 

potential commercialization of multi-functional OSOLEDs for 
smart applications, such as displays, signage, VLC systems, and 
photosensors.

4. Experimental Section
Materials and Substrates Treatments: Poly(9,9′-dioctylfluorene-alt-

benzothiadiazole) (F8BT, 1:1 copolymer, Mw  ≈  256 000  g mol−1) was 
purchased from Ossila and used as received; PS (Mw ≈ 350 000 g mol−1), 
poly(3,4-ethylenedioxythiophene) polystyrene sulfonate (PEDOT:PSS-Al 
4083), solvents and chemicals used for the DAE dopant preparation were 
purchased from Sigma-Aldrich (subsidiary of Merck KGaA, St. Louis, 
US-MO) and used as received. Synthesis of the final target molecule 
was carried out according to previously reported procedures.[25] The 
characterization of the final product confirms the previously reported 
spectral data and mass analyses. The electrochemical characterization 
carried out to determine the position of the DAE frontier orbitals was 
reported previously,[53] and the experimental setup has been described 
in detail in the literature.[53,64] Fused silica and ITO-coated glass 
substrates (20 Ω sq−1) were purchased from Ossila Ltd (Sheffield, UK); 
the substrates were cleaned via ultrasonication in different solvents 
(5 min each) having decreasing polarity (deionized water, acetone, and 
2-propanol). After drying in a flow of nitrogen, the substrates underwent 
a 10 min long oxygen plasma treatment (PDC-002 model, Harrick 
Plasma Inc., Ithaca, US-NY), at an oxygen pressure of 1.1 × 10−1 mbar.[65]

Thin Film Deposition, Optical, and Morphological Characterization: 
In a nitrogen-filled Mbraun glovebox, F8BT and DAE were dissolved 
in anhydrous toluene and chloroform (10  mg mL−1), respectively, left 
stirring overnight, filtered via a PTFE filter (pores of 0.2 µm) and then 
used to prepare blends F8BT:DAE having concentrations of 1, 5, 10, and 
20  wt%. After stirring for further 3  h, F8BT and the blends solutions 
were spin-coated (1200  rpm, thickness of ≈100  nm) on fused silica 
substrates for optical and morphological investigations. Following the 
same procedure, PS was dissolved in chlorobenzene to a concentration 
of 50 mg mL−1 and used to prepare the PS:DAE blend with 20  wt% 
concentration. Film thicknesses were measured using a Bruker Dektak 
stylus profilometer (Bruker, Billerica, US-MA). Surface morphology 
investigation of the blends under study has been performed in air via 
AFM (Bruker Dimension Icon—PeakForce tapping mode) on an area of 
1 µm2. The absorption spectra after UV (≈9 min) and visible (≈15 min) 
irradiation were collected using an Agilent 8453 spectrophotometer 
(Agilent Technologies Inc., Santa Clara, US-CA). LEDs emitting in the 
visible (528  nm, 7  mW) and UV (315  nm, 0.6  mW) were fixed on the 
equipment and connected to a microcontroller to allow the in situ 
sample irradiation. Using the same irradiation conditions as the UV/vis 
absorption measurement, the PL spectra of pure F8BT and F8BT:DAE 
20  wt% blend, in the solid state, were measured in air, at room 
temperature. The photoexcitation at 450 nm was provided by a Xe lamp 
coupled with a Bentham monochromator, the spectra were collected 
with an Oxford Instruments ANDOR-Shamrock 163 spectrometer 
coupled with an ANDOR-Newton charge-coupled device (CCD) unit 
(Oxford Instruments, Abingdon-on-Thames, UK).

Device Fabrication and Characterization: ITO coated glass substrates 
were cleaned and treated via O2 plasma as described above. This allows 
thorough cleaning of the surface and an overall increase of the ITO 
WF.[66,67] The hole injection layer (PEDOT:PSS from Sigma Aldrich) was 
filtered, through a 0.2 µm porous filter, and spin-coated at 4000 rpm to 
a thickness of ≈40 nm. The sample was then baked at 170 °C for 10 min 
in N2 atmosphere. The emitting layers were spin-coated at 1200  rpm 
to a thickness of ≈100  nm. The layers thicknesses were determined 
via profilometric measurements. A 30  nm thick Ca electrode and 
a 150  nm thick capping layer of Al were thermally evaporated in high 
vacuum (10−6 mbar). Devices were encapsulated in the glovebox using 
glass coverslips and UV-curable epoxy resin. Single carrier devices: in 
case of hole-only devices the Ca/Al top electrode was substituted with 
a thermally evaporated, 150  nm thick, Au electrode. For electron-only 
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device a semitransparent, 15 nm thick, Al layer was deposited as bottom 
electrode. Substrates were exposed to air overnight and then annealed 
in the glovebox at 150 °C for 10 min to remove water residues. EML and 
top-contact were deposited as described for ambipolar devices.

To assess device switchability, commercial LEDs emitting in the 
visible (λirr = 528 nm, 7 mW) and UV (λirr = 315 nm, 0.6 mW) were used 
to irradiate the devices for 9 and 15 min respectively. For each device, 
a number of preliminary voltage scans and short irradiation steps were 
carried out to verify the presence of light responsivity. The devices under 
tests (OSOLEDs and controls) were irradiated with visible light (9 min) 
before starting the switching cycles reported. After each irradiation, 
such devices were characterized by using a Keithley 2400 source meter 
(Tektronix, Inc., Beaverton, US-OR) for both the current measurement 
and the voltage supply. The optical output of the PLEDs was measured 
with a calibrated silicon photodiode connected to a Keithley 2000 
multimeter. The device VON is extracted as the voltage where the 
luminance is ten times the noise level. The EL spectrum was collected 
with an ANDOR-Shamrock spectrograph coupled with an ANDOR-
Newton CCD unit.
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