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Design of rewritable and read-only non-volatile
optical memory elements using photochromic
spiropyran-based salts as light-sensitive materials

L. A. Frolova,®A. A. Rezvanova,® B. S. Lukyanov,® N. A. Sanina,? P. A. Troshin® and S. M.
Aldoshin?

Here we applied photochromic spiropyran-based salts SP1 and SP2 as light-sensitive components of the OFET-based non-
volatile optical memory elements. Electrooptical programming by applying simultaneously light bias and gate
(programming) voltage allowed us to demonstrate wide memory windows, high programming speeds (programming time
of 0.5-20 ms), and good retention characteristics of the devices. It is remarkable that a minor difference in the molecular
structures of the used spiropyran-based salts (hydrogen atom in the structure of SP1 is replaced with NO, group in SP2)
altered completely the behavior of the devices. Thus, the OFETs comprising interlayers of the spiropyran-based salt SP1
showed a reversible photoelectrical switching which is characteristic for flash memory elements with good write-read-
erase cycling stability. On the contrary, the devices based on the spiropyran-based salt SP2 demonstrated irreversible
switching and operated as read-only memory (ROM). Both types of devices revealed the formation of multiple distinct

electrical states thus resembling the behavior of multibit memory elements capable of high-density information storage.

Introduction

Recent flow of publications reflects a rising interest of the
research community to the application of different types of
photochromic compounds in the design of advanced organic
electronic devices."™ Organic photochromes undergo facile
photoinduced isomerization between two quasi stableforms
which differ significantly by their frontier energy levels,
electrical conductivity, dipole moment, dielectric constant and
etc.’ In particular, a bistable nature of the most common
photochromic compounds inspired their application in the
design of memory devices.'

Many researchers investigated diode-type memory cell
configuration comprising photochromic materials in the active
layer sandwiched between two electrodes.® Light-induced
isomerization of the photochromic component results in the
formation of bipolar traps affecting transport of charges
electrodes of the

photochromic molecules can be disposed at the interface

between the device.” Alternatively,
between the semiconductor layer and one of the electrodes thus
governing the charge injection in the diode device. This
approach has been used for an elegant demonstration of large-
area OLEDs with optical memory capabilities.®

In spite of a considerable progress in the field of the diode-type
memory devices, the achieved photoswitching effects were not
very high (with a few notable exceptions*®) thus challenging
their practical implementation. This might be one of the reasons
why transistor-type memory elements comprising
photochromic materials have attracted much attention of the

researchers recently.! While comparing the characteristics of

This journal is © The Royal Society of Chemistry 2013

the transistor-based memory elements a few important
parameters should be considered. First of all, it is a switching
coefficient defined as kg,=Ipg(state 1)/Ipg(state 2) which shows
how strong is the hysteresis in the electrical characteristics of
the transistor or how wide is the memory window. The device
operating voltages, programming speed and long-term stability
of distinct electrical states (retention characteristics) are also
crucially important.

The most explored device architecture includes a photochromic
compound mixed with a semiconductor material in the structure
of organic field-effect transistors (OFETs).'" However, such
modification results in a charge trapping in the semiconductor
layer which affects considerably all electrical characteristics of
the OFETs. The best devices of this type showed switching
coefficients kg, of 5-18 which are comparable to the
characteristics achieved in the diode-type memory devices.®
Alternatively, thin layers (or even monolayers) of photochromic
molecules are inserted under the source and/or drain electrodes
in order to control the charge injection in OFETs.''However,
the obtained parameters (kg,~2-3) were inferior compared to
the results obtained by introducing photochromic material as
“dopant” to the semiconductor layer.'?

It is known that the highest density of the charge carriers in
operating OFET flows in a few molecular layers of
semiconductor adjacent to Therefore, the
photoisomerization of a photochromic compound at the
dielectric/semiconductor  interface changes  significantly
electrical characteristics of the conducting channel (density of
traps/carriers, electrical permittivity, capacitance) and the

dielectric.'?
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device itself thus providing the required photoswitching
effect.'*!®> This approach has been pursued by several research
groups, however, the achieved switching coefficients were also
not very high (ke,=0.3-10).'%16

Analyzing previous reports on the OFET-based optical
memories based on photochromic materials one can notice their
modest (Table S1, Electronic

Supplementary Information, ESI). These devices typically

switching coefficients
operate at high voltages (30-100 V), while their programming is
slow and requires tens of seconds or even minutes. To make
this type of memory more interesting for practical applications
has to the device
characteristics.

We have reported very recently memory elements based on a
commercial which  showed
reasonably operating voltages (<5 V) and high switching

one improve significantly main

photochromic  spirooxazine
coefficients of ~10°."” Unfortunately, the programming speeds
were still low mainly due to fundamental limitations of the used
material and the device architecture.

In the present work we continued our work on exploring
different types of photochromic compounds as light-sensitive
materials for designing OFET-based optical memories. It has
been shown that the rationally designed spiropyran-based salts
SP1 and SP2 (see Scheme 1 below) can be used successfully to
produce with electrical
characteristics and high programming speeds.

memory  devices advanced

Results and discussion

The compounds SP1 and SP2 reported in this work were
synthesized according to the Scheme 1. The precursor
spiropyran 1 comprising quinoline unit in its molecular
framework was treated with the corresponding benzyl halides
2a or 2b in anhydrous acetone in the presence of a large excess
of Nal. Slow crystallization produced pure compounds SP1 and
SP2 with acceptable yields (see Experimental).

CHs CH,4

ez
.

X
2a-b

CHs CH,
2) Nal, acetone

) — O N
L
©) 1 (2a: R=H, X=CI; 2b: R=NO2, X=Br)

Scheme 1 Synthesis of the spiropyran-based salts SP1 and SP2

SP1 R=H
SP2 R=NO,

It is known that the thermodynamically stable closed forms of
the spiropyran-based reversible
photoisomerization in

salts undergo

solution to the quasi-stable open
zwitterionic isomers under illumination in solution with UV or
violet light. Back transition occurs when the system is
illuminated with a visible light or at elevated temperatures
(Scheme 2). However, the photochromic behavior of the
spiropyran-based salts is strongly inhibited in a solid state.’
Therefore, this makes challenging their application for light-

triggering of the thin film electronic devices.
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CHs CH,

— UV or violet light

Visible light

O o Q N/+ '
©) SP-1c R=H \\©\R

SP-2¢ R=NO,

SP-10 R=H
SP-20 R=NO,

Scheme 2. Reversible photoisomerization of the spiropyran-based salts

We investigated optical properties of the spin-coated films of
SP1 and SP2 (thickness ca. 150 nm) before and after
illumination with a violet diode laser (A=405 nm, light intensity
~60 mW/cm?). The spectra of the films revealed that both
compounds have intense absorption bands at the laser
wavelength (Fig. 1). However, SP1 showed much stronger
response to the violet light as compared to the SP2. Indeed, the
intensity of the 550-650 nm absorption band noticeably
increased in the spectrum of the SP1 film after illumination
thus proving that violet light leads to the accumulation of the
zwitter-ionic form of this compound. On the contrary, the
absorption spectrum of the SP2 film was just slightly affected
by illumination under the same conditions. These results imply
that just a minor difference in the molecular structures of the
spiropyran-based salts (e.g. replacing H with NO,) can affect
significantly their photochromic behavior in thin films.
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Figure 1 The absorption spectra of thin films of the spiropyran-based salts SP1 (a)
and SP2 (b) in a pristine (as coated) state (1), after illumination with a violet light
for 3 min. (2) and then after subsequent illumination with a green light for
additional 3 min. (3)

This journal is © The Royal Society of Chemistry 2012
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It is also notable that the illumination of the SP1 and SP2 films
with a green diode laser (A=532 nm, light intensity ~80
mW/cm?) leads to a very weak decrease in the intensity of the
550-650 nm bands (Fig.

backward isomerization of the zwitter-ionic forms of both

1). This strongly suggests that

spiropyran-based salts is strongly inhibited in thin films.
Therefore, a simple optical programming (using pulses of violet
and green laser) cannot provide significant photoswitching
effects in diodes or transistors comprising thin films of the
spiropyran-based salts SP1 or SP2.

spiropyran-based salts
investigated as light—sensitive components in the structure of
the photoswitchable OFETs. The architecture of the devices is
shown schematically in Fig. 2. To construct such devices,

In the present work both were

aluminum gate electrodes were initially subjected to anodic
oxidation in order to grow thin AlO, dielectric layer.
Afterwards, the photoactive spiropyran-based salt layer was
spin-coated from a solution in chlorobenzene. We note here that
investigated spiropyrans do not show semiconductor properties
the fabricated OFETs

AlO,/spiropyran dielectrics. Fullerene Cg, applied as n-type

and, therefore, comprise hybrid
semiconductor in this work was deposited by sublimation in
vacuum. Finally, silver source and drain electrodes were
evaporated through a shadow mask forming a transistor channel

with W=2 mm and L=60 pm.

Light A=405 nm

Source

[60]fullerene

SP1 or SP2

Substrate

Figure 2. A schematic layout of the investigated OFET-based memory elements
comprising spiropyran-based salts SP1 or SP2 as light-sensitive components.

While programming the memory elements, we applied an
electrical bias between the source and gate electrodes of the
transistor (programming voltage V,) and illuminated the
channel of the device with a violet light (A=405 nm, light
intensity ~60 mW/cm?) as it is shown schematically in Fig. 2.
The length of the single laser pulse was changed between 0.5
ms and 100-200 ms in a controlled fashion in order to reveal the
actual operation speed of the memory elements. The transfer
characteristics of the devices were measured after each
programming step.

Figure 3 shows that both types of devices comprising
spiropyran-based salts SP1 and SP2 show increase in the
threshold voltage under programming with positive V,
potentials in combination with light (A=405 nm). Switching of
the devices occurs with a remarkably high speed: the Ipg
currents monitored at the constant Vgs= 2.4 V potential are
decreased by more than one order of magnitude within 0.5-2.0
ms. Increase in the programming time up to 15-17 ms allows

This journal is © The Royal Society of Chemistry 2012
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one to achieve impressive switching coefficients kg,>10%.
Programming with a negative V,, bias and light (A=405 nm) for
50 ms allows one to accomplish a backward transition of the
devices based on SP1 (Fig. 3c, Fig. Sla). On the contrary,
devices comprising SP2 could not be reversed by applying
negative programming voltages (Fig. 3d, Fig. S1b). Therefore,
the discrete electrical states induced in the SP2-based devices
under the positive V,, bias have irreversible nature.

Considering potential applications of the designed devices, one
can notice that OFETs comprising SP1 demonstrate flash type
memory operation which means that information can be
written, read and erased for many times. In the case of the SP2-
based devices, the information can be written just once and read
for many times. This corresponds to the read-only type of
memory (ROM). Both flash memory and ROM memory can
find useful applications in the design of a variety of organic
electronics products.

Programming conditions: V,= 10V + light Programming conditions: V,= 7V + ight
1074 1074
—_ Programming
< time: < Programming
@ 10°4 0 (start) = 10%5 time:
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Figure 3. Evolution of the transfer characteristics of the devices comprising SP1
(a) and SP2 (b) under positive applied voltage (V,=10 V for SP1 and V,=7 V for
SP2) and violet light (A=405 nm) as a function of the programming time.
Evolution of the OFET drain currents (circles) and threshold voltages (squares)
while programming the devices comprising SP1 (c) and SP2 (d) first with positive
V, (closed symbols) and then with negative V, (open symbols) potentials.

The revealed striking difference in the behavior of the
photoswitchable OFETs comprising the spiropyran-based salts
SP1 and SP2 should be related to the peculiarities of their
molecular structures. Most likely, the presence of the nitro
group in the SP2 molecule is responsible for the observed
irreversible photoswitching effect in OFETs.

The device behavior correlates to some extent with the optical
properties of the bilayer spiropyran/Cyy films modeling the
photoactive dielectric/semiconductor interface. Indeed, SP2/Cgq
films were almost insensitive to the violet light: continuous
illumination within 3 min. induced just negligibly small
spectral changes (Fig. S2b, ESI). On the contrary, the SP1/Cg,
bilayer films studied under the same conditions showed a
strong increase in the absorbance at 550-650 nm thus revealing
the accumulation of the photonduced zwitter-ionic isomer.

J. Name., 2012, 00, 1-3 | 3
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In our previous study of the photoswitchable OFETSs based on
the
formation of the ground-state charge transfer complexes at the

spirooxazine/Cqy junctions we have shown that the

interface between the Cgy and the photochromic material plays
an important role in the device operation.'” One can assume
that photo-OFETs based on the SP1/Cg bilayer system work
via a very similar mechanism. However, the presence of the
strong electron withdrawing nitro group in the molecule of SP2
reduces dramatically its electron donating ability and thus
inhibits the formation of the charge transfer complexes with
Ceo. Blocking this charge transfer complex pathway alters
significantly the photoswitching behavior of the OFETs based
on the bilayer SP2/Cg, films.

It has been shown that using different programming voltages
can induce multiple and highly reproducible discrete electrical
states in the OFETs comprising SP1 or SP2 as light-sensitive
materials. It is seen from the Fig. 4 that programming OFETs in
the initial state with the light under negative V,, potentials does
not produce any significant changes. However, the application
of the positive V,, and light results in a controllable shift of the
device threshold voltage (V) from ca. 0 V to 4.7 V (SP1) and
from ca. 2.0 V to 6.5 V (SP2). The devices comprising SP1
undergo a backward transition (Vg shifts from 4.7 V to ~0 V)
under programming with a negative V,, bias (-10 V) and light.

It should be emphasized that only simultaneous action of the
electrical bias and light induces the observed programming
effects. The application of the electrical bias or light alone at
the programming step induces just negligible changes in the
transistor threshold voltage Vy (black lines in Fig. 4c-d).

The Vry-V, dependences shown in Fig. 4 illustrate a sharp
difference in the behavior of the OFETs comprising different
spiropyran-based salts. In the case of SP1-based devices just a
reasonable hysteresis was observed (Fig. 4c¢) thus suggesting
that this system is fully reversible. On the contrary, OFETs
comprising SP2 revealed a huge hysteresis due to their
complete irreversibility (Fig. 4d).

a Programming conditions: light (:=405 nm) + V/,
] Vpg=3V 10*

o

Programming conditions: light (=405 nm) + V,,

Vps =3V

Drain current, I__ (A)
Drain current, 1., (A)

B

5

2 3 4 5 5 7 8 8 1011
Gate voltage, Vg (V)

R S S
1 2 3 4 5 6 7
Gate voltage, Vg (V)

o
o

Programming conditions:

Programming conditions:

—=— light (10 ms) + V, = -10 => 10V
—o—light (10 ms) +V, =10 =>-10 V.
—=—V, (no light)

—=—light (10 ms) +V, =-10=> 10V
4{ —o—light 50ms)+V, = 10=>-10V
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Threshold voltage, V., (V)

Threshold voltage, V,,, (V)
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Programming voltage, V, (V)

10 8 6 -4 -2 0 2 4 6 8 10
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Figure 4. Transfer characteristics of the OFETs comprising SP1 (a) and SP2 (b)

switched by applying different V, voltages (going from 0 V to 10 V (solid lines)

and back (dashed lines)) and violet light (A=405 nm) for 20 ms. Evolution of the

OFET threshold voltage as a function of the programming voltage for the systems

based on SP1 (c) and SP2 (d).
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Considering the potential multibit memory applications of the
designed devices, special attention has to be paid to their
stability and reliability, as well as to the achievable switching
coefficients. In order to check the device stability, evolution of
the transfer characteristics of OFETs in time was investigated
(Fig. 5). It has been shown that both high current state (state
“1”) and low current state (state “2”) are very stable over a
considerable period of time (~3x10° s, ca. 1 month). At the
same time, both types of devices demonstrated impressive
current ratios between these two states approaching 1.36x10* in
the case of SP1 (Vgs=1.78 V) and 1.4x10" in the case of SP2
(Vgs=4.17 V).

The devices based on SP2 cannot be switched reversibly
between the states “1” and “2”. Therefore, initially we followed
the stability of the state “1” (with a lower V1y), then performed
programming with V,=7 V and light for 20 ms and studied the
stability of the high current state “2”.

a - ’ b
104 10 1 2
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< w V= ov e+ o= 107
g =9V +light <
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_ o
‘E— 1074 Erasing __‘:' 10"+
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Figure 5. Periodically measured transfer characteristics of the OFETs (a, b) and
corresponding drain currents plotted as a function of time (c, d) illustrating a
superior stability of two distinct electrical states of OFETs comprising SP1 (a, b)
or SP2 (c, d).

The OFETs based on SP1 can be switched many times with a
high accuracy between any two arbitrary selected states. Figure
6 shows twenty manually recorded “write-read-erase” cycles
which demonstrate appreciable reproducibility and cycling
stability of these devices.

Drain current, |__ (A)

UUVVNVUYTT UGV UL

12 34 5 6 7 8 9 101112 13 14 1516 1718 19 20
Cycle number

Figure 6. Write-read-erase cycling behavior of the devices comprising SP1 as a
light-sensitive material
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Retention characteristics presented in Fig. Sc also prove the
capability of applying the designed photoswitchable OFETs as
non-volatile flash memory elements.

Conclusion

In conclusion, we have demonstrated that the photochromic
spiropyran-based salts can be successfully utilized as light-
sensitive materials in the design of photoswitchable OFETs
demonstrating impressive electrical characteristics such as wide
memory windows, low operation voltages, switching
coefficients exceeding 10*, high switching speeds leading to the
short programming times ranging from 0.5-2.0 ms to 20 ms.

It has been revealed that relatively small change in the
molecular structure of the photochromic spiropyran-based salt
can alter completely the device behavior. Thus, the OFETs
based on the pristine (H-substituted) spiropyran-based salt SP1
operated as non-volatile flash memory elements with good
electrical characteristics and excellent write-read-erase cycling
reproducibility and stability. On the contrary, the devices
comprising NO,-substituted spiropyran-based salt SP2 showed
irreversible photoelectrical switching behavior thus resembling
the operation of the ROM memory elements.

The observed remarkable effect of the material structure on the
device performance can be applied in the future for tuning the
electrical parameters of the OFETs and designing multibit
with
characteristics, good stability and reliability.

optical memory elements advanced operational

Experimental

Synthesis and spectral characteristics of epy spiropyran-based
salts

Spiro-1-benzyl-3,3-dimethylindolin-2,3'-[3H]pyrano[3,2-f]
quinoline] (compound 1, Scheme 1). 1.1 ml (13 mmol) of
piperidine was dropwise added to a boiling mixture of 3.08 g
(8.1 mmol) of 1-benzyl-2,3,3-trimetilindoline iodide and 1.90 g
(11 mmol) of 6-hydroxyquinoline-5-aldehyde in 15 ml of
isopropanol. The reaction mixture was heated 15 minutes at
reflux and then kept overnight at room temperature. The
precipitate was isolated by filtration and purified by
recrystallization from n-hexane. Yield: 39%, mp 100-101°C.
Chemical analysis for C,gH,4N,0O. Found (%):C, 83.21; H,
5.93; N, 6.90; Anal. Caled. (%):C, 83.17; H, 5.94; N, 7.72.
FTIR (cm"l): V0 927; Veap-o 10735 ven 1253; ven 14765 ve—c
1576, 1600, 1640.

'H NMR: 3, ppm, (J, Hz): 1.32 (H, s, gem. —CH,); 1.4 (3H, s,
gem. —CH3); 4.37 (2H, d.d, J = 16.42, -CH,—Ar); 5.9 (1H, d, J
=10.4,H-2"); 6.3 (1H, d, J=7.6, H-6"); 6.86 (1H, d, J= 7.6, H-
5); 7.02-7.14 (8H, m, —ArH); 7.38 (1H, d, J = 8.2, H-10"); 7.45
(1H, d, J=10.4, H-1"); 7.89 (1H, d, J = 9.16, H-4); 8.29 (1H, d,
J=8.21,H-7); 8.75 (1H, d.d, J = 4.1, H-8").
Spiro[1,7'-dibenzyl-3,3-dimethylindolin-2,3'-[3H]-pyran
[3,2-flquinoliny] iodide (compound SP1, Scheme 1). A
mixture of 0.25 g (0.62 mmol) of 1, 0.074 g (0.584 mmol) of
benzyl chloride, twenty-fold excess of Nal and 15 ml of

This journal is © The Royal Society of Chemistry 2012
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absolute acetone was introduced into a round-bottom flask
equipped with a reflux condenser and a calcium chloride tube.
The reaction mixture was heated at reflux for 3.5 hours and
then it was stored at room temperature for two days until a
complete precipitation of the product and sodium chloride was
observed. The precipitate was isolated by filtration and the
target compound SP1 was extracted with warm absolute
acetone. Yield: 55%, mp 176-179°C.

Chemical analysis for C3sH3;N,OI. Found (%):C, 67.47; H,
4.95; N, 4.54; Anal. Calcd. (%):C, 67.52; H, 4.98; N, 4.50.
FTIR (cm™): ve o 916; Veap 0 1046; ve n 1287; veon 14565 vec
1577, 1600, 1638.

'"H NMR: &, ppm, (J, Hz): 1.32 (6H, s, gem. (—-CHj),); 4.32
(2H, d.d, J = 16.4, N;)~CH,—Ar); 6.10 (1H, d, J = 10.4, H-2');
6.35 (1H, d, J = 7.6, H-4); 6.46 (2H, s, N(7)—CH,—Ar); 6.88-
7.33 (13H, m, ArH); 7.41 (1H, d, J = 9.7, H-6'); 7.64 (1H, d, J
=10.4, H-1"); 8.10 (1H, d, J = 9.7, H-5); 8.19 (1H, t, J; = 5.5
(H-8"), J, = 8.5 (H-10"), H9'); 9.33 (1H, d, J = 8.5, H-10');
10.13 (1H, d, J=5.5, H-8").
Spiro[1-benzyl-3,3-dimethyl-7’-p-nitrobenzylindolin-2,3'-
[3H]-pyran [3,2-flquinoliny] iodide (compound SP2, Scheme
1). A mixture of 0.768 g (1.889 mmol) of 1, 0.431 g (1.994
mmol) of p-nitrobenzyl bromide, twenty-fold excess of Nal and
50 ml of absolute acetone was introduced into a round-bottom
flask equipped with a reflux condenser and a calcium chloride
tube. The reaction mixture was heated at reflux for 3.5 hours
and then it was stored at room temperature for two days until a
complete precipitation of the product was observed. The
formed precipitate of SP2 and NaBr was collected by filtration.
The target SP2 was extracted with chloroform, concentrated in
vacuum and the resulting oily residue was triturated in acetone.
Yield: 60%, mp 141-144°C.

Chemical analysis for C3;sH3¢0N3;Os1. Found (%): C, 62.97; H,
4.47; N, 6.31; Anal. Calcd. (%):C, 62.97; H, 4.53; N, 6.29.

IR spectra for 1 (cm™): ve_o 919; Veap-o 1047; ve N 12805 vy
1460; ve—c 1573, 1600, 1633.

"H NMR: 8, m. d., (J, Hz): 1.31 (6H, s, gem. (CH3),); 4.32 (2H,
d.d, J=16.5, -CH,—Ar); 6.13 (1H, d, J = 10.5, H-2'); 6.33-8.13
(16H, m, ArH); 6.91 (2H, s, —CH,~ArNO,); 7.46 (1H, d, J =
10.5, H-1'); 9.23 (1H, d, J = 8.8, H-5'); 10.32 (1H, d, J = 5.3,
H-8").

Fabrication and characterization of the memory elements

The photoswitchable OFETs and memory devices were
fabricated on glass substrates. The glass slides were cleaned by
sonication in a base piranha solution (a mixture of hydrogen
peroxide and ammonia, both obtained from ChimMed, Russia),
rinsed with deionized water and dried in an oven at 60°C for 30
min. UV plasma treatment (150 W) was applied additionally for
10 min. Afterwards, aluminum gate clectrodes with a thickness
of 200 nm were deposited by thermal evaporation in vacuum
(2x10°° mbar) through a shadow mask. Afterwards, AlO, (~10
nm) was grown by anodic oxidation of aluminum gate
electrodes in 0.01 mol citric acid (Acros Organics) at the
constant potential of 12 V. Afterwards, the samples were rinsed
with deionized water and dried in a vacuum oven at 60°C for 30
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min. A toluene solution of the spiropyran-based salt (SP1 or
SP2, 10 mgmL™") was spin coated at 750 rpm onto the
aluminum oxide layer inside a nitrogen glove box (MBraun
Unilab) producing the uniform films with the thickness of 15-
20 nm. Then the samples were transferred to a vacuum chamber
(also integrated inside the glove box) and [60]fullerene was
thermally deposited with a rate of 0.3-0.4 nm s at 320°C
under vacuum (2x10° mbar) to form a 100 nm thick
semiconductor layer. The devices were finalized by evaporating
100 nm thick silver source and drain electrodes through a
shadow mask. The channel length (L) and width (W) were 60
and 2000 pm, respectively.

The electrical characterization of the devices was performed
using double-channel Keithley 2612A instrument under inert
atmosphere inside glove box. A diode laser with a power of ~
20 mW (corresponds to the light intensity ~60 mW/cm?) and a
sharp maximum at 405 nm modulated with Advantest R6240A
was used for programming the memory elements.
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Graphical abstract
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Substrate

Optical memory devices based in photoswitchable OFETs comprising light sensitive layers

of photochromic spiropyran salts revealed advanced electrical characteristics and superior
stability



