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ABSTRACT

We developed an ultrathin, flexible, OLED device and
demonstrated the activations of the neurons in animals.
Optical stimulation from the OLED attached to nerve fibers
evoked contractions in the innervated muscles.
Mechanical damage to the tissues was significantly
reduced because of the flexibility. Owing to the MRI
compatibility, neuronal activities evoked by direct optical
stimulation of the brain were visualized using MRI.

1. Introduction

Applications of organic electronic devices are rapidly
extending from consumer devices, such as display and
lighting, to wearable and biomedical applications [1, 2]. A
variety of organic electronic devices can be fabricated on
polymer films under room-temperature solution processes,
and this has led to the realization of lightweight, thin,
flexible, and large-area devices. The flexibility of organic
light-emitting diodes (OLEDSs) is considerable advantages
in potential applications, particularly in optogenetics, as
OLEDs have a high affinity for the target tissue [3, 4]. For
such applications, however, the OLED should be improved
to achieve an emission intensity sufficient for activating
light-gated ion channels.

In this study, we developed an ultra-flexible OLED for
optogenetics, and stimulated the brain and peripheral
motor and sensory neurons of the W-TChR2V4 transgenic
rat which expresses channelrhodopsin-2 (ChR2), one of
light-gated cation channels, in these neurons [5, 6]. The
maximum light power density of 0.48 mW/mm? was
enough high to drive the OLED over the animal’s relatively
low threshold of approximately 0.3 mW/mm? for nerve
excitation. Using the OLED device, we stimulated motor
and sensory neurons by virtue of stable and conformal
contact to the body.

2. Experiment

The blue color OLEDs were manufactured on 1-um-
thick parylene substrate. The surface of the parylene was
modified by 500-nm thick polyimide layer as a
planarization layer. The 70-nm thick indium-tin-oxide (ITO)
layer was formed by sputter process as a transparent
electrode. To reduce heat damage to the ultra-flexible
substrate, the ITO layer was formed without substrate
heating. Thanks to a reduction of the device thickness (3
um) and placement of the active layer in the neutral strain
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*> 100-pm-thick razor blade
Figure 2. Picture of the ultra-flexible OLED

position, our ultra-flexible OLEDs show the good
mechanically durability (Fig. 1). The ultra-flexible OLEDs
wasn’t broken even when bent with a bending radius of
100 um on the tip of a razor (Fig. 2).

To demonstrate the muscle contractions, the OLED
was attached to both muscle belly and nerve fiber. To
stimulate the motor nerve terminals expressing ChR219,
we surgically exposed the gracilis muscle (GRM) of rat
hindlimb and attached the OLED device to the GRM’s
nerve (Fig. 3). The nerve terminals on the muscle belly
were identified using fiber-guided laser stimulation with
an emitting tip diameter of 250 ym scanned on the
muscle.

3. Result

The emission spectrum demonstrates that the peak
intensity of the OLED occurs at a wavelength of around
455 nm (Fig. 4). The emission characteristic covering a
wavelength of 470 nm is appropriate to activate ChR2
expressed in neurons [7]. The luminance of the OLED is
4.3 x 10* cd/m? at 10 V (Fig. 4). The optical power
density measured by facing a photodiode was 0.48
mwW/mm?2.
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Figure 3. The OLED stimulator was attached to a
surface of gracilis muscle (GRM) with high conformity,
even during hindlimb movement.

The J-V characteristics of the OLED did not vary before
and after the attachment to the muscle. This indicates that
the leak current flowing from the OLED to the body was
negligibly small because of durable encapsulation. The
myoelectric potential was measured using paired needle
electrodes inserted into the GRM. An optical stimulation of
GRM induced a tensional response after 4 ms (Fig. 4a).
During optical stimulation with repetition rates ranging
from 2-40 Hz, hindlimb movement was induced in
synchronization with optical pulses (Fig. 4b). At
frequencies of 20 Hz and 40 Hz, the contraction
diminished because of desensitization [8]. Even during the
contraction, the ultra-flexible OLED delivered stable
optical stimulations because of the high conformity to the
muscle surface.

4. Conclusion

In this study, we succeed to develop the ultra-flexible
blue color OLED. The OLED shows the good mechanically
durability and high electrical characteristics. Using the
ultra-flexible OLED, we demonstrated the activations of
the neurons of rats by directly attached the OLED to the
surface of gracilis muscle.
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Figure 4. Stimulation of neuromuscular system. a,
The evoked electrical potential at the GRM. The
stimulation frequency was 10 Hz. The blue bar
indicates the optical stimulation with a duration of 5
ms. b, The evoked electrical potential at the GRM
stimulated at 2 Hz
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