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Abstract- Understanding the propagation of LED light in the
brain tissue can facilitate the advanced development of LED-
based neuroprosthetic devices for optogenetic applications. In
this work, the attenuation coefficient of blue LED light in thin
tissue slices and Parylene-C films were quantified, which is 19.9
em' and 1.70 cm’', respectively. Optical simulations in
TracePro show good agreement with the experiments.
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As a revolutionary neuromodulation technology,
optogenetics offers remote manipulation on neural activities
of genetically-targeted neural cells with millisecond
temporal precision through light illumination [1-7].
Compared to electrical stimulation, optogenetics has unique
benefits including specificity control of neural cell types as
well as minimal artifacts and instrumental interferences with
electrophysiological recording [8,9]. Application of
optogenetics in neuroscience studies has created an
increasing need for the development of light sources and the
instruments for light delivery. Among various light sources,
micro-light-emitting diodes (u-LEDs) are favored for its
high power efficiency, low cost, and capability of complex
system integration [10-16]. Successful in-vivo optogenetic
stimulation on neural cells with the employment of p-LEDs
has been widely reported [17-21].

Unlike lasers and laser diodes, p-LEDs usually emit
uncollimated light beams with wide irradiation angles,
which increases light absorption and scattering while
transmitting in a medium. However, there is little available
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Fig.1 Schematic illustration of the process flow of p-LED neural
stimulators on Parylene-C substrates. (a) Parylene-C and copper
deposition; (b) copper patterning; (c) photoresist coating and
patterning; (d) applying low melting point (LMP) solder; (¢) u-LED
assembly; (f) photoresist removal; (g) Parylene-C deposition; (h)
peeling p-LED stimulators off silicon substrates.
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information on the propagation of LED light in brain tissues
and materials commonly used in neuroprosthetic device
packaging. Lack of such information limits further
development on light delivery systems for optogenetics.

In this work, we explored an attenuation coefficient to
quantify the propagation of LED light through different
materials. The attenuation coefficient of rat cortical tissue
and Parylene-C film has been successfully obtained by a
linear fitting on a series of measured light attenuation ratio
and the corresponding thicknesses.

II. FABRICATION

The LED light source used for the experiment was
fabricated by flip chip bonding p-LEDs (Cree® TR2227TM,
470nm wavelength, 220 pum x 270 pum x50 um) on copper
pads that were pre-patterned on either polyimide
(DupontTM Pyralux® AP7163E) or Parylene-C substrates.
Wires were attached to the leads using silver paste and
encapsulated by epoxy. In order for better protection, the
light sources were subsequently coated with a 10-pum-thick
Parylene-C film through vacuum chemical vapor deposition
(CVD) using a PDS 2010 Labcoter® 2 (Specialty Coating
Systems). The detailed process flow of such p-LED neural
stimulators on Parylene-C substrates is schematically
illustrated in Fig. 1. To avoid overheating of pu-LEDs, low
melting point (LMP, Alloy Field’s Metal) solder was
applied onto the pads in a diluted hydrogen chloride solution
(pH=1) and the soldering process was carried out at 100 °C
on a hot plate. Optical images of a fabricated u-LED neural
stimulator is shown in Fig. 2.

III. METHOD

When light travels through a medium with thickness ¢ and
attenuation coefficient a, the exponential decay of light can

Fig. 2 (a) A fabricated u-LED neural stimulator with light illumination.
(b) Microscopic image of the assembled p-LED chip at 40x
magnification. (c) Microscopic image of the assembled p-LED chip at
100x magnification.



be calculated using the following equation:
I = In Xe-at

()

where [y and 7 are the intensity of incoming light and output
light, respectively. In this study, /, and [ through different
materials were first measured using a photodetector (Model
815 Series, Newport, Inc). Then a linear fitting was
performed on a series of the logarithm of /,/7 as a function of
the corresponding thicknesses ¢. The obtained slope of linear
curves is equivalent to the attenuation coefficient of a
specific medium.

Two types of samples were explored: 1) brain tissue slices
with a thickness range of 100-300 pum, and 2) Parylene-C
films with a thickness range of 15-100 pm. The brain tissue
slices were collected from a rat that was perfused
transcardially with 0.5L of 0.9% saline followed by 1.0L of a
10% formalin solution. Parylene-C is known as an optically
transparent polymer coating material, which has many
prominent advantages such as high chemical and biological
stability, hydrolysis resistance, non-toxic and most
importantly, biocompatibility. Parylene-C is selected in this
study because it has been widely used in the construction of
neural implant devices. During the experiments, the thickness
of the tissues slices was estimated by measuring the
difference in microscope focusing distance between the top
and bottom surfaces of the tissue slices. The thicknesses of
the Parylene were measured using a profilometer. The
recorded thicknesses were used for drawing and analyzing
the relationship between attenuation ratio and the thickness
of rat brain tissue slices or Parylene-C films.

Fig. 3(a) shows the measurement setup where the sample
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Fig. 3. (a) Experimental setup for measuring the light attenuation
through different materials. (b) Schematic illustration of the
measurement setup (the part circled in (a)), where the tissue slice was
placed on a glass slide and sandwiched between the assembled u-LED
chip and the photodetector.
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film was carefully aligned and sandwiched between the
assembled p-LED chip and the photodetector. The
photodetector was fixed in a 3-D printed holder to maintain a
constant distance from the sample. The u-LED was driven by
2.6 V to enable stable illumination. Fig. 3(b) schematically
illustrates the setup of the measurement. It is noteworthy that
the glass slide was covered by a black tape with an opening
in the middle, which blocked the unconsidered light beam
and only allowed the light passing through the rat brain
cortical tissue to be collected by the photodetector.

IV. RESULT AND DISCUSSIONS

A. Attenuation coefficient of brain tissue slices with
different time durations for exposure

It is found that, as time passes by, the tissues exposed in
air dry out gradually due to evaporation, which is likely to
cause uncertainty to light attenuation. In order to minimize
the influence of the tissue wetness on the light attenuation
measurement, the tissue slices that were exposed in air for
either 10 mins or 30 mins were firstly studied. To eliminate
the influence caused by temperature and humidity, the
experiments on both groups of the brain tissues were
conducted under the same room temperature and same
humidity.

After being exposed to air for 30 mins, the color of the
brain tissues changed from transparent to a milky color.
Consequently, as the thickness of the samples increases, the
attenuation coefficient increases more significantly than the
10-min-dry sample, as shown in Fig. 4. When the thickness
of the brain tissue slices increases to a certain degree, the
attenuation of LED light will become much higher than 10-
min-sample. As a result, after a long time of exposure to air,
the brain tissue slices metamorphose into a completely
different thing. Therefore, in the following studies, the brain
tissue slices, which are exposed to air for 10 minutes, are
used as the wet tissue slices for the experiment, which likely
have optical properties closer to the fresh brain tissues due
to the color and the attenuation coefficient of the brain
tissues.

Due to the change of the properties of the samples used in
this part, another group of new samples was used to for
more reasonable and accurate results of the experiment.

B. Simulation setup in Tracepro

An optical model similar to the testing setup in Fig. 3 (b)
was built in Tracepro to analyze the light attenuation through
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Fig. 4 Attenuation coefficient of LED light through brain tissue slices
after exposed in air at room temperature for different time durations.
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Fig. 5. TracePro model for device simulation.

different thin film samples, in comparison with the
experimental data. As shown in Fig. 5, the p-LED chip used
in the simulation had a size of 220 um x 270 pm % 50 pm
with randomly emitted light. Rat brain tissue slice was set as
a cylinder with a radius of 500 pm and the height ranging
from 100-300 pum for representing different thicknesses. For
the simulation of Parylene-C as the inserted object, its
thickness was modified to have a range of 15-100 um to
match with the real size of the Parylene-C films. Absorption
layer and glass slide both had the size of 1000 pm x1000 um
x10 pm. An absorption layer was placed around the sample
to absorb the unconsidered light beam while allowing the
wanted light going through the sample. The light sensor was
set as a cylinder with a radius of 500 pm and a height of 0.5
pm.
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Fig. 6. Attenuation coefficient of p-LED light through fixed rat brain
tissue slices, collected from the experiment (a) and the simulation (b).
Simulation was done using both the LED and laser as the light source.

C. p-LED light through rat brain tissue slices

The attenuation coefficients of p-LED light through the
fixed the rat brain tissue slices collected from the
experiment and the simulation are shown in Fig. 6. In
addition to the LED light source, a laser was used as an
alternative light source in the simulation and compared to
the LED light source. In the experiment, brain tissue slices
with a thickness range of 100-300 pm were measured.
Considering the thickness variation of the brain tissue slices
due to cutting, three samples were measured for each
different thickness of the rat brain tissue slices, and
thicknesses of all the tissue slices were measured to ensure
the accuracy of the linear fitting. It can be seen that the
attenuation coefficient and the thickness of the samples
turned out to be linearly dependent. After doing linear fitting
with ORIGINPRO, the attenuation coefficient of the fixed
brain tissue was calculated to be around 19.9 cm!, which is
lower than the attenuation coefficient of the laser (15 cm™)
reported in [25]. Highly divergent light beams of u-LED are
likely to contribute to this observation. Unlike laser with
high directivity, light beams from p-LED are highly
scattered while traveling through the fixed tissue, which
leads to a bigger illumination area between the light and the
tissue, and eventually, an increased absorption coefficient.

D. pu-LED light through Parylene-C

It is anticipated that the attenuation coefficient of Parylene
is much lower than the brain tissue, which is proved by the
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Fig. 7. Attenuation coefficient of p-LED light through Parylene-C,
collected from the experiment (a) and the simulation (b). Simulation
was done using both the LED and laser as the light source.
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experiment and the simulation, as indicated in Fig. 7. This is
most likely to be caused by the inhomogeneous material
properties of the brain tissue, which results in more scattering
of light. The Parylene samples also exhibited better linearity
compared to the brain tissue slices. This may be due to the
irregular shape and non-uniform thickness of the tissue slice,
which makes light detection inconsistent. Another
contribution for this observation may be that the light sensor
never senses all the light beams because of the divergence of
the u-LED light beams, as indicated in Fig. 3 (b). While in
simulation, there are no such problems existing.

The mismatch between the theoretical and experimental
data could be caused by the diverging of pu-LED light beams,
which is more prominent in the experiments than in the
simulation. In addition, it was noticed that the attenuation
coefficient of the laser light source is much lower than that
of that of p-LED, which is mainly attributed to the increased
scatter and absorption of the diverge light beams of p-LED
in the samples.

V. CONCLUSION

In summary we studied the optical propagation of blue
LED light in rat’s brain tissue and Parylene-C, which could
be used to guide the design of the next generation of
optogenetic neuromodulators for the brain study. The
attenuation coefficients of blue micro-LED light in the rat
brain tissue and Parylene-C were measured, which were
19.9 cm! and 1.70 cm’!, respectively. Experiments are
underway to further study the optical propagation of
different colors of LED light in the brain tissue to provide
more accurate results and data for the comparison with
animal experiments.
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