PROCEEDINGS OF THE INTERNATIONAL DISPLAY WORKSHOPS, VOL.29, 2022

INP5-3L

Late-News Paper

Influence of Photocurrent Diffusion of Organic Photodetector
to Fingerprint-On-Display Using Pinhole Imaging Technique

Muhamad Affig Bin Misran! and Reiji Hattori!?

misran.muhamad.458@s.kyushu-u.ac.jp
1Department of Applied Science for Electronics and Materials, Interdisciplinary Graduate School of Engineering
Sciences, Kyushu University, Fukuoka 816-8580, Japan
2Global Innovation Center, Kyushu University, Fukuoka 816-8580, Japan
Keywords: pinhole imaging technique, organic photodetectors, photocurrent diffusion, organic image sensor.

ABSTRACT

Fingerprint on Display (FOD) has been widely studied
for large area displays. It can be achieved through
solution-processable organic photodetectors. Thus, we
analyzed the light distribution from a pinhole structure onto
the sensor surface and diffusion photocurrent between
adjacent pixels for the organic image sensor.

1 Introduction

Researchers have proven and incorporated optical and
ultrasonic sensors into Fingerprint on Display (FOD)
technology in recent years, as evidenced by various
research projects [1-4]. The size and location of the
module determine the ultrasonic sensor’s detection range.
In contrast, the optical sensing approach can fully use
novel opportunities like full-display sensing. It is feasible
since most researchers have concentrated on the organic
photodiode (OPD), one of the promising candidates for the
image-sensing component of the biometric authentication
system [1,5-8]. Compared to inorganic photodetector (PD),
OPDs have several advantages. Consider the
processibility of the solution and the low process
temperature. These enable the construction of large-area
photodetector arrays at meager costs on a thin plastic
substrate.
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Fig. 1 FOD principle.

Lenses and collimators are used in the majority of
optical FOD approaches that are currently on the market.
However, the thickness of the display panel will increase
due to the lenses and collimators and integrating them with
the panel is not a simple task. Under this consideration,
numerous panel producers are striving to develop an
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alternative way to solve this issue based on the pinhole
matrix imaging approach [9,10]. Pinhole imaging is well
known for producing enormous images with a
straightforward structure. However, there is currently a
deficiency of knowledge regarding the FOD application
of this approach. The pinhole imaging system depends
on several factors, including pinhole diameter and the
distance between the pinhole and the sensor.

As aresult, we examined the light distribution from the
pinholes to the sensor layer in this work. Additionally,
using the spin-coating method on solution processable
OPDs, we examined the diffusion photocurrent between
neighboring OPD. This procedure will cover the entire
region in a continuous photoactive layer. Therefore,
there is a higher tendency for photocurrent diffusion
between adjacent electrodes to increase.

2 Experiment

There were two phases to the experiments. The light
distribution beneath the pinhole area was observed
using analysis modeling, as shown in Fig. 2. The same
model was used to examine the light distribution from
numerous pinholes.
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Fig. 2 Pinhole mechanism.

The second phase of the experiments was done by
measuring the crosstalk photocurrent between adjacent
OPDs wusing the structure shown in Fig.3. The
fabrication process was discussed elsewhere [11]. The

fabricated OPDs were bottom side illuminated structures.

During illumination from the bottom side, only the
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exposed OPDs were properly illuminated, and the Mo
layer protected the covered OPDs.
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Fig. 3 Interdigitated electrodes (IDEs) OPDs.

3 Results and discussion

The light distribution analysis analyzed three pinholes
with a 1 mm pitch. The distance between the object and
the pinhole (D1) was fixed at 500 um. Whereas 100 pm for
the distance from the pinhole to the sensor surface (Dz).

The crosstalk photocurrent was investigated by
fabricating the devices with the distance between the edge
of both covered and exposed electrodes changed to 2 um,
4 ym, 10 pm, and 20 pm. The diffusion photocurrent was
studied by varying the edge of the shadow mask to the
edge of the covered electrode with 1 pm, 2 pm, 5 pm, and
10 pm.

3.1 Light distribution

In this analysis, three pinholes with a 1 mm pitch were
analyzed. The D1 was fixed at 500 um. Whereas 100 pm
for the D2.

The distribution of current intensity from three pinholes
onto the sensor's surface is shown in Fig. 4. On the
sensor’s surface, the area just beneath the pinhole had the
highest intensity. This intensity decreased as the sensor
point moved away from the center. Other pinholes also
showed similar pattern.

The overlapped region of the distribution from other
pinholes is also shown in Fig. 4. One of the optical
crosstalk sources, the high light intensity at the overlapped
region, needs to be adequately addressed. This optical
crosstalk will give incorrect information throughout the
biometric recognition process, lowering the system’s
dependability.

Decreasing the sensor pixel size is one method for
reducing this optical crosstalk from other pinholes. As
seen in Fig. 4, it can be carried out based on the
distribution of light intensity at the effective region.
According to the FBI standard, a biometric authentication
system’s minimum resolution must be 500 pixels per inch
(ppi). This specification requires a resolution of 50 pm with

1140 IDW 22

20 pixels or more every 1000 pm.

In this analysis, the pinholes were assumed to be a
single point, and D1 and D2 were fixed for simplicity.
However, diffraction may occur through this system.
Thus, additional factors such as pinhole diameter and
thickness need to be taken care of to enhance the image
and reduce the geometrical effect of this system on the
image produced.
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Fig. 4 Normalized current density distribution from

adjacent pinholes to the sensor surface.
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3.2 Crosstalk photocurrent

The crosstalk photocurrent at different light intensities
onto different distances of electrodes between the
exposed area to the covered electrode was plotted, as
shown in Fig. 5. The crosstalk photocurrent values were
normalized to the electrode width, which is 100 um It
shows that the crosstalk photocurrent increased when
the light intensities increased at 10 pW/cm?, 30 uW/cm?
and 60 uW/cm?. At different distances between the
exposed and covered electrodes, the crosstalk
photocurrent has slight differences but is almost constant
within a similar magnitude. In this study, the reflection of
light within the thin film layer across the neighboring
devices was assumed to be negligible. It can be
supported by our findings based on Fig.5, as the
distance between the exposed areas and covered
electrodes did not significantly impact the diffusion
photocurrent.

The range of 5-10 nm for the exciton diffusion length
in organic semiconductor (OSC) materials is well
known [12]. Surprisingly, the photocurrent was still
noticeable at 10 pm between the hidden electrodes and
the exposed regions. It might result from the shared bulk-
heterojunction (BHJ) layer from the OSC materials on
the entire surface. The longer exciton diffusion length is
suspected due to the longer lifetime of the exciton itself.
During testing, the continuous illumination process
mainly attributed the diffused excitons to the covered
electrodes from the exposed regions.
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Fig. 5 Crosstalk photocurrent

As mentioned earlier, the biometric authentication
system requires a minimum resolution of 50 um.
According to Fig. 5, the separation between adjacent
OPDs should be more than 10 um to prevent the crosstalk
photocurrent. It implies that the size of the OPDs must be
decreased to account for the requirement. However, Fig. 7
also demonstrates that the 1 um distance has a crosstalk
photocurrent almost identical to the 10 um distance.

Despite the noticeably low crosstalk photocurrent
discovered in this study, adequate isolation between
nearby pixels is required for the spin-coating process to
further limit the exciton diffusion, particularly in adjoining
OPDs. Several topologies for the photoactive layer,
including the planar heterojunction and ordered
heterojunction, can be used further to analyze the exciton
diffusion study between adjacent pixels.

4  Conclusions

As a result of its simplicity and viability for the large-area
sensing display, we have explored the FOD structure
based on the pinhole imaging technique and the
photocurrent diffusion from the exposed region to the
covered electrodes from the fabricated OPDs through the
spin-coating process. The trade-off between the geometry
of the pinhole and the diffraction caused by each pinhole
is one of the crucial aspects that can be considered for
future improvement in the context of the pinhole analysis.

To lessen the crosstalk photocurrent caused by the
diffusion photocurrent from the neighboring OPDs, the
spacing between the OPDs should be larger than 10 pm.
As the minimum requirement of a single pixel size for the
image sensor used for the fingerprint authentication is
about 50 pm, increasing the distance between OPDs to
more than 10 um will reduce the image sensor size and
vice versa. Despite the low crosstalk photocurrent found in
this investigation, suitable isolation layer is still required.
Plus, various structures of the photoactive layer can be
used to study this effect further, such as planar and
ordered heterojunctions.
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