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Abstract

This paper proposes a high-sensitivity micro-LED-based
fingerprint recognition system without any additional sensors. It
is proposed to adopt charge integrators for readout circuits and
differential sensing method to eliminate electronic noise for high-
sensitivity. Although photocurrent difference between ridge and
valley is as small as 4.56 nA, the proposed system successfully
produces a 1.38 V readout voltage difference in 300 us. This
demonstrates that the proposed system recognizes various
fingerprint patterns across the entire display screen with high-
sensitivity.
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1. Introduction

With the advancement of mobile displays, users can now
perform various functions such as financial transactions and
identity verification through their smartphones. Consequently,
the amount of personal data stored on smartphones has rapidly
increased, and the importance of security systems to protect
personal data has grown significantly. Among the various
security methods, fingerprint recognition is the most widely used
due to its convenient accessibility and high security.

To implement fingerprint recognition technology in mobile
displays, various approaches have been developed, including
optical, ultrasonic, and capacitive methods [1-3]. Recently, the
integration of organic photo diodes (OPDs) within OLED panels
has been proposed as a promising solution. This approach enables
high-resolution fingerprint recognition without separate sensor
modules [4]. However, all of these methods still require
additional sensing components within the display, which
increases manufacturing costs and fabrication complexity.

To address these challenges, this paper proposes a novel micro-
LED-based fingerprint recognition system that operates without
any additional sensors within the display. This system operates on
the principle that a reverse-biased micro-LED exhibits current
flow, photocurrent, that varies depending on the intensity of the
incident light. A readout circuit is implemented on a PCB using a
charge integrator, enabling the detection of differences in
photocurrent values between ridge and valley. Our proposed
system adopts a differential sensing method to eliminate
electronic noise, achieving high sensitivity that enables effective
distinction between ridge and valley. Additionally, we propose to
install black walls between LEDs to minimize direct light
interference from emitting LEDs to sensing LEDs.
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Figure 1. Proposed micro-LED display system featuring
both display operation and fingerprint recognition.
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Figure 2. Luminance of micro-LEDs as a function of driving
current.

2. Fundamental Characteristics of Micro-LEDs
for Fingerprint Recognition

The micro-LEDs used in this study have a width and length of
125 pum and 200 pm, respectively, with a sub-pixel pitch of
200pm. Fig. 2 shows measured luminance values of RGB micro-
LEDs as a function of driving current. The proposed system
performs fingerprint recognition using photocurrent levels
proportional to forward current of emitting LEDs. Therefore, to
maximize the photocurrent through the sensing LED, we need to
use maximum current of micro-LEDs in display operation.

Target luminance is set to 2,000 cd/m?, because maximum
luminance of commercially available smartphones is
approximately 2,000 cd/m2 The RGB luminance ratio required
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for full-white is set consistent with that of commercially available
smartphones. Thus, to achieve a luminance of 2,000 cd/m?, the
required luminance for green and blue LED are determined to be
1,429 cd/m?, and 155 cd/m?, respectively [5]. Since light emitted
from emitting LEDs must have higher energy than that of sensing
LEDs, the emission current of red LEDs is not considered.
Assuming an aperture ratio of 1% for the display, the luminance
required from the green and blue LEDs is 142,900 cd/m? and
15,500 cd/m?, respectively [6]. Accordingly, the required currents
are 400 pA and 200 pA for green and blue LEDs, respectively.
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Figure 3. Conceptual cross-section views(a) without black
wall fabrication (b) with black wall fabrication.

Fig. 3 shows conceptual cross-sectional views of a micro-LED
pixel structure without and with black wall fabrication. In the
proposed system, ridge and valley are distinguished by utilizing
only the light reflected from the cover glass interface and the fake-
finger surface. To achieve this, minimizing direct light
interference from emitting LEDs to sensing LEDs is critical.

To address this issue, the space between LEDs is filled with a
liquid material, which was subsequently cured to form a solid
black wall structure. Fig. 3(a) illustrates that direct light from
emitting LED reaches sensing LED, making it difficult to
distinguish reflected lights from ridge and valley. In contrast, Fig.
3(b) illustrates that black wall absorbs the directly incident light,
enabling the system to distinguish reflected lights from ridge and
valley. This confirms that the black wall’s effectiveness in
mitigating direct light interference, thereby enhancing the
system’s sensitivity.
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Figure 4. Comparison of photocurrent values under ridge
and valley for each emitting-sensing LED combination.

Fig. 4 shows the photocurrent values and their differences
between ridge and valley for various combinations of emitting
and sensing LEDs. To compare photocurrent characteristics for
each combination, our scaled-up experimental setup emulates an
actual mobile display with 300 ppi and 70 pum-thick cover glass.
A 500 um-thick cover glass was placed over the LEDs, and a
scaled-up fake-finger was positioned on top. The fake finger,
made from a material with the same refractive index as human
skin, was designed in white to mimic the scattering phenomena
of a real finger [7].

To generate sufficient photocurrent for fingerprint recognition,
the energy bandgap of the emitting LED must be larger than that
of the sensing LED. Based on this principle, photocurrent
characteristics were compared and analyzed for three specific
combinations: eG-sR, eB-sR, and eB-sG. The driving currents for
emitting LEDs were set to 400 pA for green and 200 pA for blue,
as calculated earlier. The results showed that the difference in
photocurrent values between ridge and valley was 4.56 nA for
eG-sR, 1.25 nA for eB-sR, 1.34 nA for eB-sG. This shows that
the eG-sR combination exhibits the highest sensitivity in
distinguishing between ridge and valley, making it the optimal
choice for fingerprint recognition.

3. Sensing Circuit and Measurement Results

Fig. 5(a) and 5(b) illustrate the proposed sensing circuit and
timing diagram of signals, respectively. The operation of the
proposed sensing circuit is divided into four stages: (1)
TrrocraMMING (Trc), (2) TinmaLization (Ting), (3) Tsense, (4)
Trovp. During Teg, the Store signal goes high, storing the Sensor
signal in Cst. When the Sensor signal is high, the corresponding
LED operates as a sensing LED, but when it is low, it functions
as an emitting LED.

For display operations, a constant current flows through the
LED, driven by the PDIC (pixel driving integrated circuit) which
operates as a current-sinking IC. The operational principle and
driving waveforms of the PDIC are detailed in our previous study
[8]. For sensing operations, during Tini, the Integration signal
goes high, initializing the output of the charge integrator, Vsensk,
to Vref. Before Tini ends, the Read signal is set to low, causing
Vref to be applied to the cathode of the LED, which results in a
reverse bias across it. In Tsensg, the Integration signal goes high
while the Read signal remains low. During this stage, the
photocurrent generated by incident light is sensed through the
charge integrator. As the intensity of incident light on the LED
increases, photocurrent also increases, causing the Vsense to rise
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steeply. In contrast, when the intensity of the incident light is
lower, photocurrent decreases, causing the Vsense to rise
gradually. If the Read signal remains low without transit to high,
the photocurrent will cause the Vsense value to keep increasing
until it saturates at the supply voltage of the charge integrator, 12
V. Therefore, to clearly distinguish between ridge and valley, it is
crucial to set an appropriate sensing time by carefully considering
factors such as the time required for fingerprint recognition and
the specifications of the target display.
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Figure 5. (a) Schematic of the sensing circuit utilizing a
charge integrator (b) timing diagram of signals for the
proposed circuit.

The target performance of the proposed system is to
successfully recognize fingerprints within 1.5 s, regardless of the
sensing area, on a display with a resolution of 352 x 430 and a
refresh rate of 60 Hz. To achieve this, asingle readout circuit must
sequentially sense all pixels in the vertical direction within 1.5 s.
In this case, the sensing operation is assumed to occur only during
vertical blank time to avoid affecting the display operation. Given
that the vertical blank time is 1.75 ms, there are 89 vertical blank
times within 1.5 s, resulting in a total available sensing time of
155.75 ms. This means the charge integrator must sequentially
sense photocurrents from 430 pixels within 155.75 ms. To
sequentially sense 430 pixels within 155.75 ms, each pixel must
be sensed within 360 ps. Based on these calculations, the
proposed system assigns 10 ps for Tini, 300 ps for Tsense, and 40
us for ThoLp.
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Figure 6. (a) Schematic of the differential sensing method
(b) integration results of the charge integrator before and
after applying the differential sensing method

Fig. 6(a) illustrates the schematic of the differential sensing
method utilized in the proposed system, while Fig. 6(b) shows the
integration results of the charge integrator before and after
applying the differential sensing method. The charge integrator
integrates all the current flowing through Cint. As a result, it
senses not only photocurrent generated by micro-LED but also
noise currents produced in display panel. When the level of
electronic noise increases, it may become difficult to distinguish
between ridge and valley in real time.

To address this issue, the differential sensing method was
applied, and its effectiveness was validated by using two adjacent
sensing circuits. Both charge integrators operate with the same
control signal, with one connected to the cathode of the sensing
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LED, while the other has nothing connected to its input. As a
result, the charge integrator connected to the sensing LED
integrates both photocurrent Isense from the LED and noise
current Inoise from display panel. In contrast, the charge
integrator without any input connection integrates only the noise
current Inoise. By subtracting the integrated output of the second
charge integrator from the first, the system isolates photocurrent
Isense. This differential output is then used as the final readout
voltage, effectively eliminating electronic noise. As shown in Fig.
6(b), the degree of coupling in the output voltage caused by the
switch control signals has been reduced, and the noise-induced
ripples have been eliminated. This indicates that utilizing the
differential sensing method enables the differentiation of ridge
and valley with high-sensitivity.
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Figure 7. Measured waveforms of control signals for
sensing and readout voltage

Fig. 7 shows the sensing results for the ridge and valley
conditions of a fake-finger in the proposed fingerprint recognition
system, using an eG-sR combination with an emission current of
400 pA and a light sensing time of 300 ps. By applying
differential sensing method, the noises were eliminated, resulting
in clean waveforms. The integration capacitor, Cint, was
designed with a value of 1 pF, resulting in a 1.38 V difference in
the readout voltage for a photocurrent difference of 4.56 nA
during the sensing time. This demonstrates the potential of the
proposed system to achieve fingerprint recognition within 1.5 sin
a 352 x 430 array environment without any additional sensors
with high-sensitivity.

4. Conclusion

In this paper, we propose a novel fingerprint recognition
system that utilizes reverse-biased micro-LEDs as
photodetectors, enabling fingerprint recognition across the entire
display without the need for additional sensors. We implemented
readout circuits using charge integrators and validated the
feasibility of the proposed system by successfully distinguishing
between ridge and valley of a fake-finger. Additionally, we

employed a differential sensing method to effectively eliminate
electronic noise from the display panel, thereby achieving
enhanced sensitivity. These results demonstrate the potential of
the proposed system for high-sensitivity, sensor-free fingerprint
recognition in mobile display environments.
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