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Abstract

We report on a back-illuminated (BI) single-photon avalanche diode (SPAD) based on 40 nm CIS technology
specialized for both temporal resolution and photon detection probability (PDP). The proposed SPAD utilizes an
optimized epitaxial layer and an isolated carrier-collection region (CCR) to enhance timing resolution while
maintaining high PDP in the near-infrared (NIR) region. To further improve its performance, various guard-ring
(GR) structures were investigated, and a virtual GR configuration demonstrated superior trade-offs in terms of
dark count rate (DCR), timing jitter, and PDP. A dedicated TCAD simulation as well as light emission test and
laser scanning microscope measurements confirm strong electric-field confinement within the planar junction.
Comprehensive electrical characterizations reveal a low breakdown voltage of 15 V and excellent timing jitter of
46 ps (FWHM) at 940 nm under 5 V excess bias voltage. The measured PDP reaches 21% at 940 nm, making it
highly effective for wide-range LiDAR applications where both depth resolution and NIR sensitivity are critical.
Furthermore, the device maintains relatively low DCR, 2.7 kcps at 25 °C, robust temperature stability (—30 to
90 °C), and negligible afterpulsing. Compared to previously reported state-of-the-art BI SPADs, the proposed
device achieves significant improvements in timing precision and NIR efficiency while maintaining compact pixel
architecture. These results demonstrate the suitability of the SPAD for integration into compact, low-power depth-

sensing systems in emerging platforms such as mobile LIDAR and AR/VR/XR devices.

k. Introduction

Single-photon  detectors (SPDs) have become
indispensable in a wide range of applications that require
ultra-high sensitivity and precise temporal resolution.
These include quantum key distribution, time-resolved
fluorescence imaging, single-molecule detection, and light
detection and ranging (LiDAR).'”* In such systems, the
ability to detect individual photons is critical, particularly
under extremely low-light or high-speed conditions where
conventional photodetectors fail to operate effectively.
Several types of SPDs have been developed to meet the
growing demand for  photon-level  detection.
Photomultiplier tubes (PMTs) offer high internal gain and
wide spectral sensitivity, but their bulky size, high
operating voltage, and incompatibility with modern
electronics limit their use in compact and/or integrated
systems.®  Superconducting nanowire single-photon

detectors (SNSPDs) provide exceptional timing resolution
and an extremely low dark count rate (DCR), making them
ideal for quantum optics experiments; however, they
require cryogenic cooling and consequently are difficult to
scale.” Transition-edge sensors (TESs) enable energy-
resolved photon detection with high sensitivity, yet suffer
from slow response times and ultra-low temperature
requirements.®

Among these technologies, single-photon avalanche
diodes (SPADs) stand out as the most promising candidate
for scalable and practical applications.”” SPADs offer
picosecond-level timing resolution with the advantages of
solid-state integration, allowing for compact, low-power,
and high-density detector arrays. Their compatibility with
standard CMOS fabrication processes enables cost-
effective mass production and on-chip circuit
integration.'”!> Moreover, SPADs are especially well-
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Fig. 1. (a) Comparison of timing jitter and depth uncertainty at 940 nm with state-of-the-art Bl SPADs: while the state-of-the-art Bl
SPADs do not cross the 100 ps (15 mm) boundary, the proposed SPAD achieves superior temporal resolution with significantly lower
jitter and depth error. (b) Summary table comparing cross-sectional illustrations as well as key structural and performance aspects.

suited for systems with stringent size and power
constraints, making them ideal for emerging platforms
such as mobile devices, AR/VR/XR systems, and smart
glasses, where small form factors and low-power
consumption are critical.

SPADs operate in Geiger mode by reverse-biasing a PN
junction above its breakdown voltage (V3), enabling
avalanche multiplication from a single photon-generated
carrier. The avalanche is quenched by dedicated circuitry
and output as a voltage pulse for time-stamping. Two key
performance metrics are photon detection probability
(PDP) and timing jitter. PDP, the probability that a photon
triggers a detectable avalanche, depends on absorption,
depletion depth, and carrier collection efficiency, and can
be improved through structural and doping profile
optimization. Timing jitter, the statistical variation in delay
setween photon absorption and avalanche initiation, is
aifected by carrier transit time and avalanche build-up
variation. Minimizing jitter is critical in time-of-flight
applications, where picosecond-level precision determines
depth resolution.

Historically, CMOS SPAD technology has evolved from
fiont-illuminated (FI) to back-illuminated (BI) structures,
primarily driven by the need to enhance PDP, particularly
in the near-infrared (NIR) range."* FI SPADs suffer from
significant optical losses due to front-side metal routing
and multiple layers of dielectrics, which absorb or reflect
incoming photons. Moreover, since the avalanche
multiplication region (AMR) in FI SPADs is typically
formed near the surface, they struggle to efficiently detect
longer-wavelength NIR photons that are absorbed deeper
within the silicon.'*!” In contrast, BI SPADs overcome
these limitations by relocating the light entry path to the
back side of the device. This configuration reduces optical
loss from front-side components and allows the AMR to
be placed deeper within the silicon, improving sensitivity
to NIR photons that are absorbed further below the
surface.'®?* To further maximize the carrier-collection
volume, BI SPADs typically adopt thicker epitaxial layers

and often use a non-isolation structure, where the entire
pixel area serves as the carrier-collection region. In
addition, relatively low-doped PN junctions are used to
create a wider depletion region, further improving the
probability of collecting carriers generated at deeper
regions of the epitaxial layer.”>** However, this approach
also leads to longer carrier-transit times, which negatively
affect timing jitter performance. In time-of-flight systems,
this trade-off becomes significant, as each picosecond of
jitter corresponds to approximately 0.15 mm of depth
uncertainty.”’ As illustrated in Fig. 1(a), state-of-the-art BI
SPADs report timing-jitter values exceeding 100 ps full
width at half maximum (FWHM), resulting in substantial
depth errors that hinder short-range LiDAR applications.
Moreover, the use of lightly-doped junctions can raise the
Vs, increasing power consumption and design complexity
of the product. To overcome these challenges, this work
introduces an optimized epitaxial layer with an isolated
structure that confines the carrier-collection region (CCR)
near the AMR. As depicted in Fig. 1(b), the optimized
configuration enables shorter carrier transit and
significantly reduces timing jitter, achieving a remarkable
improvement in depth precision compared to prior works.
These improvements are made without compromising NIR
sensitivity, offering a promising solution for high-
resolution, low-power LiDAR systems.

In this paper, we introduce a SPAD design that achieves
a notably V3 of 15 V while delivering superior temporal
resolution and maintaining excellent PDP. The preliminary
results of the device were reported in ref.*’. This
improvement results from optimized device architecture
and refined process techniques. We also present a detailed
evaluation of the BI SPAD's performance, including
comprehensive measurement results beyond timing jitter.
At an excess bias voltage (V) of 5 V, our device
demonstrates a timing jitter of 46 ps at 940 nm, exceeding
the performance of current state-of-the-art BI SPADs in
temporal resolution, and achieves a PDP of 21% at 940 nm.
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Fig. 2. Cross-sections of three fabricated SPAD structures with three different GR designs. All structures employ an identical P+/N-well
junction and DNW-based isolation but differ in their GR implementations. Structure 1 incorporates a deep P-well (PW1) as the GR;
Structure 2 uses a shallower P-well (PW2); and Structure 3 employs a virtual GR (VG) formed by a lightly doped p-epitaxial region.

I1. Structure Optimization of the SPAD

This section presents a structural optimization study
aimed at improving SPAD performance through guard-
ring (GR) engineering. The SPADs investigated in this
work were fabricated using a 40 nm BI CMOS image
sensor process. Fig. 2 illustrates the cross-sections of the
fabricated SPADs with different GR configurations. A 4
pum thick silicon layer was selected to balance sufficient
absorption depth with minimized carrier transit time,
enabling low timing jitter and improved temporal
resolution. The devices employ a deep AMR located below
the backside surface, which enhances photon absorption in
the NIR spectrum. To enhance carrier confinement and
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suppress lateral carrier diffusion, the SPADs are isolated
by a surrounding deep n-well (DNW) structure. This
isolation barrier helps prevent carriers from escaping
sideways, effectively guiding them into the AMR. By
minimizing lateral carrier transit paths, this design reduces
temporal dispersion and supports tighter timing resolution.
The active region is defined by a P+/N-well junction with
a 2.5 pm diameter. The relatively high doping
concentrations create a strong E-field, enabling a low V3
and a well-formed depletion region. This configuration
establishes a precisely defined drift region, which
facilitates rapid avalanche triggering and helps minimize
timing jitter. The GR significantly impacts device

performance, influencing the E-field distribution,
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Fig. 3. Electrical and optical performance of the three SPAD structures with different GR designs: (a), (b), and (c) |-V curves under
dark and illuminated conditions showing low dark current and excellent avalanche multiplication behaviors across all structures. (d)
Comparison of saturation current above breakdown. (e) Rising edge of the output pulses at Ve = 5 V. (f) DCR measured at Ve =5 V.
(g) PDP as a function of wavelength, with VG achieving a peak PDP of 39.4% at 650 nm and 21% at 940 nm. (h) Timing jitter results

showing both FWHM and FWTM at Ve=5 V.
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Fig. 4. E-field simulation and active-region visualization measurements of the optimized SPAD: (a) Simulated E-field distribution showing
the high E-field at the avalanche multiplication region and space charge region at Ve = 5 V. (b) SPAD micrographs and LET results at
Ve =1 and 5V, highlighting the light emission associated with the avalanche multiplication region. (c) LSM result at Ve =5 V confirming

the confined and localized avalanche activity at the SPAD active region.

tunneling noise suppression, carrier recombination rate,
and output pulse characteristics. A carefully-engineered
GR can facilitate a more uniform and stronger E-field near
the planar junction by suppressing premature edge
breakdown (PEB), and improve output pulse transition
speed by adjusting the resistance along the current path. To
evaluate the impact of the GR layout, three SPAD
structures were designed and fabricated with the identical
junction and pixel pitch, but differing in GR
implementation, as illustrated in Fig. 2. Structure 1 (PW1
GR) incorporates a deeper P-well (width = 1 um) with a
0.5 um gap from the cathode. Structure 2 (PW2 GR) uses
a shallower P-well of the same width and spacing.
Structure 3 (VG) relies on a retrograde DNW profile,
which leaves a lightly-doped P-epitaxial region near the
surface adjacent to the P+ anode. This residual P-epi region
functions as a virtual GR (VG) (width = 1.5 pm),
ctfectively contributing to E-field control and current-path
sbaping near the edge of the junction.

Their performance was characterized under identical
test conditions to evaluate the influence of GR design on
current—voltage (I-V) characteristics, DCR, PDP, and
timing jitter. The I-V characteristics shown in

indicate that all structures exhibit low dark
current and a clear increase in current near the breakdown
voltage, 15 V, under both dark and illuminated conditions.
To further investigate the effect of GR depth on output
behavior, the saturation current and the rising edge of the
output pulse were evaluated, as shown in .
The VG structure exhibits the highest saturation current,
followed by PW2 and PWI1, indicating reduced series
resistance due to a shorter current path between the anode
and cathode. Moreover, the rising edge of the output pulse
measured at Ve =5V shows that the VG structure achieves
the fastest response, as evidenced by its higher slew rate.
These results support the observation that GR optimization
in VG enhances the electrical response, which contributes
to improved timing jitter performance. Fig. 3(f) compares
the DCR at a 7z of 5 V. Structure 3 (VG) exhibits a
relatively higher DCR due to its shallowest GR, which
enables a less border effect so that more carriers reach the
AMR. Nevertheless, the DCR remains sufficiently low for
typical outdoor applications such as LiDAR, where

ambient-light-induced noise dominates the total dark count.

The PDP results shown in Fig. 3(g), measured from 400 to

950 nm, show that the VG exhibits the highest efficiency,
followed by PW2 and PWI. This trend is primarily
attributed to the less border effect: with VG, more photon-
generated carriers reach and go through the AMR rather
than the GR and thereby enhancing PDP. Timing jitter was
characterized at 940 nm and V=5V as shown in Fig. 3(h).
All structures show excellent jitter performance due to the
optimized drift region design and advanced fabrication.
However, VG yields the lowest jitter, followed by PW2
and PWI1. This is attributed to the shorter anode-cathode
current path in shallower GR designs, which lowers the
resistance and enhances the transition speed of the output
pulse, thereby reducing jitter. In summary, the GR design
critically influences key SPAD parameters, including DCR,
PDP, and timing jitter. The VG structure offers the best
PDP and timing jitter simultaneously. These results
highlight the importance of GR optimization in achieving
high-performance SPADs, and further measurements and
analysis of the VG-based structure are presented in Section
1.

II1. Simulation and Measurement Results of the
Optimized SPAD

The device simulation using technology computer-aided
design (TCAD) enables a precise examination of the E-
field distribution in SPADs, offering insight into where
avalanche triggering is most likely to occur. As shown in
Fig. 4(a), the E-field profile at V=5 V illustrates a strong
and uniform E-field across the junction, with the AMR
clearly confined to the intended active area. This well-
controlled field distribution confirms that PEB is
effectively suppressed by the GR design. Notably, even in
the VG structure with a shallow GR, the retrograded DNW
enables the formation of a P-epitaxial GR that effectively
performs the role of a conventional GR, contributing to the
observed uniform E-field distribution.

To experimentally validate the location and extent of the
avalanche region, a light emission test (LET) was
conducted. During avalanche multiplication, photon
emission occurs due to carrier recombination. As shown in
Fig. 4(b), the LET images display a bright, circular
emission profile that becomes more pronounced as the Vz
increases from 1 to 5 V. The emission pattern is evenly
distributed around the center, forming a uniform circular
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shape. This matches well with the simulation results,
reinforcing the conclusion that the avalanche process is
well localized and not influenced by the PEB. To further
quantify the avalanche region, a laser scanning microscope
(LSM) was employed. In this method, a 940 nm laser is
focused to a sub-micron spot and raster-scanned across the
SPAD surface, while the resulting photon detection events
are counted. Fig. 4(c) presents the LSM result, showing a
circular detection profile with a FWHM of approximately
2.5 pm. This closely aligns with the designed P+/N-well
junction diameter, confirming that the SPAD performs

Temperature [*C]

Temperature! [1/K]

uniform photon detection across its active region. The
strong agreement among the TCAD simulation, LET
images, and LSM measurement confirms that the VG
performs well in its role and the AMR is accurately
confined, demonstrating the effectiveness of the structural
design.

The DCR refers to the frequency at which the detector
produces signals without incident photons. In the case of
the BI SPAD, the DCR is primarily influenced by factors
such as material properties, temperature, and fabrication
techniques. The DCR at room temperature was measured
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Fig. 6. PDP measurement setup and results: (a) Schematic of the optical measurement system using a halogen lamp, monochromator,
and integrating sphere. (b) Measured PDP spectra from 450 nm to 950 nm from Ve = 1 to 5 V. (c) Peak PDP values at 650 nm showing
significant improvement with increased VE. (d) PDP at 940 nm demonstrating enhanced NIR sensitivity with higher Ve.
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as a function of Vg from 0.5 to 5 V using a 200 kQ external
passive quenching resistor, and the values are plotted in Fig.
5(a). At a lower Vg, the DCR remains below a few counts
per second, and at Vz =15V, the DCR is approximately 2.7
keps. This sufficiently low DCR indicates the device's
suitability for outdoor LiDAR applications.

Afterpulsing in a SPAD refers to an unintentional
avalanche event(s) that occur(s) following an initial
avalanche pulse. These events are typically caused by
trapped carriers in defect states within the silicon that are
released after some delay. This phenomenon can introduce
uncertainty in photon arrival time measurements,
particularly affecting applications that require high
temporal precision such as time-correlated single-photon
counting (TCSPC). To evaluate this effect, an inter-
avalanche time histogram was measured at Vz =5V, as
shown in Fig. 5(b). The histogram demonstrates the
afterpulsing probability is negligible and only the primary
pulses are generated by the photons.

Fig. 5(c) shows the temperature dependence of Vi,
which increases linearly with temperature at a rate of
approximately 13 mV/K. The overall shift in V' from room
temperature to 90 °C is less than 1V, confirming that the
SPAD maintains stable operation over a wide temperature
range. Temperature-dependent DCR is a key indicator of
SPAD performance. As temperature increases, thermal
generation of electron-hole pairs becomes more prominent,
leading to increased DCR. To evaluate this, DCR was
measured from —30 °C to 90 °C in 15 °C increments using
an environmental chamber. As illustrated in Fig. 5(d), the
normalized DCR at Vz =5 V increases to about 34 kcps at
90 °C. To further investigate the mechanisms contributing

(a)

Dump

-

Laser Triggering Pulse [
—

Pulsed Laser

to DCR, activation energy (£,) values were extracted from
Arrhenius plots, as shown in Fig. 5(e). Two distinct regions
are observed: at lower temperatures, the extracted E,; is
about 0.27¢V, and at higher temperatures, E,» is
approximately 0.47 eV. These values suggest that trap-
assisted tunneling is the dominant noise mechanism below
room temperature, while trap-assisted thermal generation
(Shockley-Read-Hall (SRH) generation) becomes more
significant above room temperature.

To evaluate the photon detection capability of the SPAD,
the PDP was measured across a broad wavelength range
using the experimental setup illustrated in Fig. 6(a). A
broadband halogen lamp was used as a light source. The
light first passes through a monochromator, which
precisely selects the target wavelength, ensuring sharp
wavelength control. Then, the light goes through a long-
pass filter, which removes unwanted harmonic
components and helps isolate the intended wavelength
range. The filtered and wavelength-selected light is
directed into an integrating sphere, which uniformly
distributes the light to both the device under test (DUT)
and a reference photodiode (PD). The reference PD, which
is connected to an optical power meter, is used to
accurately measure the optical power incident on the DUT.
This allows for accurate calibration of the photon flux
reaching the SPAD. The SPAD’s response is monitored
using an oscilloscope that counts the output voltage pulses.
The PDP is calculated by comparing the number of
detected photons to the number of incident photons.

Fig. 6(b) shows the PDP measured from 450 nm to 950
nm under varying Vz. The PDP increases with Vg, showing
a peak value near 650 nm. This behavior results from the
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Fig. 7. (a) Experimental setup for timing-jitter characterization using a pulsed laser source, neutral density (ND) filter, and oscilloscope.
(b) Measured photon arrival time histograms at Ve = 3, 4, and 5 V, showing progressive narrowing of the distribution with increasing Ve.
(c) Extracted FWHM and FWTM versus Ve, demonstrating improved temporal resolution with higher VE.



Publishing

AlP

N

Eame i | | | [
LE, B 8, 114 ) Thein
E 200 8 . Paiamsiers [ (39 PEL] [&4] [y i [¥] Wark
LR T i | |
K
1 148 VEEW 100 g P rh'll:'_'dr-ﬂl 5 B ¥ i ] [:]4 [} a
¥ o :‘ rr AU LT | . | 1
5 L CHEY, 11w !"'_" r
o - . 10 pu| g I:frﬂ'-d i : HaA 7 7 a5 7 4
§ W i
|=[ {a} 18V, 48 g3 I 1 1 T | [
Q P 0 18 0 2 30 15 oz Typa (1T Bl s Bon-ho Feza-laz Koz Mol Hhon- lea e
Ereakdown Voltage [V] e o o ¥ P 18 A8 ME s
- 2 [ g, 2E ) Vil i ] +L 3 3 25 L L
f.. 10 o 00 pa AT fre) I T T ] I 1
E 197 pa, J00W - DoR 41000 1 18 1% | B0 E I
o 0 Th.'-|'if;|rk il » L [eppial
(-1 R B
gj o [ e, T e “: . pu'T__:_'HNI 7 Th For 0. 2 L1 A H
ne ' - T T T 1
2R pa”, e -
oL Sy | we | m [ w o | [ e |
] 0 160 1490 200 250 | g

Timinsg Jitkar Q340 nm [ps]

iklmmusd @600, PPDE Wi Micro-Lars, "§0T T nm

Fig. 8. (a) Timing jitter at 940 nm and Vs comparison between the proposed SPAD and state-of-the-art Bl SPADs. (b) PDP at 940 nm
versus timing jitter comparison at 940 nm, showing the superior timing jitter performance of this work while maintaining comparable NIR

efficiency.

Table I.
and competitive NIR sensitivity.

enhanced E-field at higher Vg, which improves the carrier
collection efficiency and probability of triggering an
avalanche event. The measured PDP exhibits a cut-on
wavelength near 450 nm, which is attributed to the DNW
implantation that isolates the SPAD structure from the
stlicon substrate. Fig. 6(c) summarizes the peak PDP
values at 650 nm with different Vg, ranging from 8.6% at
i Vto39.4% at 5 V. Additionally, Fig. 6(d) presents PDP
at 940 nm (a typical NIR wavelength relevant to LiDAR),
where the SPAD still maintains significant detection
performance, reaching 21% at 5 V. Even at 2 V, the PDP at
640 nm is about 8.5%, which is sufficient for short- to mid-
range applications such as mobile sensing. These results
validate that the SPAD structure offers efficient photon
detection at the NIR regime and demonstrates strong
responsiveness even under moderate biasing conditions.
To evaluate the temporal resolution of the SPAD, timing

jitter measurements were performed using the
experimental setup shown in Fig. 7(a). A picosecond
pulsed laser with a wavelength of 940 nm was used as the
light source, driven by a laser driver. A neutral density (ND)
filter was used to attenuate the optical power and prevent
pile-up distortion by limiting the illumination intensity. To
avoid unintended triggering of the SPAD, the reflected-
light from the ND filter was absorbed by a beam dump
placed behind it. The attenuated pulse was then directed
onto the DUT. The output of the SPAD, in response to the
incident laser pulse, was connected to an oscilloscope
capable of TCSPC. This setup enables precise
measurement of the time interval between the incident
laser pulse and the corresponding SPAD response. Fig. 7(b)
shows the timing jitter histograms measured at different V'
=3,4,and 5 V. As the V¢ increases, the histogram becomes
narrower, indicating a reduction in timing jitter. As Vg
increases from 1 to 5 V, the FWHM reduces from 178 to

Summary table benchmarking structural and performance metrics. Our device demonstrates state-of-the-art timing resolution

46 ps, and the FWTM drops from 394 to 100 ps, as shown
in Fig. 7(c). This enhancement is attributed to the increased
E-field strength at higher biases, which accelerates the drift
of photo-generated carriers and suppresses timing
uncertainty. The narrow timing jitter profile achieved at
5 V highlights the SPAD’s capability for precise photon
timing, making it highly suitable for high depth-precision
applications such as short/mid-range mobile LiDAR as
well as smartphone and AR/VR/XR ToF/LiDAR sensors.

IV. State-of-the-Art Comparisons

Fig. 8(a) presents a comparison of the proposed SPAD
with previously reported state-of-the-art BI SPADs
developed by other research groups, in terms of timing
jitter and V. Benefiting from a shallow epitaxial layer and
an isolated CCR, the proposed device achieves excellent
timing resolution at 940 nm while maintaining a low V.
The well-confined E-field and optimized carrier-transit
distance contribute to the device’s superior timing
characteristics. Also, Fig. 8(b) presents a simultaneous
comparison of timing jitter and PDP, showing that the
proposed SPAD achieves a favorable balance between
temporal resolution and NIR sensitivity. The device was
fabricated as a single-pixel test structure to independently
evaluate its electrical and optical characteristics. In
systems employing microlens integration, the fill factor
could effectively reach ~100%, making the measured PDP
representative of the photon detection efficiency (PDE).
Despite the relatively compact CCR, the device exhibits
both high PDP and low jitter, outperforming many existing
BI SPADs. Table | summarizes the key technological
parameters and performance metrics of the proposed
SPAD in comparison with previously reported devices.
The SPAD developed in this work leverages an advanced



40 nm CMOS process, an optimized epitaxial thickness of
4 um, and an isolated CCR, all of which contribute to its
low Vs and superior timing-jitter performance.
Furthermore, despite the compact architecture, by
optimizing the GR architecture, the device demonstrates a
high PDP of 21% at 940 nm, confirming its outstanding
sensitivity in the NIR regime—essential for LiDAR and
depth-sensing applications.

V. Conclusion

We present a high-performance BI SPAD fabricated in
3D-stacked 40 nm CIS technology. The proposed BI SPAD
is optimized to have excellent temporal resolution and
lower Vjp, making it specialized for short/mid-range
LiDAR applications. This SPAD has a V3 of 15 V and can
increase Vz up to 5 V. The effective active area of the
proposed BI SPAD has been evaluated completely through
the results of TCAD simulation followed by LET and LSM
measurements. The DCR at room temperature is 550
cps/um? at V=15V and has been evaluated at temperatures
ranging from -30 to 90 °C, confirming that operation is
possible in a wide range of operating conditions. The PDP
at Vg =5V, achieved 21% at the wavelength of 940 nm,
and the timing jitter achieved 46 ps under the same
conditions. We expect this SPAD can play a key role in
short/mid-range LiDAR applications, especially where
high temporal resolution is required.
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