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ABSTRACT

This research was devoted to studying the effect of Nd:YAG laser pulses at different annealing times (30, 60, and 90 min) at a flux of
10 ns in air at room temperature on the performance of an n-PSi/Zn0O-based metal-semiconductor-metal (MSM) UV detector. By
coupling thermal and photon energy, heterojunctions of n-PSi/ZnO NCs were generated, highlighting a promising approach for
developing renewable energy technologies through efficient light harvesting and conversion.In this work electro-photochemical
etching were used at room temperature (27°C) to create n-type porous silicon (n-PSi) layers on Si (111) substrates. The substrates
had an etched area of 1 cm? and measured 1.5 cm by 1.5 cm. The n-PSi thicknesses at various current densities (15, 30, and 45 mA/cm?)
were 9.6, 28.71, and 62.92 pm, respectively. To get rid of organic, oxide, and ionic impurities, standard RCA cleaning was used. A
Teflon cell with a two-electrode configuration (Si anode, Pt cathode) and an electrolyte mixture of HF, ethanol, and H,0; in a 2:1:1
volume ratio were utilized in the etching process. To create MSM photodetectors, samples were etched, then patterned with a
photoresist and subjected to UV light. To change the n-PSi/Zn0 NCs layer, post-fabrication annealing was carried out using an Nd:YAG
laser (1064 nm, 350 m]J, 10 ns pulses) with a 10 cm focus lens at different durations (30, 60, 90 min), employing photon energy
matching the Si bandgap. According to the study, annealing the n-PSi/ZnO NCs layer for 60 minutes at 700°C yielded the greatest
results in terms of photodetector performance, crystallinity, and morphology. The porous Si surface was covered in dense, spherical
Zn0 nanocrystals, as revealed by Field Emission Scanning Electron Microscope (FESEM) analysis. At longer annealing durations, the
crystal size and homogeneity increased. Strong c-axis orientation and high (002) peak intensity were confirmed by XRD patterns,
particularly at 60 minutes. At this annealing time, the MSM photodetector showed the best I-V linearity, the lowest leakage current,
and the maximum photocurrent (119.1 pA). Additionally, rapid and consistent time-response features were noted. According to the
performance table, sensitivity, responsivity (2.50 A/W), and gain peaked at 60 minutes. Annealing improved charge transfer by
marginally raising the Schottky barrier height. In general, mild annealing (60 minutes) improved. Annealing improved charge transfer
by marginally raising the Schottky barrier height. Overall, the electrical and optoelectronic characteristics of the device were greatly
improved by moderate annealing (60 min). These results highlight how these nanostructured materials can be used in renewable
energy applications, especially to enhance the performance and efficiency of optoelectronic solar energy conversion and sensing
devices.
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1. INTRODUCTION

Due to their many uses, particularly in ecological
monitoring, control systems, and solar astronomy, missile
detection, ultraviolet (UV) radiation photo-detectors have
attracted a lot of attention recently [1, 2]. UV photo-
detectors must have the following characteristics in order to
satisfy the demands of diverse applications: quick
operational speed, high stability, low cost, IC compatibility,
strong linearity, high sensitivity, and a compact design. Due
to their innate apparent blindness, wide band gap (WBG)
semiconductors should be the best options in this situation
[3, 4].

A suitable technique for creating n-PSi with a variety of
morphologies is electrochemical etching. Porosity (size,
shape, homogeneity, and density distribution), morphology,
and fabrication circumstances all have a significant impact
on the generated n-PSi's optoelectronic characteristics.
These factors can be managed by varying the coating
procedure, etching duration, and current density [5, 6. For
example, covering the n-PSi layer's top layer can enhance its
optoelectronic properties and crystallinity (Yae et al. 2006).
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In order to do this, a lot of work has been done to increase
the effectiveness of PSi-based devices, with a focus on
enhancing PSi's electrical and charge carrier transport
characteristics [7].

n-PSi is presently being investigated as a precursor for the
creation of UV photodetectors (UVPDs) for technological,
engineering, and medical applications due to its potent
visible and ultraviolet (UV) photoluminescence at room
temperature [8-10]. This study investigates the method of
maximizing the optoelectronic characteristics of n-PSi for
the creation of metal-semiconductor-metal (MSM) UVPDs
in light of this demand. In order to enhance the
optoelectronic capabilities of formed n-PSi, this work
examines the effects of synthesis factors, such as the length
of photo electrochemical etching, applied voltage or current,
etching solution concentration, and illumination intensity,
on the crystallinity and size of the material. Although there
have been several studies on how laser irradiation affects
PSi's PL and structural characteristics [11-13], no research
has looked at how laser irradiation affects PSi-based photo-
detectors.
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In general, precision processing relies heavily on the Nd:YAG
laser. For example, the UV region's pulse laser operation
makes it easier to fabricate tiny micro-meter or submicron
structures, such catheters, with tiny wires and integrated
circuits that are increasingly being used for laser processing.
The inherent benefits of nanotechnology, such as its faster
processing speed and higher resolution, have made it a
viable alternative to traditional UV light sources. The
Pentium 1], for instance, has a CPU thatis 0.25 micron in size,
whereas the more recent and sophisticated generations of
microprocessors have sizes ranging from 0.13 to 0.18
micron [14-16]. Compared to current etching and
electroforming methods, Nd:YAG laser processing offers
several advantages at high pulse repetition rate and short
pulse width. Additionally, these traditional methods are
typically used by the semiconductor industry to create
various micro-optical components [17, 18].

As a result, it is anticipated that connecting silicon with a
wide band gap (WBG) semiconductor will produce the
requisite performance metrics. One WBG in semiconductors
has a direct band gap is ZnO [19] and could be utilized to find
UV radiation [20]. The produced polycrystalline of ZnO as
thin film for UV detectors have thus far shown low photo-
responsivity and slow response times in the range of several
minutes because of the prolonged lifespan of the
photocarriers [21, 22]. The surface traps with deep level of
the one-dimensional ZnO nanostructures might be
responsible for these distinctive properties [23]. Photo
responsiveness of Zn0O UV detectors. [24], Despite the fact
that ZnO UV detectors have been the subject of countless
investigations, was enhanced by changing the surfaces by
coating of ZnO thin films by various polymer types positively
enhanced the photo responsivity of the detector [24, 25].

Additionally, one claim that covering the ZnO film surface
with polyamide nylon enhanced by a factor of four while
keeping a responsiveness time of only a few seconds [26].
We want to carefully analyze the potential for producing
ZnO nanofilms on PSi substrates and evaluate how well they
perform UV pho-todetection. It was shown that ZnO
nanofilms put atop a layer of porous silicon considerably
increased their resistivity, which increased their response in
the UV area. Nevertheless, very few research have
investigated how laser irradiation impacts porous silicon's
optical and structural characteristics [13].

This research is dedicated to showing how thermal photons
and laser annealing affect the performance of n-PSi/Zn0O
photodiodes. The laser-annealed photodiodes feature fast
reaction and recovery times and excellent photo-
responsivity.

2. METHODOLOGY AND MATERIALS

2.1. Creating a Porous Silicon Layer on a Silicon
Substrate

During this study, n-PSi was developed (at 27° C) on an n-
type Si (111) chip of 1.5 cm by 1.5 cm, with a 1 cm? etched
region chosen for the substrate. Electro-photochemical
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etching was used to create n-PSi layer, which had three
samples with different thicknesses of approximately 9.6,
28.71, and 62.92 pm. The varied direct current densities
used were 15, 30, and 45 mA/cm?. Following research [27],
By shining via 50 W for 30 minutes, samples were heated. As
previously stated by Pap et al,, this heat treatment mediated
by light exposure might enable us to obtain the ideal seed
layer. [28, 29] and other researchers. Initial findings
regarding the etched n-PSi layer's crystal structure, surface
shape, and optical characteristics have been published
elsewhere [30]. The Si chip substrates were cleaned using
the standard method recommended by Radio Corporation of
America process (RCA) cleaning to get rid of the oxide layer
and impurities [31]. We started with the organic impurities
were eliminated by submerging the Si substrates at 80 °C for
5 min in a liquid including 4:2:1 ratios of water, hydrogen
peroxide, and nitrous oxide. Then, the tiny coating layer of
oxide was removed with submerging these samplesina 30:1
solution of H20 and HF for 15 seconds at room temperature.
Lastly, these substrates were immersed at 80 °C for 5 min in
a mix liquid of water, hydrogen peroxide, and HCl in a ratios
of 5:1:1 to eliminate the atomic/ionic contaminations.

2.2. Electro-Photochemical Etching's Use to Build the
n-PSi Layer

Si chip underwent cleaning. The n-PSi network was formed
in a specially built cell as shown in Fig. 1 using photo-
electrochemical etching at RT. Teflon was used to make it,
and the Si wafer that served as the substrate sealed a
circular opening at the bottom. The fundamental design of
the cell was containing two-electrode configuration with a
silicon wafer work as anode and a platinum (Pt) wire used
as cathode. To enable electron conduction inside the
solution, The HF solution of (48%), ethanol (C2ZH50H)
solution with (99.9%), and hydrogen peroxide (H202)
solution (35%) were combined in a 2:1:1 volume (ml) ratio
with the silicon wafer within. The current density was 15
mA/cm?2 to create the n-PSi layer while the etching duration
time was set at 30 minutes. To utilize the samples to create
the MSM PD shown in Fig.2, they were cleaned in ethanol,
allowed to dry naturally, and then coated in a coating that
was photo-resistant. The PSi layer was covered with the
mask directly before being shined with UV light for 50
seconds to create the pattern.
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Figure 1. The photo-electrochemical etching method's experimental setup.

(A)

(B)

Figure 2. Fabricated MSM photo-detector n-PSi/Zn0O NCs (a) Device cross section (b) device diagram.

2.3. Using a Nd-YAG Laser Pulse to Anneal Layers of n-
PSi/Zn0O NCs

The Nd:YAG laser is work at 1064 nm to annealed the
devices and providing 350 m] of laser energy over 10 pulses.
A 10 cm focal length lens was used to concentrate a 10 ns
pulse with 30, 60, and 90 minute durations on the target.
Effect of the Nd:YAG laser on the processing of Si because the
energy of the photons is equal to the energy of the Si
bandgap.

3. RESEARCH RESULTS AND DISCUSSION
3.1. FESEM analysis of n-PSi/Zn0 NCs
The film of n-PSi/Zn0O NCs was heated at 700 °C for 30, 60,

and 90 min in Fig. 3 before being exposed to Nd:YAG laser
pulses with a 10 ns pulse width and 40 W/cm2 laser

intensity. The composite NCs have dimensions of 63.86,
78.39, 73.27, and 51.36 pm, respectively, for annealing
durations of 30, 60 and 90 min. The samples' morphological
characterisation supports the finding that crystalline size
converge with rising of annealing time [22]. It is evident that
the surface of n-PSi/Zn0 NCs is not significantly influenced
by the synthesis time. Surface investigation of the n-PSi/Zn0O
NCs constructs was done using X-ray microanalysis and
FESEM in the elastically reflected electrons mode. Various
FESEM pictures reveal a thin layer of nanocrystalline ZnO
deposited as spherical dots that almost completely cover the
n-PSi layer that has been etched.
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Figure 3. FESEM photos of the annealed n-PSi/Zn0 NCs samples at 10 ns pulse width (a) 30 min, (b) 60 min, and (c) 90 min

3.2. XRD Measurement

Fig. 4 displays the thin-film n-PSi/Zn0O NCs' XRD patterns.
According to JCPDS Card No. 01-089-1397, The three peaks
at 26 = 31.76°, 34.48°, and 36.26° are reflected from (111),
(002), and (101) respectively, of the ZnO structure phase.
There were further three other summits. PSi is the substrate.
It should be emphasized that no clear peaks exist for any
other phases or contaminated phases. Reflection (002) is
indicated by higher intensity. indicates the c-axis orientation
is the preferred development direction for ZnO NCs. because
to improved crystallization of ZnO NCs[34], or maybe due to
nucleation and differential growth, the strength of the (002)
peakincreased at 30 and 60 min while it slightly dropped at
90 min annealing. Due to the free density of surface energy
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along the (002) direction is the lowest in ZnO crystals, ZnO
NCs favor development along this direction[36]. Between

31.38 and 36.16° a complicated XRD pattern that is
characteristic of the PSi substrate occurs[25]. Scherrer's
formula 1 was used to compute the crystallite size (D)[37-
391,

D=0.9A/(B COSO) 8]
where A is the wavelength of incident X-ray of 1.5406 A, the
full width at half maximum (FWHM) is B and 6 is the Bragg
angle. The size of the n-PSi/Zn0 NCs annealed for 30, 60, and
90 minutes obtained within 15-16 nm of one another shown
in Table(1).
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Figure 4. XRD result of n-PSi/Zn0O NCs the laser annealed at 10 ns pulse width (a) 30 min, (b) 60 min, and (c) 90 min.

Table 1 XRD result of n-PSi/Zn0O NCs the laser annealed at 10 ns pulse width (a) 30 min, (b) 60 min, and (c) 90 min

Sample 20 (002) (°) | FWHM (°) a (nm) ¢ (nm) D (nm)
(@ 34.02 0.56 0.326 0.526 15.5
(b) 34.00 0.578 0.328 0.527 15
(9 33.95 0.55 0.330 0.528 15.7

3.3. I-V Properties of the MSM Photo-detector Device

When exposed to 1.5 mW/cm2 of 530 nm Visible light in the
dark, a bias voltage in the (+5 V to -5 V) range was used to
evaluate the I-V characteristics of the MSM UV photo-
detector. There is a Shottky contact between the ZnO NCs
networks and the Pt electrodes which can be proofed by the
linear I-V characteristics that could be found under forward
and reverse bias circumstances. The photo-detector's
measured dark current at -4 V of bias was 8.07 A, which was
less than what previous researchers had found [40, 41]. The
low dark current actually made it possible to re-evaluate the
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detector's ratio of signal to noise (S/N) [41, 42]. At UV light,
the device's current was 119.1 nA Fig.(5). The strong
photocurrent obtained due to the high crystallization and
substantial surface area to volume ratio. Overall, it was
shown that a 60-minute moderate healing period increased
the device's I-V responsiveness. In turn, this reasonable
amount of time contributes to an increase in anodization
current density, which may improve the performance of the
suggested photo-detector. In terms of structure, MSM is two
Schottky contacts linked back-to-back. Because of how the
connections are set up, reverse and forward bias are
possible with biasing voltages between 5 Vand +5 V.
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Figure 5. [-V curves for the UV photodetector generated with an n-PSi specimen that had been annealed for (a) 30 minutes, (b) 60
minutes, and (c) 90 minutes, respectively.

In general, raising the bias voltage increases the MSM
photodetector's sensitivity. It was determined that the
photodetector's limited current flow brought on by the
space charge region was the reason which make MSM
device's current was close to be below 0.5 V. Additionally,
the n-PSi layer absorbed light in the higher voltage zone,
producing more h-e pairs inside the region. Then, the
electric field evolved inside the space charge region using a
high bias voltage. The charge carriers will separate,
resulting in increased a high carrier mobility and thermionic
emission. The current will grow exponentially when the
applied voltage exceeds the potential barrier. The bias
voltage provided the electron with enough energy to cross
the barrier height and initiate a diffusion current [43], the
holes and electrons will be drift in opposite directions. This
mechanism, which creates of the photocurrent in the outside
contact. In addition, the circuit's electron influx converted
optical impulses into electrical signals, successfully realizing
the photodetector. This result provided a clear illustration
of how current densities affect the I-V characteristics of the
MSM PD.
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The specimen current, which was noticeably high compared
to other specimens, was connected to the moderate
resistivity, mobility, and Schottky barrier height of the PD.
As a result of the lengthy preparation period of 90 minutes,
the sample prepared at 30 mints had low concentration and
low current whereas the sample made at 90 mints had the
maximum leakage current [35]. The sample that was created
after 60 minutes had the lowest leakage current value,
demonstrating enhanced electrical characteristics. The
claim states that an MSM photodetector was created that
was equivalent to Hadjersi's stated devices in the visible
region and had optical transparency [36] and some
researchers [34]. The device's improved performance was
controlled by the Schottky high barrier value and the ideality
factor.

On the basis of an n-PSi specimen that was handled with the
same current and bias applied at intervals of 20 s, Fig. 6
show the time dependent response graph of the built UV PD
(at-4 V). At these bias voltages, the photodetector displayed
good stability and repeatability behaviour. The time-
dependent current response displayed rectangular
fluctuation, and the photocurrent was reproducible and



steady. From these current-time graphs, it was determined
that the rise times and the recovery of these PDs were quite
quick during the rising period, the current can rise between
10% and 90% of its saturation state, as the current can climb
from 10% to 90% of its saturation value during the recovery
time.

The MSM photodetector's recovery time, responsiveness,
response time, and sensitivity are listed in Table 2 for the
two distinct 0.5 and 1.0 V bias voltage. These values are as a
function in the current density. The outcomes were
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comparable to prior discoveries [1, 38]. The huge surface of
photoactive areas and the excellent ZnO structures
produced by varying current density were linked to the
speedily photo response and recovery that was seen,
suggesting that such PZnO samples might be used in high-
speed operations. The rising in current density increased the
photodetector's responsiveness, sensitivity, and gain. The
aggregation of many carriers on the p-GaN thin films under
visible light illumination was blamed for the improvement
in photo detection ability.
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Figure 6. Time response of the UV n-PSi photodetector prepared at different annealing time (a). 30 min, (b) 60 min and (c). 90min.
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Table 2 The photoelectrical characteristics of the MSM PD are affected by the annealing time

Wavelength Sample Bias ]?esponse ].lecovery Sensitivity | Responsivity Gain
(nm) voltage (V) time (sec) time (sec) (%) (A/W)

530 30min 0.5 0.49 0.47 25 0.50 2.09

1 7.60 4.00 13 1.11

530 60 min 0.5 0.47 0.43 119 0.80 2.15

1 0.52 0.45 152 2.50

530 90 min 0.5 0.46 0.43 45 0.35 1.74

1 0.52 0.35 43 1.33

Utilizing the idea of thermionic emission-diffusion [44-46],
the ideality factor (n) and the Schottky height barrier (®5)
can be expressed as:

I=1lpexp(L)[1- exp=t (2)

lo = ART?exp |2 3)
KT

where q is the electronic charge, A is the area of the Schottky
contact (0.25 cm2), k is the Boltzmann constant, R is the
effective Richardson coefficient (112 A/cm2.K2), T is the
temperature, and Io is the saturation current. The value of B
was determined using the I-V curve. The 10 value for the
proposed UV photo-detector was evaluated using Eq. (3)
change with different etching times.

The n-PSi/ZnO NCs specimens worked in the device had
average values of 0.70 eV, 0.72 eV, and 0.73 eV, respectively,
at varied annealing times of 30 minutes, 60 minutes, and 90
minutes. Surface roughening, which significantly
contributed to the improvement of the electrical
characteristics at the moderate surface between the n-PZn0O
and Pt, was attributable to little variation in the B values at
various annealing times [47]. The Fermi level moved toward
the valence band while the current leaks decreased when B
increased from high porosity at high current density. Higher
density of interfacial states may be correlated with high
values of the ideality factor [48]. It was accepted that this
enhancement was mostly due to the samples' two
heterojunctions, one at the PSi substrate contact and the
other at the n-PZnO border [49, 50]. In addition, as already
mentioned, the frequency of inhomogeneous barrier height
can rise [40].

3.4 The Photoconduction Mechanism

The mechanism of photoconduction throughout the n-PSi
diagram of energy band under UV and dark illumination is
schematically shown in Fig. 7. In the absence of light, the
oxygen molecules got absorbed onto the n-PSi layer's
surface, where they then grabbed free electrons to form ions
(Fig. 9(a)). You can sum up the chemical reaction process as
[51]:

O2(g) +e = 027(aq) 4)
Due to the ability of these oxygen ions to create a depletion
region, the conductivity of the n-PSi layer was reduced on
the other hand, the generation of e-h pairs could occur from
exposure to ultraviolet (UV) light with photon energy (hv)
larger than the width of the band gap (Eg) of the n-PSi layers
[43] via the next process:
hv—e +h* (5)
The Si Nano crystallites’ surface may have been targeted by
the internal electric field in the depletion zone, which also
separated the e-h couplings to allow the recombination
between the adsorbed oxygen ions and holes. The following
procedure led to the fire the oxygen atoms from the surface
of the Si Nano crystallites' because of this process (Fig. 9(b)):
h* + O-2(ab) = Oz(g) (6)
In the meantime, the photo-generated electrons contributed
to the photoconduction by filling the conduction band (CB).
Therefore, the rising of electrons concentration may result
in an improvement in conductivity. The large photocurrent
was primarily caused by the creation of charge carriers (e-

h) in the n-PSi crystallite surface's depletion zone as a result
of light [52].
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Figure 7. Diagram showing the PD in n-PSi over the energy band in two different lighting conditions: (a) complete darkness, and (b)
illumination with UV light [8].

h7ld 100
Id

S(%) = (7)
where Ipn is the photo current, the dark current is Id . It was
found that the photocurrent for the samples grown at
constant anodization current densities and predictable
during each on/off period. Table 2 shows that at annealing
time of 30, 60, and 90 min, the response time were found to
be 049 s, 7.6 s, and 047 s, 0.52 s 0.46s, and0.52 s
respectively. The n-PSi sample generated at 30min had the
quickest reaction and recovery times, outperforming the
previously reported one [53, 54]. The high photoactive
surface area, good quality, and defect-free status of the
generated n-PSi specimens were credited with the quick
reaction that was seen at maximal anodization current.
Additionally, the quick response was connected to the
photo-generated carriers' quick transit time and extended
lifetime [55]. On the other hand, rich oxygen adsorption at
grain boundaries and the surface were associated with the
photo-detector's poor response time [52].

Alternatively, you may insert the whole text or parts you
previously prepared by using on the ‘Insert’ menu of Word®
the option ‘File...". In that case take care to retain or re-insert
the above mentioned section breaks. After the file is
inserted, you can style it by placing the cursor in each
paragraph and clicking the required style on the drop-down
menus.

The PD device was evaluated using a different measure
known as the Responsivity (R, in A/W), [56, 57] via:

_ Iph _ Iph
~ Pinc  EA

(8)

where E is the illumination photon's energy, as determined
by a typical UV power meter. The photo-detector's
responsiveness was assessed in the wavelength range of
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300-900 nm at RT and 3 V as a bias voltage. The proposed
MSM device's anodization current density-dependent photo
response is shown in Fig. 8 shows the bias voltage (VB), the
peak responsivity (Rp), and the highest (peak) wavelength
of the diode response (p). For the device fabricated at varied
times of 30, 60, and 90 min, respectively, the responsivity
spectra featured a noticeable visible peak located at 60 min.
The increase in time annealing the photo detector's overall
responsiveness. The measured values of responsiveness for
time annealing of 30, 60, and 90 min were 3.89, 4.10, and
3.27 A/W, respectively [36]. It was found that the strong
peak at 365 nm, which was previously seen in an Au-Si-
based device, was present in the higher platinum
connections [58].

When the anodization current density was higher and the
porosity was higher, In the depletion area, more e-h pairs
were generated, improving the responsivity at lower
wavelengths. This was anticipated since the wavelength-
dependent penetration depth might decrease absorption in
the Si substrate while in the same time enhancing the
depletion zone. When a result, when the wavelength was
decreased, more e-h pairs were generated in the depletion
zone. Further investigation found that at shorter
wavelengths (blue and near UV), the light responsiveness
was significantly diminished. This was verified by the
photons' inability to reach the depletion zone due to their
absorption in the n-PSi layer [59] which was consistent with
other findings [60, 61]. Up until 530 nm, the photocurrent
grew in relation to wavelength and then abruptly decreased
in the visible region. UV light's penetration depth shrank as
illumination light's wavelength shrank due to an increase in
the absorption coefficient. The number of carriers increased
as aresult of this situation. We were able to acquire a greater
value of responsiveness than Hadjersi et al. [58] and Al-
Jumaili et al. [28].
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Figure 8. Annealing time dependent responsivity of the MSM device at 5 V of bias for photo-detectors annealed at (a) 30min, (b) 60 min
and (c) 90 min.

The Iph generated for each amount of incident power (Pin)
was used to define the photo-detector's quantum efficiency
(m) [62-64]:

Iph hv

n (%) ="~ 9

The photo-detector's quantum efficiency () may be
expressed as follows in terms of responsiveness (R): [65-
68]:

1.24R

o) — " n
N (%) =R = em

(10)
where g denotes the current gain of device. The G value was
computed using the ratio of electrons gathered in the dark
per unit time to the photons absorbed to create
photoelectron per unit time [46, 47]. The value of G was
expressed from the I-V curve via equation 11:

_ Iph
c="2 ()

Under irradiation at 530 nm (1.5 mW/cm2) and 0.5 V as bias
voltage, the predicted value of G was 2.5. The optically
response of the PD to a UV pulse with a wavelength of 530
nm and an intensity of 1.5 mW/cm2 was measured at
various bias voltages ranging from 0.5 to 1 V in order to
assess the PD's reversibility
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