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In this work, we used electrochemical etching of p-type silicon wafers for 10 min at a current density of
10 mA c¢cm -2 to obtain p-type porous silicon. Zinc oxide nanoparticles were produced using a chemical pre-
cipitation method (CPM) and applied to (glass, PSi) substrates using (DCM). XRD and UV-Vis have also
been used to study the properties of films (structural and optical). According to the XRD data, the ZnO NPs
are wurtzite-structured polycrystalline, with a favored orientation along the (101) plane. The size of the ZnO
NP crystals was measured by the Scherrer formula and the crystal size was found to be 22.04 nm. Images
and distribution plots obtained using atomic force microscopy (AFM) indicated that the p-PSi had a particle
size of approximately 47.22 nm and a porosity of (48 %). An ultraviolet (MS) detector based on porous
(S1)/ZnO NPs (metal semiconductor) was fabricated at a temperature of (85 °C). The fabricated device showed
a maximum detector photoresponse of 2.08 A/W at a wavelength of 450 nm at a bias voltage (+ 3.35 V). The
factory-made UV ZnO detector has a normalized detection (D) of approximately (2.9 x 1013) cm. 1/2 Hz/W at
(A =450 nm). This approach provides an economical substrate and a facile synthetic method for optimizing
the growth of pPSi/ZnO NPs, This has led to the successful fabrication of nanoscale photodetectors with
potential applications for nanoscale photodetectors is displayed.
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1. INTRODUCTION

Ultra-Violet (UV) photoconductive finders have started
a part of intrigued due to their wide assortment of employ-
ments. Natural observing, rocket discovery frameworks,
and sun oriented space science are among the foremost well
known applications [1, 2]. The silicon substance was se-
cured the UV location region within the final decade. The
destitute quantum productivity within the profound UV
run due to the passivation layer is one of numerous note-
worthy inadequacies of silicon bright photodetectors. The
second limiting factor is the Si photodiode's age reduction
when exposed to radiation with a significantly greater vi-
tality than the Si band contrast [3]. ZnO may be a semicon-
ductor with a wide and coordinate band gap that might be
used in UV discovery [3, 4]. The UV finder built on a lean
polycrystalline ZnO film contains a moo responsiveness
and a long reaction time of a couple of minutes [5]. Then
one dimensional ZnO NP are recognized via the presence
of profound level layer trap states, for photo carriers within
the ZnO locator have a long lifetime [7]. In spite of the truth
that there has been a part of inquire about on ZnO UV loca-
tors, the larger part of it has centered on making strides
the miniaturized scale cover terminals in arrange to extend
the productivity of ZnO photoconductive locators [6]. The
surface treatment of the ZnO lean film was utilized to ex-
tend the photo-responsivity of the ZnO UV finders. The
productivity of the finder has been upgraded by coating the
ZnO NP film surface howerver nano-sheets of different
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sorts of polymers [7]. The photoconductive detector's pho-
toresponsivity was expanded to around 2.24 A/W by coating
the ZnO film surface with polyamide nylon, but the re-
sponse time was as it were many seconds [8]. The lion's
share of distributed inquire about on moving forward re-
sponse time centers on the creation of photodiodes [14]. In
this work, a basic and exceedingly dependable method is
utilized to manufacture tall speed photoconductive ZnO
UV locator of sensible photoresponsivity by keeping the
Zn0O NPs on p-PSi, can be made by electrochemical carving
(ECE) with current thickness 10 mA-cm -2 and 10 min of
time anode.

2. MATERIALS AND METHODS
2.1 Fabrication of Porous Silicon (PS)

The substrate was a (100) oriented p*™ (5 /cm2, 500
um) silicon plate (Bioanalyse, Turkey). First, it was
washed twice with acetone and methanol in an ultra-
sonic bath. The surface was then etched using HF (42
percent) diluted 1:10 with distilled (DI) water to remove
particles remaining on the silicon surface. Electrochem-
ical etching of the silicon wafer surface produces porous
silicon. Purified Si was placed on the bottom of the Tef-
lon cell in a 1:1 ratio as opposed to a combination of HF
(46 %) and 100 % ethanol. The electrode was a gold ring
that was subjected to a 10 mA c¢cm ~ 2 current density for
10 minutes. Following nitrogen gas drying [9], the prod-
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uct is next submerged in distilled water containing po-
rous silicon, as seen in Figure 1.

DC Vahage supply

HF :Ethanal

solution

Gold ring ....cveensssnnses

O-ring **eoe
5] wene
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Fig. 1 — Schematic of an electrochemical etching setup

2.2 Preparation of Zinc Oxide Nanoparticles
(ZnO NPs)

Zn0O NPs were obtained by chemical vapor deposi-
tion. Precursors included zinc chloride (ZnClz) and so-
dium hydroxide (NaOH), and PVC was used as a stabi-
lizer. (13.6) g of (ZnCls) solution (Central Drug House (P)
India, 97.0 percent) was prepared using conventional
processes in 100 ml of deionized water and heated at
75 °C. until completely dissolved. Hold on and become
transparent.  Appropriate amounts of NaOH
(1 M) and 0.5 g of PVC (Sigma Aldrich USA, 99.9 %) were
then used during normal processing. After allowing the
solution to settle at the end of the reaction, the superna-
tant was decanted and purified with double distilled wa-
ter and ethyl alcohol. The washing technique was re-
peated several times to remove remaining contaminants
within the sample. The final white product was dried in
a hot air oven (500 °C) for (1) h to form nano-sized ZnO
powder particles.

2.3 Device Fabrication

Zinc oxide (ZnO) was connected in extent to permea-
ble silicon (sort p) by drop casting (DCM) and warmed at
a temperature of 85 °C and a thickness of (1.2) um. The
cover was utilized as an anode for the testimony of alu-
minum (99.9) % wires settled on the arranged film
(ZnO), the aluminum anode was kept as an terminal by
warm dissipation at a weight of 10 Dad and a thickness
of 250 pm. it was done., a 10 mm?2 range on a ZnO/PSi/p-
Si wafer. As a result, an Al/ZnO/p-PSi/Al photodetector
as appeared in Fig. 1 was gotten 2.

)
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+

Fig. 2 — Structure of Al/ZnO/p-PSi/Al device design
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2.4 Characterization

Diffraction designs and crystallite sizes of zinc oxide
nanoparticles were measured employing a Shimadzu
(6000.0) sort (Japan) X-ray diffractometer utilizing CuK
radiation (wavelength = 1.5406 A) (10°-80°) and meas-
ured. Calculate the precious stone volume (D) concur-
ring to the connection [8-11] utilizing the Scherrer equa-
tion.

D KA
L cosd

@

where K — constant, 1 — X-ray wavelength, 0.154060

nm, S— full width at half maximum, 6— Bragg angle.
The optical absorption of thin films (ZnO) at room

temperature was determined using a UV-VIS-NIR spec-

trophotometer (Shimadzu, UV-1800). The spectral

structure of the response is investigated in the wave-

length range (350-1000) nm with a shift of 3.35 eV, as in

Eq. [11].
_Im[A
R;V_ Pm(WJ (2)

As Ipn — the photo-current and Pi» — the input power. De-
tection depends on the area of the detector and therefore
on the power equivalent to the mutual noise of the de-
tectors. To provide a 'quantum quality' factor based on
the actual properties of the detector rather than the de-
tector droplet size, we use a term called the allowable
detection configuration [12].

_1 (R 5
D. NEP(I,,] ®

I, — noise current and it can occaionaly be expressed as:

_SIN

4
Pin ()

D,

S — the signal, N — the noise and P;» — the input power.
Detectivity is denoted by the symbol D;, which may
be defined as the known D-star (NEP square value).

Y
SRS

I.=2a1a\sf (6)

Af—noise bandwidth. Since D, — is independent of detec-
tor area, directivity can measure the intrinsic quality of
the detector material itself. When measuring the D;
value of a photodetector, it is usually measured by a sys-
tem that modulates or frequency-divides the incident
light (f) to produce an AC signal and amplifies it to
widen the bandwidth Af. You must enter these quanti-
ties. The dependence of D; on wavelength (1) and the
sign of Dx (4, f, Af) can describe the frequency and band-
width over which measurements are made. Therefore,
this is often the reference bandwidth (1 Hz). The unit D,
(4, f, Af) describes a detector suitable for detecting weak

D ®)
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signals in the presence of noise [13]. An important pa-
rameter of the photodetector is the detection wire when
the detectable power is low. So the width of the detector
is similar to this parameter. Using the composite charge
approximation, the change in carrier excess charge (life-
time) with diode size can be expressed by Equation [14].

™

where 1 — is Carrier lifetime, f — frequency.

3. RESULTS
3.1 Structural Analysis

In the diagram. Figure 3 shows the X-ray diffraction
pattern of the synthesized crystal (ZnO nanoparticles).
Figures 1-3 show the X-ray diffraction patterns of ZnO
thin films. (3). From Figure (3), [(100), (002), (101) and
(102), (110), (103), (112) and (201)] are preferred desti-
nations respectively, and JCPDS card numbers
[0036-1451] and other reports [15]. Table No. (1) shows
the preferred direction. Diffraction peaks of the pristine
thin film indicate the hexagonal structure of wurtzite.
As a result of the XRD data, the films obtained in this
study consist entirely of a pure (ZnO) phase with no sec-
ondary phases. The lattice constants (@ = b =0.3253 nm)
and (¢ =0.5217 nm) of ZnO were determined. Both num-
bers are close to the theoretical values (a = b = 0.3249
nm) and (¢ = 0.5206 nm), and other studies [16, 17] used
Scherrer's equation (1) to estimate the crystal size (D).

1600 o
ZnO NPs
1400 |
002
1200 (002) \
(100)
= N
> 1000 | i
3 hE
2 8004
1)
c
L 600
IS (110) (201)
i (103) 4
400 J12)]
200 - '
0

10 20 30 40 50 60 70
20(deg.)

Fig. 3 - XRD patterns of ZnO thin films at 500 °C annealing
temperatures

On the diagram a shows crystalline silicon (c-Si) (p-
type) by X-ray diffraction (XRD). Moreover, the figure
shows that the ¢-Si peak has higher intensity and extension
value than the PSi peak. On the diagram Fig. 4b shows a
p-type X-ray diffraction (XRD) PSi layer. The single crystal
structure of the p-type Psi layer is (26~ 69.428°)) direction
(400) only. This model refers to the reflecting surface of the
Si (400) cubic structure (according to JCPDS) [16]. X-ray
diffraction of nanocrystals on the pore walls is responsible
for this effect. As shown in this figure, the Psi layer is still
crystallized.
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Fig. 4 - XRD pattern of crystalline silicon (¢-Si) and PSi sample
etching current density for (10.0 mA/cm? and anodized 10 min/
etching time of p-type

Table 1 — Structural parameters of (ZnO NPs)

Structural parameters Zincaride(Zn0)
26 (deg) %19
W 00
d(A) 2479
(FWHM) (ra) 00066
(0) (m) 20
| o
Lattice Constants (nm)
c | 05217

3.2 Porous Silicon Investigated with AFM (Ps:i)

AFM images are presented in this section to investigate
the structural properties and porosity of PSi. Figure 5
shows a 3D plot of the distribution of oxide precipitates
(p-Psi) and particles at an etching time of 10 min and a cur-
rent density of 10 mA/cm2. was used to determine the av-
erage. The particle size (Gs) of Psi (p-type) was found to be
(47.22 nm), as shown in Table 2. AFM tests showed that
the surface morphology of the Psi (p-type) layer was very
smooth and uniform, and that the film consisted of an array
of randomly arranged columns of nanocrystalline silicon in
the same direction. rice field.

ety s Ciseen Cint

Fig. 5 — Psi granularity accumulation distribution chart and
(3D AFM) surface images (p-type)

Table 2 — The average grain size, roughness average, Root
mean square and porosity of n-type Ps;

p-Psi Ave?rage RMS Surface Porosity
grain size (nm) roughness %
(nm) (nm)
47.22 10.7 12.3 0.48

01012-3



SAIF KHALEL JASIM, AHMED M. SHANO, SUZAN K. ADNAN

3.3 Optical Absorbance

In the diagram (6) shows the absorption spectrum of
the ZnO film. This is very important as it provides detail
in the optical range and gradually increases at higher
energies in the range (1 = 223-328 nm). This apparent
drawback is related to the interaction between electrons
in the material and incident photons with sufficient en-
ergy to carry out electronic transitions.

3,0
J\. ZnO
25 ;

N
o
1

Absorbance(A)
= &
I 1

0,5 - 1
OD A k&_;
T T T T T T T
200 300 400 500 600 700 800
Wavelength(L)nm

Fig. 6 - The absorbance of ZnO thin film as a function of wave-
length

3.4 Detector Performance Parameters Measure-
ment

Spectral Responsivity (Rz)

Figure (7) shows the spectral response as a function
of the wavelength within the range (350-1000) nm with
bias voltage (3.35 V) and it is computed through equa-
tion (2). The curve of spectral responsivity (R;) for
ZnO/p-Porous Silicon has two peaks, as seen in the fig-
ure; the “first peak” at a wavelength of (450) nm which
corresponds to almost with the cutoff wavelength of ZnO
film, while the “second peak” is located at (1 = 850 nm)
because of silicon's absorption edge, the reason for the
increased response at 350 nm with increasing wave-
length is the films' surface-level absorption of short
wavelengths, which has a high absorption factor at those
wavelengths and causes a gradual rise in the spectral
response. By analyzing the spectral response, it is possi-
ble to determine the response for heterojunctions
(2.08)A/W, which is what has been documented in the
literature [18]. front lighting with a bias of + 3.35 V. The
created p-Psi/ZnO NPs device has a high UV sensitivity,
quick reaction, and high responsiveness. The high
length-to-diameter and crystallinity of p-Psi/ZnO may be
the cause of these exceptional properties.

Specific Detectivity (D%

The specific detectivity is defined as one of the im-
portant parameters for photodetector which represents
the minimum detectable power, therefore the perfor-
mance of the detector is linked with this parameter,
which defines the efficiency and the optimal application
region (Wavelength). The value of the specific detectivity
is determined by noise from surrounding radiation,
Johnson -noise, noise generated by the random move-
ment of electrons and holes,
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Fig. 7 - The variation of spectral responsivity with wavelength
for ZnO/PSi/p-Si

transit time, and noise diverse. As shown in Figure (8)
the (D*) is a function of A for Photo-detectors manufac-
tured. That the curve behaves similarly to spectral re-
sponse behavior because the value of the specific detec-
tivity is dependent on the spectral response according by
relationship (3 & 5). It has been observed that the spe-
cific detectivity is greater than (10° cm-Hz2/W), thus,
the heterojunction is workable. From the Figures, the
detectivity Dr for heterojunctions found
(2.9 x 1013) cm-HzY2/W at (1= 450 nm) for ZnO/p-Psi Pho-
todetector, ZnO nanoparticles exhibit (Aexc = 450 nm)
sharp UV band corresponding to near band gap excitonic
emission and broad green emission band due to the oxy-
gen vacancy at room temperature.
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ZnO/p-PSi PSi/p-Si
D,= 4.09X10" cm Hz"? W~
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ZnO NPs
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T i T T T T T
400 500 600 700 800 900 1000
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Fig. 8 — The variation of spectral detectivity with wavelength
for ZnO/PSi/p-Si

Minority Carrie Life Time (MCT) Measurement

Carrier mobility (1) can be perfectly visualized and
is therefore considered an important parameter for het-
erogeneous bonding. MCT (z Life) is the average time
between carrier generation and recombination as it de-
termines the efficiency of many semiconductor devices
such as photodetectors [10]. Figure (9) represents the
charge carrier lifetime, which describes the recombina-
tion process in a semiconductor device and is calculated
by equation (7). An indicator that the transit times are
consistent with the fact that no recombination has oc-
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curred improved the performance of the device after in-
troducing pre-trained NPs in (Psi). The photodetector
was obtained with a lifetime (5.65 ms). This usually
means that bulk-generated minority carriers persist for
a long time before recombination. This indicates a re-
duced recombination probability. In general; the lifetime
(z Life) of an electron in a semiconductor is 10~ 8 seconds.
The response time was set short (2.6 x 10-5) seconds.

Fig. 9 — The lifetime measurements of charge carriers by open-
circuit voltage decay photograph method for ZnO/PSi/p-Si
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4. CONCLUSIONS

In this study, ZnO NPs were successfully obtained and
deposited on substrates (glass and porous silicon) by drop
casting. The X-ray diffraction patterns of ZnO and p-PSi
NPs show that the films (polycrystalline and monocrys-
talline) are crystalline with wurtzite structure and cubic
hexagonal structure, respectively. The main peak charac-
teristics are assigned to the (101) and (400) planes respec-
tively. Porous silicon was successfully obtained from sili-
con wafers (p*) by electrochemical etching. A thin ZnO
film was successfully deposited on porous silicon by drop
casting. Judging from the absorption spectra, the deposi-
tion of ZnO NPS on Psi exhibited the properties of porous
photodetectors. A ZnO/Psi/p-Si/Al(R;) photodetector was
found to have (2.88 A/W) at (1 = 885 nm) due to the ab-
sorption edges of silicon and porous silicon. This was ap-
proximately (2.08 A/W) at A = 450 nm due to the absorp-
tion edge of the ZnO NPS. The highest qualitative detec-
tion value (D) was (2.9 x 101%) cm2 W -1 Hz at
(1 = 450 nm) and (4.09) cm¥2 W -1 Hz at (1 = 885 nm).
Al/ZnO/Psi/p-Si/Al photodetector.
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SAIF KHALEL JASIM, AHMED M. SHANO, SUZAN K. ADNAN JJ. NANO- ELECTRON. PHYS. 16, 01012 (2024)

PSi) miakaanku 3a momomororo (DCM). XRD i1 UV-Vis Takoyk BUKOPHCTOBYBAJIUCS JIJIS BUBYEHHSA BJIACTHBOC-
Tel ILTIBOK (CTPYKTYPHUX 1 onTudHUX). 3rigHo 3 maunumu XRD, HY ZnO e mosmikpucTaivHuMY 3 BIOPITUTHOO
CTPYKTYPOIO, 3 BUTIHOIO opieHTAaIriero B3moBsk riomuau (101). Posmip kpucrasnis ZnO NP sumipoBanu 3a
dopmyutoro Illeppepa, 1 Gys10 BCTAaHOBJIEHO, 110 PO3MIpP KPHCTAJIA CTAHOBUTHL 22,04 HM. 300paskeHHsa Ta rpa-
ixu posmosity, OTpUMAaHI 3a JOIIOMOT0I0 aTOMHO-cI0Bol Mikpockorii (ACM), mokazaswm, mo p-PSi mae pos-
Mip YACTUHOK Ipubm3Ho 47,22 M 1 mopucticTs (48 %). Yabsrpadionerormit (MS) neTexTop Ha OCHOBI TTOPHC-
Ttux (Si)/ZnO HY (meranesunit HAmBIPOBiMHUEK) OyB BUTOTOBJIeHUi mpu Temmepatypi (85 °C). Burorossiennit
IPHUCTPI MPOJEMOHCTPYBAB MAKCUMAIbHMI (DOTOBIAIOBINE meTekTopa 2,08 A/Br Ha moemuni xBum 450 HM
mpu Hanpysi amimenss (+ 3,35 B). Burorornennit na 3aBogi YO-gerexkrop ZnO Mae HOpMasIizoBaHe BUSB-
nenns (D) mpubmuawo (2.9 x 1013) em. 1/2 T'iyyBr mpm (4 = 450 um). [leit miaxin 3abe3medye eKOHOMIYHY ITiTK-
JIQJKy TA JIETKUM CHHTeTUYHUIM MEeTO. JJIsl OIITUMI3arlii pocty HanouactuHok pPSi/Zn0. Ile mpusseso 10 ye-
MITITHOTO BUTOTOBJIEHHS HAHOPO3MIPHUX (POTOIETEKTOPIB 13 MOTEHIIHHUM 3aCTOCYBAHHAM JJIsT HAHOPO3MIp-
HUX (POTOJETEKTOPIB. BIIOOPAKAETHC.

Kmouogi cnosa: p-PSi/Zn0O, PCM, X-ray nudpaxiisa, ECE, UV-doromerexrop.
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