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ABSTRACT: Background: CR-39 nuclear track detectors are widely used
in various fields, including science, technology, astronomy, and environmental
preservation, to detect and register heavy ions, neutrons, and alpha parti-
cles. Objective: This study aims to determine the optimal etching duration
for CR-39 nuclear track detectors by comparing etching methods: The wet
etching (using a water bath) and the dry etching technique (using dielectric
barrier discharge (DBD) plasma). Methods: The traditional etching method
involved immersing CR-39 detectors in a sodium hydroxide (NaOH) solution
at 70 °C for varying durations. The dry etching method employed employs
a non-thermal DBD plasma system to etch solid-state nuclear track detectors
(SSNTDs) without the use of chemical solutions. Results: Photomicrographs
revealed that tracks from chemical etching became clearly visible after 1 hour
and developed at 5 hours. In contrast, the dry etching technique was signifi-
cantly faster; tracks began to appear after just 1 minute of DBD plasma etching
and were fully developed at 5 minutes. The optimum track density for DBD
plasma was 20340±56 tracks/mm2 at 3 minutes, whereas the traditional water
bath method achieved an optimum track density of 5238.0±5.7 tracks/mm2 at
2 hours. The shorter etching duration in the dry method likely facilitates the
emergence of latent tracks without overlap. Conclusions: The bulk etch rate
(VB) for CR-39 detectors using the dry DBD plasma etching technique was
faster compared to the traditional chemical etching method. This demonstrates
the efficacy of the dry etching process in significantly reducing etching time
required for etching SSNDs.

KEYWORDS: CR-39; Nuclear detectors; DBD plasma; Wet etching; Dry
etching, Plasma interaction, Etching parameters

INTRODUCTION

R adiation has consistently been an integral aspect of daily life on Earth, with humans receiving
it daily. Radiation is the energy released as waves or minuscule particles from a substance,

originating from either natural or human-caused events. Owing to the imperceptible characteristics
of radiation, it became essential to identify suitable methods and instruments for its detection and
measurement [1], [2]. There has been use of track detectors extensively in various areas of contempo-
rary technology and science, including the detection and registration of heavy ions, rapid neutrons,
radon levels, nuclear fission fragments, alpha particles, plasma physics, astronomy, radiation safety,
and environmental conservation [3], [4]. The track registration techniques were initially identified
by D. Young in 1958 [5]. The solid-state nuclear trace detectors (SSNTDs) function by containing
ionization within a medium as it traverses through a material. An alpha particle possessing an energy
of 6 MeV interacting with the cellulose nitrate produces 15× 104 ion pairs. That equates to a mean
from 3 to 4 ion pairs per nm, or 37 × 102 ion pairs per µm. The characteristics and classification of
the particle, the conditions under which it is stored, the effective charge, the energy of the particle,
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and the rate of full energy dissipation of radiation within the detector medium significantly influence
the geometry, morphology, and dimensions of a track in solid-state nuclear trace detectors (SSNTD).
Polyallyl di-glycol carbonate, commonly referred to as CR-39, serves as a prominent detector for nu-
clear tracks [6]–[10]. CR-39 is used in proton and radon dosimetry, the detection of charged particles
in nuclear physics, and other optical applications. The primary applications of nuclear track detectors
include mineralogy, dosimetry, environmental monitoring, and radiation detection [11].

The tracks were fabricated with the chemical etching (CE) technique. This mechanism accelerates
chemical reactions, leading to the formation of many entities, including chemical radicals. A latent
track is a compromised area created by an alpha particle, where chemical reactions are heightened
when exposed to strong chemical substances, with aqueous solutions of NaOH or KOH commonly
utilized in that processes. The particle’s traces are discernible using the microscope lens as the
chemistry solution marks the detection material. Track visualization, or “detector etching,” is the
term used to describe this process, while the “track effect” is the term used to describe the related
phenomenon [12]–[14]. Chemical method etching is an essential technique employed in numerous
surface research and technological applications [15]. Prior studies have aimed to minimize the period
of etching process required for track etching, including microwave, induced traditional etching [16],
ultrasonic chemical etching [14], and plasma DBD etching (dry etching).

It is known that plasma is the “fourth state” of the matter, distinct from solid, gas, and liquid [17].
Plasma is electrically neutral overall and is often characterized as a collection of excited electrons,
ions, photons, atoms, radical species, and non-ionized neutral particles [18]. It may be divided into
two types based on temperature: high-temperature plasma and low-temperature plasma. Dielectric
barrier discharge (DBD), also known as dielectric barrier corona discharge or silent discharge, is
a non-equilibrium plasma that may be created at atmospheric pressure in both open and closed
configurations. DBD is defined by the release of high-energy electrons that collide with nearby gas
molecules in a way that isn’t flexible. This can excite or break apart the molecules to form plasma,
which is made up of many different types of particles, including free radicals, excimer molecules,
excited atomic and molecular entities, and particles in an excited state that have reactive chemical
properties [19]–[21]. In normal chemistry, this means that some reactions need high temperatures or
rare metals to work. However, these reactions can easily happen in low-temperature DBD. Within
this plasma structure, charges move between two electrodes, with an insulating material, usually made
of glass or clay, covering at least one of the electrodes. When they work at normal pressure, DBD
plasmas are linked to cool situations [22], [23].

In this paper, the plasma etching technique, dielectric barrier discharge (DBD) plasma, as a
dry etching method, will be employed to examine the efficacy of plasma interactions in recording
alpha particles within a short etching duration. Subsequently, these methods will be comparison to
conventional etching technique (CE) utilizing water bath (traditional method) to the establish its for
efficacy as a feasible option for the etching of nuclear trace detectors. Furthermore, various essential
etching parameters influencing track formation are analyzed, including the total etching rate, track
etching rate, sensitivity, and etching efficiency (VB, VT , V and η).

MATERIALS AND METHODS
Prepare the CR-39 SSNTDs

The plastic nuclear track detector known as Pollyallyl diglycol carbonate (PDC), which has the
molecular formula [C12H18O7], is the CR-39 nuclear detector (Columbia Resin No. 39). It was
bought from Pershore Moulding Ltd. in the United Kingdom. With the density of (132× 10−2 g

cm3 ),
an ionization energy of 70.2 eV, and a thickness of 250 µm, CR-39 exhibits a high sensitivity to
ionizing radiation [23]. As shown in Figure 1, the CR-39 detector was cut into uniform pieces (1× 1)
cm2 and exposed to alpha particles with energy (Eα = 5.49×106 eV) and 5 µCi ±5% activity emitted
from a radium source 226Ra, which has a half-life of 1620 years, for five seconds.
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Figure 1. CR-39 detector with dimensions (1× 1) cm2 under optical microscope

Wet Etching Technique: Traditional Method (Water Bath)
These particles possess sufficient energy to enter the CR-39 detector and interact with the polymeric

materials, causing chemical bonds to break and leaves behind traces. Following the exposure process
of the CR-39, etching procedure is initiated to elucidate the characteristics of the trace imprinted on
the CR-39. To augment the discernibility of the tracks on the CR-39 detector, it is submerged in
the alkaline solution (notably, a NaOH solution with concentration 6.25 N was employed to the etch
exposure detectors in the present investigation) and maintained at a controlled heat of 70±2 °C [24].
The progression of the pits can be monitored by executing to the complete etching process at periods
of 1, 2, 3, 4, and 5 hours. Tracks are formed when (OH) ions react more rapidly radiation damage
compared to the surrounding polymers. Following each etching phase, the quantity of traces on the
detector can be enumerated with a 40X optical microscope.

Dry Etching Technique (DBD plasma)
DBD plasma etching represents the dry etching method because it uses a non-thermal plasma

system to etch SSNTDs instead of a liquid (the chemical etching solution). Dielectric barrier discharge
(DBD) plasma sources have been effectively used for etching various materials, including polymers, in
the last several decades. DBD plasma sources produced at atmospheric pressure were used [25]–[27].
Figure 2 illustrates the manufactured system. Two electrodes, constructed of 7.2 cm in diameter and
0.3 cm in thickness, make up the DBD plasma system. A 5 mm-thick dielectric material (Teflon)
covers the electrodes. A 1 mm-thick glass plate was utilized to separate the powered and ground
electrodes, and one of the poles was left to the air exposed. An AC power source with a voltage of
7000 V and a frequency of 9300 Hz was used to power the DBD reactor. As demonstrated in Figure 2,
the air above the covered electrode becomes ionized and looks blue when the AC voltage supplied to
the electrodes is high enough. the ionized air is plasma. The discharge gap was 2 mm, and a CR-39
detector was placed between the discharge gap and etched with plasma for 1, 2, 3, 4 and 5 minutes.

Figure 2. The manufactured dielectric barrier discharge (DBD) plasma source
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Track Density and Diameter Measurement
Following each etching period, the CR-39 detectors were carefully rinsed with filtered water and

allowed to air dry in order to record the track number. A 40X magnification optical microscope
(N-200M, built in Korea) was used to record the total number of traces that were created on the
etched CR-39 detector after each etching process. Without looking through the eyepiece of the mi-
croscope, the traces were observed through a computer linked to the digital imaging device (Digicam)
(CAUTION, S/N: C1371000091). The density of the alpha particle tracks in the CR-39 detector was
determined by summing total number of the particle traces (alpha particle) in five separate images
for each etching period, divided by the field of vision (58 × 10−3 mm2). To avoid including cracks
and grooves in the calculated alpha particle latent path widths, great caution was exercised when
measuring the tracks of these particles. Following the etching of the CR-39 detectors, the optical
microscope was used to manually measure the alpha particle tracks’ widths, with a measurement
resolution of ±0.5 µm. For every etching time, the diameters of thirty circular traces were recorded.

Theoretical Part
In this investigation, etching parameters are estimated to facilitate comparisons between the meth-

ods used in the etching. Table 1 illustrates the equations employed and their definitions, in addition
to referencing the sources from which these equations were acquired.

Table 1. The formulas used and their definitions for calculating the etching parameters
Equation Definition Symbol Reference
VB = D

2t
The bulk etch rate (µm/h) D: Track diameter

T: Time of etching
[4], [28]

VT = VB

1+

(
VD
VB

)2

1−
(

VD
VB

)2 The track etch rate (µm/h) VB : The bulk etch rate (µm/h)
VD: The diameter rate of the tracks

[29], [30]

V =
VT
VB

Sensitivity (V) [31], [32]

θc = sin−1 VB
VT

The critical angle [32]

η = 1− sin θc The etching efficiency of a detector [4], [32]

RESULTS AND DISCUSSION
Examination of Plasma Spectra to Identify RONS Species and Quantify Plasma
Jet Characteristics

Excited species generated by the DBD plasma source have been identified by optical emission
spectroscopy. Spectra in the wavelength range 200–900 nm were taken at an axial distance of 1mm
from the DBD plasma. Utilizing a Surwit (S3000-UV-NIR) spectrometer, we meticulously captured
the emission spectra of dielectric barrier discharge (DBD) plasma, as shown in Figure 3. The de-
tection and subsequent identification of reactive molecular species present in the plasma emissions
generated by DBD plasma devices functioning under ambient pressure conditions have been per-
formed through optical emission spectroscopy (OES) analysis. The reactive oxygen species (ROS)
and reactive nitrogen species (RNS) are essential for initiating and sustaining the reaction processes.
The identification of the emission bands was executed in accordance with the reference [33]. Reactive
species (ROS/RNS) produced by DBD plasma may be identified by the spectral bands seen between
296 and 428 nm. By observing the peaks at 296 nm and 309 nm, we may deduce that (NO) is
present, and the presence of the hydroxyl radical (•OH) is also indicated by the peaks at 309 nm.
Furthermore, the wavelengths of 391, 381, 358, 358, 316, and 426 nm may suggest the existence of the
low-intensity nitrogen molecular band system (N2 second-positive system, C3Πu–B3Πg). The peak
at 572 nm on the emission spectra for DBD plasma illustrated that the release also contains singlet
oxygen (O). On the other hand, spectra for DBD plasma induced appear oxygen at wavelengths 693
and 871 nm.
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Figure 3. The optical emission spectra generated by DBD plasma discharge for the identification of reactive oxygen
and nitrogen species (RONS)

In this investigation, was used spectral line broadening analysis to evaluate two parameter, max-
imum density, and the gas electron temperature. The formula of Doppler broadening (1) [34] was
used to measure the gas temperature:

∆λDoppler = 7.16× 10−7λ

√
T

M
(1)

The DBD plasma’s gas temperature, as determined by the Doppler broadening analysis, is 308 K.
However, the electron density may be calculated using the Stark broadening effect (2) [3], [35]:

∆λStark = 2× 10−16wNe (2)

∆λstrak the full width at half maximum(∆λFWHM ) of the Stark broadening, w is the electron impact
parameter, and Ne is the electron density in cm−3. It is measured that there are 4.4× 1017 cm−3 in
the dielectric barrier discharge (DBD) plasma.

Track Development Process
Alpha particles and other forms of ionizing radiation have the potential to totally ionize the CR-

39 solid-state detector’s polymers, which could lead to the breaking of their chemical bonds [36].
According to Kadhim and Jebur 2018 [31]. One important feature of these detectors is their capacity
to record very low activity levels, which is especially important when dealing with tissue samples [38].
Depending on the kind, energy, intensity, and angle of incidence of the radiation, the tracks can be
any size, shape, or depth. Alpha particles are realized to only break through a fine layer of the CR-39
face and to have a limited material range.

The 5-MeV alpha particle range in CR-39 is 28.9 mm, according to the SRIM program [37],
according to the SRIM program alpha particles with an energy of 5.49 MeV, emitted from Ra-226
decay, have an estimated projected range of approximately 30.3 µm in CR-39 detector material [37].
The energy of the entering alpha particles is typically highly correlated with the range [38]. Therefore,
this becomes problematic when alpha particles have different energies. Therefore, the calculation of
the density of alpha particles will be difficult because the ranges would differ. So, by trying out
several etching durations, we can find the optimal one for using a new etching process. This study
examined the plasma-induced etching and dry etching, using varying etching durations to find the
optimal tracks. Alpha particles’ different energies cause them to have different penetration ranges in
detector materials.

The etching time required for the latent alpha particle tracks of lower energy particles to be visible
in the CR-39 detector is longer. Figures 3a–e shows the photomicrographs of the CR-39 detector
obtained at 1, 2, 3, 4, and 5 hours in order to determine the optimal etching time for the CR-39
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nuclear trace detector using traditional chemical etching by a water bath approach (CE). Because the
detectors were irradiated to alpha particles without a radiation guide, both circular and oval tracks
were produced, as shown in the Figure 4.

Figure 4. Formation of latent alpha trace in CR-39 detectors using chemical etching for different etching durations in
a water bath: (a) At 1 hour; (b) At 2 hours; (c) At 3 hours; (d) At 4 hours; (e) At 5 hours of engraving duration

Latent tracks or hidden tracks denote damage zones formed by ionizing particles in a material.
Upon exposure to a chemically reactive solution, these zones undergo accelerated etching. Aqueous
sodium hydroxide (NaOH) is the most widely utilized etchant in such processes. The surface of the
detector material is generally etched by the chemical solution, but the damaged region etching occurs
more quickly. This is one way a particle’s “track” can be seen under an optical microscope. It’s known
as the “track effect,” and the technique is known as “track visualization” or “detector etching” [12],
[23], [39].

Figure 4 shows that with an increase in etching duration, the quantity of tracks not only increases
but also becomes clearer. Figure 4a shows that hidden traces of alpha particles start to show up after
one hour of etching. Both the total number of traces and their visibility grow with increasing etching
time. Results recorded in Table 2, we discovered that the CR-39 detectors produced 283.0±9.3 tracks
in one hour and 308.0±5.7 tracks in two hours. The intensified interaction between the aggressive
solution and the compromised regions resulting from the impact of the alpha (4He) particles on the
detector material constitutes the origin of the escalation in the quantity of tracks. Furthermore,
given that low-energy alpha particle tracks exert a diminished influence on the detector material and
require an extended etching duration, the observed phenomenon of increase in the total number of
traces concomitant with prolonged etching duration may be attributable to the existence of these
tracks. On the other hand, as the etching duration increased, we observed fewer traces, as illustrated
in Figures 4c-e. It is hypothesized that the overlap of tracks is the reason why the total number of
traces dropped from 205.0±13.1 tracks at an etching duration of 3 hours to 172.1±11.2 traces at the
final period of the etching process, or at an etching duration of five hours.

Equation 3 is applied to quantify density of the traces after each etching duration step, enabling
the observation of track growth and the assessment of the optimal etching duration [40], [41].

ρ =
Nave

A
(3)

where ρ: Track density in Track/mm2, Nave: Average total number of traces, and A: Field of the
view area (588× 10−4 mm2).

The findings derived from the chemical traditional etching procedure utilizing a water bath, as
delineated in the Table 1, indicate that density of the alpha traces attained its apex at an etching
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duration of two hours (5238±6.0 tracks). As the etching time was prolonged, the track density
exhibited a decline, diminishing from 3487±13.10 tracks at 3 hours to 2925±11.10 tracks at 5 hours.
The quantification of track density is contingent upon the aggregate number of tracks formed on
the CR-39 detector. Figure 5 illustrates that a decline in track density is concomitant with an
increase in track diameter as etching duration is extended. This occurrence is attributed to the
adjacency overlapping of the traces, which engenders an augmentation in track diameter. Continuous
etching process may lead to a secondary overlap of the traces. The merging of these processes leads
to a reduction in the total traces number and, therefore a drop in trace density, resulting in an
augmented growth of track diameters. Figures 6 and 7 illustrate the histogram dispersions related to
the lengths and diameters of the alpha particle traces, respectively, derived from 30 tracks that were
randomly selected, encompassing both circular and oval forms. These tracks were etched over a range
of durations during the chemical etching process conducted in a water bath regulated at a heat of
70±2 °C.

Table 2. Trace density and diameter measurements in CR-39 detectors utilizing a water bath chemical etching technique
at varying etching times

Etching Time
(Hour)

No. tracks
(mean±S. D)

Track density
(mean±S. D) (Track/mm2)

D (µm)
(mean±S. D)

1 283.0±22.5 4813.0 ±22.50 3.10±0.62
2 308.0±5.7 5238.0±6.0 7.6.00±0.77
3 205.0±13.1 3487.0±13.10 8.80±1.17
4 181.0±10.1 3078.0±10.10 11.40±1.43
5 172.0±11.1 2925.0±11.10 16.50±1.49

Figure 5. Track density and diameter development using chemical etching at different etching periods

We will employ the DBD plasma for the dry etching process at atmospheric pressure and compare
the outcomes with the etching techniques previously employed by using sodium hydroxide solution
with water bath.

Figures 8a-e illustrate results of dry etching by DBD plasma for varying etching times (1, 2, 3,
4, and 5 minutes). During the first minute of etching, the tracks are clearly visible, this is due to
the direct plasma discharge onto the nuclear detector CR39, which occurs without the presence of an
intermediate chemically aggressive solution such as NaOH. Figure 8a shows that the hidden traces of
the particles in detector were revealed by a 1-minute etching time, yielding 421 tracks. Figures 8d-c
show that the total number of traces increases and becomes visible as the etching time increases.
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Figure 6. Diameters analysis of thirty alpha particles tracks in CR-39 detectors chemically etched in 6.25 N NaOH at
70±2 °C and varying etching times: (a) After 1 hour; (b) After 2 hours; (c) After 3 hours; (d) After 4 hours; (e) After 5
hours

Figure 7. Lengths analysis of thirty alpha particles tracks in CR-39 detectors chemically etched in 6.25 N NaOH at
70±2 °C and varying etching times: (a) After 1 hour; (b) After 2 hours; (c) After 3 hours; (d) After 4 hours; (e) After 5
hours
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Several tracks grow with etching time, reaching a maximum of 1196 tracks at 3 minutes. Due to
nearby nuclear tracks overlapping, the number of tracks decreases to 454 tracks Figure 8e, but the
track diameter keeps growing with increasing etching time, 4.02 µm, except for the second etching
time, where the diameter will decrease by 0.12 µm because of the appearance of doubleted tracks
number from the first etching time.

Figure 8. Formation of latent alpha tracks in CR-39 detectors using DBD plasma for etching at different durations: (a)
at 1 min; (b): at 2 min; (c): at 3 min; (d) at 4 min; (e) at 5 min

Dry plasma etching is a physical procedure that is different from traditional etching technique
(using a water bath). Only the deformed regions created through the alpha particles’ interaction
with the detector material are affected by the plasma beam when it meets its surface. Their depth
or surface area increases because of the beam breaking bonds in these regions. When looking at the
detectors under a microscope, this increase makes the tracks more visible. Table 3 presents the results
obtained from the dry etching process.

Table 3. Assessment of track density and diameters in CR-39 detectors exposed to DBD plasma etching over various
times

Etching Time
(minute)

Tracks No.
(mean±S. D)

Track density (Track/mm2)
(mean±S. D)

Diameter (µm)
(mean±S. D)

1 421±51 7159±51 1.72±1.11
2 801±57 13622±57 1.60±0.85
3 1196±56 20340±56 2.08±1.14
4 595±10 10119±10 2.28±0.99
5 454±51 7721±51 4.02±1.72

Figure 9 shows the improvement on traces density consistent with increasing etching duration
the trace density of 20340 Track/mm2 at 3 minutes, after which the tracks begin to overlap and
reach 7721±51 Track/mm2 at 5 minutes of etching time. We observed a continuous expansion in
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the diameter of tracks with increasing etching time. Figures 10 and 11 illustrate the histogram
distributions pertaining to the lengths and diameters of alpha particle traces, respectively, derived
from 30 tracks that have been randomly selected, for both circular and elliptical forms, which were
etched over a range of durations during the DBD plasma etching process conducted in maintained at
heat of 32±2 °C.

Figure 9. Track density and diameter development using DBD plasma for etching at different etching periods

Figure 10. Diameters analysis of thirty alpha particles traces in CR-39 detectors that etched by DBD plasma at 32±2
°C and varying etching times: (a) After 1 min; (b) After 2 min; (c) After 3 min; (d) After 4 min; (e) After 5 min
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Figure 11. Lengths Diameters analysis of thirty alpha particles traces in CR-39 detectors that etched by DBD plasma
at 32±2 °C and varying etching times: (a) After 1 min; (b) After 2 min; (c) After 3 min; (d) After 4 min; (e) After 5
min

Etching Parameters
Table 1 establishes the employed equations and their meanings, together with citations of the

sources from which these equations were derived.
Through the utilization of the equations presented in Table 1, the etching parameters (VB, VT ,

V, θ, and η) pertinent to the CR-39 nuclear track detector were computed. The bulk etch rate
(VB), which indicates the rate at which the bulk material dissolves in solution and makes it easier
for tracks to develop, is a crucial component in the etching process. In accordance with the optimal
track density, VB was ascertained to be 2 × 10−6m

h under the specified etching conditions (NaOH
with concentration 6.25 N, 70±2 °C, 120 min), a value that is inferior to that reported by researchers
employing nearly analogous etching environment (NaOH with concentration 6.25 N, 85 °C, 180 min)
[42], [43]. This variation might be caused by differences in the chemical solution’s heating temperature
and the etching process’s time. In contrast, during the optimal etching period, the average etching
rate for DBD plasma etching was approximately 20.8 µm/h. These findings are delineated in Table 4,
which summarizes the etching methodologies employed (water bath and DBD plasma).

The track etching rate (VT ) was determined by the rate of the track diameter and the bulk etch
rate (VB). The rate of change in the track diameter was found by finding the slope of the graph that
showed the relationship between the etching time and the track diameter. As shown in Figure 12,
this examination was done separately for both chemical etching in a water bath and DBD plasma
etching. Figure 12 indicates that under the specified etching conditions for both methodologies, an
increase in the removed layer corresponded with a subsequent increase in track diameter.

The detector’s sensitivity is another critical factor in the etching process being examined. n
etched track detector’s sensitivity (V ) to alpha particles depends on several factors, including the
charge, energy, and trajectory of the incoming ions and the detector’s basic material properties [44].
The sensitivity (V ) of nuclear detector CR-39 was ascertained through the assessment of the track
diameter rate (VD) and the bulk etch rate (VB).
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Table 4. CR-39 detector etching factors at various etching times for two distinct methods (chemical etching and DBD
plasma)

Time of etching (hour) VB (µm/h) VT (µm/h) V θc η %
chemical etching

1 1.55 2.60 1.68 57 46
2 2 4.24 2.23 44 57
3 1.47 2.33 1.59 59 43
4 1.43 2.20 1.55 61 42
5 1.65 2.98 1.81 53 49

DBD plasma etching
0.016 53.75 110.5 2.0 46 54
0.033 24.25 93.5 3.8 25 74
0.05 20.81 52.6 2.5 38 62
0.066 17.29 31.9 1.8 51 50
0.083 24.23 93.1 3.8 25 74

The sensitivity of the detector exhibits variability in relation to the duration of the etching process,
as delineated in Table 4. The findings demonstrated that, at the identified optimal etching duration,
the sensitivity of the detector was markedly superior for DBD plasma etching in comparison to
chemical etching, as depicted in Table 5. A crucial metric for CR-39 detectors is the etching efficiency.
The ratio of tracks registered, articulated as a fraction of the particles impacting the detector surface, is
termed the etching efficiency of the detector [45]. The findings demonstrated that, at the optimal etch
duration found, the etching effectiveness for DBD plasma etching (62%) surpassed that of chemical
etching (52%), as illustrated in Table 5. Measurements of the critical angle (θc) were utilized to
determine the etching effectiveness of the CR-39 nuclear detector. The results indicate that the dry
etching technique (DBD Plasma) is an effective method for etching solid-state nuclear track detectors
(SSNTDs).

Figure 12. The tracks’ diameter as a function of etching time using both the DBD plasma etching technique and the
conventional water bath etching approach
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Table 5. Etching parameters of CR-39 detector at optimum etching times for two techniques (chemical etching and
DBD plasma)

Etching
technique

Optimum etching
time (min)

Optimum Track
density (Track/mm2)

VB

(µm
h

)
VT

(µm
h

)
V θc η%

Chemical
etching

120 308.0±5.7 1.9 4.24 2.23 44 54

DBD plasma
(dry etching)

3 20340±56 20.8 52.6 2.5 38 62

CONCLUSION
The SSNTD CR-39 detector’s etching parameters were determined and compared for two different
etching techniques: chemical etching (wet etching) and DBD plasma etching (dry etching). Experi-
mental measurements of the track diameters and densities from the three etching techniques at various
etching times were conducted. The etching parameters (VB, VT , V, and η) for the CR-39 track de-
tector were computed based on the experimental findings. Compared to DBD plasma (dry etching)
and traditional chemical etching (CE), DBD plasma was found to be a faster and more promising
technology. Unlike chemical etching with a water bath, the etching process may begin immediately
rather of waiting for the required temperature to be reached and maintained. The process of track
development generally requires only a same minute, in contrast to the numerous hours necessary for
the etching traditional technique. Additionally, the elevated VT

VB
ratio that results from preferential

etching along the track improves the track revelation process. This improvement includes enhanced
clarity, uniform etching, and increased detecting efficacy, all of which are beneficial. The results
conclude that the optimum etching time when using the traditional method (chemical etching) was at
an etching time of two hours, 5238 track/mm2, as for the dry etching technique using DBD plasma,
the optimum etching time was at 3 minutes, 20340 track/mm2. Plasma etching is far faster than
chemical etching; it takes only five minutes instead of 1 hour or more. The following is a rundown of
the steps used to make a plasma device for etching, which will allow you to compare the results with
chemical etching.
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