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Detection of critical cancer cells in human organs using dual demodulation 
photonic crystal fiber: Numerical study 

Farhan Mumtaz 
Department of Electrical and Computer Engineering, Missouri University of Science and Technology, Rolla, MO 65409-0040, USA   

A R T I C L E  I N F O   

Keywords: 
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A B S T R A C T   

This study reports a novel approach for early detection of malignant cancer cells in human organs using a 
birefringent photonic crystal fiber (PCF)-based optical sensor with dual demodulation. The PCF injects light into 
the middle hole, enhancing the radiated evanescent field. Analytes injected through the core cause a wavelength 
shift, measured by peak or dip shift. The proposed sensor has an optimal sensitivity of − 7,940 nm/RIU, − 8,265 
nm/RIU, − 9,747 nm/RIU, − 9,006 nm/RIU, and − 8,994 nm/RIU by peak shift and − 8,745 nm/RIU, − 10,728 
nm/RIU, − 8,721 nm/RIU, − 10,113 nm/RIU, and − 11,150 nm/RIU by dip shift for CRT-(Cervical tissue), BLD- 
(Blood), ADG-(Adrenal gland), BRT-(Breast) type-1 and type-2 cells, respectively. The PCF sensor presents a 
shorter sensing length of 550 µm. Results suggest the sensor is effective in detecting malignant neoplastic cells in 
earlier stages, making it a promising tool for cancer diagnosis and treatment.   

1. Introduction 

The incidence of cancer has been on the rise in recent years, making 
it a significant public health concern (Jamil and Khan, 2020). Cancer is a 
genetic condition that can result from inherited genetic mutations 
(Yoshikawa et al., 2020), chronic infections (Samaras et al., 2010), 
exposure to carcinogens (Hecht, 2003), an unhealthy diet and lifestyle 
(Ali et al., 2011), toxic chemicals (Taya et al., 2022), and environmental 
toxins (Saha et al., 2020). The uncontrolled and unchecked cell growth 
associated with cancer can lead to the development of malignant tumors 
and the spread of cancer throughout the body, resulting in mortality. 
Early detection and treatment of cancer are crucial for improving patient 
outcomes and reducing mortality rates. Various methods are available 
for cancer detection, including imaging techniques, biopsy, and blood 
tests. However, the development of novel approaches, such as the use of 
optical sensors and photonic crystal fibers, holds great promise for the 
early identification of cancer cells in different human organs. The use of 
these approaches can enhance the sensitivity and specificity of cancer 
detection and contribute to the development of effective treatment 
strategies for cancer patients. 

Fiber-optic sensors have emerged as a promising option for cancer 
detection, as they can overcome existing obstacles (Singh et al., 2020), 
and for the diagnosis, several fiber-optic sensors have been reported 
(Sun et al., 2017; Schartner et al., 2016; Kaur et al., 2022; Bekmurzayeva 
et al., 2021; Loyez et al., 2019). These sensors include cancer biomarkers 

detection without labels, sampling malignant human tissue, diagnosing 
colorectal cancer, detecting picomolar levels of CD44 protein, and 
identifying brain tumors. Researchers outcome that fiber optic sensors 
can measure the quantity and stage of malignant cells by monitoring 
shifts in the refractive index (RI) of cancerous analytes, which indicate 
RI differences (Azzouz et al., 2022). Photonic crystal fiber (PCF) sensors 
are microstructured optical fibers that work through total internal 
reflection theory and photonic band-gap transmission of light. They 
have shown exceptional performances in the development of biosensing 
applications over the past three decades due to their high sensitivity, 
quick procedures, and affordable manufacturing (Anders et al., 2003). 
By controlling the distribution of air-hole spacing, size, and geometry, 
PCFs allow for the desired configuration of the effective core (Biswas 
et al., 2018). In optical sensing, the waveguiding and optical properties 
of a PCF are improved collectively (Mumtaz et al., 2023). 

Numerous studies have been explored by using PCF sensors for 
detecting various types of cancerous cells. For instance, Eid et al. (Eid 
et al., 2021) reported a PCF-based biosensor with a mono-rectangular 
core to identify skin and blood cancer cells. Abdullah et al. (Bulbul 
et al., 2020) reported a PCF-based biosensor for detecting breast cancer 
cells that utilized the Terahertz (THz) regime for computational anal
ysis. Abdel et al. (Abdelghaffar et al., 2022) reported a plasmonic PCF 
sensing structure that used Zirconium Nitride as a plasmonic material to 
detect breast cancer cells type-1 with an optimum sensitivity of ~5,700 
nm/RIU. Yasli et al. (Yasli, 2021) reported a blended-shaped plasmonic 
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PCF structure for detecting malignant skin, BRT type-1, BRT type-2, 
ADG, BLD, and CRT cells with maximum sensitivity of 7,142 nm/RIU 
for the analyte RI of a BRT cancer cell. Mollah et al. (Mollah et al., 2020) 
reported on a numerical research study on cancerous cells detection and 
utilized a highly sensitive Sagnac interferometer-based PCF-RI sensor 
(Sasi et al., 2021), such as BRT type-1, BRT type-2, BLD, and ADG. Jabin 
et al. (Jabin et al., 2019) also developed a Titanium-coated D-shaped 
plasmonic-based PCF sensor for detection of malignant cancer cells in 
various region of human body. Mishra et al. (Mishra et al., 2020) re
ported computational analysis of a heart-shaped dual-core PCF sensor 
and achieved the highest sensitivity of 10,000 nm/RIU for BRT cells. 
These studies demonstrate the significant potential of PCF-based sensors 
in biosensing applications for cancerous cells due to their customizable 
optical properties such as, high sensitivity, simple construction, and 
rapid result processing. Parvin et al. (Parvin et al., 2021) conducted a 
numerical study on a spectroscopic optical sensor for detecting 
cancerous cells in various parts of the body, including the cervix, adrenal 
gland, breast, skin, and blood. Based on their findings, they reported a 
maximum sensitivity of 95.5% for BRT type-2 cells. Mollah et al. (Mollah 
et al., 2020) proposed a twin core-PCF for detecting blood cancer by 
observing spectrum shift using FEM in transmission spectra, and ob
tained maximum sensitivity of 8571.43 nm/RIU. Ramola et al. (Ramola 
et al., 2021) proposed a PCF-based SPR biosensor for early cancer 
detection using numerical FEM analysis. The sensor achieved high 
sensitivity and FOM using TM and TE modes, with MCF-7 cells, but the 
sensor’s smaller core cross-section may be a limiting factor. 

A novel dual demodulation approach is proposed through an optimal 
design of PCF-based fiber-optic sensors for the detection of various 
malignant cancer cells in humans. This approach capitalizes on the po
tential of PCF-based sensors and modifies the optical path through 
variations in the effective refractive index (RI) of the PCF-sensor as it 
interacts with different bio-analytes. To determine the RIs of these bio- 
analytes, normal cells concentrations (30− 70%) and cancerous cells 
concentrations (80%) in liquid form are used. The PCF sensor’s micro- 
structured air-hole formation is adjusted to achieve a sensing length of 
550 µm. The COMSOL Multi-physics 6.0® is used to perform model 
simulations, an average optimal sensitivity of − 9,293 nm/RIU by peak 
tracking and − 8708 nm/RIU by dip tracking is achieved for all targeted 
cancerous cells within a RI range of 1.368 to 1.401, facilitating the 
differentiation between healthy and carcinogenic cell analytes. These 
findings highlight the potential of PCF-based sensors in detecting crucial 
malignant cancer cells in humans. 

2. Sensor geometry and operating principle 

Fig. 1(a) illustrates the transverse cross-section of the proposed PCF 
sensor, which includes a central hole and air holes in the cladding region 
with diameters of da = 1.5 µm and dc = 1.9 µm, respectively. The pitch, 

denoted by the symbol Λ = 2.0 µm, represents the distance between air 
holes. The central air hole is designed to inject cancerous cell analytes. 
Fig. 2(b) presents the prespective view of PCF sensor. Table 1 presents 
the RI values of fluid analytes for malignant and normal cells, with 
concentrations of 80% and 30% to 70%, respectively. The hosting me
dium for the cladding region is fused silica, approximated using the 
Sellmeier equation (Mumtaz et al., 2022; Mumtaz et al., 2022), while the 
RI for the cladding air holes is assumed to be 1. 

nsilica =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

1 +
0.6961663λ2

λ2 − 0.06840432
+

0.4079426λ2

λ2 − 0.11624142
+

0.8974794λ2

λ2 − 9.8961612

√

(1)  

where λ symbolizes the central operating wavelength. The FEM layout 
consists of 52 domains, 200 edges, and 196 points, and the mesh com
prises 14,984 elements with an average quality of 0.8037 and minimum 
quality of 0.3646, as depicted in Fig. 1(c). The Perfect Match Layer 
(PML) is employed as a boundary condition in the simulation to absorb 
radiation and prevent reflections from the sensor’s core area. By effec
tively absorbing electromagnetic waves at the boundary, the PML en
sures that they do not bounce back into the computational region, 
resulting in a more realistic simulation. This boundary condition reduces 
unwanted reflections, improving the accuracy of the results and allow
ing for a reliable analysis of the sensor’s behavior.The dual-core region 
around the central infiltrated hole employs the index-guiding method to 
confine the injected light by creating a high RI zone. The resulting 
propagating modes are referred to as super-modes, which are further 
categorized into four distinct topologies: Even and odd x-pol (polarized) 
coupled modes, as well as even and odd y-pol coupled modes. The 
electric (E)-field distributions of the fundamental modes for x-pol and y- 
pol orientations, corresponding to even and odd modes, are obtained at 
the central operating wavelength of 1.55 µm. As illustrated in Fig. 2(a- 
d), the effective RIs of these modes are 1.3995 (y-pol ~ even mode), 
1.3967 (y-pol ~ odd mode), 1.3979 (x-pol ~ even mode), and 1.3955 (x- 
pol ~ odd mode). 

Fig. 3 depicts a possible experimental setup for detecting various 
malignant cancerous analytes (Mumtaz et al., 2020). The input light is 
introduced to the sensor via a single-mode fiber (SMF) lead-in from a 
broadband source (BBS) with a flat bandwidth range of 1.4 µm to 2.0 µm. 
An optical spectrum analyzer (OSA) is used to analyze the injected light 
as it traverses the sensor and exits through the SMF lead-out on the 
output side. The interference dip or peak shift in the spectral wavelength 
domain, which corresponds to the RIs of normal and cancerous cells, is 
calculated based on the transmission spectra obtained by the OSA 
(Mumtaz et al., 2023). 

Fig. 1. Proposed PCF sensor: (a) transverse cross-section, (b) longitudinal perspective view, and (c) mesh profile.  
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3. Result and discussions 

3.1. Coupling length, birefringence and interference spectra 

The proposed PCF sensor with a central hole allows for the detection 
of bio-analytes from healthy and cancerous cells in various human 
bodily organs. This detection is achieved by observing the effective 
refractive index difference (ne - no) between the x-pol ~ even and ~ odd 
modes and the y-pol ~ even and ~ odd modes, which occurs upon the 
infiltration of bio-analytes into the core region of the PCF sensor. Fig. 4 
(a) & (b) show that although the effective RI difference between the ~ x- 
pol and ~ y-pol modes is slightly different but their corresponding curve 
features are similar within the wavelength range of 1.4 µm to 2.0 µm. 
The ((ne - no) of the proposed sensor has been observed to increase as the 
wavelength range increases, indicating a significant reduction in the 
coupling length (Lc), as shown in Fig. 4(c) & (d). Additionally, the PCF 
sensor exhibits birefringence as the E-field distribution of simulated 
supermodes reveals that even-distributed supermodes transmit more 
radiated energy into the penetrated center hole of the PCF than odd- 

Fig. 2. At the central operating wavelength of 1.55 m, the E-field distribution of the proposed PCF sensor shows super-modes in the orientations of y-pol (a) ~ even 
mode, (b) ~ odd mode, and x-pol (c) ~ even mode and (d) ~ odd mode. 

Table 1 
Reference RI values of cancerous and normal cells for different human body 
organs.  

Cancerous 
Cells 

Medical 
Abbrevations 

Refractive index 
of Cells 

References 

Normal Cancer 

CRT HeLa  1.368  1.392 (Yasli, 2021; Jabin et al., 
2019; Mishra et al., 2020) 

BLD Jurkat  1.376  1.395 (Yasli, 2021; Jabin et al., 
2019; Mishra et al., 2020) 

ADG PC12  1.381  1.395 (Yasli, 2021; Jabin et al., 
2019; Mishra et al., 2020) 

BRT Type-1 MDA-MB-231  1.385  1.399 (Yasli, 2021; Jabin et al., 
2019; Mishra et al., 2020) 

BRT Type-2 MCF-7  1.387  1.401 (Yasli, 2021; Jabin et al., 
2019; Mishra et al., 2020)  

Fig. 3. A possible experimental setup for obtaining transmission spectra using the proposed PCF sensor.  

F. Mumtaz                                                                                                                                                                                                                                        



Results in Optics 12 (2023) 100493

4

distributed supermodes, as shown in Fig. 2. The Lc corresponding to the 
wavelength for the suggested structure can be calculated using coupled 
mode theory, as detailed in (Mishra et al., 2020). 

Lc =
λ

2|ni
e − ni

o|
, i = x, y, (2) 

The birefringence in the proposed PCF sensor can be expressed as the 
difference between the effective refractive indices of the two orthogonal 
polarization modes that propagate in the PCF. Mathematically, the 
birefringence can be written as, 

B(λ) = |nx
eff − ny

eff | (3)  

where neff
x is the effective refractive index for the polarization along the 

x-axis, and neff
y is the effective refractive index for the polarization along 

the y-axis. As depicted in Fig. 5, the birefringence of the PCF with 
varying analyte infiltration is determined. The results reveal an increase 
in birefringence towards the longer wavelength side, whereas a decrease 
is observed towards the shorter wavelength side. The birefringence of 
PCF is a valuable property with various benefits, including polarization 
control, optical sensing, non-linear optics, and high-performance fibers. 
In sensing applications, the birefringence in PCFs can significantly 
enhance the sensitivity and selectivity of optical sensors by differenti
ating between various analytes and achieving improved detection limits. 

Fig. 4. Effective RI difference between even and odd (a) x-pol and (b) y-pol modes, as well as predicted PCF sensor coupling lengths for corresponding (c) x-pol and 
(d) y-pol modes. 

Fig. 5. Birefringence as a function of wavelength for different analytes.  

F. Mumtaz                                                                                                                                                                                                                                        
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The i-polarized even and odd distributed modes are represented by ne
i 

and no
i , respectively. The transmission spectrum of the sensor is deter

mined by the mode-coupling variations of the dual-core structure, which 
influences the transmission length based on the coupling length. The 
transmission optical power of the sensor proposed is calculated by 
(Biswas et al., 2018); 

Pi(λ) = sin2
(
|ni

e − ni
o|πl

λ

)

, i = x, y, (4) 

In order to reduce the sensing length for a miniaturized probe, the 
proposed sensor investigates through mode-coupling theory. To detect 
the carcinogenic MCF-7 analyte, the sensing length was adjusted to l =
300 µm, 550 µm, and 1000 µm, and the resulting transmission spectra 
were obtained. As shown in Fig. 6, the sensing length of 300 µm pro
duced a single resonant dip with lower fringe visibility, while 550 µm 
resulted in two dips, and 1000 µm showed three dips. Based on these 
observations, a sensing length of 550 µm was selected, as it exhibited 
two resonant dips and one resonant peak that could track changes 
caused by bio-analytes. The optical power of the transmission spectrum 
varied between 0 to 2. 

3.2. Sensitivity performance 

To assess the performance of a sensor, sensitivity monitoring is 
essential. The sensitivity of a sensor can be determined by evaluating the 
wavelength shift in the interference transmission spectra corresponding 
to different analytes RI values, such as normal to malignant cancerous 
cells or vice versa (Mumtaz et al., 2022). The sensitivity of the proposed 
sensor can be estimated by (Sasi et al., 2021); 

S(λ) =
Δλ
Δn

(nm/RIU) (5) 

Fig. 7(a-e) depict the spectrum evolution of the proposed sensor 
when it is infiltrated with different types of normal and malignant 
cancerous cells of various human tissues, thereby enabling the moni
toring of Δλ and Δn. Here, Δn refers to the difference between the 
refractive indices of normal and malignant cancerous analytes, while Δλ 
represents the displacement of the interference dip or peak in the 
transmission spectra. This information provides valuable insights into 
the performance of the sensor. 

The proposed sensor was examined using cancerous and normal cells 
of various human body organs, such as CRT, BLD, ADG, and BRT cells, as 
depicted in Fig. 7(a-e). The transmission spectra showed the shift in dip 

and peak wavelengths as normal and malignant cancerous analytes 
progressed. The dip shift differences for resonant wavelengths between 
normal and malignant cancerous cells were measured as 190.56 nm, 
115.71 nm, 136.46 nm, 126.09 nm, and 125.92 nm for CRT, BLD, ADG, 
BRT type-1, and type-2 cells, respectively, while the peak shift differ
ences were measured as 209.87 nm, 150.19 nm, 122.09 nm, 141.57 nm, 
and 156.09 nm for correspondingly same category of cells. The detection 
limit ranged between 0.014 and 0.024 for the RIs of CRT, BLD, ADG, 
BRT type-1, and type-2 cells, respectively. Both malignant and normal 
CRT cells had the highest detection threshold. PCF Sensor exhibits 
optimal sensitivity of − 7,940 nm/RIU, − 8,265 nm/RIU, − 9,747 nm/ 
RIU, − 9,006 nm/RIU, and − 8,994 nm/RIU by peak shift and − 8,745 
nm/RIU, − 10,728 nm/RIU, − 8,721 nm/RIU, − 10,113 nm/RIU, and 
− 11,150 nm/RIU by dip shift for CRT, BLD, ADG, BRT type-1 and type-2 
cells, respectively. The peak shift provided higher sensitivities than the 
dip shift. The maximum sensitivity for identifying breast type-2 cells was 
achieved using a wavelength peak shift of 11,150 nm/RIU, while the 
maximum sensitivity for detecting adrenal gland cells was − 9,747 nm/ 
RIU using a wavelength dip shift, as shown in Fig. 7(e) & 7(c), respec
tively. Additionally, the proposed sensor demonstrated a remarkable 
linear correlation function of R2 = 0.99471 and R2 = 0.98679 for 
wavelength dip and peak shift, respectively, with an average sensitivity 
of − 8,708 nm/RIU and − 9,293 nm/RIU in the RI range of 1.368 to 
1.401, as shown in Fig. 7(f) encompassing normal and malignant 
cancerous cells such as CRT, BLD, ADG, BRT type-1, and type-2, which 
are further specified in Table 1. 

3.3. Figure of merit 

The proposed PCF sensor relies on detecting changes in the trans
mission spectra resulting from variations in the refractive index of 
analytes, making the Figure of Merit (FOM) a crucial parameter. The 
FOM for the proposed PCF sensor can be estimated as the sensitivity 
divided by the Full Width Half Maximum (FWHM), and mathematically 
can be written as, 

FOM =
S

FWHM
(RIU - 1)

Sensitivity measures the sensor’s output changes in response to an 
input stimulus, making it a useful metric to quantify the sensor’s ability 
to detect small variations in the input. On the other hand, FWHM 
measures the width of the response curve at half its maximum ampli
tude, characterizing the resolution or bandwidth of a sensor’s response. 
Fig. 8 indicates an impressive FOM range of 44 RIU-1 to 56 RIU-1 for the 
proposed PCF sensor, highlighting its high sensitivity to small changes in 
refractive index, which is calculated by dip and peak, respectively. This 
makes the sensor a suitable candidate for a wide range of applications, 
such as biological detection, environmental monitoring, and chemical 
sensing. However, it is important to remember that FOM is only one of 
many factors to consider when evaluating a sensor’s performance. 

The comparison of the proposed sensor with previously reported 
sensors provides valuable insights into its sensitivity and design ad
vantages, as listed in Table 2. The proposed sensor demonstrates a dual 
sensing mechanism, which allows it to track both dip and peak shift 
simultaneously in the transmission spectra. This capability enhances its 
sensitivity and improves its ability to detect minute changes in the an
alyte RI. Additionally, the cladding region of the proposed sensor con
tains fewer air holes, which improves its waveguiding properties, further 
increasing its sensitivity. 

Compared to previously reported sensors, the proposed sensor also 
boasts a simpler design, which makes it easier to manufacture. This 
advantage can significantly reduce the manufacturing costs, making the 
sensor more accessible and affordable to a wider range of applications. 
Moreover, the simpler design provides greater versatility in terms of the 
analytes to be detected, allowing it to be easily modified and customized 
for various target analytes. 

Fig. 6. The sensing length “l” is varied to acquire the transmission spectra (The 
core was filled with cancerous MCF-7 analyte). 

F. Mumtaz                                                                                                                                                                                                                                        
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3.4. Fabrication tolerance 

Achieving optimal sensitivities depends significantly on the physical 
properties of the sensor, such as the diameter of the cladding air holes 
(da), the diameter of the center core hole (dc), and the pitch distance (Λ) 
between the holes. To assess the effect of these properties on the sensor’s 
performance, both normal and malignant cancerous cells (specifically 
MCF-7) were subjected to analysis for their RIs. The physical properties 
of the proposed sensor were evaluated based on the resonant peak shift, 
which exhibited superior sensitivity compared to dip shift. 

As shown in Fig. 9(a), peak locations for MCF-7 normal cells are 
observed at 1641.31 nm, 1620.5 nm, and 1607.1 nm, whereas for 

malignant cancer cells, peaks are located at 1787.14 nm, 1776.6 nm, 
and 1743.5 nm, respectively, as da varies from 1.4 µm to 1.6 µm. The 
achieved sensitivities were − 10,416 nm/RIU, − 11,150 nm/RIU, and 
− 9,742 nm/RIU, respectively, with fixed values of dc = 1.9 µm and Λ =
2.0 µm. Optimal sensitivities were attained by modifying dc and Λ. As 
shown in Fig. 9(b), the peak shift response for normal to malignant 
cancerous MCF-7 cell is presented. The best sensitivities of − 9,331 nm/ 

Fig. 7. Spectra evolution of the sensors when experiencing normal and cancerous cell analytes (a) CRT, (b) BRT, (c) ADG, (d) BRT type-1, (e) BRT type-2 cells, and (f) 
sensor’s average sensitivity corresponding to dip and peak shift with linear correlation function. 

Fig. 8. Variation in Figure of Merit (FOM) values corresponding to cancerous 
cell analytes for the proposed PCF sensor. 

Table 2 
Peformance comparison of the proposed PCF sensor.  

Ref. Malignant 
cancerous cell 

Spectral Sensitivity 
(nm/RIU) 

Detection 
threshold 
Δn dip 

shift 
peak 
shift 

(Aly and Zaky, 
2019) 

CRT (Cervical) 2,166 –  0.024 
BLD (Blood) 2,175 –  0.014 
ADG (Adrenal 
gland) 

2,156 –  0.014 

BRT type-1 (Breast) 2,163 –  0.014 
BRT typ-2 (Breast) 2,156 –  0.014 

(Yasli, 2021) CRT 4,333 –  0.024 
BLD 4,642 –  0.014 
ADG 5,500 –  0.014 
BRT type-1 6,428 –  0.014 
BRT typ-2 7,142 –  0.014 
Basal 3,150 –  0.014 

(Mishra et al., 
2020) 

CRT (Cervical) 7,916 –  0.024 
BLD (Blood) 8,571 –  0.014 
ADG (Adrenal 
gland) 

9,285 –  0.014 

BRT type-1 (Breast) 10,000 –  0.014 
BRT typ-2 (Breast) 10,000 –  0.014 

This work CRT (Cervical) − 7,940 − 8,745  0.024 
BLD (Blood) − 8,265 − 10,728  0.014 
ADG (Adrenal 
gland) 

− 9,747 − 8,721  0.014 

BRT type-1 (Breast) − 9,006 − 10,113  0.014 
BRT type-2 (Breast) − 8,994 − 11,150  0.014  

F. Mumtaz                                                                                                                                                                                                                                        
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RIU, − 8,600 nm/RIU, and − 11,150 nm/RIU were obtained for corre
sponding dc values ranging from 1.7 µm to 1.9 µm, while da = 1.5 µm and 
Λ = 2.0 µm were kept constant. 

It was observed that the optimal sensitivity of − 11,150 nm/RIU was 
achieved at Λ = 2.0 µm, as depicted in Fig. 9(c), upon varying the pitch 
distance (Λ) from 2.0 µm to 2.2 µm, however, da = 1.5 µm and dc = 1.9 
µm were kept constant. Table 3 provides a comprehensive view of the 
parametric variation associated with the achieved sensitivities, while 
Fig. 9(d) offers a graphical summary of the results obtained. 

3.5. Fabrication possibilities and advantages 

Utilizing existing fabrication technologies, various methods are 
available for fabricating proposed microstructured PCF, however, each 
method has its own advantages and disadvantages. The stack and draw 
method (Pysz et al., 2014) involves stacking glass capillaries to form a 
preform, which is then heated and drawn to form the fiber. Although this 
method is straightforward, achieving high-quality structures is quite 
challenging. Sol-gel casting (Bise and Trevor, 2005) is a time-consuming 
and expensive process that involves using a solvent to form a preform 
from metal alkoxides. The preform method (Falkenstein et al., 2004) is 
then sintered to form the fiber, resulting in high-quality microstructured 
fibers. Prefrom drilling (Knight et al., 1997) is a widely used method 
where a preform is drilled with a laser to create the desired micro
structure. This method can produce high-quality fibers, but it requires 
specialized equipment and skilled personnel. Extrusion (Ebendorff- 
Heidepriem et al., 2004) is a relatively simple and cost-effective method, 
but controlling the structure and dimensions of the fiber is difficult task. 
The outgassing of a porous preform (Guo et al., 2006) during draw in
volves creating a preform with a porous structure, which is then heated 
and drawn to form the microstructure. This method can produce high- 
quality fibers, but it is a complex and time-consuming process. Alter
natively, the PCF can also be fabricated using the chemical vapor 
deposition (CVD) method (Knight et al., 1996), where a hollow silica 
tube is coated with layers of silica and dopants to achieve the desired 
refractive index profile. This method offers high flexibility in tailoring 
the refractive index profile and can produce large quantities of PCF with 

Fig. 9. Transmission Spectra is varied for (a) da (b) dc, and (c) Λ; (d) Spectral sensitivity as a function of da, dc, and Λ.  

Table 3 
Parameters involve in fabrication tolerance for the proposed PCF sensor.  

Physical 
parameter   

Peak position (λ) Δλ 
(nm) 

Δn   S 
(nm/ 
RIU) Normal BRT 

type-2 
(nm) 

Cancerous BRT 
type-2 
(nm) 

da = 1.4 µm  1787.14  1641.31  − 145.83  0.014 − 10,416 
da = 1.5 µm  1776.61  1620.52  − 156.09  0.014 − 11,150 
da = 1.6 µm  1743.5  1607.11  − 136.39  0.014 − 9,742 
da is varied though dc = 1.9 µm and Λ = 2.0 µm are fixed. 
dc = 1.7 µm  1694.25  1563.61  − 130.64  0.014 − 9,331 
dc = 1.8 µm  1720.25  1599.86  − 120.39  0.014 − 8,600 
dc = 1.9 µm  1776.61  1620.52  − 156.09  0.014 − 11,150 
dc is varied though da = 1.5 µm and Λ = 2.0 µm are fixed. 
Λ = 2.0 µm  1776.61  1620.52  − 156.09  0.014 − 11,150 
Λ = 2.1 µm  1834.06  1696.31  − 137.75  0.014 − 9,839 
Λ = 2.2 µm  1911.22  1775.1  − 136.12  0.014 − 9,722 
Λ is varied though da = 1.5 µm and dc = 1.9 µm are fixed.  
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uniform properties. However, it requires specialized equipment and may 
be more expensive compared to the other methods. 

For the proposed PCF sensor, the best fit for fabrication would likely 
be the preform drilling method. This method allows for precise creation 
of the required microstructure with air holes in the cladding region using 
laser drilling. Additionally, this method has been shown to produce 
high-quality fibers and is widely used for fabricating microstructured 
fibers. However, the choice of fabrication method depends on various 
factors, including the desired structure, material, dimensions, and cost. 

The proposed PCF-based optical sensor with dual demodulation of
fers several advantages for the early detection of critical malignant 
neoplastic cells in various human organs. The sensor has a high sensi
tivity, with optimal sensitivity values of − 7,940 nm/RIU to − 11,150 
nm/RIU for peak and dip shift measurement, allowing for the detection 
of critical cancer cells at earlier stages. The use of a dual demodulation 
technique provides higher accuracy and selectivity. The sensor has a 
shorter sensing length of 550 µm, making it practical and easier to 
integrate into different systems. Furthermore, the birefringence prop
erty of PCF makes it a versatile tool for various applications such as 
polarization control, optical sensing, non-linear optics, and high- 
performance fibers. The early detection offered by the proposed sensor 
is particularly significant for cancer diagnosis and treatment, as it can 
improve patient outcomes by enabling early intervention. Overall, the 
proposed PCF-based optical sensor with dual demodulation is a prom
ising tool for cancer diagnosis and treatment. 

4. Conclusion 

In conclusion, this study presents a promising approach for the 
detection of critical cancer cells in human organs using dual demodu
lation PCF structure. Through a numerical study, the proposed sensor 
demonstrated high sensitivity, provide fabrication feasibilities, and a 
straightforward approach for cancerous cells detection. The sensor 
design features a sunflower lattice-shaped dual-core PCF that facilitates 
optimal interaction between the E-field distribution and the specimen 
cells under test, resulting in accurate detection of malignant carcino
genic cells. The proposed PCF sensor achieved average sensitivities of 
− 9,293 nm/RIU and − 8,708 nm/RIU with peak and dip shift, respec
tively, for the detection of various cancerous cells in the RI range of 
1.368 to 1.401, and showcasing excellent linearity of 0.996 and 0.997, 
respectively. The sensor also exhibited a birefringence by an order of 10- 

3, indicating the ability to detect minute changes in refractive index. 
Additionally, the proposed sensor exhibited a high FOM in the range of 
44 to 56 RIU− 1. These results make the proposed sensor an ideal 
candidate for biosensing applications, especially for early cancer 
detection phases. The high sensitivity and FOM, combined with the 
straightforward and easy fabrication process, suggest that the proposed 
sensor has the potential to become a valuable tool for clinicians and 
researchers alike. The results of this study are expected to pave the way 
for the development of more effective cancerous cells detection tech
niques that can ultimately contribute to improved patient outcomes and 
survival rates. 
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