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ABSTRACT

X-ray is electromagnetic wave pass through all human tissue and show tissue image by black and
white, and the explosion for x ray in short treatment may cause cancer, Photonic crystal fiber used
as detector for x- ray approximate effective radiation dose for human bone for spine x- ray 1.5 mSv
which need 6month to repeat the exposure and extremity (foot, hand and etc.) x-ray 0.001 mSv need
to 3 hours to repeat exposure , the change in x ray dose can be detected by measuring the change in
wavelength shifting of laser 450nm which pass through photonic crystal fiber and effected by the
emission of x-ray to record the small change in x-ray dose and save the human from radiation and
this sensor is small compact and easy to use and have high sensitivity for x -ray used to measure the
bone x-ray as its value lower than other x-ray used in others tissue.

Index Terms— photonic crystal fiber, sensor x- ray, laser.

I.  INTRODUCTION

X-ray is an electromagnetic emission pass through all solid objects such as the human body, it is
used in the medical branch for images of the bone and the other structure in the body depending on
the object density. The objects with small density produce shadow or dark color because all x-ray
passes through it while in material with high density absorb some of the x-ray and some other pass
through it so its produce as white in an Xx-ray image, the absorption of the human body for some of
this x-ray called x-ray radiation dose which depends on the amount of radiation absorbed by the
human body and there is approximate effective radiation dose [1]. From this important comes for
design sensor for the x-ray to save the human body from an increase in x-ray radiation dose as its
increase risk in the human body [2, 3]. Photonic crystal fiber PCF solid core is a spatial type of fibers
used as a sensor for medical application as it detects for x-ray emission with different approximate
effective radiation dose, its type from optical fiber but its design consist of solid core in its center and
surrounded by cladding with small cores contain air only, this type of fiber called photonic crystal
fiber which it has a high sensitivity for material cover it or full its cores even the laser diode
wavelength effect by x-ray radiation from that design of sensor come[4,5].

Il.  EXPERMENT

The work was carried out in computer program comsol multiphysics 5.5 which its simulation
program used to design photonic crystal fiber PCF large mode area LMA_10 of solid-core photonic
crystal fiber surrounded by cladding as an array of cores full with air as in Fig.1. This model made
from the material of silica as in LMA_10 large mode area of photonic crystal fiber datasheet used

silica as in the Fig.2 while all cores in cladding were full of air as in Fig.3. The laser diode was used
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as a light source and the wavelength in the blue region used with wavelength 450nm to sense the
effect of the x-ray on the wavelength of the laser [6].
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FIG 1. SHOW PHOTONIC CRYSTAL FIBER SOLID CORE WITH CLADDING RADIUS 127.5pum AND CORE
RADIUS 5.3uM, PCF SURROUNDED BY SQUARE
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FIG 2. SHOW PHOTONIC CRYSTAL FIBER MATERIAL (SILICA)
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FIG 3. SHOW PHOTONIC CRYSTAL FIBER ITS CORES FULL WITH AIR ONLY

The detector was used to measure the shifting g in wavelength that results from the effect of x-ray as

there are two values.
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Spine x-ray dose for bone is 1.5 mSv (foot, hand and etc.) and extremity x-ray 0.001 mSv for teeth,
where each one of this value produce effect on the wavelength of laser and causing shifting in
wavelength after its compare with the wavelength graph without the effect of x-ray, the photonic
crystal fiber PCF mesh shown in Fig.4 to describe the meshing lines after implying all the external
and internal effects for electromagnetic effects in program to simulate the practical situation, because
in comsol multiphysics 5.5 all the effects are apply starting from applying the design of photonic
crystal fiber and applying all the material after take all the dimensions and material of photonic crystal
fiber from datasheet of large mode area photonic crystal fiber LMA_10, then applying all the
electromagnetic effects that photonic crystal fiber will effected by it and show the path of laser
passing through it to calculate the results by comparing between photonic crystal fiber wavelength
shifting before and after applying x-ray, mesh of all effect can be seen in lines mesh as in Fig.4.

%)
Y

®
2\
AR
K]
K]
\WATAY SO
R

SOAVAVAYAVAY,
ATAVAYAYAYAY
A4V,
AVAVAVAY
AVAVAVAY

1AYAY)
VA
VAl

7
EE
AT,
Kl
AVAVAYAVAVAYA'
VY
7

Va)

AYAVAVAYATA
YAVAVAYAYAS
TAVAVAVAVAYAYAYS o

FIG 4. SHOW PHOTONIC CRYSTAL FIBER MESH LINES
1. RESULTS

The results will be as a graph for wavelength shifting which it compares the results before and after
applying x-ray approximate effective radiation dose for spin x-ray 1.5mSv0 and extremity x-ray
0.001mSy, to see the power distribution and the wavelength effect which occur when applying x-ray
and change its dose concentration as seen in Fig.5 Laser Beam Distribution Inside Pcf Before
Applying X-Ray and Fig.6 Show The Laser Beam Distribution In Pcf When X-Ray Appling
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FIG 5. SHOW THE LASER BEAM DISTRIBUTION INSIDE PCF BEFORE APPLYING X-RAY
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FIG 6. SHOW THE LASER BEAM DISTRIBUTION IN PCF WHEN X-RAY APPLING

The results of both Fig.5 and Fig.6 shows the laser output before x-ray effect and in x-ray effect as
output, while the wavelength shift in nm and power distribution in mW effect will be as seen in Fig.7
without x-ray effect.

The results of laser signal pass through PCF
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FIG7. SHOW THE WAVELENGTH PROPAGATION IN X-AXIS AND ITS POWER DISTRIBUTION IN Y-AXIS
BEFORE APPLYING X-RAY
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Which it describes the sensitivity of this device 0.87nm/mSv by taken the slop.

Fig.8 show the results of laser pass through PCF with X-ray apply 0.001mSv the approximate
effective dose, in Fig.9 the results show the effect of X-ray with approximate effective dose about
1.5mSv, Fig.8 and Fig.9 show the wavelength of laser effect and shifted towards the red shift as x-ray
applies and the increase in X-ray dose cause increase in red shift. While in the Fig.10 show the results
of the three measured values (without using x-ray and with two values of x-ray) that the relationship is
inverted each concentration of dose increase the power level effected and drop for the laser beam and
the wavelength shifter redshift [5], the slop between both x-ray dose and wavelength of the laser as
the dose increase the shift of wavelength increase to redshift [5]. Another advantage is the small
change in x-ray dose can be detected as the x-ray effect.
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FIG 8. SHOW THE WAVELENGTH PROPAGATION IN X-AXIS AND ITS POWER DISTRIBUTION IN Y-AXIS

AFTER APPLYING X-RAY 0.001MSV
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FIG 9. SHOW THE WAVELENGTH PROPAGATION IN X-AXIS AND ITS POWER DISTRIBUTION IN Y-AXIS

AFTER APPLYING X-RAY 1.5 MSV
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FIG 10. SHOW THE RELATION BETWEEN LASER SHIFTING WAVELENGTH AA AND X-RAY DOSE WITH

BOTH CASE OF X-RAY AND WITHOUT X-RAY

Received 2/7/2020 Accepted 22/10/2020

© 2017 University of Technology, Iraq ISSN (Print) 1811-9212

ISSN (Online) 2617-3352


https://doi.org/10.33103/uot.ijccce.21.1.3

Iragi Jaournal af Computer, Cammunication, Cantrol & Systems Engineering (WCCCE), Vel.21, No. 1, March 2021
DOI: https://doi.org/10.33103/uot.ijccce.21.1.3 36

IV. DISCUSSION

X-ray is an electromagnetic pass through all solid object and its effect risky if the human got high
dose so photonic crystal fiber PCF is used as a sensor for x-ray emission with different dose[7,8,9],
from the results its clear that the power is effected of the laser beam and drop while its wavelength is
shifted towards redshift, the effect of the x-ray on laser beam inside PCF cause shifting in wavelength
of the laser in both case 0.001mSv and 10mSv. This study moves the science forward as this sensor
detects all doses for x-ray in this case in the human past from the place that he doesn’t know if there is
x-ray inside the building rooms and then he will not be affected by x-ray emission.

V. CONCLUSION

The obtained results led to producing a sensor with high sensitivity compare to the traditional
sensors as its compact and small size even its accuracy is high because small centimeters of photonic
crystal fiber can be used as a sensor to measure any change in its wavelength shifting by applying x-
ray and this device easy to use as its need only for laser passing and its made is so easy compared with
others x-ray detectors designs and its price will be cheaper as its take only 2cm of its length and this
open rood for the other researcher to used other photonic crystal fiber lengths to find the effect of
sensitivity with the length of photonic crystal fiber [10-15]. The principle from this work is to make a
sensor for x-ray emission to protect the human body from the radiation of x-ray as its risky for human
health to protect for high doses of x-ray, many research was done before to study the effect of the x-
ray on laser diode beam and from that work our idea and work started, comsol multiphysics is a
computer program used to stimulate the practical situation for all elements and all effects.
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