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 Abstract 
Consequent to the scarcity of removable rapid diagnostic examines for detecting the thalassemia, specially 
beta thalassemia trait or Cooly’s Anemia, present detection methods include the collection of the blood, 
which then required being more tests before reports can be made by the treating physicians.Traditional 
methods like hemoglobinopathy tests and blood picture are time expending, needing specialized technical 
personnel, extra huge and costly laboratory instrument. Here, we simulated and demonstrated micro- hole 
collapsing, type of Mazh-Zehnder interferometer (MZI) that formed using LMA-!0 fiber, with a laser beam 
for detection the most common type of anemia, beta thalassemia trait or Cooly’s Anemia .this interferometer 
made-up of two conventional optical fibers splicing to apart of photonic crystal fiber (PCF).this method 
makes a high sensitive regions for the optical characteristics in the blood sample. Biological changes in the 
blood sample consequent to the presence the beta thalassemia trait lead to changes optical characteristics 
(refractive index and absorption) of the blood sample the demonstrated laser biosensor has the ability for use 
as a removable, rapid diagnosis examines and the high sensitive which rises to 24.367 ABS/RIU. 
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Introduction
DUE TO the special characteristics of optical fibers, 

they are used in a wide variety of applications specially 
as a biosensor for high precision measurement (1). These 
have a large role in different biological applications after 
production a new design of these fibers, fiber Bragg 
grating and photonic crystal fiber,(2,3). Designing Laser 
biosensor needs a new modification of fiber core either 
using a new material to produce a fiber Bragg grating 
(FBG) or by using a new fiber cladding that has many 
holes arranged in a honey comb with either hollow or 
silica core (4-7). Different techniques must be used for 
producing in line fiber sensor that are scraping ,cleaving 
and fusion splicing either solid or hollow cores photonic 
crystal fiber may be with 19 or 7 cells (8,9,10). Laser 
biosensors have a many roles in different fields, such 
as immunoassays and drug detection due to their high 
precision and sensitivity (11,12). In general, optical sensors 
can be distributed into four classes based on changing 
in light parameters such as polarization modulation 
intensity modulation, wavelength modulation, and phase 
modulation.  

Intensity modulation was used in early optical sensor 
development due to its low cost, simplicity, and reliability 
(13,14). This intensity modulated signal comes from Fiber 
Bragg grating as a sensing head that may be used as 
optical band pass or notch filters (15,17) .The traditional 
tests of beta thalassemia trait is by hemoglobinopathy 
analysis and complete genotype which identified the 
beta thalassemia trait .Beta thalassemia trait also is 
an important manner for decreasing the expression of 
HbA2 with level as low as 3.6% on high performance 
liquid chromatography (HPLC).This type of anemia 
needs regular blood transfusions and special medical 
care through their life. The beta thalassemia trait is the 
most widespread anemia in the south chines populations. 
This type of anemia may be not easy to do correct 
diagnostic who examined on HPLC (18,19). In this study, 
we present invasive beta thalassemia trait detection 
biosensor using in-line PCF MZI and laser beam.This 
type of sensor depends on light intensity measurement 
through a modified optical fiber. 
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LASER BIOSENSOR BASED ON MICO-
HOLE COLLAPSING METHODS: DESIGN AND 
PRINCIPLE

At the begging, single mode fiber (SMF-28) had 
been spliced with an inexpensive 1.5cm solid core 
photonic crystal fiber length, LMA-10, with cladding 
diameter: 125μm and core diameter: 7.0μm. The cross 
section of the PCF (LMA-10). 

The splicing was done by using Fujikura (FSM-60S) 
splicing machine.according to trial and error. The fusion 
power and fusion time have been changed. 

 After the fusion splicing, the air holes of PCF 
collapsed and an elliptical air cavity was created in the 
tapering region. The schematic diagram and image of 
the microscope of the MZI are shown in Fig. 1

(a)

(b)

Fig. 1. schematic and microscope image of MZI. 

As we known, the output intensity of this 
interferometer is given by [20]:

Where I represent the intensity of the interference 
signal, λ is the wavelength, L denotes the interference 
length, Δneff denotes the effective refractive index 
difference between two interference arms. The shift in 
the output transmission spectrum is caused due to the 
optical path difference Δneff L (14,16-19). The MZI after 
tapering is based on the combination of two types of in 
line-fiber Mazh-Zehnder interferometer (14-16,18,19). 

The interference in the air cavity. At the collapsing 
region, the beam of the input light is split into two 
beams. One of these beams transmits through the silica 
wall, while the other travels along the internal air cavity, 
and the interference obtains when two output beams 
recombine at the collapsing region on the other side of 
the air cavity. In this case, the effective refractive index 
difference (marked as Δ) can be given as: Δ = −, where 
and Refer to the effective RI of the silica wall and the air 

cavity, respectively.  

The interference in the photonic crystal fiber. The 
incident beam gradually expands in the collapsing 
region between the air cavity and the PCF, and lots of 
high order modes are excited, including the cladding 
modes. The high order modes are recombined by the 
collapsing section on the second side of photonic crystal 
fiber and interference with the fundamental core mode. 
Thus, the effective refractive index difference (marked 
as Δ) can be expressed as: Δ = −, where and Refer to 
the effective RI of the core mode and the cladding mode 
of the photonic crystal fiber. Finally, and, are sensitive 
to the external refractive index while and Are not. So 
Δof both types of interference will change with external 
refractive index.

sample testing:

The Absorption Spectrum Measurement of the 
Blood Sample

A spectrophotometer (SP-8001) which runs in 
wavelength range from (190-1100) nm has been used 
to find the UV-Visible absorption spectrum of blood 
sample. Figure 6. shows the set-up of UV-Visible-IR 
Spectrophotometer. Sample of blood had been filled in 
the quartz cuvette and the absorption spectrum found 
.The selection of the light sources is done according to 
absorption spectrum have been obtained. 

 The Refractive Indices Measurement of the Blood 
Samples 

 The refractive indices of health and patient blood 
samples were measured by using Abbe refractometer. 

The experimental measuring can be calculated by 
using the following equation:  

Where is the experimental RI value measured at 
temperature, T.

In this study, difference blood samples lead to 
change the modes effective refractive index of the clad 
of the fiber. This change of the cladding refractive index 
(ncladding) due to the change in refractive index value of 
blood samples changes transmission intensity.  

 Results and Discussion
The Absorption Spectra for the Blood Sample

The absorption spectra for blood sample and 
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urine sample are measured by using (T60 UV-VIS) 
Spectrophotometer to select the suitable wavelength of 
laser source for the detection set-up. A figure 2.shows 
the absorption spectra for the blood sample.

 

  Figure 2.the maximum absorbance of the blood sample is 
for wavelengths in the range (470-590) nm. Thus, using green 
laser 532nm as laser source for laser biosensor for blood test 
is quite convenient.

Detection of Beta Thalassemia Trait by Using Laser 
Biosensor

As mention previously laser source is used (532nm 
wavelength, power 12.2nw) which chosen according 
to the blood absorption spectrum. PCF (LMA-10) with 
1.5cm length is used in this experiment. The transmitted 
intensity of this laser without any blood sample is shown 
in the figure below:

Fig. 3.The output spectrum of the green laser 532nm.

The maximum output reference intensity before 
immersing sensor with any blood sample was 3159. 
Blood samples were taken from healthy and patients 
with beta thalassemia trait. The patient samples were 
diagnostic from pathological analysis. According to the 
changes in the intensity modulation of the transmission 
laser, different blood tests are investigated. The sensor is 
embedded with these blood samples and the transmission 
spectra are shown in Fig. 4

Figure (4): transmission spectra of laser biosensor 
for blood samples at 1.5cm LMA-10 PCF length.

The refractive indices and absorbance of each blood 
samples which is measured according to the reference 
intensity and the maximum intensity are tabulated in 
Table 1.  

Table 1. The values of maximum intensity and 
absorbance for the blood samples with different Hb 
concentration at (1.5) cm PCF length.

Blood 
sample

Refractive 
Index n

Maximum 
intensity I0 
(a.u)

Absorbance 
A=Log⁡
〖Iref/Io〗

Patient No.1 1.34354 2488 0.1036

Patient No.2 1.34591 2470 0.1068

Healthy 
person No.1 1.34893 1886 0.224

Healthy 
person No.2 1.35192 1619 0.2903

As a final result, the calibration curve of laser 
biosensor for detection beta thalassemia trait is shown 
in Figure below.

Fig. 5. The calibration curve of laser biosensor for detection 
beta thalassemia trait at 1.5cm LMA-10 PCF length (sensitivity 
= 24.367 ABS/RIU).
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It’s shown from Figure 5 that the presence of beta 
thalassemia trait leads to decreasing the refractive 
index and then decreasing in the absorbencies of the 
blood samples to (0.1036 and 0.1068) comparing with 
absorbencies of the blood samples of healthy people 
(0.224 and 0.2903).

Conclusions
According to the results found in this study, by 

using 1.5 cm PCF length, a fabricated laser biosensor 
based on MZI for detection beta thalassemia trait 
shows sensitivity of 24.367 ABS/RIU .the maximum 
absorbance of the normal blood sample is at wavelengths 
from (470-590) nm. The presence of beta thalassemia 
trait shows a decreasing in the refractive index of blood 
sample. Moreover, the absorbance of blood sample for 
healthy people showed higher values than those for the 
sample with anemia. 
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