IRAQI JOURNAL OF APPLIED PHYSICS
Vol. 22, No. 2, April-June 2026, pp. 239-242

Ragheed M. Ibrahim "
Musab S. Mohammed '
Haneen M. Ali 2

Iragl Journal of
‘\npuen Physics

I.JFIF'

Characterizing Laser Beam
Intensity Profile Using Fiber

Optics Technique

" Physics Department,

College of Education for

Pure Science,

University of Mosul,

Mosul, IRAQ

2Nineveh Education Directorate,
Mosul, IRAQ

* Corresponding author email:
ragheed_ibrahim@uomosul.edu.iq

The low-cost beam-profiling approach that replaces a conventional pinhole scan with
a cleaved optical fiber (quoted core = 9 ym) mounted on an XY-Z translation stage is
introduced in this study. The fiber tip is moved across the beam, with lateral step size
of 125 ym, to obtain transverse intensity profiles for a He-Ne (632.8 nm) and a green
diode laser (532 nm); measurements at multiple axial positions (z = 0.5-3 m) and

geometric formulas are used to estimate the 1/e? radius w(z), far-field divergence,
Physics and the beam-quality factor M2 of the laser beam. Using this technique, the smooth
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normal distribution appears due to the relatively small size of the fiber optic core.
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1. Introduction

For assessing laser beam quality, laser beam
profiling is a crucial instrument in all laser applications.
It provides valuable information for the most efficient
use of the laser [1-3]. In addition, it can tell how
effectively optics succeeds in modifying and shaping
the laser output [4]. It might only be necessary to
determine the laser beam profile at the design or
manufacturing stage for certain lasers and applications
in order to guarantee consistent and dependable
performance. In other situations, continuous laser
profile monitoring is required to ensure that the laser is
still functioning as intended, and to remove the junk
generated during laser degradation [5, 6]. Based on all
of the above, it is difficult, if not impossible, to put a
laser beam into use without knowing its cross-sectional
shape and how the optical power is distributed in the
laser output model [7, 8]. In the majority of laser
applications, lenses and other optical components are
required to focus, alter, or shape the laser beam.
Therefore, it is important to know the laser beam
parameters such as its intensity distribution, energy
measurement, waist parameter, and divergence angle
[9]. A laser beam profile is a typical description of how
intensity changes with distance in a plane that is
perpendicular to the direction of propagation.
Consequently, by determining a laser-beam-spatial-
intensity profile at sites perpendicular to its path of
transmission, its characteristics may be determined
[10]. There are several common techniques for beam
profiling, including slit-scan [11], pinhole-scan [12],
and knife-edge [13]. Each of these approaches has
drawbacks in specific circumstances. The slit-scan and
knife-edge techniques are limitedly applied to laser
beams that are radially symmetric. Although the
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pinhole-scan approach is superior, the setup for sensing
the intensity of the collected light is more complex, and
the laser spot size is frequently limited by the pinhole
size to avoid being too narrow [12,14]. In this paper, we
demonstrate a simple and low-cost technique that
utilizes fiber optic known as the pinhole to determine
the beam profile at different propagation positions, as
well as the spot size, and the beam divergence.

2. Theoretical Part

When the three-dimensional wave equation is
solved, the Gaussian beam often results, which
describes the transversal electromagnetic modes
(TEM) generated inside the laser cavity. The electric
field of the lowest order transverse mode (TEMyyo) is
described by [15]:

E(r,z) =E %exp {—i [27”2— ¢(Z)] -

rt (wzl(z) +i 27” 2R1(z))} 1

Here, w is the beam waist, which is the lowest spot
size achieved at (z = 0); ®(z) is the radius of the laser
beam as a function of propagation distance z; A is the
laser wavelength; ¢(z) is the Gouy phase of the optical
field; r is the distance from the beam center; and R(z)
is the curvature radius of the wave-front .

The corresponding intensity irradiance distribution is

shown by [15]:
—2r2 2P -2r?
I(r,z) = I, exp (wz_:z)) = rag P (wZ(rz)) @)

Here, Iy is a peak intensity and P is the beam total
power;

The laser beam radius defined as the distance
between the laser spot's center and the point where

intensity decreases by factor 1/e? and shown in the Fig.
(1), is given by [9]:
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where zz is the Rayleigh range, given by

2
zp = =2 )
At high values of z, ®(z) is expressed as [9]:

Az
a)(z) =~ n_a)o (5)

A laser beam divergence angle is expressed as follows
[91:
o ~ 2@ o A ©6)

z Two
where the Eq.6 describes the laser beam diffraction-
limited divergence.
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Fig. (1) Gaussian beam diagram with FWHM, 1/¢?, and W
parameters

The beam propagation factor M2, is a common
metric used to assess a laser beam quality and used to
characterize the laser beam departure from a
hypothetical Gaussian. It is impossible to ignore the
beam propagation factor in optical designs as it
influences a laser beam properties [4,16].

When we see that (M?=1) we get a perfect Gaussian
beam while the low quality is shown if the M? factor
value is greater than (1). However, an M? factor of less
than (1) is impossible to get [16].

To explain the behavior of any actual laser beam,
the M? factor generalizes the Gaussian beam
propagation equations, where the beam radius is
determined by [17]:

1
M? Az ap
w(2) = w, [1+(nw(2)) ] 7
A laser beam divergence angle is expressed as follows:
- M2 A
6 =M?* ®
According to the equation above, we get
2 _ 6rmawg
M2 = 2T ©)

3. Experimental Part

Figure (2) shows a schematic diagram of the
experimental setup utilized in the investigation. Two
laser types were employed: a helium-neon laser
emitting at 632.8 nm and a green laser diode emitting
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at 532 nm. The pinhole-scanning system employs silica
fiber optics, with a 9 pm core diameter, a 125um
cladding diameter and a 3 mm PVC outer Jacket
diameter, as a punch to measure the intensity
distribution.

mounting Optical Optical
platform Fiber Power Meter
L./ -

v/
f cee
XY-Z FC
Translation Connector

Stage

Fig. (2) Experimental setup

The exposed edge of the fiber optics, where the laser
light is collected, is prepared to get the high quality end
faces. Usually, this procedure entails removing the
outer jacket, strengthening layer, and cladding. Then,
the fiber is cleaned and cleaved to produce a perfectly
flat edge which is perpendicular to the axis of the fiber
as shown in Fig. (3). Afterward, the optical fiber's bare
side is installed on a specialized platform that is fixed
on the 3D translation stage as shown in Fig. (4).
Through an (FC) connection, the optical power meter
is linked to the optical fiber's opposite end. To optimize
the amount of light that is recorded by the optical
detector, the fiber optic head is moved in parallel and
perpendicular directions to the laser spot.

@

Fig. (3) The fiber optic image under a microscope: (a) Before
preparing (b) After preparing

To characterize the laser beam intensity
distribution, the fiber optic edge is moved crosswise
across the beam at the position (z) with lateral step size
of 125 um, along the beam propagation axis. The power
meter records the intensity of the laser beam traced by
scanning. Subsequently, we shift the fiber tip along the
beam propagation axis in increments of 0.5m. Finally,
the fiber optic tip method is compared with the popular
pinhole method to show the difference between them.
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Fig. (4) Fiber optic mounted on a specialized platform

3. Results and Discussion

Figure (5) displays the intensity distribution of the
He-Ne laser beam that was obtained. The scanned trace
of the detected intensity of a laser beam using fiber
optic tip is shown in Fig. (5a). The smooth normal
distribution appears due to the relatively small size of
the fiber optic core, which is about 9 um, is less than
the breadth of the beam. However, when using a
common pinhole which is about 0.2 mm appears as top-
hat profile as shown in Fig. (5b). This is due to the large
size of the pinhole, which reduces the sensitivity of the
measurement. In order to enhance the work's
dependability, the previous measurements were
repeated using a Green laser diode, and the same
outcomes were noted, as indicated in Fig. (6).
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Fig. (5) The measured crosswise intensity distribution of He-Ne
laser using (a) fiber optic tip (b) popular pinhole
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Fig. (6) The measured crosswise intensity distribution of Green
laser diode using (a) fiber optic tip (b) popular pinhole

The intensity distribution of the He-Ne laser was
measured by scanning the fiber optic head crosswise
across the laser beam at different point along the beam
propagation axis, namely 0.5, 1, 1.5, 2, 2.5, and 3 m.
The laser beam radius values were found from the laser
beam intensity profile curves, which denote the half-
distance across the beam's center where the intensity
value drop to 1/€? of the maximum value, and plotted
versus propagation distance of the beam as pictured in
Fig. (7). The laser beam radius is shown to increase
linearly with (z). This relationship is a basic property of
diffraction from Fig. (7). The value of the laser beam
divergence angle was found to be (0.68 mrad). By using
equation (7), the beam propagation factor M2 was
found to be 1.07. This aligns with the findings in [16].
Figure (8) reveals the laser beam peak power (LBPP)
versus the beam propagation distance. This Figure
shows that when the laser spot size increases, the laser
beam peak power drops. This is due to a decrease in the
number of photons per unit area when the laser spot size
increases. The change equation may be expressed as
follows:

LBPP = 15.053 7219 (10)

4. Conclusion

Using a straightforward and low-cost fiber optic
technique known as "pinhole", we can easily determine
the intensity profile of laser beam. One end of the fiber
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is mounted on a dedicated platform mounted on the 3D
translation platform to collect the laser beam energy
and its opposite end is connected to an optical power
meter. In this technique, the fiber optic itself sends the
captured light directly to the optical detector. The
detector's quasi-saturation issue is successfully
overcome because of the tiny core diameter of
extremely inexpensive fiber optic. The measured values
of the laser beam parameters show qualitative
agreement with Gaussian theory. Finally, we found that
this methodology has been verified as a practical and
effective way to measure a Gaussian laser beam
transverse intensity profile over a wide range of
wavelengths. In contrast to the other techniques, it may
also be utilized to determine an arbitrary laser beam
intensity distribution.
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Fig. (7) Beam radius against beam propagation distance
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Fig. (8) Laser beam's peak power against beam propagation
distance

References

[1] F. Bisti et al., “A simple Beam Characterization
Apparatus Based on Imaging”, J. Appl. Res.
Technol., 19(2) (2021) 98-116.

[2] T.Sh. Khwaja and S.A. Reza, “Low-cost Gaussian
Beam Profiling With Circular Irises and

f’fﬁ‘ "i Iragl Journal of

Applied Physics

‘IJAP

Apertures”, Appl. Opt., 58(4) (2019) 1048-1056.

[3] R.M. Ibrahim and 1.B. Karomi, “Effect of Tapered
Length on Operation of Traveling-Wave
Semiconductor Laser Amplifier: A Numerical
Study”, Iraqi J. Appl. Phys.,20(4) (2024) 769-774.

[4] K. Purvis, R. Cisek and D. Tokarz, “New Activity
for Instrumental Analysis: Laser Beam Profiling”,
J. Chem. Edu., 96(9) (2019) 1977-1981.

[5] N.M. Fried, V.C. Hung and J.T. Walsh, “Laser
Tissue Welding: Laser Spot Size and Beam Profile
Studies”, IEEE J. Sel. Topics Quantum Electron.,
5(4) (1999) 111-119.

[6] A.Cherri and M.S. Alam, “Accurate Measurement
of Small Gaussian Laser Beam Diameters Using
Various Rulings”, Opt. Commun., 223(4) (2003)
255-262.

[7] Y. Tanetal., “Study on laser spot size measurement
by scanning-slit method based on back-injection
interferometry”, Opt. Laser Technol., 172 (2024)
110472.

[8] R.M. Ibrahim and M.S. Mohammed, “Effect of
Material Irradiated Type and Spot Size on Spot
Center Temperature of a Diode-Pumped Solid
State Laser”, Iraqi J. Appl. Phys., 20(3) (2024)
540-544.

[9] M.B. Del Alamo et al., “Laser spot measurement
using simple devices”, AIP Adv., 11(7) (2021) 1-9.

[I0]Y.A. Alsultanny, “Laser Beam Analysis Using
Image Processing”, J. Computer Sci., 2(1) (2006)
109-113.

[11]1X.]. Rong et al., “Measurement of Focal Spot Size
With Slit Camera Using Computed Radiography
and Flat Panel Based Digital Detectors”, Med.
Phys., 30(7) (2003) 1768-1775.

[12]M. Sheikh and N.A. Riza, “Demonstration of
Pinhole Laser Beam Profiling Using a Digital
Micromirror Device”, IEEE Photon. Technol.
Lett., 21(10) (2009) 666-668.

[13]M. de Araujo et al., “Measurement of Gaussian
Laser Beam Radius Using the Knife-edge

technique: Improvement on Data Analysis”, Appl.
Opt., 48(2) (2009) 393-396.
[14]M. Mylonakis et al, “Simple Precision

Measurements of Optical Beam Sizes”, Appl. Opt.,
57(33) (2018) 9863-9867.

[15]A. Yariv and P. Yeh, “Optical Waves in Crystals:
Propagation and Control of Laser Radiation”,
John Wiley & Sons (2003).

[16]R. Cortes et al., “Laser beam quality factor (M?)
measured by distorted Fresnel zone plates”,
Revista Mexicana De Fisica, 54(4) (2008) 279-
283.

[I7]1A.E. Siegman, “How to (maybe) measure laser
beam quality”, Opt. Photon. News, 9(3) (1998) 33-
39.

ISSN (print) 1813-2065, (online) 2309-1673

©ALL RIGHTS RESERVED

PRINTED IN IRAQ 242



