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Abstract: Design and performance of two-stage optical beam shaping system based on a plastic fiber-
bundle, prism coupled waveguide, is described in this study. Such systems offer practical means to
modify and change the output beam shape at two stages and also provide quantitative information
concerning the output beam intensity. It is possible to investigate output power and image transmittance
data by using a light source for illumination and image analysis by a CCD/digital camera. The
photograph picture of the illuminating LED beam shows a circular shape with a diameter of about 10
mm at its output point. Picture of the fiber-bundle output beam is also taken, which shows a rectangular
shape with a dimension of 10.4 × 1.84 mm. The final output beam cross section at the second stage
beam shaping with using two different prism ducts are monitored and compared in this study. A square 
beam shape with a dimension of 4 × 4 mm  for the prism duct #1, and a rectangular shape with a
dimension of  4 × 12 mm is obtained for the prism duct #2. Output intensity of about 2.38 μW/mm2 is
obtained for the first stage of beam shaping and the overall power efficiencies of about 14.22% with
prism #1, and 32.77%  with the  prism  #2 are obtained.
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INTRODUCTION

In beam shaping process different optical elements can be used to change the  output intensity and the
distribution of the light source from the available distribution to a required distribution. In general optical
elements such as lens, prism duct, grating and spatial filter have been used for the beam shaping purposes. For
example in the case of laser beams, the Gaussian output of  a laser  can be modified to have a flat-top intensity
at a particular plane, which is important in applications like laser material processing and laser surgery. It has
also been proposed that beam shaping can be used to improve coupling efficiency between a laser diode and a
fiber by Lu et al., (2003). This is achieved by shaping the output beam of the laser diode to match the input
mode pattern of the fiber. In the fiber applications small lenses have been used for the beam focusing and
shaping. In a report laser diode beam shaping with GRIN lenses using the twisted beam approach and its
application in pumping of a solid-state laser is explained in detail by Johansson et al., (2007). A numerical
calculation concerning the use of a concave-convex lens for shaping axisymmetric laser beams is described in
Liu et al., (2008). More details about the beam shaping can be found in literature (Rao, et al., 2009; Hao and 
Leger,  2008; Thomson and  Courtial, 2008; Bhuian et al., 2007; Jianlong et al., 2010). Fiber output beam shape
studies using different optical fibers also described in recent reports (Asadpour and Golnabi, 2008). 

In the previous studies the design and operation of a simple beam shaping system is introduced by
Haghighatzadeh, et al., (2009) and in the following work beam shape and intensity profile of a fiber-bundle
prism-coupled waveguide for reflection and transmission beam investigations are reported (Golnabi and 
Haghighatzadeh,  2010). Considering the importance of the beam shaping method, the first goal here is to develop
a two-stage beam shaping arrangement based on a new optical fiber bundle waveguide for effective source beam
modification and a prism duct for the second stage beam conversion. The second goal is to find a prism duct,
which gives a better result in term of power and image quality. As a result, here a different fiber bundle is
developed for the first beam shaping stage, and two different prism ducts are tested, in which the optimum
condition for a better intensity conversion is obtained. Several tasks such as beam modification, image taking
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and image processing, optical element output beam checking, and beam quality specification can be performed
by using the reported method.

MATERIALS AND METHODS

Block diagram for the beam shaping experiment is shown in Fig. 1(a).  It includes a light source illuminating
the fiber-bundle, a prism beam shaping duct, a silicon photdetector, multimeter, digital and CCD cameras and
a PC. A digital camera is used in this experiment to take the photographic pictures of the output beams at
different stages of beam shaping. Also a CCD camera is used for beam analysis and intensity monitoring. The
output of CCD camera is connected via interface boards to a PC and camera control is accomplished by using
the related software. It is possible to use the coherent and incoherent light sources for the system  illumination
and image analysis. The quality of the images depends on the light source and lighting techniques for the reported
results and a white LED is used in this experiment. It is possible to change the brightness of the light source;
however it is important to have a similar source light intensity for illuminating prism for all the comparing
measurements. The LED operates at visible wavelength range with a DC voltage supply of about 4 V. The
physical dimension of the dome white LED is about 10 mm in diameter.

In Fig. 1(b) the fiber-bundle design  developed for this experiment is shown. In this design 10 fibers with
a length of 50 cm  are used side-by-side to form a waveguide stripe. Each plastic optical fiber has a total
diameter of about 2.2 mm and the core+cladding diameter for such a fiber is 1 mm. In this design the protective
jacket of the fiber ends as shown in Fig.1(b) are carefully removed and the core-cladding part connected in a
linear form to shape the required ribbon geometry. The other end of the fiber-bundle is packed to form a circular
cross section for the light illumination by LED. The physical size of the input circle is about 7 mm in diameter
and output cable forms a ribbon dimension of about 1×10 mm at the other end. The entrance and exit faces of
the fibers are polished carefully to reduce the reflection losses.

(a)

(b)
Fig. 1: (a) Block diagram for the experimental arrangement.(b) Fiber-bundle design

In this study, two prism ducts are used for intensity comparison. The first prism duct (#1) used in this
investigation has a length of about 104 mm and an input face with the dimension of 4×58 mm and exit face of
about 4×4 mm. The second prism (#2) duct used in this experiment has an input face with the dimension of
58×12 mm and exit face of about 4×12 mm with a length of about 104 mm. The entrance and exit faces of the
prism ducts are polished roughly to reduce the reflection losses. In this experiment a photodetector is used in a
photovoltaic mode in order to measure the output signals at each stage. This photodetector uses a large size

4923



Aust. J. Basic & Appl. Sci., 4(10): 4922-4929, 2010

silicon photodiode with a dimension of 40 × 40 mm. The electrical output signal of this photodetector is
connected by a coaxial cable to a digital voltmeter, which is used for the output voltage reading and data
recording. A calibration mechanism is used for this photodetector in order to convert the output signal into
equivalent light power. 

Experimental Results:
The main results of this study considers the power and beam analysis at each stage of beam shaping

processes. The variation of the beam shape is investigated by using the images which are taken by a digital
camera system. Fig. 2 shows the photograph picture of the LED beam just at its output point. The output beam
of such LED is circular with a diameter of 10 mm at that distance. Similar experiments are reported when the
image plane is located at a distance of 1-5 mm from the LED light source. Using the millimetric scale on the
image screen, diameter of the LED beam image is determined as a function of distance. Considering taken
pictures, LED output beam diameter is enlarged with the propagation distance and it is almost circular in shape
at near distances. 

Fig. 2: Beam image for a white LED light source at  its output point.

In a similar way the picture of the designed fiber-bundle output beam is obtained for the first beam shaping
stage. By using the captured images of the fiber-bundle output beam and that of the reference image size the
output beam images are determined at different axial distances. Fig. 3(a) shows the fiber-bundle output beam
picture at a distance of 1 mm from the fiber-bundle tip. The fiber-bundle output beam can be approximated as
a rectangle with a height of H and width of W. As shown in Fig. 3(a), dimension of fiber-bundle output light 
is about 1.92mm (H) ×10.46 mm (W) for 1mm distance. As can be seen in Fig. 3(b) for 3mm distance, the output
illumination is in a rectangular shape with dimension of about and 3.33 mm in height and 11.78 mm in width.
Comparing the pictures shown in Fig. 3 (a) and Fig. 3(b), it is noted that due to the divergence effect the beam
cross section is enlarged by increasing the propagation distance to about 3 mm. As explained before the physical
dimension of the fiber-bundle output is about 1×10 mm and as can be seen there is a correlation between the
fiber bundle beam image and its physical size. Result of this study shows that beam shaping from a circular 
beam (diameter of 10 mm) to a rectangular shape (1.92×10.46 mm) is accomplished successfully in the first step
by the by fiber-bundle.

Using the photographic pictures of the fiber bundle output beam in the next study the output beam dimension
of the fiber-bundle at different axial distances are obtained and plotted in Fig.4. As can be seen in Fig. 4 both
the beam height and width are increased by increasing the image plane distance. For example, at distance 1 mm
from the fiber-bundle tip the beam dimension is 10.46 mm in width and 1.92  mm in height while it is 11.78 mm
in width and 3.33 mm in height at 3 mm distance, and shows a dimension of about 12.13 mm in width and 4.03
in height for a distance of 5 mm. The notable point of this study is that the divergence effect is more enhanced
for the height variation in comparison with the width variation for this range.

Now consider the results for the second stage of the beam shaping accomplished by the prism ducts. By
using the captured images of the prism output beams and that of the reference image size of the prisms output
beam are investigated at different axial positions. Two prism ducts namely design #1 (square exit face) and prism

4924



Aust. J. Basic & Appl. Sci., 4(10): 4922-4929, 2010

duct #2 (rectangular exit face)  are tested in this study and the results are compared. Fig 5 sows the photographic
pictures for the prism duct #1. As shown in Fig. 5(a), the beam image of the prism duct #1 can be considered
as a square with a size of 3.84×3.84 mm at the prism exit face.  Fig. 5(b) shows the same output  beam image
at a distance of 2 mm, which is a square with a size of 4.0×4.0 mm. Similar results are shown in Fig.6 for the
prism duct #2.  As can be seen output beam pictures of the prism duct#2 are shown for the case of image plane
at exit face (a) and (b) at a 2 mm distance. The  output  beam image  has a rectangular shape with a dimension
of 3.63×12.34 mm at the prism exit face as shown in Fig. 6(a). In Fig. 6(b) the same output  beam image is
shown at a distance of 2 mm, which is again a rectangle shape with a size of 3.74× 12.88 mm.

  (a) (b)
Fig. 3:  Fiber-bundle output light images,(a) at a distance of 1mm from fiber and (b) image at a distance of 3mm.

Fig. 4: Fiber-bundle beam dimension variation as a function of distance.

        (a)       (b)
Fig. 5: Output beam pictures of the prism duct #1, (a) at exit face and (b) picture at 2 mm distance.
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         (a)       (b)
Fig. 6: Output beam pictures of the prism duct #2, (a) at exit face and (b) picture at 2 mm distance.

By using a large size photodetector  we can measure the light signal as a function of voltage and then it 
can be converted into power by using a calibration process. In this way, the output power of the LED light
source, output beam power of the fiber-bundle, and output beam power of the prism ducts are investigated.
Measured output powers correspond to the  LED  source emitting white light at the supply voltage of about 4
V. The output power of the transmitted light just after the LED is about 85.94 μW, while the Noise Equivalent
power (NEP) with the source light off in blackened area is around 0.1 μW. At the same LED supply voltage of
4 V and input light power  the output power of the transmitted light just after the fiber-bundle is about 47.86 μW, 
with the same NEP level.

Now consider the output beam power variation of two prism ducts as a function of distance  as shown in
Fig. 7. As can be seen in Fig.7, the output beam power for prism duct #1 at the 3 mm distance face is about
7.27μW, while it reduces to about 6.35 μW at 8 mm distance. The output beam power for prism duct #2 with
a rectangular exit face shape is about 12.74μW at 3 mm, while it drops to about 11.29 μW at a distance of 8 mm
from the exit face. In the first stage of the  beam shaping;  transmitted beam intensity of 0.83 μW/mm2 of the
LED light source is converted into 2.38 μW/mm2 by the fiber bundle. In the second stage of the beam shaping,
the output beam intensity for the prism duct #1 is about 0.11 μW/mm2 at a 6 mm distance while for the prism
duct #2 is about 0.24 μW/mm2.  By comparing the results of output beam intensity between two prism ducts it
is noticed that final output intensity for prism #2 is higher by a factor of 2.

Fig. 7: Comparing the output beam power variation of two prism ducts as a function of distance.

Another means for checking the output beam shape and intensity of the prism ducts is the image analysis
by the CCD camera. The live images by CCD camera as shown in Fig.8 and the stored image data are considered
for analysis in this section.  To prevent CCD detector saturation suitable neutral density filters are used for image
recording. In order to cut off the effect of the room light effect  in the power measurements and image analysis
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a black cover is prepared for the experimental set up to reduce the background light. Such output beam images
for two tested prisms with LED source light are shown in the Fig. 8(a) and (b), respectively. Output beam images
are taken with a CCD axial distance value of 4.9 mm from the prism end face. Image shown in Fig. 8(a) is a
square bright image of about 7 mm×7 mm as obtained with prism duct #1 at a sharp image distance. The
captured image for prism duct #2 shows a rectangular shape of 18 mm ×5 mm as shown in Fig. 8(b) for the same
camera distance.

Fig. 8: CCD images of the prism duct output beams at z =4.5 mm with filter. (a)Prism duct  #1 and  (b) Prism
duct  #2.

By using MATLAB functions different programs are written and related intensity to Fig.8 is plotted as a
function of column/row numbers of the stored image matrix. The image storage matrix in MATLAB is a 720
row by 640 column matrix. Fig. 9 shows the image  intensity signal  for a fixed row number of 480 as a function
of the column numbers for the prism duct #1. As shown in Fig. 10, the recorded intensity in arbitrary unit is
about 44 in column number range of 180-260 (60 column) and for the column range 0-180, and 260-500 the
recorded intensities correspond to  the noise signal level.

In a similar way the intensity signal for prism duct #2 is recorded and  results are plotted in Fig10 at a fixed
row number of 480 as a function of the column number. As can be seen in Fig. 10, in column number range of
0-135, and 315-500 the intensity corresponding to the noise signal and for the column number range of 135 to
315 (180 column) the output  image light intensity is about 44 unit. The image intensity for z = 4.5 cm position
of CCD camera is almost constant for such column numbers at a fixed row. Since we used different filtering the
maximum of the peaks in Fig.9, and 10 can not be compared for the power transmission. However, by comparing
the curve bandwidths (FWHM) it is noted that the curve shown in Fig.10 is considerably wider (180 column
compare to 60 column), which indicates that the beam size has a higher height for the prism duct #2 in
comparison with that of prism duct #1. In this way information about the image height can be obtained from such
image plots. Similarly intensity plots as a function of the row numbers can provide information about the width
of the prism output  beam image.

Fig. 9: Recorded CCD intensity of row 480 when sensor positioned at x=0, y=0, and z=4.5 mm as a function
of column number for prism duct #1.
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Fig. 10: Recorded CCD intensity of row 480 when sensor positioned at x =0, y =0, and z = 4.5 mm as a
function of column number for prism duct # 2.

Conclusions:
Design and operation of a two-stage beam shaping device using a new fiber-bundle scheme and a prism duct

was described. Performances of two different prism ducts in the reported design are compared and the optimum
power conversion is obtained. By using both the power transmission measurements and output beam images,
useful information concerning the output beam intensity and profile are reported. As described, the first- and 
second-stage  beam shaping tasks are successfully accomplished in order to change the beam cross section at the
output of the source light into different shapes by the reported prism ducts. Considering experimental results for
the two prism duct designs it is verified that the power conversion efficiency depends on the fiber bundle and
the prism duct performances. It is possible to obtain either a square beam shape by the prism duct #1 or to obtain
a rectangular beam shape by using the prism duct #2. Output beam power monitoring  is also performed at each
beam shaping stage. The conversion efficiency reported here for the fiber-bundle at first stage is about 55.65%, 
for the overall system with  the prism duct #1 is about 14.24% , and for the prism duct #2 is about 32.77%. Our
results indicates that prism shape, size, material, and prism input- and output-surface qualities  play important
roles in the beam shaping operation. The reported conversion efficiency can be further improved by using a better
grade optical elements, illumination sources, and more efficient light coupling methods.
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