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Abstract - A device for measuring the power of the laser
radiation.has been designed. The device consists of
transmitter and receiving part. The transmitter includes
optical radiation source and optical system for collimation of
radiation. The receiver part consists of silicon photodiodes,
electronic signal processing unit
and
unit for
measurements.

A. Spatial profile of the laser beam
The design of the optical laser systems to a certain
extent repeats that of the classic optical devices but taking
into account the features of laser radiation [5], [8], [18].
Such a feature is the spatial structure of the laser beam. In
its consideration the concept of Gaussian beam is of
fundamental importance. This is a beam in the cross section
of which the energy is distributed according to Gauss’s law
(Fig. 1). The Gaussian beam corresponds to the
fundamental mode TEM 00 which is formed by a stable
resonator with an arbitrary configuration. Its intensity in
the cross section is determined by the expression
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I.

INTRODUCTION

Lasers are monochromatic coherent sources of optical
radiation characterized by a low degree of divergence and
high intensity. These properties determine their wide
application in different fields. The power of the laser
radiation is of great importance when used for practical
purposes. This requires development of new methods and
devices for measuring and reducing the power of laser
radiation.
II.
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where: r is a radial distance from the axis of the beam;
I (r ) and I (0 ) are the intensity of the beam at distance r
and the axis ; ω is beam radius at which the intensity
decreases е 2 times; P is the full power of the beam

EXPOSITION

The purpose of this article is to develop a device for
measuring the power of high-energy and highly
concentrated optical fluxes. Such fluxes are formed during
the generation of laser radiation.
The set goal can be achieved by accomplishing the
following tasks:
•
•
•
•

Development of a block functional diagram of
the device;
Development of the optical diagram of laser
beam expander;
Development schematic electrical diagram of
the device.
Development of the algorithm of the control
program

Fig. 1. Spatial profile of the Gaussian laser beam
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It follows from expression (2) that the smaller the waist
of the beam the greater the divergence of the beam.
Therefore, to form a well collimated beam, it is necessary
to reduce its divergence at the expense of increasing its
cross section.

Laser beams are coherent and their propagation in space
is described by the laws of diffraction. Depending on the
longitudinal distance z there is Fresnel diffraction (near
zone) and Fraunhofer diffraction (far zone). The Rayleigh
range ( z = z 0 ) is taken as the notional line between the two
zones. The Rayleigh range represents the distance from the
waist of the beam at which its radius increases 2 times,
and the area of its cross section – 2 times.

B. Block functional diagram of the device
The optoelectronic device for measuring the power of
laser radiation consists of a transmitting and receiving part
[9], [11], [16], [17]. The transmitting part includes laser
source and collimating optical system. A laser is used as
radiation source. The collimating system is an afocal
optical system which acts as a beam expander while
reducing its angular divergence. The receiving unit consists
of silicon photo receivers, an electronic processing unit and
a unit for visualization of measurement result. Fig. 2
shows a block chart of the device.

In the near zone Gaussian beam will at first get closer
to the axis and reach a minimum cross section in the waist
of the beam, where its radius is

ω0 = ω (z = 0 ) =

λz 0
π

After the waist the Gaussian beam undergoes a
diffraction divergence and moves away from the axis. Its
cross section increases and in the far zone at distance z
from the waist the beam radius assumes the value

ω z = ω0

 z
1 + 
 z0





2

The wave front of the oscillations occurring in the
resonator in the paraxial region is spherical. The radius of
the wave front depends on the longitudinal coordinate z
and is determined by the expression
  z 2 
Rz = z 1 +  0  
  z  

(1)

Fig. 2. Block chart of an optoelectronic device for measuring the
power of laser radiation

It follows from (1) that at a distance z = z 0 the radius
of the wave front is minimal and has a value Rz = 2z 0 . This
corresponds to a spherical wave front. As z decreases and
increases the radius R z increases. R z increases faster
when z decreases. The wave front is flat in the waist of the
beam ( z = 0 ).

C. Beam expander
When designing the optical system (OS) of the laser, it
is assumed that the source of radiation is at infinity and its
angular dimensions are determined by the divergence of the
beam [3], [4], [12], [13], [14]. In order to achieve optimal
coordination between the laser and the optical system it is
necessary to place the entrance pupil of the optical system
in the area of the beam waist [1], [7], [10], [15].

The spatial structure of the Gaussian beam during its
propagation in space for level 1 2 is given by hyperbolic
e
isophotes. The asymptotes of the enveloping hyperbolas
make an angle θ with the axis of the beam. This angle is
equal to the angle of diffraction of the fundamental mode
TEM 00 in the far zone. The angle θ describes the
divergence of the beam in the far zone ( z >> z 0 ) and can
be expressed as

The main task of the OS is to expand the input beam by
some coefficient M defined by the ratio of the diameters
of the beam waist after the expander and before the
expander. This can be achieved by reducing the divergence
of the output beam. Such conversion of the laser beam can
be achieved by using telescopic afocal reversing system.
There are two types of such systems: Galilean and
Keplerian. Galilean system was chosen on the basis of the
following advantages:

λ
θ=
πω0

a) Lack of internal focus. This avoids the production
of high energy densities, which is important when using
high power sources.

(2)

b) The first element in Galilean system is negative
and it has a positive spherical aberration. The second
element is positive and its spherical aberration is negative.
Thus, with correct selection of optical forces and shape of

The full divergence of the beam is Θ = 2θ .
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Therefore the coefficient of expansion can be written as
follows:

the elements, it is possible to easily obtain a system with
corrected spherical aberration.
c)

Galilean system is more compact.

M=

Propagation of a Gaussian beam through an Galilean
expander is shown in Fig. 3. The first element (Lens 1)
focuses the beam in its focal plane. Its purpose is to reduce
the cross section of the beam waist. In Galilean system, the
first element is negative and therefore the waist after it is
virtual and located on the left.

Fig. 4 shows the optical diagram of the designed beam
expander, and Table 1 shows its design parameters. The
expander has an magnification M = 5 x , his diameter of the
entrance pupil is 3 mm and diameter of the exit pupil is 15
mm.

The divergence of the beam before lens 1 is determined
by expression (2). The radius of the waist after the first
element is

ω '0 =

ω ' '0 f ' 2 θ
=
=
ω0
f '1 θ ' '

λ
⋅ f '1
πω0

The divergence of the beam after the first lens is

θ '=

λ
πω '0

Fig. 4. Optical scheme of the Galilean expander

After lens 1 the beam increases its divergence. The
purpose of the second element (lens 2) is to reduce the
divergence and to collimate the beam radiation. For this
reason, the beam waist after lens 1 is located in the rear
focal plane of lens 2. The focal distance f ' 2 of lens 2 is
selected from the required expansion M and the degree of
beam collimation to be achieved. The greater the f ' 2 the
greater the beam expansion and the smaller the divergence.
The beam waist after lens 2 is determined by the expression

ω ' '0 =

TABLE 1 GALILEAN EXPANDER DESIGN PARAMETERS
Surface
Lens 1
Lens 2

1
2
3
4

Radius
-4,4
-8,45
∞
-44,72

Thickness
0,76
48,64
3,35

Glass
N-SF8
N-SF8

The optical system of the designed expander does not
form images of complex objects, but only transmits the
laser radiation energy. Therefore, the main requirements
for its quality are not related to transmitting fine structure
of the image, but to the implementation of the necessary
expansion and minimization of the divergence of the output
laser beam.

λ
⋅ f '2
πω '0

The Marechal criterion WRMS >

λ

is used to evaluate
14
the quality of the expander. The RMS value of the wave
aberration at the output of the expander is WRMS = 0,007λ
. Therefore, it can be assumed that it is of diffractionlimited quality. In Fig. 5 the OPD graph is shown at the
output of the expander.
D. Schematic electrical diagram of the device
Fig. 6 shows the schematic electrical diagram of the device.
Precision high speed TSL254 light-to-voltage converters
are used as photo receivers.
These converters consist of silicon photodiode with
photosensitive area 1mm and high impedance operational
amplifier with 1MΩ feedback resistor. The output voltage
is proportional to the illuminance. Fig. 7 shows the diagram
of the photo converter. The sensitivity of the sensor is
at λ = 880nm .
60 mV
µW cm 2

Fig. 3. Propagation of a Gaussian beam through an Galilean expander

The beam divergence after the second lens is

θ ''=

λ
πω ' '0
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digital converter. The threshold voltages that determine the
measuring range of the analog-to-digital converter are
VREF = 0V and VREF + = 5,12V respectively and are
applied to terminals RA2 and RA3. The input analog signal
that enters the ADC is represented by 210 or 1024 levels.
The step of voltage increase is determined by the formula:
∆U =

U REF +
10

2

=

5,12
= 5mV
1024

Four photo converters are included in the functional
diagram of the device. The measured power is proportional
to the average voltage of the photo converters. The voltages
at the output of the photo converters are determined when
calibrating the device – which values of the laser radiation
power they correspond to and accordingly to be entered as
correction coefficients in the control program [2,6].

Fig. 5. OPD graph of the expander

An 8 bit PIC18F452 microcontroller is used to control
the operation of the device, which has a 10 bit analog-to

Fig. 6. Schematic electrical diagram of the device

E. Block chart of the algorithm of the program
The block chart of the algorithm of the control program
is shown in fig. 8. At the beginning, the controller is
initialized, constants and variables are defined and the
corresponding cells from data memory are reserved for
them. The next stage of the program is related to
determining the input/output ports used. The pins of the
microcontroller that will be digital inputs, analog inputs
and digital outputs respectively are defined. PIC18F452
has 4 internal timer modules.
Fig. 7. Diagram of the photo converter
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[11]
Fig. 8. Block chart of the algorithm of the program
[12]

Only Timer 1 is used. It sets time delays in the program
which are used to synchronize the operation of the
microcontroller and the alphanumeric liquid crystal
display. Next, an initialization of the display is performed.
The main program is a continuous cycle which stops only
when the voltage measurement from the ADC has been
completed. The processing of the result of each
measurement takes place in a subroutine which starts when
an ADC interrupt occurs.

[13]

[14]

[15]

III. CONCLUSION
Optoelectronic device for measuring laser radiation
power has been developed. 5 x Galilean beam expander
which has a low divergence has been designed. A scheme
with four photo receivers has been used, which increases
the measurement accuracy compared to a single photo
receiver.
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