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Abstract. The application of lasers in many fields of
technology and medicine is constantly increasing. This causes
the development of new physical methods and principles for
correct measurement of power, energy, and other
parameters of laser sources. In most cases, the correct
measurement of the laser power is important because the
quality of the processes in which laser sources are used
depends on it. In the paper, a comparative analysis of the
existing methods for measuring the power and energy of laser
radiation of diverse types of laser sources is made. This
research aims to help users of laser equipment to choose the
right measurement method depending on the laser source.
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L. INTRODUCTION

The main parameter it requires control during laser
processing is the power of laser radiation and its stability
during the technological operation. Currently, many
methods have been developed to measure the power of
laser radiation because in recent years, the laser industry
has developed extremely fast, with more new laser sources
with new wavelengths, higher power and energy,
frequencies, and modes of operation. For measurement, the
power of laser radiation is necessary radiation receiver,
which converts radiation into an electrical signal subject to
measurements [12]. The existing radiation receivers work
on various physical principles, but the most distribution
received photoelectric and thermal receivers. The result
and the quality for each specific laser technology such as
laser welding, cutting, marking, engraving, drilling, etc.
depend on many factors, including laser power therefore its
measurement and control is important.
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II. CLASSIFICATION OF LASER POWER MEASUREMENT
METHODS

In fig. 1 shows the classification of methods for
measuring laser power. Nowadays, a wide range of high
precision laser power meters are available, suitable for all
professional users, some of which require high
measurement accuracy. The large ranges of power and
energy to be measured require a considerable number of
devices because the range of any one device is relatively
limited but there are already also measuring devices that are
relatively insensitive to wavelength, because the greater the
useful range, the less devices need to be designed, tested,
calibrated, and maintained. An advantage of calorimeters,
which convert radiant energy into heat and measure the
amount of heat, is that they can be designed to work over a
wide range of wavelengths. There are companies on the
market that offer universal laser power meters capable of
measuring powers from 100 uW to 200 W over a wide
wavelength range from 250 nm to 11 pm. Such a meter is
suitable for measuring the power of both CW and pulse
lasers such as diode lasers, dye lasers, CO? lasers, HeCd
lasers, Nd: Y AG lasers and others. The operating conditions
also affect the measurement. Single pulses usually require
an energy measurement and CW lasers require power
measurement. In some cases, it is necessary to use high-
speed laser power measurement devices [6]. What has been
said so far defines the wide variety of methods and
principles for measuring laser power — fig. 1.
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Fig. 1. Classification of methods for measuring laser power.

III. METHODS FOR MEASURING THE POWER OF LASER
RADIATION

A.

The thermopile consists of a central, light-absorbing
disk, thermocouples that surround this disk, and an annular
heat sink around the ring of thermocouples — fig. 2. Laser
energy falls on the absorbent disc and is converted into heat
[2]. The heat then passes through the disk from the
thermopile to the radiator, which is supported at a constant
ambient temperature by forced cooling. The temperature
difference between the absorber and heat sink is converted
into an electrical signal by the thermocouples, then an
electronic system converts this signal into a laser power
reading.

Thermocouple laser power meter

ocouples

Therm
7
7504

Heat sink

Fig. 2. Construction of thermopile.

Thermocouple sensors have the following advantages,
wide spectral range, operation in a wide power range, high
damage-resistance when measuring powerful laser
radiations.

B.  Measurement of laser power with pyroelectric
sensors

The operation of pyroelectric receivers is
fundamentally on the occurrence of charges on special
faceted noncentrosymmetric crystals at temperature
changes.

The output signal of pyroelectric receivers is
proportional to the rate of change of the temperature of the
sensitive element, which determines their high speed and
rapid action — fig. 3. When a light pulse hits the absorbing
surface of the detector, it heats up and polarizes the crystal,
thereby creating an equal and opposite charge on both
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surfaces of the detector. The surface of the detector is
metallized, so the charge is collected on the parallel
capacitor, regardless of where the laser beam falls on the
surface [5]. Therefore, the charge on the capacitor is
proportional to the pulse energy. After the pulse ends, the
capacitor voltage is measured by an analog-to-digital
converter and then the capacitor is discharged to measure
the energy of the next pulse. The advantages of pyroelectric
receivers are high speed and sensitivity. The main
disadvantage is the need for modulation when measuring
continuous radiation. For this reason, pyroelectric detectors
are particularly suitable for measuring pulse energy in
pulsed lasers. They can measure up to several thousand
pulses per second and at the same time are quite sensitive.
Their disadvantage is that they are not particularly durable,
and for this at higher energies and powers, an optical filter
is placed in front of the sensor crystal to reduce the energy
on the pyroelectric crystal. Pyroelectric sensors for pulse
energy measurement are now available that use an
innovative technology that allows pulse measurements
over a wide range, from long pulses up to 20 ms to pulses
with repetition rates up to 25 kHz.

dT/dt =0

Fig. 3. Pyroelectric detectors [8].

C.

The calorimetric method is based on the thermal effect
of optical radiation. Laser calorimetry is the measurement
of laser power or energy by measuring the increase in
temperature of an optical absorber irradiated by a laser
beam. Radiation falls on the optical absorber, under the
influence of which the temperature of the optical absorber
changes [1]. By measuring the difference in the
temperature of the absorber compared to the ambient
temperature, one can find the energy or power of the
incident radiation. Instruments that measure energy
parameters of lasers in this way are called calorimeters [3].
The absorbers of the calorimeter, as a rule, are devices that
are types of black bodies, for example, a cone blackened
inside. At the top of the cone is a fast-acting temperature

Colorimetric sensors for laser power measuring
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sensor, such as a semiconductor bolometer or a thermistor,
whose resistance changes with temperature. The absorber
can also be made in the form of a sphere, inside which there
is an insulated wire, the resistance of which changes under
the influence of the thermal effect of radiation. There are
calorimeters hold two absorbers, one of which is under the
action of ambient temperature, and the measured radiation
falls on the other. The absorbers must be identical. In this
case, they are measured not the absolute values of the
temperatures of the absorbers are measured, but their
difference, which significantly increases the accuracy of
measurements. These are the so-called differential
calorimeters. The operation of the calorimeter can be
described using the simplified equation for heat
conduction:

mc S+ aSAT = ® (1)

where m is the mass of the absorber; ¢ — specific heat
capacity; a is the coefficient of heat exchange between the
absorber and the environment; S is the surface area through
which heat exchange occurs, AT is the temperature
difference between the absorber and the environment [16].

D. Laser power measurement with photodiodes

The photodiode measurement principle is one of the
most common methods for measuring the power of laser
radiation. Photodiode sensors convert incident laser
photons into charge carriers (electrons and holes), which
are then measured as voltage or current. The action of the
photodiode is based on increasing the reverse current of the
p-n junction when it is illuminated, which is practically
used to measure the intensity or power of laser radiation.
Measuring the power of laser radiation with photodiodes
has several advantages. They have low noise and high
sensitivity, which allows them to be used in measuring of
lasers with extremely low radiation power. The photodiode
has the fastest response of all optoelectronic
photodetectors, which is also its greatest advantage. It can
be used to measure fast-changing laser radiation. The
photodiode can work in two modes — photoconductive (fig.
4) and photovoltaic (fig. 5) mode, and both modes can be
used to measure the intensity of laser radiation. To measure
the power of pulsed lasers, so-called PIN photodiodes are
used, which have a greater speed than traditional
photodiodes with a PN transition [10].

C
|f
LS

= V OV

L
~ 0.1pf

15v O

Fig. 4. Photoconductive mode [9].

Most laser power measurement circuits use light to
voltage converter at which the output voltage is
proportional to the luminance over the active area of the
photodiode created by the laser beam fig. 4 and fig. 5. The
other important advantage when measuring with
photodiodes is that they have a linear light-to-current
conversion characteristic, which allows more correct
measurements to be made. There are also power meters that
use light to frequency converter with a photodiode at the
input in which the number of pulses per unit time is
proportional to the power of the laser radiation.
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Fig. 5. Photovoltaic mode [9].

IV. COMPARATIVE ANALYSIS OF LASER RADIATION POWER
MEASUREMENT METHODS DEPENDING ON THE TYPE AND
POWER OF THE LASER

A.  Criteria for choosing a method for measuring
the power of laser radiation

Choosing a sensor and method to measure laser power
or pulsed laser energy is an essential and important task.
When choosing a type of device to measure, it is not always
enough to know only the power range of the device and the
laser, but also to consider other important characteristics of
the laser that can help to choose the right method and
measuring device [4]. Considering besides the power and
some other important characteristics of the laser source, the
choice of the most appropriate device can be optimized for
accurate and correct measurements of laser power or
energy without causing damage to the measuring device for
a long time.

We will look at the choice of measurement method in a
few steps.

1. To select the correct method for measuring laser
power or energy, the operating characteristics of the laser
source must be known. The wavelength of the laser must
be known because there are measurement devices that can
only be used to measure the power of lasers with specific
wavelengths, i.e., have a narrow measurement range. Beam
diameter - on which the power or energy will be measured,
is the next essential element. This parameter will determine
the size of the sensor's sensitive area and whether it is
necessary to use optical extension lenses for the
corresponding length of the laser source. One should not

318



Tsanko Karadzhov, et al. Comparative Analysis of Methods for Measuring Laser Power

choose to measure the power or energy at the focal point of
the laser beam. It is recommended that the measurement
sensor be positioned either before or after the laser focus
point.

It is also important to know whether the laser is CW or
pulsed and whether power or pulse energy will be
measured.

CW Lasers — Continuous wave lasers are measured
using average power from pW to kW. When choosing a
device to measure CW laser power, one must consider what
the average power will be measured. If the laser power
variation range is too large, two different measurement
sensors may be needed. One for low and the other for high
laser power. It is important to choose a device where the
power of the laser source is close to the middle of the
device's measurement range, not at the lower or upper end
of the range, as that is where the sensors have the highest
measurement accuracy.

CW Laser — Exposure Time. Another criterion when
choosing a device is to know the duration during which the
laser beam will be on the sensor. Are only periodic
measurements needed or will the laser beam be on the
sensor the entire time the laser is running. If the laser beam
hits the sensor all the time, either a larger sensor with air
fins or one with a built-in fan to continuously cool the
sensor will be needed.

Pulsed Lasers. With pulsed lasers, it is important to
determine the energy of the pulses to be measured and from
there select a measuring device with the appropriate range.

Pulse Width. The determination of the pulse width can
also influence the choice of a suitable measurement device,
as this parameter can reach the sensor's destruction
threshold although the average laser power is less and lies
within the measurement range of the device.

Pulse Rate. Another parameter to consider is the pulse
repetition rate. From here it can be understood whether a
device to measure the pulse energy is needed or whether a
device to measure the average power of the laser source
will be used. There are already pulse energy sensors on the
market that can work up to 20 kHz pulse repetition rate.

2. The type of measurement to be performed must be
specified.

Average Power. With most lasers, regardless of
whether they are CW or pulsed, a measuring device can be
used to measure the power of the laser radiation and as a
result we will get a value for the average power of the laser.
It is important to say that sensors that are designed to
measure average power are slower. When measuring
pulsed lasers with an average power sensor, there can be a
discrepancy between the actual efficiency of the laser and
the resulting measurement results since the energy
characteristics of the pulses cannot be measured. When
using a pulsed laser with a pulse repetition rate of a few
kilohertz, is suitable to use a measuring device with a
pyroelectric sensor that can measure the energy of each
pulse is used and at even higher frequencies it is advisable
to use photodiodes as measurement sensors. For powerful

lasers working in CW mode, it is best to use calorimetric
measuring devices.

The main result of the comparative analysis is fixed in
Table 1 which shows comparison of laser power
measurements methods. This table can be useful when
choosing a method and device for measuring the power of
laser radiation depending on the most important parameters
of laser sources.

TABLE 1 COMPARISON OF LASER POWER MEASUREMENT METHODS

Feature Thermo- Photo- Pyro- Calori-
pile diode electric meter
Spectral Broad- narrow narrow Broad-
Range band band band band
Power Low to Low Low to Very
Range medium medium high
Signal Voltage Current Voltage (V) | Voltage
™) A) or ™)
Response High Low Low High
time
Wavelength No Yes No No
dependent
Linear Yes Yes, up to -- -
response saturation
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V. CONCLUSION

The aim of the paper is to be useful to engineers
involved in laser technology in choosing a system for
measuring the energy or power of laser radiation.

To achieve this aim in the paper, a comparative analysis
of the most used methods for measuring the power of laser
radiation is made, depending on the type and power of the
laser and the accuracy of measurement. To determine the
correct measurement system, it is very important to know
which parameters of the laser radiation are to be measured.
A methodology has been developed that covers the main
criteria for choosing a method for measuring the laser
power.
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