Semiconductor Physics, Quantum Electronics & Optoelectronics. 2000. V. 3, N 4. P. 542-544.

PACS: 07.07.D

Thermostable power sensors for transmitted continuous
radiation of CO- and CO,- lasers

Yu.A. Zagoruiko, N.O. Kovalenko, O.A. Fedorenko

Department of Optical and Constructional Crystals

of Scientific & Technological Concern «Institute for Single Crystals»

60 Lenin Ave., Kharkov, 61001, Ukraine

Abstract. Thermostable power sensors for continuous and pulsed periodic laser IR radiation
are developed. Manufactured are scale models for a multifunctional optical element which
combines the functions of transmitting radiation sensor and output laser window. Technical
characteristics of the developed sensors are presented; the possibilities of their use in techno-
logical CO, - laser units are discussed.
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1. Introduction

Utilization of high-intensity IR laser radiation in prac-
tice (for instance, of CO- and CO5- lasers in medicine)
requires power sensors of transmitting laser radiation
which can work in both continuous and pulsed periodic
regimes [1,2]. Traditional methods for measuring laser
power by means of attenuators or splitters of laser radia-
tion between low-power photoreceivers complicate the
design of laser units and the process of their adjustment
[3, 5]. Moreover, they increase the cost of laser units.

Developed is a thermostable optical element able to
operate as both a power sensor of transmitted continuous
laser radiation and passive optical elements (output la-
ser windows, lenses, quater- and halfwave plates). Scale
models of such multifunctional optical elements are manu-
factured on the base of crystalline ZnSe and Zn_ Mg,Se
[6]. The sensor may be based on a variety of IR crystal-
line optical materials.

The action of the said sensor consists in measurement
of the power of radiation scattered by the crystal which
is proportional to that of transmitted laser radiation [7].

2. Experimental procedure and results

The sensor is a transmitting optical element furnished
with two plates located on the side surface and possess-
ing essentially different absorption coefficients. Affixed
to the plates’ surface are differentially connected tem-
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perature sensitive elements. The external appearance of
the sensor is shown in Fig. 1. A portion of transmitted
radiation scattered in the crystal reaches the sensor sur-
face areas and heats them nonuniformly. Within some
period of time, a temperature difference between the sur-
face areas is established due to the heat conduction of the
optical element material. Such a difference is registered
by the temperature sensitive elements.

The value of power absorbed by the plates is approxi-
mately described by the following equation:
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where S is the plate area, 1 is the coefficient of radiation
absorption in the plate material, 3, is the coefficient of
radiation scattering by the crystal, Bxis the total scatter-
ing and absorption coefficient of the crystal, Iy(x,y) is
the radiation intensity distribution over the laser beam
cross-section, x, g are the coordinates of the plate center.
Integration is fulfilled over the crystal volume.

This equation is valid for small surface areas of arbi-
trary shape. The multiplier B takes into account reflec-
tion from the opposite face of the crystal sample. As seen
from the formula, the value of absorbed radiation power
is proportional to the distance from the beam to the sur-
face area. This leads to an essential dependence of the
signal on the position of the beam with respect to the
receiving areas. However, it should be noted that the pres-
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Fig. 1. The external appearance of the sensor.

ence of the coordinate dependence for the value of the
signal may have practical importance for making the
optical element meant for determination of the beam po-
sition.

To a considerable extent the sensitivity of the sensor
depends on the location of the beam. In this experiment
the said value ranged from 0.2 uV/W (at a distance of
about 2.5 cm from the beam to the surface area) to 220
WV/W (at the shortest distance). Moreover, the value of
sensitivity essentially depends on the crystal quality and
on the presence of scattering centers. This allows to use
the sensor for measuring different power levels. The de-
pendence of the signal on the transmitted radiation power
is presented by Fig. 2. As seen from the graph, the signal
is linearly dependent on the transmitted radiation power.

The thermal stability of the sensor was investigated,
too. For this purpose the sample under study was placed
onto an electrical heater. The temperature was measured
by a differential thermocouple with a compensative junc-
tion placed on the crystal at room temperature. The sen-
sitivity of the sensor was measured at the same location
of the beam with respect to the receiving areas. The range
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Fig. 2. Dependences of sensor signal on transmitted radiation
power. Distances between laser beam and thermosensitive ele-
ments: (1) 1 and (2) 2.5 cm.

of heating was 5-100 °C. The curve of thermal stability
is shown in Fig. 3.

The sluggishness of the sensor was investigated in
comparison with that of IMO 2N and IMO 4C power
meters. The graph of the rise and drop of the signal is
shown in Fig. 4. As is seen, the value of sluggishness of
the developed sensor is close to that of IMO 4C meter,
and is essentially lower in comparison with this param-
eter of IMO 2N. The time constant of the sensor is 2 s.
Long-duration pulsations of output CO,-laser radiation
power have a period of about a minute. Thus, the sensor
is fast enough to provide feedback for stabilization of
the emitted laser radiation power.

The sensor was tested at continuous laser radiation
power running into 100 W. The use of the sensor at higher
powers is limited by the laser damage threshold of the
optical material only.

On the base of the proposed version of the device, manu-
factured was the set of model samples or different types of
multifunctional elements: 1) «laser window — sensor of
transmitted IR laser radiation power»; 2) «lens — sensor
of transmitted IR laser radiation power»; 3) «phase plate
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Fig. 3. Dependence of sensor sensitivity on temperature.
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Fig. 4. Sensor sluggishness curve (2) in comparison with those of
standard industrial IMO 4C (1) and IMO 2N (3) power meters.

— sensor of transmitted IR laser radiation power». The
multifunctional elements of the first and the second types
are manufactured on the base of crystalline ZnSe, those
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of the third type are based on hexagonal Zn_ Mg, Se sin-
gle crystals [6].

The main advantages of the proposed power sensor
are the following: its transparency in both the visible
and the IR region of the spectrum, the possibility to meas-
ure transmitted radiation power, high thermostability of
its volt-watt characteristics within a wide temperature
range, simplicity of design, small size, low cost. The said
peculiarities of the thermostable multifunctional optical
element, as well as its rather high speed of response, al-
low to use it as a feedback element for stabilization of
continuous IR laser emitters, such as technological CO-
and CO, - lasers, surgical laser scalpels, etc.
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