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ABSTRACT

The design of a laser power-meter based on the photoacoustic effect is
described, where a commercial metallic-type neutral density filter is
employed as the absorbing material. Filters of different optical densities
can be used, thus covering a very broad laser power-range. The power
meter may also be used to measure the luminous power from spectral
lamps, since the neutral density filter is a very reliable and practical
substitute for carbon-black. © 1997 Elsevier Science Ltd.

1 INTRODUCTION

Laser power-meters are of fundamental importance for optical labora-
tories. There is a large variety of them offered in the market, but it is
difficult to find a general-purpose one, presenting a broad spectral
response range and allowing direct power incidence. The simplest ones are
based on calorimetric effects which operate by measuring absorbed
thermal energy. There are several laws concerning the measurement of
this absorbed thermal energy. For this reason, this kind of laser
power-meters has been the subject of several publications.”” Although
these meters are different, all of them have two characteristics in common:
simplicity and low cost.

In this paper, we described a laser power-meter based on the photo-
acoustic effect (PA), where the absorbing element (the source of thermal
energy production) is a commercial neutral density filter. There are some
power meters based on the photoacoustic effect described in the
literature."” These meters present the advantage that the equipment
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required, such as lock-in amplifiers and choppers, are commonly available
in optical laboratories. The laser power-meter described in this paper
provides the additional advantage of using commercial neutral density
filters as the absorbing material, rendering it more practical and reliable.

2 FUNDAMENTALS

The basic principle of the photoacoustic effect is simple to understand.®
When a material is excited by a modulated light beam, the nonradiative
deexcitation component generates heat, giving rise to a pressure wave
propagating from the excitation region throughout the material. This
pressure wave is the photoacoustic wave and follows the same modulation
frequency as the illumination beam. The photoacoustic wave amplitude is
proportional to the absorbed light converted into heat and can be detected
by a microphone or a piezoelectric transducer. A chopper is used to
modulate the incident beam and an oscilloscope or a lock-in amplifier is
used to process the signal. This photoacoustic signal is therefore propor-
tional to the laser power.

A common problem to all power meters based on the photoacoustic
effect is their limitation to cover a very broad laser power-range from uW
to W. The need to absorb the radiation in this range implies a saturation
or degradation due to the direct incidence of a high-power laser beam.
The main advantage of this type of meter is the flat response in
wavelength, being limited only by the absorption spectral range of the
absorbing material. This limitation was overcome in the present work by
using a commercial neutral density filter as the absorbing material. Filters
of different optical densities can be used, covering then a broad range of
laser power; they present an extra advantage of not blocking the beam
pathway. The neutral density filters are a cheap and reliable replacement
for the carbon-black as a flat absorber in a very broad spectral region.

3 EXPERIMENTAL

The employed PA cell was designed and built at our facilities (Fig. 1). It is
a free pathway photoacoustic cell made out of polished stainless steel, in a
configuration where the neutral density filter acts as a windown for the
cell, with indirect detection of the PA signal. The volume of the cell is
about 60 mm®. The detection element is a low-cost electret microphone
with —65+4dB sensitivity (0dB ref. 1V/ubar at 1kHz) and the
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Fig. 1. Schematic drawing of the photoacoustic cell (M, microphone; F, filter; W,
window).

modulation frequency chosen was 40 Hz, due to the better signal-to-noise
ratio.

The neutral density filters employed are basically fused silica windows
with a metallic film on one side, with optical densities varying from 0-04 to
1, supplied by Melles Griot (precision metallic neutral density filter set
03FSQOL1 1).

4 RESULTS AND DISCUSSION

The meter spectral response followed the optical absorption spectrum of
the neutral density filters supplied by the manufacturer, for example, the
0-1 O.D. filter spectral response ranges from 300 to 2000 nm. The meter
was calibrated for different optical densities filters using a commercial
laser power-meter from Scientech Model 373 as the reference. The results
obtained are shown on Table 1.

TABLE 1
Sensitivity obtained and laser power-range
covered using different O.D. filters

Filter Sensitivity Power range

(0.D.) (mV[W) (W)
0-04 0-044 0-3->15
01 3-70 0-005-15
03 7-70 0-001-2

1-0 8-80 0-0005-2
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When carbon-black was used as the absorbing material in the PA cell it
was observed a 0-5 V/W sensitivity in the system.

The lower detection limit was defined as the signal for which the error
in the measurement is 5%, once the measuring conditions are set (lock-in
amplifier time constant of 1s and modulation frequency of 40 Hz) and the
upper limit was given by the maximum laser power with linear response
from the meter; that is, the maximum power before filter degradation. The
maximum laser power available at our laboratories was 15 W from a CW
argon laser at 514-5 nm.

Due to its intrinsic characteristics this meter may also be used to
measure the luminous power of lamps in spectroscopic purpose arrange-
ments. The high detection threshold occurs because the neutral density
filters are of the reflexive kind (small absorption of the beam) and also
due to the high signal-to-noise ratio for the microphone.
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