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Abstract: A very small and simple device for moving
aerosol particles size detection is presented using a
single-mode diode laser. The basis of the measurement
is a selfmixing that occurs when light' scattered back by
the moving aerosol particle into the laser cavity,
interferes with light inside the laser. This mixing
induces large fluctuations of the laser intensity. This
compact device is capable to detect an aerosol particle
movement, which diameter is over micron. When
aerosol quality is good, diameters of aerosol particles
smaller that micron and output signal is zero.
INTRODUCTION
Quality assurance has become more actual than ever in

all branches of healthcare. In nuclear medicine this aspect
has become special emphasis due to the necessity of
avoiding non-justified irradiation of patients. In nuclear
pulmonolory the ventilation studies with radioactive
aerosols have a critical aspect due to the potential hazatd
of clotting of inhalated particles. In case of clotting of
radioactive particles they remain in throat and trachea and
are not transported into pulmonary alveoles. As a result,
the diagnostic value of the procedure is lost. Due to this,

object field is scattered back in the
direction of the laser. With the scattering there are two
effects which introduce extra fluctuations in the field. First,
the motion of the particles in the light beam results a
Doppler frequency shift of the light. Second, the particles
move causing a fluctuating amplitude and phase of the
scattered light.
The schematic diagram of the quality control device
with diode laser is shown in Figure l. The single-mode
heterojunction InGaAsP laser diode Philips CQF-56 has
been used. It is operating in the infrared range of 13l0 nm
wavelength with optical emission power 2 mW. The diode
laser radiation is collimated with lens 2 into a beam of
parallel rays of the required diameter and is directed
towards a fixed mirror 3. Part of the emission is reflected
back from the mirror and passing through the same system
of lenses gets back into the laser resonator and interacts

At the moving

with the field inside it. For the signal separation

and

(R: 50 O) with
intermittent potential. To amplify this potential, an
capturing, there is an additional resistor 4

additional amplifier 5 is used. To register the signal, a
spectrum analyzer 6 is applied.

control of the size of radioactive particles is obviously very
important in the framework of quality assurance and

radiation protection in nuclear medicine. Until the last
time most of the respective quality control devices have
been to complicated for daily clinical use.
METHOD

In this device the selfmixing effect can be used with
semiconductor laser diode when the optical system
includes an external laser cavity [1]. There is an analogy

between

the selfmixing effect and the application of

external cavities in front of diode lasers. Selfmixing inside

the laser cavify induces large fluctuations of the laser
intensity. These fluctuations can be detected either with a
photodiodel2l or by measuring the voltage across the diode
laser[3].
An external cavity can be formed by placing a mirror in
front of the diode laser. The application of an external
cavity is normally used to influence the characteristics of
the laser. The aim of the present investigation is to develop
an over microndiameter moving aerosol particles detector
with a small dimensions.

Fig.l. Block diagram of aerosol quality control

device

with an external-cavitv diode laser.
The external cavity has extensively variable dimensions
adjustable to the configuration and to the purposes of
application. During testing, the aerosol quality testing
device reacted to length variations of external cavity I from
I cm up to 30 cm. Similarly, the sensitivity zone diameter
varied within the range of a few millimetres up to a few
centimetres.
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maximum value of the signal corresponds to the pump

RESULTS

current near threshold.

tube through which aerosol undergoing its check-up is

4. The maximum interaction between the laser field
and the reflected waves take place if the coherence occurs.
Therefore the distance from laser to third mirror should
not exceed a halfofcoherence distance oflaser diode.
5. The effective disturbance, caused by the aerosol
particle, does not depend substantially on the distance of
the particle from the external cavity mirror.

pumped. Within the tube a sensitive zone is formed. For
that purpose high transparency substances, specifically
selected for optical radiation, are used.
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bandwidth. Over microndiameter particles counting rate in
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3. Change in pump current caused by the aerosol
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