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(57) Abrége/Abstract:

An electro-optical aerosol characterizing system includes a continuous wave laser for generating two beams In the red
wavelength range, intersecting a particle stream at slightly spaced apart locations. A pulsed UV laser generates a beam that
Intersects the particle stream at a third location downstream. Laser energy scattered by each particle as it passes the first two
locations, Is used to compute aerodynamic sizes and UV laser pulsing times, so that in each case the UV beam irradiates the
particle at the downstream location. Particles containing biological materials or other fluorescing components emit fluorescence
signhals in response to the irradiation. Accordingly, the system provides information about particle composition as well as particle
size.
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Abstract of the Disclosure

Aﬁ electro-optical aerosol chargctéﬁziﬁg system includes a co‘nti'nuous wave laser for
generating two beams in the red wavelength i'ange, intersecting a particle stteam at slightly
spaced apart locations. A pulsed UV laser generates a beam ‘that intersects the péﬁicle stream
at a third locétion downstream. Laser energy scattered by each particle as it passes the first two
locations, is used to éon;jaute aerodynamic sizes and UV laser pulsing-time.s, o that in each
case the UV beam irradiates the particle at the downstream location. Particles cOntair_iing
biological materials or other ﬂubrescing components emit fluorescence signals in response to
the irrédiation. Accordingly, the system provides information about particle bomposition as

well as parﬁclc size.
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SYSTEM FOR DETECTING FLUORESCING COMPONENTS IN AEROSOLS

Field of the Invention

The present invention relates to mstruments and processes for analyzing
aerosol particles, and more particularly to apparatus for characterizing the particles as
to their size and the presence of biological components.

Background of the Invention

Aerosols composed of biological particles comprise a small fraction of the
aerosols present in our atmosphere. Nonetheless, there is an increasing interest in
analyzing biological aerosols, which can incorporate bacteria, fungi and pollens.
Certain diseases, for example, tuberculosis, influenza and pneumonia, are transmitted
via airborne particles or droplets. Diseases that affect livestock and other farm
anmimals, (e.g. anthrax and brucellosis) and diseases that affect crops, likewise are
transmitted through the air. Airborne pollens cause allergic reactions in humans. The
Persian Gulf War, and recent news reports about individuals in possession of anthrax,
have galvanized public concerns over biological warfare and the potential for
terroristic release of airborne biological contaminants. The study of airborne fungi,
pollen and other components is now recognized as a key concern in the control of
indoor environments, e.g. office buildings. Thus, it is not surprising to see the study of
biological aerosols playing an increasing role in such diverse areas as epidemiology
and other medical fields, agriculture, building management and defense.

A variety of devices have been used to detect and identify airborne biological
particles, e.g. pollen traps, impingers, impactors, and cyclones that collect particles
for subsequent 1dentification. These methods fail to deliver real time results, and are
time consuming and labor intensive, particularly in cases that require growing
bactena. -

Similarly, a variety of particle sizing methods and systems are known. For
example, U. S. Patent No. 5,561,515 (Hairston, et al), assigned to the assignee of the
present application, discloses an instrument for measuring the aerodynamic size of
particles in the micron and submicron ranges. Particles in series are accelérated
through a nozzle, and upon exiting the nozzle encounter two relatively long

wavelength (red or infrared) laser beams. Aerodynamic
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size is determined based on a time-of-flight measurement, i.e. the transit time of each particle
,' from the first beam to the next. Transit time is measured by detecting light scattered by the
.~ particle as it travels through both beams. A partlal overlapping of the beams is used

advantageously to rej ect any erroneous readings from single-tri gger or coincidence events

- It has been found that biological cells contain fluorescent molecules, e.g. flavms, amtno
acids and mcotmamlde adenine nucleotides, and thus emit ﬂuorescent s1gnals when eXposed to
excitation energy wrthm a range of excitation frequencies. With this in mtnd U. S. Patent No
5,701,012 (Ho) drscloses a device for determmmg aerodynamrc sizes, and subjectmg the -'
| partlcles in sequence to ultrav1olet laser ltght then detectmg any ﬂuorescence The ultravrolet
laser is Operated in the CW (contmuous wave) mode, so that excttatlon occurs as partlcles

reach that part of the particle path intersected by the UV laser. A su:ntlar technique is dtscussed
~ inan article by Pinnick et al entitled “Fluorescence Partlcle Counter for Detecttng Alrborne X
Bacteria and Other Blologlcal Particles”, Aerosol Scrence and Technology, Volume 23, pp. I
653-664 (19935). The conttnuous application of laser energy avoids the need to time 1nd1v1dual
' particles for t1m1ng a pulsed UV laser. Atthe same time, it is difficult to maintain contlnuous
 lasers at the high power- levels necessary to achteve the partlcle irradiation energy needed to
tn_gger readily detectable fluorescent emissions. Moreover, continuous lasers maintained at
‘ - any power are inefﬁcient in this application, giventha,t the system -reqvairesonly.intcrmittent'
irradiation. - . o ' | ‘

Another approach, disclosed in U.S. Patent No. 5,681,752 (Prather), i.nvolves' |
determining aerodynamic size and chemical composition of particles. A streatn of particles is
-~ drawn through a vacuum device vrith several stages separated by skimmers. Each particle is
accelerated to a speed mversely related to its aerodynamic 31ze then remams substanttally at
that speed as it moves through two spaced apart beams. The travel time from one beam to the
next yields a timing signal used to fire a high intensity laser downstream of the veloclty
measunng beams. The high mtensrty laser desorbs the particles and ionizes therr molecule

lThe ions are then subJected to mass spectrometry.

Although measurmg the particles at constant vclocltles affords relatrve simplicity in

timing the downstream laser the constant velocities are attamable only in a near vacuum

(typically 10" to 107 torr), which requrres.hlgh powered vacuum pump and inlet skimmers. A

2
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high intensity laser 1s required to free molecular 1ons from the particles. The mass
spectrometry stage requires significant additional hardware for post 1irradiation
analysis, including electrically charged 1on accelerating plates, a flight tube for ion
separation, and an ion detector. The travel of ions through the flight tube takes on the
order of hundreds of microseconds, and thus limits the rate at which particles can be
measured.

Therefore, 1t 1s an object of an aspect of the present invention to provide a
system capable of generating real time information about particle size and
composition, using a relatively low power, pulsed laser or other source of excitation
energy.

Another object of an aspect of the invention is to provide an aerosol analysis
system in which time-of-flight measurements, taken individually during particle
accelerations are rapidly converted into timing information used to intermittently
generate excitation energy.

A further object of an aspect of the invention 1s to provide, 1n a system for
generating aerodynamic size information based on scattered light and particle
composition information based on induced particle emissions, a detecting
arrangement with improved sensitivity to scattered light and emaitted signals.

Yet another object of an aspect of the invention 1s to provide a process that
combines relatively low energy lasers for time-of-flight measurements and excitation
of particles with fluorescent components, with enhanced sensitivity for detecting
scattered and emitted energy, to generate more reliable real time particle size and

composition mformation.

Summary of the Invention

To achieve these and other objects, there 1s provided a process for
Characterizing particles in acrosols, including:

causing an aerosol to move along a predetermined path as a stream of
successive particles;

causing a first coherent energy beam to cross the path at a first location;

detecting coherent energy scattered by each of the particles as 1t intersects the

first coherent energy beam;

irradiating the path with excitation energy at a second location downstream of

the first location to individually irradiate the particles with the excitation energy,
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wherein the excitation energy has a frequency within a range selected to trigger a
responsive emission by a predetermined constituent; and

responsive to said irradiating, sensing for the presence of a responsive
emission to facilitate determining whether each of the 1rradiated particles contains the
predetermined constituent.

In cases where the predetermined constituent is biological or otherwise'
fluorescing, the excitation frequency is selected for its capacity to induce
fluorescence. Preferably, the particles are measured by directing first and second
éoherent energy beams across the path at separate first and second locations, then
detecting coherent energy scattered by each particle as 1t intersects each beam. The
transit time can be used to indicate aerodynamic size. The intensity of the scattered
encrgy can be measured as a further indication of particle size. The preferred device
for the intermittent generation of excitation energy is by a pulsed laser. The
wavelengths most useful for fluorescence excitation, 1.e. ultraviolet light in the range
of about 200 to 400 nm, are more easily generated using pulsed lasers. As compared
to continuous lasers, pulsed lasers are smaller, more rugged, more efficient, and
produce less excess heat. The laser can be pulsed in response to sensing coherent
energy scattered by each particle as the particle passes at least one of the first and
second locations. More preferably, the laser is pulsed in response to a transit time
based on sensing the particle as it passes both locations. The time to generate the
excitation energy is determined rapidly, based on a look-up table containing multiple
time delay values, each individually associated with one of multiple transit times
stored as addresses. Accordingly, a transit time mput to the table leads to virtually
instantaneous generation of the associated time delay value as an output of the table,
for use in timing the excitation energy to irradiate the particle. A similar look-up table
can be used for rapid generation of acrodynamic size values.

The responsive emissions from each particle, typically fluorescence signals,
tend to be weak and can be difficult to extinguish from noise. Accordingly, a device
o concentrate the responsive emission energy provides enhanced sensitivity. More
particularly, an ellipsoidal mirror is positioned near the third location, with one of its
two foci at the third location. The detector, typically a fluorescence detector, 1s
positioned at the other one of the foci. As a result, energy emanating from the third
location, despite reaching the ellipsoidal mirror at a variety of locations, 1s reflected

toward the other focus, 1.e. toward the detector. A similar positioning of a second



CA 02448155 2003-11-24

ellipsoidal reflector can reduce the power requirements for the coherent energy lasers
used in determining acrodynamic size.

In accordance with another aspect of the present invention, there 1s provided a
process for characterizing particles in aerosols, including:

éausing an aerosol to move along a predetermined path as a stream of
successive particles;

causing a first coherent energy beam to cross the path at a first location;

detecting coherent energy scattered by each of the particles as 1t intersects the
first coherent energy béam;

causing an excitation energy beam oriented substantially parallel to the first
coherent energy beam to cross the path at a second location downstream of the first
location to individually irradiate the particles with the excitation energy, wherein the
excitation energy has a frequency within a range selected to trigger a responsive
emission by a predetermined constituent; and

responsive to said irradiating of the particles, sensing for the presence of a
responsive emission to facilitate determining whether each of the irradiated particles
contains the predetermined constituent.

The excitation component preferably includes a pulsed UV laser-operated to
generate coherent energy having a wavelength 1n the range of about 349-355 nm. In
response to this irradiation, biological components in the particles emit fluorescent
signals, generally at a longer wavelength than that of the excitation energy, 1.e. in the
range of 400-580 nm. .

According to a further aspect of the invention, several detectors can be
positioned to sense different frequencies or frequency ranges of radiation emitted by
the particles, permitting an indication of particle composition with respect to two or
more fluorescing components.

In accordance with another aspect of the present invention a process for
characterizing particles in aerosols, including:

causing an aerosol to move along a predetermined path as a stream of
successive particles;

causing a first coherent energy beam to cross the path at a first location;

detecting coherent energy scattered by each of the particles as 1t intersects the
first coherent energy beam;

irradiating the path with éxcitation energy at a second location downstream of
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the first location to individually irradiate the particles with the excitation energy,
wherein the excitation energy has a frequency within a range selected to trigger a
responsive emission by a predetermined constituent;

responsive to said irradiating, sensing for the presence of a responsive
emission to facilitate determining whether each of the irradiated particles contains the
predetermined constituent; and

monitoring an energy level of the scattered coherent energy.

In accordance with another aspect of the present invention a particle
characterizing systerﬁ, including:

a flow generating device for moving an aerosol along a designated path with
particles of the aerosol in series;

a first beam of coherent energy intersecting the path at a first location, and a
detecting component adapted to detect coherent energy scattered by each one of the
particles as it moves past the first location;

an excitation component for generating excitation energy at a frequency
‘within a predetermined excitation freqliency range selected to cause a responsive
emission by a predetermined constituent, and for causing the excitation energy to
intersect the path at a second location downstream of the first location; and

a sensing component adapted to 'detect responsive emissions from the
particles so irradiated, to facilitate determining whether each particle contains the
predetermined constituent. '

In accordance with another aspect of the present invention a particle
characterizing system, including: -

a flow generating device for moving an aerosol along a designated path with
particles of the aerosol in series;

a first beam of coherent energy intersecting the path at a first location, and a
detecting component adapted to detect coherent energy scattered by each one of the
particles as it moves past the first location;

an excitation componént for generating a laser beam of excitation energy at a
frequency within a predetermined excitation frequency range selected to cause a
responsive emission by a predetermined constituent, and for causing the laser beam to
intersect the path at a second location downstream of the first location, wherein the

laser beam at the second location is substantially paraliel to the first beam of coherent

energy; and
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a sensing component adapted to detect responsive emissions from the particles
so 1rradiated, to facilitate determining whether each particle contains the
predetermined constituent.

In accordance with another aspect of the present invention a particle
characterizing system, including:

a flow generating device for moving an acrosol along a designated path with
particles of the aerosol in series;

a first beam of coherent energy intersecting the path at a first location, and a
detecting component adapted to detect coherent energy scattered by each one of the
particles as 1t moves past the first location, and further adapted to measure a -
magnitude of the scattered coherent energy;

an excitation component for generating excitation energy at a frequency
within a predetermined excitation frequency range selected to cause a responsive
emission by a predetermined constituent, and for causing the excitation energy to
intersect the path at a second location downstream of the first location; and

a sensing component adapted to detect responsive emissions from the
particles so 1rradiated, to facilitate determining whether each particle contains the
- predetermined constituent.

According to one approach, the device further includes a coherent energy
source or causing a beam of coherent energy to itersect the path at the selected
location. In this case the energy emanating from each of the particles consists
essentially of scattered coherent energy, and the detector comprises an avalanche
photodetector. In another approach, the device includes an excitation source for
causing excitation energy to mtersect the path at the selected location to cause the
particles to emit responsive signals. In this case, energy emanating from the particles
.consists essentially of the responsive signals, and the preferred detector is a
photomultiplier tube. Further according to the present invention, these appro aches can
be combined 1n a single device with two 'ellipsoidal reflectors, one for sensing
coherent energy scattered from a first location along the path and the other for sensing

fluorescent signals emitted by particles at a second location downstream from the first

location.

Thus in accordance with the present invention, information about individual
particle size and composition is generated in real time and with a high degree of

sensitivity, despite using relatively low energy continuous wave lasers for measuring

6a
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aerodynamic size, and a low energy pulsed laser for providing excitation energy.
Time-of-flight measurements are used to rapidly generate acrodynamic size
information and timing information used to pulse the source of excitation energy.
Improvements in sensitivity are achieved by employing energy concentration
structures such as ellipsoidal mirrors to augment the emitted energy provided to
photomultiplier tubes or other detectors. The lower laser energy levels and increased
detection sensitivity combine to provide a less costly and more reliable instrument for

generating real time particle size and composition information.

In the Drawings

For a further understanding of the above and other features and advantages,

reference 1s made to the following detailed description and to the drawings, 1n which:

6b
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Figure 1 is a schematic view of a system for characterizing aerosol particles as to size
and the presence of a biological material or other fluorescing component, constructed

according to the present invention;

Figure 2 is a schematic view of a portion of the system where several laser beams

intersect a particle stream, viewed in the direction of the beam axes;

Figure 3 is a schematic view of substantially the same part of the system as shown in

Figure 2, viewed in the direction of particle stream movement;
Figure 4 isa circuit diagram illustrating operation of the system;

Figure 5 is an enlarged view of a memory component of the circuit in Figure 4, used to

generate aerodynamic size values;

Figure 6 is an enlarged view of a memory component of the logic circuit, used to

generate time delay counts;

Figure 7 is a partial view of an alternative embodiment system for recognizing several

different ﬂubrescing constituents;

Figure 8 illustrates another alternative embodiment system with a variably positionable

UV energy beam; and |
‘ Figure 9 illustrates part of a further alternative system in which the Uv laser is

selectively controlled as to amplitude or frequency.

Detailed Description of the Preferred Embodiment

Turning now to the drawings, there is shown in Figure 1 an electrode-optical system 16 '
for characterizing parti%cles in a gas stream. The system incorporates two interacting
subsystems: a gas flow system for generating a flow or stream of a gas, and an optical system
- for viewing the gas stream and characterizing particles car.r.ied'in the gas stream. Each of the

‘particles is characterized individually, in terms of its _size,; and the presehéebr absence of
detectable fluorescent constituents. As indicated above, certain biological components are
known to emit fluorescent signals when irradiated with excitation er‘lcrgy,' e.g., ultra-violet
light. Accordingly, system 16 is capable of examining aerosol particles for the presence of |

bidlogiCal compone_nts'and other fluorescent materials.

7
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Consxderlng first the gas flow system, gas (usually alr) contalmng particles is drawn
into a chamber 18 through a nozzle assembly 20 built into a top. wall of the chamber. An exit
conduit 22 extends upwardly through a bottom wall of the chamber. Gas 1s drawn out of the
chamber through the exit eonduit, to maintain a reduced pressure inside the chamber and thus
draw a continuous flow of the gas and parttcles through the nozzle aseembly into the chamber.
For a more detailed explanation of the gas flow system, reference is made to the

aforementtoned U S. Patent No. 5,561 515

- The opttcal system includes a radlant energy seurce in this case a diode laser 24
operated in the CW (continuous wave) mode, emitting a beam 26 in the visible range, more.
particularly ted light having a wavelength of about 680 nm. The laser beam is directed through
a series of beam sizing and shaping components, indicated collectwely in the ﬁgure as beam-
shaping optlcs 28. The optics include a beam-dividing component, so that the beam emerges '
~ from optics 28 asa pair of parallel, shghtly overlapping beams 26a and 26b These beams
proceed to a dichroic separator 30 that transmits the beams into chamber 18 througha
window 32 to intersect the particle stream. Beams 26a and 26b are focused along the region
where they intersect the particle stream. Beyond the particle stream, the beams proceed out of .
~ the chamber through an aperture 34, into a light stop or trap 36 designed to ensure that only
. light scattered or emttted by the parucles is sensed. For a more detailed descnptlon of the
optics, mcludtng reference to specific beam-shaplng components, reference is again made to

U.S. Patent No. 5,561,515,

In system 16, the optical subsystem further includes a diode pumped Nd: YAG pulsed '
UV laser 38 for generating aUV (ultra violet) beam 40 having a wavelength in the range of '
349-355 nm. Beam-shaping optics 42 shape the UV beam in the matter dlscussed above W1th
beam 26. Beam 40, however, is provided to a reflector 44 as a single beam, proceedmg
upwardly to dichroic separator 30. Separator 30 reflects frequencxes in the UV range.
Accordingly, beam 40 is reflected rather than transmitted, and proceeds into chamber 18
parallel to and transversely spaced apart from beams 26a and 26b, below the red beams as
shown in Figure 1. Pret‘erably,' beam 40 is offset from the other beams by a distance of about
300 microns. UV beam 40 intersects the particle path downstream of beams 26a and 26b, then .
proceeds out of the chamber into light stop 36. As it proceeds toWard the beam-shaping optics,

UV beam 40 passes'thr(mgh a substantially transparent window 46 set at a 45-degree angle
| 2 .
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relative to the beam. Window 46 reflects a small portion of the UV radiation to a

photodetector 48 used to monitor the UV pulse energy.

Figure 2 shows a portion of system 16, in particular the _region proximate the
interseCtions of the beamsand particle stream, as viewed looking along 'thc beam axes in the
direction away from li ght stop 36. This view illustrates the flattened or ellipt.ic\al profiles of
beams 26a, 26b and 40. As noted in thc aforementioned U.S. Patent No. 5;561,5 15,the
elliptical profiles ensure more consistency in the amount of light scattered by a given particle,
regardless of whether it is precisely centered within the beam or slightly off-center This figure
further illustrates the slight overlap of beams 26a and 26b, which is used In connection wrth

appropriate srgnal processmg to reject erroneous readlngs based on srngle-trr ggeror

coincidence events.

~ Positioned on opposite sides of the beams and pa’rticlcstream, are two éllipsoidal
reflectors or mirrors, indicated respectively at 50 and 5 2. An Opening 54 built into reﬂet:tor 50
allows radrant energy to proceed beyond reflector 50 to a fluorescence detector, in partrcular a
- photomultiplier tube 56. Li ght rccelved by photomultiplier tube 56 travels through optical -
filters 58 and 60. Srrnrlarly, an Opemng 62 in reflector 52 allows energy to reach an avalanche
photodetector 64 through an optical filter 66. Photodetector 64 Senses energy at the red '

‘

(680 nm) wavelengths scattered by the partlcles

In Frgure 3, the regron proximate the beamjpartlcie stream 1nterscctrons 1S shown as
seen from above lookmg along the particle stream Again, ellrpsordal mirrors 50 and 52 are

~shown on opposite sides of the beams, which in thlS view appear as a srngle beam

Detectors 56 and 64 each generate electrical (voltage) outputs that vary in proportton to
the amplitude of received energy. The detector electrrcal signal outputs are shown at 68 and \
70, respectrvely Optical filter 66 blocks the shorter wavelengths Uv excitation energy and the |
responsive fluorescence emissions of the partrcles, to ensure that_avalanche photodet_ector 64
receives only scattered red light. Similarly, optical ﬁlter 58 blocks the cxcitation wavelcngth
and optical filter 60 blocks the red wavelength, to ensure that photomultlphcr tubc 56 recerves

only the fluorescence si gnals emitted by the particles.
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As seen in Figures 2 and 3, ellipsoidal mlrrors 50 and 52 act as energy collectors or'

concentrators to enhance the sensitivity of the instrument for detecting scattered and emitted

energy.

In particular as to red wavelengths, mirror 50 is positioned to locate one of .its' foci
where overlapping beams 26a and 26b mtersect the particle stream The other of the foci is
' posmoned at the entxy to avalanche photodetector 64. Accordingly, any scattered energy that

reaches mirror 50, regardless of the particular location along the mirror, is reflected toward the

~ other focus of the ellipse, i.e., toward the avalanc}le photodetector. Broken line 72 in Figtlre 3

illustrates one example.

With respect to fluorescence emissions, mirror 52 1s positioned with one of its foci at

the intersection of beam 40 and the particle stream, and with the other one of its foci at the |

entry to photomultiplier tube 56. A particle when irradiated by UV beam 40, emits fluorescent .

energy, e.g., at a wavelength longer than that of beam 40, for example within the range of o
400-580 nm. As indicated by a broken line 74 in Figure 3, emitted fluorescence that
encounters the ellipsoidal reflective surface of mirror 50, havmg emanated from one of the _
focal points, is reflected to the other focal pomt i,e., through opening 62 to the photomultlpher
tube.

¢

Accordingly, each of ellipsoidal mirrors 50 and 52 collects and concentrates encrgy
emanating from the particles, and reflects the energy to its associated detector, with optical

filters ensuring that only the appropriate wavelength is detected.

Flgure 4isa block diagram 1llustratmg measurement and control functions within
system 16. The measuring and control cxrcultry includes a microprocessor 76 and a non-
volatile programmable memory (EEPROM) 104 coupled to the mlcroprocessor
Microprocessor 76 uses a channel 78 to provide address data to a pair of memones 80 and 82

for storing look-up table information. Each of the memories is a dual port RAM (random

- access memory). Throﬁgh another channel '-84, the microprocessor loads .look-up, data (as
opposed to the addresses for writing the look-up data). The other input 86 to rnemories 80 and
82 provides digital time-of-ﬂight values, i.e., digital words representing measured particle
transxt times. The transit tlmes, which represent the time for the partlcles to travel from the

center beam 26a to the center beam 26b, are provided by a transit time A/D (analog to digital)

10
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converter 88 that converts voltage | levels from an amplifier 90 into the correspondmg dtgttal
words The A/D converter also prov:dcs an input to a control logic c1rcu1t 92 coupled to '
memories 80 and 82. The control logic also is coupled to a laser trigger delay counter 94 and
an auxﬂlary delay counter 96. An ampllﬁer 98 receives an lnput signal from photomultlpher
tube 56 that vanes with the level of detected fluorescence. The output of amplifier 98 is
provided to an mtegra’tor 100, which in turn provides its.output to an A/D converter 102 that

provides the corresponding digital fluorescence values to microprocessor 76.

~ The measurement and UV laser control functions of the circuitry in Figure 4 depen’d on
 transit time information, which is generated by amplifier 90 based on a ramped voltage or other
appropriate analog ttrne-of-ﬂlght mdlcator A/D converter 88 converts the arnphﬁer output

~ into digital representations of the respective transit tnnes, pcovndmg them to memories 80 and

82,

As seen in Figure 5, memory 80 contains multlple addresses A, through A, each
correspondmg toa dlfferent transit time. Memory 80 also contains multnple aerodynam1c size
values S; through S,, each size palrcd wﬁh one or more (usnally several) of the addresses. For

example, 50 sizes might be paired with 1,000 addresses. Together, the addrcsses and size
values provide calibration information that usually is stored in EEPROM 104, and loaded by
the microprocessor into memory 80 for use during operation of the system. In operati‘on .each
- incoming digital transit time is matched to its correspondlng address, whereupon memory 80

provides the correspondmg aerodynamrc size value to the mtcroprocessor

Memory 82 is szmllarly configured with mulnple delay time values T, through T
palred with one or more addresses. Figure 6 illustrates the ‘multiple transn tire addresses and -
corrcspondmg multiple time delay valucs stored in memory 82. Responsxve to recelving a
' given transit time, memory 82 matchcs the given time to the correspondmg address and '

_ provxdes the appropriate delay time value to counter 94. Counter 94 decrcments the recelved

count, and upon reachmg 0, provides a trlggcnng command at 106 to UV laser 38

The parncles are accelerated as they travel through the region lllustrated in Figures 2 -
and 3. Accordmgly, the required delay time values do not exhibit a stralght-hne
pr0portxonahty‘to the measured transit times, and the relationship between the transit times and

delay time values reflects a more complex function. Accordingly, the system is calibrated.

11
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First, a series of different monosized distributions of particles containing ﬂuorescent material
each of a known average size, is drawn through chamber 18. Meanwh11e the UV laser trigger
delay counter is swept through a range of delay times durtng each distribution. About five to
ten distributions are run, with different sizes extending over an appropnate range, e.g., 0.5 to

15 micrometers. For each size, the maxixnumaverage fluorescence measurement corresponds
to the optimal delay. Then, the resultmg pairs of optimal delay times and sizes are matched to

an approprtate mathemattcal functlon that provides a close fit to the actual relationship, e.g.:
Delay count = A+B *eXp (transit time/C),

‘where A, B and C are constants of the calibration function. The constants thus derived are
used to complete the calibration data by providing intermediate time delay ualues for sizes
(transit times) not tested. Again, the data are stored in EEPROM memory 104 for the long

term, and loaded into memory 82 by the microprocessor as system 161 IS acttvated for use.

For each ﬂuorescence measurement, the acceptance of input from photomultiplier
tube 56 is timed to c01nc1de with the firing of UV laser 38 and the resultmg ﬂuoresccnce -
'~ emission from the particle. To this cnd counter 94 provides its output to auxlltary counter 96,
which accounts for the character;tsttc delay between the instant that UV laser 38 receives
trigger mput 106 and the time it actually fires the UV pulse. Counter 96 prowdes an input to

A/D converter 102, to enable a samplmg of the mtegrated photomultlpher output an analog
value that is converted to a digital value prov1ded to microprocessor 76 over a channel 108,

Meanwhile, memory 80 provides aecrodynamic size information to the microprocessor via a

'channel 110.

“Asan alternatlve to addltlonal counter 96, a photodetector can be provided to sense the
firing of UV laser 38 dlrectly, and in response enable A/D converter 102. In either case

measured fluorescence emissions can be corrected to account for vanatlons 1n the power of UV

laser 38, as measured by photodetector 48.

Flgurc 7 illustrates a detector array 112 for sensing ﬂuorescence accordmg to an
alternative embodxment of the invention. In particular, a serzes of photomultlpher tubes 1 14
116 and 118 are arranged along the pattlcle path, and are sensitive to ﬂuoresc.ence over

_differcnt ranges of wavelengths, e.g.t, 450-500 nm; 475-525 nm; and 500-550 nm. Ellipsoidal
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reflectors 120, 122 and 124 cooperate with detectors 114, 116 and 118, respectively,

concentrating emitted energy as previously described.

Figure 8 illustrates an irradiation arrangement of a further alternative embodiment,

namely a mirror 126 movable to guide a UV beam 128 from a laser 130 fo_ver arange of
locations along a particle stream. This approach enables the use of a single rather than variable

time delay for UV laser firing, yet can accommodate a variation in particle velocities and

accelerations.

According to a further embodiment of the invention, control circuit 92 can be adapted' .

~ te govern the firing of UV laser 38, the sensing of fluorescence, or both; according to |
predetermined- settings. For example, maximum and minimum inputs 132 and 134 can be used
to limit UV irradiation to particles within a selected range ef sizes (transittirnes), or to particles
having at least (or at most) a given size. The ability to selectively trigger'irradiation only in - )
connection with selectect sizes can be used, for example, to detect bacteria in clusters, as
opposed to individual specimens with diameters less than 0.9microns, by triggering UV |

laser 38 only for measured sizes at or above 0.9 microns.

Accordmg to another embodiment system, the intensity of the UV pulse or
alternatively its wavelength, is controlled based on transrt time measurements In general,
larger particles produce brighter fluorescence signals, permlttmg a lower intensity uv

irradiation. A power-controlling input to a UV laser 136 is indicated at 138,

In connectlon with controlling the wavelength the output of laser 136 1S dtrected
through a Bragg cell 140 (acoustlcal-Optlc modulator), or an electro-optic modulator such as a

Pockels cell or a Kerr cell. A driver 142, coupled to the Bragg cell, 1s used to selectlvely alter

the frequency.

Thus, in accordance with the present 1nvent10n, rapid and rehable real time 1nfermatlon -
is generated with respect to the individual partlcles of a partrele stream A high-sensitivity

~ detection arrangement permits the use of low energy continuous wave lasers for aerodynamic
size measurements, as well as low energy pulsed UV lasers for 1rrad1at1ng the particles to
stimulate fluorescent emissions. Transit time measurements are used both for providing
aerodynamic sizes and for determining, in connection with each particle, the appropriate timing

of UV laser irradiation.
13
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What is Claimed is:

1. A process for characterizing particles in aerosols, including:

causing an aerosol to move along a predetermined path as a stream of
successive particles;

causing a first coherent energy beam to cross the path at a first location;

detecting coherent energy scattered by each of the particles as it intersects the
first coherent energy beam;

irradiating the path with excitation energy at a second location downstream of
the first location to individually rradiate the particles with the excitation energy,
wherein the excitation energy has a frequency within a range selected to trigger a
responsive emission by a predetermined constituent; and

responsive to said irradiating, sensing for the presence of a responsive
emission to facilitate determining whether each of the irradiated particles contains the

predetermined constituent.

2. A process for characterizing particles in aerosols, including:

causing an aerosol to move along a predetermined path as a stream of
successive particles;

’ causing a first coherent energy beam to cross the path at a first location;

detecting coherent energy scattered by each of the particles as it intersects the
first coherent energy beam;

causing an excitation energy beam oriented substantially parallel to the first
coherent energy beam to cross the path at a second location downstream of the first
location to individually 1rradiate the particles with the excitation energy, wherein the
~excitation energy has a frequency within a range selected to trigger a responsive
emission by a predetermined constituent; and

responsive to said 1rradiating of the particles, sensing for the presence of a
responsive emission to facilitate determining whether each of the irradiated particles

contains the predetermined constituent.

14
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3. A process for characterizing particles in aerosols, including:

causing an aerosol to move along a predetermined path as a stream of
successive particles; -

causing a first coherent energy beam to cross the path at a first location;

detecting coherent energy scattered by each of the particles as it intersects the
first coherent energy bean;

irradiating the path with excitation energy at a second location downstream of
the first location to individually irradiate the particles with the excitation energy,
wherein the excitation energy has a frequency within a range selected to trigger a
responsive emission by a predetermined constituent;

responsive to said irradiating, sensing for the presence of a responsive
emission to facilitate determining whether each ot the irradiated particles contains the
predetermined constituent; and

monitoring an energy level of the scattered coherent energy.

4. A particle characterizing system, including:

a flow generating device for moving an aerosol along a designated path with
particles of the aerosol in series;

a first beam of coherent energy intersecting the path at a first location, and a
detecting component adapted to detect coherent energy scattered by each one of the
particles as 1t moves past the first location;

an excitation component for generating excitation energy at a frequency
within a predetermined excitaﬁon frequency range selected to cause a responsive
emission by a predetermined constituent, and for causing the excitation energy to
intersect the path at a second location downstream of the first location; and

a sensing component adapted to detect responsive emissions from the
particles so irradiated, to facilitate determining whether each particle contains the

predetermined constituent.

5. A particle characterizing system, including:
a flow generating device for moving an aerosol along a designated path with

particles of the aerosol in series:

a first beam of coherent energy intersecting the path at a first location, and a

15
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detecting component adapted to detect coherent energy scattered by each one of the
particles as 1t moves past the first location;

an excitation component for generating a laser beam of excitation energy at a
frequency within a predetermined excitation frequency range selected to cause a
responsive emission by a predetermined constituent, and for causing the laser beam to
intersect the path at a second location downstream of the first location, wherein the
laser beam at the second location 1s substantially parallel to the first beam of coherent
energy; and '

a sensing component adapted to detect responsive emissions from the
particles so 1rradiated, to facilitate determining whether each particle contains the

predetermined constituent.

6. A particle characterizing system, including:

a flow generating device for moving an aerosol along a designated path with
particles of the aerosol in series; '

a first beam of coherent energy intersecting the path at a first location, and a
detecting component adapted to detect coherent energy scattered by each one of the
particles as it moves past the first location, and further adapted to measure a
magnitude of the scattered coherent energy;

an excitation component for generating excitation energy at a frequency
within a predetermined excitation frequency range selected to cause a responsive
emission by a predetermined constituent, and for causing the excitation energy to
intersect the path at a second location downstream of the first location; and

a sensing component adapted to detect responsive emissions from the
particles so 1rradiated, to facilitate determining whether each particle contains the

predetermined constituent.
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