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FIG. 1

(57) Abstract: Methods and systems for detecting and/or collecting particles are disclosed. At least some of the particles are elec-
trically charged by acharger (122). At least some of the charged particles are collected by a collector (140). Information indicating
the number of the detected/collected particles based on measured electrical charges of the charged particles is obtained by a pro-
cessor (170).
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Methods and Systems for Detecting or
Col lecting Particles

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to co-pending Chinese patent application
serial number 201010214848.6 filed June 29, 2010 entitled "Particle Measuring
Apparatus and Method" by inventor Ma Y u-Chen, the contents of which are

incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure is directed to methods and systems for detecting or

collecting particles, particularly nanoparticles.

BACKGROUND

[0003] Unless otherwise indicated herein, the materials described in this section are
not prior art to the claims in this application and are not admitted to be prior art by
inclusion in this section.

[0004] Nanoparticles are finding increasing use in the marketplace, and can be made
out of awide variety of materials including carbon in the form of nanotubes and
Bucky balls, metal oxides, semiconductors, and so on.

[0005] Questions have also been asked regarding the potential impacts of
nanoparticles on human health, at least in part due to their very small size. For
example, if nanoparticles enter the human body through the respiratory tract, it may
be difficult for the human body to discharge them. Similarly, concerns have been
raised about the potential absorption of nanoparticles through the skin, while larger
conventional particles are not likely to fit through pores and channels in the skin. The
fine particle size of nanoparticles also makes them challenging to filter or otherwise

remove from the environment.
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[0006] Conventional particle detection technologies are not effective at detecting or

measuring the presence of nanoparticles.

SUMMARY

[0007] The applicant recognized that in various situations, e.g., during the production or
testing process of nanomaterials, there is aneed to monitor the emission of
nanoparticles, or to collect the nanoparticles to thereby reduce their density in the
environment. Accordingly, apparatus and methods are disclosed herein to effectively
detect and/or collect nanoparticles, or other particles of small sizesin general.

[0008] In one aspect, an apparatus for detecting or collecting particles is described.
The apparatus can comprise: acharger to electrically charge at least some of the
particles; acollector to collect at least some of the charged particles; and a processor
to obtain information indicative of an amount of the detected/collected particles based
on measured electrical charges of the charged particles.

[0009] In an additional aspect, amethod of detecting or collecting particles is
described. The method can comprise: electrically charging at least some of the
particles in aflow; collecting at least some of the charged particles, and obtaining
information indicative of an amount of the detected/collected particles based on
electrical charges of the collected charged particles.

[0010] An additional aspect describes a nanoparticle detector. The nanoparticle
detector can comprise: acharger to electrically charge at least some nanoparticles
passing through the detector; a collector to collect at least some of the charged
nanoparticles; and aprocessor to obtain information indicative of an amount of the
detected nanoparticles based on measured €electrical charges of the collected charged
nanoparticles.

[0011] Yet afurther aspect describes a system for detecting or collecting particles.
The system can comprise aplurality of apparatuses each comprising: acharger to
electrically charge at least some of the particles; and a collector to collect at least

some of the charged particles;, and aprocessor to obtain information indicative of an
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amount of the detected/collected particles based on measured electrical charges of the
charged particles from each of the plurality of apparatuses.

[0012] The foregoing summary isillustrative only and is not intended to be in any
way limiting. In addition to the illustrative aspects, embodiments, and features
described above, further aspects, embodiments, and features will become apparent by

reference to the drawings and the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The foregoing and other features of this disclosure will become more fully
apparent from the following description and appended claims, taken in conjunction
with the accompanying drawings. Understanding that these drawings depict only
several embodiments in accordance with the disclosure and are, therefore, not to be
considered limiting of its scope, the disclosure will be described with additional
specificity and detail through use of the accompanying drawings.

[0014] Figure 1 shows an example system for the detection of nanoparticles in an
airstream.

[0015] Figure 2 shows aclose-up view of needles having multiple branches that
improve the charge loading efficiency.

[0016] Figure 3 shows apossible charge loading structure design including
interlacing fingers or plates.

[0017] Figure 4 shows apossible charge loading structure design including a grooved
surface.

[0018] Figure 5 shows an electrically-charged bent or torturous channel portion that
can charge particles.

[0019] Figure 6 shows achannel portion having one or more electrically-charged
protrusions that can charge uncharged particles.

[0020] Figure 7 shows adiluter that can optionally be used to reduce the density of
particles being measured and to improve accuracy of resulting measurement when the

input particle density ishigh.
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[0021] Figure 8 shows an alternative diluter having multiple connectors with
differing diameters.
[0022] Figure 9 shows apossible chamber and sub-chamber design that can be used
to reduce particle density.
[0023] Figure 10 shows an aternative diluter design that includes multiple grading
channels of different diameters.
[0024] Figure 11 shows apossible receiver design including a conductive mesh that
can collect charged particles.
[0025] Figure 12 shows aflowchart of steps that can be used to detect and measure
nanoparticle concentrations in asample. The method can result in ananoparticle
count being displayed or communicated. The method can additionally or
alternatively result in anotification or alert being issued if the nanoparticle count
meets or exceeds apredetermined value, or if the rate of change in nanoparticle
counts over time meets or exceeds apredetermined value.

[0026] Figure 13 shows ablock diagram of an example computer program.

DETAILED DESCRIPTION

[0027] In the following detailed description, reference is made to the accompanying
drawings, which form apart hereof. Inthe drawings, similar symbols typically
identify similar components, unless context dictates otherwise. The illustrative
embodiments described in the detailed description, drawings, and claims are not
meant to be limiting. Other embodiments may be used, and other changes may be
made, without departing from the spirit or scope of the subject matter presented
herein. It will be readily understood that the aspects of the present disclosure, as
generally described herein, and illustrated in the Figures, can be arranged, substituted,
combined, separated, and designed in awide variety of different configurations, al of
which are explicitly contemplated herein.

[0028] Methods, apparatus, systems, and devices related to detecting, measuring,
and/or collecting particles are described. Generally, an apparatus can be used to

perform detection and/or collection of particles. The apparatus can include at least
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one charger to electrically charge at least some of the particles, at least one collector
to collect at least some of the particles, and at least one processor to obtain
information indicative of an amount or concentration of the particles based at least in
part on the measured electrical charges of the particles.

[0029] The systems and techniques described herein may be used to detect particles
of generally any suitable size. In some embodiments, the particles may have alargest
dimension of about 2500 nm or less, for example, in the range of about 100 nm to
about 2500 nm. In some embodiments, the particles may have alargest dimension of
about 1000 nm or less, for example, in the range of about 0.1 nm to about 1000 nm.
Specific examples of the largest dimension include about 0.1 nm, about 1 nm, about
10 nm, about 50 nm, about 100 nm, about 200 nm, about 500 nm, about 1000 nm,
about 1500 nm, about 2000 nm, about 2500 nm, and ranges between any two of these
values. The particles may generally have any size distribution. The size distribution
can beregular or irregular. The size distribution can be monomodal or multimodal.
[0030] Apparatus

[0031] FIG. 1shows apossible high-level configuration design of an apparatus. For
example, asillustrated in FIG. 1, an apparatus 100 can include at least one charger
122 to electrically charge at least some of the particles, at least one collector 140 to
collect at least some of the charged particles, and at least one processor 170 to obtain
information indicative of an amount or density of the detected/collected particles
based on measured electrical charges of the charged particles. In some embodiments,
asingle processor may be connected to multiple detector units (e.g., acentral located
processor in abuilding may be connected to multiple detectors positioned throughout
the building).

[0032] The apparatus 100 can generally be of any size, from small portable units to
large, fixed installations. The apparatus 100 can be aminiature particle measuring
device, where air flows carrying particles to be tested are allowed to pass through the
particle channel 131 of the device body 130. The electrostatic generator 110 provides
electrostatic charges, and the charge loader 120 loads particles to be measured with

electrical charges.
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[0033] The charger 122 can include at least one electrostatic generator 110, which
can generate static electricity, and at least one charge loader 120 to load electrical
charges to the at |east some of the particles from the electrostatic generator 110.

[0034] For example, avan de Graff electrostatic generator can be used. The
generator can operate at avariety of voltages. For example, the voltage can be about
10 V to about 10,000 V.

[0035] In one embodiment, the charge loader 120 can include an array of needles 124.
The needles can generaly have any size and dimension. In one example, the needles
can each have aheight of about 5 mm, and the array can have asize of about 2 cm x 2
cm, containing 20 x 20 (400 total) needles. The needles can generally have any
height. For example, the height can be about 0.05 mm to about 50 mm. In some
embodiments, the needles can each have aheight of 10 mm or less, 5 mm, or less, 1
mm or less, (e.g., in the range of about 1 mm to about 10 mm). In various
embodiments the array may be square shaped, rectangle shaped, or any other suitable
shape. In some embodiments, the length, width, or length and width, of the array may
be less than about 10 cm, less than about 5 cm, less than about 2 cm, less than about 1
cm, or even smaller (e.g., in the range of about 1cm to about 10 cm). With these
relatively small exemplary dimensions, the charge loader 120 or the whole apparatus
100 can be made portable. Alternatively, avery large array size can be adopted for a
fixed-position installation. In some embodiments, the array may include at least 100,
at least 200, at least 400, at least 500, at least 1000 or more needles (e.g., in the range
of 100-1000 needles). The needles can generally be made of any type of material
suitable to facilitate loading charges to particles. For example, the needles can be
made of copper, aluminum, silver, or other materials of high conductivity.

[0036] The needles can be branched or unbranched. In one embodiment, with
reference to FIG. 2, the needles 224 each include aplurality of branches 226
resembling tree branches, to improve charge loading efficiencies. In the examples
shown, the needles 224 can include afirst level point discharge structure 227, a
second level point discharge structure 228, and athird level point discharge structure
229. Invarious embodiments, additional levels of point discharge structures may be

used. In one example, the needles 224 can have atotal length of about 1 mm to about
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100 mm, and the branches 226 can have abranch length that is about 20 - 80% of the
total length of the needles 224. The third level point discharge structure 229 can have
adimension that is about 20 - 80% that of the branch Iength of the branches 226.
[0037] The charge loader 320 can have avariety of structures. In one embodiment,
with reference to FIG. 3, acharge loader 320 can have an interlacing charge loading
structure 322 including aplurality of interlacing fingers or plates 324. These fingers
or plates increase the surface areas of the charger, and improves the probability of the
particles coming into contact with the surfaces, thereby improving the charge loading
efficiencies. The gaps between the fingers or plates 324 can be about 5 to about 300
mm, for example, and the length of the fingers or plates 324 can be about 1to about 4
times the dimension of the gaps.

[0038] Alternatively, in some embodiments, acharge loader 420 can have a grooved
charge loading structure 422 including aplurality of grooves 424 on ametal surface
426. FIG. 4 shows an example of such agrooved structure. In some embodiments,
the grooves 424 can be molded into the loading structure. In some embodiments, the
grooves 424 can be, for example, freshly scratched on the metal surface 426 using a
blade 428, for example before each use, to improve the charge loading efficiency.
The blade 428 can be driven by amotor or an actuator.

[0039] The channel 131 can include at least one particle discharge port 131aand at
least one particle feed port 132. The various ports can generally be of any size and
shape. Shapes aretypicaly regular geometric shapes such as square, round, or
rectangular shapes, although other regular or irregular shapes may be used. In one
example, the particle feed port 132, which allows air or other gaseous medium
containing the particles to enter, has a square opening of 2 x 2 cm, although any other
suitable shape and dimensions may be used. The smaller opening is suitable for a
portable device, and larger opening can be used for fixed installation. The channel
can be made of ceramic, metal, plastic, or any other suitable materials.

[0040] At least one filter layer 133 can be optionally included to select particles
based on particle size. For example, large particles that do not need to be measured
can be kept out of the channel 131. In one embodiment, the filter is configured to

prevent particles larger than athreshold size (e.g., 1 nm, 10 nm, 100 nm, 1000 nm,
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e.g., in therange of 1-1000 nm) from being electrically charged by the charger 122.
The filter 133 can further reduce adensity of the particles in the flow. In some
embodiment, the filter 133 also acts as adiluter to reduce the particle density,
although it may change the particle size distribution. The filter can have a square
shape, for example, with asize of about 5- 200 mm, or acircular shape with a
diameter 5- 200 mm in another example. The filter can be an off-the-shelf product,
such asaHEPA or ULPA filter. The filter class can be selected to be suitable for
filtering or selecting the desired particle types and sizes. The filter and the channel
can be selected to have matching shapes and sizes.

[0041] If thefilter layer 133 isnot used, unwanted data related to particles larger than
the target size can be eliminated through data analysis. For example, particles of
larger sizes have ahigher probability of receiving loaded static electricity because of
their larger surface areas. Asthere isrepulsion between static electricity, when the
repulsion reaches equilibrium, apositive correlation can form between the loading
quantity of static electricity and the surface area of particles. Data of the particles of
a specific size range can then be derived based on the correlation. In one example, a
method is provided including (i) determining athreshold range for the electrical
pulses to be collected, such as electrical charges in the range of 1.6 x 108 C - 1.6 x
103 C; (ii) measuring electrical pulse data; and (iii) determining whether the
electrical pulse iswithin the threshold range determined in (i). If yes, then the datais
collected. If not, then the corresponding electrical pulse data is deleted.

[0042] The channel 131 alows the particles to flow therethrough, for example carried
by airflow or aflow of agas such as nitrogen. The charged particles can aso be
driven by the charge loader 120, as these particles have the same polarity as the
charge loader 120, and thus are driven by the charge loader 120 through Coulomb
repulsion.

[0043] The channel can be straight or not straight in shape. For example, as
illustrated in FIG. 5, the channel 531 can include at |east one electrically-charged bent
or torturous portion 533, which is configured to charge at least some of the particles

to the same polarity as the charger.
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[0044] Asthe particles pass through the charge loader, e.g., the like-charge source
(B), the negative charges (E) can be transferred to some of the particles. In some
other embodiments, positive charged may be used. The bent or torturous portions in
the channel 531 form one or more meander cavities (C), and increase the ratio of the
particles loaded with electric charges (Al) to the particles not loaded with electric
charges (A2).
[0045] Specifically, after the like-charge source (B) preliminarily loads particles with
electric charges (E), particles loaded with electric charges (Al) will unlikely fall on
the wall of the meander cavity (C) due to the Coulomb repulsion, and move aong the
channel 531 towards the outlet under the influence of the electric field of like-charge
source (B) or following the flow of air (or other gas). On the other hand, the particles
not loaded with electric charges (A2) tend to be trapped within the meander cavity (C)
and may come into contact with the wall of meander cavity (C) to be electrically
loaded by the charged wall of meander cavity (C).
[0046] Advantageoudly, the structure facilitates rapid release of particles loaded with
electric charges, with the help of Coulomb repulsion, and at the same time rapidly
loads those uncharged particles with electric charges.
[0047] In various embodiments, the tortuous portion 533 includes at least 1, at least 2
at least 3, at least 4, at least 5 (as shown), at least 10, or more than 10 bends. In
various embodiments, the bends may each be at an angle greater than 5, 10, 15, 20, 25,
30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, or more degrees.
[0048] The channel can optionally include one or more protrusions. For example, as
shown in FIG. 6, the channel 631includes at least one electrically-charged protrusion
(N, P) configured to further charge at least some of the uncharged particles in the
flow. The protrusion can include, for example, aplurality of needles (P) capable of
transferring electrical charges to the uncharged particles (A2) through point
discharges, or aplurality of protrusions forming a conductive network (N) to conduct
electrical charges to the uncharged particles (A2).
[0049] In some embodiments, the needles (P) can have cone shapes with abottom
diameter of about 1 mm to about 5 mm and aheight of about 1.5 to about 3 times the

bottom diameter. In some other embodiments, the conductive network (N) can be
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made of copper wires having adiameter or width of about 0.02 - 0.2 mm. In one
example, copper wires with adiameter of 0.05 mm form amesh having openings with
asize of 0.25 x 0.25 mm. The mesh can have atotal area of 5 mm x 5 mm, for
example.

[0050] The apparatus can optionaly include at least one diluter. A diluter can be
desirably used when samples have high concentrations of particles. For example, as
shown in FIG. 7, adiluter 700 can beincluded in the channel 131 or connected to the
channel 131to reduce the density of the particles being measured, to thereby improve
the measurement accuracy, e.g., by reducing the density of the electrical pulses when
they become too crowded. A diluter can also function to reduce the likelihood of
particle aggregation. The diluter can have various configurations. In the embodiment
shown in FIG. 7, the diluter 700 includes afirst grading chamber 702, a second
grading chamber 704, and athird grading chamber 706. These diluting chambers can
be connected by control valves 708, 710, which selectively allow pneumatic
communication between the chambers. In various embodiments, any other suitable
number of chambers and connections may be used.

[0051] In one example, the first grading chamber 702, the second grading chamber
704, and the third grading chamber 706 each have avolume of about 5 cm’®. The
control valves 708, 710 each have avolume of about 0.05 cm®. Valves can be
disposed on both sides of the control valves 708, 710, between neighboring chambers.
The operation can berealized in the following example steps: (A) opening the first
grading chamber 702 and the control valve 708, letting in the flow of air or gasto be
detected; (B) closing valve between the first grading chamber 702 and the control
valve 708; (C) opening the valve between the second grading chamber 704 and the
control valve 708. In one example, the 0.05 cm® gas expands in the second grading
chamber 704, reaching atotal volume of 5.05 cn’, i.e., 101 times its original volume.
Thus, through this dilution process, the particle density isdiluted by afactor of 101.
Similarly, through the control valve 708 and the third grading chamber 706, the gasis
further diluted by afactor of 101.

[0052] The second grading chamber 704 and the third grading chamber 706 can be

pre-evacuated to anear vacuum state. Otherwise, if there isresidua gasin these
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chambers, these chambers may be at |east cleaned to reduce residual particles in these
chambers, to reduce interference with the measurements. To clean the chambers ,a
clean air flow can be directed to "wash" the chambers. Other cleaning methods can
also be used.
[0053] In one embodiment illustrated in FIG. 8, the diluter 800 includes groups of
connectors 808, 810 disposed between the grading chambers 802, 804, 806. Each of
the groups 808, 810 includes aplurality of connectors having different diameters. In
various embodiments, any other suitable number of chambers and connections may
be used.
The operation principle of the diluter 800 is similar to that of the diluter 700. With
the disposition of different connectors having different volumes, the dilution factor
can be further adjusted. Thisis because the dilution factor between adjacent stages
can be determines as the sum of the volume of the chamber and the volume of the
connector divided by the volume of the connector. Thus, by selecting the different
connectors, different dilution factors can be selected.
[0054] In one embodiment shown in FIG. 9, adiluter includes at least one chamber
900 and at least one sub-chamber 902. The various chambers can generaly be any
size and shape. The shape of the chambers typically will be regular geometric shapes
such as cubes, spheres, or cylinders, although other regular or irregular shapes may be
used. The chamber 900 can befirst filled with the air or gas to be detected, with the
sub-chamber 902 communicative with the chamber 900. The sub-chamber 902 can
then be isolated from the chamber 900, and the chamber 900 evacuated by avacuum
valve 904. Subsequently the sub-chamber 902 can have its content released into the
chamber 900, resulting in adiluted content, e.g., reduced particle density.
[0055] Alternatively, the sub-chamber 902 can be filled with the air or gas to be
detected, and the chamber 900 can be evacuated or filled with a particle-free gas.
Subsequently, the sub-chamber 902 can have its contents released into the chamber
900, resulting in adiluted content. In either configuration, the known volumes of the
chamber 900 or sub-chamber 902 can be used to calculate the dilution factor of the

particle concentration. For example, if the volume of the chamber 900 plus sub-
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chamber 902 isten times the volume of the sub-chamber 902, then the dilution factor
is 10X .
[0056] The dilution process can include further stages. For example, after the above
steps in afirst stage of dilution, the valve between the sub-chamber 902 and the
chamber 900 can be closed again, and the chamber 900 can be further evacuated to a
near-vacuum state. Next, the valve between the sub-chamber 902 and the chamber
900 can be opened again to connect the sub-chamber 902 and the chamber 900. Thus,
the particle density is further diluted by another factor of 10 in the second stage of
operation.
[0057] For each stage of dilution, the dilution factor is (the volume of the sub-
chamber 902 + the volume of the chamber 900) / (the volume of the sub-chamber
902). In one example, the volume of the chamber 900 is 1000 cm’, and the volume of
the sub-chamber 902 is 1 cm?. After the first stage of dilution, the particle density is
reduced by afactor of 1001. After the second stage of dilution, the density is diluted
by another factor of 1001. That is, the particle density isreduced to about one
millionth of its original value.
[0058] The volume of the various chambers can generally be any volume. The
volumes can be selected at least in part on the desired portability of the apparatus, and
of the expected particle density of samples to be measured. In various embodiments
any other suitable dimensions or shapes may be used.
[0059] In an example illustrated in FIG. 10, adiluter 1000 can optionally include a
plurality of grading chambers 1001, 1002, 1003, each having adifferent
diameter/volume, and a sub-chamber 1004 connected to the smallest chamber 1003.
Aninner valve (not shown) is disposed between the sub-chamber 1004 and the
smallest chamber 1003. An outer valve (not shown) is disposed outside the sub-
chamber 1004. During operation, the inner valve isfirst closed. The grading
chambers 1001, 1002, and 1003 are evacuated, and one of the grading chambers is
selected as an exiting chamber. The gas to be diluted isintroduced to the sub-
chamber 1004, and the outer valve isclosed. The inner valve isthen opened, and the
gastobe diluted isintroduced into the selected exiting chamber. Thus, the gasis

diluted, and the dilution factor can be calculated using the formula similar to those
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described above with respect to FIGS. 7, 8, 9. The non-graded particles can be
washed out using aflow, such asaclean air or aclean fluid. Alternatively, the
various chambers can be evacuated to a near-vacuum state. During the evacuation
process, the non-graded particles can be removed.

[0060] In one example, the first grading channel can have a cross section of 10 cm?,
the second grading channel can have a cross section of 0.5 cm?, and the third grading
channel can have across section of 0.5 cm?. Thus, after passing through the grading
channels 1002, the particle density is diluted by afactor of 1,000. The geometry and
the size of the grading channels 1002 can be designed based on the required
measurement accuracy, and the size of the device 100. In various embodiments, any
other suitable dimensions or shapes may be used.

[0061] When particles carrying the electrostatic charges reach acharged particle
receiver 140 after passing through the particle discharge ports 131a, the receiver 140
can collect the charges, for example, through skin effects (e.g., the tendency of an
electric current or magnetic flux to distribute itself within a conductor with the
current density being largest near the surface of the conductor, decreasing at greater
depths.) The quantity of charges collected by the receiver 140 can then be measured
directly by the recelver 140. Alternatively, adischarge assembly performs electric
discharge and measurement. Data indicative of the quantity of the collected charged
particles can be obtained through measurement of charge pulses, and converted to
data indicative of the properties of the particles. A pulse threshold can be set such
that only electrical pulses above apulse threshold are recorded as valid data, to avoid
recording electrical pulse noises.

[0062] Ideally, individual electrical charges are measured through the measurement
of the pulses. If the particle density is very high, asingle pulse can be aresult of
multiple charged particles, and the accuracy of the detection of the nanoparticles can
be increased through the dilution of the particle density as described above.

[0063] The pulse strengths result from the net electrical charges deposited on the
particles. These net electrical charges mostly are distributed on the surfaces of the
particles. The pulse strengths indicate the measurable number of net electrical unit

charges, or the measurable electrical charges. In one example, asingle pulse
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corresponds to 10 - 1,000,000 electrical unit charges, or an electrical charge of about
16x 10 C- 1.6x 108 C.

[0064] Asan example, the receiver 140 can be a conductive, spherical or elliptical
shell with an open end, which corresponds to the particle discharge port 131a. The
receiver 140 typically can be larger in cross-section than the particle discharge port.

In one example, the receiver and the particle discharge port can have the same cross-
section shape, such ascircular.

[0065] A charge exporter assembly 150, which in one embodiment is adischarger
having apointed-end structure, can be used to export electrical charges from the
receiver 140. The exported charged can be measured by acharge measuring

assembly 160, which can measure charges based on at least one of Coulomb repulsion,
charge movement in amagnetic field, charge movement in an electric field, or effect
of charges on capacitance changes.

[0066] In one embodiment, the charge measuring assembly 160 can be maintained at
a specified distance to the pointed end of the discharger, and the repulsive or
attractive force due to the electrical field is used for measurements. The repulsive
force results from electrical charges of the same polarity, and the attractive force
results from electrical charges of opposite polarities. For the discharger in the charge
exporter assembly 150, as aresult of the point discharge effect, the electrical field
adjacent the pointed end isthe strongest. For example, at aclose range, such as
within 0.1 mm, the electrical field potential can be in the range of about 0.1 - 1000 V.
In one embodiment, anegatively-charged probing needle can be disposed adjacent the
pointed end of the discharger, and senses the force. Based apredetermined

correlation between the force and the electrical charges, the electrical charges from
the pulses can be measured.

[0067] Skin effects can be used to trap electric charges, for example, using a
conductive, semi-enclosed spherical shell 141 having the charged particles move
along a surface thereof. If electric charges are conducted within the spherical shell
141, the electric charges tend be dispersed throughout the surface of the conductive

shell 141 due to Coulomb repulsion.
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[0068] A grounding device can optionally be provided to couple the receiver 140 to
the ground. When the receiver collects alarge amount of electrical charges,
measurement accuracy can sometimes be negatively affected. By releasing the
electrical charges on the surface of the receiver 140 to the ground, the measured
charge may be "zeroed," thereby improving the measurement accuracy.

[0069] The receiver 1140 can optionally include a conductive mesh 1142 to collect
the charged particles, as shown in FIG. 11. Thereceiver 1140 can further include at
least one electric field generator to generate an electric field 1144, and/or at least one
magnetic field generator to generate a magnetic field 1146 (or combinations thereof),
to modify trajectories 1148 of the charged particles 1150. The charged particles 1150
enter the collector 1140 from the entrance 1152, pass at least aportion of the charge
receiver units 1154, and are emitted in the general direction 1156. The entrance 1152
can be configured to allow particles of specific mass and/or electric charges to pass
therethrough, for example by selecting a combination of the entrance size and the
strength of the magnetic field/electric field strength at the entrance. The receiver
units 1154 of the conductive mesh 1142 can be scanned to obtain the electrical pulses
generated by each unit.

[0070] In one example, the charge receiver units 1154 are independent and insulated
from each other. Each of the charge receiver units 1154 can be coupled to a
corresponding electrical charge measurement unit. The electrical charge
measurement unit can measure electrical charges based on the repulsive or attractive
forces between charges, or by measuring an electrical capacitance after collecting the
electrical charges. Other measurement methods can also be used.

[0071] Each of the charge receiver units 1154 has apredetermined position. Thus, by
measuring the different electrical charges through the different charge receiver units,
the positional changes (as influenced by the electrical field and the magnetic field)
and charges of the charged particles 1150 can be effectively measured.

[0072] While not wishing to be bound by theory, the number and/or masses of the
charged particles can be optionally calculated from the measured electrical pulses
based on the following formulae.

[0073] The Coulomb force in the X direction is:
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F =3, (1)
In the X direction,

Fy = m,ay , (2)

where €x is the acceleration of the charged particle in the X axis. Thus,
E4d,

[ &3 X =
W
K

©)
Assuming a zero velocity of the charged particle in the X direction, the distance

traveled by the charged particle in the X direction is

, “4)

oGy (5)

In the Z direction, the velocity isthe same as the initial particle velocity:

l‘rz = 1:» i (6)
[0074] Neglecting the effect of gravity,
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Inthe YZ projection plane, Rp isthe radius of the circular motion of the charged

particle under Lorentz force, and
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Accordingly, using the charges 9, measured through the collector 1140 shown in Fig.
11, the charged particle mass m, can be obtained.

[0075] When the effect of gravity istaken into consideration, the above formulae can
be modified by including the acceleration of the particle in the Z direction as affected
by the gravity.

[0076] The particle analysis assembly 170 can optionally include at least one
processor to analyze the data measured by the charge measurement assembly 160. In
one embodiment, the particle analysis assembly 170 includes adirect particle analysis
module for indicating particle status corresponding to the reception status of quantity
of charges, and an indirect particle response module for deriving the overall status of
particles through the proportion of charged particles. The processor can be co-located
locally with the collector 140, or can be remotely located.

[0077] Based on the known correspondence between charge pulses and particles to be
measured, the types of particles can also be determined. For example, the types of the
particles can be derived from the electrical charges they carry and their masses.

Under the same conditions, the electrical charges can be proportional to the particle
surface area. Based on the particle surface area, the particle volume can be derived.
From the particle volume and mass, the particle density can be obtained. Thus, in
addition to the number of particles, the embodiments disclosed herein can also
provide information on the particle size and mass.

[0078] Advantageously, the various configurations disclosed herein can load particles
with electric charges efficiently by using either or both the charger 122 and the bent
or torturous portions 533 of the channel 131. In addition, the charger 122 also drives
the charged particles along the channel 131 through Coulomb repulsion, asthe
charged particles and the charger have the same polarity. The meander cavity formed
by the bent or torturous portions 533 of the channel 131 has its wall charged to the
same polarity asthe charger and the already-charged particles. Thus, charged
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particles tend not to come into contact with the side wall of the channel 131 asa
result of the Coulomb repulsion, whereas uncharged particles would be effectively
charged by the side walls of the channel. Uncharged particles tend to be trapped in
the meander cavities before they are being charged.

[0079] Methods

[0080] Various methods of detecting and/or measuring particles are described.
Particles may be provided in asample to be tested. The sample can generaly be any
sample containing or suspected of containing particles. Examples of samples include
air samples, automotive exhaust, industrial exhaust, semiconductor manufacturing
exhaust, roadside exhaust, etc. In addition, the sample can be from an industrial
manufacturing product, from which the particle characteristics can be measured to
determine whether the particles in the product are within the specification of the
requirements on the granulation.

[0081] An example method 1200 of detecting particles isillustrated by the flowchart
in FIG. 12, athough various additional or substitute steps may be used. In an
operation 1202, at least some or all of the particles in aflow are electrically charged.
In an operation 1204, at least some or all of the charged particles are collected. In an
operation 1206, electrical pulses resulting from the charged particles are recorded and
measured. In an operation 1208, information indicative of an amount of the
detected/collected particles are derived based on the measured electrical charges of
the collected charged particles. In an operation 1210, the obtained information such
asthe particle count and/or rate of change in particle count is compared with a
threshold. The particle count can be stored and/or displayed to auser in operation
1214. If the particle count or rate exceeds the threshold, in step 1212, a notification
or alert issent. The notification or alert can bein place of or in addition to the storing
or displaying step.

[0082] In various embodiments, any other suitable display, control signal, alarm
signal, etc. may be generated based on the detected particle count information. The
particle count may be processed to provide any suitable information (e.g., particle
density). For example, the particle density may be derived based the particle count

and the relevant sample volume.
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[0083] In one example, if one measurement takes about 10 microsecond, then during
each second 100,000 measurement operations can be performed, such that the
maximum detected particle number is on the order of 100,000. The detected
electrical charges can bein the range of about 1.6 x 10 C- 1.6 x 10* C, for
example. The low end of this range corresponds to detection of only afew elemental
charges (the elemental charge being about 1.6 x 101° C. The upper end of the range
corresponds to detection of about 100,000 charges, i.e., detecting charge for every or
nearly every measurement during the one second period. In other embodiments, other
measurement speeds may be used.

[0084] The detection of the current pulses caused by the collected charged particles
can be based on a Coulomb repulsion between charged particles, amovement of
charged particles in amagnetic field, amovement of charged particles in an electric
field, or achange in capacitance due to the charged particles.

[0085] The method can further include determining a detection threshold of the
current pulses. A correlation between particle count or density information and
electrical charges may be predetermined, for example based on the formulae
described above. When the same type particles are in a same state, e.g., the particles
being detected or measured are a same type of particles or having similar properties
and sizes, the measured electrical charges are proportional to the particle count or
density. If an air or gas content includes particles of different sizes or types, the
correlation may be more complex than alinear proportionality.

[0086] In one example, auser needs to detect silicon dioxide particles having roughly
auniform size of about 50 nm. If the measured electrical charges are 2 x 10%* C per
second, then the corresponding particle density isabout 5x 107 /m®. If the measured
electrical charges reach 6 x 10** C per second, then the corresponding particle
density is about 1.5 x 108 /m?3, i.e., three times its earlier value.

[0087] The method can optionally include measuring electrical charges at aplurality
of locations, such as by setting up aplurality of sampling orifices at different
locations within afactory or alaboratory, and processing measured data from the
plurality of locations using a single processor. In another example, asystem is

provided for detecting or collecting particles. The system includes aplurality of
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apparatuses each including at least one charger to electrically charge at least some of
the particles, and at least one collector to collect at least some of the charged particles.
A processor of the system can centrally obtain information indicative of an amount of
the detected/collected particles based on measured electrical charges of the charged
particles from each of the plurality of apparatuses. This can reduce the cost as the
processor and the analysis software may in some cases be a significant portion of the
cost of the system.

[0088] In some other embodiments, a sample is obtained from aflow of particles and
divided into aplurality of volumes. A set of data indicative of an amount of the
detected/collected particles based on electrical charges of the collected charged
particles from each of the plurality of volumes are measured, and a statistical analysis
of the plurality of sets of data can be performed to improve the measurement accuracy.
In one embodiment, aneural network isused to analyze the data, for example by
correlating the different sets of dataintelligently. Based on the correlations among
the different data sets, the errors or noises in the data can be more readily removed.
[0089] The methods can additionally include measuring a set of data without the flow
of particles as areference for calibration. The methods can further include calibrating
the apparatus and information obtained from the flow of particles using the reference.
This effectively acts as a "negative control”. The negative control can be avacuum
or agas sample known to be substantially free of particles.

[0090] The methods can additionally include measuring a set of data using a sample
containing aknown or pre-determined concentration of particles as a "positive
control”. The methods can further include calibrating the apparatus using the data
obtained using the positive control.

[0091] FIG. 13 isablock diagram illustrating an example computer program product
1300 for use with the apparatus 100 and implementing the methods described above.
The computer program product 1300 can include a signal bearing medium 1302,
which can include a non-transitory computer readable medium 1306, such as, but not
limited to, ahard disk drive, a Compact Disc (CD), aDigital Video Disk (DVD), a
digital tape, memory, etc. The computer program product 1300 may aso include a
recordable medium 1308, such as, but not limited to, memory, read/write (RAV) CDs,
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R/W DVDs, etc. In some implementations, the signal bearing medium 1302 may
encompass a communications medium 1310, such as, but not limited to, adigital
and/or an analog communication medium (e.g., afiber optic cable, awaveguide, a
wired communications link, awireless communication link, etc.). Thus, for example,
the computer program product 300 may be conveyed to one or more modules of the
apparatus 100 by aradio frequency (RF) signal bearing medium 1302, where the
signal bearing medium 1302 is conveyed by awireless communications medium
1310 (e.g., awireless communications medium conforming with the IEEE 802.11
standard). Instructions 1304 are stored in the signal bearing medium 1302 to perform
the data analysis methods as described above.
Examples
[0092] Example 1: Portable testing device
[0093] A portable air testing device isprepared. The device includes adisplay panel

that indicates the numeric concentration of nanoparticles in the air, aswell asa
flashing light and audible alarm indicator for when the nanoparticle concentration
exceeds apreselected threshold value. The device includes amemory module that
stores the time and concentration of detected nanoparticles.

[0094] During measurements, at atime T, one liter of sample is obtained. The
sample can include, for example, oxygen, nitrogen, carbon dioxide, water vapor,
various inert gases, dust, etc. In this volume, ten small cavities each of 0.1 liter are
included. Compositions in the ten small cavities can become completely the same
after the sample isfully mixed, and then the ten small cavities areisolated. Datais
obtained from each cavity. This configuration can be used to detect whether the
instrument isin a stable working state. In addition, the measurement results can be
processed. For example, the ten independent small cavities can obtain the same gas
samples. If the instrument is stable, then the particle measurements should be the
same or similar; if the instrument is unstable, the measurements would be different.
Based on the comparison of the measurement results, it can be determined whether
the instrument isworking in a stable state. On the other hand, using this
configuration, by measuring the sample multiple times, statistical analysis can be

performed on the measurements, such astaking an average value to reduce
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measurement errors. In various embodiments, more or fewer than ten cavities may be
used. The cavities may be of any suitable size.
[0095] Gas transportation into each small cavity can be driven by apiston structure.
As data sources are consistent each time, the results of measurement each time would
ideally be consistent. In reality, various errors will cause data differences. These
data are processed in accordance with the methods described above to reduce errors.
[0096] During the process of loading the particles with charges, relevant factors may
include: voltage, shape, and size of the charge loader, ambient temperature, moisture,
pressure, flow rate, etc.
[0097] By converting charged nanoparticles into electrical pulses, a single charged-
nanoparticle can be removed from the charged particle receiver (i.e., 140 in FIG. 1)
into the charge measuring assembly (i.e.,, 160 in FIG. 1). The relationship between the
charge on the surface of ananoparticles and its mass/size can bereadily obtained.
[0098] In one example, apulse carries 1000 effective charges per millisecond, and a
ratio of particles successfully measured to the total particles is 1:10. For the particle
feed port with a square opening of 2 x 2 cm, 1000 x 10 = 10,000 particles per
millisecond, or 10,000,000 per second can be measured.
[0099] During the measurement, if 1000 charge pulses are obtained per millisecond, a
threshold is set for the charge such that pulse peak values above or below the
threshold are considered invalid. In one example, 40% charge pulse measurement
data are screened out asinvalid, with the 60% remaining data considered valid.
Within the threshold range, the ratio of particles successfully measured can remain
the same, e.g., 10%. Thus, the particle feed port 132 with a square opening of 2 x 2
cm can receive particles to be measured at arate of 600 x 10 = 6, 000 per millisecond,
or 6,000,000 per second.
[00100] If electrical pulses are too crowded, e.g., when particles are excessive,
the particle density can be diluted before the measurements. For example, grading
chambers can be set through electric valves, wherein each grading chamber will have
avolume as big as one tenth of the volume of achamber of the preceding grade, in
which way, one grade will help dilute particles by 10 times; two grades by 100 times,
three grades by 1000 times, and so forth.
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[00101] Example 2: Carbon Nanotube Detector/Collector

In one example, acarbon nanotube detector isprovided. The carbon nanotube
detector can have aconfiguration similar to that described above, and be operated in a
similar principle.

[00102] Example 3: Metallic Nanoparticle Detector/Collector

[00103] In one example, a silver nanoparticle detector isprovided. The silver
nanoparticle detector can have aconfiguration similar to that described above, and be
operated in asimilar principle.

[00104] Example 4: Semiconductor Nanoparticle Detector/Collector

[00105] In one example, a semiconductor nanoparticle detector is provided.
The semiconductor nanoparticle detector can have aconfiguration similar to that
described above, and be operated in asimilar principle.

[00106] Example 5: System with multiple sampling stations

[00107] A system can be installed within a semiconductor processing factory,
including asingle centrally located processor. The processor is connected to an array
of twelve separate air sampling apparatus stations via awireless data network. Each
of the stations islocated at different locations within the factory, in the factory's
various exhaust systems, and outside of the factory building.

[00108] The processor monitors the amount of detected particles at each of the
stations, and determines rates of change for each of the stations. Both the amount and
rate are stored in adata module for archiving and generating reports. The processor
includes adisplay monitor that allows the factory's environmental health and safety
(EHS) officer to visualy asses the amount and rate of particle production at the
factory.

[00109] The processor is configured to issue an audible alarm if the amount,
rate, or both exceed preprogrammed thresholds. The processor is also configured to
issue anotification to the EHS officer by email or mobile phone text message if the
thresholds are exceeded at any time of day or on weekends or holidays.

[001 10] The present disclosure isnot to be limited in terms of the particular
embodiments described in this application, which are intended asillustrations of

various aspects. Many modifications and variations can be made without departing
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from its spirit and scope, aswill be apparent to those skilled in the art. Functionally
equivalent methods and apparatuses within the scope of the disclosure, in addition to
those enumerated herein, will be apparent to those skilled in the art from the
foregoing descriptions. Such modifications and variations are intended to fall within
the scope of the appended claims. The present disclosure is to be limited only by the
terms of the appended claims, along with the full scope of equivalents to which such
claims are entitled. 1t istobeunderstood that this disclosure isnot limited to
particular methods, reagents, compounds compositions or biological systems, which
can, of course, vary. Itisalso tobe understood that the terminology used herein is for
the purpose of describing particular embodiments only, and is not intended to be
limiting.

[001 11] With respect to the use of substantially any plural and/or singular
terms herein, those having skill in the art can translate from the plural to the singular
and/or from the singular to the plural asis appropriate to the context and/or
application. The various singular/plural permutations may be expressly set forth
herein for sake of clarity.

[00112] It will be understood by those within the art that, in general, terms
used herein, and especialy in the appended claims (e.g., bodies of the appended
claims) are generally intended as "open" terms (e.g., the term "including” should be
interpreted as "including but not limited to,” the term "having" should be interpreted
as "having at least,” the term "includes" should be interpreted as "includes but is not
limited to," etc.). It will be further understood by those within the art that if a specific
number of an introduced claim recitation isintended, such an intent will be explicitly
recited in the claim, and in the absence of such recitation no such intent is present.
For example, as an aid to understanding, the following appended claims may contain
usage of the introductory phrases "at least one" and "one or more" to introduce claim
recitations. However, the use of such phrases should not be construed to imply that
the introduction of aclaim recitation by the indefinite articles "a' or "an" limits any
particular claim containing such introduced claim recitation to embodiments
containing only one such recitation, even when the same claim includes the

introductory phrases "one or more" or "at least one" and indefinite articles such as "a"
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or "an" (eg. "a" and/or "an" should be interpreted to mean "at least one" or "one or
more"); the same holds true for the use of definite articles used to introduce claim
recitations. In addition, even if a specific number of an introduced claim recitation is
explicitly recited, those skilled in the art will recognize that such recitation should be
interpreted to mean at least the recited number (e.g., the bare recitation of "two
recitations,” without other modifiers, means at least two recitations, or two or more
recitations). Furthermore, in those instances where aconvention analogous to "at
least one of A, B, and C, etc." isused, in general such aconstruction isintended in
the sense one having skill in the art would understand the convention (e.g., " asystem
having at least one of A, B, and C" would include but not be limited to systems that
have A aone, B alone, C aone, A and B together, A and C together, B and C together,
and/or A, B, and C together, etc.). In those instances where a convention analogous
to "at least one of A, B, or C, etc." isused, in general such aconstruction isintended

in the sense one having skill in the art would understand the convention (eg., " a
system having at least one of A, B, or C" would include but not be limited to systems
that have A alone, B alone, C aone, A and B together, A and C together, B and C
together, and/or A, B, and C together, etc.). It will be further understood by those
within the art that virtually any digunctive word and/or phrase presenting two or
more alternative terms, whether in the description, claims, or drawings, should be
understood to contemplate the possibilities of including one of the terms, either of the
terms, or both terms. For example, the phrase "A or B" will be understood to include
the possibilities of "A" or "B" or "A and B."

[001 13] In addition, where features or aspects of the disclosure are described in
terms of Markush groups, those skilled in the art will recognize that the disclosure is
also thereby described in terms of any individual member or subgroup of members of
the Markush group.

[001 14] Aswill be understood by one skilled in the art, for any and all
purposes, such asin terms of providing awritten description, all ranges disclosed
herein also encompass any and all possible subranges and combinations of subranges
thereof. Any listed range can be easily recognized as sufficiently describing and

enabling the same range being broken down into at least equal halves, thirds, quarters,



WO 2012/000424 PCT/CN2011/076488

-26 -

fifths, tenths, etc. Asanon-limiting example, each range discussed herein can be
readily broken down into alower third, middle third and upper third, etc. Aswill aso
be understood by one skilled in the art all language such as "up to," "at least,"
"greater than,” "less than,” and the like include the number recited and refer to ranges
which can be subsequently broken down into subranges as discussed above. Finally,
aswill beunderstood by one skilled in the art, arange includes each individua
member. Thus, for example, a group having 1-3 cells refers to groups having 1, 2, or
3cells. Similarly, agroup having 1-5 cells refers to groups having 1, 2, 3,4, 0or 5
cells, and so forth.

[001 15] While various aspects and embodiments have been disclosed herein,
other aspects and embodiments will be apparent to those skilled in the art. The
various aspects and embodiments disclosed herein are for purposes of illustration and
are not intended to be limiting, with the true scope and spirit being indicated by the

following claims.
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CLAIMS

What isclamed is:

1.  An apparatus for detecting or collecting particles, the apparatus comprising:
acharger to electrically charge at least some of the particles,
acollector to collect at least some of the charged particles; and
aprocessor to obtain information indicative of an amount of the detected/collected
particles based on measured electrical charges of the charged particles.

2.  The apparatus of claim 1, wherein the charger comprises an electrostatic generator.

3.  The apparatus of claim 2, wherein the charger further comprises acharge loader to

load electrical chargesto the at least some of the particles from the electrostatic

generator.

4.  The apparatus of claim 3, wherein the charge loader comprises an array of needles.

5.  The apparatus of claim 4, wherein the needles each have aheight of about 5 mm.

6.  The apparatus of claim 4, wherein the array has a size of about 2cm x 2 cm.

7.  The apparatus of claim 4, wherein the needles each comprise aplurality of branches
to improve charge loading efficiency.

8.  The apparatus of claim 3, wherein the charge loader comprises aplurality of

interlacing protrusions.

9.  The apparatus of claim 3, wherein the charge loader comprises ametal surface
having aplurality of groves thereon, wherein the groves are formed by scratching
the metal surface with ablade.
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The apparatus of claim 1, further comprising afilter to select particles based on

particle size.

The apparatus of claim 10, wherein the filter is configured to prevent particles
larger than athreshold size from being electrically charged by the charger.

The apparatus of claim 11, wherein the filter is further configured to reduce a

density of the particlesin an air flow.

The apparatus of claim 1, further comprising achannel for aflow of the particles.

The apparatus of claim 14, wherein the flow is an airflow containing the particles.

The apparatus of claim 14, wherein the channel comprises at least one electrically-
charged bent portion.

The apparatus of claim 15, wherein the bent-portion is configured to charge at least

some of the particles to the same polarity as the charger.

The apparatus of claim 14, wherein the channel comprises atorturous portion that
iselectrically charged and configured to charge at least some of uncharged particles
in the flow to the same polarity as the charger.

The apparatus of claim 14, wherein the channel comprises at least one electrically-
charged protrusion configured to further charge at least some of uncharged particles

in the flow to the same polarity as the charger.

The apparatus of claim 18, wherein the protrusion includes at least one of aneedle
or aconductive network.
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The apparatus of claim 1, further comprising adiluter to reduce adensity of the

particles being measured.

The apparatus of claim 20, wherein the diluter comprises aplurality of grading

chambers.

The apparatus of claim 21, further comprising aplurality of connectors between
two of the plurality of grading chambers, wherein the plurality of connectors each

have adifferent diameter.

The apparatus of claim 20, wherein the diluter comprises a sub-chamber and a
vacuum valve, wherein the one of the plurality of grading chambers is configured
to be evacuated through the vacuum valve, and wherein the sub-chamber is
configured to release its content into the one of the plurality of grading chambers to

have adiluted content.

The apparatus of claim 20, wherein the diluter comprises aplurality of grading

channels, each having adifferent diameter.

The apparatus of claim 1, wherein the collector is configured to measure electrical
pulses caused by the collected charged particles, wherein the measured electrical

pulses are above apulse threshold.

The apparatus of claim 25, wherein the collector comprises an electrical pulse
detector configured to measure electrical charges based on at least one of a
Coulomb repulsion between charged particles, amovement of acharged particle in
amagnetic field, amovement of acharged particle in an electric field, or achange

in capacitance due to the charged particles.

The apparatus of claim 1, wherein the particles have sizes of about 0.1 nm to about
1000 nm.
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The apparatus of claim 1, wherein the collector comprises a conductive curved shell

configured to have the charged particles move along a surface thereof.

The apparatus of claim 28, wherein the charged particles are configured to be
dispersed throughout the surface of the conductive curved shell by a Columbic

repulsion.

The apparatus of claim 1, wherein the collector comprises:

aconductive mesh to collect the charged particles; and

at least one of an electric field generator and amagnetic field generator to modify
trajectories of the charged particles.

The apparatus of claim 1, wherein the apparatus i s configured to detect

nanoparticles in the air.

The apparatus of claim 31, further comprising an indicator to indicate a

concentration of the nanoparticles.

The apparatus of claim 31, wherein the apparatus is further configured to provide a
notification or alarm if a concentration of the harmful nanoparticles exceeds a

threshold concentration.

The apparatus of claim 1, wherein the information comprises particle count, density

information, or both.

A method of detecting or collecting particles, the method comprising:
electrically charging at least some of the particles in aflow;

collecting at least some of the charged particles; and

obtaining information indicative of an amount of the detected/collected particles

based on electrical charges of the collected charged particles.
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36. The method of claim 35, further comprising measuring the electrical charges.

37. The method of claim 36, wherein the measuring comprises detecting current pulses

caused by the collected charged particles.

38. Themethod of claim 37, wherein the detecting is based on at least one of a
Coulomb repulsion between charged particles, amovement of charged particlesin a
magnetic field, amovement of charged particles in an electric field, or achange in

capacitance due to the charged particles.

39. Themethod of claim 38, further comprising determining a detection threshold of

the current pulses.
40. The method of claim 36, further comprising:
measuring electrical charges at aplurality of locations; and

processing measured data from the plurality of locations using a single processor.

41. The method of claim 35, further comprising dispersing the charged particles over a

curved conductive shell.

42. The method of claim 41, wherein the curved conductive shell has a semispherical

surface.

43. Themethod of claim 42, wherein the dispersing is through a Coulomb repulsion.

44. The method of claim 35, further comprising establishing acorrelation between

particle count or density information and electrical charges.

45.  The method of claim 35, further comprising flowing the particles through an

electrically charged, torturous channel.
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The method of claim 35, further comprising diluting a density of the particles in the

flow using aplurality of grading chambers.

The method of claim 35, further comprising filtering the flow before the electrically
charging step.

The method of claim 35, further comprising providing anotification or darm if a

concentration of atype of particles exceeds athreshold concentration.

The method of claim 35, further comprising modifying trajectories of the charged
particles with at least one of an electric field or amagnetic field.

The method of claim 35, further comprising:

obtaining a sample from the flow;

dividing the sample into aplurality of volumes;

measuring a set of data indicative of an amount of the detected/collected particles
based on electrical charges of the collected charged particles from each of the
plurality of volumes; and

performing astatistical analysis of the plurality of sets of data.

The method of claim 50, wherein the performing a statistical analysis is performed

using aneura network.

The method of claim 35, further comprising:
measuring a set of data without the flow as areference for calibration; and

calibrating the obtained information using the reference.

A nanoparticle detector comprising:
acharger to electrically charge at least some nanoparticles passing through the
detector;
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acollector to collect at least some of the charged nanoparticles; and

aprocessor to obtain information indicative of an amount of the detected
nanoparticles based on measured electrical charges of the collected charged

nanoparticles.

The nanoparticle detector of claim 53, further comprising an indicator to indicate

the nanoparticle count or density information.

The nanoparticle detector of claim 53, further comprising achannel for aflow of
the nanoparticles.

The nanoparticle detector of claim 55, wherein the flow is an airflow containing the

nanoparticles.

The nanoparticle detector of claim 55, wherein the channel comprises at least one

electrically-charged bent portion.

The nanoparticle detector of claim 57, wherein the electrically-charged bent-portion
is configured to charge at least some of the nanoparticles to the same polarity as the

charger.

The nanoparticle detector of claim 55, wherein the channel comprises atorturous
portion that is electrically charged and configured to charge at least some of

uncharged nanoparticles in the flow.

The nanoparticle detector of claim 55, wherein the channel comprises at least one
electrically-charged protrusion configured to further charge at least some of

uncharged particles in the flow.

The nanoparticle detector of claim 60, wherein the protrusion includes at least one

of aneedle or a conductive network.
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62. The nanoparticle detector of claim 53, further comprising adevice to provide an

alarm if the nanoparticle count or density exceeds athreshold value.

63. A system for detecting or collecting particles, the system comprising:
aplurality of apparatuses each comprising:
acharger to electrically charge at least some of the particles; and
acollector to collect at least some of the charged particles; and
aprocessor to obtain information indicative of an amount of the
detected/collected particles based on measured electrical charges of the
charged particles from each of the plurality of apparatuses.
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