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(57) Abstract: Methods, apparatuses, and computer program
products are provided where fluid, such as a blood sample,
is entered into a microfluidic channel (106, 108, 110, 202)
in a microchip (102) where the microfluidic channel (106,
108, 110, 202) possesses a micro/nanopillar array (112, 208,
302) for sorting molecules (114, 116, 206, 210, 212, 304) by
size. When the fluid passes through the micro/nanopillar ar-
ray (112, 208, 302) it is separated into particles of interest
(116, 210, 304) or particles not of interest (114, 212) or
both. When particles of interest (116, 210, 304) are lit by a
light source (120, 308) via a first waveguide (118, 306) in
the microchip (102) connecting the light source (120, 308)
to the microfluidic channel (106, 108, 110, 202), then
lighted particles of interest (116, 210, 304) can be detected
by an optical detector (124, 312) via a second waveguide
(122, 310) in the microchip (102) connecting the optical de-
tector (124, 312) to the microfluidic channel (106, 108, 110,
202). The information from the optical detector (124, 312)
can be analyzed further by connecting the microchip (102)
to a mobile computing device (104) with its own processing
abilities or abilities via the internet or cloud (134).
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SMARTPHONE COMPATIBLE ON-CHIP BIODETECTION USING
INTEGRATED OPTICAL COMPONENT AND MICROFLUIDIC CHANNEL WITH
NANOPILLAR ARRAY
TECHNICAL FIELD

[0001] This invention relates generally to detection of molecules using a chip which can sort
the molecules via a nanopillar array within a microfluidic channel, which can identify
molecules of interest with an integrated optical component, and which can connect to a

computer, such as a smartphone, capable of processing the information.

BACKGROUND

[0002] This section is intended to provide a background or context to the invention disclosed
below. The description herein may include concepts that could be pursued, but are not
necessarily ones that have been previously conceived, implemented or described. Therefore,
unless otherwise explicitly indicated herein, what is described in this section is not prior art to

the description in this application and is not admitted to be prior art by inclusion in this section.

[0003] Investigating the constituents of chemical and/or biological samples typically requires
advanced machinery to separate the samples into component parts so as to identify them. For
example, investigating blood plasma can require drawing a quantity of blood and then having
the blood transported to a laboratory where an operation such as centrifuge separation is done to
distinguish the components present therein. Such laboratory work can be a time-consuming
process. Time delays also are incurred by transporting the sample to the laboratory and
reporting back to the medical professional who ordered the blood test and back to the patient.
Even for simple chemical separation, similar laboratory and reporting delays may be present as

well as the requirement for large-scale laboratory equipment.

[0004] Abbreviations that may be found in the specification and/or the drawing figures are

defined in the text.
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BRIEF SUMMARY

[0005] This section is intended to include examples and is not intended to be limiting.

[0006] Various aspects of examples of the invention are set out in the claims.

[0007] According to a first aspect of the present invention, a method comprises inputting a fluid
into a microchip via a microfluidic channel with a micro/nanopillar array for sorting molecules
by size, in response to the fluid passing through the micro/nanopillar array separating the fluid
into the particles of interest or particles not of interest or both; lighting the particles of interest
by a light source via a first waveguide in the microchip connecting the light source to the
microfluidic channel; and detecting lighted particles of interest by an optical detector via a

second waveguide in the microchip connecting the optical detector to the microfluidic channel.

[0008] According to a second aspect of the present invention, an apparatus comprises a
microchip comprising at least one microfluidic channel with at least one micro/nanopillar array
for sorting molecules by size, wherein a fluid input into the at least one microfluidic channel
can be separated into at least one group of particles of interest or at least one group of particles
not of interest, or both at least one group of particles of interest and at least one group of
particles not of interest; at least one light source for lighting the at least one group of particles
of interest via at least one first waveguide in the microchip connecting the at least one light
source to the at least one microfluidic channel; and at least one optical detector for detecting
lighted at least one group of particles of interest via at least one second waveguide in the

microchip connecting the at least one optical detector to the at least one microfluidic channel.

[0009] According to a third aspect of the present invention, a computer program product, which
is embodied on a non-transitory computer-readable medium in which a computer program is
stored, such that when the program is executed by a computer it is configured to provide
instructions to control or carry out analyzing an electronic signal from a microchip configured
to produce an electronic signal from an optical signal wherein that optical signal is a result of
detecting lighted particles of interest by an optical detector via a second waveguide in the

microchip connecting the optical detector to a microfluidic channel in the microchip after
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particles of interest were lighted by a light source via a first waveguide in the microchip
connecting the light source to the microfluidic channel, as a result of fluid inputted into a
microchip via a microfluidic channel with a micro/nanopillar array for sorting molecules by
size, wherein in response to the fluid passing through the micro/nanopillar array, the fluid

separates into the particles of interest or particles not of interest or both.

[0010] viewed from a further aspect, the present invention provides a computer program
product for detection of molecules, the computer program product comprising a computer
readable storage medium readable by a processing circuit and storing instructions for execution

by the processing circuit for performing a method for performing the steps of the invention.

[0011] Viewed from a further aspect, the present invention provides a computer program stored
on a computer readable medium and loadable into the internal memory of a digital computer,
comprising software code portions, when said program is run on a computer, for performing the

steps of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The present invention will now be described, by way of example only, with reference to
preferred embodiments, as illustrated in the following figures:

FIG. 1 is a block diagram of one possible and nonlimiting exemplary system in which
the exemplary embodiments may be practiced,

FIG. 2 is a block diagram of one possible and nonlimiting exemplary representation of
the nanopillars within the microfluidic channels;

FIG. 3 is a block diagram of one possible and nonlimiting exemplary representation of
the flow of biomolecules after passing through the nanopillar array;

FIG. 4A and FIG. 4B illustrate nonlimiting exemplary embodiments of various
nanopillar array embodiments;

FIG. 5 is a nonlimiting illustration of how fluid flows through a nanopillar array;

FIG. 6A is a nonlimiting illustration of a nanopillar array and FIG. 6B is a nonlimiting
graphical representation of flows through a nanopillar array;

FIG. 7A is a nonlimiting illustration of implementation of optical waveguides;
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FIG. 7B is a nonlimiting illustration of biomolecules separation after passing pillar array
within microfluidic channel.

FIG. 8 is a logic flow diagram for sorting the molecules via a nanopillar array within a
microfluidic channel, identifying the molecules of interest with an integrated optical
component, and connecting to a computer, such as a smartphone, capable of processing the
information, where the logic flow diagram illustrates the operation of an exemplary method,
which includes execution of computer program instructions embodied on a computer readable
memory, functions performed by logic implemented in hardware, and/or interconnected means

for performing functions in accordance with exemplary embodiments.

DETAILED DESCRIPTION OF THE DRAWINGS

[0013] In order to overcome some of the disadvantages of the current state of affairs as
described above, exemplary embodiments of the current invention look to use on-chip
biodetection. In a sense, this on-chip biodetection could be understood as having a mini
laboratory on a microchip. Exemplary embodiments of the current invention use integrated
optical component combined with microfluidic channels employing a nanopillar array for
separating out the various chemical or biological components and can be compatible with

smartphones or other devices that could link to the cloud.

[0014] The word “exemplary” as used herein means “serving as an example, instance, or
illustration.” Any embodiment described herein as “exemplary” is not necessarily to be
construed as preferred or advantageous over other embodiments. All of the embodiments
described in this Detailed Description are exemplary embodiments provided to enable persons
skilled in the art to make or use the invention and not to limit the scope of the invention which

is defined by the claims.

[0015] Therefore, the exemplary embodiments herein describe techniques for smart phone
compatible on-chip biodetection using an integrated optical component and microfluidic
channel with a nanopillar array. Additional description of these techniques is presented after a

system into which the exemplary embodiments may be used is described.
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[0016] Without in any way limiting the scope, interpretation, or application of the claims
appearing below, an advantage or technical effect of one or more of the example embodiments
disclosed herein is integrating an optical sensing capability with the sorting capability of
micro/nanopillars to achieve an on-chip biosensing. Another technical effect of one or more of
the example of embodiments disclosed herein is combining the on-chip sorting and sensing
capabilities with the computing power of a smartphone for processing the information and
providing read-out functionality. Another technical effect of one or more of the example of
embodiments disclosed herein is that this invention provides a solution for people to perform
biological testing using their own smart phone, a lower the cost of diagnosis, and a reduction in
the detection time. As a nonlimiting example, a person interested in determining whether his or
her blood plasma contains a particular marker of a disease or condition can use this invention to
determine if biomolecules would be present in his or her blood plasma by applying small
quantity of their blood plasma to the openings in an integrated chip that has microfluidic
channels. The fluid is treated with a chemical that will fluoresce the intended subject of the
investigation. Fluid flows in the opening of the microfluidic channel and passes through a
nanopillar array which separates the molecules by size. Once the molecules are separated the
molecules of interest go down one microfluidic channel, while the molecules not of interest go
down another microfluidic channel. The molecules of interest pass in front of an optical
waveguide which transmits light through it whereby it fluoresces the molecules of interest. At a
right angle to the light transmitting waveguide is a waveguide that leads back to an optical
sensor which detects the fluoresced molecules. The optical signal is then changed into an
electronic signal which can be passed to a smart phone for data processing and displaying the

result of the investigation.

[0017] Specifically, silicon micro/nanopillars can separate biomolecules or nanoparticles based
on their size, which allows sorting. After sorting particular biomolecules or nanoparticles, the

result of that storing will be detected by an on-chip optical system.

[0018] An on-chip light source provides excitation light. On-chip optical waveguides lead the
excitation light precisely to the sensing region in microfluidic channels and induce fluorescence

light of biomolecules of interest.
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[0019] The fluorescence light of biomolecules will be guided along another optical waveguide

to an on-chip light detector.

[0020] The on-chip light detector will pass the signal to smartphone, or some similarly situated

device, for signal processing, data display, and data analysis.

[0021] Silicon technology allows integrating optical waveguides, light source, and light
detectors on chip. Moreover, the source light used can be any light source that emits the
appropriate wavelength of light whether that be a laser source or a simple, cheap Light Emitting

Diode (LED)

[0022] Silicon nanopillars within microfluidic channel allow for biomolecular sorting.

[0023] Leveraging these two technologies can lead to a new portable platform for biosensing

compatible with a smartphone.

[0024] Naturally, the discussion herein is merely an example of the use of embodiments taught
by the claims of this invention. All manner of tests on differently sized molecules in a fluid
form can be performed. Furthermore, different molecules of interest can be sorted through the
micro/nanopillar array such that various microfluidic channels could be established for each of
them has the right angle oriented optical waveguides for shining and detecting as described

above.

[0025] Turning to FIG. 1, a block diagram representation is depicted of an example of a
nonlimiting physical embodiment of a proposed silicon chip 102 and a smart phone (or other

such similar device) 104.

[0026] Within the lab-on-a-chip 102, shown are three branches of microfluidic channel
branches 106, 108, 110. The sample, be it for example blood plasma, some biological liquid, or
some fluid chemical, is deposited into microfluidic channel branch 106 where it travels down

until it meets the nanopillars 112 wherein the biomolecules are sorted.
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[0027] The result of this sorting produces unsorted biomolecules 114 and the sorted
biomolecules 116. Sorted biomolecules 116 pass in front of optical waveguide 118 which is a
waveguide for transmitting the light source which originates from on-chip light source 120. The
light from the on-chip light source 120 passes through optical waveguide 118 and streams light

across sorted biomolecules 116 which fluoresces, and is the biomolecules of interest.

[0028] These sorted biomolecules 116, which have been excited by the on-chip light source
120 via waveguide 118, then emit fluorescence light in front of waveguide 122 wherein the

fluorescent light from the biomolecules 116 is detected by the on-chip light detector 124.

[0029] The unsorted biomolecules exit the chip via microfluidic channel branch 108, whereas
the sorted biomolecules exit the chip via microfluidic channel branch 110. These bio fluidic
channels do not need a power source. However, on-chip light source 120 and the on-chip light
detector 124 would need some power source, either an on-chip power source 126 or a power
source which derives its energy from an external connection such as smart phone 104. The

connection to such power source is indicated by connection 128.

[0030] The on-chip light detector 124 will send its signal to smartphone 104 via connection
130. The signal from on-chip light detector 124 is converted from an optical signal to an
electrical signal and possibly to a digital signal prior to its being sent to smart phone 104 or

through connection 130 itself.

[0031] Note that connection 128 and connection 130 may be done in the same physical wired
embodiment, via separate connections, or some combination thereof. Moreover connection 128
and connection 130 could also be done wirelessly, if wireless power transmission is available
for connection 128, and if wireless connection such as Bluetooth, Wi-Fi, or some other wireless
connection is available. For these various types of connections, wires, antennas, and/or
additional functionality may be required to effectuate such connection. Additionally,
connection 128 could also change alternating current (AC) power to direct current (DC) power

if such a change of power is necessary for the functioning of internal power source 126.
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[0032] Smart phone 104 will either have the processing power itself with sufficient processors,
memory, and data in module 132 or will have some connection via radio waves, Wi-Fi, or some
other connection (not shown) to the Internet, a cloud computing platform, or some similarly
situated database that can be process the data remotely 134. Either way, using either internal
processing via module 132 or external processing via cloud 134, the user interface will be
through application 136 which is resident, at least in terms of its interface with the user, on

smart phone 104.

[0033] In general, the various embodiments of the smart phone 104 can include, but are not
limited to, cellular telephones such as smart phones, tablets, personal digital assistants (PDAs)
having wireless communication capabilities, portable computers having wireless
communication capabilities, image capture devices such as digital cameras having wireless
communication capabilities, gaming devices having wireless communication capabilities, music
storage and playback appliances having wireless communication capabilities, Internet
appliances permitting wireless Internet access and browsing, tablets with wireless
communication capabilities, as well as portable units or terminals that incorporate combinations

of such functions.

[0034] Embodiments herein may be implemented in software (executed by one or more
processors), hardware (e.g., an application specific integrated circuit), or a combination of
software and hardware using either internal processing via module 132 or external processing
via cloud 134. In an exemplary embodiment, the software (e.g., application logic, an instruction
set) is maintained on any one of various conventional computer-readable media. In the context
of this document, a “computer-readable medium” may be any media or means that can contain,
store, communicate, propagate or transport the instructions for use by or in connection with an
instruction execution system, apparatus, or device, such as a computer, with one example of a
computer described and depicted, e.g., in FIG. 1. A computer-readable medium may comprise a
computer-readable storage medium that may be any media or means that can contain, store,
and/or transport the instructions for use by or in connection with an instruction execution
system, apparatus, or device, such as a computer. A computer-readable storage medium does

not comprise propagating signals.
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[0035] FIG. 2 is directed to a nonlimiting block diagram representation of the nanopillars
within microfluidic chips. The entire micro fluidic channel 202 shows at the top an opening 204
wherein the mixed biomolecules that are to be separated are introduced. These mixed
biomolecules 206 pass through the nanopillar array 208. After passing through the nanopillar
array 208 the biomolecules 206 are separated into the biomolecules of interest to 210 and the
biomolecules not of interest 212. The biomolecules not of interest 212 exit the microfluidic

chamber at exit 214.

[0036] The separated biomolecules of interest 210 proceed to eventually flow through exit 216.
Thus, comparing figure 1 to figure 2, the microfluidic channel 204 could be thought of as
branch 106 and the separated flows exit 214 relates to branch 108 and exit 216 relates to branch
110.

[0037] FIG. 3 is a more detailed nonlimiting examination of the flow after passing through the
nanopillar array 208 (or 112) whereby the separated biomolecules of interest 210 are passing
through exit 216 (or branch 110). These biomolecules of interest 210 can also be seen in figure

1 as biomolecules 116.

[0038] Turning now to FIG. 3, which is a nonlimiting block diagram representation of the flow
of the targeted biomolecules after leaving the nanopillar array 302, the targeted biomolecules
304 which have been previously had a fluorescing compounded administered to them, pass in
front of optical waveguide 306 which carries the light from on-chip light source 308. While
these targeted biomolecules 304 pass in front of waveguide 306 they also pass across the
opening of waveguide 310, where optical waveguides 306 and 310 are at right angles to one
another, thereby only those targeted biomolecules 304 which are illuminated from the light
from light source 308 are detected by on-chip light detector 312 via waveguide. The waveguide
are at 90 degree angle, so the incident light from waveguide 308 will not get into waveguide

301, only fluorescence light from molecules of interest will get into waveguide 310

[0039] Thereafter, the targeted biomolecules 304 exit the microfluidic channel through exit
314, which would correspond to the flow exit 216 in figure 2. Also, thereafter, the on-chip light

detector 312 will send its information to the smart phone (not shown).
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[0040] FIG. 4A and FIG. 4B illustrate exemplary embodiments of various nanopillar arrays.
FIG. 4A shows a nanopillar array with gaps of 250 nm while FIG. 4B illustrates the nanopillar

array with a Regime of less than 100 nm.

[0041] FIG. 5 is a nonlimiting illustration of how the fluid flows through a nanopillar array.
The nanopillar array 502 contains various nanopillars shown by example as 504, 506, and 508.
The flow of fluid generally is shown by the arrow 510. As a broad example, there can be
various types of particles in a particular fluid and two tracks are shown in nanopillar array 502.
First, flow 512 which would be illustrative of a large particle (large being a relative size that is
larger than what will be described as the small particles all of these in the micrometer to the

nanometer size frame) and flow 514 being that of the small particle size.

[0042] As can be seen from FIG. 5, in each row of the nanopillar array the placement of the
nanopillars is slightly off from parallel or rather create a diagonal when looked at from the
above. A nanopillar array is configured that each column of nanopillar array is shifted vertically

by a certain distance, usually a fraction of the nanopillar pitch.

[0043] Thus, as can be seen the flows of the various sized particles move from one end of the
nanopillar array to the other in different orientations. As such, they can be sorted into different

sized particles.

[0044] Turning to FIG. 6A, a nonlimiting representation of the nanopillars can be seen. In the
left region, the nanopillars are arranged in a way that each column of nanopillar is not shifted
vertically. The flow through this region is straight. In the right region, each column of
nanopillar is shifted vertically up by a distance; this region can separate biomolecules by sizes.

As shown in Figure 6B, two different paths of flow are depicted.

[0045] FIG. 6B displays a nonlimiting graphical representation of the flows of the various sized
particles where 702 represents the larger particles and 704 represents the smaller. A larger
particle will move along the gaps of the nanopillars, while a smaller particle will follow a zig-

zag path through the nanopillar array.
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[0046] FIG. 7B shows the movement through the nanopillar array illustrating large gap in a
small gap. FIG. 7A is a nonlimiting representation of the fluid channel interacting with the
waveguide and showing how the waveguide functions were admitting light can be guided by

the waveguide to reach each optical detector.

[0047] In the current invention, exemplary embodiments can use particular frequencies of light
and the two different waveguides. In such exemplary embodiments, the first waveguide
introduces a particular frequency of light. However this frequency of light could be from a laser
or even from a simple, cheap LED. This is the incident light or light source that shines on the
particles after they pass through the pillars. The second waveguide is the one that captures the

light emitted from the molecule of interest.

[0048] Therefore, exemplary embodiments of the current invention have a microfluidic sample
that has two waveguides at right angles to each other such that when the sample passes through
the nanopillars having light introduced by one waveguide and collected by the other,

connection to a smart phone would allow for processing of the data to determine whether
particular outcome is present. Even if the second waveguide determines that there is the
presence of the suspect particles, the determination might not be readily apparent, so a
computer computation, such as the processing power of a smart phone or from the cloud can be
useful because the signal might not be a clear 1 or 0, for example, some molecules might cluster
and emit light with higher intensity. Thus, with smartphone processing power, for example,

more accurate information can be derived from the raw signal.

[0049] Exemplary embodiments of the current invention could be thought of going through a
first stage of sorting through the channels of the nanopillars and a second stage being the
detection with the illumination through one waveguide and then interpretation through the other

waveguide, where the waveguides at a 90° angle with respect to one another.

[0050] FIG. 8 is a flowchart of an exemplary nonlimiting method to identify particles using a
microfluidic channel with micro/nanopillar arrays incorporating a light source and optical

detector connected to the microfluidic channel through waveguides at right angles to each other



WO 2017/098413 PCT/IB2016/057401
12

where the resultant data of the optical detector is sent as an electrical signal to a smart phone for

processing and display.

[0051] The step represented by block 802 is the initial application of a fluid of interest into the
opening of the microfluidic channel. Such fluid of interest, as discussed previously, could be
blood plasma, some fluidic chemical, some biological molecules in solution, or some other
fluid that inquiry to would benefit the process herein described to make a determination as to

particles of interest.

[0052] In any event, this fluid is deposited into an opening in the chip that is designed to

receive a small amount to be processed. Note that prior to the step of placing the fluid into the
microfluidic chamber, the fluid would be treated with some compound to fluoresce molecules
of interest. Such compound will, under the proper lighting conditions, cause the molecules of

interest to fluoresce under the proper lighting conditions.

[0053] Prior to the introduction of the sample into the lab on a chip, the sample could be treated
with this fluorescing element/compound. Furthermore, when such tests are conducted, there can
be an assumption beforehand that there is a particular molecule being sought. In addition to aid
in determining which fluorescing agent would be used, knowing the molecules of interest
beforehand could engender varying the distance between the pillars in the micro/nanopillar
array. For instance, a virus that is 40 nm to 100 nm in size would be sorted with gaps of 200

nm.

[0054] In the pretreatment timeframe, for example, an investigator would look to see if the
molecule is larger than size X or smaller than size Y. Thus, for instance, an investigator could
search for particular virus of a particular size that is known by the computer. As the sample
goes through the nanopillars, it could be thought of as going through an equivalent of a logic
gate. Thus, the determination of whether such molecules exist in the sample would yield a yes

Or nO answer.
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[0055] Block 804 represents the biomolecular fluid passing through a nanopillar array whereby
the biomolecular fluid is separated by the size of the molecules into at least two groups where at

least one of the plurality of groups is of interest.

[0056] The current invention integrates a pillar structure [see if we need to add distinguishing
elements from the references]. A benefit of embodiments of the current invention is that the
fabrication process of a nanopillar array is same as the process of fabricating integrated circuits.

Mass-producible silicon chips would make the chip low-cost and affordable.

[0057] As can be seen from the above, a nanopillar array can separate biomolecules based on

the size of those biomolecules.

[0058] Regarding the nanopillars, these pillars sort molecules into various channels. The
particles could be in the tens of nanometers whereas the distance between the pillars could be in
micrometers. Particles, as they are introduced at the top of the pillar structure, will follow
different angles depending on the size of the molecules and then will proceed through different

branches of the microfluidic channel.

[0059] The channel at the end of the nanopillars has the two waveguides, one that shines the
light and one that captures the light. The one that shines the light shines in a range of
wavelength so that the particles fluoresce being that they were combined with a fluorescence
chemical prior to their entering the nanopillar array. Wavelength of this fluorescence can be
done by number different ways which is not physically important such as by a laser or even a

cheap LED.

[0060] Block 806 represents those molecules of interest proceeding down a microfluidic
chamber whereby at right angle to the flow a light source shines upon them to activate the

fluorescence.

[0061] Block 808 represents the molecules of interest that have been fluoresced being detected

by a light detector via a waveguide that is at 90° to the waveguide of the light source.
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[0062] What happens in these exemplary embodiments is that the various molecules fall
through the pillar and after they come out there are two waveguides which are at 90° angles to
one another. The first waveguide, which sends out the particular frequency of light, will excite
the fluorescence which has been added to the sample at the beginning before the sample was
put into the microfluidic channel. The second waveguide, which is at right angles to the first,
will capture the light emitted from the fluorescent particles falling through. Thus, after the

sorting array, the waveguide illuminates and the other waveguide senses the particles.

[0063] The second waveguide which captures the light is at a 90° angle to the shining light.
Once the particles, or rather they are fluorescence, is captured by the second waveguide, then
the light is guided by the waveguide to the detector, and then the light signal is converted into
an optical signal. This optical signal is then transformed into electrical information. This
transformation can be from an analog to digital change or whatever would be compatible
between the optical detector and the smart phone, depending on the smart phones processing
requirements. Once the optical signal is changed into an electrical signal it can then be
transferred to a computer such as one on the smart phone or other portable computer device

either by direct wired connection or wirelessly.

[0064] Block 810 represents the signal resulting from the light detector being passed to a smart
phone or in such sending of the signal from the light detector to the smart phone can be

accomplished by hard connection or wirelessly.

[0065] Block 812 represents the smart phone processing the received light signal and
displaying a result to the user after that signal has been processed either on the smart phone

itself for by some other data processing machine that is linked via the smart phone.

[0066] Exemplary embodiments of this invention can provide optical sensing using smartphone
and a portable chip, enable easy biological test for people by using the signal processing

capability of smartphone and internet connection for data uploading for Big data analysis.

[0067] The output of this processing would be a count of how many particles there are that

were fluoresced. This output would give the information of concentration of the sample.
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Additionally, the computer to which the data is sent may have previously inputted parameters to
compare the outputted concentration of the fluorescent elements. As such, for example if a
certain number of fluoresced molecules reveals a particular concentration of biological sample,

the computer could determine that a particular disease is present.

[0068] Thus, for example, the results can give a determination and amplitude where the
determination is whether there is a particular biomarker in the amplitude based on how much
light each sample creates. Thus, for instance, a particular concentration may be determined.
Since the volume of the samples is known, by counting how much pulse of signal, an estimate
the total number of the molecules of interest can be made. Dividing the number by volume, the
sample concentration can be deduced. Light amplitude might be useful for correcting the
molecular number, for example, two clustered molecules might just give one pulse of light
signal, but at higher intensity or duration, then two particles can be counted instead of just one

particle.

[0069] Embodiments herein may be implemented in software (executed by one or more
processors), hardware (e.g., an application specific integrated circuit), or a combination of
software and hardware. In an example of an embodiment, the software (e.g., application logic,
an instruction set) is maintained on any one of various conventional computer-readable media.
In the context of this document, a “computer-readable medium” may be any media or means
that can contain, store, communicate, propagate or transport the instructions for use by or in
connection with an instruction execution system, apparatus, or device, such as a computer, with
one example of a computer described and depicted, e.g., in FIG. 1. A computer-readable
medium may comprise a computer-readable storage medium (e.g., 104, 134 or other device)
that may be any media or means that can contain, store, and/or transport the instructions for use
by or in connection with an instruction execution system, apparatus, or device, such as a

computer. A computer-readable storage medium does not comprise propagating signals.

[0070] If desired, the different functions discussed herein may be performed in a different order
and/or concurrently with each other. Furthermore, if desired, one or more of the above-

described functions may be optional or may be combined.
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[0071] Although various aspects of the invention are set out in the independent claims, other
aspects of the invention comprise other combinations of features from the described
embodiments and/or the dependent claims with the features of the independent claims, and not

solely the combinations explicitly set out in the claims.

[0072] An example of an embodiment, which can be referred to as item 1, is a method that
comprises inputting a fluid into a microchip via a microfluidic channel with a micro/nanopillar
array for sorting molecules by size, in response to the fluid passing through the
micro/nanopillar array separating the fluid into the particles of interest or particles not of
interest or both; lighting the particles of interest by a light source via a first waveguide in the
microchip connecting the light source to the microfluidic channel; and detecting lighted
particles of interest by an optical detector via a second waveguide in the microchip connecting

the optical detector to the microfluidic channel.

[0073] An example of a further embodiment, which can be referred to as item 2, is the method
of item 1 wherein the first waveguide and the second waveguide are at right angles to one

another.

[0074] An example of a further embodiment, which can be referred to as item 3, is the method
of item 1, wherein the fluid was previously treated with a fluorescing agent, wherein the light
source produces a wavelength of light to fluoresce particles treated with a fluorescing agent,
and wherein the wavelength of light excites the fluorescing agent fluorescing the particles of

interest, and wherein the optical detector detects fluoresced particles in the particles of interest.

[0075] An example of a further embodiment, which can be referred to as item 4, is the method

of item 1 wherein the light source is an LED or an integrated laser.

[0076] An example of a further embodiment, which can be referred to as item 5, is the method
of item 1 further comprising converting an optical signal from the optical detector into an

electronic signal.
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[0077] An example of a further embodiment, which can be referred to as item 6, is the method
of item 4, further comprising transmitting the electronic signal to a mobile device; processing
the electronic signal via use of a mobile device; and outputting an evaluation of the electronic

signal via a display of the mobile device.

[0078] An example of a further embodiment, which can be referred to as item 7, is the method
of item 6, further comprising linking the mobile device to a further computing device for

further processing.

[0079] An example of a further embodiment, which can be referred to as item 8, is the method

of item 7, wherein the further computing device is in the cloud.

[0080] An example of a further embodiment, which can be referred to as item 9, is the method

of item 1, wherein the light source and the optical detector are powered by a mobile device.

[0081] An example of a further embodiment, which can be referred to as item 10, is the method
of item 1, wherein the micro/nanopillar array or a plurality of micro/nanopillar arrays can
separate the fluid into a proposed plurality of particles of interest, wherein a plurality of first
and second waveguides and a plurality of light sources and optical detectors corresponds to the

plurality of proposed particles of interest.

[0082] An example of another embodiment of the present invention, which can be referred to as
item 11, is an apparatus which comprises a microchip comprising at least one microfluidic
channel with at least one micro/nanopillar array for sorting molecules by size, wherein a fluid
input into the at least one microfluidic channel can be separated into at least one group of
particles of interest or at least one group of particles not of interest, or both at least one group of
particles of interest and at least one group of particles not of interest; at least one light source
for lighting the at least one group of particles of interest via at least one first waveguide in the
microchip connecting the at least one light source to the at least one microfluidic channel; and
at least one optical detector for detecting lighted at least one group of particles of interest via at
least one second waveguide in the microchip connecting the at least one optical detector to the

at least one microfluidic channel. This other embodiment of the present invention, may also
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have the apparatus comprising at least one processor and at least one memory including
computer program code, wherein the at least one memory and the computer code are
configured, with the at least one processor, to cause the apparatus to at least perform at least

some of the functions described above.

[0083] An example of a further embodiment, which can be referred to as item 12, is the method
of item 11, wherein the at least one first waveguide and the at least one second waveguide are at

right angles to one another.

[0084] An example of a further embodiment, which can be referred to as item 13, is the method
of item 11, wherein the fluid was previously treated with a fluorescing agent, wherein the at
least one light source produces at least one wavelength of light to fluoresce particles treated
with at least one fluorescing agent, wherein the at least one wavelength of light excites the at
least one fluorescing agent fluorescing the at least one group of particles of interest, and
wherein the at least one optical detector detects fluoresced particles in the at least one group of

particles of interest.

[0085] An example of a further embodiment, which can be referred to as item 14, is the method
of item 11, further comprising at least one power source to power the at least one light source

and the at least one optical detector.

[0086] An example of a further embodiment, which can be referred to as item 15, is the method
of item 11, further comprising at least one connection to a device serving as at least one power

source to power the at least one light source and the at least one optical detector.

[0087] An example of a further embodiment, which can be referred to as item 16, is the method

of item 11, wherein the at least one light source is an LED or an integrated laser.

[0088] An example of a further embodiment, which can be referred to as item 17, is the method
of item 11, further comprising at least one converter for converting at least one optical signal

from the at least one optical detector into at least one electronic signal.
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[0089] An example of a further embodiment, which can be referred to as item 18, is the method
of item 17, further comprising at least one transmitter for transmitting the at least one electronic

signal to at least one mobile device for further processing.

[0090] An example of a further embodiment, which can be referred to as item 19, is the method
of item 11 connectable to at least one mobile device, where such mobile device can include but
is not limited to a smart phone, other types of cellular telephones, tablets, personal digital
assistants (PDAs) having wireless communication capabilities, portable computers having
wireless communication capabilities, image capture devices such as digital cameras having
wireless communication capabilities, wrist-worn smart watches, portable medical or scientific
devices, handheld medical or scientific devices, gaming devices having wireless
communication capabilities, music storage and playback appliances having wireless
communication capabilities, Internet appliances permitting wireless Internet access and
browsing, tablets with wireless communication capabilities, simple or complex portable or
stationary devices that can connect to the cloud, as well as portable units or terminals that

incorporate combinations of such functions.

[0091] In another example of an embodiment of the current invention, which can be referred to
item 20, a computer program product embodied on a non-transitory computer-readable medium
in which a computer program is stored that, when being executed by a computer, would be
configured to provide instructions to control or carry out analyzing an electronic signal from a
microchip configured to produce an electronic signal from an optical signal wherein that optical
signal is a result of detecting lighted particles of interest by an optical detector via a second
waveguide in the microchip connecting the optical detector to a microfluidic channel in the
microchip after particles of interest were lighted by a light source via a first waveguide in the
microchip connecting the light source to the microfluidic channel, as a result of fluid inputted
into a microchip via a microfluidic channel with a micro/nanopillar array for sorting molecules
by size, wherein in response to the fluid passing through the micro/nanopillar array, the fluid

separates into the particles of interest or particles not of interest or both.

[0092] 1t is also noted herein that while the above describes examples of embodiments of the
invention, these descriptions should not be viewed in a limiting sense. Rather, there are several
variations and modifications which may be made without departing from the scope of the

present invention as defined in the appended claims.
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CLAIMS

1. A method for detection of molecules, the method comprising:

inputting a fluid into a microchip via a microfluidic channel with a micro/nanopillar
array for sorting molecules by size, in response to the fluid passing through the
micro/nanopillar array separating the fluid into the particles of interest or particles not of
interest or both;

lighting the particles of interest by a light source via a first waveguide in the microchip
connecting the light source to the microfluidic channel; and

detecting lighted particles of interest by an optical detector via a second waveguide in

the microchip connecting the optical detector to the microfluidic channel.

2. The method of claim 1, wherein the first waveguide and the second waveguide are at

right angles to one another.

3. The method of either of the preceding claims, wherein the fluid was previously treated
with a fluorescing agent, wherein the light source produces a wavelength of light to fluoresce
particles treated with a fluorescing agent, and wherein the wavelength of light excites the
fluorescing agent fluorescing the particles of interest, and wherein the optical detector detects

fluoresced particles in the particles of interest.

4. The method of any of the preceding claims, wherein the light source is an LED or an

integrated laser.

5. The method of any of the preceding claims, further comprising:

converting an optical signal from the optical detector into an electronic signal.

6. The method of either of claims 4 or 5, further comprising:
transmitting the electronic signal to a mobile device; processing the electronic signal via
use of a mobile device; and

outputting an evaluation of the electronic signal via a display of the mobile device.
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7. The method of claim 6, further comprising:

linking the mobile device to a further computing device for further processing.

8. The method of claim 7, wherein the further computing device is in the cloud.

9. The method of any of the preceding claims, wherein the light source and the optical

detector are powered by a mobile device.

10.  The method of any of the preceding claims, wherein the micro/nanopillar array or a
plurality of micro/nanopillar arrays can separate the fluid into a proposed plurality of particles
of interest, wherein a plurality of first and second waveguides and a plurality of light sources

and optical detectors corresponds to the plurality of proposed particles of interest.

11. An apparatus comprising a microchip comprising:

at least one microfluidic channel with at least one micro/nanopillar array for sorting
molecules by size, wherein a fluid input into the at least one microfluidic channel can be
separated into at least one group of particles of interest or at least one group of particles not of
interest, or both at least one group of particles of interest and at least one group of particles not
of interest;

at least one light source for lighting the at least one group of particles of interest via at
least one first waveguide in the microchip connecting the at least one light source to the at least
one microfluidic channel; and

at least one optical detector for detecting lighted at least one group of particles of
interest via at least one second waveguide in the microchip connecting the at least one optical

detector to the at least one microfluidic channel.

12.  The apparatus of claim 11, wherein the at least one first waveguide and the at least one

second waveguide are at right angles to one another.

13.  The apparatus of either of claims 11 or 12, wherein the fluid was previously treated with
a fluorescing agent, wherein the at least one light source produces at least one wavelength of

light to fluoresce particles treated with at least one fluorescing agent, wherein the at least one
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wavelength of light excites the at least one fluorescing agent fluorescing the at least one group
of particles of interest, and wherein the at least one optical detector detects fluoresced particles

in the at least one group of particles of interest.

14. The apparatus of any of claims 11 to 13, further comprising:
at least one power source to power the at least one light source and the at least one

optical detector.

15. The apparatus of any of claims 11 to 14, further comprising:
at least one connection to a device serving as at least one power source to power the at

least one light source and the at least one optical detector.

16. The apparatus of any of claims 11 to 15, wherein the at least one light source is an LED

or an integrated laser.

17.  The apparatus of any of claims 11 to 16, further comprising:
at least one converter for converting at least one optical signal from the at least one

optical detector into at least one electronic signal.

18. The apparatus of claim 17, further comprising:
at least one transmitter for transmitting the at least one electronic signal to at least one

mobile device for further processing.

19.  The apparatus of any of claims 11 to 18, connectable to at least one mobile device.
20. A computer program product for detection of molecules, the computer program product
comprising:

a computer readable storage medium readable by a processing circuit and storing
instructions for execution by the processing circuit for performing a method according to any of

claims 1 to 10.
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21. A computer program stored on a computer readable medium and loadable into the
internal memory of a digital computer, comprising software code portions, when said program

is run on a computer, for performing the method of any of claims 1 to 10.
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