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board with online smartphone readout
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Abhstract
We present a wearable microfluidic mpedance oytormeter implamented on 2 fledble doouit wiistband with on-line |
smamphone readowut for portable biomarker counting and analysis. The platform cont@ins 2 standard
pobydimetysiloxane (POMSF microdluidic channel imlegrated an a waeislband, and the circoitey on the wrislband &
carmpied af a custam analag lock-in amplification systam, a microoontroller with an #-hir analog-to-digital comeerter
), and a Blustooth miodule wirelesshy paimed with 2 smamphone. The lockein amplification (L1A) system |5
nplemented with a nowe! architechure which consists of the lod-in amplifier followed by 2 high-pass filter stage with
[ offeet subiraction, and a post-subiraction high galn stage enabling detection of particles as small as 28 pm using
the #-bit ADC The Android smartphone application was used 1o indiate the system and for offiine data-plotting and
i prak mounting, ard suppons onlive: date resdoul, sralysis, amd e managerment The data is exportable v reseanchors
i andd medical professionals for in-depth analysis and remore health monitonng, The sysoem, inchudineg the microfluidi;
- sansor, microcontraller, and Blustooth module all fit on the wristhand with a footprint of less than 50 cm?. Wa
! demorsfrate the ability of the system to obtain generalived blood cell mounls; however the sysbem can be applied 1o a
| wide variety of biamaders by interchanging the standard microfluidic chanmel with microfiuidic channels desigred for

bicsnarker isodation.

EETTS

Introduction

Incressingly capable smartphones and cheaper off-the-
shell components are constantly pushing what technology
can achieve on-the-go’. Bobust and powerful clectronics
are driving progress for medical devices, which can be
chronically worn or implanted. With current capabilities
of digital techaology, data sharing, and clowd processing,
sclentists envicion a virbeal medical system for providing
continuons patient-centered care remotely. Being able to
rogtitor body health & crucial for eardy detection of ill-
ness, which in tom would allow for more accurate diag-
nosis, more efficient treatment, and bower mocbidity or
health repercussions™.
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However, there are Lighl budgel conslrainls and medical
criteria, which biomediczl devices most be approved (or
by the FDA 0o enter the market when considering wear-
ability or mmplantability, such as weight and size, bio-
compatibility, acsthetic factors, and power consumption®,
Many procedores have been performed in labs for decades
with expensive and bulky equipeent, which have vet oo be
manslated to wearable health-monitoring  technolomy.
Wevertheless, the market for wearable devices has been
rapddly growing due to recent achlevements in developing
miniaturized sensorss. For example, due to the develop-
ment of incredibly robust and miniature accelerometers
with microscale processing, devices sach as the Fitbit hawve
entered today's market for monitoting heart mate and nser
exercise activity™. In addition, a varicty of fleodble clec-
tronics are cwrrendy being developed by rescarchers to
monitor  perspiration. for  ghicose  kevels and  other
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biomarkers™", Flexible materials are suitahle for wearsble
devices a5 they offer superior portability, durability, and
robustness”.

In ithe laborstory sctting, mbcroluidic procodures are
commuonly employed to gather blomedical information for
purposes where only a fow tens or hundreds of nanoliters
of sarmple are to be analyzed Macroscale biomedical
systems may rely on sensors thal lack precision regarding
spatial access to or the size of the biological sarnple, which
can be analyzed; however, micoofluidic systems can be
automated to moulinely pedorm macromoleoulas separa-
tions of the target sample®®. Lately, miniature microfiuidic
technologies, or “lab-on-a-chip” microfluidic systems are
wirder investigation, 55 they have slrong potential s
wiearable biosensors. A skin-like microfluldic device, for
example, was recently developed to detect the pH, glu-
cose, and |actate content in sweal through colorimetric
sensing’'. In addition, microfluidics can be applied Lo
creste systems which cun interface with the body in resl
time. For instance, a thread-hased toolkit of microfluidic
sensars has been developed, which n be cmbedded
within hady tissue, incduding a thread-based  sensor
developed for monitoring the pH of subotaneous body
flaids"*.

Flow cytometry ks a specialined technology where cells,
biomarkers, and particles are quanitified. Cell counting is
an application of How cytomelry and can provide sig-
nificant insight into a patient's health™ A well-known
example includes a complete blogd count (CBC) test
which yields information abmst low or high red blood cell
(BBC), white blowd cell (WEC), or platelet levels amongst
many ather specific blomarker counts, However, there are
limitations bs how often blood counts can be obiained,
especially because blond samples nust be analyeed onch
time by a professional using expensive and bulky equip-
menk primarily locited in the laboratory setting, These is a
need 1o achieve portable, user-friendly systems to perform
automated blood counts so thal patient health can be
continuonsly monitored outside of the lab without the
need for professional intervention'?,

Common approaches for counting cells most com-
monly employ fluorescence or impedance-based mes-
surements. Fluorcscencebased cylometers roguire the
laheling of biological celle with antshodiss functionalized
with floorophores. Contlnuous cell counting has been
demonstrated in vivo using fluorcscence-baced flow oyt
ometers™. Unfortunately, existing optical instrumenta-
tion required to anabyze fluorescent particles &5 owerall
bulky and expensive, and the labeling procedure ls
tedions™®, Impedance cylometry otilizescloctrical mea-
surements'” is an alternative technigque, which docsn't
require the labellng procedure, and can be nsed to detect
cells'®, proteing®®, and nudeic scids™. The market offers
powerfol and vesalile coolter counters™, such as
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CytoFLEX, (Beckman Couwlter, Tne., HBrem, CA, USA),
hurwever these benchtop instruments ave relalively large in
size: aned have yet to be made portable or wearable

Alternatively, modem couller coonting has  been
demonslraled psing inexpensive cireuilry with miniatur-
ized footprints optimized for applicalion-specific tasks,
such as blood cell counting™. However, these cytometry
syslems are not designed Lo be handled by a patient as
they rely on expensive exiernal data acquisition hardware
and arc not packaged into a comvenient, user-friendly
product. Furthermore, exisling prototypes of portalile
cytometry systems have been implemented on dgld cle-
cuil ards, which cannot be worn or implanted to allow
confnueus and aotomated blooed cownting

Moving away from expensive dats soquisition hardware
has been a challenge becowss microfluidic impedance
cylomelryrequires reading highly sessitive signals on the
sczle of nanovolts wihich Gl below the nnise lovel of the
environment. Lock-in amplification (LLA) is a method
which is used to isolsle such small signals, by using phase-
sensitive detoction (PSD). A wolluge at an clevated refee-
ence [requency is modulated with the impedanoe
response of the =ystom, and the signal response is
demodulated by mizing with the original cocltation vol-
tage and applying a narrow band-pass filter around the
reference requency™,

Even through using LIA, the resulting signal’s bascline
may drift mver an extended period, reducing the amouwnt
of post-gain amplification, which can be applied to the
signal, and demanding the wse of powerful dats acquisi-
tiom  instrumentation  wilth  high-resolotion (=16 bit)
analog-te- digital converters (ADCs). However, in recent
work™ we developed a novel analog LIA architecture,
td.diﬂ.g:lhm]jned'ﬁ&mlﬂ-m::ﬁnnmgcfﬂﬂnwuib}-a
high-gain amplification stage to allow a low-resolution
{10-hit) ADC on a microcontroller unit (MCL) to sample
the data (~1 kHz frequency). Although inexpensive MCUs
wilh high-resolution ADC chips are on the market, more
bits per sample pases new challenges regarding processing
performance and dala transmission speeds. Therelore,
using a low-resolution AIMC was preferable. The resulling
gystern we developed was lnexpensive, had a small foot-
print, and could accurately detect inpeadace changes as
semall as O01%. We aleo used o Blustooth module to
transmit data between the microcontroller and the
smartphone, allowing the oser to initiate data sampling
and plot dats results on the smartphone. Alihough we
achieved an easy-to-usc user interface, oor system still
consisted of discrete componenls and not pac ina
user-friendly manner to promole convenient usage out-
side of the lab.

In this work, we present a porlable and fully integrated
gyslem  incduding an LIA, &  microfluidic peordy-
dimethylsiloxane (FDBMS) bivsensor, a1 microcontroller,
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and 2 Bluetoolth module all compacted onlo a fexibls
circuit board in the form of a low-profile wristband with
live smartphone readout through an Android application.
Blaod samyples can be obtained via pln-prick and inserted
intn the inlet of the microfluidic channgl for blood cell
counting. A medical prolessions] can access the dafs
weulely aller being exported from the smarphone, or g
machine leaming algorithm in the smartphone applica-
tion could be used to alert the patient about the possibility
of illnees.

Addidonally, different biomarker counts can  he
vhiained by interchanging different microfiuidic devices
which isolatc a specific cell Lype. For instance, if one
wanted to use the platform to count newtraphil (2 type of
white blowd cell) to monitor for neutropenia (Jow new-
trophil count), a high rsk cage for cancer patients
undergoing chemotherapy™, the standard microfluidic
PIOM5 chip used in this work can be replaced with a
microfloidic device for neutrophil porification™,
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An immediate benefit of the system being packaged a5 &
wearable wristband is ulir-portability, A wearable cell or
particle quantifier could be utlized in 2 wide variety of
biomedical and environmental applications. As an example
of important health applicalions, a catheter could be coubd
be coupled to our system, and complete blood cell counts
(CBCs] could be obiained from patients on demand,
similar to how temperalure, blood pressure, and pulss
oodriselry messurements can be currently readily obmined
This would especially be nscful in an acule selting for
Paticnts undergolng surgery of raums care, where inedil
prodessionals need to make guick decisions based on CEC
resalts. Currentdy, large amsounts of blood must be col-
lected from patients and sent to a lab for analysic for CRC
counts. Instead, health workers in hospitals or on the field
could wear a blood analyzer on their wrist and move from
patient 1o palient, performing rapid anslysis. Ullimately, a
wearable platform for continoous personal health mon-
iloring applications could alsos be envisioned if the pin-
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pricking mechanism i replaced with minimally invasive
micronesdle or catheter-based impedance sensoes, which
continuously sample venows blood without the necessity
for long intravenmus tubes driven by bullky flow pumps.

In the context of environmental monitoring, 2 wearable
impedance cytomeler on the wristband could be utilized
by inspectors and workers on the field, where different
environments muost be sampled for diferent particle
counts, such a3 inerganic clements in mines, or bacteria
and other contaminates in water samples. In difficult
conditions where dexterily is reduced {in rlvers, oold
temperatures, otc.), 2 wearable device would be especially
beneficial for performing quick analysis on-site as
oppased  to collecling and  organizing sumples and
returning Lo the lab for analysis.

By modifying the impedance cylometer, so that pro-
tein'® or nucleic acid™ hiomarker measurements could be
obtained, although heyond the scope of this work, other
applications involving continnous moniloring protein
biomarkers eould be envisioned. For example, following a
cardivpulmaonary byvpass procedure (CBF), it is critical to
moniter  for  hiomarkers indicating  inflammatory
response. A systemic inflammatory response doring a
CEP mn result in “vilal organ dysfunction, mulli-nrgan
failure, and cven death™.” Manitoring for complement,
neutrophd, and plarclet activation help indicats the onset
of the systemic inflammatory response, however typical
CPE procedures invobve sampling periods up o Th, In
ref™, the authors proposc a novel microfluidic immu-
noassay to colled and sample blood continwously.
Adoption of a wearable and folly inteprated analyzer
could enable continnous bismarker quantification amd
allow for medical professionals to make decisions based
wn real-time dats. Considering the wide array of medical
and environmental applications, where a wearable impe-
dance cytometer could be wilized, efforts wers focnsed on
building the core dements of the platform technology,
namefy the microfluidic biosensor chip, the analog front
cnd and comrmunication crooitry, along with the mobile
application for data analysis and display.

We first revisit the system archileciure from™ in depth,
and then we desceibe the constuction of the fexible
circuil board. Mext, we explain the fobrication of the
bivsensor, and the mobile user interface for the system.
To demonstrate the functionality of the overall platform,
we use it i count polyilyrene beads, sheep Blood cells,
and human bood cells,

Materials and methods
System owerview

The system diagram is displayed in Fig. L We wse our
custom-built analog architecture™, designed o detect
highly sensitive impedance chanpes in o2 mderofluidic
channel with low-end hardware,
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To perform traditional LLA, a voltage at a high reference
frequency is modulated with the microfluidic channd
impodance, generaling a current signal. The binsensor
used in this work relies on an cloctric field penerated
between two cloctrodes within 2 microfluidic channel,
with the bascline impedance representing phosphate
buffered sulotion (FES), and variakle impedance resulting
from parlicde flow through the electtic field. A irans
impedance amplifier then amplifies the input current
signal and oulputs a voltage slpnal, which is then mibed
with the original refercnce voltage Finally, a low-pass
filter isolates the low.frequency component of the pro-
duct, which is a low-noise signal proportional to the
channel impedance amplitude a1 the reference fre-
guency™, As our channel impedance ales waries with
time:, we designed the low-pass filter cutol frequency to
be lurger than the inverse of the transit tme of the
muicrelluidic particle, or the lime it takes for the particle o
transverse the ficld between elecirodes,

After performing traditional LIA on ouwr binsensor,
there remaing a DT oflset within the filtered signal which
is in addition to our me-varying signal of inlerest. The
DT offset limits the gain that can be applicd to the signal
before dipping oocurs, and in®™, we describe the novel use
of 3 DC-blocking slage oo subtract the ollset and apply 2
pust-subtraction high-gain amplification stage. The result
is 2 highly sensitive archileciure, which can be imple-
mented with a small footprint and off-the-shelf compo-
nents. For an in-depth analysis on the archileclure,
incleding the noise analysis and simulation, we refer to
the original work™. An important note is that the DC-
blocking stage causes the positive voltage peak o be fol-
lowed by a negative voltage peak with the same integrated
energy, giving the novel architecture a uniqoely shaped
peak signature.

Because the analog signal has been amplified over sev-
eral orders of magnitude, a Jow-end ADC in a micro-
controller chip can sample the dula, The microcontraller
interfaces with a Bluetooth module paired with 2 custom
developed smartphone application. The application is
nsed to initiste dala sampling, and for dala processing,
readout and analyxis.

Fexible cincuit deseription

We have implemented the architecture 25 2 seamless
and wearable miceoluidic platform by deslgning o flexibls
circuit on a polyimide subsirate in the form of a wristhand
(manufacturcd by FlexPCH, Samta Ana, CA, USA) as
shown in Fig 2. All components, such o= the hatteries,
microcontroller, Bluetgoth module, and bischip are uni-
fied onto one board. The flexible circwil is o two-layer
polyimide board with copper traces totaling an arca of &
in”. Surface-mount-packaged components were sslected
Lo compact the sverall foolpring and redece notss,
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Lightweight coin cell Lithinm kon polymer (LTPO) bai-
teries and regolator chips (LTI763 and LT1964 from
Linear Technology) were used to provide 25V rails, A 1
MHz AC orystal osdllator [(503-710 from EFSOMN), D flip-
flop (74L574D fromr Texas Instrumsents) for frequency
division, and passive LT tank was used to generate the
500-kHz sine wave 2 Volt Peak-to-Peak (V) signal,
which iz cxcited through the biosensor. The plass wafer
acting a5 the substrate for the biosensor was out around
the FDMS slab with a diamond scribe to minimize the
dimensions and was attached to the board via micro-
hook-tape and micro-loop-tape steips. The electrodes of
the: sensor interfaccd with the board via jumping wires
which were first soldered to the cirooits torminals and
then bonded to the sensor'’s lenminals with condoctive
cpoory, Bremoval of the FDMS sensor vvelves de-soldering
the jumping wircs from the circuit board, separation of
the micro-hook strip adheved to PDMS sensor from the
underlying micro-loop strip adhered to the board, and
vice versa for the addition of another sensor. A DC-
ocking capacilor was added prior to the biosensor to
prevent low-Irequency power surges from domaging the
biosensor while the circuil was being switched on or off.
The trans-impedance stage following e biosensor wes
implemented with s low-nolse  operational amplifier
(TLOTICE [rom Texas Instruments) and = potontiometer
in the feedback path for adjusiable gain from QU8 to 043
Mixing was achieved with o mulliplier [(ATH35 from
Analeg Devices). To isolate the component of interest
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IFig. 3 Top view ol 30 micralluidic PORS crarnd poer with sheep
bloud ol showm kawing amass electrodes

.

from the prodoct of the mibdng stage, a thicd order But-
lerworth low-pass filter with 8 100 1Tz cutoff frequency
and 60 dE roll off per decade wos designed with another
TLOTICE op-amp™ A DC-blocking capacitor was used
for the DC-blocking sloge. The kst stage of the analog
design, the high gain stage, was achieved with two more
TLOTICP amplifers. The first stage has a gain of 1000,
and the second stape uses 3 potentiometer to adjust the
gain between 100 and 1100, The high gain stage was
mininized during the experiment for 2 nel gain of 107,

An ATtiny 85 B-bit microcontealler from Almel driven
by an exiernal 16 MHz on-board coystal was used to
sample data. The microcontroller was  programmed
through the Arduing TDE (ARDUTNOLCC) before being
assembled on board. The HM-10 Ehsfooth Low Energy
(ELE] module was used [or dofs trensmission to the
smartphone, with the moduole and the breakout cirounit
integraled on-board.

Biosensor fabrication

The process used to microfbricate our FIXME micro-
fheidic: channel for impedance cytometry is a standard one
and has been previooshy n-_pm'rﬁ'["" W nhlized channels
with widths of 30 and 30 pm for sur experiments, both
10-pm high and 1-cm lomg, The aerial vicw of the 30 um
channel ig shown in Fig. 3.

The electrode thicknesses we seleced were 5nm Cr
followed by L00nm Aw For the S0pm channel, the
clectrode finger design consisted of 10-pm-wide [ngers
separated by 15 pon, For the 30 pm channel, the width of
e Ningess ways 20 pm separated by 30 pm. The FDMS i
inftrinsically hydrophobic preventing sufficient flow within
the micro-channel™. Poly{ethylene ghycol)-based polymer
contsining  dihydroxyphenyladaning and lysine (PEG-
DMOPA-E) was used to improve hydrophilicity and lube-
city of the PDMS, improving particle fow™.
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Moblle interface

We developed a Bluctooth Low Energy (BLE)-bused
application developed for our platform desigred o initinte
dals sampling from the analog cironit, save the data o
storage, and plot the dala post-sampling. In this work, we
update the application to feature online data visualization
and peak counting, as well 85 basic file management
capabilities swch ax history data-plotting and  dats
exporting. Screcnshots of the application are depicied in
Fig. % The spplication update allows for the smartphons
to serve 2= a replacement of the desktop software for the
impedance spoctrometer, optimized for the purposes of
micrefluidic particle counting. A specific sdvantage of
online data readout, which we take advantage of during
experimentation inciudes the ability to simulianesosly
record optical microscopic results on 2 computer screen
and the dechronic deta resalts on 2 smarphone
screen with a 3™ party video recording device, making
post-cxperimental anabysis and data olignment more
cificient.

Experimental setup

We used a minimalistic approach to ciccumyvent tra-
ditional procedurcs requiving bulky and expensie
cquipment with newer procedures that can  be

-

performed cutside of the lab. As mentioned before, the
microfiuidic FDME channel was made hydrophilic by
injecting a polyethylene ghyeol (PEG) solution using &
micropipette info the well of the channel, as opposed tn
traditional vxygen plasma treatment. The use of PEG
results in pemranently keeping the chonnel hydrophdilic,
wherens when treated with oxygen plasma, the PIIMS
Lypically refurns to its native hydrophobic state within
105 of minutes. Becanse the device was sufficiently
hydrophilic, mo external pump was required to gencrate
a steady particle flow. If isolation of a specific blood cell
type was desired, inslead of using contrifugation {the
standard lab approach), pussive microfluidic grometrics
for blood cell sorting have Been widely imvestigated™,
and can be integrated into microllovidic plhtforms as
negded.

We tested our system wilh blank PHS, PRS with 3 pm
polystrene beads, sheep blond cells, and human blooed
cells (< L0% WBCs and platelets, »90% EBCs). All samples
were diluted in 10 mM PBS with a dilution factor of 20 fo
reduce to the Lkelihood of dogging in our simple
microfluidic channel, and the channels were Alled with 10
mb, pH 74 PBS. A channel width of 50 wm was wsed
when counfing polystyrene beads and shesp blood cclls,
and a chunnel width of 30 pm was used when cowinting
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human blood cells obisined (rom Gnger pricks, corre-
sponding to channel resistances of 125k and 208 ki3,
respectivehy.

To verify accuracy, an optical compound microscope
wik used alongside the digltal readout systerm to verify the
arcurscy of e digitally reported pacticle counts, For the
[Urpnses u‘Fn{H‘irjl mmrding, thi hinsensor was remoed
from the surface of the board {while =ill connected (o the
system via the jumper cables) and wos positioned under
the microscope so that the sensor'’s clectrodes were visible
undear the field of view a= in Fig. 3. A digital camera was
mounted onto the microscope lens so that the chanme]
flow could be monitored on the deskiop screen.

Slmulcanecusly, the lock-in amplification systemn was
turned on through a power switch. The Bluetooth module
was paired with an Android smartphone munning owr
cuslom Android application. Theough the application, the
microcontroller was prompted to begin sampling voltaze
data. The voltage data would then be plotted in bive tme
on the m‘lrl_'_phn:ml: appl'iml:inm.

Ag the data was being sarmpled, a third-party device was
uged to video record the microscopic view on the deskiop
sereen and Lthe vollage signal on the smartphone, as
shown in Fig 5.

Results and discussion

The results of 305 experiments vsing blank PE% and
FES with 3pm polysiyrens beads, sheep RBCs, and
homan blood cells are dieplayed in Fig. 6. Doe to pro-
cossing limitstions of smariphone hardware, an efficient
alporithm was targeted to count the number of particles
flowing through the channed in bve time. Therefore, o
straightforward positive woltage threshold-based alpo-
rithrm of 0.5 % was used to count the nomber of peaks in
the smarlphone. To remove [Else counts created by noise,
we %=l 2 minimum guola in which [our conseculive
samples of data were required to be above the threshold
to iterate the peak count,

For longer experimental samples, with large amounts of
data, we performed post-experimental  analysis  in
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Fig- & Datn rporired from smanphone appdceaion, messuned Bnough wearable L& with PRS onbra and 3 pm poksnmene beads b and sheep blood
cells flonwing through S pm PERTS chanmed e and buman blood cells liowing through 39 prm dhenndd for 305 d @ Resubs froms figeee € dets shoen
o wrwilphone applcalion

MATLAR B2016a (MathWarks Inc.) for pezk counting.  the data file to a desktop computer. We envision (hat a
We ran an cqperiment with a duration of 10 min using  patient would similardy export their dala remolely to a
human RBCs obtained via pin-prick and diluted in PHS in  physician for detailed analysis. The data file was opened in
2 30 pm wide channel. After the cxperiment, we exported  MATLAE and a Butterworth hand-pass filter was applied
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Fig. 7 Selecher duls piolled 1o MATTAR frrm 10 minuee expormnent with buman bloed Gl gsing thiough & 30 pm wide chianned dunng an
gmpmaitreerd wilh A firadon of 10 min awithaut modificalion b alter sprsying 3 Bumensreth band pass filier using the Signal Processing Tookos, The
redd deshied line repressrits Lhe negatiee Freshold wolmge of —07 W, and the green cashed Ime appeans for peake. which indlidied in the final oounr

using the Filter Designer from the MATLAE Signal Pro-
cessing Toolboor It was necessary Lo [lter out the DC
compancnt of the signal to remove drift, and to filter ont
high frequencies to creale @ smasolh signal, without sig-
nificantly affecting signal amplitude. The resulting slenal is
shonsm in Fig. 7. In the [ulore, the application is envisioned
o apply the low-gaes filter to the signal in e time.

The negative voltege overshoot coused by the DC-
hlocking capaciter helped identify peaks with a higher
accuracy than using the original pesitive voltage peak in
the case that cells fow theough the clectredes in proxi-
mity to each other. Therefore, 5 negative threshold voltage
was applied Lo count the peaks in MATLAB, The video
recording of the cxperimenl was compared to the
MATLAE results to analye= oplical couwnt ws. digital
counl Reprewsentative iz displayed in Fig, 8.

Theeshold-based avtomated counting only presented
dilfscully in identifring a peak when multiple cells flowed
between the electrodes st a given time resulling in the
overlap of scparate peaks, Each occurrence of overlapping
caused the digital to optical count ratio be drop. However,
due to the unique peak sipnatore from our circwit
response due to the DC-blocking capacitor, we expect
that multiple peak-fitting algorithme such as those used in
¥P5 anabysis™ o be implemented to obtain mors

werunale Sounts,

Conclusion

We have developed a wearsble microfluidic Impedance
cytometer on a flexible substrate containing a microfhidic
biosensor, analog resdoul hardware, an analop-to-digital
data MCU, BLE transmission, and smariphone data pro-
cessing. Uhar platform can count the number of Blood oclls
from 2 pin-prick blood sample pipetted inte the standard
microfloidic PDMS chip. However, dillerenl types of
biomarkers can be counted by peplacing the standard
PDOMSE chip with specialized microfiuidic chips that isolate
a specific biomarker. Interchanging the biosensors on the
current version of the platform invelves de-soldering and
re-goldering jumping cables from the biosensor pads (o
the board, howewver this can be wltimately replaced with a
miore user-friendly plog and play peckaging interface. The
resulting voltage data can be exported and shared with a
medical professional for in-depth analysis and can provide
vital information to doctors without significantly dis-
fupting a paticnt’s daily schoduole.

In finture work, we aim o evaluate e robusoness of owr
platform by sampling data as it is being worn durlng
activity, and we will adjust the circuit archileclure, bio-
sensor design, and overall packaging to reduce the effects
ol motion and environmental distorbance, In addition, we
would like to demonsteale the versatility of the spstem by
testing across & range of biosensors and biomarkers.
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Fig. B Tatal eptical mictoscopic wount va. digial system rounr from
Il-mirnie espesrment with human Blood cels

Furthernrore, sludies will be dedicated to Incorporating
nulti-frequency impeodance cytometry and data-driven
approaches to discriminate between different cedl types.
Lastly, our owrent syslem requires the oser to place
samples into the microfiuidic channel abisined from a
pin-prick, which musl be performed st intervals ansd s
opposed to continuwous and aulomated blood counting.
Therefore, we envision fabricating minimally invasive
microneedle or catheter-based impedance sensors con-

linuously sampling venous Blood using 2 wearable cyto-
metry platform for readout. Bio-systems continuonshy
moniloring homan health iz the key o eurdy discase
prediction: and coaudd revolutiondze how medical prodes-
sinnals provide treatment to Lheir patients.
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