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(7) ABSTRACT

Embodiments of the invention enable sensing the presence
and concentration of molecules such as electrolytes, biomar-
kers, chemically defined drugs and proteins in transdermal
and cell interstitial body fluids. Today, these tests are genet-
ally performed by blood extraction in a clinic environment
and a later analysis resulting in inconvenience to the patient,
high cost, the need for specialized personnel and a delay in the
results. The present invention enables performing those tests
at a low cost, by non-specialized personnel or the patient
him(her)self, in a home or clinic environment and provides
near real time results that get communicated to the patient and
authorized clinician. The invention achieves that by describ-
ing an innovative product architecture that integrating micro-
needles with micro-sensors in a low cost disposable unit, a
specially designed applicator for ease of use and automated
wireless transmission and data analytics.
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APPARATUS AND METHODS FOR
TRANSDERMAL AND CELL INTERSTITIAL
BODY FLUID EXAMINATION, SENSING OF

ANALYTES, BIOMARKERS AND DRUG
CONCENTRATIONS AND ASSOCIATED DATA

TRANSMISSION SYSTEMS
CROSS-REFERENCE TO RELATED
APPLICATIONS
[0001] A Provisional patent related to the invention was

submitted:
TITLE OF PROVISIONAL PATENT
[0002] <Apparatus’ and methods for transdermal and inter-

stitial body fluid examination, sensing and associated data
transmission systems”

APPLICATION NUMBER

[0003] U.S. Provisional Patent Application 62/070,182
FILING OR 371(C) DATE filed on Aug. 18, 2014

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0004] Not Applicable
THE NAMES OF THE PARTIES TO A JOINT
RESEARCH AGREEMENT
[0005] Not Applicable

INCORPORATION-BY-REFERENCE OF
MATERIAL SUBMITTED ON A COMPACT DISK
OR AS TEXT FILE VIA THE OFFICE
ELECTRONIC FILING SYSTEM (EFS-WEB)

[0006] Not Applicable

BACKGROUND OF THE INVENTION

[0007] 1. Field of the Invention

[0008] The present invention relates to the field of Bio-
medical testing of body fluids, sensing device processing and
fabrication, and more particularly to a method of fabricating
a transdermal or interstitial fluid analyzer that integrates
micro-needles with micro-sensors along with multiple inte-
gration layers and structures and uses a specially fabricated
applicator, patch or carrier to communicate with a smart
device, analyze the sensed data and communicate the results

Mar. 3, 2016

[0009] 2. Description of Related Art

[0010] Frequent testing for relevant biological materials
such as K+, Na+, Cl- ions, glucose, creatinine, cholesterol
etc. and therapeutic agents such as drugs used in the treatment
of cardiovascular, renal, neurological, oncological and other
medical conditions is often required for the effective treat-
ment and monitoring of patients. The standard of care
involves blood extraction in a clinical setting with subsequent
serum analysis for the concentrations of one or more electro-
lytes or other biological or therapeutic molecules of interest.
[0011] This testing process results in high costs related to
the blood or fluid extraction being performed in a clinical
setting, delays of hours to days related to the testing being
frequently done by specialized personnel or laboratories, and
inconvenience to the patient related to travelling to the medi-
cal facility and the significant time required. As a result,
testing is often performed at suboptimal frequency and risks
a delayed response to a medically significant event.

[0012] Theuseof micro-needles that can perforate the Stra-
tum Corneum (the outer layer of the epidermis) and reach the
transdermal fluid under the skin is part of the existing state of
the art. When made hollow, the micro-needles provide access
to the interstitial fluid among subcutaneous cells and permit
the delivery of drugs or accessing the interstitial fluid for
analysis. Micro-needles have been made from a large variety
of materials from metals to ceramics to polymers to silicon
with varying degrees of performance and process control.
While these micro-needles can access the transdermal region,
when manufactured to the correct dimensions, they are not
deep enough to reach the blood capillaries or nerve endings
and their application is therefore practically painless and does
not produce bleeding. Research in the use of micro-needles
has focused mostly on methods for delivering drugs into the
subcutaneous region. Separately, sensors using especially
formulated biochemical films to obtain electrical readings
and transistors fabricated in semiconductors such as silicon
and modified to make them sensitive and specific to ions such
as K+ have also been sporadically described. Key difficulties
with existing approaches are the lack of sufficient process
control to achieve medical grade devices and complex inte-
gration methods that are not best suited for the high volume
manufacturing that is necessary to achieve large volumes and
low cost. As a result, practical devices that allow routine
testing of transdermal fluid at low cost by non-specialized
personnel are not available in the marketplace to the best
knowledge of the inventors.

CROSS-REFERENCE TO RELATED
APPLICATIONS

Patent References

to both patient and medical personnel. [0013]

Patent Publication date ~ Applicant Title

U.S. Pat. No. Dec. 30, 2014 Wockhardt A device and a system for

8,920,359B2 Res. Centre delivery of biological material

US20140336487 Nov. 13, 2014 The Regents of ~ Microneedle arrays for

the Univ. of Cal.  biosensing and drug delivery
62/070,182 Provisional Jose Maiz Apparatus’ and methods for
Aug. 18,2014 transdermal and interstitial body

fluid examination, sensing and
associated data transmission
systems

WO02014120114  Aug.7,2014 Empire Tech. Microneedle-based natremia

development sensor and methods of use
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-continued
Patent Publication date ~ Applicant Title
U.S. Pat. No. Oct. 5, 2013 Covidien Systemn and methods for optical
8,560,059B2 Hoarau sensing and drug delivery using
microneedles
U.S. Pat. No. Jul. 8, 2013 Procter & Portable Interstitial Fluid
6,591,124B2 Gamble Monitoring System
U.S. Par. No. Nov. 6, 2012 Intuity Medical ~ Autonomous, ambulatory analyte
8,303,518B2 monitor or drug delivery device
US20120190950  Tul. 26, 2012 Medtronic Electrode compositions for use
Minimed Ine with analyte sensors
US20120186997 26 Jul. 2012 Medtronic Layered enzyme compositions
Minimed Ine for use in analyte sensors™
U.S. Par. No. May 10, 2011 Nat Chiao Tung ~ Microprobe array structure and
7,941,201 Univ method for manufacturing the same
US20110105871  May 5, 2011 The Regents of  Monitoring method and/or
the Univ. of Cal.  apparatus
US20100025238  Feb. 4, 2010 Medtronic Analyte sensor apparatuses
Minimed, Inc. having improved electrode
configurations and metheds for
making and using them
EP1841491B1 May 27, 2009 Janisys Transdermal drug delivery device
US20090099427  Apr. 16, 2009 Arkal Medical, Microneedle array with diverse
Ine. needle configurations
US20090062752  Mar. 5,2009 Gonnelli Robert  Switchable microneedle arrays
R and systems and methods relating
to same
EP1439871B1 Jan. 14, 2009 Massachusetts Microneedle transport device
Inst Technology
EP1448263B1 Jan. 7,2009 Power Paper Ltd  Device and method for controlled
Mavor delivery of active substance into
the skin
U.S. Pat. No. Jan. 6,2009 Univ Utah Active needle devices with
7473,244B2 Frazier integrated functionality
U.S. Pat. No. Aug. 26, 2008 Corium Intracutaneous microneedle array
7.416,541 International, Ine.  apparatus
U.S. Pat. No. Mar. 18, 2008 Georgia Tech Microneedle device for extraction
7,344,499B1 Research Corp.  and sensing of bodily fluids
EP1418977B1 Jan. 10, 2007 Hospira, Cho Microneedles for minimally
invasive drug delivery and
method of manufacturing the same
U.S. Pat. No. Nov. 7, 2006 Sandia Method to fabricate hollow
7,132,054B1 Corporation microneedle arrays
U.S. Pat. No. Jun. 21, 2005 3M Innovative Microneedle devices and methods
6,908,453B2 Properties Co of manufacture
U.S. Pat. No. Oct. 29,2002 The Procter & Apparatus and method for
6A471,903B2 Gamble Company manufacturing an intracutaneous
microneedle array
WO02001049346  Jul. 12, 2001 Redeon Inc Stacked microneedle systems
BRIEF SUMMARY OF THE INVENTION described by the invention achieves a low cost, medical grade,
easy to use transdermal and cell interstitial sensor architec-
[0014] This invention provides processes and methods that ture that is suitable for use in both clinical and non-clinical

enable and make practical the integration of micro-needles
with biochemical micro-sensors and other associated or use-
ful elements like reference electrodes, pH, and temperature
sensors. The invention further allows for their miniaturization
to achieve low cost and the enabling of high precision manu-
facturing methods required for a dependable and accurate
medical grade device. It achieves this by implementing inno-
vative process and integration architectures that leverage,
adapt and take advantage of the state of the art in semicon-
ductor wafer and thin film processing and materials with
biochemical sensor devices and membranes that have been
proposed for biochemical testing. It further describes a spe-
cialized applicator or carrier that allows its use by non-spe-
cialized medical personnel or by patients themselves along
with built-in data analysis and communication capabilities so
that the results can be communicated in real time to the patient
and/or to medical staff (doctor, nurse etc.) without any spe-
cialized or skilled action by the user. The overall system

environments by non-specialized personnel as well as by the
patient him(her)self. To the best understanding of the inven-
tors, this capability to simultaneously achieve low cost, ease
of use, medical grade accuracy and suitability for high vol-
ume manufacturing has not been accomplished by integration
architectures described in prior art and no equivalent capabil-
ity devices have been offered or are in the process of being
offered in the marketplace

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0015] While the specification concludes with claims par-
ticularly pointing out and distinctly claiming that which is
regarded as the present invention, the advantages can be more
readily be ascertained from the following description of the
invention when read in conjunction with the accompanying
drawings in which:
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[0016] FIG. 1 represents the overall transdermal sensing
system consisting of the integrated micro-needle/sensor ele-
ment 200, an specially designed applicator 300 with a wired
or wireless connection system to a smart device, an applica-
tion for the smart device 400 to direct the sensing event and
analyze results, a wired or wireless connection to a data server
or the cloud and a software application in the server or cloud
500 for data analysis, storage and distribution while preserv-
ing the medically required protocols for privacy and data
integrity.

[0017] FIG. 2a-2d in FIG. 2 represent cross-sections of
structures used to form the integrated micro sensor unit. It
integrates the operation of the micro-needles with the micro-
sensors and a reference electrode in a monolithic block of
silicon with a surrounding packaging structure that provides
for the formation of a microfluidics chamber and electrical
connections and may be formed when carrying out an
embodiment of the method of the present invention.

[0018] FIG. 3a-35 in FIG. 3 represent cross-sections of
structures that integrate the operation of the micro-needles
with the micro-sensors and reference electrode as fabricated
in separate blocks of silicon, a spacer enabling the formation
of a microfluidics cavity and the surrounding packaging
structure which may be formed when carrying out another
embodiment of the method of the present invention.

[0019] FIG. 4a-4c¢ in FIG. 4 represent cross sections of
structures that integrate the operation of the micro-needles
with the sensors and reference electrode as fabricated in sepa-
rate blocks of silicon but where the etching in one of the
silicon forming blocks provides for the microfluidics cham-
ber and that may be formed when carrying out yet another
embodiment of the method of the present invention.

[0020] FIG.5representan applicator and handling pen-like
device 300, or alternatively patch-like device 320. designed to
facilitate securely picking and electrically contacting the
micro-needle/sensor assembly and containing the power
source and electronics circuit to direct and execute the sens-
ing event and to communicate wirelessly or by wired connec-
tion the sensing results to a smart device such as a smart phone
or smart watch.

[0021] FIG. 6 represents a smart device such as a computer,
a smart phone or smartwatch 400 with a specially designed
application to request and direct the sensing event by com-
municating wirelessly or by wired connection with the appli-
cator device, to analyze the results, to communicate the
results to a computer server or application in the cloud for
storage and safekeeping and to communicate the results to the
patient or appropriate clinician.

[0022] FIG. 7 represents a server computer or server in the
cloud 500 with a database and a software application that
receives the sensing data, performs further analysis, provides
secure safekeeping of the results and communicates the
results to those with the right to know by using secure proto-
cols appropriate to handle medical data.

[0023] FIG. 8 represents a flow chart of the sensing event as
directed by the server computer and the application in the
smart device and executed by the applicator and the integrated
micro-needle/sensor devices.

DETAILED DESCRIPTION OF THE INVENTION

[0024] In the following detailed description, reference is
made to the accompanying drawings that show, by way of
illustration and examples, some specific embodiments in
which the invention may be practiced. These embodiments
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are described in sufficient detail to enable those skilled in the
art to practice the invention. Although the various embodi-
ments of the invention are different, they are in no way mutu-
ally exclusive. For example, a particular feature, structure, or
characteristic described herein, in connection with one
embodiment, may be implemented within other embodi-
ments without departing from the spirit and scope of the
invention. In addition, it is to be understood that the location
or arrangement of individual elements within each disclosed
embodiment may be modified without departing from the
spirit and scope of the invention. The following detailed
description is, therefore, not to be taken in a limiting sense,
but only as a mean to illustrate, and explain the scope of the
present invention which is defined only by the appended
claims, appropriately interpreted, along with the full range of
equivalents to which the claims are entitled. In the drawings,
like numerals refer to the same or similar functionality
throughout the several views.

[0025] Methods of forming transdermal and cell interstitial
body fluid sensing and data transmission systems (i.e. the
integration of micro-needles, micro-sensors, reference elec-
trodes, applicators, wireless communication and data pro-
cessing capabilities) and associated structures are described.
Those methods comprise forming a micro-needle unit that
can pierce the Stratum Corneum portion of the skin, forming
a micro-sensor unit for the ion or molecule species of interest
(i.e. electrolytes, biomolecules and drugs whether therapeutic
or otherwise) along with its associated control circuitry, form-
ing a reference electrode, integrating all of them as a self-
contained consumable unit in a way that can be greatly min-
iaturized to reduce cost, forming an applicator, patch, holder,
or carrier that holds the consumable during the test, powers
the sensors, acquires the data and transmits it to a smart device
in a way that makes the device safe and easy to use by
non-specialized personnel and an application for the smart
device specifically developed to direct the sensing event,
analyze the results and send them in real time to the patient
and or appropriate medical personnel.

[0026] In anembodiment of the present invention, as illus-
trated in FIG. 1, an integrated system capable of transdermal
and cell interstitial fluid examination, sensing of analytes,
biomarkers and drug concentrations is described. An inte-
grated disposable sensing unit 200 is fabricated by forming
micro-needles, micro-sensors, a reference electrode, their
supporting electronic circuitry and integrating them into a
unit that is suitable for low cost manufacturing and easy to
handle by non-specialized personnel. An applicator 300 such
apen-like or a patch-like or carrier with a different form factor
but same function and that is reusable is specially designed to
handle the integrated disposable unit. This applicator 300
carries a battery unit to provide power, includes electronic
circuits to power the sensors and read the resulting sensing
data, and has additional electronic circuits for processing and
preparing that data for transmission along with electronic
circuits to transmit wirelessly or by wired connection that
data to a smart device. A smart device 400 such as a smart
phone, smart watch, smart bracelet or general computing
device capable of sending data to and receiving data from the
applicator and a software application that directs the sensing
event, analyzes the sensing results, communicates it to a
central or cloud based data repository system and communi-
cates it to both the patient and authorized clinician orclinic. A
computing device 500 with an especially designed software
application whether local, at a dedicated server farm or in the
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cloud to accept the data store it and provide secure access to
only authorized personnel by following protocols generally
accepted to handle sensitive medical information.

[0027] Inanembodiment of the present invention, as illus-
trated in FIG. 2, a method of forming an integrated disposable
sensing unit 200 is described by forming micro-needles,
micro-sensors for one or multiple analytes or bio-chemical
species of interest, a reference electrode and integrating them
into a unit that is suitable for low cost manufacturing and easy
to handle by non-specialized personnel. Referring to FIG. 2a,
an array of micro-needles 106 are fabricated on a silicon
block 102 by using photolithographic techniques, preferen-
tial crystal plane wet etch methods, isotropic and anisotropic
dry etch techniques or acombination of all of them as it is well
known to those skilled in the art. In this embodiment, the
length of the micro-needles is between 25 micrometers and
several millimeters as appropriate to the specific sensing
function pursued. In the case of transdermal sensing lengths
between 25 micrometers and 500 micrometers can be consid-
ered to ensure perforation of the Stratum Corneum and pet-
form the testing without any significant pain or bleeding.
Dimensions between 25 micrometers and several millimeters
can be considered when probing for cell interstitial fluids in
diseased body tissues. The micro-needles and supporting sili-
con block are formed with hollow perforations 104 which are
formed commonly but not exclusively by Deep Reactive Ion
Etching (DRIE) or alternative techniques as it is well known
to those skilled in the art. FIG. 2 illustrates the formation of
micro-sensors 108 designed to measure presence or concen-
tration of the ion or biomolecule of interest, a reference elec-
trode 107, electronic circuitry 105 designed to power and
control them with all of the being formed on the surface
opposite from that used to form the micro-needles by using
photolithography and commonly used thin and thick film
processing techniques. These micro-sensors 108 can be
formed in a manner that is optimized for the specific ion
species, biomarker or drug and could be based on Ion Sensi-
tive Field Effect Transistors, especially modified thin films
whose conductivity is modulated by the concentration of the
chemical species to be tested or optimized to use voltammetry
or amperommetry techniques as it is known to those skilled in
the art. The micro-sensors 108 could be all similar so as to
measure the concentration of a single species of analyte,
biomarker/drug or may be formed to contain multiple sensor
types so that multiple types of analytes, biomarkers and drugs
can be measured simultaneously. The reference electrode 107
can be formed by adapting processing techniques commonly
used in semiconductor technology and the use of different
kinds of materials but preferably as a Ag/AgCl reference
electrode as it is commonly used by those skilled in the art.
The sensors 108 may be formed to include measurements of
pH, temperature, ions such as K+, Na+, Cl- and others,
important biomolecules such as creatinine, glucose, lactic
acid, lactates, cholesterol, nitrates etc., therapeutic drugs such
as those used to treat cardiovascular, renal, neurological and
oncological conditions and any other of biological interest.
The same FIG. 20 illustrates the formation of specially
designed electronic circuits 105 and metallic contacts 109 on
the same surface than the micro-sensors 108 whose function
is to power the micro-sensors, read the sensing results, and
prepare the data for transmission to the electronic circuits in
the applicator through the metallic contacts 109 and which
are formed by standard processing techniques used to fabri-
cate semiconductor devices. Referring to FIGS. 2¢ and 2d, a
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specially formed casing 112 is used to assemble the micro-
needle/micro-sensor(s) integrated block in a way that it cre-
ates a microfluidics chamber 114 and which allows the trans-
dermal fluid to reach the sensor units. Making the dimensions
of the hollow portion of the micro-needle 104 and the fluid
chamber 114 small and their surfaces hydrophilic, along with
the presence of a vent 120, will allow the transdermal fluid to
travel by capillary action and reach the micro-sensors. Pre-
ferred embodiments for the hollow portion of the micro-
needles are below 150 micrometers although larger dimen-
sions are possible. Preferred embodiments for the height of
the microfluidics chamber are in the 10-500 micrometers
although dimension of 1 millimeter and larger can be made
work. The casing 112 may comprise materials such as metals,
ceramics, polymers and plastics or others that provide similar
structural function. Perforations 116 in the casing 112 are
used to incorporate electrical conductors and provide electri-
cal access to the sensors 108 and sensing circuitry 105, to
provide power, read the results and may be formed in suffi-
cient quantity to tend the needs of the multiple sensors
formed. A perforation formed in the casing 120 and identified
as a vent allows air to be vented out of the chamber as the
transdermal fluid fills the sensing chamber 114 by capillary
action and can be formed anywhere that is convenient in the
walls micro-fluidics chamber. Conductive pads 118 are
formed on the casing to complete forming the consumable
unit (FIG. 2d). In a preferred embodiment of this invention the
integrated disposable unit 200 and described in more detail in
FIG. 2d is between 0.5 millimeters and 10 millimeters wide
with the dimension being dictated primarily by number of
distinct sensor devices incorporated into the unit. In a pre-
ferred embodiment of this invention the integrated disposable
unit 200 has a thickness between 500 micrometers and 5
millimeters.

[0028] In another embodiment of the invention and refer-
ring to the same FIGS. 2a-2d, the substrate 102 and micro-
needles 106 are formed in a material different that silicon
such as metal, ceramic, polymer, carbon or plastic and the
micro-sensors 108, controlling circuitry 105 and reference
electrode 107 are fabricated separately either in silicon or in
another suitable material such as a different semiconductor,
carbon, metal or nanoparticle structure and are placed appro-
priately over the substrate 102 while allowing a similar
method of integration of the consumable portion of the
device.

[0029] In another embodiment of the invention, and as
described in FIG. 3a-35b, the substrate 102 with the micro-
needles 106 (FIG. 2a) are formed in a separate block than the
micro-sensors 208, control circuitry 205 and reference elec-
trode 207 which are formed on a substrate 222 as is described
in FIG. 34. The micro-needles 106 and the micro-needle
substrate 102 can be formed in a variety of materials includ-
ing, but not limited to silicon, metals, ceramics, polymers,
carbon or plastics. The substrate 222 can be formed in a
variety of materials including, but not limited to silicon, met-
als, ceramics, polymers, carbon or plastics. The micro-sen-
sors themselves 208 can be formed in silicon or in another
material suitable for the fabrication of micro-sensors such as
a different type of semiconductor, or a properly formulated
carbon or polymer based paste and could be based on ITon
Sensitive Field Effect Transistors, especially modified thin
films whose conductivity is modulated by the concentration
of the chemical species to be tested or optimized to use
voltammetry or amperommetry techniques as it is known to
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those skilled in the art. The controlling circuitry 205 and
reference electrode 207 can then be formed on substrate 222.
In this embodiment (FIG. 35), the electrical connections 216,
electrical contacting pads 218 and the vent 220 are also
formed in the substrate 222. During operation, and when the
transdermal needles 106 pierce the stratum corneum, the
interstitial fluid moves up the hollow portion of the needle 104
by capillary action reaching the cavity 214 and the micro-
sensors 208 and generates an electrical sensing signal that can
be read through the electrical pads 218.

[0030] Inanother embodiment ofthe invention and as illus-
trated in FIG. 4a-4c, the micro-fluidics chamber 230 is
formed in the micro-needle block 102 by chemical etching,
abrasion, stamping, laser processing or other suitable
method. In the case where the micro-needle block 102 is
made out of silicon, the micro-fluidics chamber 130 can be
formed by anisotropic dry etching or by wet chemical etching
of the silicon which preferentially etches or stops along cer-
tain crystalline planes or by other wet or dry etching methods
asitis wellknownto those skilled in the art. An example is the
case where Silicon <100> wafers are used and a KOH based
etchant is used to preferentially stop etching when it reaches
a <111>plane forming the desired cavity. However, multiple
other options based in the same concept are possible as it is
well known to those skilled in the art. Additionally, the vent-
ing perforation 220 is shown inblock 222 for convenience but
could also be easily formed laterally from the micro-fluidics
chamber in the micro-needle block 102 and be equally effec-
tive.

[0031] In another embodiment of the invention and as it is
illustrated in FIG. 5, a reusable applicator 300 is designed and
formed to facilitate the handling of the sensing operation in a
way that is easy to use by non-specialized personnel. The
applicator can be formed by using metals, ceramics, plastics,
polymers or a combination of them. As a method of illustra-
tion, the applicator 300 includes a grab and hold mechanism
302 that securely picks and holds the integrated sensing umit
200, a method of providing electrical connectivity 304, an
electronic circuit unit 306 that provides power to the sensors
by a battery or other means, has the capability to processes the
results, and transmits them wirelessly or by a wired connec-
tion to a smart device 400. The applicator 300 also contains a
mechanical grab and hold actuator 310 which in one embodi-
ment of the invention could be similar to the operation of a
mechanical pencil, and an electrical switch 308 that initiates
the sensing sequence under user control. The description of
the mechanisms, actuators and switches illustrated in FIG. 5
are provided as examples and should not be interpreted as
limiting the method of executing the inventions as many
related options are available to those skilled in the art. The
applicator 300 itself illustrated in FIG. 5 is a pen like device
but many other options in the form of a patch or carrier device
with alternative geometries are possible and this example
should not be construed as limiting the application of the
invention. The patch-like device 320 in FIG. 5 illustrates such
an embodiment example of the reusable applicator with its
grab and hold mechanism 302, an adhesive 322 to secure it to
the skin and the electronics module 306 to confer it a substan-
tially similar capability and function than that described for
the pen-like applicator.

[0032] In another embodiment of the invention as illus-
trated in FIG. 6 a smart device 400 such as, but not limited to
a smartphone, smart-watch, tablet or computer has been
equipped with a specialized application or software program
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that directs the sensing sequence, communicates by wire or
wirelessly with the applicator 300, instructs the sensing to be
done, collects and analyzes the results and communicates
them by wire or wirelessly to devices 500 under the control of
the patient and/or appropriate medical personnel as illustrated
in FIG. 7. An example of the architecture of the integrated
operation is described in FIG. 1 and an example of the opera-
tional flow is described in FIG. 8. It should be clear to those
skilled in the art that the architecture of the integrated opera-
tion described in FIG. 1 and the operational flow described in
FIG. 8, are examples and that variants in the sequence of
events or modification in the flow that accomplish the same
result are part of the claimed invention.

What is claimed is:

1. An apparatus and method of performing transdermal and
or cell interstitial body fluid testing of analytes, bio-mol-
ecules, chemically defined drugs and proteins comprising a
disposable integrated micro-sensing unit, a reusable applica-
tor to enable the safe and easy handling of the test sequence
and the automated test sequence execution, the analysis of
results and data communication to authorized users.

2. The apparatus and method in claim 1, further comprising
of a disposable micro-sensing unit that integrates hollow
transdermal micro-needles with a single or multiple bio-ana-
lyte, bio-molecule, chemically defined drug or therapeutic
molecule micro-sensor(s), a reference electrode, pH and tem-
perature sensors and their appropriate electronic control cir-
cuitries formed in a monolithic block of silicon by the use of
appropriate thick and thin film inorganic or organic materials
processing techniques along with a formed casing, a spacer, a
vent and electrical contacts that enable forming an integrated
disposable sensing device.

3. The apparatus and method in claim 1, further comprising
of a disposable micro-sensing unit that integrates micro-
needles formed in one block of silicon while the micro-sensor
(s), the reference electrode, the pH and temperature sensors
and their electronic controlling circuitries are formed into a
separate block(s) of silicon and integrated with a formed
casing, a spacer, a vent and electrical contacts that enable
forming an integrated disposable sensing device.

4. The apparatus and method in claim 1, further comprising
of a disposable micro-sensing unit where the micro-needles,
the micro-needle substrate, the micro-sensor substrate and
the micro-sensor(s) themselves, whether formed as part of a
single block or adjacent multiple blocks, are formed of a
material other the silicon such as, but not limited to, a semi-
conductor other than silicon, metal, ceramic, polymer, carbon
or plastic on any suitable substrate.

5. The apparatus and method in claim 1, further comprising
of a disposable micro-sensing unit where the micro-sensor(s)
have been formed by incorporating a sensing membrane that
is of high sensitivity and specificity to the chemical species of
interest into lon Sensitive Field Effect Transistors, thin or
thick films subject to conductivity modulation and any other
device suitable for voltammetry or amperometric sensing
techniques.

6. The apparatus and method in claim 1, further comprising
of a disposable micro-sensing unit where the preferred
dimensions for the micro-needle depth ranges from 25
micrometers to several millimeters depending of the specific
application, where the preferred dimension for the hollow
portion of the micro-needles is under 150 micrometers, where
the preferred dimension of the formed microfluidics chamber
ranges from 10 micrometers to 1 millimeter, where the pre-
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ferred lateral dimension of the integrated disposable unit
ranges from 0.5 millimeters to 10 millimeters and where the
preferred thickness of the integrated disposable unit ranges
from 0.5 millimeters to 5 millimeters.

7. The apparatus and method in claim 1, further comprising
a reusable sensing applicator whether pen-like, patch-like or
with other geometry that has been specially designed to
enable the easy handling of the integrated disposable micro-
sensing unit described in claims 2 through 6

8. The apparatus and method in claim 1, further comprising
a reusable sensing applicator incorporating a battery to pro-
vide power to the integrated disposable micro-sensing unit,
electronic circuitry to power and direct the sensing event and
electronic circuitry to receive the measured sensing data from
the integrated micro-sensing unit and transmit it wirelessly of
by wire to a computing or smart device.

9. The apparatus and method in claim 1, further comprising
a reusable sensing applicator that incorporates a mechanical,
magnetic or electromagnetic grab and hold mechanism with a
controlling button that makes it easy to use to non-specialized
personnel.
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10. The apparatus and method in claim 1, further compris-
ing a reusable sensing applicator that incorporates a button
switch that makes it easy for the user to initiate the sensing
event when ready and which executes the sensing event and
data transmission under the full automatic control of the
electronics without any further intervention of the user.

11. The apparatus and method in claim 1, further compris-
ing an application resident in a smart device such as a smart
phone, smart watch, tablet, wearable or computing devices
specially designed to communicate either wirelessly or by
wire with the disposable micro-sensing unit applicator to
direct the sensing event, collect the sensing data, analyze the
results and communicate them to authorized persons and
devices.

12. The apparatus and method in claim 1, further compris-
ing a smart device application specially designed to commu-
nicate wirelessly or by wired connection with a server com-
puter, whether local or in the cloud for permanent data
repository and distribution according to established protocols
of data security and privacy.
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