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A sensor can be manufactured by printing a working elec 
trode onto a substrate using aerosol jet printing . Sensing 
chemistry ( e.g. , enzyme - based ink that including detection 
chemistry ) also can be printed onto the working electrode 
using aerosol jet printing . A reference electrode also can be 
printed on the substrate at a position spaced along the 
substrate from the working electrode . In certain examples , 
the substrate can be positioned within a lumen of a skin 
piercing member of a sensor module . 
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a ELECTROCHEMICAL SENSORS AND 
METHODS FOR MAKING 

ELECTROCHEMICAL SENSORS USING 
ADVANCED PRINTING TECHNOLOGY 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This application is a continuation of U.S. patent 
application Ser . No. 15 / 315,973 , filed Dec. 2 , 2016 , which is 
a National Stage Application of International Patent Appli 
cation No. PCT / US2015 / 034210 , filed Jun . 4 , 2015 , which 
claims the benefit of U.S. Provisional Patent Application 
Ser . No. 62 / 036,966 , filed Aug. 13 , 2014 and U.S. Provi 
sional Patent Application Ser . No. 62 / 007,694 , filed Jun . 4 , 
2014 , which applications are hereby incorporated by refer 
ence in their entireties . To the extent appropriate , a claim of 
priority is made to each of the above disclosed applications . 

TECHNICAL FIELD 

[ 0002 ] The present disclosure relates generally to electro 
chemical sensors and to methods for making . 

BACKGROUND 

[ 0003 ] Electrochemical bio - sensors have been developed 
for sensing ( e.g. , detecting or measuring ) bio - analyte con 
centrations in fluid samples . For example , U.S. Pat . Nos . 
5,264,105 ; 5,356,786 ; 5,262,035 ; 5,320,725 ; and 6,464,849 , 
which are hereby incorporated by reference in their entire 
ties , disclose electrochemical sensors for sensing analytes , 
such as lactate or glucose . Electrochemical sensors have 
been widely used in blood glucose monitoring systems 
adapted for home use by diabetics to allow blood glucose 
levels to be closely monitored . Other example types of blood 
glucose monitoring systems are disclosed by U.S. Pat . Nos . 
5,575,403 ; 6,379,317 ; and 6,893,545 . 

examples , the skin piercing member has a diameter equal to 
or smaller than 28 gauge . In certain examples , the electro 
chemical sensors are one - time use sensors configured for 
taking one analyst reading per use . In certain examples , the 
electrochemical sensors have skin piercing members 
designed to generate wounds that self - close upon removal of 
the skin piercing members from the skin . In certain 
examples , the electro - chemical sensors have analyte analy 
sis zones that extend from a tip of the skin piercing member 
to a capillary stop defined by the skin piercing member . 
[ 0005 ] In general terms , this disclosure is also directed to 
a method of manufacturing an analyte sensor using aerosol 
jet printing . In certain examples , electrodes ( e.g. , working 
electrodes , reference electrodes , etc. ) , electrical contacts , sensing chemistry , electrically insulating layers , diffusive 
membrane , and / or other structures can be applied to a 
substrate using the aerosol jet printing techniques . In an 
example , a glucose sensor is manufactured using aerosol jet 
printing . In another example , a lactate sensor is manufac 
tured using aerosol jet printing . 
[ 0006 ] In accordance with some aspects of the disclosure , 
a method for manufacturing a sensor includes printing a 
working electrode onto a substrate using aerosol jet printing . 
In certain examples , the method also includes printing 
sensing chemistry onto the working electrode using aerosol 
jet printing . In certain examples , the method also includes 
printing diffusive membrane or coating onto the working 
electrode over the sensing chemistry using aerosol jet print 
ing . In certain examples , the method also includes printing 
the substrate using aerosol jet printing . 
[ 0007 ] In certain implementations , printing the sensing 
chemistry includes printing an enzyme - based ink that 
includes detection chemistry onto the working electrode , 
and wherein the sensing chemistry includes an enzyme , a 
mediator , a buffer , a thickening agent , a binder , and a 
surfactant . 
[ 0008 ] In certain implementations , printing the working 
electrode includes printing a pattern having cells and print 
ing sensing chemistry onto the working electrode includes 
depositing the sensing chemistry within the cells of the 
pattern . In an example , the pattern includes a honeycomb 
pattern . In certain examples , the method includes printing a 
diffusive membrane or coating onto the pattern over the 
sensing chemistry . 
[ 0009 ] A variety of additional aspects will be set forth 
within the description that follows . The aspects can relate to 
individual features and to combinations of features . It is to 
be understood that both the foregoing general description 
and the following detailed description are exemplary and 
explanatory only and are not restrictive of the broad con 
cepts upon which the embodiments disclosed herein are 
based . 

SUMMARY 
[ 0004 ] Aspects of the present disclosure relate to electro 
chemical sensors that can provide a real - time blood analyte 
reading ( e.g. , a reading for glucose , lactate or other analyte ) 
while causing the patient minimal discomfort and while not 
requiring the patient to produce an exposed droplet of blood . 
In certain examples , the electrochemical sensors have one or 
more micro features manufactured using advanced printing 
technology . In certain examples the advanced printing tech 
nology includes aerosol jet printing . In certain examples , the 
electrochemical sensor includes electrodes supported on an 
electrode carrier such as a micro extrusion positioned within 
a skin piercing member . In certain examples , electrodes are 
printed ( e.g. , aerosol jet printed ) on the micro extrusion . In 
certain examples , sensing chemistry is printed ( e.g. , aerosol 
jet printed ) on the micro extrusion and / or on the electrodes 
supported by the micro extrusion . In certain examples , 
diffusive membranes / coatings , electrically insulating mate 
rials or other materials are printed on the micro extrusion 
and / or the electrodes . In certain examples , the micro extru 
sion has a ribbon - shaped transverse cross - sectional profile . 
In certain examples , the ribbon - shaped transverse cross 
sectional profile has a flat middle section and enlarged , 
rounded ends , and wherein electrodes are printed ( e.g. , 
aerosol jet printed ) on the flat middle section . In certain 
examples , elongated working , reference and counter elec 
trodes are printed on the flat middle section . In certain 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0010 ] FIG . 1 is schematic view of an example aerosol jet 
printing system including a printer and a substrate ; 
[ 0011 ] FIG . 2 is a cross - sectional view of a skin piercing 
member of a sensor module of FIG . 11 containing a working 
electrode and sensing chemistry printed onto a substrate 
such as an elongate spacer ; 
[ 0012 ] FIG . 3 is a cross - sectional view of the skin piercing 
member of FIG . 11 containing a working electrode and 
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sensing chemistry printed onto another example substrate 
such as an elongate spacer having an alternative transverse 
cross - sectional profile ; 
[ 0013 ] FIG . 4 shows the spacer of FIG . 3 in a compressed 
orientation ; 
[ 0014 ] FIG . 5 is a cross - sectional view of the skin piercing 
member of FIG . 11 containing a working electrode and 
sensing chemistry printed onto another example substrate 
such as an elongate spacer having an alternative transverse 
cross - sectional profile ; 
[ 0015 ] FIG . 6 is a cross - sectional view of the skin piercing 
member of FIG . 11 containing a working electrode and 
sensing chemistry printed onto another example substrate 
such as an elongate spacer having an alternative transverse 
cross - sectional profile ; 
[ 0016 ] FIG . 7 is a cross - sectional view of the skin piercing 
member of FIG . 11 containing a working electrode and 
sensing chemistry printed onto another example substrate 
such as an elongate spacer having an alternative transverse 
cross - sectional profile ; and 
[ 0017 ] FIG . 8 illustrates an example 3D pattern printed on 
an electrically insulating substrate . 
[ 0018 ] FIG . 9 illustrates another electrode configuration 
printed on the elongate spacer of the FIG . 2 ; 
[ 0019 ] FIG . 10 is perspective view of a sensor module in 
accordance with the principles of the present disclosure ; 
[ 0020 ] FIG . 11 is a top view of the sensor module of FIG . 
1 with a skin piercing member of the sensor module in an 
extended position inserted in a vascular plexus ; 
[ 0021 ] FIG . 12 is a plan view of the sensor module of FIG . 
2 with various cross - section lines depicted ; 
[ 0022 ] FIG . 13 is a schematic view of a sensing unit in 
accordance with the principles of the present disclosure that 
incorporates a plurality of the sensing modules of FIG . 10 ; 
and 
[ 0023 ] FIG . 14 is a schematic view of the sensor module 
of FIG . 10 . 

term " reference electrode ” can include reference electrodes 
which also function as counter electrodes ( i.e. , a counter / 
reference electrode ) . 
[ 0028 ] A " counter electrode ” refers to an electrode paired 
with a working electrode to form an electrochemical cell . In 
use , electrical current passes through the working and coun 
ter electrodes . The electrical current passing through the 
counter electrode is equal in magnitude and opposite in sign 
to the current passing through the working electrode . In the 
context of the disclosure , the term “ counter electrode ” can 
include counter electrodes which also function as reference 
electrodes ( i.e. , a counter / reference electrode ) . 
[ 0029 ] A " counter / reference electrode ” is an electrode that 
functions as both a counter electrode and a reference elec 
trode . 
[ 0030 ] An “ electrochemical sensing system ” is a system 
configured to detect the presence and / or measure the level of 
an analyte in a sample via electrochemical oxidation and 
reduction reactions on the sensor . These reactions are con 
verted ( e.g. , transduced ) to an electrical signal that can be 
correlated to an amount , concentration , or level of an analyte 
in the sample . Further details about electrochemical sensing 
systems , working electrodes , counter electrodes and refer 
ence electrodes can be found at U.S. Pat . No. 6,560,471 , the 
disclosure of which is hereby incorporated herein by refer 
ence in its entirety . 
[ 0031 ] “ Electrolysis ” is the electrooxidation or electrore 
duction of a compound either directly at an electrode or via 
one or more electron transfer agents . 
[ 0032 ] An “ electron transfer agent ” is a compound that 
carries electrons between the analyte and the working elec 
trode either directly or in cooperation with other electron 
transfer agents . One example of an electron transfer agent is 
a redox mediator . 
[ 0033 ] A " sensing layer " is a component of the sensor 
which includes constituents that facilitate the electrolysis of 
the analyte . The sensing layer may include constituents such 
as an electron transfer agent , a catalyst which catalyzes a 
reaction of the analyte to produce a response at the electrode , 
or both . 

a 

DETAILED DESCRIPTION 

[ 0024 ] Various embodiments will be described in detail 
with reference to the drawings , wherein like reference 
numerals represent like parts and assemblies throughout the 
several views . Reference to various embodiments does not 
limit the scope of the claims attached hereto . Additionally , 
any examples set forth in this specification are not intended 
to be limiting and merely set forth some of the many 
possible embodiments for the appended claims . 

Definitions 

[ 0025 ] The following definitions are provided for terms 
used herein : 
[ 0026 ] A “ working electrode ” is an electrode at which the 
analyte ( or a second compound whose level depends on the 
level of the analyte ) is electrooxidized or electroreduced 
with or without the agency of an electron transfer agent . 
[ 0027 ] A “ reference electrode ” is an electrode used in 
measuring the potential of the working electrode . The ref 
erence electrode should have a generally constant electro 
chemical potential as long as no current flows through it . As 
used herein , the term “ reference electrode ” includes pseudo 
reference electrodes . In the context of the disclosure , the 

Aerosol Jet Printing 
[ 0034 ] Aspects of the present disclosure also relate to 
systems , methods , and techniques for fabricating sensors in 
accordance with the principles of the present disclosure . In 
certain examples , electrodes ( e.g. , working electrodes , ref 
erence electrodes , etc. ) , electrical contacts , sensing chemis 
try , diffusive membranes , coatings , insulative substrates , 
and / or other structures can be applied using the aerosol jet 
printing techniques of the type disclosed in U.S. Pat . No. 
8,455,051 , which is hereby incorporated by reference herein 
in its entirety . 
[ 0035 ] In certain examples , the printed electrodes include 
electrically conductive particles of micrometer and / or nano 
meter size . The printed electrodes have a geometric surface 
area that refers to the lateral dimensions of the electrodes . 
Aerosol jet printing the electrodes provides electrodes with 
an electrically conductive surface area that is greater than 
the geometric surface area of the electrodes . Accordingly , 
the printed electrodes may have a greater ionically acces 
sible surface area compared to other types of electrodes with 
similar geometric surface area . 
[ 0036 ] As shown in FIG . 1 , an example aerosol jet printing 
system 500 includes a printer 510 having a deposition flow 
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head 512 that directs an aerosol stream 515 of aerosolized 
material to a substrate 520. The aerosolized material can be 
delivered to a deposition flow head 512 using a carrier gas . 
The deposition flow head 512 can direct the aerosolized fluid 
( i.e. , the aerosol stream ) toward an orifice . A sheath gas can 
be directed about the aerosol stream so that the aerosol 
stream and the sheath gas pass through the orifice . In some 
implementations , the aerosol stream 515 includes aero 
solized or atomized metals ( e.g. , gold , silver , and platinum ) , 
metal oxides , silver / silver chloride , and / or carbon . In other 
implementations , the aerosol stream 515 includes aero 
solized or atomized solution of a liquid molecular precursor 
or suspension of particles or other materials . 
[ 0037 ] In certain examples , the substrate is a dielectric . In 
certain examples , the substrate can include a dielectric 
material such as polyetheretherketone ( PEEK ) , polyimide 
( e.g. , KAPTON® ) , or other plastic materials . Materials such 
as glass , metal oxides , silicon wafers , or other materials also 
can serve as substrates . In certain examples , printing can be 
applied on conductive substrates , such as carbons and met 
als . In certain examples , the substrate is elongated and has 
a profile shape defined by an extrusion process . In certain 
examples , the aerosol jet printing technique can be used to 
print on various profiles such as flat strips , ribbons , or 
various plastic extrusions . 
[ 0038 ] In certain examples , the aerosol jet printing process 
can allow for the deposition of features with dimensions as 
small as 10 microns . In certain examples , the aerosol jet 
printing process can allow for the deposition of features with 
dimensions as small as 5 microns . In certain examples , the 
aerosol jet printing process can allow for the deposition of 
features with dimensions as small as 1 micron . 
[ 0039 ] The various materials can be printed in the form of 
micrometer sized particles , nanoparticles , nanotubes , or 
graphene sheets . It will be appreciated that aerosol jet 
printing technology can allow for the enhanced resolution of 
a printed pattern and more reproducible deposition charac 
teristics with respect to materials such as gold and silver 
particles when compared to conventional ink jet printing , 
screen printing , or spray deposition methods . 
[ 0040 ] In accordance with some aspects of the disclosure , 
one or more electrodes can be deposited onto one or more 
sides of the substrate . In some implementations , a working 
electrode can be deposited on a substrate using an aerosol jet 
printing process . For example , an aerosol stream including 
gold can be applied to a substrate . In other implementations , 
aerosol jet printing techniques can be used to apply a 
reference electrode to a substrate . For example , the aerosol 
jet printing technique can be used to deposit a layer includ 
ing silver or including silver chloride . In the various 
examples described herein , it will be understood that a 
printing technique such as aerosol jet printing is applicable 
wherever features , structures or components are described as 
being deposited or printed . In certain examples , aerosol jet 
printing can be used to consecutively precisely deposit 
conductive material for a working electrode on a substrate 
such as a micro extrusion followed by sensing chemistry on 
the conductive material . 
[ 0041 ] In some implementations , one or more electrodes 
can be deposited on an elongated dielectric spacer 146 such 
as the spacer shown at FIG . 2. It will be appreciated that 
FIG . 2 is a transverse cross - sectional view of the spacer 146 
cut through the spacer in an orientation perpendicular to the 
length of the spacer 146. The electrodes can be deposited as 

elongated strips or layers that having lengths that run along 
the length of the elongated spacer 146. In some examples , 
the spacer 146 is an extruded spacer and can be a micro 
extrusion . In some examples , the spacer itself can be made 
through a deposition process such as aerosol jet printing . 
The elongated dielectric spacer 146 can include opposite 
first and second sides 147 , 149. In one example , the trans 
verse cross - sectional shape of the elongated dielectric spacer 
146 has a flat middle section 155 and enlarged , rounded ends 
157. In certain examples , a working electrode 151 can be 
deposited on a first side 147 of the spacer 146. In certain 
examples , a reference electrode 153 can be deposited on a 
second side 149 of the spacer 146 . 
[ 0042 ] In certain implementations , one or more electrodes 
can be deposited on multi - lobed elongated spacers . For 
example , one or more electrodes can be deposited on a 
multi - lobed spacer 246 of the type shown at FIG . 3. It will 
be appreciated that FIG . 3 is a transverse cross - sectional 
view of the spacer 246 cut through the spacer in an orien 
tation perpendicular to the length of the spacer 246. The 
electrodes can be deposited as elongated strips or layers that 
having lengths that run along the length of the elongated 
spacer 246. In some examples , the spacer 246 is an extruded 
spacer and can be a micro extrusion . In some examples , the 
spacer itself can be made through a deposition process such 
as aerosol jet printing . In an example , a working electrode 
251 can be deposited along a leg 249 of the spacer 246. In 
an example , the working electrode 251 can be deposited 
between a first pair of legs 249 of the spacer 246 ( see FIG . 
3 ) . In an example , a reference electrode 253 can be deposited 
between a different pair of legs 249 of the spacer 246 ( see 
FIG . 3 ) . In an example , the reference electrode 253 can be 
deposited along a leg 249 of the spacer 246 . 
[ 0043 ] In some examples , aerosol jet printing of an elec 
trode onto a multi - lobed substrate can be facilitated by 
deforming the substrate to define a flatter deposition surface 
or a larger angle between legs of the substrate . For example , 
FIG . 4 shows the multi - lobed substrate 246 of FIG . 3 with 
a first pair of legs 249 squeezed together at a left side of the 
paper and a second pair of legs 249 squeezed together at a 
right side of the paper . Such a configuration enlarges the 
angle between the top two legs 249 and enlarges the angle 
between the bottom two legs 249. The enlarged angle 
facilitates deposition of an electrode on the surface between 
the top two legs 249 and / or on the surface between the 
bottom two legs 249 . 
[ 0044 ] In certain implementations , one or more electrodes 
can be deposited in on elongated spacers . For example , one 
or more electrodes can be deposited in pockets 447a , 447b 
of a spacer 446 of the type shown at FIG . 5. FIG . 5 is a 
transverse cross - sectional view of the spacer 446. In an 
example , a working electrode can be deposited in the first 
pocket 447a of the spacer 446. In an example , a reference 
electrode can be deposited in a second pocket 447b of the 
spacer 446. In an example , an electrode can be deposited on 
a different portion of the spacer 446 . 
[ 0045 ] In other examples , one or more electrodes can be 
deposited in pockets 547a , 547b of an elongated spacer 546 
of the type shown at FIG . 6. In an example , a working 
electrode can be deposited in the first pocket 547a of the 
spacer 546. In an example , a reference electrode can be 
deposited in a second pocket 547b of the spacer 546. In an 
example , an electrode can be deposited on a different portion 
of the spacer 546 . 

a 
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[ 0053 ] In certain examples , the detection chemistry 
applied by the aerosol jet printing technique can have a 
composition including a plurality of component parts such 
as : ( a ) an enzyme that catalyzes the oxidation of an analyte 
( e.g. , glucose ) in a blood sample ; ( b ) a mediator that 
facilitates the transfer of electrons and protons generated in 
enzyme catalyzed analyte oxidation to the working elec 
trode's electrically conductive surface ; ( c ) a buffer used to 
stabilize the applied enzyme ; ( d ) a surfactant ; ( e ) a binder ; 
and ( f ) a thickening agent . Example enzymes used to sense 
glucose include glucose oxidase and glucose dehydroge 
nase . 

[ 0046 ] In other examples , one or more electrodes can be 
deposited in pockets 647a , 647b of an elongated spacer 646 
of the type shown at FIG . 7. In an example , a working 
electrode can be deposited in the first pocket 647a of the 
spacer 646. In an example , a reference electrode can be 
deposited in a second pocket 647b of the spacer 646. In an 
example , an electrode can be deposited on a different portion 
of the spacer 646 . 
[ 0047 ] In each of the examples of FIGS . 2-7 , the spacers 
146 , 246 , 346 , 446 , 556 and 646 are shown within the lumen 
of an elongated skin piercing member 110. The spacers 
extend through the length of the skin piercing member and 
the electrodes run along a length of the skin piercing 
member and the spacers . 
[ 0048 ] Aerosol jet printing also allows for the more flex 
ible sizing of working electrodes and reference electrodes . 
For example , the relative sizes of the working electrode and 
the reference electrode can be precisely controlled . In certain 
examples , the working electrode can be larger than the 
reference electrode . It will be appreciated that aerosol jet 
printing techniques also have various technical advantages 
when compared to more conventional techniques relating to 
the speed of application , the ability to precisely print small 
shapes , and ease of automation . 
[ 0049 ] In certain examples , the aerosol jet printing system 
500 can produce electrodes having larger active surface area 
or unit boundary area as compared to traditional coating 
techniques such as sputtered metal coating , evaporated 
metal coating , chemical vapor deposition techniques , or 
other coating techniques . For example , aerosol jet printing 
techniques can produce sintered metal nanoparticle having a 
texture that results in the larger active surface area or unit 
boundary area compared to other coating techniques . Such 
enhanced active surface area increases the measured current 
of the sensor . The current increase can be advantageous for 
enhancing the precision of blood glucose measurement . 
[ 0050 ] In certain examples , aerosol jet printing system 500 
can produce thicker electrodes as compared to electrodes 
formed by conventional coating techniques , such as sput 
tered metal coating techniques , evaporated metal coating 
techniques , and chemical vapor deposition coating tech 
niques . This allows for higher electrical conductivity of the 
produced electrodes and , in turn , more precise measurement 
of glucose concentration . 
[ 0051 ] In accordance with certain aspects of the disclo 
sure , aerosol jet printing can be applicable for the applica 
tion of enzyme - based ink that contains detection chemistry 
( e.g. , glucose detection chemistry , lactate detection chemis 
try , etc. ) . For example , the enzymatic ink can be aerosol jet 
printed over or adjacent a working electrode on a substrate . 
In an example , the ink is a conductive ink ( e.g. , a carbon 
based ink ) . In certain examples , aerosol jet printing can be 
used to apply carbon - based conductive ink used in electrode 
formation . In certain examples , aerosol jet printing can be 
applicable for a wide range of ink viscosities ranging from 
0.7 to 2500 centipoise . 
[ 0052 ] In certain examples , aerosol jet printing can be 
used to deposit enzymatic ink with controlled mass loading 
and / or spatial distribution . For example , in certain examples , 
aerosol jet printing can be used to deposit glucose detection 
chemistry with precise control over its mass loading and 
spatial distribution as compared to other application tech 
niques such as dipping methods . 

[ 0054 ] It will be appreciated that mediators facilitate the 
transfer of electrons and protons generated in enzyme cata 
lyzed glucose oxidation to the working electrode electrically 
conductive surface where the mediator is electrochemically 
oxidized . An immobilized and diffusive mediator can be 
used . Example mediators include potassium ferricyanide or 
benzoquinone ( BO ) . 
[ 0055 ] It will be appreciated that a buffer is used to 
stabilize applied enzymes used during the synthesis , depo 
sition , curing , and storage of the sensing chemistry . The 
buffer functions to adjust the pH of a blood sample to 
enhance and unify enzyme kinetics . In certain examples , the 
buffer has a relatively low ionic strength so as to avoid 
coagulation of the enzyme . Example buffers include potas 
sium phosphate or HEPES ( 4- ( 2 - hydroxyethyl ) -1 - pipera 
zineethanesulfonic acid ) . 
[ 0056 ] It will be appreciated that binders are used to 
mechanically attach enzyme , mediators , buffers , and all 
other sensing chemistry to the sensor in a dry state after 
chemistry deposition and curing . It will be appreciated that 
it is beneficial if the binder chemically binds to the applied 
surface . The binder facilitates loading of the various sensor 
components to the substrate of the sensor upon chemistry 
deposition . In certain examples , the binder is inactive in the 
enzymatic and charged transfer reaction . In certain 
examples , the binder does not affect enzyme stability . Non 
limiting examples of suitable binders include polyethylene 
glycol ( PEG ) , polyvinyl alcohol ( PVA ) or a PVA - PEG 
copolymer . 
[ 0057 ] It will be appreciated that thickening agents are 
used to increase the viscosity of the chemistry in order to 
support and facilitate chemistry loading and immobilization 
on the applied surface . In certain examples , the thickening 
agent should not affect enzyme stability , activity , or the pH 
of the blood sample . Example thickening agents includes 
polyvinyl alcohol ( PVA ) , polyurethane , and latex . 
[ 0058 ] In accordance with some aspects of the disclosure , 
the electrically conductive electrodes can be printed on a 
substrate using aerosol jet printing to form 3D patterns . For 
example , in certain implementations , the electrically con 
ductive electrodes can be printed to form 3D patterns of 
increased geometric surface area . The patterns may form , for 
example , honeycombs , circular , square , or rectangular cells . 
Sensing chemistry can be subsequently deposited within the 
cells . This configuration may support mechanical stability 
and retention of the sensing chemistry in the working 
electrode . 
[ 0059 ] In some implementations , a diffusive membrane or 
coating may be printed over the top of the sensing chemistry 
and 3D conductive pattern . In certain implementations , 
printing the diffusive membrane or coating over the sensing 
chemistry enhances a linear detection regime of the sensor . 
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For example , the diffusive membrane or coating may reduce 
the amount of analyte reaching the sensing chemistry during 
the testing period , thereby inhibiting saturation of the sens 
ing chemistry . Extending a length of time before saturation 
may enhance the accuracy of the sensor readings and / or 
reduce sensor errors . In certain implementations , printing 
the diffusive membrane or coating over the sensing chem 
istry encapsulates the sensing chemistry on the working 
electrode . This encapsulation inhibits leaching of the sens 
ing chemistry or the printing ink ( e.g. , the mediator ) from 
the sensor . Inhibiting such leaching reduces the likelihood 
that such components will be transferred into the body of the 
user . In certain implementations , printing the diffusive mem 
brane or coating over the sensing chemistry enhances the 
shelf life of the sensor by maintaining protective microen 
vironment for the enzymes in the deposited sensing chem 
istry . 
[ 0060 ] For example , FIG . 8 illustrates an example 3D 
pattern 700 printed on an electrically insulating substrate 
701. The pattern 700 includes conductive electrodes 702. In 
the example shown , the conductive electrodes 702 form a 
3D honeycomb pattern . In certain implementations , the 
pattern 700 also can include sensing chemistry 703 printed 
over the conductive electrodes 702. In the example shown , 
the sensing chemistry 703 can be printed within cells of the 
honeycomb pattern 702. In certain implementations , the 
pattern 700 also includes a diffusive membrane or coating 
704 disposed over the electrodes 702. In the example shown , 
the diffusive membrane or coating 704 can be printed over 
the cells of the honeycomb pattern 702 to cover the sensing 
chemistry 703. In other examples , the conductive electrodes 
702 can be printed in any desired shape . In certain examples , 
the spacer 701 can be printed using aerosol jet printing . 
[ 0061 ] FIG.9 shows a 3 - electrode electrochemical sensing 
system in accordance with the principles of the present 
disclosure . The sensing system includes the spacer 146 of 
FIG . 2 which is positioned within the lumen of the skin 
piercing member 110. In one example , the spacer 146 is a 
micro extrusion having a transverse cross - sectional profile 
define a length a length L less than or equal to 0.007 , 0.006 
or 0.005 inches . In one example , the length L is measured 
from one rounded end 157 to the other rounded end 157 of 
the transverse cross - sectional profile of the spacer . In one 
example , two or more electrodes are printed on one side of 
the transverse cross - sectional profile of the spacer 146. In 
one example , working , counter and reference electrodes 
701 , 702 , 703 are printed at one side of the spacer 146 ( e.g. , 
on side 147 ) . In one example , sensing chemistry 704 is 
printed on one side of the spacer 146 ( e.g. , on side 147 ) . In 
one example , the sensing chemistry is printed on the work 
ing electrode and / or can be printed elsewhere on the side 147 
spacer 146. In some examples , the sensing chemistry can be 
printed or otherwise provided on the reference and / or coun 
ter electrodes or can be provided on portions of the spacer 
146 that do not coincide with an electrode . 

member 110 is hollow and defines an interior lumen that 
forms a blood analysis cell . In some implementations , a 
working electrode is positioned within the lumen and the 
skin piercing member 110 functions as a counter electrode . 
[ 0063 ] In one example , the skin piercing member 110 is 
manufactured of an electrically conductive material ( e.g. , 
stainless steel ) and itself functions as a counter electrode 
without the need of electrically conductive coatings . In 
certain examples , the sensor module 100 is a 3 - electrode 
sensor having separate working , reference and counter elec 
trodes . In certain examples , the skin piercing member is a 
needle in the range of 28-31 gauge . In other examples , the 
skin piercing member has a diameter that is less than or 
equal to the diameter of a 26 gauge wire . In certain 
examples , a blood analysis test cell is provided in the skin 
piercing member . In certain examples , during testing , a 
portion of the carrier 102 is subcutaneous and a portion 
extends outside the body . In certain examples , the blood 
analysis test cell fills passively with blood during testing . 
[ 0064 ] The carrier 102 is arranged and configured to 
slideably move along the base 104 between positive stops . 
In one example , the piercing member 110 is fixed relative to 
the carrier 102 such that the piercing member 110 is carried 
by the carrier 102 as the carrier 102 slides relative to the base 
104. The skin piercing member 110 is movable with the 
carrier 102 between a retracted position and an extended 
position relative to the base 104 . 
[ 0065 ] The electrical contacts 112 , 114 mount on the 
carrier 102. The contacts 112 , 114 , respectively , have contact 
tabs 120 , 122. Tab 120 can be used to electrically connect the 
contact 112 to the skin piercing member 110 which can be 
adapted to function as a counter electrode . Tab 122 can be 
used to electrically connect the contact 114 to a working 
electrode having a portion that extends into the skin piercing 
member 110 and a portion that extends axially outwardly 
from a base end of the piercing member 110. An additional 
tab can be provided to electrically connect to a reference 
electrode having a portion that extends into the skin piercing 
member 110 and a portion that extends axially outwardly 
from a base end of the skin piercing member 110 . 
[ 0066 ] The contacts 112 , 114 can include structures for 
electrically connecting the sensor module 100 to a sensor 
control system . In one example , in use , the sensor control 
system applies a voltage across the working and counter 
electrodes and through a blood sample contained within a 
lumen of the skin piercing member 110. The skin piercing 
member 110 can have an electrically conductive construc 
tion that is exposed to the blood sample during testing so that 
it can function as the counter electrode . A voltage can be 
applied through the blood sample between the working 
electrode and the counter electrode to drive a desired elec 
trochemical reaction in the blood sample within the skin 
piercing member 110 . 
[ 0067 ] In one example , the skin piercing member 110 is 
hollow and defines an interior lumen in which a working 
electrode is positioned . The interior lumen can form a blood 
analysis cell . In certain examples , the skin piercing member 
110 is relatively small so as to reduce pain associated with 
skin piercing and to minimize or prevent extra blood from 
being exposed at the puncture site . In certain examples , the 
skin piercing member 110 is 31-28 gauge or smaller in 
diameter . The working electrode can be formed by a con 
ductive layer ( e.g. , a gold layer ) positioned within the 
interior lumen of the skin piercing member 110 . 
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Sensor Module 

[ 0062 ] The above printing techniques for electrodes , 
detection chemistry , and other components can be applied to 
manufacture sensor modules ( e.g. , for glucose , lactate , or 
another analyte ) . In general , an example of a sensor module 
100 ( see FIGS . 10-12 ) includes a carrier 102 , a skin piercing 
member 110 ( e.g. , a needle ) , a base 104 , and two electrical 
contacts 112 , 114. In certain examples , the skin piercing 
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[ 0068 ] A sensing chemistry can be provided within the 
lumen . In certain examples the sensing chemistry can cover 
the conductive layer of the working electrode . In other 
examples the sensing chemistry can be separate from the 
conductive layer of the working electrode . In certain 
examples , the sensing chemistry can have a dry , dielectric 
property / characteristic prior to being exposed to the blood 
sample , and can be configured to rapidly dissolve and 
become conductive when exposed to the blood sample . 
Thus , it is not necessary for the sensing chemistry to be 
present on the working electrode prior to testing , as long as 
the blood sample solution including the dissolved sensing 
chemistry is in contact with the working electrode during 
testing . Since the sensing chemistry dissolves during testing , 
it can be provided at various locations within the skin 
piercing member that will be exposed to blood ( e.g. , on the 
inner wall of the skin piercing member , on the working 
electrode , on the counter electrode , on a dielectric spacer 
supporting the working and counter electrodes or else 
where ) . In use , the thickness of sensing chemistry is pref 
erably selected such that the entire thickness rapidly dis 
solves and / or is wetted so as to become electrically 
conductive . The interior volume of the skin piercing member 
110 can function as a test zone when filled with a blood 
sample . The sample analysis zone can provide for specific 
control of interrelated parameters such as active electrode 
area , response time , sensitivity , and drift to be engineered in 
as byproducts of static component features . 
[ 0069 ] FIG . 14 is a schematic view showing the skin 
piercing member 110 having the base end 140 and a tip end 
138 ( e.g. , an insertion end ) . The skin piercing member 110 
defines a lumen 144 that extends through the entire length of 
the skin piercing member 110 along an axis 10 ( e.g. , a skin 
piercing member axis or a lumen axis ) . A capillary stop 154 
can be provide adjacent the base end 140. An elongated 
sensing component 142 is positioned within the lumen 144 
and can have a lower end within 0.5 millimeters of the tip 
138 and an upper end portion that extends out of the lumen 
144. The elongated sensing component 142 can includes an 
elongated working electrode and an elongated reference 
electrode supported by an elongated dielectric spacer . A 
sensing chemistry can be provided within the lumen 144. In 
one example , the reference electrode , the working electrode 
and the sensing chemistry can be aerosol jet printed on the 
dielectric spacer . In one example , the sensing chemistry can 
include an enzyme and a mediator for facilitating sensing an 
analyte , such as glucose . The lumen 144 defines an analysis 
zone 130 within which blood can flow and the electrochemi 
cal reactions ( e.g. , between the sensing chemistry and the 
analyte ) can take place . The analysis zone 130 can be 
defined by the interior volume of the skin piercing member 
110 less the volume of the elongated sensing component 
142. The skin piercing member 110 can have an electrically 
conductive construction ( e.g. , stainless steel ) . The skin 
piercing member 110 can function as a counter electrode 
when a blood sample is provided within the analysis zone 
130. The blood sample can provide an electrical connection 
between the counter electrode and the working electrode . A 
control unit can interface with the working electrode , the 
counter electrode , and the reference electrode . 
[ 0070 ] In use , the skin piercing member is inserted into the 
skin to a depth less than 3 millimeters such that the tip 138 
resides in the capillary bed . As so positioned , first portions 
of the working and reference electrodes are subcutaneous 

and second portions of the working and reference electrodes 
extend outside the body beyond the skin . Upon insertion , the 
combination of vascular pressure and capillary action causes 
a blood sample to rapidly fill the lumen 144 and to contact 
the working and reference electrodes within the skin pierc 
ing member 110. The blood sample also contacts a conduc 
tive portion of the skin piercing member 110. The blood 
flows up the lumen to the capillary stop 154. The volume of 
space defined within the skin piercing member from the tip 
138 to the capillary stop 154 forms an analysis zone 130 
having a length that corresponds to a length of the working 
electrode . The capillary stop 154 ensures that the surface 
area of the working electrode that is exposed to the blood 
sample is precisely controlled ( i.e. , the active surface area of 
the working electrode corresponds to the length of the 
working electrode that extends below the capillary stop 154 
and is exposed to the blood sample ) . Applying a voltage 
between counter and working electrodes causes the oxida 
tion / reduction of glucose in the analysis zone , thereby 
generating a current at the working electrode that can be 
measured to sense a concentration of glucose in the blood 
sample . Control circuitry can apply the voltage , measure the 
current , and provide a display showing a reading indicating 
the glucose level . The reference electrode assists in stabi 
lizing the potential applied between the working and counter 
electrodes . 
[ 0071 ] The sensor module 100 is relatively compact and 
disposable . For example , in one implementation , the sensor 
module 100 is generally rectangular in shape and has a 
length that is less than 1 inch . The sensor module 100 
includes opposite major sides and opposite minor sides that 
extend along the length of the sensor module 100 . 
[ 0072 ] The skin piercing member 110 of the sensor mod 
ule 100 includes a skin piercing end 136 having a sharp tip 
138 and a base end 140. The tip 138 of the skin piercing 
member 100 penetrates the skin of a patient and can be 
configured to provide a cutting action that generates a 
wound that self - closes upon removal of the piercing member 
110 from the skin . The skin piercing member 110 can be a 
cannula , needle , or other similar structure preferably having 
a hollow interior . In this example , the sensor is configured to 
allow the analysis of the fluid sample to take place entirely 
within the skin piercing member 110. The skin piercing 
member 110 provides a volume or reservoir ( e.g. , the inner 
lumen ) for collecting blood received from a skin puncture 
site caused by the skin piercing member 110 . 
[ 0073 ] In one example , the skin piercing member 110 has 
an electrically conductive construction suitable for allowing 
the skin piercing member 110 to function as a counter 
electrode that works in association with the working elec 
trode contained within the lumen of the skin piercing 
member 110. In one example , the skin piercing member 110 
has a bare metal construction . In one example , the skin 
piercing member includes stainless steel . The skin piercing 
member 110 can be about 28-31 gauge or smaller in diam 
eter to allow for an insertion into a patient's skin tissue 
without creating either a blood producing wound or notice 
able pain or discomfort upon insertion . The skin piercing 
member 110 can have a length of about 12 to 13 mm . In one 
example , only a relatively short length of the piercing 
member 100 extends beyond the base 102 when the carrier 
is slid to an extended position . In one example , the module 
100 is configured such that the insertion depth of the skin 
piercing member 110 will not exceed 2 millimeters . In 
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another example , the skin insertion depth of the skin pierc 
ing member 110 is in the range of about 1.5 to 2 mm . This 
depth of piercing allows for the sensor in the sensor module 
100 to communicate with the vascular plexus ( VP ) dermal 
layer of tissue . At this depth , the sensor encounters capillary 
blood that is representative of cellular glucose . 
[ 0074 ] In use of the sensor module 100 , a contact end 124 
of the base 104 is placed against a patient's skin at a 
sampling site where it is desired to take a fluid ( e.g. , blood ) 
sample . Once the contact end 124 is in contact with the skin , 
the skin piercing member 110 is moved from the retracted 
position to the extended position ( e.g. , by sliding the carrier 
102 relative to the base 104 ) , thereby causing the tip 138 of 
the skin piercing member 110 to pierce the patient's skin . 
Upon insertion of the skin piercing member 110 , blood from 
the capillary field fills the skin piercing member 110. Blood 
flow is caused at least in part by vascular pressure within the 
capillary bed . 
[ 0075 ] Capillary action also moves blood upwardly within 
the piercing member 110 to fill a sample analysis zone 130 
within the piercing member 110. At the sample analysis zone 
130 , an analyte level ( e.g. , blood glucose level ) in the blood 
sample is sensed through the use of a three - electrode sensor 
arrangement including an elongated working electrode 
( WE ) ( FIG . 4 ) and an elongated reference electrode ( RE ) 
positioned inside the piercing member 110 , and a counter 
electrode formed by the skin piercing member 110. In 
certain examples , the working and reference electrodes can 
be conductive fibers , wires , or other elongated members 
supported by a dielectric spacer . In other examples , the 
working and reference electrodes can include elongated 
conductive layers applied to an elongated dielectric spacer . 
In certain examples , the working and reference electrodes as 
well as sensing chemistry can be applied on to the elongated 
dielectric spacer by a printing process such as aerosol jet 
printing . The elongated conductive layers can have lengths 
that extend along a corresponding length of the dielectric 
spacer . In other examples , working , reference and counter 
electrodes can be printed on the elongated electrode . 
[ 0076 ] In some examples , a test is initiated by pressing an 
actuator button ( not shown ) on top of a meter ( not shown ) 
while holding the sensor module 100 on the test site ( i.e. , 
forearm or fingertip ) . This action causes a sequence of 
motions moving the sensor module 100 from a position 
within the sensor module 100 to an opening in the bottom of 
the meter . The meter can be placed on the approved testing 
site , ( i.e. , forearm or finger ) . The actuator button can be 
pressed again following a prompt causing the carrier 102 of 
the sensor module 100 carrying the skin piercing member 
110 to move rapidly forward inserting the skin piercing 
member 110 to a prescribed depth . The skin piercing mem 
ber 110 of the sensor module 100 enters a depth in tissue 
where a capillary blood field is encountered . The skin 
piercing member 110 stops at a capillary depth of about less 
than 3 mm below the skin surface and can reside for about 
less than 3 seconds to acquire a blood sample . The sample 
can be presented to the sensor module 100 by a rapid 
microfluidic flow initiated automatically by a combination 
of vascular blood pressure and capillary action . The sensor 
module 100 requires no other active mechanism to obtain a 
blood glucose value resulting in a passive system . Once the 
test is performed or completed , the carrier can be disposed 
by the user . 

[ 0077 ] The elongated sensing component 142 has a length 
that extends along the lumen axis 10 and at least a section 
of the elongated sensing component 142 is positioned within 
the sample analysis zone 130. The elongated sensing com 
ponent 142 can include sensing chemistry . In some 
examples , the sensing chemistry only covers the working 
electrode ( WE ) of the elongated sensing component 142. In 
other examples , the sensing chemistry covers additional 
portions of the elongated sensing component 142 , including 
the reference electrode ( RE ) . In an example , the sensing 
chemistry covers an entirety of the elongated sensing com 
ponent 142 . 
[ 0078 ] The interaction of the skin piercing member 110 in 
concert with microfluidic forces ( e.g. , surface tension ) 
within the lumen 144 promotes capillary flow of blood . Flow 
is initiated by ambient capillary pressure at the proximal 
lumen of the skin piercing member 110 when the piercing 
member is inserted into the papillary dermis to a depth of 
between 1-2 mm below the skin . Flow may also be promoted 
by the treatment of the lumen 144 with a surfactant com 
pound . When so prepared , the combined factors create a 
driving mechanism to enable a spontaneous flow of capillary 
blood to enter the proximal lumen 144 and fill the skin 
piercing member 110 throughout its length . 
[ 0079 ] The capillary stop 154 is formed at the skin pierc 
ing member 110 to inhibit the spontaneous blood flow from 
exiting the skin piercing member 110 at the distal end of the 
lumen 144. The self - limiting action of the flow into the 
interior passage of the skin piercing member 110 facilitates 
the lumen 144 to function as both an analysis cell 130 
defined by the volume of the skin piercing member 110 and 
the length of the wetted working electrode portion residing 
within the skin piercing member 110 — and as a counter 
electrode component of a multi electrode electrochemical 
cell . 
[ 0080 ] The lumen 144 of the piercing member 110 may be 
sized appropriately to the configuration of the elongated 
sensing component 142 within it so as to optimize the 
microfluidic forces affecting the rate of transport thru the 
passage to the capillary stop 154. The lumen length must 
extend far enough above the tissue so as to provide sufficient 
surface area of the working electrode to produce a specified 
minimal output current . However , the lumen length may not 
be excessive or the time required to fill the lumen will 
increase with falling capillary pressure and fluid resistance 
slowing the transport rate . 
[ 0081 ] The above described configuration of the electrode 
array within the piercing member 110 allows the major 
portion of the electrode surface to remain above the skin line 
presenting only the diameter of the piercing member 110 to 
the enervated tissue of the papillary dermis . This configu 
ration allows the effective current produced by the electrode 
within the piercing member 110 to be two orders of mag 
nitude larger than a traditional implanted sensor occupying 
the same footprint within tissue . In certain examples , the 
electrodes have an operational radius of less than 0.15 mm 
and a length of between 10 mm and 20 mm . 
[ 0082 ] Referring to FIG . 2 , a cross - sectional view of the 
skin piercing member 110 of the sensor module 100 is 
shown . In this example , the elongated sensing component 
142 is positioned within the lumen 144 of the skin piercing 
member 110 and includes the elongated dielectric spacer 146 
( e.g. , a ribbon having a profiled transverse cross - sectional 
shape ) . The elongated dielectric spacer 146 can include the 
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opposite first and second sides 147 , 149. The working 
electrode 151 can be provided at the first side 147 and the 
reference electrode 153 can be provided at the second side 
149. The working and reference electrodes can be coupled to 
and carried with the elongated dielectric spacer 146. The 
electrodes 151 , 153 can include layers of electrically con 
ductive material that have been applied ( e.g. , deposited , 
printed , disposed , placed , mounted , attached , etc. ) to the first 
and second sides 147 , 149 of the dielectric spacer 146 . 
[ 0083 ] The electrodes 151 , 153 can include strips of 
electrically conductive material having lengths that extend 
along the length of the elongated dielectric spacer 146 and 
widths that extend partially across a corresponding width of 
the elongated dielectric spacer 146. In one example , the 
working electrode 151 includes a layer including gold and 
the reference electrode 153 includes a layer including 
Ag / AgCl . The elongated dielectric spacer 146 provides a 
spacing between the working and reference electrodes 151 , 
153 and prevents the working and reference electrodes 151 , 
153 from directly contacting one another . The elongated 
dielectric spacer 146 also maintains a spacing between the 
working and reference electrodes 151 , 153 and the skin 
piercing member 110 to prevent direct contact between the 
electrodes 151 , 153 and the skin piercing member 110. The 
elongated dielectric spacer 146 can have a transverse cross 
sectional shape that is profiled to assist in maintaining a 
physical separation of the electrodes 151 , 153 from the 
interior of the piercing member 110. For example , the 
transverse cross - sectional shape of the elongated dielectric 
spacer 146 can be profiled to assist in centering the elon 
gated dielectric spacer 146 within the lumen of the skin 
piercing member 110. In one example , the transverse cross 
sectional shape of the elongated dielectric spacer 146 has a 
flat middle section 155 and enlarged , rounded ends 157. In 
one example , the elongated dielectric spacer 146 includes a 
polymeric material such as medical grade polyetheretherke 
tone . In certain examples , sensing chemistry of the type 
described herein ( e.g. , for sensing glucose ) can be provided 
( e.g. , printed ) on the working electrode 151 and / or else 
where on the elongated sensing component 142 . 
[ 0084 ] The sensor module 100 can become active when an 
ionic fluid , such as blood , fills the lumen 144 of the skin 
piercing member 110 and simultaneously contacts the inte 
rior of the skin piercing member 110 , the working electrode 
151 , and the reference electrode 153. When the blood fills 
the lumen 144 of the skin piercing member 110 , the sensing 
chemistry dissolves in the blood sample and is available for 
supporting and / or catalyzing the electrolysis of a selected 
analyte ( e.g. , glucose ) within the blood sample at a prede 
termined potential applied between the working and counter 
electrodes . Blood within the lumen 144 of the skin piercing 
member 110 completes an electrical circuit through the fluid 
( i.e. , the blood sample ) between the working and counter 
electrodes . Once the circuit is established by a passive 
process of rapid capillary flow into the lumen 144 of the skin 
piercing member 110 , blood continues up a defined open 
passage space ( e.g. , less than 0.004 inches circumferential 
clearance ) surrounding the elongated sensing component 
142 until encountering the capillary stop 154 feature formed 
at the base end 140 of the piercing member 110. The lumen 
144 can be kept partially open at the base end 140 to serve 
as an air vent to promote the capillary flow . 
[ 0085 ] In this example , the insertion end of the lumen 144 
should be free of tissue plugs and reside at or below the 

vascular plexus ( VP ) between about 1 to 2 mm deep in the 
dermal layer where capillary vascular pressure is sufficient 
( about 14 to 22 mm Hg ) to promote initial blood flow into 
a flow passage 128 of the skin piercing member 110 , which 
is defined within the lumen 144 between the elongated 
sensing component 142 and the inner surface of the skin 
piercing member 110. Capillary flow can augment external 
vascular pressure to rapidly sweep up the interior of the flow 
passage 128 to the capillary stop 154. For example , the 
capillary flow can augment rapid , autonomous , and com 
plete filling of the sample analysis zone 130. This filling can 
be co - determinant of response time and is promoted by the 
addition of surfactants such as , but not limited to , Triton 
materials to either the skin piercing member interior surface 
or to the detector chemistry or both . 
[ 0086 ] Automation suitability can create a sensor configu 
ration that will improve both quality of testing and the 
reliability of the test procedure for the consumer . The 
analysis zone method described can rely upon interdepen 
dent effects of defined part geometry , spatial relationships of 
components , and specific transitional properties of the 
enzyme detector chemistry as it is hydrated by the incoming 
blood matrix . These factors in concert with the dynamic 
interaction of blood flowing into the cell in response to 
vascular pressure and capillary action function as the analy 
sis zone method for establishing a rapid and self - limiting 
amperometric assay cell formed along a defined section of a 
long fiber . 
[ 0087 ] Flow up the lumen 144 of the skin piercing mem 
ber 110 can be within the microfluidic domain of non 
Newtonian laminar flow . This transport dynamic up the 
circumferential channel 128 defined within the lumen 144 
between the elongated sensing component 142 and the inner 
surface of the skin piercing member 110 can be optimized by 
promoting low surface energy properties for the working 
electrode to allow complete and rapid wetting of the enzyme 
sensing chemistry . This surface property in turn can act in 
concert with the laminar flow dynamics to sweep the entire 
cavity containing the working electrode free of air pockets 
that could otherwise unpredictably affect the area of blood in 
contact with the electrode surface causing irreproducible 
sensor performance . 
[ 0088 ] The capillary pressure , the viscosity of the blood 
media plus the surface energy interactions of the electrode 
coating and the skin piercing member 110 inner wall surface 
in concert with the distance separating the surfaces can all 
impact micro capillary flow characteristics . 
[ 0089 ] The capillary stop 154 can be a mechanism that 
limits further fluid flow along the lumen 144 of the skin 
piercing member 110 and provides for venting of air dis 
placed by the rapid filling of the capillary space by blood . In 
this example , one functional characteristic of the sensor is 
that the dry enzyme detector chemistry can be an effective 
insulator and can transition in phases from insulator to 
semiconductor to conductor as it becomes hydrated . This 
property prevents errant signal contributions to any portion of elongated sensing component 142 kept dry during the 
time of the glucose assay by defining the hydrated area of the 
elongated sensing component 142 through the combined use 
of the capillary stop 154 feature with mechanical control of 
the length of elongated sensing component 142 extending 
down into the skin piercing member passage 134. This also 
controls the surface area of the working electrode that is 
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exposed to sample fluid . This method of defining electrode 
surface area provides for both manufacturing and functional 
advantages . 
[ 0090 ] Referring again to FIGS . 10 and 11 , the electrical 
contacts 112 , 114 can be made of an electrically conductive 
material , such as , but not limited to , metals ( i.e. copper , 
silver , aluminum , gold , bronze , and magnesium ) . During 
sample analysis at the sample analysis zone 130 , a voltage 
can be applied between the working and counter electrodes . 
When the potential is applied , an electrical current will flow 
through the fluid sample to the working electrode . The 
current is a result of the oxidation or reduction of an analyte , 
such as glucose , in the volume of fluid sample located within 
the sample analysis zone . This electrochemical reaction 
occurs via the electron transfer agent in the enzyme sensing 
layer 152 and an optional electron transfer catalyst / enzyme 
in the enzyme sensing layer 152. By measuring the current 
flow generated at a given potential ( e.g. , with a controller 
described herein ) , the concentration of a given analyte ( e.g. , 
glucose ) in the fluid sample can be determined . Those 
skilled in the art will recognize that current measurements 
can be obtained by a variety of techniques including , among 
other things , coulometric , potentiometric , perometric , vol 
tometric , and other electrochemical techniques . 
[ 0091 ] In this example , within a few hundredths of a 
second the defined sample analysis zone 130 is filled and the 
hydrating sensing chemistry initiates an exchange of elec 
trons between the counter electrode ( i.e. , the skin piercing 
member 110 ) and the working electrode 151. A rising current 
appears at the data acquisition input of the sensor module 
100 causing the software to start a countdown before initi 
ating a data acquisition sequence for a prescribed number of 
discrete points ( currently 500 ) taken at intervals over a set 
time window . The data set can be grouped by taking a mean 
of the discrete points . An area under the curve analysis can 
be applied to predict the plateau current for the sensor 
module 100. The correlation equates to a calibrated number 
representing a known glucose concentration at that current . 
The software then stores the value and can display it to the 
user on the meter LCD . The entire sequence from initiating 
actuator button to displayed blood glucose value requires 
less than 5 seconds . The result of the above testing sequence 
can be considered to be one reading . In certain examples , the 
modules 100 are single use and each can be used to provide 
one glucose reading . While the disclosure focuses primarily 
on glucose sensors , other analytes can be sensed as well by 
varying the sensing chemistry accordingly . 
[ 0092 ] In certain embodiments , the data can be acquired 
using wireless device or portable electronic device ( PED ) 
such as , but not limited to , cellular phones . The PED can be 
used to act as a control unit for the sensor module 100. The 
sensor module 100 can be configured to interface with the 
PED which can store and display the glucose concentration 
to the user . In other embodiments , a separate test unit may 
be utilized to interface with a wireless device or PED ( i.e. , 
cellular phone ) . A chipset or similar component can be used 
in a glucose module to link to a PED via a broadband 
connection . The glucose test module can be connected 
automatically to the PED to initiate an application that 
would perform and display all the data management tasks . 
The glucose test module can be configured to have wide area 
network ( WAN ) capability to link to therapeutic software 
resident on other servers , such as , but not limited to , Cloud , 
that would completely automate the diabetics provisioning 

and treatment as well as link to a patient's physician or 
caregiver in real time . The glucose test module can be about 
2.5 inch wide , about 3 inches long and about 1/4 inch high . 
[ 0093 ] FIG . 3 is a cross - sectional view of an alternative 
elongated sensing component 242 suitable for use in a 
sensor of the type described with respect to FIG . 2. For 
example , the component 242 can be positioned within a skin 
piercing member 110 in the same way described with respect 
to the elongated sensing component 142. The elongated 
sensing component 242 includes the elongated dielectric 
spacer 246. The elongated dielectric spacer 246 has a 
transverse cross - sectional shape that is generally in the 
shape of an X. Thus , the elongated dielectric spacer 246 can 
be described as having an X - shaped transverse profile . The 
X - shaped transverse profile defines the four pockets 247a 
247d separated by the legs 249 of the X - shaped profile . 
Outer ends of the legs 249 are rounded and can be adapted 
for contacting an inner surface of the skin piercing member 
110 . 
[ 0094 ] As depicted at FIG . 3 , working and reference 
electrodes are positioned at opposite pockets of the spacer 
246. For example , a working electrode 251 is shown at 
pocket 247a and a reference electrode 253 is shown at 
pocket 247c . Similar to the embodiment of FIG . 4 , the 
working and reference electrodes 251 , 253 can be coupled to 
and carried with the elongated dielectric spacer 246. Addi 
tionally , the electrodes 251 , 253 can include layers of 
electrically conductive material that have been applied ( e.g. , 
printed ) to the pockets 247a , 247c of the spacer 246. The 
electrodes 251 , 253 can include strips of electrically con 
ductive material having lengths that extend along the length 
of the elongated dielectric spacer 246 and widths that extend 
partially across corresponding widths of the pockets . In one 
example , the working electrode 251 includes a layer includ 
ing gold and the reference electrode 253 includes a layer 
including silver / silver chloride . 
[ 0095 ] The spacer 246 can be configured to assist in 
centering the spacer 246 within the lumen of the skin 
piercing member and to maintain physical separation 
between the electrodes 251 , 253 and the interior of the skin 
piercing member 110. In one example , the spacer 246 
includes a polymeric material such as medical grade 
polyetheretherketone . In certain examples , sensing chemis 
try of the type described herein ( e.g. , for electrochemically 
sensing glucose ) can be provided on the working electrode 
251 and / or elsewhere on the elongated sensing component 
242. In certain examples , additional electrodes can be 
applied to the pockets 247b and 247d . Such electrodes can 
be adapted for sensing oxygen or other types of biological 
analytes in addition to glucose ( e.g. , lactate ) or can include 
a counter electrode . In still other examples , electrodes 
including conductive fibers or wires can be provided in the 
pockets 247a - 247d . Such electrodes can include a polymeric 
monofilament covered with a conductive layer ( e.g. , a gold 
layer , a Ag / AgCl layer , etc. ) and a sensing layer that may 
include enzyme chemistry , mediator chemistry , glucose 
sensing chemistry such as glucose oxidase or glucose dehy 
drogenase or other chemistry . Example conductive fibers 
and wires are disclosed at PCT International Publication No. 
WO 2014/089058 , which is hereby incorporated by refer 
ence in its entirety . 
[ 0096 ] In certain examples , the spacer 246 can be moved 
from an expanded orientation ( see FIG . 3 ) to a flattened 
orientation ( see FIG . 4 ) during application of the electrodes . 
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By flattening the spacer 246 , larger dimensions D can be 
provided between edges of the electrodes and outer edges of 
the spacer 246. In this way , material being applied during the 
electrode application process is prevented from inadver 
tently being applied to an adjacent pocket or elsewhere on 
the spacer 246 where it is not desired to provide the 
electrode material . 
[ 0097 ] FIG . 5 shows another elongated electric spacer 446 
that can be used to form an elongated sensing component of 
the type described with respect to FIG . 2. The elongated 
dielectric spacer 446 has a transverse cross - sectional shape 
configured to define two separate pockets 447a , 447b that 
are separated from one another by an intermediate leg 448 
and that have open sides 449a , 449b that face in the same 
direction . The spacer 446 also includes exterior legs 450 that 
cooperate with the central leg 448 to define the pockets 
447a , 447b . The legs 448 , 450 have rounded and enlarged 
ends 452 that can assist in retaining electrodes within the 
pockets 447a , 447b and also can assist in maintaining 
separation between the electrodes and the interior surface of 
the skin piercing member . In certain examples , the pockets 
447a , 447b are configured to hold working and reference 
electrodes that can include fibers or wires of the type 
described by PCT International Publication No. WO 2014 / 
089058. In still other embodiments , working and reference 
electrodes can include metal layers applied ( e.g. , printed ) 
directly to the spacer 446 surface within the pockets 447a , 
447b . In this example , multiple electrodes can be printed on 
one side of the spacer 446 . 
[ 0098 ] FIG . 6 shows still another elongated dielectric 
spacer 546 suitable for use in a sensor of the type described 
with respect to FIG . 2. For example , the elongated spacer 
546 can be positioned within a skin piercing member 110 in 
the same way described with respect to the elongated 
dielectric spacer 146. As depicted at FIG . 6 , the elongated 
dielectric spacer 546 has a transverse cross - sectional shape 
that includes two separate pockets 547a , 547b . The pockets 
547a , 547b are separated by a central region 549 and are 
defined between flexible legs 550. The pockets 547a , 547b 
have insides 551a , 551b that face in opposite directions from 
one another . In certain examples , electrodes such as working 
and reference electrodes can be positioned at the pockets 
547a , 547b . In certain examples , the electrodes can include 
fibers or wires of the type described by PCT International 
Publication No. WO 2014/089058 . In still other embodi 
ments , the electrodes can be formed by applying ( e.g. , 
printing ) conductive material to the surface of the dielectric 
spacer 546 within the pockets 547a , 547b . 
[ 0099 ] FIG . 7 shows still another elongated dielectric 
spacer 646 that can be used in place of the elongated 
dielectric spacer 146 described with respect to FIG . 2 . 
Similar to the previously described examples , elongated 
dielectric spacer 646 can be positioned within the lumen of 
the skin piercing member 110 and can form part of an 
elongated sensing component that also includes a plurality 
of electrodes . In certain examples , electrodes can include 
conductive fibers or wires of the type described by PCT 
International Publication No. WO 2014/089058 . Such con 
ductive wires or fibers can be contained or captured within 
the pockets 647a - 647d of the spacer 646. In other examples , 
the electrodes can be formed by applying ( e.g. , printing ) 
conductive layers to the dielectric spacer 646 within the 
pockets 647a - 647d . In certain examples , the electrodes can 
include a working electrode , a reference electrode , and a 

supplemental electrode . The supplemental electrode may be 
employed as a comparison means to determine what portion 
of a raw sensor current comes from interferent components , 
such as vitamin C , rather than a desired analyte , such as 
glucose . In other examples , the working electrodes can 
include electrodes suitable for detecting different analytes 
( e.g. , glucose and lactate ) within the blood sample . In still 
other examples , one of the electrodes can be used to detect 
oxygen concentrations within the blood sample or can 
include a counter electrode . 
[ 0100 ] Referring to FIG . 13 , a schematic of an analyte 
monitoring unit 300 is shown . The unit 300 where the 
modules 100 may be arrayed within a cartridge designed to 
provide a supply of multiple sensors that may be directly 
positioned on the skin of a patent's forearm or fingertip in 
order to obtain a blood glucose concentration . It will be 
appreciated that one or more sensor modules 100 can be 
incorporated as sub - components into an analyte monitoring 
unit 300. The unit 300 includes a controller 302 that couples 
to a module holder 304. The module holder 304 is config 
ured to hold one or more sensor modules 100. Each sensor 
module 100 is configured to obtain one or more fluid 
samples , to measure a concentration level for one or more 
analytes ( e.g. , glucose , lactate , etc. ) , and to generate a signal 
( e.g. , an electrical signal ) indicating the concentration level . 
For example , the module holder 304 shown in FIG . 12 
contains five sensor modules 100. In one embodiment , each 
sensor module 100 is configured to analyze a single fluid 
sample . In such an embodiment , the sensor module 100 can 
be removed from the module holder 304 after one use . In 
other embodiments , each sensor module 100 can be config 
ured to analyze a greater number of fluid samples . 
[ 0101 ] In general , the unit 300 includes a controller 302 , 
an actuator 306 , and input lines 308. The controller 302 
controls the actuator 306 for driving the skin piercing 
members 110 of each sensor module 100 between the 
extended and retracted positions to obtain a fluid sample . 
The controller 302 can include a microcontroller , a mechani 
cal controller , software driven controller , a hardware driven 
controller , a firmware driven controller , etc. The controller 
can include a microprocessor that interfaces with memory . 
[ 0102 ] The controller 302 instructs the actuator 306 when 
to operate the sensor module 100 to obtain a fluid sample for 
analysis . The controller 302 also can instruct the module 
holder 304 and / or the actuator 306 to eject the used sensor 
module 100 . 
[ 0103 ] The input lines 308 carry the data / signals / readings 
( e.g. , voltage values ) generated at the elongated working 
electrode 142 of the sensor module 100 during analysis of a 
fluid sample to the controller 302 for analysis . The controller 
302 converts the signals to an analyte concentration level 
( e.g. , a blood glucose reading ) or other desired information . 
The controller 302 causes the display 310 to indicate the 
processed information to the user . Other information also 
can be presented on the display 310. In one embodiment , the 
display 310 is a visual display . In other embodiments , an 
audio display also can be used . Additional information can 
be provided to the controller 302 via a user interface 312 
( e.g. , buttons , switches , etc. ) . 
[ 0104 ] One aspect of the present disclosure relates to a 
sensor module that includes a carrier and a skin piecing 
member carried by the carrier . The skin piercing member has 
a skin piecing end positioned opposite from a base end . In 
certain examples , the skin piercing member has a construc 
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tion that is electrically conductive ( e.g. , stainless steel ) and 
the skin piercing member functions as a counter electrode . 
In certain examples , the skin piecing is relatively small in 
diameter ( e.g. , 31-28 gauge or smaller in diameter ) . The skin 
piecing member defines a lumen that extends along the 
central longitudinal axis from the skin piercing end toward 
the base end where the lumen has a lumen axis . The sensor 
module includes a blood sample analysis zone located 
entirely within the lumen of the skin piercing member and 
a capillary flow stop for stopping capillary flow at a prede 
termined location within the lumen of the skin piercing 
member . The sensor module further includes an elongated 
sensing component positioned within the lumen . The sens 
ing component has a length that extends along the lumen 
axis where at least a section of a working electrode is 
positioned within the analysis zone and the working elec 
trode includes sensing chemistry . In certain examples , the 
sensor module includes a three electrode sensing system 
including a counter electrode formed by the skin piecing 
member and working and reference electrodes associated 
with the sensing component . In certain examples , the sens 
ing component includes an elongated insulator ( e.g. , an 
elongated polymeric extrusion , an elongated polymeric sub 
strate , an elongated polymeric member , an elongated dielec 
tric holder , an elongated spacer , etc. ) for supporting , hold 
ing , containing . In certain examples , the elongated insulator 
functions as a spacer for preventing working and reference 
electrodes from making direct electrical contact with the 
skin piecing member / counter electrode . In certain examples , 
the elongated insulator includes a medical grade polymer 
such as medical grade polyetheretherketone ( PEEK ) . In 
certain examples , the working and reference electrodes 
include electrically conductive fibers or wires , and the 
elongated insulator includes pockets for receiving and hold 
ing the fibers or wires . In certain examples , the elongated 
insulator functions as a substrate , and the working and 
reference electrodes includes conductive layers that are 
supported by the elongated insulator and prevented from 
making direct electrical contact with one another by the 
elongated insulator . In certain examples , the working and 
reference electrodes are coated , printed , deposited or other 
wise applied on the elongated insulator . In certain examples , 
the working electrode can include a layer of gold and a layer 
of sensing chemistry . In certain examples , the sensing chem 
istry can include a redox mediator and a redox enzyme ( e.g. , 
glucose oxidase or glucose dehydrogenase ) . In certain 
examples , the reference electrode can include a layer of 
silver / silver chloride ( Ag / AgCl ) . In certain examples , the 
skin piercing member does not function as a counter elec 
trode , and the working , counter and reference electrodes of 
the three electrode sensing system are printed on the elon 
gated insulator positioned within the lumen of the skin 
piercing member . In some examples , the elongated insulator 
can be a micro extrusion . In some examples , the elongated 
insulator can have a ribbon shaped transverse cross - sectional 
profile . 
[ 0105 ] Another aspect of the present disclosure relates to 
a sensor module including a carrier and a skin piecing 
member carried by the carrier . The skin piercing member has 
a skin piecing end positioned opposite from a base end . The 
skin piecing member defines a lumen that extends along the 
central longitudinal axis from the skin piercing end toward 
the base end and the lumen defines a lumen axis . The sensor 
module includes a blood sample analysis zone located 

within the lumen of the skin piercing member and elongated 
working and reference electrodes positioned within the 
lumen . The working and reference electrodes have lengths 
that extend along the lumen axis , at least a section of the 
working and reference electrodes being positioned within 
the analysis zone . The working electrode can include sens 
ing chemistry . The sensor module can include a 3 electrode 
sensing system with the skin piercing member functioning 
as a counter electrode and with the working and reference 
electrodes being positioned within the skin piercing mem 
ber . A dielectric insulator can prevent direct electrical con 
tact between the working electrode , the reference electrode 
and the counter electrode . The dielectric insulator can be a 
polymeric extrusion having a predetermined transverse 
cross - sectional shape / profile configured to maintain spacing 
between the counter electrode , the working electrode and the 
reference electrode . The working and reference electrodes 
can have has ends within 0.5 millimeters of a tip of the skin 
piercing member . In other examples , the skin piercing 
member does not function as a counter electrode , and the 
working , counter and reference electrodes of the three 
electrode sensing system are printed on the dielectric insu 
lator positioned within the lumen of the skin piercing 
member . In still another example , the skin piercing member 
functions as a counter electrode but does not function as a 
combined reference / counter electrode . 
[ 0106 ] A further aspect of the present disclosure relates to 
a sensor module including a carrier movable relative to a 
base between a first position and second position and a skin 
piecing member carried by the carrier . The skin piercing 
member has a skin piecing end positioned opposite from a 
base end and the skin piercing member defines a lumen that 
extends along the central longitudinal axis from the skin 
piercing end toward the base end . The lumen defines a lumen 
axis . The sensor module includes a blood sample analysis 
zone located within the lumen ( e.g. , in some examples 
entirely within the lumen ) of the skin piercing member and 
an elongated working electrode positioned within the lumen . 
The working electrode has a length that extends along the 
lumen axis where at least a section of the working electrode 
is positioned within the analysis zone and the working 
electrode has sensing chemistry . In certain examples , the 
skin piecing member is a counter electrode and a separate 
reference electrode is positioned within the analysis zone 
along with the working electrode . In other examples , the 
skin piercing member does not function as a counter elec 
trode , and the working , counter and reference electrodes of 
the three electrode sensing system are printed on an elongate 
dielectric insulator ( e.g. , a micro extrusion ) positioned 
within the lumen of the skin piercing member . 
[ 0107 ] A further aspect of the present disclosure relates to 
a sensor module that includes a carrier and a skin piercing 
member carried by the carrier . The skin piercing member has 
a skin piercing end positioned opposite from a base end and 
the skin piercing member defines a lumen that extends along 
the central longitudinal axis from the skin piercing end 
toward the base end . The lumen defines a lumen axis . The 
sensor module includes a blood sample analysis zone 
located within the lumen of the skin piercing member and an 
elongated working electrode positioned within the lumen . 
The working electrode has a length that extends along the 
lumen axis where at least a section of the working electrode 
is positioned within the analysis zone . The working elec 
trode can include sensing chemistry on a wire or fiber that 
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is at least partially electrically conductive . The working 
electrode can also include an electrically conductive layer 
provided on an elongated dielectric member . The electrically 
conductive layer can include gold and can be covered with 
a sensing chemistry . In certain examples , a reference elec 
trode can also be provided on the elongated dielectric 
member . In certain examples , the skin pierce member is or 
includes a counter electrode . In other examples , the work 
ing , counter and reference electrodes are printed along the 
length of the elongated dielectric member . 
[ 0108 ] A further aspect of the present disclosure relates to 
a method for taking a blood analyte reading that includes 
puncturing skin with a skin piercing member having a lumen 
and positioning a tip of the skin piercing member in a 
capillary blood field less than 3 millimeters beneath the skin . 
The method includes initiating blood flow into the lumen by 
a combination of vascular blood pressure and capillary 
action to passively bring a blood sample to an analysis zone 
entirely within the lumen and sensing the blood analyte in 
the analysis zone . The method also includes using the skin 
piercing member as a counter electrode and providing 
working and reference electrodes within the analysis zone . 
In another example , the working , counter and reference 
electrodes are printed along the length of an elongated 
dielectric member that extends through the lumen along the 
analysis zone . 
[ 0109 ] Still another aspect of the present disclosure relates 
to a device for sensing an analyte in a blood sample . The 
device includes an elongated working electrode having a 
first portion that is subcutaneous during testing and a second 
portion that extends outside the body during testing . The 
working electrode can be supported by an elongated insu 
lator that also supports a reference electrode . The working 
and reference electrodes can include conductive layers sup 
ported on fibers or wires supported by the elongated insu 
lator , or can include conductive layers applied to the elon 
gated insulator . The working and reference electrodes can be 
contained within a skin piercing member that also functions 
as a counter electrode . The device is configured for a one 
time use in which one analyte reading is taken . In another 
example , the working , counter and reference electrodes are 
printed along the length of the elongated insulator . 
[ 0110 ) Still another aspect of the present disclosure relates 
to a device for sensing an analyte in a blood sample . The 
device includes an elongated working electrode having a 
first conductive portion that is subcutaneous during testing 
and a second conductive portion that extends outside the 
body during testing . The working electrode can include a 
layer of sensing chemistry on the first and second conductive 
portions . The device further includes a skin piercing member 
having a lumen in which the working electrode is positioned . 
The device is configured such that a blood analysis zone of 
the device fills passively . In one example , the skin piercing 
member can function as a counter electrode . The working 
electrode and a separate reference electrode can be provided 
within the skin piercing member . In some examples , at least 
one of the electrodes is printed along the length of an 
elongated dielectric insulator ( e.g. , a micro extrusion ) posi 
tioned within the lumen of the skin piercing member . In one 
example , the working , counter and reference electrodes are 
printed along the length of the elongated dielectric insulator . 
In one example , the working and reference electrodes are 
printed along the length of the dielectric insulator . 

[ 0111 ] From the forgoing detailed description , it will be 
evident that modifications and variations can be made with 
out departing from the spirit and scope of the disclosure . 

1. ( canceled ) 
2. A sensor comprising : 
a skin piercing member defining a lumen extending along 

a length of the skin piercing member from a skin 
piercing end to a base end ; 

a dielectric spacer disposed within the lumen , the spacer 
being elongate along the length of the skin piercing 
member , the spacer extending across a cross - dimension 
of the lumen to separate the lumen into first and second 
chambers , the spacer defining a first surface facing 
outwardly towards a first of the chambers and an 
opposite second surface facing outwardly towards the 
second chamber ; 

a working electrode disposed on the first surface of the 
dielectric spacer so that the working electrode is acces 
sible from the first chamber , the working electrode 
being elongate along the length of the skin piercing 
member ; 

sensing chemistry disposed at the working electrode ; and 
a reference electrode disposed on the first surface of the 

dielectric spacer so that the reference electrode is 
accessible from the first chamber , the reference elec 
trode being elongate along the length of the skin 
piercing member . 

3. The sensor of claim 2 , wherein the working and 
reference electrodes are printed on the first surface . 

4. The sensor of claim 3 , wherein the working and 
reference electrodes are printed on the first surface using 
aerosol jet printing . 

5. The sensor of claim 3 , wherein the sensing chemistry 
is printed on the working electrode using aerosol jet printing . 

6. The sensor of claim 3 , wherein the sensing chemistry 
is printed at the reference electrode . 

7. The sensor of claim 3 , wherein the sensing chemistry 
is printed at the counter electrode . 

8. The sensor of claim 2 , wherein the working electrode 
and the reference electrode are spaced from each other along 
the cross - dimension of the lumen . 

9. The sensor of claim 2 , wherein the second surface is 
devoid of electrodes . 

10. The sensor of claim 2 , further comprising a counter 
electrode disposed on the first surface of the dielectric 
spacer . 

11. The sensor of claim 10 , wherein the second surface is 
devoid of electrodes . 

12. The sensor of claim 2 , further comprising a diffusive 
membrane coating the sensing chemistry . 

13. The sensor of claim 2 , wherein the spacer extends 
along the cross - dimension of the lumen between first and 
second rounded ends . 

14. The sensor of claim 2 , wherein working electrode is 
printed as a pattern defining cells in which the sensing 
chemistry is printed . 

15. The sensor of claim 14 , wherein the cells form a 
honeycomb pattern . 

16. The sensor of claim 2 , wherein the sensing chemistry 
is configured to detect glucose . 

17. The sensor of claim 2 , wherein the skin piercing 
member is a needle in a range of 28-31 gauge . 

18. A method of manufacturing a glucose sensor , the 
method comprising : 
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printing a plurality of conductive electrodes on a common 
surface of an elongate spacer , wherein an oppositely 
facing surface is devoid of conductive electrodes , 
wherein the conductive electrodes are printed along a 
length of the elongate spacer ; 

printing sensing chemistry over the printed conductive 
electrodes ; and 

inserting the elongate spacer within a lumen of a skin 
piercing member so that the elongate spacer separates 
the lumen into first and second chambers , the first 
chamber forming a blood sample analysis zone in 
which the conductive electrodes are disposed . 

19. The method of claim 18 , wherein printing the plurality 
of conductive electrodes includes aerosol jet printing the 
plurality of conductive electrodes . 

20. The method of claim 18 , wherein printing the sensing 
chemistry includes aerosol jet printing the sensing chemis 
try . 

21. The method of claim 18 , wherein the common surface 
is disposed between rounded lateral ends of the elongate 
spacer that contact inner surfaces of the skin piercing 
member when the elongate spacer is inserted into the lumen . 

* * * 


