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(57) Abstract: A sensor includes a non-conductive substrate and a circuit on the
non-conductive substrate. The circuit includes a primary resistive element on the
¥ non-conductive substrate having a first end and a second end, wherein the primary
resistive element has a predetermined configuration; a secondary resistive element
on the nonconductive substrate having a plurality of taps connected to the primary
resistive element at a plurality of predetermined connection points on the predeter -
mined configuration, the plurality of predetermined connection points defining a
plurality of unique resistive paths through at least a portion of the predetermined
configuration; and the plurality of unique resistive paths having a plurality of resist -
ance values, the plurality resistance values determined using a non-linear distribu -
tion function. A sensor is configured to perform at least one of quantitative and
qualitative analysis of an analyte in a sample of fluid.
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ENCODED BIOSENSORS AND METHODS OF MANUFACTURE
AND USE THEREOF

CROSS REFERENCE
[001] This application is based on, claims priority to, US Patent Application No.
14/822,963 (filed 11 August 2015), which is a continuation-in-part of US Patent
Application Serial No. 14/542,755 {filed 17 November 2014), which is a continuation of
US Patent Application Serial No 13/194,031 (filed 29 July 29 2011, now US Patent No.
8,888,873). Each patent application is incorporated herein by reference as if set forth in

its entirety.

TECHNICAL FIELD
[002] The present invention relates generally to an analyte test sensor for use in
measuring concentrations of an analyte in a biclogical fluid and, more particularly, 1o an

analyte test strip having coding information formed thereon.

BACKGROUND

[003] Biosensors provide an analysis of a biological fluid, such as whole biood, urine,
or saliva. Measuring the concentration of substances in biclogical fluids is an important
tool for the diagnosis and treatment of many medical conditions. For example, the
measurement of glucose in body fluids, such as biood, is crucial to the effective
freatment of diabetes. The sample of biological fluid may be directly collected or may
be a derivative of a biological fluid.  Typically, biosensors have a nondisposable
measurement device or test meter that is used to analyze the sample of biclogical fluid
that is placed on the test strip.

[004] Many biosensor systems provide calibration information to the measurement
device prior {0 the analysis. The measurement device typically uses this information to
adjust the analysis of the biological fluid in response {0 one or more parameters. The
accuracy and precision of the analysis is improved by using the calibration information.

if the calibration information is not used, the measurement device may not complete the
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analysis or may make a wrong analysis of the concentration of the analyte in the
biological fluid.

[005] it is common practice in such test meterftest strip systems {0 ensure proper
ientification of the test sirip in order 10 ensure proper test resulls. For example, a
single test meter may be able to analyze several different types of test strips, wherein
each type of test strip is designed {o test for the presence or concentration of a different
analyte in the biological fluid. In order to properly conduct the test, the test meter must
know which type of test is to be performed for the test sirip currently in use.

[006] Also, lot-to-lot varnations in the test strips normally require calibration
nformation to be loaded into the test meter in order to ensure accurate test resulis. A
common practice for downloading such calibration information into the test meter is the
use of an electronic read-only memory key (ROM key) that is inserted into a
corresponding slot or socket of the test meter. Because this calibration data may only
be accurate for a particular production lot of test strips, the user is usually asked to
confirm that the lot number of the test sirip currently in use maiches the lot number for
which the ROM key was programmed.

10071 Many other instances in which it is desirable to have information relating to the
test strip are known {o those having skill in the art.  Prior arl attempts {o code
information onto the test strip for reading by the test meter have suffered from many
problems, including a severely limited amount of information that can be coded and the
use of relatively large amounts of test strip surface area for the information coding
function.

[008] Thus, a system and method are needed that will allow information {0 be coded

onto a biosensor for reading of the information by the test meter.

BRIEF SUMMARY
[009] One aspect of the present invention discloses an analvte test sensor strip that
is used to measure the presence or concentration of an analyte in a fluid sampie. The
test sensor strip includes a non-conductive substrate. In addition, the test sensor strip
ncludes an outer or primary resistive element formed on the non-conductive substrate

having a first end and a second end. The primary resistive element has a
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predetermined configuration, which is a serpentine configuration in one form having a
plurality of proximal ends and a plurality of distal ends. In addition, an inner or
secondary resistive element is also formed on the non-conductive substrate having a
tap connecied (o the primary resistive element at a predetermined connection point on
the predetermined configuration thereby defining a unigue resistive path through at least
a portion of the predetermined configuration.

[0010] The unigue resistive path through the predetermined configuration has
associated therewith a resistance falling within a respective one of a plurality of ranges
of resistances. The resistance is determined based on or as a function of a location of
the predetermined connection point on the predetermined configuration. The unique
resistive path is associated with an atiribute of the analyte test sensor strip.  An attribute
of the strip should be broadily understood to refer o any information relating to the strip,
such as sirip type, calibration information, manufacturing information, country
information, etc.  Essentially any information pertaining to the strip which may be
desirable to convey 1o a meter with which the sirip is used.

[0011] In order to provide an opportunity (o define the unigue resistive path from
among more than one possible unigue resistive paths each having an associaied
resistance correlating to a different attribute, the secondary resistive element includes a
plurality of taps. The respective tap that is connected with the predetermined
configuration at the predetermined connection point is formed or maintained in a closed
state and all other taps of the plurality of taps are opened or formed in an open state.
[0012] The first end of the primary resistive element is connected with a first contact
pad and the second end is connected with a second contact pad. The secondary
resistive element has a third end connected with a third contact pad. The unique
resistive path runs from the third contact pad through the secondary resistive element
and then into the primary resistive element at the predetermined connection point and
then through at least a portion of the primary resistive element {o one of the first and
second cortact pads.

[0013] Another aspect of the present invention discloses an analyte test sensor strip
that is used {o measure the concentration of an analyte in a fluid sample. The test

sensor strip includes a non-conductive subsirate. A primary resistive element is formed
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on the non-conductive subsirate having a predetermined configuration with a first end
connected with a first contact pad and a second end connected with a second contact
pad. A secondary resistive element is also formed on the non-conductive subsirate
having a plurality of taps. One tap of the plurality of taps is connected with the primary
resistive element at a predetermined location thereby being formed and/or maintained in
a closed state and defining a unigue resistive path through at least a portion of the
primary resistive network. The remaining taps of the plurality of taps are opened or
formed in an open siate thereby being disconnected from the primary resistive network.
A portion of the secondary resistive element 13 connected with a secondary resistive
element contact pad.

[0014] In one form, the taps that are in the open state are ablated with a laser. The
unique resistive path is associated with an atiribute of the analyte test sensor strip. I
one form, the attribute is associated with one or more algorithm variables, such as slope
and/or intarcept for a hnear correlation algorithm, associated with the test sensor strip.
in yet ancther form, the anaiyte test sensor strip includes an optical code formed on the
non-conductive substrate. The optical code can contain information related to the test
sensor strip such as a product expiration date, product identification (countries or
regions), intercepts of blood and control soiutions, strip ot identification, and other
features. In addition, the test sensor strip can also include a first resistance loop formed
on the non-conductive substrate comprising a first measurement sense electrode in a
spaced apart relationship from a first measurement electrode. In one form, the first
measurement electrode 18 connecled with the second end of the primary resistive
element.

[0015] Another aspect of the present invention discloses a method of forming a
biosensor test strip that is utilized {0 measure the concentration of an anaiyte. In this
aspect, a primary resistive element is formed on a non-conductive substrate having a
predetermined configuration including a first end and a second end. Further, a
secondary resistive element is formed on the non-conductive subsirate having at least
one tap comnected o a predetermined connection location on the primary resistive

glement thereby defining a unique resistive path through at least a portion of the primary
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resistive element having associated therewith a resistance falling within a respective
one of a plurality of ranges of resistances.

[0016] The secondary resistive element is formed to include a plurality of taps. All of
the plurality of taps but the tap connected to the predetermined location on the primary
resistive element are ablated thereby disconnecting the ablated taps from the primary
resistive element. The primary resistive element includes a plurality of predetermined
connection locations. A connection location 1o be connected with the tap is selected as
a function of an attribute associated with the biosensor test sirip. The unigue resistive
path through the secondary and primary resistive elements 1s associated with an
attribute of the biosensor test strip. Further, each range of resistances contained in the
plurality of ranges of resistances is associated with a unigue attribuie of the biosensor
test strip.

[0017] Yel another aspect of the present invention discloses an analyte test sensor
strip that is used {0 measure the concentration of an analyte. The test sensor strip
includes a non-conductive substrate. In addition, the test sensor strip includes means
for conducting gquantitative or qualiative analysis of the analyte in a sample of fluid. A
circuit is provided on the non-conductive subsirate. The circuit includes a conductive
primary path between a first end and a second end having a predetermined
configuration between the first and second ends. The conductive primary path has a
resistance falling within a first predelermined range. The circuit also includes a
conductive secondary path between the first end of the conductive primary path and a
third end. The conductive secondary path is substaniially defined by a plurality of open
taps and a closed tap. The closed tap selectively connects the third end with the
conductive primary path at a predetermined location thereby defining a unique resistive
path between the first end and the third end through at least a portion of the conductive
primary path. The unigue resistive path has a second resistance falling within a second
predetermined range.

[0018] In one form, a ratic of the first resistance and the second resistance selectively
correlates to an attribute of the analyte test sensor strip.  The first end is connected with
a first contact pad, the second end is connected with a second contact pad, and the

third end is connected with a third contact pad. In one form, the predetermined
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configuration comprises a serpentine configuration having a piurality of proximal ends
and a plurality of distal ends. The closed tap is connected o a respective proximal end
of the serpentine configuration. The tap that comprises the closed tap is selected as a
function of an attribute of the analyte test sensor strip.

(00191 Another aspect discloses a method for measuring a concentration of an analyte
in a sample of fluid. The method comprises the steps of providing a test meter;
providing a test strip, the test strip comprising: a non-conductive substrate, a working
glectrode on the non-conductive substrate connectable to the fest meler; a counter
electrode on the non-conductive substrate connectable to the test meter; a reagent part
bridging between the working electrode and the counter electrode; a primary resistive
element on the non-conductive substrate having a first end conneciable to the test
meter and a second end connectable to the test meter, wherein the primary resistive
glement has a predetermined configuration; and a secondary resistive element on the
non-conductive substrate having a third end connectable to the test meter, wherein the
secondary resistive element has a tap connected to the primary resistive element at a
predetermined connection point on the predetermined configuration thereby defining a
unigue resistive path through at least a portion of the predetermined configuration
having a resistance value; receiving the test strip into the test meter, operatively
connecting the working electrode, the counter electrode, the primary resistive element,
and the secondary resistive element with the test meter; and determining an attribute
associated with the test strip as a function of a measurement associated with at least
the resistance value associated with the unique resistive path.

(00207 In one form, the primary resistive element has a prmary element resistance
value and the attribute is determined as a function of a resistance ratio determined by
comparing the resistance value of the unique resistive path with the primary element
resistance value. The test metler is adjusied to ouiput a concentration measurement
output associated with the analyle as a function of the atiribute. In one form, an end of
the primary resistive element is connected with the counter electrode.

[0021] Yet another aspect discloses a sensor including a non-conductive substrate
and a circuit on the non-conductive substrate. The circuit includes a primary resistive

glement on the non-conductive substrate having a first end and a second end, wherein
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the primary resistive element has a predetermined configuration; a secondary resistive
element on the non-conductive substrate having a plurality of taps connected to the
primary resistive element at a plurality of predetermined connection points on the
predetermined configuration, the plurality of predetermined connection points defining a
plurality of unique resistive paths through at least a portion of the predetermined
configuration; and the plurality of unigue resistive paths having a plurality of resistance
values, the plurality resistance values determined using a non-linear distribution
function. A sensor is configured o perform at least one of quantitative and qualitative
analysis of an analyte in a sample of fluid.

(00221 Another aspect of the present invention discloses an analyte test sensor,
comprising a non-conductive substrate and a primary resistive element on the non-
conductive substrate having a predetermined configuration, the predetermined
configuration having a first end connected with a first contact pad and a second end
connacted to a second contact pad. The test sensor further also includes a secondary
resistive element on the non-conductive substrate having a plurality of taps, wherein
one tap of the plurality of taps is connected to the primary resistive element at a
predetermined location thereby being formed in a closed siate and defining a unigue
resistive path through the primary resistive network and remaining taps of the plurality of
taps being formed in an open state thereby being disconnected from the primary
resistive network, wherein a portion of the secondary resistive glement is connected
with a secondary resistive element contact pad, and wherein each tap of the plurality of
taps are associated with one of a plurality of predetermined resistance values, the
plurality of predetermined resistance values having a non-linear distribution.

10023] Another aspect of the present invention discloses a method of forming a circuit
on a biosensor test strip. The method comprising forming a primary resistive element
on a non-conductive substrale having a predetermined configuration including a first
end and a second end, and forming a secondary resistive element on the non-
conductive substrate having a plurality of taps connecied to a predetermined connection
location on the primary resistive element thereby defining a plurality of unique resistive
paths through at least a portion of the primary resistive element, each of the plurality of

taps having associated therewith a resistance falling within a respective one of a
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plurality of ranges of resistances, wherein each of the range of resistances are

determined based on a non-linear distribution function.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024] The invention is further elucidated in the following on the basis of an exemplary
embodiment shown in the drawings.
[0025] Fig. 1 lustrates a test strip inserted into a test meter.
[0026] Fig. 2 is an exploded view of a representative test strip.
(002771 Fig. 3A illustrates a test strip for use in measuring the concentration of an
analyte of interest in a biological fluid.
[0028] Figs. 3B and 3C illustrate alternative embodiments of a portion of the test strip
Hustrated in Fig. 3a.
[0029] Fig. 4 illustrates a portion of the test strip illustrated in Fig. 3a.
(00307 Figs. 5A-G illustrate a portion of the test strip illustrated in Fig. 3a having a
plurality of ablated taps.
[0031] Fig. 6 illustrates ancther representative test strip for use in measuring the
concentration of an analyte of interest in a biological fluid.
[0032] Fig. 7 illustrates ancther representative test sirip for use in measuwring the
concentration of an analyte of interest in a biological fluid.
[0033] Fig. 8 illustrates another representative test strip for use in measuring the
concentration of an analyte of interest in a biclogical fluid.
[0034] Fig. 9 illustrates a portion of another representative test sirip for use in
measuring the concentration of an analyte of interest in a biological fluid.
[0035] Fig. 10 is a flow diagram of a representative process used to measure an
analyte in a biological fluid.
[0036] Fig. 11 iliusirates a two encoding resistor network.
[0037] Fig. 12 is a frequency plot llustrating a cluster of test strip contact resistances.
[0038] Fig. 13 illustrates an exemplary test strip layout used in testing.
[0039] Fig. 14 is a shared connection and partial contact resistance compensation

schematic between points CES and RNET.
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10040] Fig. 15 is a shared connection and partial contact resistance compensation
schematic between points RTAP and RNET.

[0041] Figs. 16A-G illlustrate a plurality of test strip configurations representing seven
possible states having uniformly distributed resistor taps..

(00427 Fig. 17A is an example biosensor strip.

10043] Fig. 178 illustrates the example biosensor strip of Fig. 17a in schematic form.
[0044] Fig. 18 is a distnbution plot Hlustrating calculated resistance ratios (RTAP-
RNETY/(CES-RNET) of uniformly distributed resistor taps from 1500 pairs of network
measurements (error bars are calculated ratios assuming a nominal conductivity and
trace pattern with an inserted worst case 235 Ohms - simulated)

[0045] Fig. 19 illustrates the distribution of resistance ratios using mulliple distribution
methodologies.

[0046] Fig. 20 is a distribution plot illustrating distribution ¢f resistance in resistance
ratios in a non-iinear distribution of resistance values based on the numbaer of possible
states.

(00477 Fig. 21 is a distribution plot comparing linear distribution of resistance ratios to
non-linear resistance ratios.

[0048] Fig. 22 illustrates an example test strip layout using non-linear resistance
distribution values.

(00497 Fig. 23 illustrates the possible locations of control nodes and control poinis in a
test sirip using non-linear resistance distribution values.

[0050] Figs. 24A-G illustrate a plurality of test strip state configurations using non-
linear resistance distribution values.

10051] Fig. 25 is a distribution plot illustrating a range of resistance ratios having non-
uniformly distributed resistor taps using non-linear resistance distribution values.

[0052] Fig. 26 is a distribution plot illustrating a range of resistance ratios at each
state, 0-6.

(00531 Fig. 27 Hllustrates a possible configuration of a resistive tap circuit allowing for

Kelvin mesasurements.
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DETAILED DESCRIPTION
[0054] For the purposes of promoting an undersianding of the principles of the
nvention, reference will now be made to the embodiment illustrated in the drawings,
and specific language will be used o describe that embodiment. |t will nevertheless be
understood that no limitation of the scope of the invention is intended. Alterations and
modifications in the iliustrated device, and further applications of the principles of the
invention as illustrated therein, as would normally occur to one skilled in the art to which
the invention relates are contemplated, are desired to be protected. In particular,
although the invention is discussed in terms of a blood glucose meter, it is contemplated
that the invention can be used with devices for measuring other analytes and other
sample types. Such alternative embodiments require certain adaptations to the
embodiments discussed herein that would be obvious to those skilled in the art.
[0055] Referring to Fig. 1, a concentration measuring device or test meter 10 is
disclosed with an analyte test sensor strip 12 mounted thereto that is used 1o measure
the presence or concentration of an analyte in a biological Tluid, such as whole blood,
urine, or saliva. In this form, the test strip 12 is removably inserted into a connaction
terminal 14 of the test meter 10. Upon insertion of the test strip 12, the test meter 10 is
configured to automatically turn on and begin the measuring process, as set forth in
greater detail below. The test meter 10 includes an electronic display 16 that is used to
display various types of information to the user including the test resulls.
[0056] Referring to Fig. 2, a general test strip 12 is illustrated for background purposes
and includes several components. The test strip 12 comprises a small body defining a
chamber in which the sample fluid is received for testing. This sample-receiving
chamber is filled with the sampile fluid by suitable means, preferably by capillary action,
but also optionally assisted by pressure or vacuum. The sample-receiving chamber
includes electrodes and chemistry suilable for producing an electrochemical signal
indicative of the analyie in the sampile fluid.
(00571 In this ilustrated form, the test strip 12 inciudes a base subsirate 20, a spacing
layer 22 and a covering laver 24 comprising body cover 26 and chamber cover 28. The
spacing layer 22 includes a void portion 30 to provide a sample receiving chamber

extending between the base substrate 20 and the covering layer 24, The base
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substrate 20 carries an elecirode system 32 including a plurality of electrodes 34 and
electrode traces 36 terminating in contact pads 38. The electrodes 34 are defined as
those portions of the electrode traces 36 that are positionad within the sample-receiving
chamber. A suitable reagent system 40 overlies at least a portion of the electrodes 34
within the sample-receiving chamber.

[0058] The body cover 26 and the chamber cover 28 overlying the spacing layer 22
define a slot therebetween, the slot defining a vent opening communicating with the
sample-receiving chamber {o allow air t0 escape the chamber as a sample fluid enters
the chamber from the edge opening or fluid receiving opening. The test strip 12
therefore includes a dosing end 42 and a meter insertion end 44. The shape of the
dosing end 42 is typically distinguishable from the meter insertion end 44 so as o aid
the user. The body cover 26 and chamber cover 28 are preferably secured to the
spacing layer 22 by an adhesive layer 46. Further, a second adhesive layer 48 secures
the spacing layer 22 to the base substrate 20. A more detailed discussion of the test
strip 12 illustrated in Fig. 2 can be found in commonly owned US. Paient No.
7,829,023, which is hereby incorporated by reference in iis entirety.

[0059] Referring to Fig. 3a, a more detailed image of one preferred form of a test sirip
50 that is configured for use with the test meter 10 is illustrated having spacer, covering
and adhesive layers removed o reveal the electrode system 32 of the test strip 50. The
test strip 50 includes a non-conductive base substrate 52 having formed thereon a
plurality of electrodes, traces and contact pads, as will be discussed in greater detail
below. Such formation may be achieved by using any of a number of known
techniques, such as screen printing, lithography, laser scribing or laser ablation. For
purposes of illusiration, formation using a broad field laser ablation technigue is
generally described herein.

[0060] Prior to formation of the electrodes, traces and contact pads, the non-
conductive substrate is coated on its top surface with a conductive layer (by sputiering
or vapor deposition, for example). The electrodes, traces and contact pads are then
patterned in the conductive layer formed on the non-conductive substrate by a laser
ablation process using a mask defining the desired design for the electrical aspects of

the test sirip. A more detailed discussion of the laser ablation process is set forth in
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commonly owned U.S. Patent No. 7,601,289, which is hereby incorporated by reference
in its entirety.

[0061] The conductive layer may contain pure metals or ailoys, or other materials,
which are metallic conductors. The conductive material is generally absorplive at the
wavelength of the laser used to form the electrodes, traces and contact pads on the
non-conductive substrate 52, Non-limiting examples include aluminium, carbon,
copper, chromium, gold, indium tin oxide, palladium, platinum, silver, tin oxide/goid,
titanium, mixtures thereof, and alloys or metallic compounds of these elements. In
some forms, the conductive matenial includes noble metals or alloys or their oxides.
[0062] The test strip 50 includes a working electrode 54, a working sense frace 56, a
counter electrode 58, and a counter sense trace 60 formed on the non-conductive
substrate 52. The test strip 50 includes a distal end or reaction zone 62 and a proximal
end or contact zone 64 extending along a longitudinal axis. As set forth in greater detail
below, the {est strip 50 includes a working electrode trace 54a that is used {o connect
the working electrode 54 1o a contact pad 70. Further, the test strip 50 includes a
counter electrode trace 58a that is used to connect the counter electrode 58 1o a contact
pad 80. As illustrated, the proximal end 64 of the test sirip 50 includes a plurality of
contact pads that are configured to be conductively connected with the connection
terminal 14 of the test meter 10. In one form, the test meter 10 is configured to
determine the type of test strip 50 inserted inic the test meter 10 based on the
configuration, including, e.g., any interconnection, of the contact pads. The distal end
62 of the test strip 12 includes a reagent layer 66 that covers at least a portion of the
working electrode 54 and counter electrode 58.

[0063] The reagent layer 66 of the test strip 50 may comprise reagents of a chemical
or biochemical nature for reacting with a target analyte {0 produce a detectable signal
that represents the presence and/or concentration of the iarget analyle in a sample.
The term “reagent’, as used herein, is a chemical, biological or biochemical reagent for
reacting with the analyte and/or the target to produce a detectable signal that represents
the presence or concentration of the analvte in the sample. Suitable reagents for use in
the different detection systems and methods include a variety of active components

selected o determine the presence andfor concentration of various analytes, such as
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giucose for example. The selection of appropriate reagents is well within the skill in the
art. As is well known in the art, there are numerous chemistries available for use with
gach of various targets. The reagenis are selected with respect to the target to be
assessed. For example, the reagents can include one or more enzymes, Co-enzymes,
and co-factors that can be selected to determine the presence of glucose in blood.
[0064] The reagent chemistry may include a variety of adjuvanis to enhance the
reagent properties or characleristics. For example, the chemistry may include materials
io facilitate the placement of the reagent composition onto the test sirip 50 and to
improve its adherence to the strip 50, or for increasing the rate of hydration of the
reagent composition by the sample fluid.  Additionally, the reagent layer can include
components selected to enhance the physical properties of the resulting dried reagent
layer 66, and the uptake of a liguid test sample for analysis. Examples of adjuvant
materials to be used with the reagent composition include thickeners, viscosity
moduiators, film formers, stabilizers, buffers, detergents, gelling agents, fillers, film
openers, coloring agents, and agents endowing thixotropy.

[0065] As further Hliustrated in Fig. 3a, a proximal end 68 of the working electrode trace
54a is connected with a working electrode measurement contact pad 70. A distal end
72 of the working electrode trace 54a is connected with the working electrode 54. A
proximal end 74 of the working sense trace 56 is connected with a working sense
measurement contact pad 75, As further ilustrated, a distal end 76 of the working
sense frace 56 is connected with the distal end 72 of the working electrode frace 54a
thereby defining a working resistance loop.

[0068] In one form, the working resistance loop has a resistance vaiue within a
predetermined range of resistance vaiues, which range corresponds to an atiribute of
the test strip 12. Forming the working raesistance loop {0 have a resistance value that
falis within one or another predetermined range of resistance values is within the
ordinary skill in the art of forming thin conductive layers. Nevertheless, for purposes of
Hustration, it is known that conductive materials, such as thin layers of metals such as
gold and palladium, have a characteristic sheet resistance dependent upon the
thickness of the conductive layer. Sheet resistance is essentially a multiplier for

calculating a predicted resistance through a path of a particular configuration (e.g.
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length and width) for a particular material of a particular thickness. Thus, sheet
resistance and/or the configurational aspects of the conductive trace can be altered in
order to achieve a desired resistance through a particular path, such as the working
resistance loop.

(00671 Thus, for example, a gold layer having a thickness of 50 nm has a shest
resistance of 1.6 ohms/square. A “sguare” is a unilless measure of the aspect ratio of
the conductive path, broken down into the number of square sheets (based on the
width) that can be actuslly or theoretically determined in the conductive path. In one
sense, the effective surface area of the conductive path is approximated as a number of
squares. The number of squares that can be determined in the conductive path is
multiplied by the sheet resistance 1o give a calculation for a predicted resistance
through that conductive path.

[0068] In the context of the present invention, illustrative and exemplary embodiments
will typically be described in the context of 50 nm thick layers of gold, thus a sheet
resistance of 1.6 ohms/square. Thus, in order to manipulate the resistance along any
conductive paths being described in the various contexts of this disclosure (as will be
clear to persons of ordinary skill in the art), one may alter the length or width of the
conductive paih (thus change the number of “squares”) or one may aller the thickness
or material of the conductive layer (thus changing the sheet resistance) in order to
increase or decrease a predicted resistance value for that particular conductive path to
fall within a desired range of resistance values, wherein the range of such values is
indicative of an atiribute of the test strip. Determining the number of squares for a
particular conductive path in a variely of patlerns and configurations other than
generally straight line paths is within the ordinary skill in the art and requires no further
axplanation here

10069 As will be further described, actual measured resistance values through
variously identified conductive paths included in the embodiments of the present
inverttion are used in various manners for purposes of indicating one or more attributes
of a test strip.  In this regard, it will be undersiood that the measured resistance values,
or predetermined ranges of resistance values in which a measured resistance value

lies, or ratios of the measured resistance values between different conductive paths,
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may correspond (o a particular atfribute.  Which of these manners is employed for
corresponding the resistance value of a conductive path 1o an attribule is within the
discretion of one of skill in the art.

[0070] Generally, the measured resistance value itself is useful in the event the actual,
measured resistance value closely corresponds to the predicted resistance value
(calculated as described above) If manufacturing tolerances are such that the
measured value does not correspond well 1o the predicted value, then it may be
advisable to predetermine a range of resistance values within which a conductive path
having a certain predicted resistance value will almost certainly have a measured
resistance value. In that case, the system measures the actual resistance value of a
conductive path, identifies the predetermined the range within which the resistance
value lies, and corresponds that identified predetermined range with the attribute of the
test strip.  Finally, if manufacturing tolerances are simply not conducive {o accurately
predicting the actual measured resistance value for a conduclive path, or simply as
desired, it may be useful {o ratio one measured resistance value against ancther
measurad resistance value through a different conductive path, in order o determine an
gssentially normalized value. The normalized value may be used similarly as a
measured resistance value or compared against one or more predetermined ranges of
values in order to identify a corresponding attribute of the test strip. It is generally in this
context of measured, predicted, and normalized resistance values that the present
invention will be further described and understood.

[0071] For dllustrative purposes only, in one form the working resistance loop has a
resistance value of approximately 380.8 Ohms. (In this illustrative form, it is assumed
that 50 nm thick gold is used to form the traces and contact pads and that the surface
area associated with the traces and contact pads of the working resistance loop
equates to approximately 238 sguares. As such, the working resistance loop has a
resistance value of approximately 380.8 Ohms.) In one embodiment, this resistance
valug is within a predetermined range, e.g. 250-450 Ohms, and corresponds o an
attribute such as the strip type, L.e. a reagent deposited on the strip that is configured for
determination of glucose concentration. By way of example, a different predetermined

range, €.g. 550-750 Ohmes, for the resistance value of the working resistance loop may
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correspond to a different strip type, such as for determination of ketone conceniration.
As with all forms, and as described above, the resistance value of the working
resistance loop as well as all resistance values disclosed herein can be adjusted by
various methods, such as, for example, by adjusting the length, width, and thickness of
the working sense trace 56 as well as the material from which the working sense trace
56 is manufactured. See, e.g., US Patent No. 7,601,289

[0072] A proximal end 78 of the counter electrode trace 58a is connected with a
counter elecirode measurement contact pad 80. A distal end 82 of the counter
electrode trace 58a i3 connacted with the counter electrode 58. In addition, a proximal
end 84 of the counter sense trace 60 is connected with a counter sense measurement
contact pad 86. A distal end 88 of the counter sense trace 60 is connected with the
distal end 82 of the counter electrode trace 58a thereby defining a counter resistance
loop.  In one form, the counter resisiance loop has a resistance value within a
predetermined range of resistance values, which range corresponds {0 an atiribute of
the test strip 50. For lliusirative purposes only, in one form the counter resistance loop
has a resistance value of approximately 384 Ohms, based on a 50 nm thick layer of
gold and a surface area configuration of approximaiely 240 squares. In one
embodiment, this resistance value is within a predstermined range, e.g. 250-450 Ohms,
which range corresponds {0 an attribute of the test strip.  In other embodiments, the
resistance value of the working resistance loop is raticed with the resistance value of
the counter resistance loop wherein the ratio value corresponds (o an attribute of the
strip, such as strip type or geographic market of distribution.

(00731 As will be generally understood, designating an electrode as a “working” or
‘counter” electrode is merely an indication of a particular predetermined functionality or
intended use for an electrode during an electrochemical measurement method as either
an anode or cathode in the presence of a particular electrical field or applied potential.
Those of ordinary skill in the art will similarly understand reference to such electrodes
generically as first and second measurement electrodes (and corresponding traces,
sense traces, contact pads, efc.), inasmuch as such electrodes participate in the
measurement of a particular analyte or target, in contrast to, for example, electrodes

that may be specifically designated solely for use as dose detecting and/or sample
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sufficiency electrodes according to known iechniques; see, for e.g., US Patent No.
7,905,997, In view of these understandings, the designations “working” and “counter”
are used solely for contextual ilustration and description, and are not intended to limit
the scope of the present invention, wheather or not recited in the claims, to a particular
measurement electrode functionality.

10074] Generally speaking, to commence an assay, the test sensor 50 is inserted into
the connection terminal 14 of the test meter 10 such that all of the contact pads of the
test sensor 50 are connected to contact pins within the connection terminal 14. The
working electrode 54 and counter electrode 58 remain in an open state with respect to
each other (i.e. generaily electrically isolated from each other) until an adequate amount
of fluid, such as blood, is placed on the test sensor 50. The application of an adequate
amount of fluid onto the reagent layer 66 creates an electrochemical reaction that can
be detected by the test meter 10.

[0075] In a general sense, the test meter 10 applies a predetermined voltage across
the working electrode measurement contact pad 70 and the counter electrode
measurement contact pad 80 io create a potential difference between the working
glectrode 54 and counter electrode 58, and then measures the resuliing current flow.
The magnitude and direction of the voltage is selected based on the electrochemical
activation potential for an electrical measurement species to be detected which is
generated from the electrochemical reaction of the reagent 66 and applied fluid. For
giucose, for example, an applied potential difference typically i3 between about +100
mV and +550 mV when using a DC potential. When using AC potentials these can be
between about +5 mV and + 100 mV RMS but can also have larger amplitude
depending on the purpose for applying the AC potential. The measured amount of
current flow, particularly resulting from a DC potential or sufficiently large amplitude AC
potential, is indicative of the concentration of the analyte to be measured. The exact
manner in which this process works is beyond the scope of the present invention but
known to those skilled in the art.  See, for example, U.S. Patent Nos. 7,727 467,
5,122,244, and 7,276,146, the disclosures of which are hereby incorporated herein by

reference.
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[0076] To compensate for the parasitic I-R {current x resistance) drop in the working
alectrode trace 54a and the counter electrode trace 58a, the test sensor 50 includes the
working sense trace 56 and the counter sense trace 60. As set forth above, the working
sense trace 56 is connected with the working electrode trace 54a at the distal end 62 of
the test sensor 50 and the working sense measurement contact pad 75 at the proximal
end 64 of the test sensor 50. The counter sense irace 60 is connected with the counter
electrode trace 58a at the distal end 82 of the test sensor 50 and the counter sense
measurement contact pad 86 at the proximal end 64 of the test sensor 50.

[0077] Inone form, during a test procedure a voltage potential is applied to the counter
electrode measurement contact pad 80, which will produce a current between the
counter electrode 58 and the working electrode 54 that is proportional 1o the amount of
analyte present in the biclogical sample applied to the reagent layer 66, To ensure that
the proper voliage potential is applied to the counter electrode 58, the test meter 10
includes circuitry (not shown) that ensures that a vollage potential (or absolute potential
difference) applied to the counter sense trace 60 is the same as the desired vollage
potential {or absolute potential difference) at the counter electrode 58, Typically, the
test meter 10 will ensure that little to no current will flow through the counter sense trace
60, thereby assuring that the voltage potential seen at the counter electrode 58
corresponds to the desired voltage potential. For a more detailed discussion on the
compensation functionality of the working sense trace 56 and the counter sense frace
60 reference can be made to commonly owned U.S. Patent No. 7, 569126, which is
hereby incorporated by reference in its entirety.

[0078] The ability to code information directly onto the test strip 50 can dramatically
increase the capabilities of the test strip 50 and enhance its interaction with the test
meter 10. For example, i 18 well known in the art {0 supply the test meter 10 with
calibration information or data applicable to multiple lots of test strips 50. Prior art
systems have relied on a read-only-memory key {(ROM key) that is supplied, for
example, with each vial of test strips and is inserted into a corresponding socket or siot
in the test meter 10 when the applicable vial of test strips is utilized by the user.
Because this process relies upon the user to perform this task, there is no way to

guarantee that it is done or if it is, that it is done correctly or each time a new vial of
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strips is used. In order to remove the possibility of human error or negiect, the present
invention provides various manners in which code, such as a code corresponding to
preset and pre-stored calibration data, can be placed directly on the test strip 50. This
information may then be read by the {est meter 10, which has the preset or pre-stored
calibration data stored in internal memory, to adjust the test meter 10 so that it can
provide precise measurements.

[0079] To achieve such encoding, in one embodiment, the test strip 50 includes a
secondary or inner resistive element 100 and a primary or outer resistive element 102
that form a base resistance network 104 on the surface of the substrate 52. An end of
the secondary resistive element 100 is connected with a secondary resistive element
contact pad 103. The primary resistive element 102 has a first end 1086, a second end
108 and a predetermined shape or configuration. In one form, the primary resistive
giement 102 has a serpenting shape or configuration running parallel with the
ongitudinal axis of the test strip 50. However, it is envisioned that the primary resistive
element 102 may have other shapes and configurations in different forms. In one form,
the primary resistive element 102 has a predicted resistance value associatad with i
faling within a predetermined range of resistance values which may be indicative of an
atiribute of the test strip 50. The resistance value can be measured by the test meter
10 using first and second primary resistive element contact pads 110 and 112 (as
defined below).

(00807 In the embodiment of Fig. 3a, the second end 108 of the primary resistive
glement 102 is defined by proximal end 78 of the counter electrode trace 58a, and thus
contact pad 112 is generally coextensive with counter electrode contact pad 80, Except
as otherwise specifically required for a particular use or purpose, it will be understood
that whether either end 106 or 108 of the primary resistive slement 102 are defined by
proximal end 68 of working elecirode trace 54a or proximal end 78 of counter electrode
frace 58a is a matter of design choice, and the present invention includes embodiments
it which ends 108 and 108 are separate and distinct structures from the aspects of the
working electrode 54 and counter electrode 58 and the traces 54a, 58a and proximal
ends 68, 78 thereof. See, for example, Fig. 3b; in contrast, see description above

regarding use of one or both sense traces 56, 60 for purposes of voltage compensation
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in embodiments in which one or both of contact pads 110, 112 may be coextensive with
contact pads 70, 80. The reagent layer 66 has been removed from the remaining
figures for ease of reference but it should be appreciated that each test strip 50
disclosed herein will include a reagent layer 66 relevant for the particular analysis
desired {o be performed.

[0081] In particular, the test meter 10 can measure the resistance value of the primary
resistive element 102 by applying a voltage across the primary resistive element contact
pads 110, 112 and then measuring the amount of current that flows through the primary
resistive element 102, In one form, the surface area associated with the primary
resistive element 102 is equal to approximately 1372 squares. As such, for illustrative
purposes only, for a 50 nm thick layer of gold, the predicted resistance value associated
with the primary resistive element 102 is approximately 2,195.2 Ohms.

[0082] Referring to Fig. 3¢, another representative portion of a test strip 50 disclosed
harein is lliustrated in which the secondary resistive element 100 and primary resistive
element 102 have a different predetermined configuration. As set forth in detail below,
the secondary resistive element 100 includes a plurality of taps 120a-g that are
connected to the primary resistive element 102 at a plurality of predetermined
connection points 122a-g. Al other features and aspecis of this representative
embodiment remain the same as described below in connection with the embodiment
Hustrated in connection with Figs. 3a, 4 and 5a-q.

[0083] Referring to Fig. 4, which illustrates a simplistic view of the electrical aspects of
the test strip 50 Hllusirated in Fig. 3a but without the non-conductive substrate 52, the
secondary resistive element 100 includes a plurality of taps 120a-g that are connected
to the primary resistive element 102 at a plurality of predetermined connection points
122a-g. In the Hlustrated form, the primary rasistive element 102 has a serpentine
shape or configuration which comprises a proximal end 124 and a distal end 126. The
taps 120a-g are connected o the connection points 122a-g at the proximal end 124 of
the primary resistive element 102, In particular, the taps 120a-g are connected at the
proximal ends of each rung of the serpentine configuration. However, it should be
appreciated that the taps 120a-g could be connected {0 the primary resistive element

102 at other locations as well, such as illustrated in Figs. 3c and 6.
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[0084] In the form illustrated in Fig. 4, a first end 130 of the primary resistive element
102 is connected with a first primary resistive element contact pad 110. A second end
end 132 of the primary resistive element 102 is connected with the counter electrode
frace 58a, thereby connecting the second end 132 of the primary resistive element 102
to the counter electrode contact pad 80. As set forth above, in other forms, the second
end 132 of the primary resistive element 102 could be connected to a different contact
pad 112 other than the counter electrode contact pad 80. See, e.g., Fig. 3b.

[0085] As illustrated in Figs. 3a and 4, the base resistance network 104 is initially
structured on the non-conductive substrate 52 by the original process that forms the
overall electrodes, traces and contact pads on the test strip 50, such as by broad field
laser ablation. As set forth in greater detail below, during secondary processing a code
may be placed on the test strip 50 by severing all but one of the taps 120a-g of the
secondary resistive network 100. As such, the severed taps among 120a-g are placed
in an open or non-conductive state while the one remaining tap 120a-g 1s placed in a
closed or conductive state in relation to the primary resistive element 102. Severing
may be accomplished by manual or other means, such as ablation or scribing with an
appropriate laser.

[0086] During manufacturing, once a respective ot of test strips 50 is produced having
the base resistance network 104 formed thereson, one or more pertinent atiributes of the
ot are determined in order to encode each test strip 50 in the lot accordingly for
communicating the attribute(s) to the test meter 10. For example, in one embodiment
one or more of the test sirips 50 from the ot are tested with a target analvie having a
known concentration.  The test resulls typically indicate an atiribute comprising
calibration data, such as values for slope and intercept for an algorithm based on a
generally linear relationship for measuremeant of the target analyte, which calibration
data should be employed by the test meter 10 in a final measurement determination that
uses the test strips 50. In a secondary processing of the remaining lof of test strips 50,
the base resistance network 104 is modified in order to place a code on the test strip 50
that is associated with the calibration data for that ot of test strips 50.

[0087] In one form, the attribute comprising calibration data for the lot of test strips 50

permits the test meter 10 {o automatically adjust itself to provide precise measurements
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of the target analyte. In particular, the resistive network that is created on the test strip
50 during secondary processing is used o convey information {0 the test meter 10
related to strip performance such as algorithm slopes and product type. In one
particular embodiment, the secondary resistive element 100 is modified to exhibit only
one of a plurality of possible states, wherein each state comprises at least a portion of
the code on the test strip 50.

[0088] According to one aspect, the base resistance network 104 is formed such that
all taps 120a-g are in a closed stale by manufacturing default. The default state
conveys to the meter 10 a so-called nominal code for a particular test strip type, e.g. a
nominal slope and/or intercept values for a linear correlation algorithm.  Each of the
plurality of possible other states created by later severing or opening all but one of the
taps 120a-g (detected as set forth further below) may then convey incremental
adjustment values to the nominal code or to values calculated from the algorithm using
the nominal code. For example, for taps 120a-g there are seven possible states in
which only one tap remains closed. Each such state may represent a positive or
negative factor (e.g. a multiplier) which when conveyed to metar 10 i1s employed by the
meter to adjust calculated output upwardly or downwardly depending on how the
particular strip iot is evaluated compared to the nominal code. Thus, states 1-3 may
represent multipliers -1%, -2%, and -3% respectively, while states 4-7 may represent
muiitipliers +1%, +2%, +3% and +4% respectively. Such embodimenis provide an
alternative to the states each repraesenting a set of code values {e.g. slopg and
intercept) pre-stored in the meter 10 that are then employed by the meter in the
correlation algorithm.

[0089] In an aliernative form, all of the taps 120a-g may be ablated or placed in an
open state during primary processing. in this form, a respective tap 120a-g is placed in
a closed state during secondary processing depending on the test results of the lot of
test strips 50. The tap 120a-g that is reguired 1o be placed in the closed siate may be
placed in the closed state during secondary processing by ink jet printing, soldering,
drop dispensing, screen printing, conductive taping, and so forth. In other allermative

forms, the masks used to form the test sirips 50 may be formed already having one tap
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120a-g placed in a closed state and the remaining in an open state thereby eliminating
the need for secondary processing of the test strips 50,

(00907 Referring to Fig. 5a, during secondary processing of the test strips 50, the base
resistance network 104 is modified such that code information indicative of an attribute
associated with the test strip 50 is placed on the test strips 50, As set forth above, the
modified base resistance network 104 can be utilized to transfer basic information to the
test meter 10 related to strip performance such as algorithm slopas and product type.
As illustraied in Fig. 5a, during secondary processing all but one of the taps 120a-g,
which are taps 120a-f in this illustrative example, have been ablated by a laser thereby
defining a first state (State 1) that the test strip 50 may be produced in. In particular, in
State 1 only tap 120g remains connected to the primary resistive element 102 at
location 122¢g thereby defining a first unique resistive path for secondary resistive
glement 100 through a portion of the primary resistive element 102. The ablated taps
120a-f are theraby placed in an open state and the non-ablated tap 120g is in a closed
state thereby allowing current to flow through the secondary resistive element 100, and
into a select portion of the primary resistive element 102

[0091] As illustrated in Fig. 5a, a first unique resistive path is defined from the
secondary resistive element contact pad 103 through the secondary resistive element
100 including the non-ablated tap 120g and a portion of the primary resistive element
102 between location 1229 and the contact pad 112 ai the second end 132, The first
unique resistive path is defined at least in part by the non-ablated tap 120g and a
portion of the primary resistive element 102. In one form, for purposes of lHlustration, in
State 1 the first unigue resistive path has a resistance value associated with it of
approximately 38.4 Ohms. For illustrative clarity, the first unique resistive path is shown
in Fig. 5a between contact pads 103 and 112 in hashed line shading.

10092 As with all of the forms discussed below, the resistance value associated with
the first unigue resistive path can be measured by the test meter 10 using the
secondary resistive element contact pad 103 and the contact pad 112 (which as
Hustrated is co-extensive with counter electrode contact pad 80). |In particular, the
resistance value can be measured by the test meter 10 by applying a predetermined

voltage across the secondary resistive element contact pad 103 and the contact pad
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112 and then by measuring the resuilting current flow through the first unique resistive
path and then calculating resistance according to Ohm's Law, R = Vil

[0093] Alternatively, a second unigue resistive path is defined by State 1 from the
secondary resistive element contact pad 103 through the secondary resistive element
100 including the non-ablated tap 120g and a portion of the primary resistive element
102 between location 122g and the primary resistive element contact pad 110 at first
gnd 130, In this alternative form, the second unique resistive path has a resistance
value associated with it of approximately 21824 Ohms.  As with all of the forms
discussed below, the rasistance value associated with the second unigue resistive path
for each state can be measured by the test meter 10 using the secondary resistive
element contact pad 103 and the primary resistive element contact pad 110, The
resistance value can be measured by the test meter 10 by applying a predetermined
voltage across the secondary resistive element contact pad 103 and the primary
resistive element contact pad 110 and then by measuring the resuiting current flow
through the second unigue resistive path and calculating resistance as described
above.

[0094] Referring to Figs. 5b-5¢g, additional states {e.g., States 2-7) each including first
and second unigue resistive paths for each state may be defined on the basis of which
tap 120a-120f remains unabiated. In each instance, a first unique resistive path is
defined from secondary resistive element contact pad 103 through the secondary
resistive element 100 including the particular non-ablated tap 120f-120a {(such as shown
in Figs. 5b-5¢, respectively) and a portion of the primary resistive element 102 between
particular location 122f-122a (respectively) and contact pad 112 at second end 132,
(For illustrative clarity, the first unique resistive path in each of Figs. 5b-5g is shown
between contact pads 103 and 112 in hashed line shading.) Conversely, in each
instance a second unique resistive path is defined from secondary resistive element
contact pad 103 through the secondary resistive element 100 including the particular
non-ablated tap 120f-120a (such as shown in Figs. 5b-5¢g, respectively) and a portion of
the primary resistive element 102 between particular location 122f-122a (respectively)

and contact pad 110 at first end 130
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[0095]

values associated with the first and second unique resistive paths ("URP") defined for

For purposes of further illustration, Table 1 seis forth exemplary resistance

gach of States 1-7 shown in Figs. 5a-5g, in which the paths are formed from gold having
50 nm thickness. It will be understood that other maiterials, thicknesses and path

configurations will have different associated resistance values for each state.

Siate1 [ Siate2 | Sialed |[Stated | Siate 5 | Siate 8 | State 7
URP #1 384 332.8 699.2 1068.8 1440 18128 | 21824
Ohms Ohms Ohms Ohms Ohms Ohms Ohms

URP#2 | 21824 | 18128 1440 1068.8 £899.2 232.8 384
Ohms Ohms Ohms Ohms Ohms Ohms Ohms

Table 1. Associated Resistance Values (Ohms)

[0096] As set forth above with respect to Figs. Sa-g, the test strip 50 disclosed herein
can be configured during manufacturing to transmit a minimum of seven {7) basic states
of product performance and atiribute information from the comparative analysis of
resistance traces on the test sensor strip 50. Although discrete resistance values have
been set forth above in the illustrative forms and as described further above with regard
to predicted resistance values, it should be appreciated that in some embodiments
these values will vary somewhat because of variances in the manufacturing process.
As such, each state that the test strip 50 may be manufactured in during secondary
processing will typically fall within a range of resistance values. Thus, in one
embodiment, each discrete range of resistance values rather than the discrete
resistance values themselves, will correspond to a state of the test strip 0. For
example, in one form, the resistance value of the first unique resistive path in State 1
could fall within a range of 20-150 Ohms, in State 2 could fall within a range of 310-450
Chms, and so forth.

(00971 The method used {o measure resistance and other factors, such as the
temperature of the test strip 50 and the internal electronics configuration of test meter
10, can also affect the resistance measured by the test meter 10 and thus minimize the
size of each discrete range of resistances that may be used. For example, the
measured resistance may also include the resistance of at least one switch internal {o

the test meter 10, where the resistance of the swilch varies depending on the
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temperature of the switch and manufacturing tolerances. In one embodiment, the
internal switch resistances as well as contact resistances (i.e., the resistance from the
contact of a contact pin of the meter to a particular contact pad) are accounted for and
thus automatically compensated in the calculation of resistance values for each primary
resistive element 102 and secondary resistive element 100.

10098] In other forms, the test meter 10 can be configured to determine the state of the
test strip 50 in a manner in which the resistance values are raticed, or proportionally
compared, with at least one other resistance value on the test sirip 50. As such, the
test meter 10 can be configured o measure the resistance value of the first or second
unigue resistive path through the secondary resistive element 100 and primary resistive
element 102 and then compare it to another measured resistive value of the test strip
50. For example, the test meter 10 could ratio the measured resistance value of the
first or second unique resistive path of the secondary resistive element 102 and primary
resistive element 102 against the measured resistance of one or more of the primary
resistive element 102, the working resistance loop, and the counter resistance loop (o
determine the state of the test strip 50.

[0099] Referring back to Fig. 3a, in another form the test sirip 50 is provided with an
optical two dimensional code 200 on the proximal end &4 of the test sirip 50, In some
forms, the test meter 10 is provided with an optical code reader (not shown) that aliows
the test meter 10 to read the optical two dimensional code 200, Additional information
that may be provided by the optical two dimensional cede 200 can be product expiration
date, product identification (couniries or regions), intercepts of blood and control
solutions, strip lot identification, and other features.

1001007 Referring to Fig. 6, another representative form of a fest strip 50 is disclosed
that may incorporate the features disclosed herein. In this form, wherein like-numbered
glements correspond to the same features, the primary resistive element 102 is formed
having a different serpentine shape. In particular, instead of running paraliel to the
ongitudinal axis of the test strip 50, the serpentine configuration runs perpendicular to
the longitudinal axis of the test strip 50. This configuration also modifies where the

connection points 122a-g of the secondary resistive element 100 connect to the primary
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resistive element 102, In addition, the taps 120a-g of the secondary resistive element
100 are oriented perpendicular to the longitudinal axis of the test strip 50.

[00101] In this form, the second end 132 of the primary resistive element 102 is
connected with a second primary resistive element contact pad 210, iIn the previous
form illustrated in Fig. 3a, the second end 132 of the primary resistive element 102 is
formed with the counter elecirode trace 58a {with counter electrode contact pad 80
shown as co-axtensive with contact pad 112). However, as discussed above, the
second end 132 of the primary resistive element 102 can be connecied with contact pad
210 separate from counter electrode trace 58a and counter electrode contact pad 80, as
Hustrated in Fig. 8. As with the form iilustrated in Fig. 3a, during secondary processing
of the test strips 50, all but one of the taps 120a-g is ablated o place the test strip 50 in
a predefined state (e.g., States 1-7). In this form, the test meter 10 is configured to
determine the resistance of the primary resistive element 102 by using the first primary
resistive slement contact pad 110 and the second primary resistive element contact pad
210.  All other features remain the same as discussed in connection with the form
Hustrated in Fig. 3a.

100102] Referring to Fig. 7, another form of a test strip 50 is illustrated that includes a
working sense serpentine 220 in the working resistance loop. in this form, the working
sense serpenting 220 is used to code additional information on the test strip 50 related
to an attribute of the test strip 50. As depicted, the working sense trace 56 has been
formed to include the working sense serpenting 220, which in the illustrated
embodiment is located on the distal end 62 of the test strip 50. The working sense
serpentineg 220 allows the working resistance loop to be selectively formed having a
predetermined resistance value that falls within a range of resistances. The resistance
value can vary depending on the presence or absence of working sense serpenting
220, and in the present thereof then also depending on the width, length, thickness and
conductive material used to form the working sense serpentine 220 on the test strip.
The resistance value of the working resistance loop can be measured by the test meter
10 by applying a predetermined voltage across the working sense measurement coniact
pad 75 and the working electrode measurement contact pad 70 and then measuring the

resulting current flow and calculating resistance accordingly.
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100103] Referring to Fig. 8, another form of a test strip 50 is illustrated that includes a
counter sense serpentine 230 in the counter resistance loop. As with the form
Hustrated in Fig. 7, in this form the counter sense serpentine 230 is used {o code
additional information on the test strip 50 related to an attribute of the test strip 50. The
counter sense trace 60 has been formed {o include the counter sense serpenting 230,
which in the illustrated embodiment is located on the distal end of the test strip 50. The
counter sense serpentine 230 allows the counter resistance loop 1o be selectively
formed having a predetermined resistance value that falls within a range of resistances.
The resistance value of the counter resistance loop can be measured by the iest meter
10 by applying a predetermined voltage across the counter sense measurement contact
pad 86 and the counter electrode measurement contact pad 80 and then measuring the
resulting current flow.

[00104] Referring to Fig. 8, an alternative form of a test strip 50 that is configured to test
for the concentration of an analyte s disclosed that is encoded with information
pertaining to at least two attributes of the test sirip 50, In this form, a first resistive
glement 300 is defined between a first contact pad 302, such as, for example, a counter
glectrode contact pad, and a second contact pad 304, As illustrated, a second resistive
glement 306 including a first sef of taps 308a-l is connected with the first resistive
element 300, As with the previous forms, all but one of the first set of taps 308a- has
been ablated thereby placing taps 308a-b and 308d-i in an open stale. Tap 308cisina
closed state thereby defining a first unique resistive path from a third contact pad 310
through the second resistive element 306 and at least a portion of the first resistive
element 300 {o the first contact pad 302. A second unigque resistive path is also defined
from the third contact pad 310 through the second resistive element 306 and a least a
portion of the first resistive elemeant 300 {o the second contact pad 304, In this form, up
io twelve (12) states can be defined by the first and second unigue resistive paths
depending on which tap 308a-1 is placed in the closed state.

(001057 A third resistive element 312 including a second set of taps 314a-1 is also
connected with the first resistive element 300, Once again, all but one of the second set
of taps 314a-l has been ablated thereby placing taps 314a-d and 314f-l in an open

state. For illustrative purposes only, tap 314e has been placed in a closed state thereby
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defining a third unique resistive path from a fourth contact pad 316 through the third
resistive element 312 and at least a portion of the first resistive element 300 {0 the first
contact pad 302. A fourth unique resistive path is also defined from the fourth contact
pad 316 through the third resistive element 312 and at least a portion of the first
resistive element 300 {o the second contact pad 304. In this form, up to twelve (12)
states can be defined by the third and fourth unigue resistive paths depending on which
tap 314a- is placed in the closed state. The number of taps 314a-1 associated with the
third resistive element 312 dictates how many states may be defined on the test sirip
50. In other forms, additional resistive elements, contact pads and taps could be placed
on the test strips {0 encode additional information on the test strips.

[001086] Referring to Figs. 5a-g and 10, a general description of a representative
proceass that allows the test meter 10 to measure the concentration of an analyte in a
biclogical fluid is set forth. The process begins by inserting a test strip 50 (step 340)
into the test meter 10, In this form, the test meter 10 is configured {o automatically turn
on once a test strip 50 is inserted into the fest meter 10, At this point, the test meier 10
s configured to measure the conductivity of the base resistance network 104 to
ascertain at least one atlribute associated with the test strip 50, which is represented at
step 342. In one form, the test meter 10 is configured 1o apply a predetermined voltage
across the secondary resistive element contact pad 103 and one of the contact pads
110, 112 {(depending on whether the first or second unique resistive path is being
gueried) and then measure the resulting current flow to calculate resistance and
determine the state of the test strip 50 (e.g. one of States 1-7). As set forth above, the
state of the test strip 50 is determinaed as a function of a first resistance value that is
associated with either the first or second unique resistive path that defines the
sacondary resistive element 100

(001071 In other forms, the test meler 10 is also configured to delermine a second
resistance value associated with the primary resistive element 102. In this form, the test
meter 10 is configured {0 apply a predetermined voltage across the primary resistive
element contact pads 110, 112 and then measure the resulting current flow and
calculate resistance accordingly. The test meter 10 then calculates a ratio of the first

resistance value {i.e. the resistance associated with the selected unique resistive path)
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and the second resistance value (i.e. the resistance associated with the primary
resistive element 102) and then correlates this ratio to an attribute of the test strip 50
such as by a lock-up table pre-stored in the memory of test meter 10, As set forth
above, in one form the atiribute that the test meter 10 determines during this process
correlates to an algorithm slope and intercept determined for the particular iot of the test
strip 50.

[00108] Once the test meter 10 determines the atiribute, the test meter 10 is configured
to automatically utilize the information relating o the atiribute, which is represented at
step 344, For example, in one embodiment the test meter 10 is instructed to perform a
particular type of test specific o the test strip 50 that has been inseried; or the test
meter 10 calibrates the meter according o pre-stored calibration information for the lot
of test strips. The test meter 10 is configured as a function of the attribute that is
determined at step 342, Thus, in the calibration embodiment, depending on the
detarmined state of the test strip 50, the test meter 10 includes algorithm slopes stored
in memory that allow the test meter 10 to be adjusied for the particular type of test strip
50 that has been inserted into the test meter 10. This allows the test meter 10 to
provide more precise resulis without requiring the user 10 have o interact with the test
meter 10 during the testing process.

[00109] After the test meter 10 is configured according to the coded attribute
information, the measurement sequence is ready to begin such as by prompting a user
to apply blood, for example, to the test strip 50, which is represented at step 348. Once
biood has been applied {0 the test strip 50, the test meter 10 then begins the blood
glucose measurament cycle, which is represented at step 348, After the test meter 10
performs the blood glucose measurement cycle, the fest meter is configured to display
the results on the display 16 (step 350). It should be appreciated that this illustrative
example is just a basic example and that the test meter 10 is configured o do many
other tasks as well. For exampile, the test meter 10 can be configured to store the test
resuits in memaory so that the user can view test results from the past.

[00110] As used herein, the term ablate should be broadly construed {o mean to
remove or destroy, which can be done by, for example, cutting, abrading, or vaporizing.

in one form, at least a portion of the taps 120a-g is ablaied by a laser, which can be a
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dicde-pumped solid state laser or a fiber laser. In an illustrative form, the diode-pumped
solid state laser is a 355 nanomeler dicde-pumped solid state laser and the fiber laser is
a 1080 nanometer fiber laser.

(001117 lllustrated embodiments of the secondary resistive element 100 show that
seven states are possible depending on which one of taps 120a-g are left closed. it will
be well understood by those of ordinary skill in the art that the number of states may be
ncreasead or decreased as desired or needed by adding or removing taps 120 from the
design for the base resistance network 104, with corresponding increase or decrease in
the number of predetermined connection points 122.

[00112] As stated above, a series of resistor taps can be created along a network of
resistors on a test strip 50, which can allow for the selection of one or more taps along
the overall network. This use of resistor taps can address the limitations associated
with creating precision resistors in a loosely-controlled conductive layer, such as the
lavers used in test sirips 50, For example, available space on substrate, spacing
reguirements, trace maierials, etc., can all imit an ability to design precision resistors in
a loosely controlled conductive layer. By creating two or more related circuils using a
plurality of taps along the overall network, the circuits can be separately measured and
arranged in desired ratios that control the effects of variations in the test strips. For
example, conductivity variations, temperature varigtions, contact resistance variations,
etc. can be compensated or controlled.  Further, when measuring small resistances,
such as those used on test strips 50, parasitic (series) resistances can influence
measurements. Additionally, contact resistance can be difficult to control using thin
lavers of relatively soft matenials on a flexible substrate, such as those on test strip 50.
Allowing for non-inear distribution of selectable resistances via a plurality of taps can
reduce sensitivitias associated with contact resistances. In some embodiments, only
one tap can remain intact. Alternatively, combinations of taps can remain intact if all the
contact resistances are adequately compensated and/or insignificant compared to a
measured resistance.

[00413] Tuming now o Fig. 11, a two resistor network 1100 is lustrated. In this
configuration, the encoding resistors are made up of a first resistor R1 and a second

resistor R2. In this configuration, only two resistor measurements (R1 and R2) are
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needed io determine the information encoded by the resistors. This can be
accomplished by measuring each of the encoding resistors (R1 and R2) individually.
Alternatively, the overall encoding resistive network (R1 + RZ) less an individual
encoding resistance (R1 or R2) can be used to encode information. The encoded
information can then be compuled by determining a ratic of resistances to control or
minimize the effects of the malerial’'s conductivity and/or temperature sensitivity.

Exampile ratios of the resistive elements (R1 R2) can be:
By By Ry Ry Rysp Ry
R?.3 Rli R1+25 R‘1.+2, Ri 3 RZ

[00114]

[001158] Regardless of which possible ratio calculation 1s selected, encoding resistors
R1and R2 can generally be measured along with the contact resistance associated with
gach of a plurality of connections points. Connection points RNET 1102, RTAP 1104,
and connection point CES 1106 can be seen in Fig. 11. Connection point RNET 1102
has a connection resistance represented by R{RNET); connection point RTAP 1104 has
a connection resistance represented by R(RTAP), and connection point CES 1106 has
a connection resistance represented by R(CES). In this configuration, the contact
rasistances R(RNET), R(RTAP), R(CES) are not significant, if Ra and FRg are
significantly greater than the comtact resistances R(RNET), R(RTAP), R(CES). In one
non-limiting example, R1 and R2 are significantly greater than the contact resistances
R{RNET), R(RTAP), R{CES) where R1 and R2 have values more than ten-times greater
than the contact resistances R(RNET), R(RTAP), R(CES). Alternatively, in some
configurations, R1 and R2 can have values less than ten-times greater than the contact
resistances R(RNET), R(RTAP), R(CES). However, where R1 and R2 do not have a
significantly higher resistance value than the contact resistances R{RNET), R(RTAP),
R{CES), the contact resistances R{RNET), R(RTAP), R(CES) can overwhelm the
gncoding resistances R1 and R2. in this scenario, another implementation may be used
to account for or mitigate parasitic contact resistance.

[00116] In particular, Fig. 12 Hlustrates a cluster of an actual test sirip contact
resistances 1200. Fig. 13 shows the configuration of a test strip 1250 used o gather
the data in Fig. 12. The test strip 1250 has eight connection points. However, it should

be known that the test strip 1250 could have more than eight connection points or less
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than eight connection points. The test strip 1250 can have four loop resistances formed
using the eight connection points. A first resistance loop 1252 can be the loop formed
between connection points WES and WE. A second resistance locop 1254 can be
formed between connect points RNET and RTAP. Further, a third resistance loop 1256
can be formed between connection points CE and CES. A fourth resistance loop 1258
can be formed between connection points CES and RNET.

(00117} Returning now to Fig. 12, the test strip contact resistance was measured on fifty
sirips as shown in Fig. 13. In this example, each of the strips was measured at room
temperature.  An appropriately configured biosensor test meter was first used {o
measure the resistance loops 1252, 1254, 1256, Alternatively, redundant connections
to each contact were used to implement a 4-wire digital Ohm meter (Kelvin
contact/connection) to measure the resistance loops 1252, 1254, 1256. The difference
between the test meter and the 4-wire digital Ohm meter was then computed for each
resistance loop 1252, 1254, 1256. The results are shown in Fig. 12. The data shows
that the mean test contact resistance 1202 is typically about 1 ohm per contact.

[00118] As such, a system and method {0 reduce the impact of contact resistances can
be created by measuring resistances using a 4-wire resisiance measurement device.
However, additional contact wires, contact pads, or contact points per pad are often
needed when using 4-wire measuremernt techniques. This can result in additional,
undesirable redundancy or complexity on connector contact density, contact piich,
and/or manufacturing tolerance. This can result in biosensor errors.

[00119] One of skill in the art understands that using Kelvin contacts/connections
(remote sensing or 4-point probes) is an electrical impeadance measuring technigue
having separate pairs of curreni-carrying and voltage-sensing electrode leads or wires
to enable more accurate measurement of unknown load impedances. Adding a pair of
remotely connected sense leads can allow for the excitation circuit o detect the true
potential dynamically available at or near the load. An excitation circuit can then be
configured to actively adjust the source or force a potential based on the sensed
potential error signal, typically driving the error signal towards zero. The desired
potential is then actively maintained at the lcad over a wide range of lead and load

resistances. This can be accomplished by increasing the source potential to the desired
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poteniial difference V + "Ryire.  This scheme can effectively compensate for IR losses
in a current carrying path between the source and the load’'s sense connections. This
manner of operation is analogous for more dynamic excitations and loads. The scheme
is generally limited, however, by the adjustment range and speed of the excitation circuit
coupled with the magnitude of the current and wire resistances. Moreover, space can
often be a factor in devices such as biosensors, and Kelvin contacts/connections often
require additional contacts, pads or dual contacts per pad, which may not always be
feasible.

(001207 Tuming now (o Fig. 14, a shared connection and partial contact resistance
compensation scheme 1400 is shown that is designed to measure a resistor network
terminated at the CES 1402 and RNET 1404 contacts. Contact points CES 1402 and
RNET 1404 can form a first resistance loop 1406, A first end of the resistor loop 1406
can be connecied to one or more contacts shared with an electrochemical cell (not
shown) for facilitating electrochemical reactions on biological samples, as described
above. In one example, the first end of the resistor loop 1406 is the CES 1402 contact
point.  In one configuration, the CES 1402 contact point can be actively driven by a
driver 1408. The driver 1408 can be a driver of a 4-wire resistance measurement
device.  Alternatively, the driver 1408 can be a driver of a 4-wire resistance
measurement circuit 1410 contained in a test meter 10. The driver 1408 can drive
contact point CES 1402 by providing a voltage signal, thereby exciting the first
resisiance loop 1406. Contact point RNET 1404 can act as the reference point for
controlling the voltage signal.  Contact point RNET 1404 can also serve as an
uncompensated negative sense point, which can be coupled into the inverting inputs on
amplifiers 1412 and 1414 of the 4-wire resistance measurement circuit 1410, This
connection scheme can compensate for the contact resistance of contact pad CES
1402. This conneclion scheme can also compensate for a lead resistance belween
contact point CES 1402 and an end point 1416. By compensating for the contact
resistance of contact point CES 1402 and the lead resistance between contact point
CES 1402 and the end point 1416, the 4-wire measuring circuit 1410 can determine a
resistance between the end point 1416 and contact point RNET 1404, including the
contact resistance of contact point RNET 1404, By using contact point RNET 1404 as



WO 2017/039976 PCT/US2016/046124

both a return path and an uncompensated negative sense point, Kelvin-type resistance
measurements can be oblained without adding additional connections points or
additional test leads to the test meter 10 of Fig. 1.

(001211 Tuming to Fig. 15, another shared connection and partial contact resistance
compensation scheme 1500 is illustrated. This shared connection and partial contact
resistance compensation scheme 1500 can measure a resistor network ferminated at
the contact point RTAP 1502 and contact point RNET 1504, Contact points RTAP 1502
and RNET 1504 can form a first resistance loop 1506. A first end of the resistance loop
1506 can be connected to one or more contacts shared with an electrochemical cell (not
shown) for facilitating electrochemical reactions on biclogical samples, as described
above. In one exampie, the first end of the resistance loop 1506 is contact point RTAP
1502, In one configuration, the contact point RTAP 1502 can be actively driven by a
driver 1508. The driver 1508 can be a driver of a 3-wire resistance measurement
daevice, taking measurements at RTAP 1502, RNET 1504, and CES 1520. Alternatively,
the driver 1508 can be a driver of a 4-wire resistance measurement circuit 1510
contained in the test meter 10 of Fig. 1. The driver 1508 can drive contact point RTAP
1502 by providing a voitage signal, thereby exciting the first resistance loop 1506.
Subsequently, contact point RNET 1504 can act as the return path for the voitage
signal. Contact point RNET 1504 can also serve as a negative sense point or
reference, which can be coupled inio the inverting inputs on amplifiers 1512 and 1514 of
the 4-wire resistance measurement circuit 1510,  This connection scheme can
compensate for contact resistance of contact pad RTAP 1502, This connection scheme
1500 can also compensate for a lead resistance between contact point RTAP 1502 and
one of a pluraiity of end points 1516a-f, depending on which traces (taps) have been
cut, as described above. If no traces have been cut, the connection scheme 1500 can
compensate for a lead resistance between contact point RTAP 1502 and an end point
1518, By compensating for the contact resistance of contact point RTAP 1502 and the
lead resistance between contact point RTAP 1802 and at least one of the end points
1516a-f, the 4-wire measuring circuit 1510 can determine a resistance between the
contact point RNET 1504 and one of the plurality of end points 1516a-f, including the
contact point RNET 1504 contact resistance, and excluding the RTAP 1502 contact
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resistance and trace resistance from contact point CES 1520 to end point 1518 or end
points 1516a-f. The above arrangement can allow for improved accuracy of resistance
measurements by allowing for one or more Kelvin connections to be made through
shared interconnections, while using existing measurement resocurces and technigues.
Additionally, the above connection schemes 1400 and 1500 can provide improved
resistance measurement accuracy with little or no additional biosensor real estate, or
maodifications 1o meter alactronics.  In some examples, the meter electronics can be
modified by including a programmable analog switch matrix and/or appropriate switch
conirol.

[00122] Turning now to Figs. 16A-G, a plurality of test strips 1600a-g can be seen. The
plurality of test strips 1600a-g represent seven primary states for resistor networks
1602a-g, having taps 1604a-g for encoding information. The test strip 1600g has all
frace paths intact, with no taps 16804¢ being cut. The test strip 1600g can represent the
nominal or default manufactured configuration, State 0 in which all taps 1804a-g are
connected io the primary resistance loop. The test strips 1600a-f represent six first
order modifications that may be selaected after the manufacturing process is completed
and the material characterized by cuiting all but one of the six available taps 1604a-f
The test strips 16800a-f represent operational states 1-6. In each of the test strips
1800a-f, ail but one of the tap traces 1604a-g have been cut as discussed above.
[00123] In one configuration, the taps 1604a-f can be cut using a laser. For example,
the taps 1604a-f can be cut using a 450nm wavelength single laser dicde emitter
focused o a small linear spot. Using a fast response power supply, a laser diode can
be pulsed on/off for a programmed sequence based on a feadback signal. In one
example, the laser can be pulsed based on a signal provided by a registration sensor
while a biosensor passes undemeath.

[00124] Tuming now to Figs. 17A and 178, a biosensor test strip 1700 is illustrated that
includes a symmetrical resistance network having connection points RNET 1702, RTAP
1704, CES 1708, and CE 1708. Fig. 17A illustrates the biosensor test strip 1700 in
physical form, and Fig. 17B is a schematic representation of test strip 1700. The test
strip 1700 can have a resistance network 1710, having uniformly distributed, nearly

equal distance resistance taps 1712a-f. The resistance taps 1712a-f result in resistor
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values R1-R7. While the test strip 1700 has six resistance taps 1712a-f, it should be
known that a test strip can have more than six resistance taps or less than six
resistance taps. A first resistance loop 1714 can be formed between contact point
RTAP 1704 and contact point RNET 1702, A second resistance loop 17186 can be
formed between contact point CES 1706 and contact point RNET 1702, The ratic of
measured resistances between the first resistance loop 1714 and the second resistance
toop 1716 can be calculated and used o determine the state of the test strip 1700, In
one configuration, the ratic of the resistance of the first resistance loop 1714 and the
second resistance loop 1716 may be designed to always be less than one
Alternatively, an inverse ratio of resistance of the first resistance loop 1714 and the
second resistance loop 1716 can be used such that the ratio is always be greater than
one.

[00125] As stated above, the test strip 1700 has six resistance taps 1712a-f. Where the
taps 1712a-f are configurad such that either none of the taps 1712a-f are cut (State 0),
or all but one of the taps 1712a-f are cut (Stales 1-6), there are seven primary staies.
However, in some configurations, more than one tap 1712a-f can remain uncut, allowing
for additional resistance options. Where only one tap 1712a-f is left uncut, the following
egquations can determine the ratic of the first resistance loop 1714 and the second

resistance loop 1716 for each State, for biosensor test strip 1700.
R7
R1+R2+R3+R4+R5+R6+R7
R6+R7
1+R2+R3+R4+R5+R6+R7
RS+R6+R7
R1+R2+R3+R4+R5+R6+R7
R4+R5+R6+R7
R1+R2+R3+R4+R5+R6+R7
R3+R4+RS+R6+R7
R1+R2+R3+RA+R5+R6+R7
R2+R3+R4+R5+R6+R7
R1+R2+R3+R4+R5+R6+R7

[00126] State 1 (Tap 1712a intact):

[00127] State 2 (Tap 1712b intact): R

[00128] State 3 (Tap 1712¢ intact):

[00129] State 4 (Tap 1712d intact):

[00130] State 5 (Tap 1712e intact):

[00131] State 6 (Tap 1712f intact):

[00132] Likewise, definitions of the seven first order non-evident code (NEC) states
available can be as follows:

[00133] State O: All taps intact (node ‘e’ is control point).
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100134] State 1. Only tap to 'J7" is intact (node 'J7’ is control point).
[00138] State 2. Only tap to U8 is intact (node 'J6 is control point).
[00136] State 3. Only tap to J5 is intact (node U5’ is control point).
[00137] State 4. Only tap to “J4’ is intact (node "d4' is control point).
[00138] State 5. Only tap to “J3' is intact (node 'J3 is control point).
100139] State 6. Only tap to 'J2' is intact (node 'J27 is control point).
[00140] State O can subsequently be determined using various computations due to the
multiple parallel paths available. As shown above, the smallest ratio (here, in a non-
limiting example, assigned to State 1) can be determined by dividing R7 by the resistor
sum of the second resistor loop 1716 (R1+R2+R3+R4+R&5+R8+R7). The largest ratio
can be limited by R1 as a portion of the resistor sum. In one configuration, a linear
distribution of resistance values can be selected for resisiors RZ-R6. A linear

distribution of the resistance values can be determined using the equation
(Rsum— R1-R7)
(N~-1) ’

where N is equal o the total number of desired taps. Furthermore, as

the resistance measurement connaction methods described in Figs. 12 and 13, above,
can effectively nuilify contact resistances at contact points CES 1706 and RNET 1702,
the actual ratio can be represented by the below equation:

(R o RNET)+ RNET -
EUQ”’E 41} RTAP to RNET PARASITIC

(Regs to rRvET )+ RNET paRASITIC

(00142 Tuming now {o Fig. 18, a distribution chart 1800 showing actual ratios
calculated from approximately 1500 paired network measurements of test strips with
uniform linear distributions of resistance values for R1-R7 can be seen. Each State (0-
8) can have an experimental error rate shown by the vertical bars for each State value.
While most States have an adeguate “buffer’ between each other, it can be seen that
there is the possibility of a “failure” between State 0 and State 5. This possible “failure”
between State 0 and State & can be due to additional uncompensated contact
resistances. This potential failure can cause several issues.

[00143] First, the ratio associated with State 0 could possibly be misjudged as State 5,
were there is additional contact resistance associated with RNET 1702, Second, as the
overall resistance (RNET 1702) decreases, the available tap resistances (R1-R7) can

be proportionately lower. The can result in a higher susceptibility 1o misidentified states
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by a device or test meter 10 due to uncompensated resistance at the contact point
RNET 1702, Finally, when using linearly distributed resistance values for R1-R7, State
0 may not be symmeitrically located between the remaining six states. In one example,
it would be desirable to have an equal number of State (ratio) options located on either
side of State 0. This can allow for concentric transitions from a central default state fo
encoded information States.

[00144] Accordingly, an alternate resistance value scheme can be implemented to
mitigate the influence of parasitic resistances in determining resistance ratios. In one
configuration, the alternate resistance value scheme can rely on a non-linear distribution
of the resistance values for R1-R7. By utilizing non-linear resistance values for R1-R7,
the resistance ratio method described above can be used for determining States. In
one configuration, no absolute resistances are used o decode state information.
Additionally, the device or test meter 10 can be more reliable in that there can be fewer
incorract state determinations due {o uncompensated contact resistances at contact
point RNET 1702 of Fig. 17A.  Further, the resistance values (RZ-RG) can be
recomputad to more equally distribute the impact of uncompensated contact resistance
at contact point RNET 1702 across all States. For example, the resistance values (R2-
RB) can be at their largest values when the RNET {o RTAP value is the smallest (lowest
ratio). Finally, as State 0 can be considered the nominal value, allowing for non-linear
distribution of resistance values R2-R6 can allow for the total number of States to be
increased, allowing for multiple, centrally distributed States or ratios to be assigned as
State 0.

[00145] Several different methods can be used {o distribute resistances R2-R8&.
Generally, R1 and R7 are limited by the conductivity of the trace material, the trace
dimensions, the area available for the trace routing, and the lowest resistance the
system can reliably measure. The remaining resistors (R2-R6) can be distributed by
any function that addresses the issues discussed above. For example, Fig. 19
Hustrates several resistance ratios over multiple States for different functions. For
example, the ratic distribution per State using a linear function can be seen on plot
1900. A ratio distribution per State using a sinuscidal function can be seen on plot

1902, A ratio distribution per State using a exponential function can be seen on plot
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1904. A ratio distribution per State using a k/x? function can be seen on plot 1908,

Finally, a ratio distribution per State using a k/vx function can be seen on piot 1908.

[00146] it can be seen from Fig. 19 that a sinusoidal function 1902 can result in only a
minor improvement over a linear function 1900 in regards 1o ratio separation for low
states. However, a simple power function, such as the exponential function shown in
plot 1904 can produce a marked improvement in separation between low ratios. The
general form of a power function can be represented by the equation v = 4x¥, where A
and B are constants. This function can be rewritten as Rsum = R1* ", and applied to
determine at least one ratio for the resistance values of a test strip, where N represents
the total number of states. In one embodiment, the R1 value can be selected to be a8
resistance value within a measureable range, and N can be selected based on a
desired value of Rsum. Additionally, constraints such as available space on the test
strip, conductivity of the materials, efc., can be used as factors in determining an N

value. Once the Rsum and N values have been selected, o can be solved for, using the

. N [Rsum
equation o = .
N R1

(001477 Turning now 1o Fig. 20, a distribution plot 2000 is provided that illustrates the
effects of varying the constant “N” in the above power eguation on resistance ratiocs. As
can pe seen, the higher the “N” value, for example N = 10, the resistance ratios become
closer {0 a linear value. Thus, the N value should not be increased arbitrarily.

[00148] The above process was applied {o a physical biosensor having specific design
constraints (width, length, number and size of contact pads, recommended trace width /
spacing, etc.). The physical implementation resulted in a slightly higher R1 (ie. 316
squares) than that used in the theoretical implementation {i.e. 30 squares). Further, N
was set to equal 8, which provided a maximum (nominal) ratio of 0.92, and a minimum
ratio of 0.2. The resistance values for the individual resistors (R1 - R7 for N=8) wers

calculated, and can be seen below in Table 2.
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Value

Resistor (Squares)

R1 31.64
R2 10.55
R3 14.1
R4 121.68
RS 59.34
R 79.13
R7 79.1
Rsum 395.49

Table 2. Calculated Resistance Values for N=8 Power Equation

(001491 Turning now to Fig. 21, a distribution plot 2100 can be seen comparing a linear
distribution of resistance ratios 1o the non-linear resistance ratios using the values in
Table 2. In this example, the central three of the nine computed ratios are reserved /
assigned to State 0. The lowest of the three ratios can be the target for the State O
rasistance ratio. By using the lowest of the three ratios for State 0, additional margin
can be provided for the default (State 0) condition.

(001507 The physical implementation values above can be input into a set of fabrication
and layout guidelinags to produce a test strip layout for implementation. For example,
Fig. 22 fliustrates one possible implementation of a test strip 2200 based on the physical
implementation values above, illustrating resistors R1-R7, and which utilizes an
asymmetrical resistance neiwork (i.e., a of set non-uniformly distributed resistor taps).
The set of non-uniformiy distributed resistor taps, biased toward the network’'s maximum
value, helps reduce the impact of contact resistance on the measurement. Also, Fig. 23
shows control nodes 2302, 2304, 2306, 2308, 2310, 2312 corresponding to the cutting
locations required for implement each state.  Advaniageously, the non-uniformly
distributed resistor taps can permit the resistance ratic method for NEC determination to
be used for all codes and alsc be robust enough detect incorrect NEC determinations
due o uncompensated contact resistances at RNET. Additionally, the non-uniformly
distributed resistor taps can allow for redistribution of the tap resistance in order to
‘equalize” the impact of uncompensated RNET contact resistance across ail NEC

codes.
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100151] Tuming to Figs. 24A-G, one possible set of configurations of test strips 2400,
2402, 2404, 2406, 2408, 2410, 2412, is shown. In Figs. 24A-G, each of test strips
2400, 2402, 2404, 2406, 2408, 2410 has a single intact control nodes 2302, 2304,
2306, 2308, 2310, 2312, or all intact contact nodes 2302, 2304, 2306, 2308, 2310,
2312, to lustrate sach of seven possible states. The test strip 2400, representing State
is shown with only contact node 2312 intact. The test strip 2402, representing State
. 18 shown with only contact node 2310 intact. The test strip 2404, representing State
is shown with only contact node 2308 intact. The test strip 2406, representing State
is shown with only contact node 2306 intact. The test strip 2408, representing State
is shown with only contact node 2304 intact. The test strip 2410, representing State
is shown with only contact node 2302 intact. The test strip 2412, representing State
is shown with all contact nodes 2302, 2304, 2306, 2308, 2310, 2312 intact.

(001527 Multiple test strips of each state were then analyzed to measure the resistance

o 0 ek W Mo

ratios associated with each State, with the resistance values of R1-R7 being those
shown in Table 2, and N being equal to 8. Setling N equal to 8 allows the total
resistance to be divided into ning segments, with three assigned {o default state O.
Retumning to Fig. 18, a distribution chart 1800 showing actual ratios calculated from
approximately 1500 paired network measurements of test strips with uniform linear
distributions of resistance values for R1-R7 can be seen. Each State (C-6) can have an
experimental error rate shown by the vertical bars for sach State value. While most
States have an adequate “buffer” between each other, it can be seen that there is the
possibility of a “failure” between State 0 and State 5. This possible “failure” between
State 0 and State § can be due to additional uncompensated contact resistances. This
potential failure can cause several issues. Fig. 25 shows a distribution plot showing a
range of resistances at each state 0-8, illustrating how any potential overlap with Statas
4 and/or & can be corrected by asymmeirical distribution. Additionally, Fig. 26 shows a
distribution plot 2600 showing the range of resistance ratios at each state, 0-6. As
shown in plot 2600 the area above line 2602 was reserved for ratio’s associated with
default state 0. As can be seen by the distribution of resistance ratios associated state
0 {ranging from 0.891 to 0.884), the reserved margin was necessary for the default

state. The measured data can further be seen in Table 3, below.
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CSio RTAP to Max Ratio

RNET RNET Ratic {(RNET +

{sq) {sq) {ideal} parasitic)
State 1 395.5 791 0.200 0.400
State 2 385.5 168.2 0.400 0.550
State 3 3955 217.6 0.550 .663
State 0 133.4 892.1 0.691 {1.844
State 4 385.5 339.2 0.858 0.893
State 5 385.5 353.3 0.893 0.920
State 6 385.5 363.8 0.820 0.940

Table 3: Power Function Resistance Ratio Distribution

[00153] The above data was taken from approximately 6900 paired network
measurements. An analysis of the data showed approximately a 230% increase in the
amount of parasitic resistance needed {0 cause one of the seven states into the next
highest adjacent state, when using the above power function. This increase of 230%
was based on the above constraints (trace width and length, number and size of contact
pads, spacing requirements, elc.). Additionally, other physical constraints can exist in
different applications and would need {0 be accounted for when determining non-linear
resistance values. In some embodiment, modifying the constraints for certain
applications can increase or decrease the effect of parasitic resistance on the circuit;
however, by using a power based function, as opposed to a linear function to distribule
the resistance values, the parasitic contact resistance can be more evenly distributed
across a range of nominal ratio values.

[00154] Another configuration of a resistive tap circuit 2700 is provided in Fig. 27. In
this configuration, three separate resistance measurements can be made. First, a four
wire resistance measurement can be made of the resistive circuit RNET 2702 to CES
2704, The four-wire measurement can be made using the RNET 2702 contact, the
RNET sense 2706 contact, the CES 2704 contact, and the CES sense 2708 contact. A
three wire resistance measurement of RNET 2702 to RTAP 2710 can be determined.
RTAP 2710 does not have a corresponding RTAP sense contact point, and therefore
only a three-wire measurement is available. This measurement can compensate for

RNET 2702 contact resistance; however, due ito the limiation to a three-wire
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measurement, the RNET 2702 to RTAP 2710 measurement may include unintended
and/or variable resistances associated with the RTAP 2710 contact or trace.
Additionally, a further three wire resistance measurement can be taken between RTAP
2710 and CES 2704, to compensate for CES contact resistance. However, due to the
imitation to a three-wire measurement (again due to RTAP 2710 not having a RTAP
sense contact point), the RTAP 2710 to CES 2704 measurement can include
unintended or variable resistance associated with the RTAP 2704 contact or frace.
[00155] Once the three measurements, above, have been measured, the approximate
value of the RTAP 2710 parasitic resistance can be determined by adding the two
three-wire partial network measurements {0 estimate a total network resistance. The
four-wire total network measurement can then be subtracted from the sum of the three-
wire partial measurements. This can be seen in the equation below:

_ [URaner to mrar)t (Rerap o crsil— (Rryet to cES)
[00156] RTAPp pasiric = 5

(00157} The computed RTAP 2710 parasitic resistance can then be subtracted from the
RTAP 2710 measurements o obiain both a corrected (RNET 2702 to RTAP 2710) and
(RTAP 2710 to CES 2704). Using the corrected network resistance values, corrected
ratios [(RNET 2702 to RTAP 2710) / (RNET 2702 to CES 2704)] and/or [{RTAP 2710 {0
CES 2704) / (RNET 2702 to CES 2704)] can be determinad. Alternatively, reciprocal
ratio values can also be determined using the corrected values.

[00158] Although embodiments of the invention have been described using specific
terms, such description is for illustrative purposes only, and it is to be understood that
changes and varigtions obvious {o the skilled artisan are {0 be considered within the
scope of the claims that follow and theilr equivalents.

(001597 All of the patents, patent applications, patent application publications and other
publications recited herein are hereby incorporated by reference as if set forth in their
entirety.

(001607 The present inventive concept has been described in connection with what are
presently considered io be the most practical and preferred embodiments. However,
the inventive concept has beean presented by way of illustration and is not intended o
be limited to the disclosed embodiments. Accordingly, one of skill in the art will realize

that the inventive concept is intended to encompass all modifications and alternative
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arrangements within the spirit and scope of the inventive concept as set forth in the

appended claims

- 45 -



WO 2017/039976 PCT/US2016/046124

CLAIMS

The invention claimed is:

1. A sensor, the sensor comprising:
a non-conductive substrate;
a circuit on the non-conductive subsirate, the circuit comprising:

a primary resistive element on the non-conductive substrate having a first
end and a second end, wherein the primary resistive element has a predetermined
configuration;

a secondary resistive element on the non-conductive substrate having a
plurality of taps connected 1o the primary resistive element at a plurality of
predetermined connection points on the predetermined configuration, the plurality of
predetermined connection points defining a plurality of unique resistive paths through at
least a portion of the predetermined configuration;

the plurality of unigue resistive paths having a plurality of resistance
values, the plurality resistance values determined using a non-linear distribution
function: and

a sensor configured to perform at least one of quantitative and qualitative

analysis of an analyte in a sample of fluid.

2. The sensor of claim 1, wherein the non-lingar distribution function is a power
function.
3. The sensor of claim 2, wherein the power function is represented by the equation

4. The sensor of claim 1, wherein each of the plurality of unique resistive paths are

associated with an attribute of the sensor.

5. The sensor of claim 1, wherein at least one of the plurality of taps that are

connected in the predetermined configuration that define at least one of the plurality of
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unique resistive paths is formed in a closed state and all other taps of the plurality of

taps are formed in an open state.

6. The sensor of claim 1, wherein the first end of the primary resistive element is
connected with a first contact pad and the second end of the primary resistive element
is connected with a second contact pad, and wherein a third end of the secondary

resistive elemeant 1s connected with a third contact pad.

7. The sensor of claim 8, wherein the unigue rasistive path runs from the third
contact pad through the secondary resistive element and then into the primary rasistive
element at one of the plurality of predeiermined connection points and then through at
least a portion of the primary rasistive element to one of the first contact pad and the

second contact pad.

8. The sensor of claim 8, wherein the first contact pad and the second contact pad
can be usead (o make Kelvin connections to determing a resistance of the primary
resistance path compensating for contact resistances of the first contact pad and the

second contact pad.

Q. An analvte test sensor, comprising:

a non-conductive substrate:;

a primary resistive element on the non-conductive substrate having a
predetermined configuration, the predetermined configuration having a first end
connected with a first contact pad and a second end connected to a second contact
pad;

a secondary resistive element on the non-conductive substrate having a plurality
of taps, wherein one tap of the plurality of taps is connected to the primary resistive
element at a predetermined location thereby being formed in a closed state and defining
a unigue resistive path through the primary resistive network and remaining taps of the

plurality of taps being formed in an open state thereby being disconnected from the
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primary resistive network, wherein a portion of the secondary resistive element is
connected with a secondary resistive element contact pad, and wherein each tap of the
plurality of taps are associated with one of a plurality of predetermined resistance

values, the plurality of predetermined resistance values having a non-inear distribution.

10.  The analyte test sensor of claim 9, wherein the plurality of taps in the open state

are ablated with & laser.

11, The analyte test sensor of claim 9, wherein the unique resistive path is

associated with an attribute of the analyte test sensor.

12. The analyte test sensor of ciaim 9, wherein the non-linear distribution of the

plurality of resistance values is a power function distribution.

13. The analyte test sensor of claim 9, wherein at least one of the first contact pad
and the second contact pad can be used to make Kelvin connections to delermine a
resistance of the primary resistance path compensating for contact resistances of the at

least one the first contact pad and the second contact pad.

14, A method of forming a circuit on a biosensor test strip, the method comprising:

forming a primary resistive element on a non-conductive substrate having a
predetermined configuration including a first end and a second end; and

forming a secondary resistive element on the non-conductive substrate having at
least one of a plurality of taps connected io a predetermined connection location on the
primary resistive element thereby defining a plurality of unique resistive paths through at
least a portion of the primary resistive element, each of the plurality of taps having
associated therewith a resistance falling within a respective one of a plurality of ranges
of resistances, wherein each of the range of resistances are determined based on g

non-linear distribution function.
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15, The method of claim 14, wherein all of the plurality of taps but the tap connected
to the predetermined location on the primary resistive element are ablated thereby

disconnecting the ablated taps from the primary resistive element.

18. The method of claim 15, wherein the primary resistive element includes a
plurality of predetermined connection locations, the method further comprising the step
of selecting a connection location {0 be connected with the tap as a function of an

atiribute associated with the biosensor test sirip.

17. The method of claim 14, wherein the non-iinear distribution function is a power

function.

18. The method of claim 14, wherein the power function is represented by the

gquation Rsum = R1 » a¥.

19. The method of claim 14, wherein each of the plurality of unigue resistive paths

are associated with an atiribute of the biosensor test strip.
20. The method of claim 16, wherein each of the resistances contained in the

plurality of ranges of resistances is associated with a unigue attribute of the biosensor

test strip.
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