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Description

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to a method for
use in measuring signals such as those related to con-
centrations of an analyte (such as blood glucose) in a
biological fluid as well as those related to interferants
(such as hematocrit and temperature in the case of blood
glucose) to analyte concentration signals. The invention
relates more particularly to a method for quality assur-
ance of a biosensor test strip.

BACKGROUND OF THE INVENTIONS

[0002] Measuring the concentration of substances in
biological fluids is an important tool for the diagnosis and
treatment of many medical conditions. For example, the
measurement or glucose in body fluids, such as blood,
is crucial to the effective treatment of diabetes.

[0003] Diabetic therapy typically involves two types of
insulin treatment: basal, and meal-time. Basal insulin re-
fers to continuous, e.g. time-released insulin, often taken
before bed. Meal-time insulin treatment provides addi-
tional doses of faster acting insulin to regulate fluctua-
tions in blood glucose caused by a variety of factors, in-
cluding the metabolization of sugars and carbohydrates.
Proper regulation of blood glucose fluctuations requires
accurate measurement of the concentration of glucose
in the blood. Failure to do so can produce extreme com-
plications, including blindness and loss of circulation in
the extremities, which can ultimately deprive the diabetic
of use of his or her fingers, hands, feet, etc.

[0004] Multiple methods are known for determining the
concentration of analytes in a blood sample, such as, for
example, glucose. Such methods typically fall into one
of two categories: optical methods and electrochemical
methods. Optical methods generally involve spectrosco-
py to observe the spectrum shift in the fluid caused by
concentration of the analyte, typically in conjunction with
a reagent that produces a known color when combined
with the analyte. Electrochemical methods generally rely
upon the correlation between a current (Amperometry),
a potential (Potentiometry) or accumulated charge (Cou-
lometry) and the concentration of the analyte, typically in
conjunction with a reagent that produces charge-carriers
when combined with the analyte. See, for example, U.S.
Patent Nos: 4,233,029 to Columbus, 4,225,410 to Pace,
4,323,536 to Columbus, 4,008,448 to Muggli, 4,654,197
to Lilja et al., 5,108,564 to Szuminsky et al., 5,120,420
to Nankaietal., 5,128,015 to Szuminsky et al., 5,243,516
to White, 5,437,999 to Diebold et al., 5,288,636 to Poll-
mann et al., 5,628,890 to Carter et al., 5,682,884 to Hill
et al., 5,727,548 to Hill et al., 5,997,817 to Crismore et
al., 6,004,441 to Fujiwara et al., 4,919,770 to Priedel, et
al., and 6,054,039 to Shieh, as well as WO 99/32881.
The biosensor for conducting the tests is typically a dis-
posable test strip having a reagent thereon that chemi-
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cally reacts with the analyte of interest in the biological
fluid. The test strip is mated to a nondisposable test meter
such that the test meter can measure the reaction be-
tween the analyte and the reagent in order to determine
and display the concentration of the analyte to the user.
[0005] FIG. 1 schematically illustrates a typical prior
art disposable biosensor test strip, indicated generally at
10 (see, for example, U.S. Patent Nos. 4,999,582 and
5,438,271, assigned to the same assignee as the present
application). The test strip 10 is formed on a nonconduc-
tive substrate 12, onto which are formed conductive ar-
eas 14,16. A chemical reagent 18 is applied over the
conductive areas 14,16 at one end of the test strip 10.
The reagent 18 will react with the analyte of interest in
the biological sample in a way that can be detected when
avoltage potential is applied between the measurement
electrodes 14a and 16a.

[0006] The test strip 10 therefore has a reaction zone
20 containing the measurement electrodes 14a,16a that
comes into direct contact with a sample that contains an
analyte for which the concentration in the sample is to
be determined. In an amperometric or coulometric elec-
trochemical measurement system, the measurement
electrodes 14a, 16a in the reaction zone 20 are coupled
to electronic circuitry (typically in a test meter (not shown)
into which the test strip 10 is inserted, as is well known
in the art) that supplies an electrical potential to the meas-
urement electrodes and measures the response of the
electrochemical sensor to this potential (e.g. current, im-
pedance, charge, etc.). This response is proportional to
the analyte concentration.

[0007] The test meter contacts the test strip 10 at con-
tact pads 14b, 16b in a contact zone 22 of the test strip
10. Contact zone 22 is located somewhat remotely from
measurement zone 20, usually (but not always) at an
opposite end of the test strip 10. Conductive traces 14c,
16¢ couple the contact pads 14b, 16b in the contact zone
22 to the respective measurement electrodes 14a,16a in
the reaction zone 20.

[0008] Especially for biosensors 10 in which the elec-
trodes, traces and contact pads are comprised of elec-
trically conductive thin films (for instance, noble metals,
carbon ink, and silver paste, as non-limiting examples),
the resistivity of the conductive traces 14c,16c that con-
nect the contact zone 22 to the reaction zone 20 can
amount to several hundred Ohms or more. This parasitic
resistance causes a potential drop along the length of
the traces 14c, 16¢, such that the potential presented to
the measurement electrodes 14a,16a in the reaction
zone 20 is considerably less than the potential applied
by the test meter to the contact pads 14b, 16b of the test
strip 10 in the contact zone 22. Because the impedance
of the reaction taking place within the reaction zone 20
can be within an order of magnitude of the parasitic re-
sistance of the traces 14c¢,16¢, the signalbeing measured
can have a significant offset due to the I-R (current x
resistance) drop induced by the traces. If this offset varies
from test strip to test strip, then noise is added to the
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measurement result. Furthermore, physical damage to
the test strip 10, such as abrasion, cracks, scratches,
chemical degradation, etc. can occur during manufactur-
ing, shipping, storage and/or user mishandling. These
defects can damage the conductive areas 14,16 to the
point that they present an extremely high resistance or
even an open circuit. Such increases in the trace resist-
ance can prevent the test meter from performing an ac-
curate test.

[0009] WO2004/005908 describes a system, where a
voltage is applied to one of the electrodes, measures the
voltage on the same electrode and then adjusts the volt-
age applied to that electrode until the measured voltage
at that electrode reaches the desired electrode voltage.
[0010] Thus, a system and method are needed that
will allow for confirmation of the integrity of test strip trac-
es, for measurement of the parasitic resistance of test
strip traces, and for controlling the potential level actually
applied to the test strip measurement electrodes in the
reaction zone. The present invention is directed toward
meeting these needs.

SUMMARY OF THE INVENTION

[0011] The presentinvention provides methods for cal-
culating a parasitic impendance of at least on trace of a
biosensor test stip according to claim 1 and 3, and meth-
ods of using a biosensor meter for doing the same ac-
cording to claims 5 and 8.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The invention will be further described, by way
of example only, with reference to the accompanying
drawings, in which:

FIG. 1 is schematic plan view of a typical prior art
test strip for use in measuring the concentration of
an analyte of interest in a biological fluid.

FIG. 2 is a schematic plan view of a test strip

FIG. 3 is a schematic diagram of an electronic test
circuit for use with the

test strip of FIG. 2.

FIG. 4 is an exploded assembly view of a second
typical test strip for use in measuring the concentra-
tion of an analyte of interest in a biological fluid.
FIG. 5 illustrates a view of an ablation apparatus.
FIG. 6 is a view of the laser ablation apparatus of
FIG. 5 showing a second mask.

FIG. 7 is a view of an ablation apparatus.

FIG. 8 is a schematic plan view of a test strip

for use with the present invention.

FIG. 9 is a schematic diagram of an electronic test
circuit for use with the test strip of FIG. 8.

FIG. 10 is a schematic diagram of an electronic test
circuit for use with the test strip of FIG. 8.
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DETAILED DESCRIPTION OF THE PREFERRED EM-

BODIMENTS

[0013] For the purposes of promoting an understand-
ing of the principles of the invention, reference will now
be made to the embodiment illustrated in the drawings,
and specific language will be used to describe that em-
bodiment. It will nevertheless be understood that no lim-
itation of the scope of the invention is intended. Altera-
tions and modifications in the illustrated device, and fur-
ther applications of the principles of the invention as il-
lustrated therein, as would normally occur to one skilled
inthe 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 ad-
aptations to the embodiments discussed herein that
would be obvious to those skilled in the art.

[0014] Although the methods of the present invention
may be used with test strips having a wide variety of
designs and made with a wide variety of construction
techniques and processes, a first embodiment electro-
chemical test strip of the present invention is illustrated
schematically in FIG. 2, and indicated generally at 200.
Portions of test strip 200 which are substantially identical
to those of test strip 10 are marked with like reference
designators. Referring to FIG. 2, the test strip 200 com-
prises a bottom substrate 12 formed from an opaque
piece of 350 um thick polyester (such as Melinex 329
available from DuPont) coated on its top surface with a
50 nm conductive gold layer (for instance by sputtering
or vapor deposition, by way of non-limiting example).
Electrodes, connecting traces and contact pads therefor
are then patterned in the conductive layer by a laser ab-
lation process. The laser ablation process is performed
by means of an excimer laser which passes through a
chrome-on-quartz mask. The mask pattern causes parts
of the laser field to be reflected while allowing other parts
of the field to pass through, creating a pattern on the gold
which is evaporated where contacted by the laser light.
The laser ablation process is described in greater detail
hereinbelow. For example, working 214a, counter 216a,
and counter sense 224a electrodes may be formed as
shown and coupled to respective measurement contact
pads 214b, 216b and 224b by means of respective traces
214c, 216¢ and 224c. These contact pads 214b, 216b
and 224b provide a conductive area upon the test strip
200 to be contacted by a connector contact of the test
meter (not shown) once the test strip 200 is inserted into
the test meter, as is well known in the art.

[0015] FIGs. 2 and 3illustrate an arrangement that im-
proves upon the prior art test strip designs by allowing
for compensation of parasitic I-R drop in the counter elec-
trode line of the test strip. It will be appreciated that the
test strip 200 of FIG. 2 is substantially identical to the
prior art test strip 10 of FIG. 1, except for the addition of
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the counter sense electrode 224a, contact pad 224b, and
trace 224c¢. Provision of the counter sense line 224 allows
the test meter (as described hereinbelow) to compensate
for parasitic resistance between the contact pads
216b,224b. Note that the arrangement of FIG. 2 when
used with the circuit of FIG. 3 only compensates for the
I-R drop on the counter electrode side of the test strip
200. Parasitic resistance on the working electrode side
ofthetest strip 200 cannot be detected using this circuitry,
although it could be replicated on the working electrode
side if desired, as will be apparent to those skilled in the
artwithreference to the presentdisclosure. Further meth-
ods for compensating for parasitic resistance on both the
working and counter sides of the test strip are presented
hereinbelow. The counter sense line of FIG. 2 therefore
allows the test meter to compensate for any parasitic
resistance potential drop in the counter line 216, as ex-
plained in greater detail with respect to FIG. 3.

[0016] Referring now to FIG. 3, there is shown a sche-
matic electrical circuit diagram of an electrode compen-
sation circuit (indicated generally at 300) housed within
the test meter. As indicated, the circuit couples to contact
pads 214b, 216b and 224b when the test strip 200 is
inserted into the test meter. As will be appreciated by
those skilled in the art, a voltage potential is applied to
the counter electrode contact pad 216b, which will pro-
duce a current between the counter electrode 216a and
the working electrode 214a that is proportional to the
amount of analyte present in the biological sample ap-
plied to the reagent 18. The current from working elec-
trode 214a is transmitted to working electrode contact
pad 214b by means of working electrode trace 214c and
provided to a current-to-voltage amplifier 310. The ana-
log output voltage of amplifier 310 is converted to a digital
signal by analog-to-digital converter (A/D) 312. This dig-
ital signal is then processed by microprocessor 314 ac-
cording to a previously stored program in order to deter-
mine the concentration of analyte within the biological
sample applied to the test strip 200. This concentration
is displayed to the user by means of an appropriate output
device 316, such as a liquid crystal display (LCD) screen.
[0017] Microprocessor 314 also outputs a digital signal
indicative of the voltage potential to be applied to the
counter electrode contact pad 216b. This digital signal is
converted toan analog voltage signal by digital-to-analog
converter (D/A) 318. The analog output of D/A 318 is
applied to a first input of an operational amplifier 320. A
second input of the operational amplifier 320 is coupled
to counter sense electrode contact pad 224b. The output
of operational amplifier 320 is coupled to the counterelec-
trode contact pad 216b.

[0018] Operational amplifier 320 is connected in a volt-
age follower configuration, in which the amplifier will ad-
just its output (within its physical limits of operation) until
the voltage appearing at its second input is equal to the
commanded voltage appearing at its first input. The sec-
ondinputofoperational amplifier 320is a highimpedance
input, therefore substantially-no current flows in counter
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sense line 224. Since substantially no current flows, any
parasitic resistance in counter sense line 224 will not
cause a potential drop, and the voltage appearing at the
second input of operational amplifier 320 is substantially
the same as the voltage at counter sense electrode 2243,
which is in turn substantially the same as the voltage
appearing at counter electrode 216a due to their close
physical proximity. Operational amplifier 320 therefore
acts to vary the voltage potential applied to the counter
electrode contact pad 216b until the actual voltage po-
tential appearing at the counter electrode 216a (as fed
back over counter sense line 224) is equal to the voltage
potential commanded by the microprocessor 314. Oper-
ational amplifier 320 therefore automatically compen-
sates for any potential drop caused by the parasitic re-
sistance in the counter electrode trace 216c¢, and the po-
tential appearing at the counter electrode 216a is the
desired potential. The calculation of the analyte concen-
tration in the biological sample from the current produced
by the working electrode is therefore made more accu-
rate, since the voltage that produced the currentis indeed
the same voltage commanded by the microprocessor
314. Without the compensation for parasitic resistance
voltage drops provided by the circuit 300, the microproc-
essor 314 would analyze the resulting current under the
mistaken presumption that the commanded voltage was
actually applied to the counter electrode 216a.

[0019] Many methods are available for preparing test
strips having multiple electrodes, such as carbon ink
printing, silver paste silk-screening, scribing metalized
plastic, electroplating, chemical plating, and photo-
chemical etching, by way of non-limiting example. One
preferred method of preparing a test strip having addi-
tional electrode sense lines as described herein is by the
use of laser ablation techniques. Examples of the use of
these techniques in preparing electrodes for biosensors
are described in United States Patent Application Serial
Number 09/866,030, "Biosensors with Laser Ablation
Electrodes with a Continuous Coverlay Channel" filed
May 25, 2001, now U.S. patent no. 7,473,398, and in
United States Patent Application- Serial Number
09/411;940, entitled "Laser Defined Features for Pat-
terned Laminates and Electrode," filed October 4, 1999,
now U.S. patent no. 6,662,439. Laser ablation is partic-
ularly useful in preparing test strips according to the
present invention because it allows conductive areas
having extremely small feature sizes to be accurately
manufactured in a repeatable manner. Laser ablation
provides a means for adding the extra sense lines of the
present invention to a test strip without increasing the
size of the test strip.

[0020] Itisdesirable in the presentinvention to provide
for the accurate placement of the electrical components
relative to one another and to the overall biosensor. The
relative placement of components is achieved, at least
in part, by the use of broad field laser ablation that is
performed through a mask or other device that has a
precise pattern for the electrical components. This allows
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accurate positioning of adjacent edges, which is further
enhanced by the close tolerances for the smoothness of
the edges.

[0021] Figure 4 illustrates a simple biosensor 401 use-
ful for illustrating the laser ablation process of the present
invention, including a substrate 402 having formed ther-
eon conductive material 403 defining electrode systems
comprising a first electrode set 404 and a second elec-
trode set 405, and corresponding traces 406, 407 and
contact pads 408, 409, respectively. Note that the bio-
sensor 401 is used herein for purposes of illustrating the
laser ablation process, and that it is not shown as incor-
porating the sense lines of the present invention. The
conductive material 403 may contain pure metals or al-
loys, or other materials, which are metallic conductors.
Preferably, the conductive material is absorptive at the
wavelength of the laser used to form the electrodes and
of athickness amenable to rapid and precise processing.
Non-limiting examples include aluminum, carbon, cop-
per, chromium, gold, indium tin oxide (ITO), palladium,
platinum, silver, tin oxide/gold, titanium, mixtures thereof,
and alloys or metallic compounds of these elements.
Preferably, the conductive material includes noble met-
als or alloys or their oxides. Most preferably, the conduc-
tive material includes gold, palladium, aluminum, titani-
um, platinum, ITO and chromium. The conductive mate-
rial ranges in thickness from about 10 nm to 80 nm, more
preferably, 30 nm to 70 nm, and most preferably 50 nm.
It is appreciated that the thickness of the conductive ma-
terial depends upon the transmissive property of the ma-
terial and other factors relating to use of the biosensor.
[0022] While not illustrated, it is appreciated that the
resulting patterned conductive material can be coated or
plated-with additional metal layers. For example, the con-
ductive material may be copper, which is then ablated
with a laser into an electrode pattern; subsequently, the
copper may be plated with a titanium/tungsten layer, and
then a gold layer, to form the desired electrodes. Prefer-
ably, a single layer of conductive material is used, which
lies on the base 402. Although not generally necessary,
it is possible to enhance adhesion of the conductive ma-
terial to the base, as is well known in the art, by using
seed or ancillary layers such as chromium nickel or tita-
nium. In preferred embodiments, biosensor 401 has a
single layer of gold, palladium, platinum or ITO.

[0023] Biosensor401 is illustratively manufactured us-
ing two apparatuses 10, 10’, shown in Figures 5, 6 and
7, respectively. It is appreciated that unless otherwise
described, the apparatuses 410, 410’ operate in a similar
manner. Referring first to Figure 5, biosensor 401 is man-
ufactured by feeding a roll of ribbon 420 having an 80
nm gold laminate, which is about 40 mm in width, into a
custom fit broad field laser ablation apparatus 410. The
apparatus 410 comprises a laser source 411 producing
abeamoflaserlight412,a chromium-plated quartz mask
414, and optics 416. It is appreciated that while the illus-
trated optics 416 is a single lens, optics 416 is preferably
a variety of lenses that cooperate to make the light 412
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in a pre-determined shape.

[0024] A non-limiting example of a suitable ablation ap-
paratus 410 (Figures 5-6) is a customized MicrolineLaser
200-4 laser system commercially available from LPKF
Laser Electronic GmbH, of Garbsen, Germany, which
incorporates an LPX-400, LPX-300 or. LPX-200 laser
system commercially available from Lambda Physik AG,
Gottingen, Germany and a chromium-plated quartz mask
commercially available from International Phototool
Company, Colorado Springs, Co.

[0025] Forthe MicrolineLaser 200-4 laser system (Fig-
ures 5-6), the laser source 411 is a LPX-200 KrF-UV-
laser. It is appreciated, however, that higher wavelength
UV lasers can be used in accordance with this disclosure.
The laser source 411 works at 248nm, with a pulse en-
ergy of 600mJ, and a pulse repeat frequency of 50 Hz.
The intensity of the laser beam 412 can be infinitely ad-
justed between 3% and 92% by a dielectric beam atten-
uator (not shown). The beam profile is 27 x15mm?2 (0.62
sq. inch) and the pulse duration 25ns. The layout on the
mask 414 is homogeneously projected by an optical el-
ements beam expander, homogenizer, and field lens (not
shown). The performance of the homogenizer has been
determined by measuring the energy profile. The imaging
optics 416 transfer the structures of the mask 414 onto
the ribbon 420. The imaging ratio is 2:1 to allow a large
area to be removed on the one hand, but to keep the
energy density below the ablation point of the applied
chromium mask on the other hand. While an imaging of
2:1is illustrated, it is appreciated that the any number of
alternative ratios are possible in accordance with this dis-
closure depending upon the desired design require-
ments. The ribbon 420 moves as shown by arrow 425 to
allow a number of layout segments to be ablated in suc-
cession.

[0026] The positioning of the mask 414, movement of
theribbon 420, and laser energy are computer controlled.
As shown in Figure 5, the laser beam 412 is projected
onto the ribbon 420 to be ablated. Light 412 passing
through the clear areas or windows 418 of the mask 414
ablates the metal from the ribbon 420. Chromium coated
areas 424 of the mask 414 blocks the laser light 412 and
prevent ablation in those areas, resulting in a metallized
structure on the ribbon 420 surface. Referring now to
Figure 6, a complete structure of electrical components
may require additional ablation steps through a second
mask 414, Itis appreciated that depending upon the op-
tics and the size of the electrical componentto be ablated,
that only a single ablation step or greater than two abla-
tion steps may be necessary in accordance with this dis-
closure. Further, it is appreciated that instead of multiple
masks, that multiple fields may be formed on the same
mask in accordance with this disclosure.

[0027] Specifically, a second non-limiting example of
asuitable ablation apparatus 410’ (Figure 7) is a custom-
ized laser system commercially available from LPKF La-
ser Electronic GmbH, of Garbsen, Germany, which in-
corporates a Lambda STEEL (Stable energy eximer la-
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ser) laser system commercially available from Lambda
Physik AG, Géttingen, Germany and a chromium-plated
quartz mask commercially available from International
Phototool Company, Colorado Springs, Co. The laser
system features up to 1000 mJ pulse energy at a wave-
length of 308 nm. Further, the laser system has a fre-
quency of 100 Hz. The apparatus 410’ may be formed
to produce biosensors with two passes as shown in Fig-
ures 5 and 6, but preferably its optics permit the formation
of a 10xX40 mm pattern in a 25 ns single pass.

[0028] While not wishing to be bound to a specific the-
ory, it is believed that the laser pulse or beam 412 that
passes through the mask 414, 414’, 414" is absorbed
within less than 1 um of the surface 402 on the ribbon
420. The photons of the beam 412 have an energy suf-
ficient to cause photo-dissociation and the rapid breaking
of chemical bonds at the metal/polymer interface. It is
believed that this rapid chemical bond breaking causes
a sudden pressure increase within the absorption region
and forces material (metal film 403) to be ejected from
the polymer base surface. Since typical pulse durations
are around 20-25 nanoseconds, the interaction with the
material occurs very rapidly and thermal damage to edg-
es of the conductive material 403 and surrounding struc-
tures is minimized. The resulting edges of the electrical
components have high edge quality and accurate place-
ment as contemplated by the present invention.

[0029] Fluence energies used to remove or ablate met-
als from the ribbon 420 are dependent upon the material
from which the ribbon 420 is formed, adhesion of the
metal film to the base material, the thickness of the metal
film, and possibly the process used to place the film on
the base material, i.e. supporting and vapor deposition.
Fluence levels for gold on KALADEX® range from about
50 to about 90 mJ/cm?2, on polyimide about 100 to about
120 mJ/cm2, and on MELINEX® about 60 to about 120
mJ/ecm?2. It is understood that fluence levels less than or
greater than the above mentioned can be appropriate for
other base materials in accordance with the disclosure.
[0030] Patterningofareasoftheribbon420is achieved
by using the masks 414, 414’. Each mask 414, 414’ il-
lustratively includes a maskfield 422 containing a precise
two-dimensional illustration of a pre-determined portion
of the electrode component patterns to be formed. Figure
5 illustrates the mask field 422 including contact pads
and a portion of traces. As shown in Figure 6, the second
mask 414’ contains a second corresponding portion of
the traces and the electrode patterns containing fingers.
As previously described, it is appreciated that depending
upon the size of the area to be ablated, the mask 414
can contain a complete illustration of the electrode pat-
terns (Figure 7), or portions of patterns different from
those illustrated in Figures 5 and 6 in accordance with
this disclosure. Preferably, it is contemplated that in one
aspect of the present invention, the entire pattern of the
electrical components on the test strip are laser ablated
at one time, i.e., the broad field encompasses the entire
size of the test strip (Figure 7). In the alternative, and as
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illustrated in Figures 5 and 6, portions of the entire bio-
sensor are done successively.

[0031] While mask 414 will be discussed hereafter, it
is appreciated that unless indicated otherwise, the dis-
cussion will apply to masks 414, 414" as well. Referring
to Figure 5, areas 424 of the mask field 422 protected by
the chrome will block the projection of the laser beam
412 to the ribbon 420. Clear areas or windows 418 in the
mask field 422 allow the laser beam 412 to pass through
the mask 414 and to impact predetermined areas of the
ribbon 420. As shown in Figure.5, the clear area 418 of
the mask field 422 corresponds to the areas of the ribbon
420 from which the conductive material 403 is to be re-
moved.

[0032] Further, the mask field 422 has a length shown
by line 430 and a width as shown by line 432. Given the
imaging ratio of 2:1 of the LPX-200, it is appreciated that
the length 30 of the mask is two times the length of a
length 434 of the resulting pattern and the width 432 of
the mask is two times the width of a width 436 of the
resulting pattern on ribbon 420. The optics 416 reduces
the size of laser beam 412 that strikes the ribbon 420. It
is appreciated that the relative dimensions of the mask
field 422 and the resulting pattern can vary in accordance
with this disclosure. Mask 414’ (Figure 6) is used to com-
plete the two-dimensional illustration of the electrical
components.

[0033] Continuing to refer to Figure 5, in the laser ab-
lation apparatus 410 the excimer laser source 411 emits
beam 412, which passes through the chrome-on-quartz
mask 414. The mask field 422 causes parts of the laser
beam 412 to be reflected while allowing other parts of
the beam to pass through, creating a pattern on the gold
film where impacted by the laser beam 412. It is appre-
ciated that ribbon 420 can be stationary relative to appa-
ratus 410 or move continuously on a roll through appa-
ratus 410. Accordingly, non-limiting rates of movement
of the ribbon 420 can be from about 0 m/min to about
100 m/min, more preferably about 30 m/min to about 60
m/min. It is appreciated that the rate of movement of the
ribbon 420 is limited only by the apparatus 410 selected
and may well exceed 100 m/min depending upon the
pulse duration of the laser source 411 in accordance with
the present disclosure.

[0034] Once the pattern of the mask 414 is created on
the ribbon 420, the ribbon is rewound and fed through
the apparatus 410 again, with mask 414’ (Figure 6). ltis
appreciated, thatalternatively, laser apparatus 410 could
be positioned in series in accordance with this disclosure.
Thus, by using masks 414, 414’, large areas of the ribbon
420 can be patterned using step-and-repeat processes
involving multiple mask fields 422 in the same mask area
to enable the economical creation of intricate electrode
patterns and other electrical components on a substrate
of the base, the precise edges of the electrode compo-
nents, and the removal of greater amounts of the metallic
film from the base material.

[0035] The test strip and circuit illustrated in FIGs. 8
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and 9 improve upon the prior art by providing for I-R drop
compensation of both the working and counter electrode
leads on the test strip. Referring now to FIG. 8, there is
schematically illustrated a test strip for use with the
present invention, indicated generally art 800. The for
use with test strip 800 comprises a bottom substrate 12
coated on its top surface with a 50 nm conductive gold
layer (for instance by sputtering or vapor deposition, by
way of non-limiting example). Electrodes, connecting
traces and contact pads therefor are then patterned in
the conductive layer by a laser ablation process as de-
scribed hereinabove. For example, working 814a, work-
ing sense 826a, counter 216a, and counter sense 224a
electrodes may be formed as shown and coupled to re-
spective measurement contact pads 814b, 826b, 216b
and 224b by means ofrespective traces 814c, 826¢, 216¢
and 224c. These contact pads 814b, 826b, 216b and
224b provide a conductive area upon the test strip 800
to be contacted by a connector contact of the test meter
(not shown) once the test strip 800 is inserted into the
test meter.

[0036] It will be appreciated that the test strip 800 of
FIG. 8 is substantially identical to the first embodiment
test strip 200 of FIG. 2, except for the addition of the
working sense electrode 826a, contact pad 826b, and
trace 826c¢. Provision of the working sense line 826 allows
the test meter to compensate for any I-R drop caused by
the contact resistance of the connections to the contact
pads 814b and 216b, and to compensate for the trace
resistance of traces 814c and 216c¢.

[0037] Referring now to FIG. 9, there is shown a sche-
matic electrical circuit diagram of a second electrode
compensation circuit (indicated generally at 900) housed
within the test meter. As indicated, the circuit couples to
contact pads 826b, 814b, 216b and 224b when the test
strip 800 is inserted into the test meter. As will be appre-
ciated by those skilled in the art, a voltage potential is
applied to the counter electrode contact pad 216b, which
will produce a current between the counter electrode
216a and the working electrode 814a that is proportional
to the amount of analyte present in the biological sample
applied to the reagent 18. The current from working elec-
trode 814ais transmitted by working electrode trace 814¢
to working electrode contact pad 814b and provided to
current-to-voltage amplifier 310. The analog output volt-
age of amplifier 310 is converted to a digital signal by
A/D 312. This digital signal is then processed by micro-
processor 314 according to a previously stored program
in order to determine the concentration of the analyte of
interest within the biological sample applied to the test
strip 800. This concentration is displayed to the user by
means of LCD output device 316.

[0038] Microprocessor 314 also outputs adigital signal
indicative of the voltage potential to be applied to the
counter electrode contact pad 216b. This digital signal is
converted to an analog voltage signal by D/A 318 (refer-
ence voltage source). The analog output of D/A 318 is
applied to a first input of an operational amplifier 320. A
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second input of the operational amplifier 320 is coupled
to an output of operational amplifier 910. Operational am-
plifier 910 is connected in a difference amplifier configu-
ration using an instrumentation amplifier. A first input of
operational amplifier 910 is coupled to working sense
electrode contact pad 826b, while a second input of op-
erational amplifier 910 is coupled to counter sense elec-
trode contact pad 224b. The output of operational ampli-
fier 320 is coupled to the counter electrode contact pad
216b. When the biosensor test strip (800) is coupled to
a test meter a first input of the operational amplifier 910
operatively coupled to the working sense trace 826¢ and
a second input is operatively coupled to the counter
sense trace 224c. The output of the operational amplifier
is operatively coupled to the counter electrode trace. The
operational amplifier 910 in this configuration works as
a difference amplifier.

[0039] Operational amplifier 320 is connected in a volt-
age follower configuration, in which the amplifier will ad-
just its output (within its physical limits of operation) until
the voltage appearing at its second input is equal to the
commanded voltage appearing at its first input. Both in-
puts of operational amplifier 910 are high impedance in-
puts, therefore substantially no current flows in counter
sense line 224 or working sense line 826. Since substan-
tially no current flows, any parasitic resistance in counter
sense line 224 or working sense line 826 will not cause
a potential drop, and the voltage appearing across the
inputs of operational amplifier 910 is substantially the
same as the voltage across the measurement cell (i.e.
across counter electrode 216a and working electrode
814a). Because operational amplifier 910 is connected
in a difference amplifier configuration, its output repre-
sents the voltage across the measurement cell.

[0040] Operational amplifier 320 will therefore act to
vary its output (i.e. the voltage potential applied to the
counter electrode contact pad 216b) until the actual volt-
age potential appearing across the measurement cell is
equal to the voltage potential commanded by the micro-
processor 314. Operational amplifier 320 therefore au-
tomatically compensates for any potential drop caused
by the parasitic resistance in the counter electrode trace
216¢, counter electrode contact 216b, working electrode
trace 814c, and working electrode contact 814b, and
therefore the potential appearing across the measure-
ment cell is the desired potential. The calculation of the
analyte concentration in the biological sample from the
current produced by the working electrode is therefore
made more accurate.

[0041] FIG. 10, in conjunction with FIG. 8, illustrates a
circuit of the present invention that improves over the
prior art by providing |-R drop compensation for both the
working and counter electrode lines, as well as providing
verification that the resistance of both the working and
counter electrode lines is not above a predetermined
threshold in order to assure that the test meter is able to
compensate for the |-R drops. Referring now to FIG. 10,
there is shown a schematic electrical circuit diagram of
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a third embodiment electrode compensation circuit (in-
dicated generally at 1000) housed within the test meter.
The electrode compensation circuit 1000 works with the
test strip 800 of FIG. 8. As indicated, the circuit couples
to contact pads 826b, 814b, 216b and 224b when the
test strip 800 is inserted into the test meter. As will be
appreciated by those skilled in the art, a voltage potential
is applied to the counter electrode contact pad 216b,
which will produce a current between the counter elec-
trode 216a and the working electrode 814a that is pro-
portional to the amountof analyte presentin the biological
sample applied to the reagent 18. The current from work-
ing electrode 814a is transmitted to working electrode
contact pad 814b by working electrode trace 814c and
provided to current-to-voltage amplifier 310. The output
of current-to-voltage amplifier 310 is applied to the input
of instrumentation amplifier 1002 which is configured as
a buffer having unity gain when switch 1004 in the closed
position. The analog output voltage of amplifier 1002 is
converted to a digital signal by A/D 312. This digital signal
is then processed by microprocessor 314 according to a
previously stored program in order to determine the con-
centration of analyte within the biological sample applied
to the test strip 800. This concentration is displayed to
the user by means of LCD output device 316.

[0042] Microprocessor 314 also outputs a digital signal
indicative of the voltage potential to be applied to the
counter electrode contact pad 216b. This digital signal is
converted to an analog voltage sighal by D/A 318. The
analog output of D/A 318 is applied to the input of an
operational amplifier 320 that is configured as a voltage
follower when switch 1006 is in the position shown. The
output of operational amplifier 320 is coupled to the coun-
ter electrode contact pad 216b, which will allow meas-
urementof a biological fluid sample applied to thereagent
18. Furthermore, with switches 1006, 1008 and 1010 po-
sitioned as illustrated in FIG. 10, the circuit is configured
as shown in FIG. 9 and may be used to automatically
compensate for parasitic and contact resistance as de-
scribed hereinabove with respect to FIG. 9.

[0043] In order to measure the amount of parasitic re-
sistance in the counter electrode line 216, switch 1008
is placed in the position shown in FIG. 10, switch 1006
is placed in the position opposite that shown in FIG. 10,
while switch 1010 is closed. The operational amplifier
320 therefore acts as a buffer with unity gain and applies
a voltage potential to counter electrode contact pad 216b
through a known resistance R, ,,,- This resistance caus-
es a current to flow in the counter electrode line 216 and
the counter sense line 224 that is sensed by current-to-
voltage amplifier 310, which is now coupled to the current
sense line through switch 1010. The output of current-
to-voltage amplifier 310is provided to the microprocessor
314 through A/D 312. Because the value of R, is
known, the microprocessor 314 can calculate the value
of any parasitic resistance in the counter sense line 224
and the counter electrode line 216. This parasitic resist-
ance value can be compared to a predetermined thresh-
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old stored in the test meter to determine if physical dam-
age has occurred to the test strip 800 or if nonconductive
buildup is present on the contact pads to such an extent
that the test strip 800 cannot be reliably used to perform
a test. In such situations, the test meter may be pro-
grammed to inform the user that an alternate test strip
should be inserted into the test meter before proceeding
with the test.

[0044] In order to measure the amount of parasitic re-
sistance in the working electrode line 814, switches 1006
and 1008 are placed in the position opposite that shown
in FIG. 10, while switch 1010 is opened. The operational
amplifier 320 therefore acts as a buffer with unity gain
and applies a voltage potential to working sense contact
pad 826b through a known resistance R,5,,- This resist-
ance causes a current to flow in the working sense line
826 and the working electrode line 814 that is sensed by
current-to-voltage amplifier 310. The output of current-
to-voltage amplifier 310 is provided to the microprocessor
314 through A/D 312. Because the value of R, is
known, the microprocessor 314 can calculate the value
of any parasitic resistance in the working sense line 826
and the working electrode line 814. This parasitic resist-
ance value can be compared to a predetermined thresh-
old stored in the test meter to determine if physical dam-
age has occurred to the test strip 800 or if nonconductive
buildup is present on the contact pads to such an extent
that the test strip 800 cannot be reliably used to perform
a test. In such situations, the test meter may be pro-
grammed to inform the user that an alternate test strip
should be inserted into the test meter before proceeding
with the test.

Claims

1. A method for calculating a parasiticimpedance of at
least one trace of a biosensor test strip (800), the
biosensor test strip (800) comprising:

a working electrode (814a);

a working electrode trace (814c) operatively
coupled to the working electrode (814a);

a working sense trace (826c¢) operatively cou-
pled to the working electrode (814a);

a counter electrode (216a);

a counter electrode trace (216¢) operatively
coupled to the counter electrode (216a);

a counter sense trace (224c) operatively cou-
pled to the counter electrode (216a);

the method comprising the steps of:

selectively placing a resistor having a
knownimpedance in series with the working
sense trace (826¢) and working electrode
trace (814c) to form a series circuit having
a series circuit impedance comprising the
known impedance of the resistor and a
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working sense trace (826¢) impedance and
a working electrode trace (814c) imped-
ance;

selectively applying a stimulus with an op-
erational amplifier (320) to produce a cur-
rent passing through the series circuit;

measuring the current flowing through
the series circuit by a current to voltage
amplifier (310);

providing the output of the currentto voltage
amplifier (310) to a microprocessor (314)
through A/D (312);

using the current measurement in a micro-
processor to calculate the parasitic imped-
ance of the working sense trace (826c¢) and
the working electrode trace (814c) of a bio-
sensor test strip (800).

The method of claim 1 wherein the series circuit im-
pedance is used to determine whether the biosensor
test strip (800) is damaged.

A method for calculating a parasitic impedance of at
least one trace of a biosensor test strip (800), the
biosensor test strip (800) comprising:

a working electrode (814a);

a working electrode trace (814c) operatively
coupled to the working electrode (814a);

a working sense trace (826¢) operatively cou-
pled to the working electrode (814a);

a counter electrode (216a);

a counter electrode trace (216c) operatively
coupled to the counter electrode (216a);

a counter sense trace (224c) operatively cou-
pled to the counter electrode (216a);

the method comprising the steps of:

selectively placing a resistor having a
known impedance in series with the counter
sense trace (224c) and counter electrode
trace (216c¢) to form a series circuit having
a series circuit impedance comprising the
known impedance of the resistor and a
counter sense trace (224c) impedance and
a counter electrode trace (216c¢) imped-
ance;

selectively applying a stimulus with an op-
erational amplifier (320) to produce a cur-
rent passing through the series circuit;
measuring the current flowing through the
series circuit by a current to voltage ampli-
fier (310);

providing the output of the current to voltage am-
plifier (310) to a microprocessor (314) through
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A/D (312);

using the current measurement in a micro-
processor to calculate the parasitic imped-
ance of the counter sense trace (224c) and
the counter electrode trace (216c¢) of a bio-
sensor test strip (800).

The method of claim 3 wherein at least one of the
calculated indications of impedance is used to de-
termine whether the biosensor test strip (800) is
damaged.

A method for using a biosensor meter to calculate a
parasitic impedance of at least one trace of a bio-
sensor test strip (800), the biosensor test strip (800)
comprising:

a working electrode (814a);

a working electrode trace (814c) operatively
coupled to the working electrode (814a);

a working sense trace (826c¢) operatively cou-
pled to the working electrode (814a);

a counter electrode (216a);

a counter electrode trace (216c¢) operatively
coupled to the counter electrode (216a);

a counter sense trace (224c) operatively cou-
pled to the counter electrode (216a); and

the biosensor meter comprising:

a biosensor meter test strip interface com-
prising:

aworking electrode contact pad (814b),
a working sense contact pad (826b),
a counter electrode contact pad (216b),
and

a counter sense contact pad (224b);

the method comprising the steps of:

receiving the test strip (800) into the biosen-
sor meter;

operatively coupling the test strip (800) to
the biosensor meter test strip interface such
that the working electrode trace (814c) is
operatively coupled to the working elec-
trode contact pad (814b), the working sense
trace (826¢c) is operatively coupled to the
working sense contact pad (826b), the
counterelectrode trace (216c¢) is operatively
coupled to the counter electrode contact
pad (216b), and the counter sense trace
(224c) is operatively coupled to the counter
sense contact pad (224b);

selectively switching a resistor having a
known impedance into series with the work-
ing sense trace (826¢) and working elec-
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trode trace (814c) to form a series circuit
having a series circuit impedance compris-
ing the knownimpedance of the resistor and
a working sense trace (826¢) impedance
and aworking electrode trace 814(c) imped-
ance;

providing a stimulus with an operational am-
plifier (320) to produce a current passing
through the series circuit;

measuring the current flowing through the
series circuit by a current to voltage ampli-
fier (310);

providing the output of the current to voltage am-
plifier (310) to a microprocessor (314) through
A/D (312);

using the current measurement in a micro-
processor to calculate the parasitic imped-
ance of the working electrode trace (814c)
and of the working sense trace (826c¢) of a
biosensor test strip (800).

The method of claim 5 further comprising the step of:

using the series circuit impedence to determine
whether the test strip (800) is damaged.

The method of claim 6 further comprising the step of:

displaying an indication of the test strip (800)
usability.

A method for using a biosensor meter to calculate a
parasitic impedance of at least one trace of a bio-
sensor test strip (800), the biosensor test strip (800)
comprising

a working electrode (814a);

aworking electrode trace (814c) operatively coupled
to the working electrode (814a);

a working sense trace (826c¢) operatively coupled to
the working electrode (814a);

a counter electrode (216a);

a counter electrode trace (216c¢) operatively coupled
to the counter electrode (216a);

a counter sense trace (224c) operatively coupled to
the counter electrode (216a); and

the biosensor meter comprising:

a biosensor meter test strip interface compris-
ing:

a working electrode contact pad (814b),

a working sense contact pad (826b),
acounter electrode contact pad (216b), and
a counter sense contact pad (224b);

the method comprising the steps of:
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10

receiving the test strip (800) into the biosensor
meter;

operatively coupling the test strip (800) to the
biosensor meter test strip interface such that the
working electrode trace (814c) is operatively
coupled to the working electrode contact pad
(814b), the working sense trace (826c¢) is oper-
atively coupled to the working sense contact pad
(826b), the counter electrode trace (216c¢) is op-
eratively coupled to the counter electrode con-
tact pad (216b), and the counter sense trace
(224c) is operatively coupled to the counter
sense contact pad (224b);

selectively switching a resistor having a known
impedance in series with the counter sense
trace (224c) and counter electrode trace (216¢)
to form a series circuit having a series circuit
impedance comprising the known impedance of
the resistor and a counter sense trace (224c)
impedance and counter electrode trace (216¢)
impedance;

selectively applying a stimulus with an opera-
tional ampifier (320) to produce a current pass-
ing through the series circuit;

measuring the currentflowing through the series
circuit by a current to voltage amplifier (310);

providing the output of the current to voltage amplifier
(310) to a microprocessor (314) through A/D (312);

using the current measurementin a microproce-
sor to calculate the parasitic impedance of the
counter sense trace (224c) and counter elec-
trode trace (216c) of a biosensor test strip (800).

9. The method of claim 8 further comprising the step of:

using at least one indication of the impedance
of the series circuit to determine whether the test
strip (800) is damaged.

10. The method of claim 9 further comprising the step of:

displaying an indication of the test strip (800)
usability.

Patentanspriiche

Verfahren zur Berechnung einer parasitaren Impe-
danz mindestens einer Spur eines Biosensortest-
streifens (800), wobei der Biosensorteststreifen
(800) Folgendes aufweist:

eine Arbeitselektrode (814a);

eine Arbeitselektrodenspur (814c), die wir-
kungsmaRig mitder Arbeitselektrode (814a) ge-
koppelt ist;
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eine Arbeitsrichtungsspur (826c¢), die wirkungs-
maRig mit der Arbeitselektrode (814a) gekop-
pelt ist;

eine Gegenelektrode (216a);

eine Gegenelektrodenspur (216c), die wir-
kungsmaRig mitder Gegenelektrode (216a) ge-
koppelt ist;

eine Gegenrichtungsspur (224c), die wirkungs-
maRig mitder Gegenelektrode (216a) gekoppelt
ist;

wobei das Verfahren folgende Schritte umfasst:

selektives Platzieren eines Widerstandes,
der eine bekannte Impedanz aufweist, in
Reihe mit der Arbeitsrichtungsspur (826¢)
und der Arbeitselektrodenspur (814c) zum
Bilden einer Reihenschaltung, die eine Rei-
henschaltungsimpedanz aufweist, welche
die bekannte Impedanz des Widerstandes
und eine Arbeitsrichtungsspur (826c¢) -Im-
pedanz und eine Arbeitselektrodenspur
(814c) - Impedanz umfasst;

selektives Anwenden eines Stimulus mit ei-
nem Operationsverstarker (320) zum Er-
zeugen eines Stromes, der durch die Rei-
henschaltung flieRt;

Messen des Stromes, derdurchdie Reihen-
schaltung flieRt, durch einen Strom-Span-
nungs-Verstarker (310) ;

Bereitstellen der Ausgabe des Strom-Span-
nungsVerstarkers (310) an einen Mikropro-
zessor (314) durch A/D (312);

Verwenden der Strommessung in einem
Mikroprozessor zum Berechnen der para-
sitéaren Impedanz der Arbeitsrichtungsspur
(826¢) und der Arbeitselektrodenspur
(814c) eines Biosensorteststreifens (800).

Verfahren nach Anspruch 1, wobei die Reihenschal-
tungsimpedanz verwendet wird, um zu bestimmen,
ob der Biosensorteststreifen (800) beschadigt ist.

Verfahren zur Berechnung einer parasitaren Impe-
danz mindestens einer Spur eines Biosensortest-
streifens (800), wobei der Biosensorteststreifen
(800) Folgendes aufweist:

eine Arbeitselektrode (814a);

eine Arbeitselektrodenspur (814c), die wir-
kungsmaRig mitder Arbeitselektrode (814a) ge-
koppelt ist;

eine Arbeitsrichtungsspur (826¢), die wirkungs-
maRig mit der Arbeitselektrode (814a) gekop-
pelt ist;

eine Gegenelektrode (216a);

eine Gegenelektrodenspur (216c), die wir-
kungsmaRig mitder Gegenelektrode (216a) ge-
koppelt ist;
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1

eine Gegenrichtungsspur (224c), die wirkungs-
maRig mitder Gegenelektrode (216a) gekoppelt
ist;

wobei das Verfahren folgende Schritte umfasst:

selektives Platzieren eines Widerstandes,
der eine bekannte Impedanz aufweist, in
Reihe mit der Gegenrichtungsspur (224c)
und der Gegenelektrodenspur (216¢) zum
Bilden einer Reihenschaltung, die eine Rei-
henschaltungsimpedanz aufweist, welche
die bekannte Impedanz des Widerstandes
und eine Gegenrichtungsspur (224c) - Im-
pedanz und eine Gegenelektrodenspur
(216¢) - Impedanz umfasst;

selektives Anwenden eines Stimulus mit ei-
nem Operationsverstarker (320) zum Er-
zeugen eines Stromes, der durch die Rei-
henschaltung fliel3t;

Messen des Stromes, derdurch die Reihen-
schaltung fliet, durch einen Strom-Span-
nungs-Verstarker (310) ;

Bereitstellen der Ausgabe des Strom-Span-
nungsVerstarkers (310) an einen Mikropro-
zessor (314) durch A/D (312);

Verwenden der Strommessung in einem
Mikroprozessor zum Berechnen der para-
sitaren Impedanz der Gegenrichtungsspur
(224c) und der Gegenelektrodenspur
(216c) eines Biosensorteststreifens (800).

4. Verfahren nach Anspruch 3, wobei mindestens eine

der berechneten Impedanzangaben verwendet
wird, um zu bestimmen, ob der Biosensorteststreifen
(800) beschadigt ist.

Verfahren zur Verwendung eines Biosensormess-
gerates zum Berechnen einer parasitaren Impedanz
mindestens einer Spur eines Biosensorteststreifens
(800), wobeider Biosensorteststreifen (800) Folgen-
des aufweist:

eine Arbeitselektrode (814a);

eine Arbeitselektrodenspur (814c), die wir-
kungsmaRig mitder Arbeitselektrode (814a) ge-
koppelt ist;

eine Arbeitsrichtungsspur (826¢), die wirkungs-
maRig mit der Arbeitselektrode (814a) gekop-
pelt ist;

eine Gegenelektrode (216a);

eine Gegenelektrodenspur (216c¢), die wir-
kungsmaRig mit der Gegenelektrode (216a) ge-
koppelt ist;

eine Gegenrichtungsspur (224c), die wirkungs-
maRig mitder Gegenelektrode (216a) gekoppelt
ist; und

wobei das Biosensormessgerat Folgendes auf-
weist:
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eine Biosensormessgerat-Teststreifen-
Schnittstelle, welche Folgendes aufweist:

Verwenden der Reihenschaltungsimpedanz
zum Bestimmen, ob der Teststreifen (800) be-
schadigt ist.

ein Arbeitselektroden-Kontaktpad
(814b), 5 7. Verfahren nach Anspruch 6, welches ferner folgen-
ein Arbeitsrichtungs-Kontaktpad den Schritt umfasst:
(826b),
ein Gegenelektroden-Kontaktpad Anzeigen einer Angabe der Verwendbarkeit des
(216b), und Teststreifens (800).
ein Gegenrichtungs-Kontaktpad 70
(224b); 8. Verfahren zur Verwendung eines Biosensormess-
gerates zum Berechnen einer parasitaren Impedanz
wobei das Verfahren folgende Schritte umfasst: mindestens einer Spur eines Biosensorteststreifens
(800), wobeider Biosensorteststreifen (800) Folgen-
Aufnehmen des Teststreifens (800) in das 75 des aufweist:
Biosensormessgerat;
wirkungsmaRiges Koppeln des Teststrei- eine Arbeitselektrode (814a);
fens (800) mit der Biosensormessgerat- eine Arbeitselektrodenspur (814c), die wir-
Teststreifen-Schnittstelle, derart, dass die kungsmaRig mitder Arbeitselektrode (814a) ge-
Arbeitselektrodenspur (814c) wirkungsma- 20 koppelt ist;
RBig mit dem Arbeitselektroden-Kontaktpad eine Arbeitsrichtungsspur (826c¢), die wirkungs-
(814b) gekoppelt ist, die Arbeitsrichtungs- maRig mit der Arbeitselektrode (814a) gekop-
spur (826¢) wirkungsmaRig mit dem Ar- pelt ist;
beitsrichtungs-Kontaktpad (826b) gekop- eine Gegenelektrode (216a);
pelt ist, die Gegenelektrodenspur (216¢c) 25 eine Gegenelektrodenspur (216c¢), die wir-
wirkungsmagig mit dem Gegenelektroden- kungsmaRig mit der Gegenelektrode (216a) ge-
Kontaktpad (216b) gekoppelt ist und die koppelt ist;
Gegenrichtungsspur (224c¢) wirkungsma- eine Gegenrichtungsspur (224c), die wirkungs-
Rig mit dem Gegenrichtungs-Kontaktpad maRig mitder Gegenelektrode (216a) gekoppelt
(224b) gekoppelt ist; 30 ist; und
selektives Schalten eines Widerstandes, wobei das Biosensormessgerat Folgendes auf-
der eine bekannte Impedanz aufweist, in weist:
Reihe mit der Arbeitsrichtungsspur (826¢)
und der Arbeitselektrodenspur (814c) zum eine Biosensormessgerat-Teststreifen-
Bilden einer Reihenschaltung, die eine Rei- 35 Schnittstelle, welche Folgendes aufweist:
henschaltungsimpedanz aufweist, welche
die bekannte Impedanz des Widerstandes ein Arbeitselektroden-Kontaktpad
und eine Arbeitsrichtungsspur (826¢) -Im- (814b),
pedanz und eine Arbeitselektrodenspur ein Arbeitsrichtungs-Kontaktpad
(814c) - Impedanz umfasst; 40 (826b),
Bereitstellen eines Stimulus mit einem Ope- ein Gegenelektroden-Kontaktpad
rationsverstarker (320) zum Erzeugen ei- (216b), und
nes Stromes, der durch die Reihenschal- ein Gegenrichtungs-Kontaktpad
tung fliel3t; (224b);
Messendes Stromes, derdurchdie Reihen- 45
schaltung fliet, durch einen Strom-Span- wobei das Verfahren folgende Schritte umfasst:
nungs-Verstarker (310) ;
Bereitstellen der Ausgabe des Strom-Span- Aufnehmen des Teststreifens (800) in das
nungsVerstarkers (310) an einen Mikropro- Biosensormessgerat;
zessor (314) durch A/D (312); 50 wirkungsmaRiges Koppeln des Teststrei-
Verwenden der Strommessung in einem fens (800) mit der Biosensormessgerat-
Mikroprozessor zum Berechnen der para- Teststreifen-Schnittstelle, derart, dass die
sitdren Impedanz der Arbeitselektroden- Arbeitselektrodenspur (814c) wirkungsma-
spur (814c) und der Arbeitsrichtungsspur Rig mit dem Arbeitselektroden-Kontaktpad
(826¢) eines Biosensorteststreifens (800). 55 (814b) gekoppelt ist, die Arbeitsrichtungs-
spur (826¢) wirkungsmaRig mit dem Ar-
6. Verfahren nach Anspruch 5, welches ferner folgen- beitsrichtungs-Kontaktpad (826b) gekop-
den Schritt umfasst: pelt ist, die Gegenelektrodenspur (216c)

12
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wirkungsmagig mit dem Gegenelektroden-
Kontaktpad (216b) gekoppelt ist und die
Gegenrichtungsspur (224c) wirkungsma-
Rig mit dem Gegenrichtungs-Kontaktpad

une trace de contre-électrode (216c¢) fonction-
nellement couplée a la contre-électrode (216a) ;
une trace de contre-sens (224c) fonctionnelle-
ment couplée a la contre-électrode (216a) ;

(224b) gekoppelt ist; 5 le procédé comprenant les étapes consistanta :
selektives Schalten eines Widerstandes,
der eine bekannte Impedanz aufweist, in placer sélectivement une résistance ayant
Reihe mit der Gegenrichtungsspur (224c) une impédance connue en série avec la tra-
und der Gegenelektrodenspur (216¢) zum ce de sens de travail (826c) et la trace
Bilden einer Reihenschaltung, die eine Rei- 70 d’électrode de travail (814c¢) pour former un
henschaltungsimpedanz aufweist, welche circuit en série ayant une impédance de cir-
die bekannte Impedanz des Widerstandes cuit en série comprenant 'impédance con-
und eine Gegen-richtungsspur (224c) - Im- nue de la résistance et une impédance de
pedanz und eine Gegenelektrodenspur trace de sens de travail (826c¢) et une impé-
(216¢) - Impedanz umfasst; 15 dance de trace délectrode de ftravail
selektives Anwenden eines Stimulus mit ei- (814c) ;
nem Operationsverstarker (320) zum Er- appliquer sélectivement un stimulus a 'aide
zeugen eines Stromes, der durch die Rei- d’'un amplificateur fonctionnel (320) afin de
henschaltung fliel3t; produire un courant traversant le circuit en
Messen des Stromes, derdurchdie Reihen- 20 série ;
schaltung flieRt, durch einen Strom-Span-
nungs-Verstarker (310) ; mesurer le courant circulant dans le circuit en
Bereitstellender Ausgabe des Strom-Span- série par un amplificateur de courant-tension
nungsVerstarkers (310) an einen Mikropro- (310) ;
zessor (314) durch A/D (312); 25
Verwenden der Strommessung in einem amener la sortie de 'amplificateur de cou-
Mikroprozessor zum Berechnen der para- rant-tension (310) & un microprocesseur
sitéaren Impedanz der Gegenrichtungsspur (314) par l'intermédiaire d’un convertisseur
(224c) und der Gegenelektrodenspur analogique/numérique (312) ;
(216c) eines Biosensorteststreifens (800). 30 utiliser la mesure de courantdans un micro-
processeur pour calculer limpédance para-
9. Verfahren nach Anspruch 8, welches ferner folgen- site de la trace de sens de travail (826¢) et
den Schritt umfasst: de la trace d’électrode de travail (814c)
d’une bande test (800) de biocapteur.
Verwenden mindestens einer Angabe der Rei- 35
henschaltungsimpedanz zum Bestimmen, ob Procédé selon la revendication 1 dans lequel I'im-
der Teststreifen (800) beschadigt ist. pédance de circuit en série est utilisée pour déter-
miner si la bande test (800) de biocapteur est en-
10. Verfahren nach Anspruch 9, welches ferner folgen- dommagée.
den Schritt umfasst: 40
Procédé de calcul d’'une impédance parasite d’au
Anzeigen einer Angabe der Verwendbarkeitdes moins une trace d’une bande test (800) de biocap-
Teststreifens (800). teur, la bande test (800) de biocapteur comprenant :
45 une électrode de travail (814a) ;

une trace d’électrode de travail (814c) fonction-
nellement couplée a [I'électrode de travail
(814a) ;

une trace de sens de travail (826c¢) fonctionnel-
lement couplée a I'électrode de travail (814a) ;

Revendications

1. Procédé de calcul d’'une impédance parasite d’au
moins une trace d’une bande test (800) de biocap-
teur, la bande test (800) de biocapteur comprenant : 50

une électrode de travail (814a) ;

une trace d’électrode de travail (814c) fonction-
nellement couplée a [I'électrode de travail
(814a);

une trace de sens de travail (826¢) fonctionnel-
lement couplée a I'électrode de travail (814a) ;
une contre-électrode (216a) ;

55
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une contre-électrode (216a) ;

une trace de contre-électrode (216c¢) fonction-
nellement couplée ala contre-électrode (216a) ;
une trace de contre-sens (224c) fonctionnelle-
ment couplée a la contre-électrode (216a) ;

le procédé comprenant les étapes consistanta :

placer sélectivement une résistance ayant
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une impédance connue en série avec la tra-
ce de contre-sens (224c) et la trace de con-
tre-électrode (216c¢) pour former un circuit
en série ayant une impédance de circuit en
série comprenant I'impédance connue de
larésistance et une impédance de trace de
contre-sens (224c) et une impédance de
contre-électrode (216c¢) ;

appliquer sélectivementun stimulus al'aide
d’'un amplificateur fonctionnel (320) afin de
produire un courant traversant le circuit en
série ;

mesurer le courant circulant dans le circuit
en série par un amplificateur de courant-
tension (310) ;

amener la sortie de 'amplificateur de cou-
rant-tension (310) a un microprocesseur
(314) par 'intermédiaire d’un convertisseur
analogique/numérique (312) ;

utiliser la mesure de courantdans un micro-
processeur pour calculer 'impédance para-
site de la trace de contre-sens (224c) et de
la trace de contre-électrode (216¢) d’une
bande test (800) de biocapteur.

Procédé selon la revendication 3 dans lequel au
moins une des indications d’impédance calculées
est utilisée pour déterminer si la bande test (800) de
biocapteur est endommagée.

Procédé d’utilisation d’'un appareil de mesure de bio-
capteur pour calculer une impédance parasite d’'au
moins une trace d’une bande test (800) de biocap-
teur, la bande test (800) de biocapteur comprenant :

une électrode de travail (814a) ;

une trace d’électrode de travail (814c) fonction-
nellement couplée a [I'électrode de travail
(814a) ;

une trace de sens de travail (826¢) fonctionnel-
lement couplée a I'électrode de travail (814a) ;
une contre-électrode (216a) ;

une trace de contre-électrode (216c¢) fonction-
nellement couplée a la contre-électrode (216a) ;
une trace de contre-sens (224c) fonctionnelle-
ment couplée a la contre-électrode (216a) ; et

lappareil de mesure de biocapteur
comprenant :

une interface de bande test d’appareil de
mesure de biocapteur comprenant :

un plot de contact (814b) d’électrode
de travalil,

un plot de contact (826b) de sens de
travail,

un plot de contact (216b) de contre-
électrode, et
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un plot de contact (224b) de contre-
sens ;

le procédé comprenant les étapes consistanta :

recevoir la bande test (800) dans I'appareil
de mesure de biocapteur ;

coupler fonctionnellement la bande test
(800) a I'interface de bande test d’appareil
de mesure de biocapteur de sorte que la
trace d’électrode de travail (814c) soit fonc-
tionnellement couplée au plot de contact
(814b) d’électrode de travail, que la trace
de sens de travail (826¢) soit fonctionnelle-
ment couplée au plot de contact (826b) de
sens de travail, que la trace de contre-élec-
trode (216¢) soit fonctionnellement couplée
au plot de contact (216b) de contre-électro-
de et que latrace de contre-sens (224c) soit
fonctionnellement couplée au plot de con-
tact (224b) de contre-sens ;

commuter sélectivement une résistance
ayant une impédance connue en série avec
la trace de sens de travail (826¢c) et la trace
d’électrode de travail (814c¢) pour former un
circuit en série ayant une impédance de cir-
cuit en série comprenant 'impédance con-
nue de la résistance et une impédance de
trace de sens de travail (826¢) et une impé-
dance de trace d’électrode de travail
(814c) ;

envoyer un stimulus a I'aide d’'un amplifica-
teur fonctionnel (320) pour produire un cou-
rant traversant le circuit en série ;

mesurer le courant circulant dans le circuit en
série par un amplificateur de courant-tension
(310) ;

amener la sortie de 'amplificateur de cou-
rant-tension (310) a un microprocesseur
(314) par 'intermédiaire d’un convertisseur
analogique/numérique (312) ;

utiliser la mesure de courantdans un micro-
processeur pour calculer limpédance para-
site de la trace d’électrode de travail (814c¢)
etdelatrace de sens de travail (826¢) d’une
bande test (800) de biocapteur.

Procédé selon la revendication 5 comprenant en
outre I'étape consistant a:

utiliser 'impédance de circuit en série pour dé-
terminer silabandetest(800) estendommagée.

Procédé selon la revendication 6 comprenant en
outre I'étape consistant a:
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afficher une indication de I'aptitude a 'emploi de
la bande test (800).

Procédé d’utilisation d’'un appareilde mesure de bio-
capteur pour calculer une impédance parasite d’au
moins une trace d’'une bande test (800) de biocap-
teur, la bande test (800) de biocapteur comprenant :

une électrode de travail (814a) ;

une trace d’électrode de travail (814c) fonction-
nellement couplée a [I'électrode de travail
(814a) ;

une trace de sens de travail (826c¢) fonctionnel-
lement couplée a I'électrode de travail (814a) ;
une contre-électrode (216a) ;

une trace de contre-électrode (216c¢) fonction-
nellementcouplée ala contre-électrode (216a) ;
une trace de contre-sens (224c) fonctionnelle-
ment couplée a la contre-électrode (216a) ; et

l'appareil de mesure de  biocapteur
comprenant :

une interface de bande test d’appareil de
mesure de biocapteur comprenant :

un plot de contact (814b) d’électrode
de travail,

un plot de contact (826b) de sens de
travail,

un plot de contact (216b) de contre-
électrode, et

un plot de contact (224b) de contre-
sens ;

le procédé comprenant les étapes consistanta :

recevoir la bande test (800) dans 'appareil
de mesure de biocapteur ;

coupler fonctionnellement la bande test
(800) a linterface de bande test d’appareil
de mesure de biocapteur de sorte que la
trace d’électrode de travail (814c) soit fonc-
tionnellement couplée au plot de contact
(814b) d’électrode de travail, que la trace
de sens de travail (826c¢) soit fonctionnelle-
ment couplée au plot de contact (826b) de
sens de travail, que la trace de contre-élec-
trode (216¢) soit fonctionnellement couplée
au plot de contact (216b) de contre-électro-
de et que la trace de contre-sens (224c) soit
fonctionnellement couplée au plot de con-
tact (224b) de contre-sens ;

commuter sélectivement une résistance
ayantune impédance connue en série avec
la trace de contre-sens (224c) et la trace de
contre-électrode (216¢) pour former un cir-
cuiten série ayant une impédance de circuit
en série comprenant impédance connue

10

15

20

25

30

35

40

45

50

55

15

28

de larésistance et une impédance de trace
de contre-sens (224c) et uneimpédancede
trace de contre-électrode (216¢) ;
appliquer sélectivement un stimulus a I'aide
d’un amplificateur fonctionnel (320) pour
produire un courant traversant le circuit en
série ;

mesurer le courant circulant dans le circuit
en série par un amplificateur de courant-
tension (310) ;

amener la sortie de I'amplificateur de cou-
rant-tension (310) a un microprocesseur
(314) par l'intermédiaire d’un convertisseur
analogique/numérique (312) ;

utiliser la mesure de courant dans un micro-
processeur pour calculer limpédance para-
site de la trace de contre-sens (224c) et de
la trace de contre-électrode (216¢) d’'une
bande test (800) de biocapteur.

Procédé selon la revendication 8 comprenant en
outre 'étape consistant a:

utiliser au moins une indication de 'impédance
du circuit en série pour déterminer si la bande
test (800) est endommagée.

10. Procédé selon la revendication 9 comprenant en
outre 'étape consistant a:

afficher une indication de 'aptitude a 'emploide
la bande test (800).
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Srabiadalmi dnypontok

1. Eiards blossanzores testosik (800 Ie gaiabh gy varstdkdban & parazita
impedanca ssamitdsdra, ahol a bossenzoros tesetostk (800) tartaiman

egy maErd elekledaddt {(Bida);

sgy merd slekirdds vozstdket (81da), amealy » merd elekivddghor (8148} coatlaboaik;
egy m8rd Srzdkeld vezetdket (828¢), amaly 5 mdrd slekirdddhaz (B148) ceatiakozik;

say ellonnidall slekirdddt {J18a);

egy slanoidall slektrdda veretekat {2180, samely o ellencidall slektrdddhaz {3168}

caatiakozik;

ogy sllancidall dredkeld vezatdket {224}, amely az sllsnoldall elakivédéhor (216a)
ceatiakonik;

ahal ar olidrds o kdvetkers epdsskel tertalmazes:

seolokthean ismert impadancidit sliendlidst halveziink sorosan @ mdrd érzekeld
voretakkel {838¢) &5 & mérd plobirdda verstélisd {814¢) egy saros dramidr
Kislakitdsdhos, smebynek soros dramisd impedanciaia van, amely tartalmazza az
sHandiids ismart impedancidiat, a merd eraebeld veretéh {B280) impadanciliat és a mérd

slakirdda vezetdk (814¢) impedangidiay

gretekthvan stimuididst atkalmazunk mivelet] srisittvel {320) & sorns dramblirdn &folyd
Aram gléaliitdsdra;

R & SOr0S Sramdcirdn Stiolyd Aramot dramefesrlitedy ordsitdes {310Y;

> 8

Az drami-fesziiladg orositd (310} kimenetsl mikroprovesszormd {314} verstjlk AR
Stalakitdn (312} keressll;

ax dram merést haszndlivk & mikroprocesszoreal & Wosransores tesetostkban (300)
udrd drzdkeld vezetdk (R260) dg o mérd alokirddy vezetdk (Ri14c) a parazita

impedancididnak kiszdmitdsdea,

2 Az 1, lgdnypont szerinti eljdrds, amelyndl a soros drambdr impedanadiit
nassadiuk ammak megaliapiidsdrs, hogy & boszenzores tesstesik (800} sérfilt-&.
3 Blidrds bioszenzoros tegvicstk (300) legalabl egy verstekdben a parazita

impadancia szamitasara, ahol 3 bisszenzoras tesstesik { 88“} fartsima
sgy mérd elekteddst (814a);

agy mdrd elektrdds veretdlst (8140}, amaly a mdrd plekirddahor (81da} caatiskorik;
sgy merd éradkeld veretehet (8280), amsly & mérd slektrddahor (814a) csatiakonik;



egy sHenohiall elekirdddt {218a)

sgy allenoidall slokirddy vezatdket (218¢), smaly a2 sllenoldall glekirdddhor (2189
cxatiabozik;

poy ellenoidall Srrdkeld verntdleat {2248), amaly v sllenoidall sleltrdddhor (3188)
caatiakozik;

shol a2 olidrds a Kvetkesd dpdsoket tartalmaea

safebtiven smert inpedancidld sllendlidst hebyeziink sorosan a2 slencidsll sradkeld
vazetekbel {2340} &5 az ollenoidall slekirods verstekkeal (2160) agy saros dramidy
Kialakitdsdhor, amelynsk soroy Sramkdr! impadancidiy van, amely artalmazza ag
ailendids smert impedendddidl, az ellenoldall Sradheld veretel (32401 impadantigist &s
gz sHenpldalt elekirdds varatek {2180} impedannidiat;

seatekibven stimulaldst sthalmazunk miveletl ardsitdvel {3201 & sores Srambkdrén #oled
dram sidaliitasary;

MmEriik & soros dramkardn tfolvd dramot dramefosaiitady sitdvel {3183

sy dramt-fesriitedy ardsitd {310) kimanatdt mikm;}swwz‘sgawrﬁ {314} vezebilk AT
Atalakitdn {312) kevesaiiil;

ax dram mdrdet hasendliuk & mikroprocesszorral  bioszenzores teszivsikban (80U az
eliencidall Srzdkeald vezetdl {224¢) és az aflancidall slekivdda vezetdk {2180) a parazita
impedsncididnak kszdmilasars,

4, Az 3. igdnypont srerintl slidrds, smalyvoed! 2 impadancia lagaiabls sgy sedmitott
dridkét hassadiuk ammak megstiapiidsara, hogy a Moszensoros tesatosik (800) sériiva,

RS

,":ﬁ.

Eijdras bioszenwores mérdesskdr slhalmazasars sgy bloszenaores tesstesikban
{800} legalabb egy vozeisk parasits impedancididnak szamitasars, ahol 8 bloszenzoms
t&sz-tcs;i»: {BON) tartalmean:
egy mnird elekirddat (Bldal
gy merd plekirdds vezetdket {8140}, amaly a mard slektvdddhng (8148) csatlakoniiy
egy merd arzdkeld vezsidkat {82&(:}, amealy 8 mérd alekirddahaz {B149a) ceatdakoail;

sy ollenpidall slekirddat {33
gy silencidall slektrkdn ve;emka {21&¢), amaly av ellenoidall slebtrdddhng (2168)
coatiakozik;
pgy allanoldall Sreakeld vorstdket {2340), amaly & ellencidall slebindddhor (3188)
csatiakorik; és
shal 2 bloszenzoras mérdeszhés tatalman
sy bloszenzoros mérd tesriesll insardsst, srmaly tartalmas
agy mérd &ﬁ@ktréda drintkezd sdvot {314k

¥



[

agy mérd drodintd drintherd sdvot (8288,
ogy sllencidall slebirdda Srinthezd sdv
agy ellanoldall dradisld drinthesd sdvot &»fém

ahol 8z eljdrds o kbvetkesd lepd

et tartaimaeey;
8 bloszanzores tasctesikot (BOOS behelyszadk » bivszanzaros mdrdhs;
a MOSTERIeTey loszivsikol (800} & biosransores tosatosil intarfdsshar csatiakoztativk

Gay, hogy @ mérd eleltrdan vorstdk (814g) coatigkozik 3 mérd alekirddy drintkesd

savhor (8140}, a meérd dredkeld vezetsl {8250 csatiakonik & midrd drzekeld drintkezd

savhioz {B28D), az clienoidall slekirdds vezetek {2180) coatizkorik ar ellencidal

slabirdda Srintkexd savhoz {218k, $3 ax ellencidall erzebald veretdk {224¢) caatiakesik

ax eHanoldall Sreekeadd érintkexd sédvhor (324bY;

sealekbiven ismert Impadanciajl allendilast kaposolunk sorosan o meérd drzskeld

vazetskkeal (826¢) &5 8 merd siekirdds vezetekkel {814¢) egy sovas aramkdy

Kislakitdsaboz, amelynek sores Sramkdrt npedancidia van, amely tartalmasis &

silenaiias isment impedancididy, & merd Srotkeld vezetek {BRE) impadancididt &8 & mérd

elskirods vezetek {814¢) imgedancigist;

stimuldiasy alkalmagunk mivelet! erdsitdeel {3340) » soros Sramidrin atfolyd aram
alfatiitdudne

merfiik & soros Aramkdrdn dfolvd dramot drame-faseitedy erdsitSueat {310);

sy Sram-fesziiedy erdsitd (310) kimenetét milroprocesszorns {314] verstitk A/D

atalakitdn “‘1,:;} kavessiilh

ax dram mdrdst hasendluk a mukroprocasszoreal & bloszanzoros teszicsikban (300) ¢

882
mérd elekirdda vezetdl (814¢) 5 2 mérd Srrdkeld veratds (BI80) a parazity

impedsncididnak Riszdmilasars

&, Az 5 igsnvoont szerintl eljards, amealyngl sgy tovabbi lepdshem
g soros dramkdr impedancididl hasanaliuk annsk megaHiapitdsdm, hogy & biossenzors
tasrtonik (BOOY sériilt-o,

Az 6. lgSrypont szerint elidrdy, amaehnd! egy tovabh [dpdshen:

3 bioszensoros esziosik (300} hasznsihatdsiganak jnizdset kijelexaiik,

8. Eijdras bioszenzoros mérdesskir albabmazdsdry sgy bloszenvorey testiosikban

(800} tegulabb egy versték parazity impedancididnak szdmitdsdra, shal 3 bloszenzores
fostosik (B00) tantalman

gy mdrd elekirddat (S1da)y;

gy mard slektrons veretdkat (Blde), amaly a mérd slektrdddhoz (814a) csatlakorii;



&
ks

sy mérd Srxdkald vareitket (8280}, amely & mérd slektrdddhor (81aa) coatlskazik;
agy sHeneidall olekirddat (2188

suy allenoidall sloblvdda versidket {(318), smaly oz sllanoidal slekirdddhoz (J18a)
caxtiakozik;

agy ellennidall Srxdkeld vozstéket {2240}, smaly az sHenoldal slektvddahos {2188}
ceatiakozik; 98

ahol & bioszanzores mardesekdy tartalman

egy bicszenzoros merd tosstosik inberfiszt, amely tartalmas:

pgy mérd slekirada drintkend sédvot {E?eiiii}}!

sgy mard dredkeld drinthkexd sdvot (838hY,

N

.f?iﬁ
4

agy shsnoldall elekirdds é?’ii‘&‘\ikﬁ & sdvol (3188},

sgy elencidall drzdkeld Srintkerd sdvot {324b);

ahol o eljdras & kdvethszd §é§é§ﬁket tartabmazes:

@ bloszerzaros teszinsikot (800) babehrarzlk & Moszenzores méndbe;

3 bioszensoros tesstosivat {BOOY 3 bicsrenzoros tesstesik interfesther castlakaztatiuk

Ggy, hogy 8 mard elekirods vezetdk {S140) veatinkonik @ mdrd elekirdds Srintkesd

sdvhoz (8140}, s mdrd Sradhsi8 veretek {8280 ceatiskozih & mérd Srxekeald erintkas

savhos {828h), ax ellencidall elekivdda veretak {J18¢) caatiabazik az slienoidal

slpktrada drintkezd sdvhor (165), &5 az sllenoldali Srzdkeald veretdh {2340 caatiakonik

siiencidali dradkeld drintkead sdvhoz {224b);

srelektivan smeart npedancidll sllendlidst helyeelnk sorasan a2 ellenoidall dreakald

veretdikel {2340) ¥ az ellenoldall elekirdda vorstdkkel {316¢) sgy soros dromkdy

Kiglakitésdhor, amealynek seros dramkdn impedanciaia van, amely rariaimates ag

cliendiids ismert impeadancidiat, ax ellenoldall erzékeald veretel {34} mpedansinidt &

az clisnokiall elekirdds vezstek {218¢) impedancigjit;

szalektiven stimuldiast alkeimazunt mivelet! srdsitdhvel (328} 3 soros Aremkdrdn atfolvd

dram gloatiitasary;

méritk a soras gramkordin Stfolvd dramot dram-fesziiliség erdsitdvel {310}

sz dram-fosziiteeg erdsid (310} Kimenstdt mikroprocesszona {314) varatiik &/

Stalakiton (313) kereszitl;

az dram mérgst hasendliuk & mikroprocesseoreal 8 blosrensoros lasttesikban (800) ax
silgnoldali erzeketd veratdR {2340} 85 ax eliencldall dlektrtds vezstdk {218¢) parazit

*

impedancidjanak kiszamitasaes,

5, Az B, igsnypont szerintl slfavds, amelyndl sgy tovabhi Bpdsham
a 50Tes argmkdr impadancidianak logalabbh ooy Sriekdt haszndliuk annak

ragaiiapitdsdra, hogy o blossenzoros tesetogik (800} serliit-n,
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