
GATED AMPEROMETRY REFERENCE TORELATED APPLICATIONS
[001] This application claims the benefit of U.S.
Provisional Application No. 60/700,787 entitled "Gated
Amperometry" as filed on July 20, 2005, and U.S.
Provisional Application No. 60/746,771 entitled
"Abnormal Output Detection System for a Biosensor" as
filed on May 8, 2006, which are incorporated herein by
reference. BACKGROUND [002] The quantitative
determination of analytes in biological fluids is
useful in the diagnosis and treatment of physiological
abnormalities. For example, determining the glucose
level in biological fluids, such as blood, is
important to diabetic individuals who must frequently
check their blood glucose level to regulate their
diets and/or medication. [003] Electrochemical systems
have been used for this type of analysis. During the
analysis, the analyte undergoes a redox reaction with
an enzyme or similar species to generate an electric
current that may be measured and correlated with the
concentration of the analyte. A substantial benefit
may be provided to the user by decreasing the time
required for the analysis while supplying the desired
accuracy and precision. [004] One example of an
electrochemical sensor system for analyzing analytes
in biological fluids includes a measuring device and a
sensor strip. The sensor strip includes reagents to
react with and transfer electrons from the analyte
during the analysis and electrodes to pass the
electrons through conductors that connect the strip
with the device. The measuring device includes
contacts to receive the electrons from the strip and
the ability to apply a voltage differential between
the contacts. The device may record the current
passing through the sensor and translate the current
values into a measure of the analyte content of the
sample. These sensor systems may analyze a single drop
of whole blood (WB), such as from 1-15 microliters
(mL) in volume. [005] Examples of bench-top measuring
devices include the BAS IOOB Analyzer available from
BAS Instruments in West Lafayette, Indiana; the CH
Instrument Analyzer available from CH Instruments in
Austin, Texas; the Cypress Electrochemical Workstation
available from Cypress Systems in Lawrence, Kansas;
and the EG&G Electrochemical Instrument available from
Princeton Research Instruments in Princeton, New
Jersey.Examples of portable measuring devices include
the Ascensia Breeze(r) and Elite(r) meters of Bayer
Corporation. [006] The sensor strip may include a
working electrode where the analyte undergoes
electrochemical reaction and a counter electrode where
the opposite electrochemical reaction occurs, thus
allowing current to flow between the electrodes. Thus,
if oxidation occurs at the working electrode,
reduction occurs at the counter electrode. See, for
example, Fundamentals Of Analytical Chemistry, 4th
Edition, D.A. Skoog and D.M. West; Philadelphia:
Saunders College Publishing (1982), pp 304-341. [007]
The sensor strip also may include a true reference
electrode to provide a nonvariant reference potential
to the measuring device. While multiple reference
electrode materials are known, a mixture of silver
(Ag) and silver chloride (AgCl) is typical due to the
insolubility of the mixture in the aqueous environment
of the analysis solution. A reference electrode also
may be used as the counter electrode. A sensor strip
using such a combination reference-counter electrode
is described in U.S. Patent No. 5,820,551. [008] The
sensor strip may be formed by printing electrodes on
an insulating substrate using multiple techniques,
such as those described in U.S. Patent Nos. 6,531,040;
5,798,03 1; and 5,120,420. One or more reagent layer
may be formed by coating one or more of the
electrodes, such as the working and/or counter
electrodes. In one aspect, more than one of the
electrodes may be covered by the same reagent layer,
such as when the working and counter electrodes are
coated by the same composition. In another aspect,
reagent layers having different compositions may be
printed or micro-deposited onto the working and
counter electrodes using the method described in a
U.S. provisional patent application filed October 24,
2003, Application No. 60/513,817. Thus, the reagent
layer on the working electrode may contain the enzyme,
the mediator, and a binder while the reagent layer on
the counter electrode contains a soluble redox
species, which could be the same as the mediator or
different, and a binder. [009] The reagent layer may
include an ionizing agent for facilitating the
oxidation or reduction of the analyte, as well as any
mediators or other substances that assist in
transferring electrons between the analyte and the
conductor. The ionizing agent may be an analyte
specific enzyme, such as glucose oxidase or glucose
dehydrogenase, to catalyze the oxidation of glucose in
a whole blood (WB) sample. The reagent layer also may
include a binder that holds the enzyme and mediator
together. Table I, below, provides conventional
combinations of enzymes and mediators for use with
specific analytes.Table I [0010] The binder may
include various types and molecular weights of
polymers, such as CMC (carboxyl methyl cellulose)
and/or PEO (polyethylene oxide). In addition to
binding the reagents together, the binder may assist
in filtering red blood cells, preventing them from
coating the electrode surface. [0011] Examples of
conventional electrochemical sensor systems for
analyzing analytes in biological fluids include the
Precision(r) biosensors available from Abbott in
Abbott Park, Illinois; Accucheck(r) biosensors
available from Roche in Indianapolis, Indiana; and
OneTouch Ultra(r) biosensors available from Lifescan
in Milpitas, California. [0012] One electrochemical
method, which has been used to quantify analytes in
biological fluids, is coulometry. For example, Heller
et al. described the coulometric method for whole
blood glucose measurements in U.S. Patent No.
6,120,676. In coulometry, the analyte concentration is
quantified by exhaustively oxidizing the analyte
within a small volume and integrating the current over
the time of oxidation to produce the electrical charge
representing the analyte concentration. In other
words, coulometry captures the total amount of glucose
within the sensor strip. [0013] An important aspect of
coulometry is that towards the end of the integration
curve of charge vs. time, the rate at which the
current changes with time becomes substantially
constant to yield a steady-state condition. This
steady-state portion of the coulometric curve forms a
relatively flat plateau region, thus allowing
determination of the 



corresponding current. However, the coulometric method
requires the complete conversion of the entire volume
of analyte to reach the steady-state condition. As a
result, this method is time consuming and does not
provide the fast results which users of
electrochemical devices, such as glucose-monitoring
products, demand. Another problem with coulometry is
that the small volume of the sensor cell must be
controlled in order to provide accurate results, which
can be difficult with a mass produced device.[0014]
Another electrochemical method which has been used to
quantify analytes in biological fluids is amperometry.
In amperometry, current is measured during a read
pulse as a constant potential (voltage) is applied
across the working and counter electrodes of the
sensor strip. The measured current is used to quantify
the analyte in the sample. Amperometry measures the
rate at which the electrochemically active species,
and thus the analyte, is being oxidized or reduced
near the working electrode. Many variations of the
amperometric method for biosensors have been
described, for example in U.S. Patent Nos. 5,620,579;
5,653,863; 6,153,069; and 6,413,411. [0015] A
disadvantage of conventional amperometric methods is
the non-steady-state nature of the current after a
potential is applied. The rate of current change with
respect to time is very fast initially and becomes
slower as the analysis proceeds due to the changing
nature of the underlying diffusion process. Until the
consumption rate of the reduced mediator at the
electrode surface equals the diffusion rate, a
steady-state current cannot be obtained. Thus, for
amperometry methods, measuring the current during the
transient period before a steady-state condition is
reached may be associated with more inaccuracy than a
measurement taken during a steady-state time period.
[0016] The "hematocrit effect" provides an impediment
to accurately analyzing the concentration of glucose
in WB samples. WB samples contain red blood (RB) cells
and plasma. The plasma is mostly water, but contains
some proteins and glucose. Hematocrit is the volume of
the RB cell constituent in relation to the total
volume of the WB sample and is often expressed as a
percentage. Whole blood samples generally have
hematocrit percentages ranging from 20% to 60%, with
-40% being the average. [0017] In conventional sensor
strips for determining glucose concentrations, glucose
may be oxidized by an enzyme, which then transfers the
electron to a mediator. This reduced mediator then
travels to the working electrode where it is
electrochemically oxidized. The amount of mediator
being oxidized may be correlated to the current
flowing between the working and counter electrodes of
the sensor strip. Quantitatively, the current measured
at the working electrode is directly proportional to
the diffusion coefficient of the mediator. The
hematocrit effect interferes with this process because
the RB cells block the diffusion of the mediator to
the working electrode. Subsequently, the hematocrit
effect influences the amount of current measured at
the working electrode without any connection to the
amount of glucose in the sample.[0018] WB samples
having varying concentrations of RB cells may cause
inaccuracies in the measurement because the sensor may
not distinguish between a lower mediator concentration
and a higher mediator concentration where the RB cells
block diffusion to the working electrode. For example,
when WB samples containing identical glucose levels,
but having hematocrits of 20, 40, and 60%, are
analyzed, three different glucose readings will be
reported by a conventional sensor system based on one
set of calibration constants (slope and intercept, for
instance). Even though the glucose concentrations are
the same, the system will report that the 20%
hematocrit sample contains more glucose than the 60%
hematocrit sample due to the RB cells interfering with
diffusion of the mediator to the working electrode.
[0019] The normal hematocrit range (RBC concentration)
for humans is from 20% to 60% and is centered around
40%. Hematocrit bias refers to the difference between
the reference glucose concentration obtained with a
reference instrument, such as the YSI 2300 STAT
PLUS(tm) available from YSI Inc., Yellow Springs,
Ohio, and an experimental glucose reading obtained
from a portable sensor system for samples containing
differing hematocrit levels. The difference between
the reference and experimental readings results from
the varying hematocrit levels between specific whole
blood samples. [0020] In addition to the hematocrit
effect, measurement inaccuracies also may arise when
the measurable species concentration does not
correlate with the analyte concentration. For example,
when a sensor system determines the concentration of a
reduced mediator generated in response to the
oxidation of an analyte, any reduced mediator not
generated by oxidation of the analyte will lead to the
sensor system indicating that more analyte is present
in the sample than is correct due to mediator
background. [0021] In addition to the hematocrit and
mediator background effects, other factors also may
lead to inaccuracies in the ability of a conventional
electrochemical sensor system to determine the
concentration of an analyte in a sample hi one aspect,
these inaccuracies may be introduced because the
portion of the sensor strip that contains the sample
may vary in volume from strip to strip. Inaccuracies
also may be introduced when sufficient sample is not
provided to completely fill the volume of the cap-gap,
a condition referred to as under fill. In other
aspects, inaccuracies may be introduced into the
measurement by random "noise" and when the sensor
system lacks the ability to accurately determine
temperature changes in the sample.[0022] In an attempt
to overcome one or more of these disadvantages,
conventional sensor systems have attempted multiple
techniques, not only with regard to the mechanical
design of the sensor strip and reagent selection, but
also regarding the manner in which the measuring
device applies the electric potential to the strip.
For example, conventional methods of reducing the
hematocrit effect for amperometric sensors include the
use of filters, as disclosed in U.S. Patent Nos.
5,708,247 and 5,951,836; reversing the polarity of the
applied current, as disclosed in WO 01/57510; and by
methods that maximize the inherent resistance of the
sample, as disclosed in U.S. Patent No. 5,628,890.
[0023] Multiple methods of applying the electric
potential to the strip, commonly referred to as pulse
methods, sequences, or cycles, have been used to
address inaccuracies in the determined analyte
concentration. For example, in U.S. Patent No.
4,897,162 the pulse method includes a continuous
application of rising and falling voltage potentials
that are commingled to give a triangular-shaped wave.
Furthermore, WO 2004/053476 and U.S. Publication Nos.
2003/0178322 and 2003/0113933 describe pulse methods
that include the 



continuous application of rising and falling voltage
potentials that also change polarity. [0024] Other
conventional methods combine a specific electrode
configuration with a pulse sequence adapted to that
configuration. For example, U.S. Patent No. 5,942,102
combines the specific electrode configuration provided
by a thin layer cell with a continuous pulse so that
the reaction products from the counter electrode
arrive at the working electrode. This combination is
used to drive the reaction until the current change
verses time becomes constant, thus reaching a true
steady state condition for the mediator moving between
the working and counter electrodes during the
potential step. While each of these methods balances
various advantages and disadvantages, none are ideal.
[0025] As may be seen from the above description,
there is an ongoing need for improved electrochemical
sensor systems, especially those that may provide
increasingly accurate determination of the analyte
concentration in less time. The systems, devices, and
methods of the present invention overcome at least one
of the disadvantages associated with conventional
systems. SUMMARY [0026] A method of determining the
concentration of an analyte in a sample is provided
that includes applying a pulse sequence to the sample,
the pulse sequence including at least 3 duty cycles
within 180 seconds. The duty cycles may each include
an excitation ata fixed potential, during which a
current may be recorded, and a relaxation. The pulse
sequence may include a terminal read pulse and may be
applied to a sensor strip including a diffusion
barrier layer (DBL) on a working electrode. The
determined analyte concentration may include less bias
attributable to mediator background than the same or
another method lacking the pulse sequence including at
least 3 duty cycles within 180 seconds. Through the
use of transient current data, the concentration of
the analyte may be determined when a steady-state
condition is not reached during the excitation
portions of the duty cycles of the pulse sequence. A
data treatment may be applied to the measured currents
to determine the concentration of the analyte in the
sample. [0027] A handheld analyte measuring device is
provided for determining the concentration of an
analyte in a sample. The device includes a gated
amperometric measuring device adapted to receive a
sensor strip. The gated amperometric measuring device
includes at least two device contacts in electrical
communication with a display through electrical
circuitry. The sensor strip includes at least first
and second sensor strip contacts. The first sensor
strip contact is in electrical communication with a
working electrode and the second sensor strip contact
is in electrical communication with a counter
electrode through conductors. A first reagent layer is
on at least one of the electrodes and includes an
oxidoreductase and at least one species of a redox
pair. [0028] A handheld measuring device adapted to
receive a sensor strip is provided for determining the
concentration of an analyte in a sample. The device
includes contacts, at least one display, and
electronic circuitry establishing electrical
communication between the contacts and the display.
The circuitry includes an electric charger and a
processor, where the processor is in electrical
communication with a computer readable storage medium.
The medium includes computer readable software code,
which when executed by the processor, causes the
charger to implement a pulse sequence comprising at
least 3 duty cycles within 180 seconds between the
contacts. [0029] A method of reducing the bias
attributable to mediator background in a determined
concentration of an analyte in a sample is provided
that includes applying a pulse sequence including at
least 3 duty cycles within 180 seconds to the sample.
[0030] A method of determining the duration of a pulse
sequence including at least 3 duty cycles within 180
seconds, for determining the concentration of an
analyte in a sample is provided that includes
determining a plurality of sets of calibration
constants determinedfrom currents recorded during the
at least 3 duty cycles and determining the duration of
the pulse sequence in response to the determined
concentration of the analyte in the sample. [0031] A
method of signaling a user to add additional sample to
a sensor strip is provided that includes determining
if the sensor strip is under-filled by determining a
decay constant from currents recorded during a gated
amperometric pulse sequence and signaling the user to
add additional sample to the sensor strip if the strip
is under-filled. [0032] A method of determining the
temperature of a sample contained by a sensor strip is
provided that includes determining a decay constant
from currents recorded during a gated amperometric
pulse sequence and correlating the decay constant with
a temperature value. [0033] A method of determining
the duration of a pulse sequence for determining the
concentration of an analyte in a sample is provided
that includes determining the temperature of a sample
contained by a sensor strip from decay constants
determined from currents recorded during a gated
amperometric pulse sequence. [0034] The following
definitions are included to provide a clear and
consistent understanding of the specification and
claims. [0035] The term "analyte" is defined as one or
more substances present in a sample. The analysis
determines the presence and/or concentration of the
analyte present in the sample. [0036] The term
"sample" is defined as a composition that may contain
an unknown amount of the analyte. Typically, a sample
for electrochemical analysis is in liquid form, and
preferably the sample is an aqueous mixture. A sample
may be a biological sample, such as blood, urine, or
saliva. A sample also may be a derivative of a
biological sample, such as an extract, a dilution, a
filtrate, or a reconstituted precipitate. [0037] The
term "measurable species" is defined as any
electrochemically active species that may be oxidized
or reduced under an appropriate potential at the
working electrode of an electrochemical sensor strip.
Examples of measurable species include analytes,
oxidoreductases, and mediators. [0038] The term
"amperometry" is defined as an analysis method where
the concentration of an analyte in a sample is
determined by electrochemically measuring the
oxidation or reduction rate of the analyte at a
potential.[0039] The term "system" or "sensor system"
is defined as a sensor strip in electrical
communication through its conductors with a measuring
device, which allows for the quantification of an
analyte in a sample. 



[0040] The term "sensor strip" is defined as a device
that contains the sample during the analysis and
provides electrical communication between the sample
and the measuring device. The portion of the sensor
strip that contains the sample is often referred to as
the "cap-gap." [0041] The term "conductor" is defined
as an electrically conductive substance that remains
stationary during an electrochemical analysis. [0042]
The term "measuring device" is defined as one or more
electronic devices that may apply an electric
potential to the conductors of a sensor strip and
measure the resulting current. The measuring device
also may include the processing capability to
determine the presence and/or concentration of one or
more analytes in response to the recorded current
values. [0043] The term "accuracy" is defined as how
close the amount of analyte measured by a sensor strip
corresponds to the true amount of analyte in the
sample. In one aspect, accuracy may be expressed in
terms of bias. [0044] The term "precision" is defined
as how close multiple analyte measurements are for the
same sample. In one aspect, precision may be expressed
in terms of the spread or variance among multiple
measurements. [0045] The term "redox reaction" is
defined as a chemical reaction between two species
involving the transfer of at least one electron from a
first species to a second species. Thus, a redox
reaction includes an oxidation and a reduction. The
oxidation half-cell of the reaction involves the loss
of at least one electron by the first species, while
the reduction halfcell involves the addition of at
least one electron to the second species. The ionic
charge of a species that is oxidized is made more
positive by an amount equal to the number of electrons
removed. Likewise, the ionic charge of a species that
is reduced is made less positive by an amount equal to
the number of electrons gained. [0046] The term
"mediator" is defined as a substance that may be
oxidized or reduced and that may transfer one or more
electrons. A mediator is a reagent in an
electrochemical analysis and is not the analyte of
interest, but provides for the indirect measurement of
the analyte. In a simplistic system, the mediator
undergoes a redox reaction in response to the
oxidation or reduction of the analyte. The oxidized or
reduced mediator then undergoes theopposite reaction
at the working electrode of the sensor strip and is
regenerated to its original oxidation number. [0047]
The term "binder" is defined as a material that
provides physical support and containment to the
reagents while having chemical compatibility with the
reagents. [0048] The term "mediator background" is
defined as the bias introduced into the measured
analyte concentration attributable to measurable
species not responsive to the underlying analyte
concentration. [0049] The term "under-fill" is defined
as when insufficient sample was introduced into the
sensor strip to obtain an accurate analysis. [0050]
The term "redox pair" is defined as two conjugate
species of a chemical substance having different
oxidation numbers. Reduction of the species having the
higher oxidation number produces the species having
the lower oxidation number. Alternatively, oxidation
of the species having the lower oxidation number
produces the species having the higher oxidation
number. [0051] The term "oxidation number" is defined
as the formal ionic charge of a chemical species, such
as an atom. A higher oxidation number, such as (III),
is more positive, and a lower oxidation number, such
as (II), is less positive. [0052] The term "soluble
redox species" is defined as a substance that is
capable of undergoing oxidation or reduction and that
is soluble in water (pH 7, 25 C) at a level of at
least 1.0 grams per Liter. Soluble redox species
include electro-active organic molecules,
organotransition metal complexes, and transition metal
coordination complexes. The term "soluble redox
species" excludes elemental metals and lone metal
ions, especially those that are insoluble or sparingly
soluble in water. [0053] The term "oxidoreductase" is
defined as any enzyme that facilitates the oxidation
or reduction of an analyte. An oxidoreductase is a
reagent. The term oxidoreductase includes "oxidases,"
which facilitate oxidation reactions where molecular
oxygen is the electron acceptor; "reductases," which
facilitate reduction reactions where the analyte is
reduced and molecular oxygen is not the analyte; and
"dehydrogenases," which facilitate oxidation reactions
where molecular oxygen is not the electron acceptor.
See, for example, Oxford Dictionary of Biochemistry
and Molecular Biology, Revised Edition, A.D. Smith,
Ed., New York: Oxford University Press (1997) pp. 161,
476, 477, and 560.[0054] The term "electro-active
organic molecule" is defined as an organic molecule
lacking a metal that is capable of undergoing an
oxidation or reduction reaction. Electroactive organic
molecules may serve as mediators. [0055] The term
"organotransition metal complex," also referred to as
"OTM complex," is defined as a complex where a
transition metal is bonded to at least one carbon atom
through a sigma bond (formal charge of - 1 on the
carbon atom sigma bonded to the transition metal) or a
pi bond (formal charge of 0 on the carbon atoms pi
bonded to the transition metal). For example,
ferrocene is an OTM complex with two cyclopentadienyl
(Cp) rings, each bonded through its five carbon atoms
to an iron center by two pi bonds and one sigma bond.
Another example of an OTM complex is ferricyanide
(III) and its reduced ferrocyanide (II) counterpart,
where six cyano ligands (formal charge of - 1 on each
of the 6 ligands) are sigma bonded to an iron center
through the carbon atoms. [0056] The term
"coordination complex" is defined as a complex having
well-defined coordination geometry, such as octahedral
or square planar. Unlike OTM complexes, which are
defined by their bonding, coordination complexes are
defined by their geometry. Thus, coordination
complexes may be OTM complexes (such as the previously
mentioned ferricyanide), or complexes where non-metal
atoms other than carbon, such as heteroatoms including
nitrogen, sulfur, oxygen, and phosphorous, are
datively bonded to the transition metal center. For
example, ruthenium hexaamine is a coordination complex
having a welldefined octahedral geometry where six NH
ligands (formal charge of 0 on each of the 6 ligands)
are datively bonded to the ruthenium center. A more
complete discussion of organotransition metal
complexes, coordination complexes, and transition
metal bonding may 



be found in Collman et al., Principles and
Applications of Organotransition Metal Chemistry
(1987) and Miessler & Tarr, Inorganic Chemistry
(1991). [0057] The term "steady-state" is defined as
when the change in electrochemical signal (current)
with respect to its independent input variable
(voltage or time) is substantially constant, such as
within 10 or 5%. [0058] The term "transient point" is
defined as the current value obtained as a function of
time when an increasing rate of diffusion of a
measurable species to a conductor surface transitions
into a relatively constant rate of diffusion. Before
the transient point, the current is rapidly changing
with time. Similarly, after the transient point, the
rate of current decay becomes relatively constant,
thus reflecting the relatively constant rate of
diffusion of a measurable species to a conductor
surface.[0059] The term "relatively constant" is
defined as when the change in a current value or a
diffusion rate is within 20, 10, or 5%. [0060] The
term "average initial thickness" refers to the average
height of a layer prior to the introduction of a
liquid sample. The term average is used because the
top surface of the layer is uneven, having peaks and
valleys. [0061] The term "redox intensity" (RI) is
defined as the total excitation time divided by the
sum of the total excitation time and the total
relaxation time delays for a pulse sequence. [0062]
The term "handheld device" is defined as a device that
may be held in a human hand and is portable. An
example of a handheld device is the measuring device
accompanying Ascensia(r) Elite Blood Glucose
Monitoring System, available from Bayer HealthCare,
LLC, Tarrytown, New York. [0063] The term "on" is
defined as "above" and is relative to the orientation
being described. For example, if a first element is
deposited over at least a portion of a second element,
the first element is said to be "deposited on" the
second. In another example, if a first element is
present above at least a portion of a second element,
the first element is said to be "on" the second. The
use of the term "on" does not exclude the presence of
substances between the upper and lower elements being
described. For example, a first element may have a
coating over its top surface, yet a second element
over at least a portion of the first element and its
top coating may be described as "on" the first
element. Thus, the use of the term "on" may or may not
mean that the two elements being related are in
physical contact. BRIEF DESCRIPTION OF THE DRAWINGS
[0064] The invention may be better understood with
reference to the following drawings and description.
The components in the figures are not necessarily to
scale, emphasis instead being placed upon illustrating
the principles of the invention. Moreover, in the
figures, like referenced numerals designate
corresponding parts throughout the different views.
[0065] FIG. IA is a perspective representation of an
assembled sensor strip. [0066] FIG. IB is a top-view
diagram of a sensor strip, with the lid removed.
[0067] FIG. 2 depicts an end-view diagram of the
sensor strip of FIG. IB. [0068] FIG. 3 represents an
electrochemical analytic method of determining the
presence and concentration of an analyte in a
sample.[0069] FIGs. 4A and 4B depict a working
electrode having a surface conductor and a DBL during
the application of long and short read pulses. [0070]
FIGs. 5A-5E represent five examples of pulse sequences
where multiple duty cycles were applied to the sensor
strip after introduction of the sample. [0071] FIG. 6A
shows the transient output currents of the pulse
sequence represented in FIG. 5B for 40% hematocrit WB
samples containing 50, 100, 200, 400, and 600 mg/dL
glucose. [0072] FIG. 6B shows current contour profiles
prepared by plotting and connecting the final current
value from each of the transient current profiles
shown in FIG. 6A. [0073] FIG. 6C shows current contour
profiles prepared from transient current profiles
generated by the pulse sequence depicted in FIG. 5E.
[0074] FIG. 6D is a graph illustrating output signals
in relation to input signals for an electrochemical
system using gated amperometric pulse sequences.
[0075] FIGs. 7A and 7B are graphs illustrating the
improvement in measurement accuracy when a DBL is
combined with a short read pulse. [0076] FIGs. 7C and
7D are graphs illustrating the reduction in hematocrit
bias that may be obtained when a gated amperometric
pulse sequence is combined with a DBL. [0077] FIG. 8
plots the endpoint currents recorded at multiple duty
cycles when the pulse sequence of FIG. 5B was applied
to WB samples containing various glucose
concentrations. [0078] FIG. 9A depicts the transient
current profiles obtained from the pulse sequence
represented in FIG. 5B when a 2.0 mL sample was
introduced to 10 different sensor strips. [0079] FIG.
9B depicts the profiles of the decay rate of each
pulse sequence converted from FIG. 9A as a function of
time. [0080] FIG. 10 plots K constants determined from
a pulse sequence for glucose concentrations of 50,
100, and 400 mg/dL as a function of temperature.
[0081] FIG. 11 is a schematic representation of a
measuring device. DETAILED DESCRIPTION [0082] The
present invention makes use of the discovery that
gated amperometric pulse sequences including multiple
duty cycles may provide improved accuracy and
precision to an analysis, while reducing the
completion time of the analysis. Each duty cycle
includes an excitation that may be provided at a
relatively constant voltage. Each duty cycle
alsoincludes a relaxation that may be provided by an
open circuit. The pulse sequences of the present
invention may reduce the time required for analysis by
eliminating the need for additional delays and pulses,
such as "incubation" delays to provide reagent
rehydration, "burn-off pulses to renew the electrodes,
and mediator regeneration pulses to renew the
oxidation state of the mediator, thus reducing
analysis time. [0083] Even with shorter analysis
times, the gated amperometric pulse sequences of the
present invention may improve accuracy and/or
precision in relation to conventional methods. In one
aspect, accuracy errors introduced by the hematocrit
effect and precision errors introduced by varying
cap-gap volume may be reduced through the combination
of a 



diffusion barrier layer with the pulse sequences of
the present invention. In another aspect, errors
otherwise resulting from a non-steady-state sensor
condition and/or mediator background may be reduced.
The gated pulse sequences of the present invention
also may allow the determination of transient current
and contour profiles that simulate a steady-state
condition. The transient current profiles may be used
to provide a plurality of sets of calibration
constants, under-fill detection, and the ability to
determine the temperature of the sample, instead of
relying on the temperature from the measuring device.
[0084] FIGs. IA and IB depict a sensor strip 100,
which may be used in the present invention. FIG. IA is
a perspective representation of an assembled sensor
strip 100 including a sensor base 110, at least
partially covered by a lid 120 that includes a vent
130, a concave area 140, and an input end opening 150.
A partially-enclosed volume 160 (the cap-gap) is
formed between the base 110 and the lid 120. Other
sensor strip designs compatible with the present
invention also may be used, such as those described in
U.S. Patent Nos. 5,120,420 and 5,798,031. [0085] A
liquid sample for analysis may be transferred into the
cap-gap 160 by introducing the liquid to the opening
150. The liquid fills the cap-gap 160 while expelling
the previously contained air through the vent 130. The
cap-gap 160 may contain a composition (not shown) that
assists in retaining the liquid sample in the cap-gap.
Examples of such compositions include water-swellable
polymers, such as carboxymethyl cellulose and
polyethylene glycol; and porous polymer matrices, such
as dextran and polyacrylamide. [0086] FIG. IB depicts
a top-view of the sensor strip 100, with the lid 120
removed. Conductors 170 and 180 may run under a
dielectric layer 190 from the opening 150 to a working
electrode 175 and a counter electrode 185,
respectively. In one aspect, the working and counter
electrodes 175, 185 may be in substantially the same
plane, as depicted in thefigure. In a related aspect,
the working and counter electrodes 175, 185 may be
separated by greater than 200 or 250 mm and may be
separated from an upper portion of the lid 120 by at
least 100 mm. The dielectric layer 190 may partially
cover the electrodes 175, 185 and may be made from any
suitable dielectric material, such as an insulating
polymer. [0087] The counter electrode 185 balances the
potential at the working electrode 175 of the sensor
strip 100. In one aspect, this potential may be a
reference potential achieved by forming the counter
electrode 185 from a redox pair, such as Ag/AgCl, to
provide a combined reference-counter electrode. In
another aspect, the potential may be provided to the
sensor system by forming the counter electrode 185
from an inert material, such as carbon, and including
a soluble redox species, such as ferricyanide, within
the cap-gap 160. Alternatively, the sensor strip 100
may be provided with a third conductor and electrode
(not shown) to provide a reference potential to the
sensor system. [0088] FIG. 2 depicts an end-view
diagram of the sensor strip depicted in FIG. IB
showing the layer structure of the working electrode
175 and the counter electrode 185. The conductors 170
and 180 may lie directly on the base 110. Surface
conductor layers 270 and 280 optionally may be
deposited on the conductors 170 and 180, respectively.
The surface conductor layers 270, 280 may be made from
the same or from different materials. [0089] The
material or materials used to form the conductors 170,
180 and the surface conductor layers 270, 280 may
include any electrical conductor. Preferable
electrical conductors are non-ionizing, such that the
material does not undergo a net oxidation or a net
reduction during analysis of the sample. The
conductors 170, 180 preferably include a thin layer of
a metal paste or metal, such as gold, silver,
platinum, palladium, copper, or tungsten. The surface
conductor layers 270, 280 preferably include carbon,
gold, platinum, palladium, or combinations thereof. If
a surface conductor layer is not present on a
conductor, the conductor is preferably made from a
non-ionizing material. [0090] The surface conductor
material may be deposited on the conductors 170, 180
by any conventional means compatible with the
operation of the sensor strip, including foil
deposition, chemical vapor deposition, slurry
deposition, and the like. In the case of slurry
deposition, the mixture may be applied as an ink to
the conductors 170, 180, as described in U.S. Patent
No. 5,798,031. [0091] The reagent layers 275 and 285
may be deposited on the conductors 170 and 180,
respectively, and include reagents and optionally a
binder. The binder material is preferably a polymeric
material that is at least partially water-soluble.
Suitable partiallywater-soluble polymeric materials
for use as the binder may include poly(ethylene oxide)
(PEO), carboxy methyl cellulose (CMC), polyvinyl
alcohol (PVA), hydroxyethylene cellulose (HEC),
hydroxypropyl cellulose (HPC), methyl cellulose, ethyl
cellulose, ethyl hydroxyethyl cellulose, carboxymethyl
ethyl cellulose, polyvinyl pyrrolidone (PVP),
polyamino acids such as polylysine, polystyrene
sulfonate, gelatin, acrylic acid, methacrylic acid,
starch, maleic anhydride salts thereof, derivatives
thereof, and combinations thereof. Among the above
binder materials, PEO, PVA, CMC, and PVA are
preferred, with CMC and PEO being more preferred at
present. [0092] In addition to the binder, the reagent
layers 275 and 285 may include the same or different
reagents. In one aspect, the reagents present in the
first layer 275 may be selected for use with the
working electrode 175, while the reagents present in
the second layer 285 may be selected for use with the
counter electrode 185. For example, the reagents in
the layer 285 may facilitate the free flow of
electrons between the sample and the conductor 180.
Similarly, the reagents in the layer 275 may
facilitate the reaction of the analyte. [0093] The
reagent layer 275 may include an oxidoreductase
specific to the analyte that may facilitate the
reaction of the analyte while enhancing the
specificity of the sensor system to the analyte,
especially in complex biological samples. Examples of
some specific oxidoreductases and corresponding
analytes are given below in Table II. Table IIAt
present, especially preferred oxidoreductases for
glucose analysis include glucose oxidase, glucose
dehydrogenase, derivatives thereof, or combinations
thereof. [0094] The reagent layer 275 also may include
a mediator to more effectively communicate the results
of the analyte reaction to the surface conductor 270
and/or the conductor 170. Examples of mediators
include OTM complexes, coordination complexes, and
electro-active organic molecules. Specific examples
include ferrocene compounds, ferrocyanide,
ferricyanide, coenzymes of substituted or
unsubstituted pyrroloquinoline quinones (PQQ),
substituted or unsubstituted
3-phenylimino~3H-phenothiazines (PIPT), 3- 



phenylimino-3H-phenoxazine (PIPO), substituted or
unsubstituted benzoquinones, substituted or
unsubstituted naphthoquinones, N oxides, nitroso
compounds, hydroxylamines, oxines, flavins,
phenazines, phenazine derivatives, phenothiazines,
indophenols, and indamines. These, and other mediators
that may be included in the reagent layer may be found
in U.S. Patent Nos. 5,653,863; 5,520,786; 4,746,607;
3,791,988; and in EP Patent Nos. 0354441 and 0330517.
[0095J At present, especially preferred mediators for
glucose analysis include ferricyanide, ruthenium
hexaamine, PIPT, PIPO, or combinations thereof. A
review of useful electrochemical mediators for
biological redox systems may be found in Analytica
Clinica Acta. 140 (1982), pages 1-18. [0096] The
reagent layers 275, 285 may be deposited by any
convenient means, such as printing, liquid deposition,
or ink-jet deposition. In one aspect, the layers are
deposited by printing. With other factors being equal,
the angle of the printing blade may inversely affect
the thickness of the reagent layers. For example, when
the blade is moved at an approximately 82 angle to the
base 110, the layer may have a thickness of
approximately 10 mm. Similarly, when a blade angle of
approximately 62 to the base 110 is used, a thicker 30
mm layer may be produced. Thus, lower blade angles may
provide thicker reagent layers. In addition to blade
angle, other factors, such as the viscosity of the
material being applied as well as the screen-size and
emulsion combination, may affect the resulting
thickness of the reagent layers 275, 285. [0097] The
working electrode 175 also may include a diffusion
barrier layer (DBL) that is integral to a reagent
layer 275 or that is a distinct layer 290, such as
depicted in FIG. 2. Thus, the DBL may be formed as a
combination reagent/DBL on the conductor, as a
distinct layer on the conductor, or as a distinct
layer on the reagent layer. When the working electrode
175 includes the distinct DBL 290, the reagent layer
275 may or may not reside onthe DBL 290. Instead of
residing on the DBL 290, the reagent layer 275 may
reside on any portion of the sensor strip 100 that
allows the reagent to solubilize in the sample. For
example, the reagent layer 175 may reside on the base
110 or on the lid 120. [0098] The DBL provides a
porous space having an internal volume where a
measurable species may reside. The pores of the DBL
may be selected so that the measurable species may
diffuse into the DBL, while physically larger sample
constituents, such as RB cells, are substantially
excluded. Although conventional sensor strips have
used various materials to filter RB cells from the
surface of the working electrode, a DBL provides an
internal porous space to contain and isolate a portion
of the measurable species from the sample. [0099] When
the reagent layer 275 includes a water-soluble binder,
any portion of the binder that does not solubilize
into the sample prior to the application of an
excitation may function as an integral DBL. The
average initial thickness of a combination DBL/reagent
layer is preferably less than 30 or 23 micrometers
(mm) and more preferably less than 16 mm. At present,
an especially preferred average initial thicknesses of
a combination DBL/reagent layer is from 1 to 30 mm or
from 3 to 12 mm. The desired average initial thickness
of a combination DBL/reagent layer may be selected for
a specific excitation length on the basis of when the
diffusion rate of the measurable species from the DBL
to a conductor surface, such as the surface of the
conductor 170 or the surface of the surface conductor
270 from FIG. 2, becomes relatively constant. [00100]
Furthermore, using too thick of a DBL with a short
excitation length may delay when the diffusion rate of
the measurable species from the DBL to the conductor
surface becomes relatively constant. For example, when
duty cycles including sequential 1 second excitations
separated by 0.5 second relaxations are applied to a
working electrode using a combination DBL/reagent
layer having an average initial thickness of 30 mm, a
preferred diffusion rate may not be reached until at
least 6 duty cycles have been applied (>~10 seconds).
Conversely, when the same duty cycles are applied to a
working electrode using a combination DBL/reagent
layer having an average initial thickness of 11 mm, a
relatively constant diffusion rate may be reached
after the second excitation (-2.5 seconds). Thus,
there is an upper limit for the preferred average
initial thickness of the DBL for a given duty cycle. A
more in-depth treatment of the correlation between DBL
thickness, excitation length, and time to reach a
relatively constant diffusion rate may be found in
U.S. ProvisionalApp. No. 60/655,180, filed February
22, 2005, entitled "Concentration Determination in a
Diffusion Barrier Layer". [00101] The distinct DBL 290
may include any material that provides the desired
pore space, while being partially or slowly soluble in
the sample. In one aspect, the distinct DBL 290 may
include a reagent binder material lacking reagents.
The distinct DBL 290 may have an average initial
thickness of at least 5 mm, preferably, from 8 to 25
mm, and more preferably from 8 to 15 mm. [00102] FIG.
3 represents an electrochemical analysis 300 for
determining the presence and optionally the
concentration of an analyte 322 in a sample 312. hi
310, the sample 312 is introduced to a sensor strip
314, such as the sensor strip depicted in FIGs. IAIB
and 2. The reagent layers, such as 275 and/or 285 from
FIG. 2, begin to solubilize into the sample 312, thus
allowing reaction. At this point in the analysis, it
may be beneficial to provide an initial time delay, or
"incubation period," for the reagents to react with
the sample 312. Preferably, the initial time delay may
be from 1 to 10 seconds. A more in-depth treatment of
initial time delays maybe found in U.S. Pat. Nos.
5,620,579 and 5,653,863. [00103] During the reaction,
a portion of the analyte 322 present in the sample 312
is chemically or biochemically oxidized or reduced in
320, such as by an oxidoreductase. Upon oxidation or
reduction, electrons optionally may be transferred
between the analyte 322 and a mediator 332 in 330.
[00104] In 340, a measurable species 342, which may be
the charged analyte 322 from 320 or the charged
mediator 332 from 330, is electrochemically excited
(oxidized or reduced). For example, when the sample
312 is whole blood containing glucose that was
oxidized by glucose oxidase in 320, which then
transfers an electron to reduce a ferricyanide (III)
mediator to ferrocyaiiide (II) in 330, the excitation
of 340 oxidizes ferrocyanide (II) to ferricyanide
(III) at the working electrode. In this manner, an
electron is selectively transferred from the glucose
analyte to the working electrode of the sensor strip
where it may 



be detected by a measuring device. [00105] The current
resulting from the excitation 340 may be recorded
during the excitation 340 as a function of time in
350. In 360, the sample undergoes relaxation.
Preferably, the current is not recorded during the
relaxation 360. [00106] In 370, the excitation 340,
the recordation 350, and the relaxation 360 are
repeated at least twice for a total of at least three
duty cycles within a 180 second or lesstimefirame. The
recorded current and time values may be analyzed to
determine the presence and/or concentration of the
analyte 322 in the sample 312 in 380. [00107]
Amperometric sensor systems apply a potential
(voltage) to the sensor strip to excite the measurable
species while the current (amperage) is monitored.
Conventional amperometric sensor systems may maintain
the potential while measuring the current for a
continuous read pulse length of from 5 to 10 seconds,
for example. In contrast to conventional methods, the
duty cycles used in the electrochemical analysis 300
replace continuous, long-duration read pulses with
multiple excitations and relaxations of short
duration. [00108] The analysis 300 may increase the
accuracy and/or precision of the analyte determination
when the measurable species excited at the working
electrode in 540 is substantially drawn from the
interior of a DBL, as opposed to the measurable
species present in the cap-gap of the strip. FIGs. 4A
and 4B depict a working electrode 400 having a surface
conductor 430 and a distinct DBL 405 during the
application of a long read pulse and a short
excitation. When a WB sample is applied to the working
electrode 400, RB cells 420 cover the DBL 405. Analyte
present in the sample forms external measurable
species 410 external to the DBL 405. A portion of the
external measurable species 410 diffuses into the
distinct DBL 405 to give internal measurable species
415. [00109] As shown in FIG. 4A, when a continuous 10
second read pulse is applied to the working electrode
400, both the external and internal measurable species
410 and 415 are excited at the surface conductor 430
by a change in oxidation state. During the long read
pulse, the external measurable species 410 diffuses
through the sample region where the RB cells 420
reside and through the DBL 405 to the surface
conductor 430. Diffusion of the external measurable
species 410 through the RB cells 420 during the read
pulse introduces the hematocrit effect to the
analysis. Because a substantial portion of the
measurable species excited at the surface conductor
430 originates from outside the DBL 420, a long read
pulse applied to a sensor strip having a DBL may
perform similarly with regards to the hematocrit
effect to a short read pulse applied to a strip
lacking a DBL. [00110] Conversely, FIG. 4B represents
the situation where a short excitation is applied to
the DBL equipped sensor strip 400 to excite the
internal measurable species 415, while substantially
excluding from excitation the measurable species 410
external to the DBL 405. During the short excitation,
the measurable species 410 either remains external to
the DBL 405 or does not substantially diffuse through
the DBL to reach the surface conductor430. In this
manner, the short excitation may provide a substantial
reduction in the influence of the hematocrit effect on
the analysis. [00111] By controlling the length of
excitation at the working electrode, the measurable
species internal to the DBL may be analyzed, while the
measurable species external to the DBL may be
substantially excluded from analysis. In relation to
the surface conductor 430 of the working electrode,
the thickness and internal volume of the DBL 405 is
believed to alter the diffusion rate of the internal
measurable species 415 in relation to the diffusion
rate of the external measurable species 410. [00112]
Because the measurable species internal to the DBL may
diffuse at a different rate to the conductor of the
working electrode than the measurable species external
to the DBL, the length of the excitation at the
working electrode may select which measurable species
is preferentially analyzed. While identical from a
molecular standpoint, the different diffusion rates of
the measurable species internal and external to the
DBL may allow differentiation. [00113] While not
wishing to be bound by any particular theory, it is
presently believed that the rate of diffusion of the
measurable species from outside the DBL into the DBL
is varying, while the diffusion rate of the measurable
species from the internal volume of the DBL to the
conductor is relatively constant. The varying rate of
diffusion of the measurable species outside the DBL
may be caused by the RB cells and other constituents
present in the sample and may give rise to the
hematocrit effect. Thus, analysis errors (bias)
introduced by the sample constituents, including RB
cells, may be reduced by substantially limiting
analysis to the measurable species having a relatively
constant diffusion rate to the conductor. [00114]
Another advantage of selectively analyzing the
measurable species internal to the DBL is a reduction
of measurement imprecision from sensor strips having
varying capgap volumes. If a read pulse continues past
the time when substantially all of the measurable
species present in the cap-gap has been analyzed, the
analysis no longer represents the concentration of
measurable species in the sample, but has instead
determined the amount of measurable species in the
cap-gap; a very different measurement. As the
excitation length becomes long relative to the volume
of the cap-gap, the current measurement will depend on
the volume of the cap-gap, not the underlying analyte
concentration. Thus, long read pulses may result in
measurements that are highly inaccurate with regard to
analyte concentration when the pulse length
"overshoots" the measurable species present in the
cap-gap.[00115] As described in U.S. Provisional App.
No. 60/617,889, filed October 12, 2004, entitled
"Concentration Determination in a Diffusion Barrier
Layer," a single short read pulse or excitation may be
selected to substantially limit measurable species
excitation to a DBL. When a single excitation is used,
the length of the excitation and the thickness of the
DBL may be preferably selected so that a relatively
constant diffusion rate of the measurable species from
the DBL to the conductor surface is reached during the
excitation. If a relatively constant diffusion rate is
not reached during the excitation, the concentration
of the measurable species within the DBL may not
accurately represent the concentration of the
measurable species in the sample, thus adversely
affecting the analysis. Furthermore, the single
excitation may not effectively reduce the background
signal from the mediator. [00116] Referring to FIG. 3,
the excitation 340, the recordation 350, and the
relaxation 360 constitute a single duty cycle, which
may be applied to a sensor strip at least three times 



during a 180 second or less time period. More
preferably, at least 4, 6, 8, 10, 14, 18, or 22 duty
cycles are applied during an independently selected
120, 90, 60, 30, 15, 10, or 5 second time period. In
one aspect, the duty cycles are applied during a 5 to
60 second time period. In another aspect, from 3 to 18
or from 3 to 10 duty cycles may be applied within 30
seconds or less. In another aspect, from 4 to 8 duty
cycles may be applied within 3 to 16 seconds. [00117]
The potential applied during the excitation 340
portion of the duty cycle is preferably applied at a
substantially constant voltage and polarity throughout
its duration. This directly contrasts to conventional
read pulses where the voltage is changed or "swept"
through multiple voltage potentials and/or polarities
during data recordation. hi one aspect, the duration
of the excitation 340 is at most 4 or 5 seconds, and
preferably less than 3, 2, 1.5, or 1 second. In
another aspect, the duration of the excitation 340 is
from 0.01 to 3 seconds, from 0.01 to 2 seconds, or
from 0.01 to 1.5 seconds. More preferably, the
duration of the excitation 340 is from 0.1 to 1.2
seconds. [00118] After the excitation 340, in 360 the
measuring device may open the circuit through the
sensor strip 314, thus allowing the system to relax.
During the relaxation 360, the current present during
the excitation 340 is substantially reduced by at
least one-half, preferably by an order of magnitude,
and more preferably to zero. Preferably, a zero
current state is provided by an open circuit or other
method known to those of ordinary skill in the art to
provide a substantially zero current flow. At least 3
relaxations may be provided during the duty cycles of
the pulse sequence.[00119] In one aspect, the
relaxation 360 is at least 10, 5, 3, 2, 1.5, 1, or 0.5
seconds in duration. In another aspect, the relaxation
360 is from 0.1 to 3 seconds, from 0.1 to 2 seconds,
or from 0.1 to 1.5 seconds in duration. More
preferably, the relaxation 360 is from 0.2 to 1.5
seconds in duration and provided by an open circuit.
[00120] During the relaxation 360, the ionizing agent
may react with the analyte to generate additional
measurable species without the effects of an electric
potential. Thus, for a glucose sensor system including
glucose oxidase and a ferricyanide mediator as
reagents, additional ferrocyanide (reduced mediator)
responsive to the analyte concentration of the sample
may be produced without interference from an electric
potential during the relaxation 360. [00121] Many
conventional analysis methods continuously apply a
voltage during the duration of the read pulse. The
applied voltage may have a fixed potential or may have
a potential that is swept from a positive to a
negative potential or from a positive or a negative
potential to a zero potential relative to a potential.
Even at a zero relative potential, these methods
continuously draw current from the sensor strip during
the read pulse, which permits the electrochemical
reaction to continue throughout the read pulse. Thus,
the reaction that produces measurable species
responsive to the analyte concentration and the
diffusion of the measurable species to the working
electrode are both affected by current during the zero
potential portion of a conventional read pulse.
[00122] Conventional methods that continuously apply
voltage to and draw current from the sensor strip,
even at a zero potential in relation to a potential,
are fundamentally different from the relaxations of
the present invention. The multiple duty cycles
applied by the present invention also are markedly
different from conventional methods that use a single
long duration pulse with multiple measurements, such
as those disclosed in U.S. Pat. No. 5,243,516, due to
the multiple relaxations of the present invention. In
contrast to these conventional methods, each duty
cycle of the pulse sequences of the present invention
provides an independent diffusion and analyte reaction
time during the relaxation. [00123] FIGs. 5A-5E depict
five examples of gated amperometric pulse sequences
where multiple duty cycles were applied to the sensor
strip after introduction of the sample. In these
examples, square-wave pulses were used; however, other
wave types compatible with the sensor system and the
test sample also may be used. FIGs. 5C-5D depict pulse
sequences including multiple duty cycles having the
same excitation and open circuit delay times.[00124]
FIGs. 5A-5B depict pulse sequences that include 9 duty
cycles having the same excitation and open circuit
delay times in addition to a terminal read pulse 510
of longer duration that increases in voltage. The
increased voltage of this terminal read pulse provides
the ability to detect a species having a higher
oxidation potential. A more complete discussion
regarding terminal read pulses may be found in U.S.
Provisional App. No. 60/669,729, filed April 8, 2005,
entitled "Oxidizable Species as an Internal Reference
in Control Solutions for Biosensors." [00125] FIG. 5A
depicts a 9 duty cycle pulse sequence where 0.5 second
excitations are separated by 1 second open circuit
delays to give a redox intensity (RI) of 0.357 (5/14).
Thus, in FIG. 5A, the second duty cycle has an
excitation portion 520 and a relaxation portion 530.
FIG. 5B depicts a 9 duty cycle pulse sequence where 1
second excitations are separated by 0.5 second open
circuit delays to give a RI of 0.69 (10/14.5). FIG. 5C
depicts an 7 duty cycle pulse sequence where 1 second
excitations are separated by 1 second open circuit
delays to give a RI of 0.53 (8/15). A terminal read
pulse 540 of the same duration and voltage as those
used during the 7 duty cycles was applied. FIG. 5D
depicts a 6 duty cycle pulse sequence where 1.5 second
excitations are separated by 1 second open circuit
delays to give a RI of 0.636 (10.5/16.5). As in FIG.
5C, the terminal read pulse 540 of the same duration
and voltage as the prior duty cycle pulses was
applied. FIG. 5E depicts a 7 duty cycle pulse sequence
where relatively short 0.25 second excitations are
separated by relatively long 1.5 second relaxations.
The FIG. 5E pulse sequence begins with an initial 1
second pulse 550 and ends with the 1.25 second
terminal read pulse 540 to provide a RI of 0.25
(4/16). [00126] The higher the RI for a pulse
sequence, the less background will be introduced into
the analysis by the mediator. The pulse sequences
represented in FIGs. 5A-5E are oxidative pulses,
designed to excite (i.e. oxidize) a reduced mediator,
which is the measurable species. Thus, the greater the
oxidative current applied to the sensor strip in a
given time period, the less chance that mediator
reduced by pathways other than oxidation of the
analyte is contributing to the recorded current
values. [00127] Table III, below, provides the slope,
intercept, and ratio of intercept-to-slope for the
contour profiles of the last four duty cycles of pulse
sequences (a) and (b). Pulse 



sequence (a) was:9 x (0.5 sec on + 1.0 sec off) + 0.5
sec = 14 sec, RI = 5/14 = 0.357. Pulse sequence (b)
was: 9 x (1.0 sec on + 0.375 sec off) + 1.0 sec =
13.375 sec, RI = 10/13.375 = 0.748 Table III [00128]
The intercept-to-slope ratios provide an indication of
the amount of background signal attributable to the
mediator, with higher ratio values indicating a
greater proportion of the recorded signal attributable
to mediator background. Thus, while the pulse
frequency (number of excitations / total assay time in
seconds) of sequences (a) and (b) are similar at about
0.7 sec 1 , the increase in RI provided by pulse
sequence (b) provides less than half as much
background signal. In combination, the multiple
excitations of the pulse sequence may eliminate the
need for an initial pulse to renew the oxidation state
of the mediator. While the background current may be
influenced by the mediator, for ferricyanide, pulse
sequences having RI values of at least 0.01, 0.3, 0.6,
or 1 are preferred, with RI values of from 0.1 to 0.8,
from 0.2 to 0.7, or from 0.4 to 0.6 being more
preferred. [00129] Referring back to FIG. 3, in 350
the current passing through the conductors of the
sensor strip 314 for each duty cycle of the pulse
sequence may be recorded as a function of time. FIG.
6A shows the output currents plotted as a function of
time for the pulse sequence represented in FIG. 5B for
40% hematocrit WB samples containing 50, 100, 200,
400, and 600 mg/dL glucose. Instead of a conventional
long duration read pulse resulting in extensive
oxidation of the measurable species, each excitation
is followed by a break in the current profile. [00130]
hi FIG. 6A, when the output currents are plotted as a
function of time, each excitation results in a
transient current profile having an initial high
current value that decays over time. Preferably, the
duty cycles include short, independent excitations and
relaxations that inhibit the system from reaching a
steady-state or a slow current decay condition
duringeach excitation, as required during the read
pulse of conventional systems. Instead of conventional
steady-state or slowly decaying currents, transient
(rapidly decaying) current values are obtained from
the gated amperometric pulse sequences because the
electrochemical reaction of the measurable species at
the working electrode is faster than the rate at which
the measurable species is supplied to the working
electrode by diffusion. [00131] FIG. 6B shows a
contour profile plot prepared by connecting the final
current value from each of the transient current
profiles (i.e. the final current value from each
excitation) shown in FIG. 6A. The contour profile may
be used to simulate the data obtained from a
conventional system at steady-state, where the current
change with time is substantially constant. [00132]
The transient current profiles obtained from gated
amperometric pulse sequences and the derived contour
current values are fundamentally different from the
current profiles obtained from a conventional analysis
using a single read pulse. While currents recorded
from a single read pulse derive from a single
relaxation/diffusion, each time point in the contour
profile of the transient currents originates from an
excitation after an independent relaxation/diffusion
process. Furthermore, as the length of an excitation
increases, the correlation between the current and the
analyte concentration may decrease, often due to the
hematocrit effect. Thus, the accuracy of an analysis
using multiple, short excitations may be increased in
comparison to an analysis using a longer read pulse
having the duration of the multiple excitations
combined. [00133] Referring back to FIG. 6A, a
transient point 605 is reached in the current profile
when the last in time current value obtained for an
excitation represents the greatest last in time
current value obtained for any excitation. Thus, for
FIG. 6A the transient point is reached at
approximately 5 seconds. For each of the glucose
concentrations, equilibrium with regards to DBL
re-hydration may be reached at the highest current
value in the contour profile for each glucose
concentration. Thus, when the transient currents of
FIG. 6A are converted to contour currents in FIG. 6B,
reading 610 (highest) and 620 (lower) establish that
equilibrium was reached regarding diffusion of the
measurable species into the DBL and re hydration of
the DBL at about five seconds for the 600 mg/dL
glucose concentration. [00134] Current values recorded
at a relatively constant diffusion rate minimize
inaccuracies that would otherwise be introduced by
variations in the rehydration and diffusion rates of
the reagents. Thus, once a relatively constant
diffusion rate is reached, the recorded current values
more accurately correspond to the concentration of the
measurablespecies, and thus the analyte. Furthermore,
for FIG. 6B, the complete analysis may be completed in
as few as seven seconds because once the highest
current value 610 of the contour profile is known, its
value may be directly correlated to the analyte
concentration. Additional data points may be obtained
to reduce background error attributable to the
mediator, as previously discussed. [00135] FIG. 6C
shows current contour profiles prepared from transient
current profiles generated by the pulse sequence
depicted in FIG. 5E. During each 0.25 second
excitation, current values were recorded at the middle
(-0.125 second) and end (~0.25 second), which may be
used to determine a decay constant. Using the longer
initial pulse with the short excitations and
relatively long relaxations, the analysis may be
completed in about four seconds. [00136] FIG. 6D is a
graph illustrating output signals in relation to input
signals for an electrochemical system using gated
amperometric pulse sequences. The input signals are
potentials applied to a sample of biological fluid.
The input signals include a polling input signal and
an assay input signal. The output signals are currents
generated from the sample. The output signals include
a polling output signal and an assay output signal.
The sample generates the assay output signal from a
redox reaction of glucose in whole blood in response
to the assay input signal. The input and output
signals may be for a biosensor having working and
counter electrodes. Other biosensors may be used
including those with additional electrodes and
different configurations. Other analyte concentrations
may be measured including those in other biological
fluids. Other output signals may be generated
including those that decline initially and those that
decline in all pulses. [00137] Ia use, a sample of the
biological fluid is deposited in a biosensor. The
biosensor applies a polling signal to the sample from
about -1.25 seconds through about 0 seconds. The
pulses have a pulse width of about 5 - 10 ms and a
pulse interval of about 125 



ms. The biosensor generates a polling output signal in
response to the polling input signal. The biosensor
measures the polling output signal. The biosensor may
have a potentiostat that provides the polling output
signal to the input of an analog comparator. [00138]
When the polling output signal is equal to or greater
than a polling threshold, the biosensor applies the
assay input signal to the electrodes from about 0
seconds through about 7 seconds. The polling threshold
valve may be about 250 nA. The comparator may compare
the polling output signal to the polling threshold
value. When the polling outputsignal exceeds the
polling threshold value, the output signal of the
comparator may trigger the launch of the assay input
signal. [00139] During the assay input signal, the
biosensor applies a duty cycle with a first pulse
having a potential of about 400 mV for about 1 sec to
the working and counter electrodes. The first pulse is
followed by a 0.5 sec relaxation, which may be an
essentially open circuit or the like. The assay output
signal or current within the first pulse is measured
and stored in a memory device. The biosensor may apply
a second pulse to the working and counter electrodes
at about 200 mV for about 1 sec. The assay output
signal or current within the second pulse is measured
and stored in a memory device. The biosensor continues
applying pluses from the assay input signal to the
working and counter electrodes until the end of the
assay period or for as long as desired by the
biosensor. The assay period may be about 7 seconds.
The biosensor may measure and store assay output
signal or current within each pulse. [00140] The
polling input signal is an electrical signal, such as
current or potential, that pulses or turns on and off
at a set frequency or interval. The sample generates a
polling output signal in response to the polling input
signal. The polling output signal is an electrical
signal, such as current or potential. The biosensor
may show the polling output signal on a display and/or
may store the assay output signal in a memory device.
The biosensor may apply the polling signal to detect
when a sample connects with the electrodes. The
biosensor may use other methods and devices to detect
when a sample is available for analysis. [00141] The
polling input signal is duty cycle in which a sequence
of polling pulses is separated by polling relaxations.
During a polling pulse, the electrical signal is on.
During a polling relaxation, the electrical signal is
off. On may include time periods when an electrical
signal is present. Off may include time periods when
an electrical signal is not present. Off may not
include time periods when an electrical signal is
present but has essentially no amplitude. The
electrical signal may switch between on and off by
closing and opening an electrical circuit,
respectively. The electrical circuit may be opened and
closed mechanically, electrically, or the like.
[00142] A polling input signal may have one or more
polling pulse intervals. A polling pulse interval is
the sum of a polling pulse and a polling relaxation.
Each polling pulse has an amplitude and a polling
pulse width. The amplitude indicates the intensity of
the potential, the current, or the like of the
electrical signal. The amplitude may vary or be a
constant during the polling pulse. The polling pulse
width is the time duration of a pollingpulse. The
polling pulse widths in a polling input signal may
vary or be essentially the same. Each polling
relaxation has a polling relaxation width, which is
the time duration of a polling relaxation. The polling
relaxation widths in a polling input signal may vary
or be essentially the same. [00143] The polling input
signal may have a polling pulse width of less than
about 300 milliseconds (ms) and a polling pulse
interval of less than about 1 sec. The polling input
signal may have a polling pulse width of less than
about 100 ms and a polling pulse interval of less than
about 500 ms. The polling input signal may have a
polling pulse width in the range of about 0.5 ms
through about 75 ms and a polling pulse interval in
the range of about 5 ms through about 300 ms. The
polling input signal may have a polling pulse width in
the range of about 1ms through about 50 ms and a
polling pulse interval in the range of about 10 ms
through about 250 ms. The polling input signal may
have a polling pulse width of about 5 ms and a polling
pulse interval of about 125 ms. The polling input
signal may have other pulse widths and pulse
intervals. [00144] The biosensor may apply the polling
input signal to the sample during a polling period.
The polling period may be less than about 15 minutes,
5 minutes, 2 minutes, or 1 minute. The polling period
may be longer depending upon how a user uses the
biosensor. The polling period may be in the range of
about 0.5 second (sec) through about 15 minutes. The
polling period may be in the range of about 5 sec
through about 5 minutes. The polling period may be in
the range of about 10 sec through about 2 minutes. The
polling period may be in the range of about 20 sec
through about 60 sec. The polling period may be in the
range of about 30 through about 40 sec. The polling
period may have less than about 200, 100, 50, or 25
pulse intervals. The polling period may have from
about 2 through about 150 pulse intervals. The polling
period may have from about 5 through about 50 pulse
intervals. The polling period may have from about 5
through about 15 pulse intervals. The polling period
may have about 10 pulse intervals. Other polling
periods may be used. [00145] The biosensor applies the
assay input signal when the polling output signal is
equal to or greater than a polling threshold. The
polling threshold may be greater than about 5 percent
(%) of the expected assay input signal at the
beginning of the first pulse. The polling threshold
may be greater than about 15% of the expected assay
input signal at the beginning of the first pulse. The
polling threshold may be in the range of about 5
percent (%) through about 50% of the expected assay
input signal at the beginning of the first pulse.Other
polling thresholds may be used. The biosensor may
indicate the polling output signal is equal to or
greater than the polling threshold on a display.
[00146] The assay input signal is an electrical
signal, such as current or potential, that pulses or
turns on and off at a set frequency or interval. The
sample generates an assay output signal in response to
the assay input signal. The assay output signal is an
electrical signal, such as current or potential.
[00147] The assay input signal is a sequence of assay
pulses separated by assay relaxations. During an assay
pulse, the electrical signal is on. During an assay
relaxation, the electrical signal is off. On includes
time periods when an electrical signal is present. Off
includes time periods when an electrical signal is not
present and does not include time periods when an
electrical signal is present but has essentially no
amplitude. The electrical signal switches between on
and off by closing and opening an electrical circuit,
respectively. 



The electrical circuit may be opened and closed
mechanically, electrically, or the like. [00148] An
assay input signal may have one or more assay pulse
intervals. An assay pulse interval is the sum of an
assay pulse and an assay relaxation. Each assay pulse
has an amplitude and an assay pulse width. The
amplitude indicates the intensity of the potential,
the current, or the like of the electrical signal. The
amplitude may vary or be a constant during the assay
pulse. The assay pulse width is the time duration of
an assay pulse. The assay pulse widths in an assay
input signal may vary or be essentially the same. Each
assay relaxation has an assay relaxation width, which
is the time duration of an assay relaxation. The assay
relaxation widths in an assay input signal may vary or
be essentially the same. [00149] The assay input
signal may have an assay pulse width of less than
about 5 sec and an assay pulse interval of less than
about 15 sec. The assay input signal may have an assay
pulse width of less than about 3, 2, 1.5, or 1 sec and
an assay pulse interval of less than about 13, 7, 4,
3, 2.5, or 1.5 sec. The assay input signal may have an
assay pulse width in the range of about 0.1 sec
through about 3 sec and an assay pulse interval in the
range of about 0.2 sec through about 6 sec. The assay
input signal may have an assay pulse width in the
range of about 0.1 sec through about 2 sec and an
assay pulse interval in the range of about 0.2 sec
through about 4 sec. The assay input signal may have
an assay pulse width in the range of about 0.1 sec
through about 1.5 sec and an assay pulse interval in
the range of about 0.2 sec through about 3.5 sec. The
assay input signal may have an assay pulse width in
the range of about 0.4 sec through about 1.2 sec and
an assay pulse interval in the range of about 0.6 sec
through about 3.7 sec. The assay input signal may have
an assay pulse width in therange of about 0.5 sec
through about 1.5 sec and an assay pulse interval in
the range of about 0.75 sec through about 2.0 sec. The
assay input signal may have an assay pulse width of
about 1 sec and an assay pulse interval of about 1.5
sec. The assay input signal may have other pulse
widths and pulse intervals. [00150] The biosensor
applies the assay input signal to the sample during an
assay period. The assay period may have the same or a
different duration than the polling period. The assay
period of the assay input signal may be less than
about 180, 120, 90, 60, 30, 15, 10, or 5 sec. The
assay period may be in the range of about 1 sec
through about 100 sec. The assay period may be in the
range of about 1 sec through about 25 sec. The assay
period may be in the range of about 1 sec through
about 10 sec. The assay period may be in the range of
about 2 sec through about 3 sec. The assay period may
be about 2.5 sec. The assay period may have less than
about 50, 25, 20, 15, 10, 8, 6, or 4 assay pulse
intervals. The assay period may have assay pulse
intervals in the range of about 2 through about 50.
The assay period may have assay pulse intervals in the
range of about 2 through about 25. The assay period
may have assay pulse intervals in the range of about 2
through about 15. The assay period may have about 10
assay pulse intervals. Other assay periods may be
used. [00151] FiGs. 7A and 7B are graphs illustrating
the improvement in measurement accuracy when a DBL is
combined with a short read pulse. Whole blood samples
were combined with ferrocyanide in a 1:5 dilution
ratio to represent an underlying glucose concentration
and measured with a 1 second read pulse. Thus, the
initial 20%, 40%, and 60% hematocrit WB samples were
diluted to 16%, 32%, and 48% hematocrit (a 20%
reduction of all three hematocrit values). The 20%,
40%, and 60% lines represent the current measured for
the blood samples containing 16%, 32%, and 48%
hematocrit, respectively. [00152] FIG. 7A shows the
inaccuracies introduced by the hematocrit and other
effects from a bare conductor sensor strip lacking a
DBL. The inaccuracy is represented as the difference
between the 20% and 60% hematocrit lines (the total
hematocrit bias span) and represents the maximum
measurement inaccuracy attributable to the hematocrit
effect. Smaller bias values represent a more accurate
result. Similar performance was observed when a DBL
was used with a longer read pulse as discussed above
with regard to FIG. 4A. [00153] Conversely, FIG. 7B
shows a marked decrease in the distance between the
20% and 60% calibration lines when a DBL is combined
with a 1 second read pulse. A distinct DBL of PEO
polymer and 10% KCl (without reagents) was printed on
a conductor as used for FIG. 7A above. The total bias
hematocrit span with the DBL/short read pulse
wasnearly two-thirds less than the total bias span
without the DBL. Thus, pulse sequences including
multiple duty cycles in combination with a DBL may
significantly increase measurement accuracy and
provide a desirable reduction in mediator background.
[00154] FIGs. 7C and 7D illustrate the reduction in
hematocrit bias that may be obtained when a gated
amperometric pulse sequence is combined with a DBL.
FIG. 7C demonstrates that the measurement bias
attributable to hematocrit effect is within 5% when a
DBL was combined with the pulse sequence of FIG. 5E
and the current values were recorded at 14.875 seconds
or 0.125 seconds from the last pulse. For comparison,
FIG. 7D establishes that bias increases to 15% when
current value at 16 seconds (1.25 seconds from the
last pulse) is used to determine the glucose
concentration of the sample. Thus, the longer the
duration of the excitation, the greater the hematocrit
bias observed. [00155] In addition to the ability of
the present invention to reduce inaccuracy from the
hematocrit effect and mediator background signal, the
combination of the transient current profile of each
excitation and the resulting contour profiles may be
used to provide multiple sets of calibration constants
to the sensor system, thus increasing the accuracy of
the analysis. Each set of calibration constants
obtained may be used to correlate a specific current
reading to a specific concentration of measurable
species in the sample. Thus, in one aspect, an
increase in accuracy may be obtained by averaging the
glucose values obtained using multiple sets of
calibration constants. [00156] Conventional
electrochemical sensor systems generally use one set
of calibration constants, such as slope and intercept,
to convert current readings into corresponding
concentration of the analyte in the sample. However, a
single set of calibration constants may result in
inaccuracies in the analyte concentration determined
from the recorded current values because random noise
is included in the measurement. [00157] By talcing the
current value at a fixed time within each duty cycle
of the pulse sequences of the present invention,
multiple sets of calibration constants may be
established. FIG. 8 plots the endpoint currents
recorded at 8.5, 10, 11.5, 13, and 14.5 seconds (duty
cycles 6-9 and first portion of the terminal read
pulse) when the pulse sequence depicted in FIG. 5B was
applied to WB samples containing various glucose
concentrations. Each of these five 



calibration lines are independent of the other and may
be used in at least two ways. [00158] First, the
multiple sets of calibration constants may be used to
determine the number of duty cycles that should be
applied during the pulse sequence to obtain the
desired accuracy, precision, and assay time. For
example, if the current values obtained from the
firstthree excitations indicate a high glucose
concentration, such as >150 or 200 mg/dL, the sensor
system may terminate the analysis at about 5.5
seconds, thus considerably shortening the time
required for the analysis. Such a shortening may be
possible because imprecision at high glucose
concentrations is typically less than at lower glucose
concentrations. Conversely, if the current values
obtained from the first three excitations indicate a
low glucose concentration, such as <150 or 100 mg/dL,
the sensor system may extend the analysis to greater
than 7, such as greater than 8 or 10 seconds, to
increase the accuracy and/or precision of the
analysis. [00159] Second, the multiple sets of
calibration constants may be used to increase the
accuracy and/or precision of the analysis by
averaging. For example, if the target glucose
measurement time is 11.5 seconds, the currents at 8.5,
10, and 11.5 seconds can be utilized to calculate the
glucose concentrations using the slopes and intercepts
from the corresponding calibration lines; therefore, G
5 = (i8.5 - Int8.5)/Slope8.5, G10 (i10 -
Intio)/Slopeio, and Gn. 5 = (ip.5 - Intp.5)/Slope p.5.
Theoretically, these three glucose values should be
equivalent, differing only by random variations. Thus,
the glucose values G 5, Gi0, and G1 5 may be averaged
and the final glucose value of (Gs.5 + Gi0 + Gp.5)/3
may be calculated. Averaging the values from the
calibration lines may provide a reduction in noise at
the rate of 1/L/3). [00160] An unexpected benefit of
gated amperometric pulse sequences including
relatively short excitations and relatively long
relaxations, such as that depicted in FIG. 5E, is the
ability to simplify calibration. While the multiple
sets of calibration constants that may be obtained
from the transient and contour profiles may provide an
advantage to the accuracy of the analysis, a pulse
sequence such as depicted in FIG. 5E may provide
similar accuracy to that obtained using multiple sets
of calibration constants from a single set of
calibration constants. While not intending to be bound
by any particular theory, this result may be
attributable to the relatively long relaxation times
in comparison to the short relaxations. The long
relaxation times may provide a state where the average
rate of measurable species conversion during the
excitation is balanced by the rate of measurable
species diffusion into the DBL. In this manner, the
multiple sets of calibration constants may collapse
into a single set and the conversion of the recorded
data into an analyte concentration may be simplified
by carrying out the averaging process on the recorded
current data before determining the analyte
concentration. [00161] The combination of the
transient current profile of each excitation and the
resulting contour profiles also may be used to
determine if the sensor strip has been underfilled
with sample, thus allowing the user to add additional
sample to the sensor strip. In addition to working and
counter electrodes, conventional sensor systems may
determine an under- fill condition through the use of
a third electrode or electrode pair; however, the
third electrode or electrode pair adds complexity and
cost to the sensor system. [00162] Conventional two
electrode systems may be able to recognize that an
analysis is "bad," but may not determine if the reason
for the failed analysis was caused by under- fill or a
defective sensor strip. The ability to determine if
under-fill caused the failure of the analysis is
beneficial because it may be corrected by adding
additional sample to the same sensor strip and
repeating the analysis, thus preventing a good strip
from being discarded. [00163] FIG. 9A depicts the
transient current profiles obtained from the pulse
sequence represented in FIG. 5B for 10 analyses, each
using a different sensor strip, where 2.0 mL of sample
was introduced to the strip. Depending on the filling
speed and the cap-gap volume of a specific sensor
strip, 2.0 mL of sample may or may not be enough to
fill the strip. [00164] hi FIG. 9B the transient
current profiles of FIG. 9A were converted to contour
profiles of decay rate as a function of time hi one
aspect, the decay rate maybe represented as a K
constant determined by either of the following
equations: m (?ai25 ) - m (A.o) K1 = In(Z0 125 ) - In
( 1-0 ) where the 0.125, 0.5, and 1.0 values are in
seconds. Thus, using the K constant of a decay
process, the current profiles of FIG. 9A may be
converted into the decay constant profiles of FIG. 9B.
[00165] FIG. 9B establishes that a substantial
difference exists between the decay profiles of the
under-filled sensors and the normal-filled sensors,
especially in the time range of 3 to 7 seconds.
Under-fill may b e determined from the decay constant
profiles by comparing the difference between the
actual decay constant and a previously selected value.
For example, if -0.1 is selected as the upper limit
for a normal-filled sensor with regard to FIG. 9B, any
Ki constant having a value lower than -0.1 determined
from excitations during the 3 to 5 second time period
may be considered normal-filled. Similarly, any sensor
having a Ki value higher than -0.1 may be considered
under-filled. In this manner, the under-fill may be
determined in response to a decay rate obtained from a
transient current profile.[00166] Thus, in FIG. 9B the
sensor strips represented by series 3 and 8 were
sufficiently filled, while the eight sensor strips
represented by series 1-2, 4-7, and 9-10 were
under-filled. In this manner, the gated amperometric
pulse sequences of the present invention allowed for
under-fill detection in a two-electrode sensor strip,
a function typically requiring a third electrode for
conventional sensor systems. Furthermore, the
under-fill determination was made in less than ten
seconds, providing time for the measuring device to
signal the user, such as by sending a signal to a
light emitting device or a display, to add more sample
to the strip. [00167] Because under-fill may be
determined from the transient current profiles, the
same current values used to determine the presence
and/or concentration of the analyte may be used to
determine if an under-fill condition exists. Thus,
under-fill may be determined during the multiple duty
cycles of the pulse sequence without lengthening the
duration of the electrochemical analysis beyond that
required for concentration determination. [00168] The
combination of the transient current profile of each
excitation and the resulting contour profile also may
be used to determine if a change in the temperature of
the sample may adversely affect the analysis.
Conventional sensor systems include a thermistor in
the measuring device or on the strip to provide the
temperature of the device or strip, 



respectively. While this temperature is an
approximation of the sample temperature, typically,
the device or strip is at a different temperature than
the sample. The temperature difference between the
device or strip and the sample may introduce bias into
the analysis. [00169] By determining a decay rate,
such as with a K constant as previously discussed, the
temperature of the sample may be determined. FIG. 10
depicts K constants plotted as a function of
temperature that were obtained from the fifth
excitation of a pulse sequence for glucose
concentrations of 50, 100, and 400 mg/dL. The plots
establish that the decay rate increased in absolute
value with increasing temperature. While not wishing
to be bound by any particular theory, this phenomenon
may be attributed to lower temperatures slowing down
the diffusion rate of the various constituents present
in the cap-gap hi this manner, the temperature of a
sample may be determined in response to a decay rate
obtained from a transient current profile. [00170]
Because sample temperature may be determined from the
transient current profiles, the same current values
used to determine the presence and/or concentration of
the analyte may be used to determine the temperature
of the sample. Thus, the temperature of the sample may
be determined during the multiple duty cycles of the
pulse sequence withoutlengthening the duration of the
electrochemical analysis beyond that required for
concentration determination. [00171] In one aspect,
the temperature of the sample may be determined by
solving for K by the following equation: In z , -InL K
=- 0.125 0.375 ln(0.125)-ln(0.375) where zo.125 and
0.375 are the currents at 0.125 and 0.375 seconds from
the excitation most sensitive to temperature change,
such as the excitation generating the most sensitive
current decay with respect to the temperature change.
In(0. 125) and In(0.375) are the natural logarithmic
terms of the times at 0.125 and 0.375 seconds,
respectively. From the plot of these K constants
verses temperature, as depicted in FIG. 10, the
temperature of the sample may be determined by the
correlation function of the plot. The correlation
function may be a polynomial fit of the curve. The
temperature determined from this plot may be different
from the temperature of the device and may more
accurately reflect the temperature of the sample.
[00172] An advantage of determining the temperature of
the sample, as opposed to the device, is that the
length of the analysis may be adjusted to allow
sufficient time for the rehydration of a DBL to reach
equilibrium, thus increasing the accuracy of the
analysis. For example, if the temperature of the
sample determined during the pulse sequence is at
least 5 or 10 C below ambient temperature, the pulse
sequence may be lengthened, such as with additional
duty cycles. [00173] FIG. 11 is a schematic
representation of a measuring device 1100 including
contacts 1120 in electrical communication with
electrical circuitry 1110 and a display 1130. In one
aspect, the measuring device 1100 is portable and is
adapted to be handheld and to receive a sensor strip,
such as the strip 100 from FIG. IA. In another aspect,
the measuring device 1100 is a handheld measuring
device adapted to receive a sensor strip and implement
gated amperometric pulse sequences. [00174] The
contacts 1120 are adapted to provide electrical
communication with the electrical circuitry 1110 and
the contacts of a sensor strip, such as the contacts
170 and 180 of the sensor strip 100 depicted in FIG.
IB. The electrical circuitry 1 1 10 may include an
electric charger 1150, a processor 1140, and a
computer readable storage medium 1145. The electrical
charger 1150 may be a potentiostat, signal generator,
or the like. Thus, the charger 1150 may apply a
voltage to the contacts 1120 while recording the
resulting current to function as a
charger-recorder.[00175] The processor 1140 may be in
electrical communication with the charger 1150, the
computer readable storage medium 1145, and the display
1130. If the charger is not adapted to record current,
the processor 1140 may be adapted to record the
current at the contacts 1120. [00176] The computer
readable storage medium 1145 may be any storage
medium, such as magnetic, optical, semiconductor
memory, and the like. The computer readable storage
medium 1145 may be a fixed memory device or a
removable memory device, such as a removable memory
card. The display 1130 may be analog or digital, in
one aspect a LCD display adapted to displaying a
numerical reading. [00177] When the contacts of a
sensor strip containing a sample are in electrical
communication with the contacts 1120, the processor
1140 may direct the charger 1150 to apply a gated
amperometric pulse sequence to the sample, thus
starting the analysis. The processor 1140 may start
the analysis in response to the insertion of a sensor
strip, the application of a sample to a previously
inserted sensor strip, or in response to a user input,
for example. [00178] Instructions regarding
implementation of the gated amperometric pulse
sequence may be provided by computer readable software
code stored in the computer readable storage medium
1145. The code may be object code or any other code
describing or controlling the functionality described
in this application. The data that results from the
gated amperometric pulse sequence may be subjected to
one or more data treatments, including the
determination of decay rates, K constants, slopes,
intercepts, and/or sample temperature in the processor
1140 and the results, such as a corrected analyte
concentration, output to the display 1130. As with the
instructions regarding the pulse sequence, the data
treatment may be implemented by the processor 1140
from computer readable software code stored in the
computer readable storage medium 1145. [00179] Without
limiting the scope, application, or implementation,
the methods and systems previously described may b e
implemented using the following algorithm: [00180]
Step 1: Turn on biosensor power [00181] Step 2 :
Perform biosensor self-test [00182] Step 3: Setup to
poll for application of sample to sensor Set ASIC
polling potential to vpon Set ASIC threshold level to
trigger Set polling periodic timer to expire at
intpon[00183] Step 4 : Setup for assaying the sensor
current 



Wait for polling periodic timer to expire Enable ASIC
charge pump Enable ASIC threshold detector (itrigger)
Enable polling potential (vpoii) Select sensor channel
which applies potential to sensor Wait for settling
time tpoli [00184] Step 5 Test if the sensor current
exceeds the threshold [00185] Step 6 Delay and test
sensor current again [00186] Step 7 Upon detection of
Sample Application start counting time launch pulse
sequence [00187] Step 8: Pulse 1 - Measure sensor
currents iij and i 1 8 Pulse 1 starts at time tp l Set
Pulse 1 duration to dp l Set Pulse 1 sensor potential
to vp l Select sensor channel to apply potential to
sensor At time t l l 5 measure sensor signal, save
value as ADs 1 1 At time t l 8, measure sensor signal,
save value as ADsis [00188] Step 9 : Delay 1 -
Re-standardize electronics Delay 1 starts at end of
AD2 reading, disconnect sensor channel Delay 1 ends at
beginning of Pulse 2 Set potential to Vstandardize At
time tc i, select reference resistor channel then
measure signal, save value as A D R 1 At time tc2,
select offset channel then measure signal, save value
as ADo i Note: sensor currents starting at Pulse 1 are
calculated from the A D R I and ADo i measurements
[00189] Step 10: Pulse 2 - Measure sensor currents i2
i and i2,8 Pulse 2 starts at time tp2 Set Pulse 2
duration to dp2Set Pulse 2 sensor potential to vp2
Select sensor channel to apply potential to sensor At
time t2 1, measure sensor signal, save value as ADs 2
I At time t2 8, measure sensor signal, save value as
ADs 2 [00190] Step 11: Delay 2 - Delay 2 starts at end
OfADs 3 reading, disconnect sensor channel Delay 2
ends at beginning of Pulse 3 Select offset channel to
disconnect sensor [00191] Step 12: Pulse 3 - Measure
sensor currents: i3 1 and i3 8 Pulse 3 starts at time
tp3 Set Pulse 3 duration to dp3 Set Pulse 3 sensor
potential to vp3 Select sensor channel to apply
potential to sensor At time t3 , measure sensor
signal, save value as ADs 3I At time t3>8 , measure
sensor signal, save value as ADs 38 [00192] Step 13:
Delay 3 - T1 and iwet Delay 3 starts at end of ADs 3
reading, disconnect sensor channel Delay 3 ends at
beginning of Pulse 4 Set potential to Vstandardize At
time tC3 , select thermistor channel then measure
signal, save value as A D T 1 At time twet, select
offset channel then measure signal, save value as
ADwet [00193] Step 14: Pulse 4 - Measure sensor
currents: i4 l i4 4 and i4 8 Pulse 4 starts at time
tp4 Set Pulse 4 duration to dp4 Set Pulse 4 sensor
potential to vp4 Select sensor channel to apply
potential to sensor At time ,\ , measure sensor
signal, save value as ADs 4 I At time t4 4, measure
sensor signal, save value as ADs 44 At time t4>8,
measure sensor signal, save value as ADs 48[00194]
Step 15: Delay 4 - Delay 4 starts at end of ADs 4 8
reading, disconnect sensor channel Delay 4 ends at
beginning of Pulse 5 Select offset channel to
disconnect sensor [00195] Step 16: Pulse 5 - Measure
sensor currents: i 5;1 , i 4, and 15 Pulse 5 starts at
time tp5 Set Pulse 5 duration to dp Set Pulse 5 sensor
potential to vp 5 Select sensor channel to apply
potential to sensor At time t , measure sensor signal,
save value as ADssi At time t 5>4 measure sensor
signal, save value as ADs 54 At time t 5 8, measure
sensor signal, save value a s ADsss Disable ASIC
analog functions [00196] Step 17: Look up slope and
intercept for lot calibration number S = Slope value
for current lot calibration number Int = Intercept
value for current lot calibration number [00197] Step
18: Adjust slope and intercept for temperature effect 



[00198] Step 19: Calculate glucose concentration at
25C [00199] Step 20: Convert to target reference
(plasma vs. WB reference) [00200] Step 21: Check
underfill [00201] Step 22: Check for "Abnormal
Behavior" [00202] Step 23: If low glucose, check again
for "Abnormal Behavior" [00203] Step 25: Check for
extreme glucose levels [00204] Step 26: Display result
[00205] TThhee aallggoi rithm may have other
subroutines including those to check for errors such
as sample temperature and underfill conditions. The
constants that may b e used in the algorithm are given
in Table III below. Other constants may b e used.
[00206]Method for Making Amphiphilic Dendrimers
Description Technical Field : The invention relates to
dendrimers and to a method for making di-block
dendrimers. More particularly, the invention relates
to the use of click chemistry for making di-block
dendrimers. Background : Molecular amphiphiles have
myriad application potentials, such as nanocarriers,
(Joester, D., et al., Angew. Chem., Int. Ed. 2003, 42,
1486; and Stiriba, S. E., et al., Angew. Chem., Int.
Ed. 2002, 41, 1329) structure directing agents for
nanostructure formation, (Sone, E. D., et al., Angew.
Chem., Int. Ed. 2002, 41, 1706; Zhao, D., et al.,
Science 1998, 279, 548; Cha, J. N., et al., Nature
(London) 2000, 403, 289; Simon, P. F. W., et al.,
Chem. Mater. 2001, 12, 3464; Bagshaw, S. A., et al.,
Science 1995, 269, 1242; and Hartgerink, J. D., et
al., Science 2001, 294, 1684) or as catalysts.
(Piotti, M. E., et al., J. Am. Chem. Soc. 1999, 121,
9471 ; Hecht, S., et al., J. Am. Chem. Soc. 2001, 123,
6959; and Boerakker, M. J., et al., Angew. Chem., Int.
Ed. 2002, 41, 4239) The unique properties possessed by
these molecules, including fluidity and
compartmentalization, rely on their amphiphilic nature
driving the assembly and organization into
tridimentional network. For example, a triblock
amphiphilic copolymer has been developed by Nie and
coworkers as the encapsulating tool of quantum dots
(QD) for in vivo cancer imaging. (Gao, X., et al.,
Nat. Biotechnol. 2004, 22, 198) This polymer consists
of a polybutylacrylate segment (hydrophobic), a
polyethylacrylate segment (hydrophobic), a
polymethacrylic acid segment (hydrophilic) and a
hydrophobic hydrocarbon side chain. Through a
spontaneous self-assembly process, the polymer can
disperse and encapsulate single tri-/7-octylphosphine
oxide (TOPO)-capped QD, offering protection over a
broad pH range and salt conditions.Besides linear
polymers, dendrimers with well-defined structures and
monodispersity are attractive candidates for the
construction of amphiphiles and self-assembling
materials. Most amphiphilic dendrimers to date possess
core-shell architectures with a combination of
hydrophobic coils and hydrophilic poly(amidoamine)
(PAMAM) or poly(propyleneimine) (PPI) in the branch.
(Gitsov, I., et al., Macromolecules 1993, 26, 5621 ;
Iyer, J., et al., Macromolecules 1998, 31, 8757; Iyer,
J., et al., Langmuir 1999, 15, 1299; and Cameron, J.
H., et al., Adv. Mater. 1997, 9, 398) Few reports have
described dendrimers with wedge shaped regions
tailored with hydrophilic and hydrophobic
functionalities at the periphery. (Hawker, C. J., et
al., J. Chem. Soc, Perkin Trans. 1 1993, 1287-1297)
Only through the utilization of protecting groups have
representative molecules of this type been prepared
via the divergent synthetic approach, but these
methodologies are not generally applicable. (Aoi, K.,
et al., Macromolecules 1997, 30, 8072; Maruo, N., et
al., Chem. Commun. 1999, 2057-2058; and Pan, Y., et
al., Macromolecules 1999, 32, 5468-5470) The
convergent approach provides a more general way for
the preparation of these segmented macromolecules.
However, an excess of monomers has to be applied to
control reactions at the two possible growth sites.
(Grayson, S. M., et al., Chem. Rev. 2001, 101, 391
9-3967) What is needed is a method for synthesizing
di-block amphiphilic dendrimers via a divergent
approach. What is needed is a method is the use of
copper(l)-catalyzed cycloaddition to couple two
hybrids decorated with hydrophilic and hydrophobic
peripheries. Summary : A series of AB-type amphiphilic
dendritic polyesters have been prepared divergently,
in which two hybrids were coupled via the
copper(l)-catalyzed triazole formation. The unique
nature of this new class of dendrimers permitted the
installation of different functionalities at the
individual blocks sequentially. Our goal is to develop
the resulting segmented macromolecules as bacterial
detection tools. Carbohydrate ligands have been
displayed on the periphery of block A, toallow for
multivalent interaction with pathogens, such as
Escherichia coli. Coumarin derivatives have been
attached to block B, to allow for confocal microscopic
visualization and flow cytometry quantification. One
aspect of the invention is directed to a process for
making a di-block dendrimer. The di-block dendrimer is
of a type having a first dendritic block and a second
dendritic block. The first dendritic block has a first
block core; the second dendritic block has a second
block core. The process employs the step of coupling
the first block core to the second block core by means
of a click chemistry reaction to form the di-block
dendrimer having a di-block core. In a preferred
embodiment, the click chemistry reaction is a
1,3-dipolar cycloaddition of a terminal acetylene with
an azide to form a [ 1 ,2,3]-triazole. The first block
core may include a terminal acetylene and the second
core block may include an azide. In another preferred
mode, the first dendritic block includes a first
periphery, the second dendritic block includes a
second periphery, and the first periphery differs from
the second periphery. 



Another aspect of the invention is directed to an
improved dendritic block having a block core
characterized by having a terminal acetylene. Another
aspect of the invention is directed to an improved
dendritic block having a block core characterized by
having an azide. Another aspect of the invention is
directed to an improved di-block dendrimer having a
first dendritic block, a second dendritic block, and a
di-block core that couples the first dendritic block
to the second dendritic block. In this embodiment, the
di-block core is characterized by a [1 ,2,3]-triazole
ring that couples the first dendritic block to the
second dendritic block.Brief Description of Drawings :
Figure 1 illustrates a scheme for the synthetic
strategy toward di-block amphiphilic dendrimers.
Figure 2 illustrates a scheme for the synthesis of a
dendritic di-block with hydrophilic (3.8) functional
groups at the periphery and of a dendritic di-block
with hydrophobic (3.4) at the periphery. Figure 3
illustrates a proton NMR spectrum for dendron
(An)8-[G-4]-acet (3.4). The resulting dendritic
fragments gave distinctive peaks on the 1H-NMR. Figure
4 illustrates a proton NMR spectrum for dendron
(OH)16-[G-4]-Az (3.8). The resulting dendritic
fragments gave distinctive peaks on the 1H-NMR. Figure
5 illustrates a reaction scheme for the synthesis of
(An)4-[G-3]-[G-3]-(OH) 8 (3.10). Figure 6 illustrates
a MALDI sprectrum of dendrimer (An)4-[G-3]-[G-3]-(OH)
8 (3.10). Figure 7 illustrates a table characterizing
the indicated dendrimers. Figures 8a, 8b, and 8c
illustrate a synthetic scheme for the
postcycloaddition modification of amphiphilic
dendrimer (An)16-[G-4]-[G-1]-(OH) 2, (3.14). Detailed
Description : A divergent approach was employed in our
dendrimer synthesis. As azides and acetylenes are
nearly inert to a variety of chemical transformations,
the introduction of both functionalities to the focal
point was envisaged in the very beginning stage of the
synthesis. Growth of the branches continued outward
byiterative coupling and activation steps, furnishing
higher generation dendritic segments with hydrophilic
and hydrophobic groups at the periphery. In the final
step, copper(l)-catalyzed cycloaddition joined the two
segments together to form the desired amphiphilic
dendrimers (Figure 1). Azide and acetylene groups were
introduced at the focal point by coupling the
anhydride of isopropylidene-2,2-bis(methoxy)propionic
acid with 6-azidohexanol and propargyl alcohol
respectively (Figure 2). After removing the
acetonide-protecting group using DOWEX 50WX2-200 resin
in methanol, the free hydroxyl groups were reacted
with the anhydride using the method developed by
Malkoch and HuIt. (Malkoch, M., et a!., Macromolecules
2002, 35, 8307-8314) The ratios of 5 equiv of
pyridine, 0.15 equiv of DMAP, and 1.3 equiv of the
anhydride to hydroxyl group gave the optimal results.
After repeating the two-step deprotecting and coupling
sequence, dendritic fragments with hydrophilic and
hydrophobic end groups were obtained in high yield and
purity up to the 4th generation. The resulting
dendritic fragments gave distinctive peaks on the
1H-NMR. The acetylinic proton appeared as a doublet at
ca. 2.57 ppm, the propargylic -CH 2 as a sharp triplet
at ca. 4.72 ppm and -CH 2N3 as a sharp triplet at ca.
4.15 ppm (Figure 3 and Figure 4). With both
hemispherical dendrons in hand, the stage was set for
the copper(l)-catalyzed cycloaddition to bring the two
halves together. As a test experiment, (OH)8-[G-3]-Az,
3.7, and (An)4-[G-3]-Acet, 3.3, were mixed in
THF/water (3:1) solution before the addition of
CuSO4*5H2O (5 mol%) and sodium ascorbate (15 mol%)
(method A, Figure 5). 3.3 was used 2-5% in excess to
ensure the full conversion. The reaction finished
overnight as indicated by LC-MS analysis. After
purification by flash chromatography, analysis of the
isolated product by MALDI-TOF indicated no presence of
the azide and acetylene startingmaterials; formation
of the product was confirmed by the appearance of a
series of peaks at 1927, 1967 and 2007 (MNa+) . Peaks
at 1967 and 1927 corresponded to the removal of one
and two acetonide protecting groups from the dendrimer
due to its labile nature in aqueous solutions in the
presence of trace amount of Lewis acidic copper(ll).
To overcome the incompatibility with aqueous
conditions, the coupling was carried out in dry THF
using [Cu(PPh3)3Br] as catalyst with N,
L/-diisopropylethylamine as the base (method B). 3.10
was isolated in 92% yield after removal of the
catalyst and excess acetylene dendron by
chromatography. MALDI analysis gave a single peak at
1985 (MH+) , confirming the high efficiency of this
transformation (Figure 6). Using the same method, a
series of amphiphilic dendrimers were prepared (Figure
7). Replacing acetonide protecting groups with
benzylidines resulted in dendrimers 3.12-3.13.
Analysis of the dendrimers by MALDI-TOF mass
spectrometry and gel-permeation chromatography (GPC)
showed that the structures were monodisperse (Figure
7). Heating and cooling scans were performed at a rate
of 10 "C/min. 2nd and 3rd generation dendrimers showed
a single T , which increased with molecular weight and
generation. In the [G-4] case, large polarity
differences drove the separation of the two phases and
resulted in the observation of two Tgs (17 0C and 34
0C). These two glass transition temperatures are
intermediates between the values for the two parent
dendrons, 5 0C for (An)8-[G-4]-Acet and 57 0C for
(OH)16-[G-4]-Az. (For examples of phase separation in
dendritic block copolymers, see Hawker, C. J., et al.,
J. Chem. Soc, Perkin Trans. 1 1993, 1287-1297). The
unique nature of this new class of macromolecules
permitted further 



modifications by introducing different functionalities
at the periphery of individual blocks sequentially. As
exemplified by the postcycloadditional modification of
dendrimer (An)16-[G-4]-[G-1]-(OH) 2, 3.14, acetylene
groups were first introduced to the right hemisphere
of the dendrimer by coupling the two hydroxyl groups
with pent-4-ynoic anhydride (Figures 8A, 8B, and 8C).
Removal of the acetonide protection groups on the left
hemisphere gave dendrimer 3.16.7-Diethylaminocoumarin
based azide, 3.17, was then installed using method A
to finish the right-hand functionalization. After
incorporating 16 acetylenes at the left hemisphere,
the resulting dendrimer was reacted with 2-azidoethyl-
a-D-mannopyranoside 3.20 in THF/water mixture (method
A) to furnish the carbohydrate coating. This
bifunctional dendritic nano device is equipped with
mannose as the multivalent binding agent for targeting
of pathogens and coumarin as the detecting motif.
Experimental General Methods. Analytical TLC was
performed on commercial Merck Plates coated with
silica gel GF254 (0.24 mm thick). Silica for flash
chromatography was Merck Kieselgel 60 (230-400 mesh,
ASTM). 1H NMR (400 MHz) and 13C NMR (100 MHz)
measurements were performed on a Bruker AC 400, 500 or
600 spectrometer at room temperature. Coupling
constants (J) are reported in Hertz, and chemical
shifts are reported in parts per million (d ) relative
to CHCI3 (7.26 for 1H and 77.2 for 13C) or MeOD (3.31
for 1H and 49.1 for 13C as internal reference. Size
exclusion chromatography (SEC) was carried out at room
temperature on a Waters chromatograph connected to a
Waters 410 differential refractometer and six Waters
Styragel(r) columns (five HR-5 mm and one HMW-20 mm)
using THF as eluant (flow rate: 1 mL/min). A Waters
410 differential refractometer and a 996 photodiode
array detector were employed. The molecular weights of
the polymers were calculated relative to linear
polystyrene standards. Non-aqueous copper(l)-catalyzed
cycloaddition were performed in sealed tubes using a
SmithCreator microwave reactor (Personal Chemistry
Inc.). The modulated differential scanning calorimetry
(MDSC) measurements were performed with a TA
Instruments DSC 2920 and a ramp rate of 4 degrees per
minute. The thermal gravimetric analysis measurements
were done with a TA Instruments Hi-Res TGA 2950, under
nitrogen purge, and the ramp rate was 10 degrees per
minute. MALDI-TOF mass spectrometry was performed on a
PerSeptive Biosystems Voyager DE mass spectrometer
operating in linear mode, using dithranol
incombination with silver trifluoroacetate as matrix.
3.17 (Zhu, L., et al., Tetrahedron 2004, 60,
7267-7275) and 3.20 (Arce, E., et al., Bioconjugate
Chem. 2003, 14, 817-823) were synthesized as described
previously. Nomenclature. The nomenclature used for
dendritic structures described in this chapter is as
follows: (P)n-[G-X]-F for dendrons, where P describes
the external functional group, either OH for hydroxyl,
An for acetonide, BzI for benzylidene, Acet for
acetylene; n indicates the number of chain end
functionalities; X indicates the generation number of
the dendritic framework and F describes the functional
group at the focal point; either Acet for acetylene,
or Az for azide. (P)n-[G-X]-[G-X]-(P)n for triazole
linked amphiphilic dendrimers, P describes the
external functional group, Cm stands for
7-Diethylaminocoumarin, Mann stands for
a-D-mannopyranoside. As employed herein the term
"dendrimer" refers to polymers having a regular
branched structure of a fractal nature. Dendrimers
have a core from which the inner branches emanate.
Further branches may emanate from the inner branches
and so forth. Distal from the core are the terminal
branches, i.e., branches from which no further
branches emanate. The periphery is defined as that
portion of the dendrimeric polymer attached to the
distal branches from which no further branches
emanate. The periphery consists of the collection of
terminal chains, i.e., that portion of the dendrimeric
polymer distal from the terminal branches and ending
with the chain ends. As an inherent consequence of
their fractal nature, dendrimers have a large number
of functional groups at their chain ends. It is the
chain ends that interact with the environment of the
dendrimer and impart the properties of the dendrimer.
The terms "chain end" and "functional group" are
somewhat synonymous. However, the term "chain end"
emphasizes the physical location of a section of the
dendrimer; and the term "functional group" emphasizes
the physical properties imparted by the "chain end".
The "functional group" may be any chemical moiety
compatible for use as "chain end".3.1 General
Procedure for the Dendritic Generation Growth Through
Anhydride Coupling Reaction, (An)1-[G-I]-AcCt, 3.1.
Propargyl alcohol (10.0 g , 178 mmol) and DMAP (3.26
g, 26.7 mmol) were dissolved in pyridine (41 .8 g, 535
mmol) in a 250 mL round bottom flask, followed by the
addition of 100 mL CH2CI2 . The anhydride of
isopropylidene-2,2-bis(methoxy)propionic acid
(bis-MPA) (76.4 g, 231 mmol) was added slowly. The
solution was stirred at room temperature overnight and
monitored with 13C NMR until the reaction reached
completion (determined by the presence of the excess
anhydride at ~169 ppm). The reaction was quenched with
5 mL of water under vigorous stirring, followed by
dilution with 500 ml of CH2CI2 and the solution was
washed with 10% of NaHSO4 (3x200 mL), and 10% of
Na2CO3 (3x200 mL) and brine (100 mL). The organic
phase was dried with MgSO4, filtered, and
concentrated. The crude product was purified by flash
chromatography on silica, eluting with hexane (100 mL)
and gradually increasing the polarity to EtOAc:hexane
(10:90, 700 mL), followed by EtOAc.hexane ( 15:85) to
give 3.1 as a colorless oil. Yield: 35.9 g (95 %).
General Deprotection Procedure of the Acetonide group
using DOWEX 50W-X2-200 resin, (HO)2-[G-1]-Acet. 



15 g DOWEX 50W-X2-200 resin were added to a solution
of 6.1 (10.0 g, 47.1 mmol) in 300 mL of methanol in a
500 mL round bottom flask. The mixture was stirred at
40 0C and the deprotection was followed with 13C NMR
until complete disappearance of peaks unique for the
acetonide group was achieved, (i.e. the quaternary
carbon at ~ 98 ppm). The resin was filtered off and
the filtrate was concentrated and dried under high
vacuum to give (HO)2-[G-I ]-Acet as acolorless oil.
Yield: 7.87 g (97 %). General Procedure for the
Azide/Alkyne Cycloaddition Catalyzed by Cu(PPh3)3Br
(method B). To a 50 mL THF solution of
(An)2-[G2]-Acet, 3.2, (5.00 g, 10.3 mmol) and
(HO)4-[G2]-N3, 3.6, (4.83 g , 9.83 mmol) were added L/
,L/-diisopropylethylamine ( 1 .33 g, 10.3 mmol) and
Cu(PPh 3)3Br (19.0 mg, 206 (mol). The reaction mixture
was then allowed to stir at room temperature for 12 h.
LC-MS indicated the complete consumption of the azide.
The solvent was evaporated and the crude product was
purified by column chromatography eluting with
ethylacetate and gradually increasing the polarity to
MeOH:EtOAc (20:80) to give 3.9 as a colorless solid.
Yield: 8.95 g (91 %). General Procedure for the
Azide/Alkyne Cycloaddition Catalyzed by CuSO4*5H2O and
Sodium Ascorbate (method A). To a 20 mL THF:H2O (3:1)
solution of (An)2-[G2]-Acet, 3.2, (5.00 g, 10. 3 mmol)
and (HO)4-[G2]-N 3 3.6 (4.83 g, 9.83 mmol) were added
sodium ascorbate (306 mg, 1.55 mmol) and CuSO4 5H2O
(129 mg, 515 (mol). The reaction mixture was then
allowed to stir for 12 h at ambient temperature. The
solvents were evaporated and the crude product was
purified by column chromatography eluting with
ethylacetate and gradually increasing the polarity to
20:80 MeOH:EtOAc to give to give 3.9 as a colorless
solid. Yield: 9.33 g (95 %). General Procedure for the
Acetylene Modification of the Periphery Via the
Acetylene Anhydride Coupling Reaction,
(An)2-[G-2]-[G-2]-(OH) 4. To a 20 mL CH2CI2 solution
of (An)2-[G-2]-[G-2]-(OH) 4. (5.00 g, 5.12 mmol),
Pyridine (8.1 Og, 102 mmol), and DMAP (375 mg, 3.07
mmol) the anhydride of pent-4-ynoic acid (4.74 g, 26.6
mmol) was added. The solution was stirred at RT over
night and monitored with 13C NMR until the reaction
reached completion (determined by the presence of the
excess anhydride ~167 ppm). The excess anhydride was
quenched with 2 ml of water under vigorous stirring,
followed of dilution with 300 ml of CH2CI2 and the
solution was extracted with 10% of NaHSO4 (3 x 500
ml), and 10 % of Na2CO3 (3x500 ml). The organic phase
was dried (MgSO4) , filtered, concentrated and
purified by liquid column chromatography on silica
gel, eluting with hexane and gradually increasing the
polarity to EtOAc:hexane (80:20) to give
(Acet)4-[G-2]-[G~2]-(An)2 as a colorless oil. Yield:
6.04 g (91%). (An)2-[G-2]-Acet, 3.2. Isolated as white
solid. Yield: 25.6g (91 %). ESI MS: 486 (MH+) .
(An)4-[G-3]-Acet, 3.3. Isolated as white solid. Yield:
2Og (81%). MALDI MS Calcd for C50H76O22: 1028.48.
Found: 1052 (MNa+) .(An)8-[G-4]-Acet, 3.4. Isolated as
colorless gel. Yield: 25g (92%). MALDI MS Calcd for
C102H156O46: 2 116.99. Found: 2140 (MNa+) . T = 5 0C.
(OH)2-[G-I]-Az, 3.5. Isolated as white solid. Yield
16.5g (83%). ESI MS: 260 (MH+) .(OH)4-[G-2]-Az, 3.6.
Isolated as white solid. Yield: 15.0 g (92%). ESI MS:
493 (MH+) . (OH)8-[G-3]-Az, 3.7. Isolated as white
solid. 15.2g (91%). ESI MS: 957 (MH+) .(OH)
16-[G-4]-Az, 3.8. Isolated as white solid. Yield: 16g
(93%). MALDI MS Calcd for C81H133N3O46: 1883.82.
Found: 1907 (MNa +) . Tg = 57 0C.
(An)2-[G-2]-[G-2]-(OH)4I 3.9. Isolated as white solid.
Yield: 9.93 g (95%). ESI MS: 977 (MH+)
.(An)4-[G-3]-[G-3]-(OH)8, 3.10. Isolated as white
solid. Yield: 4.0 g (92%). MALDI MS Calcd for C9
1H145N3O44: 1983.92. Found: 1985 (MH+) .
(An)8-[G-4]-[G-4]-(OH) 16, 3.1 1. Isolated as white
solid. Yield: 5.2g (91 %). MALDI MS Calcd for
C183H289N3O92 : 4000.8. Found: 4024 (Mna+) .(Bzl)
2-[G-2]-[G-2]-(OH) 4, 3.12. Isolated as white solid.
Yield: 1.2 g (94%). MALDI MS Calcd for C153H73N3O20:
1071 .48. Found: 1073 (MH+) , 1095 (Mna+) . (Bzl)
4-[G-3]-[G-3]-(OH) 8 3.13 Isolated as white solid.
Yield: 1.0 g (85%). MALDI MS Calcd for C107H145N3O44:
2175.92. Found: 2176 (MH+) .(An)8-[G-4]-[G-4]-(OH)2 >
3.14. Isolated as colorless oil. Yield: 3.2 g (92 %).
MALDI MS Calcd for C113H177N3O50: 2376.14. Found: 2399
(MNa+) . 3.18. Isolated as a yellow solid. Yield; 0.89
g (91 %).3.19. Isolated as yellow oil. Yield: 0.81 g
(90%). MALDI MS Calcd for C213H259N13O74 : 4 182.69.
Found: 4 184 (MH+) .What is claimed is: 1. A process
for making a di-block dendrimer having a first
dendritic block and a second dendritic block, said
first dendritic block having a first block core, said
second dendritic block having a second block core,
said process comprising the step of coupling the first
block core to the second block core by means of a
click chemistry reaction to form the di-block
dendrimer having a di-block core. 2. A process
according to claim 1 wherein the click chemistry
reaction is a copper(l)-catalyzed 1,3-dipolar
cycloaddition of a terminal acetylene with an azide to
form a [ 1,2,3]-triazole. 3. A process according to
claim 1 wherein the first block core includes a
terminal acetylene and the second core block includes
an azide. 4 . A process according to claim 1 wherein
the first dendritic block includes a first periphery,
the second dendritic block includes a second
periphery, and the first periphery differs from the
second periphery. 5. An improved dendritic block
having a block core characterized by having a terminal
acetylene. 6. An improved dendritic block having a
block core characterized by having an azide. 7. An
improved di-block dendrimer having a first dendritic
block, a second dendritic block, and a di-block core
that couples the first dendritic block to the second
dendritic block, the di-block core being characterized
by a [1 ,2,3]-triazole ring that couples the first
dendritic block to the second dendritic block. 


