
ORGANIC COMPOUNDS The present invention relates to
organic compounds, their preparation and their use as
pharmaceuticals. In a first aspect, the present
invention provides compounds of formula (I) in free or
salt form, wherein Q is a bond or a Cr C10-alkylene
group optionally substituted by halogen; R1and R2 are,
independently, H, halogen or d-C 8-alkyl, or R1and R2,
together with the carbon atom to which they are
attached, form a divalent C3-C8-cycloaliphatic group;
R3 is H, Cr C8-alkyl, a C3-C15-carbocyclic group, Cr
C8-haloalkyl, alkoxy C1-C8 alkyl, d-Cs-hydroxyalkyl;
R4and R5 are, independently, halogen, Cr C8-alkyl,
d-Cs-haloalkyl, a C3-C15- carbocyclic group, nitro,
cyano, CrC 8-alkylsulfonyl, d-Cs-alkylsulfinyl, C1-C8-
alkylcarbonyl, d-Cs-alkoxycarbonyl, Cr C8-alkoxy,
d-Cs-haloalkoxy, carboxy, carboxy-CrCs-alkyl, amino,
CrCs-alkylamino, dKCrCs-alkyOamino, SO2NH2, (C1-
C8-alkylamino)sulfonyl, di(CrC 8-alkyl)aminosulfonyl,
aminocarbonyl, C1-C8- alkylaminocarbonyl, or a 4- to
10-membered heterocyclic group having one or more
heteroatoms selected from the group consisting of
oxygen, nitrogen and sulphur; R6 is H or d-Cs-alkyl; W
is a C6-C15-aromatic carbocyclic group or a 4- to
10-membered heterocyclic group containing at least one
ring heteroatom selected from the group consisting of
nitrogen, oxygen and sulphur; X is -SO2- , -CH2- ,
-CON CrC f -alkyl)-, -CH(Cr C8-alkyl)- or a bond; m
and n are each, independently, an integer from 0-3;
andTerms used in the specification have the following
meanings: "Optionally substituted", as used herein,
means the group referred to can be substituted at one
or more positions by any one or any combination of the
radicals listed thereafter. "Halogen" or "halo" may be
fluorine, chlorine, bromine or iodine; preferably it
is bromine or chlorine or fluorine. "CrC 8-alkyr
denotes straight-chain or branched Cr C8-alkyl, which
may be, e.g., methyl, ethyl, -propyl, isopropyl,
-butyl, isobutyl, sec-butyl, ferf-butyl, straight- or
branched-pentyl, straight- or branched-hexyl,
straight- or branched-heptyl or straight- or
branched-octyl. Preferably, CrC 8-alkyl is
C1-C4-BlKyI. "C3-C15-carbocyclic group", as used
herein, denotes a carbocyclic group having 3- to
15-ring carbon atoms, e.g., a monocyclic group, either
cycloaliphatic, such as a C3-C8-cycloalkyl, e.g.,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl or cyclooctyl; or aromatic, such as
phenyl; or a bicyclic group, such as bicyclooctyl,
bicyclononyl including indanyl and indenyl, and
bicyclodecyl including naphthyl. Preferably the
C3-C15-carbocyclic group is a C3-C10-carbocyclic
group, e.g., phenyl or naphthyl. The
C3-C15-carbocyclic group can be substituted with 1-3
substituents or unsubstituted. Preferred substituents
include halo, cyano, amino, nitro, carboxy, Ci-C
8-alkyl, d-C b-haloalkyl, CrC 8-aIkoxy, CrC
8-alkylcarbonyl, Cr C8-alkylsulfonyl, -SO2NH2,
(CrCs-alkylamino)- sulfonyl, di(Ci-C
8-alkyl)aminosulfonyl, aminocarbonyl, CrC
b-alkylaminocarbonyl and di(C C8-alkyl)aminocarbonyl,
a C3-C10-carbocyclic group and a 5- to 12-membered
heterocyclic group having at least one ring heteroatom
selected from nitrogen, oxygen and sulphur.
"C6-C15-aromatic carbocyclic group", as used herein,
denotes an aromatic group having 6- to 15-ring carbon
atoms, e.g., phenylene, naphthylene or anthrylene. The
C6- C15-aromatic group can be substituted with 1-3
substituents or can be unsubstituted. Preferred
substituents include halo, cyano, amino, nitro,
carboxy, halo-CrC 8- alkyl, CrC 8-alkoxy, Cr
C8-alkylcarbonyl, CrC 8-alkylsulfonyI, -SO2NH2,
(CrCs-alkylamino)- 



sulfonyl, dKCrCs-alkyrjaminosulfonyl, aminocarbonyl,
CrCs-alkylaminocarbonyl and di(C
C8-aIkyl)aminocarbonyl, a C3-C15-carbocyclic group and
a 5- to 12-membered heterocyclic group having at least
one ring heteroatom selected from nitrogen, oxygen and
sulphur. "Divalent C3-C8-cycloaliphatic" denotes
cycloalkylene having 3- to 8-ring carbon atoms, e.g.,
a monocyclic group, such as a cyclopropylene,
cyclobutylene, cyclopentylene,cyclohexylene,
cycloheptylene or cyclooctylene, any of which can be
substituted by one or more, usually one or two, Ct
C4-alkyl groups; or a bicyclic group, such as
bicycloheptyiene or bicyclooctylene. Preferably
"C3-C8-cycloalkylene" is Cs-Cs-cycloalkylene, e.g.,
cyclopropylene, cyclobutylene or cyclopentylene.
"d-Cs-alkoxy" denotes straight-chain or branched Ci-C
8-alkoxy which may be, e.g., methoxy, ethoxy,
-propoxy, isopropoxy, /7-butoxy, isobutoxy,
sec-butoxy, ferf-butoxy, straight- or
branched-pentoxy, straight- or branched-hexyloxy,
straight- or branchedheptyloxy or straight- or
branched-octyloxy. Preferably, C1-(VaIkOXy is
C1-C4-BIkOXy. "CrC 8-haloalkyl" and "Cr C8-haloalkoxy"
denote Cr C8-alkyl and Cr C8-alkoxy as hereinbefore
defined substituted by one or more halogen atoms,
preferably one, two or three halogen atoms, preferably
fluorine, bromine or chlorine atoms. Preferably, Ci-C
8- haloalkyl is d-C 4-alkyI substituted by one, two or
three fluorine, bromine or chlorine atoms. Preferably,
Ci-C 8-haloalkoxy is C1-C4-BIkOXy substituted by one,
two or three fluorine, bromine or chlorine atoms.
"CrCs-alkylsulfonyl", as used herein, denotes d-C
8-alkyI as hereinbefore defined linked to -SO2- .
Preferably d-C 8-alkylsulfonyl is C1-C4-alkylsulfonyl,
especially methylsulfonyl. "d-Cs-alkylsulfinyl", as
used herein, denotes d-C 8-alkyl as hereinbefore
defined linked to -SO-. Preferably Ci-C
8-alkylsulfinyl is Cr C4-alkylsulfinyl, especially
methylsulfinyl. "Amino-CrCs-alkyl" and "amino-Ci-C
8-alkoxy" denote amino attached by a nitrogen atom to
CrC b-alkyl, e.g., NH2-(C1-C8)-, or to Cr C8-aIkoxy,
e.g., NH2-(C 1-Cs)-O-, respectively, as hereinbefore
defined. Preferably, amino-C r C8-alkyl and amino-C r
C8- alkoxy are, respectively, amino-C 1-C4-alkyl and
amino-d-C 4-alkoxy. "Amino-(hydroxy)-Ci-C 8-alkyl"
denotes amino attached by a nitrogen atom to Cr
C8-alkyl and hydroxy attached by an oxygen atom to the
same Ci-C 8-alkyl. Preferably, amino-(hydroxy)-CrC
8-alkyl is amino-(hydroxy)-C 2-C4-alkyl.
"Carboxy-d-Cs-alkyl" and "carboxy-C r C8-alkoxy"
denote carboxy attached by a carbon atom to Cr
C8-alkyl or d-C 8-alkoxy, respectively, as
hereinbefore defined. Preferably, carboxy-C r C8-alkyl
and carboxy-C r C8-alkoxy are, respectively, carboxy-d
-C4- alkyl and carboxy-d-C
4-alkoxy."d-Cs-alkylcarbonyl", "Cr C8-alkoxycarbonyl
"and "d-Cs-haloalkylcarbonyl" denote Cr C8-alkyl, Ci-C
8-aIkoxy or d-C 8-haIoalkyl, respectively, as
hereinbefore defined attached by a carbon atom to a
carbonyl group. "d-C 8-alkoxycarbonyl" denotes Cr
C8-alkoxy as hereinbefore defined wherein the oxygen
of the alkoxy group is attached to the carbonyl
carbon. Preferably, d-C 8-alkylcarbonyl, d-C
8-alkoxycarbonyl and CrCs-haloalkylcarbonyl are,
respectively, CrC 4-alkylcarbonyl, Cr
C4-alkoxycarbonyl and d-d-haloalkylcarbonyl.
"d-Cs-alkylamino" and "di(d-C 8-alkyl)amino" denote Cr
C8-alkyl as hereinbefore defined attached by a carbon
atom to an amino group. The d-C 8-alkyl groups in
di(d-C 8-alkyl)amino may be the same or different.
Preferably, d-C 8-alkylamino and di(d-C 8-alkyl)amino
are, respectively, d-d-alkylamino and
di(C1-C4-alkyl)amino. "d-Cs-alkylaminocarbonyl" and
"di(C1-C8-alkyl)aminocarbonyl" denote CrCa-alkylamino
and di(d-C 8-alkyl)amino, respectively, as
hereinbefore defined attached by a nitrogen atom to
the carbon atom of a carbonyl group. Preferably, d-C
8-alkylaminocarbonyl and di(Cr C8-alkyl)-aminocarbonyl
are, respectively, d-C 4-alkylaminocarbonyl and
di(d-d-alkyl)-aminocarbonyl.
"DKd-Ce-alkyOamino-d-Cs-alkyl" and
"di(C1-C8-alkyl)amino-C 1-C8-alkoxy" denote di(d-C
8-alkyl)amino as hereinbefore defined attached by a
nitrogen atom to the carbon 



atom of a d-C 8-alkyl or a d-C 8-alkoxy group,
respectively. Preferably, di(d-C 8-alkyl)-
amino-d-Cs-alkyl and di(C1-C8-alkyl)amino-C
1-C8-alkoxy are, respectively, di(d-C 4-alkyl)-
amino-d-C 4-alkyl and di(Ci-C
4-alkyl)amino-Crd-alkoxy. "4- to 10-membered
heterocyclic group containing at least one ring
heteroatom selected from the group consisting of
nitrogen, oxygen and sulphur", as used herein, may be
monocyclic or bicyclic, e.g., furan, tetrahydrofuran,
pyrrole, pyrrolidine, pyrazole, imidazole, triazole,
isotriazole, tetrazole, thiadiazole, isothiazole,
oxadiazole, pyridine, oxazole, isoxazole, pyrazine,
pyridazine, pyrimidine, piperidine, piperazine,
morpholine, triazine, oxazine, thiazole, quinoline,
isoquinoline, benzothiophene, benzoxazole,
benzisoxazole, benzothiazole, benzisothiazole,
benzofuran, indole, indazole or benzimidazole.
Preferred heterocyclic groups include piperazine,
morpholine, imidazole, isotriazole, pyrazole,
pyridine, furan, oxazole, isoxazole, thiazole,
tetrazole, benzothiophene, benzoxazole, benzothiazole
and benzofuran. The 4- to 10-membered heterocyclic
group can be unsubstituted or substituted. Preferred
substituents include halo, cyano, oxo, hydroxy,
carboxy, nitro, d-C b-alkyl, d-C 8-alkylcarbonyl,
hydroxy-d-C 8-alkyl, d-C 8-haloalkyl, amino-d-C
8-alkyl, amino(hydroxy)Cr C8-alkyl and d-C 8-alkoxy
optionally substituted by aminocarbonyl. Especially
preferred substituents include halo, oxo, d-dalkyl, C
C4-alkylcarbonyl, hydroxy-CrCValkyl, CrC^haloalkyl,
amino-CrC^alkyl and amino(hydroxy)Ci-C 4-alkyl.
Throughout this specification and in the claims that
follow, unless the context requires otherwise, the
word "comprise", or variations, such as "comprises" or
"comprising", will be understood to imply the
inclusion of a stated integer or step or group of
integers or steps but not the exclusion of any other
integer or step or group of integers or steps. Where
in formula (I), m or n are 2, the two substituents may
be the same or different. Where m or n are 3, two or
all of the substituents may be the same, or all three
may be different. In another aspect, the present
invention provides compounds of formula (L) in free or
salt form, wherein Q is a bond or a CrCi O-alkylene
group optionally substituted by halogen; R1and R2 are,
independently, H, halogen or CVCs-alkyl, or R1and R2,
together with the carbon atom to which they are
attached, form a divalent C3-C8-cycloaliphatic group;
R3 is H, d-Cs-alkyl, a C3-C15-carbocyclic group, Ci-C
8-haloalkyl, alkoxy C1-C8 alkyl, Cr C8-hydroxyalkyl;
R4 and R5 are, independently, halogen, Cr C8-alkyl,
Ci-C 8-haloalkyl, a C3-C15- carbocyclic group, nitro,
cyano, Cr C8-alkyIsulfonyI, CrCs-alkylsulfinyl, C1-C8-
alkylcarbonyl, Cr C8-alkoxycarbonyl, CrCs-alkoxy,
CrCs-haloalkoxy, carboxy, carboxy-CrCs-alkyl, amino,
CrCs-alkylamino, SO2NH2, (C1- C8-alkylamino)sulfonyl,
di(Cr C8-alkyl)aminosuIfonyl, aminocarbonyl, C1-C8-
alkylaminocarbonyl, di(Cr C8-alkyl)aminocarbonyl or a
4- to 10-membered heterocyclic group having one or
more heteroatoms selected from the group consisting of
oxygen, nitrogen and sulphur; R6 is H or CrC 8-alkyI;
W is a C6-Ci 5-aromatic carbocyclic group or a 4- to
10-membered heterocyclic group containing at least one
ring heteroatom selected from the group consisting of
nitrogen, oxygen and sulphur; X is -SO2- , -CH2- ,
-CON(Cr C8-alkyl)-, -CH(Cr C8-alkyl)- or a bond; m and
n are each, independently, an integer from 0-3; and p
is 1.In another aspect, the present invention provides
compounds of formula (I) in free or salt form, wherein
Q is a bond; 



R1and R2 are, independently, H or Cr C8-alkyl; R s
CrCs-alkyl; R4and R5 are, independently, halogen, CrC
8-alkyl, Ci-C 8-haloalkyl, a C3-C15- carbocyclic
group, nitro, cyano, CrCs-alkylsulfonyl, Ci-C
8-alkoxycarbonyl, C1-C8- alkoxy or Cr C8-haloaIkoxy;
R6 is H or CrCg-alkyl; W is a group of formula (Wa 1)
or (W 2) wherein A is, independently, C or N, or W is
a group of formula (Wb) ; (Wb) Y-Z wherein Y is,
independently, C or N; and Z is N, O or S, or W is a
group of formula (Wc) wherein Y is, independently, C
or N; and Z is O or S; X is -SO2- , -CH2- , -CH(Cr
C8-alkyl)-, -CON(Cr C8-alkyl)- or a bond; m and n are
each, independently, an integer from 0-3; and p is 1.
In yet another aspect, the present invention provides
compounds of formula (I) in free or salt form,
whereinQ is a bond; R1and R2 are, independently, H or
Cr C4-aIkyl; R3 is Cr C4-alkyl; R4 and R5 are,
independently, halogen, CrC 4-alkyl, CrC 4-haloalkyl,
cyano, C3-C10-carbocyclic group, C^^-alkoxycarbonyl,
Cr C4-alkylsulfonyl, Cr C4-aIkoxy or Ci-C
4-haloalkoxy; R6 is H or Ci-C 4-alkyl; W is a group of
formula (Wa1) or (Wa2) wherein one A is C or N; and
the other two are each C, or W is a group of formula
(Wb) wherein Y is, independently, C or N; and Z is N,
O or S; X is -SO2- , -CH2- or -CH(d-C 4-alkyl)-; m and
n are each, independently, an integer from 0-3; and p
is 1. In a yet further aspect, the present invention
provides for the use of a compound of formula (I) in
any of the aforementioned embodiments, in free or salt
form, for the manufacture of a medicament for the
treatment of an inflammatory or allergic condition,
particularly an inflammatory or obstructive airways
disease. Salts and Isomers Many of the compounds
represented by formula (I) are capable of forming acid
addition salts, particularly pharmaceutically
acceptable acid addition salts. Pharmaceutically
acceptable acid addition salts of the compound of
formula (I) include those of inorganic acids, e.g.,
hydrohalic acids, such as hydrochloric acid or
hydrobromicacid; nitric acid; sulphuric acid;
phosphoric acid; and organic acids, e.g., aliphatic
monocarboxylic acids, such as formic acid, acetic
acid, diphenylacetic acid, triphenylacetic acid,
caprylic acid, dichloroacetic acid, trifluoroacetic
acid, hippuric acid, propionic acid and 



butyric acid; aliphatic hydroxy acids, such as lactic
acid, citric acid, gluconic acid, mandelic acid,
tartaric acid or malic acid; dicarboxylic acids, such
as adipic acid, aspartic acid, fumaric acid, glutamic
acid, maleic acid, malonic acid, sebacic acid or
succinic acid; aromatic carboxylic acids, such as
benzoic acid, p-chlorobenzoic acid, or nicotinic acid;
aromatic hydroxy acids, such as o-hydroxybenzoic acid,
p-hydroxybenzoic acid, 1-hydroxynaphthalene-
2-carboxylic acid or 3-hydroxynaphthalene-2-carboxylic
acid; and sulfonic acids, such as ethanesulfonic acid,
ethane-1,2-disulfonic acid, 2-hydroxyethane-sulfonic
acid, methanesulfonic acid, (+)-camphor-1 0-sulfonic
acid, benzenesulfonic acid, naphthaIene- 2-sulfonic
acid, naphthalene-1 ,5-disulfonic acid or
p-toluenesulfonic acid. These salts may be prepared
from compounds of formula (I) by known salt-forming
procedures. Compounds of formula (I) which contain
acidic, e.g., carboxyl, groups, are also capable of
forming salts with bases, in particular,
pharmaceutically acceptable bases, such as those
well-known in the art; suitable such salts include
metal salts, particularly, alkali metal or alkaline
earth metal salts, such as sodium, potassium,
magnesium, calcium or zinc salts; or salts with
ammonia or pharmaceutically acceptable organic amines
or heterocyclic bases, such as benethamine,
benzathine, diethanolamine, ethanolamine,
4(2-hydroxyethyl)
morpholine,1-(2-hydroxyethyl)pyrrolidine, L/-methyl
glucamine, piperazine, triethanolamine or
tromethamine. These salts may be prepared from
compounds of formula (I) by known salt-forming
procedures. In those compounds where there is an
asymmetric carbon atom or an axis of chirality the
compounds exist in individual optically active
isomeric forms or as mixtures thereof, e.g., as
racemic or diastereomeric mixtures. The present
invention embraces both individual optically active R
and S isomers, as well as mixtures, e.g., racemic or
diastereomeric mixtures, thereof. Specific preferred
compounds of formula (I) are described hereinafter in
the Examples. The invention also provides a process
for the preparation of compounds of formula (I), in
free or salt form, which comprises the steps of: (i)
(A) for the preparation of compounds of formula (I),
wherein R6 is H, cleaving the ester group -COOR6 in a
compound of formula (I),where R6 is d-Cs-alkyl and Q
R1, R2,R3 , R4, R5,W, X, m, n and p are as
hereinbefore defined; or (B) for the preparation of
compounds of formula (I), wherein R6 is Ct C8-alkyl,
reacting a compound of formula (II) wherein R6 is Ci-C
8-alkyl; and Q, R1, R2,R3 , R4, m, n and p are as
hereinbefore defined with a compound of formula (III)
G-X-W-(R 5)n (Hi) wherein G is a leaving moiety, e.g.,
a halogen atom or an arylsulfonate group; and R5,W, X
and n are as hereinbefore defined; or (C) for the
preparation of compounds of formula (I), wherein R6 is
d-C b-alkyl; R1 is H or CrC b-alkyl; R2 is d-C
b-alkyl; and p is 1, reacting a compound of formula
(I), whereR1 is H or Ci-C 8-alkyl; and R2 is H, with a
compound of formula RA G, where RA is d-C b-alkyl; and



G is as hereinbefore defined; and (ii) recovering the
resultant compound of formula (I) in free or salt
form. Process variant (A) may be carried out using
known methods (or analogously as hereinafter described
in the Examples) for cleavage of carboxylic ester
groups and can be carried out in situ after
preparation of a compound of formula (I), where R6 is
Cr C8-alkyl. For example, the compound of formula (I),
where R6 is Ci-C 8-alkyl, which is conveniently in
solution in a polar organic solvent or a mixture
thereof with water, may be reacted with an aqueous
inorganic base, such as NaOH or LiOH to hydrolyse the
ester group; where the base is NaOH, the reaction may
be carried out at a temperature of 10-40C,
conveniently ambient temperature, while when the base
is LiOH the reaction may be started at -50C to 5C and
then continued at 10-40 0C, conveniently ambient
temperature. Alternatively, the compound of formula
(I), where R6 is Ci-C 8-alkyl, which is conveniently
in solution in an organic solvent, such as CH2CI2, may
be reacted with a Lewis acid, such as boron tribromide
to effect ester cleavage; the reaction may
conveniently be carried out at 50- 6O0C, e.g., with
the aid of microwave irradiation. Process variant (B)
may be carried out using known procedures or
analogously as hereinafter described in the Examples.
For example, the compound of formula (II) may be
reacted with a sulfonyl halide of formula (III), where
G is halogen; X is -SO2- ; and R5,W and n are as
hereinbefore defined, in the presence of an organic
base, such as 2-te/t-butylimino-1,3-dimethyl-2
lambda*5*- [ 1
,3,2]diazaphosphinan-2-yl)-diethyl-amine (BEMP); the
reaction may be carried out in an organic solvent,
e.g., a polar aprotic solvent, such as
L/,L/-dimethylformamide (DMF) and may be carried out
at 10-4O0C, conveniently at ambient temperature. In
another example, the compound of formula (II) may be
reacted with a compound of formula (III), where G is
halogen;X is -CH2- ; and R5,W and n are as
hereinbefore defined, in the presence of an organic
base, such as BEMP, e.g., in a polar aprotic solvent,
such as N1N-DMF; the reaction may be carried out at
10-40C, conveniently at ambient temperature. In a
further example, the compound of formula (II) may be
reacted with a compound of formula (III), where G is
halogen; X is -CH2-; W is of formula (Wa), where one A
is N; and the other two are C; and R5 and n are as
hereinbefore defined, in the form of a salt, such as a
hydrohalide, in the presence of an inorganic base,
such as NaH or an organic base, such as BEMP, e.g., in
a polar aprotic solvent, such as N1N-DMF; the reaction
may be carried out at 10-400C, conveniently at ambient
temperature. In yet another example, the compound of
formula (II) may be reacted with a compound of formula
(III), where G is arylsulfonate; X is -CH2- ; and R5,W
and n are as hereinbefore defined, 



in the presence of an organic base, such as BEMP,
e.g., in a mixture of a polar aprotic solvent, such as
N1N-DMF and an ethereal solvent; the reaction may be
carried out at 10-400C, conveniently at ambient
temperature. In a yet further example, the compound of
formula (II) may be reacted with a compound of formula
(III), where G is halogen; X is a bond; W is phenylene
or naphthylene; and R5 and n are as hereinbefore
defined, in the presence of a metal compound catalyst,
e.g., a transition metal complex formed in situ from a
metal salt, such as CuI and a diamine, and an
inorganic base, such as sodiumphosphate; the reaction
is preferably carried out in an organic solvent, e.g.,
a polar aprotic solvent, such as dioxane; the reaction
temperature may be from 140-1800C, preferably from
150-1700C. Process variant (C) may be carried out
using known procedures for a-alkylation of carboxylic
esters, or analogously, e.g., as hereinafter described
in the Examples. The reaction is conveniently carried
out in the presence of an inorganic base, .e.g.,
lithium diisopropyl amide, followed by addition of an
alkyl iodide, e.g., methyl iodide. The reaction
temperature may be from about -900C to about -600C,
but conveniently at -78C. Compounds of formula (II)
are known or may be obtained by known methods, e.g.,
as described in U.S. Patent No. 3,320,268, or
analogously as hereinafter described in the Examples.
Compounds of formula (III) are known or may be
obtained by known methods, or analogously, as
hereinafter described in the Examples. The compounds
of formula (I) in free form may be converted into salt
form, and vice versa, in a conventional manner. The
compounds in free or salt form can be obtained in the
form of hydrates or solvates containing a solvent used
for crystallisation. Compounds of formulae (I) and
(II) can be recovered from reaction mixtures and
purified in a conventional manner. Isomers, such as
enantiomers, may be obtained in a conventional manner,
e.g., by fractional crystallisation, chiral HPLC
resolution or asymmetric synthesis from
correspondingly asymmetrically substituted, e.g.,
optically active, starting materials. Pharmaceutical
Use and Assay Compounds of formulae (I) and (II) and
their pharmaceutically acceptable salts, hereinafter
referred to alternatively as "agents of the
invention", are useful as pharmaceuticals. In
particular, the compounds have good CRTh2 receptor
antagonist activity and may be tested in the following
assays. Filtration binding assay protocol The binding
of CRTh2 antagonists is determined using membranes
prepared from human CRTh2-expressing Chinese Hamster
Ovary cells (CHO.K1-CRTh2). To produce cell membranes
CHO.K1-CRTh2 cells cultured in roller bottles are
harvested using cell dissociation buffer (Invitrogen).
The cells are pelleted by centrifugation (167 g, 5
min). The cell pellet is incubated in hypotonic buffer
(15 mM Tris-OH, 2 mM MgCI2, 0.3 mM EDTA, 1 mM EGTA, 1x
Complete(tm) tablet) at 40C for 30 min. At 40C cells
are homogenized using a Polytron(r) (IKA Ultra Turrax
T25) for 5 bursts of 1 second. The homogenate is
centrifuged(Beckman Optima TM TL Ultracentrifuge,
48000 g, 30 min at 40C). The supernatant is discarded
and the membrane pellet resuspended in homogenisation
buffer (75 mM Tris- OH, 12.5 mM MgCI2, 0.3 mM EDTA, 1
mM EGTA, 250 mM Sucrose, 1x Complete(tm) tablet.
Membrane preparations are aliquoted and stored at
8O0C. The protein content is estimated using Bradford
Protein Assay Dye (Bio Rad). The binding of [3H]-PGD2
(157 Ci/mmol) to CHO.K1-CRTh2 membranes is determined
in the absence (total binding) and presence
(non-specific binding) of unlabelled PGD2 ( 1 mM).
Subtraction of the cpm (counts per minute) of
[3H]-PGD2 binding in presence of excess unlabelled
PGD2 from that observed in the absence of excess
unlabelled PGD2 is defined as specific binding. Active
CRTh2 antagonists are able to compete with [3H]-PGD2
for binding to the CRTh2 receptor and are identified
in a decrease in the number of cpm 



bound. The assay is performed in Greiner U-bottomed 96
well-plates, in a final volume of 100 ml per well.
CHO.K1-CRTh2 membranes were diluted in assay buffer
(1OmM HEPESKOH (pH 7.4), 1 mM EDTA and 10 mM MnCI2)
and 10 mg are added to each well. [3H]- PGD2 is
diluted in assay buffer and added to each well at a
final concentration of 2.5 nM. To determine
non-specific binding, [3H]-PGD2 binding to the CRTh2
receptor is competed with using unlabelled PGD2 at a
final well concentration of 1 mM. The experiment is
done in triplicate, with reagents added to the wells
as follows: - 25 ml_ assay buffer for total binding or
- 25 mL PGD2 to determine non-specific binding - 25 mL
[3H]PGD2 - 50 mL membranes - 25 mL test compound in
DMSO/assay buffer The plates are incubated at room
temperature on a shaker for 1 hour, and then harvested
(Tomtec Harvester 9600) onto GF/C filter plates using
wash buffer (10 mM HEPES-KOH, pH 7.4). The plate is
dried for 2 hours, prior to addition of Micro-Scint
20(tm) (50 mL) and sealing with TopSeal-S(tm). Plates
are then counted using a Packard Top Count instrument,
Plates are then read on the Packard Topcount with the
3H Scintillation program ( 1 min per well).Ki
(dissocation constant for the inhibition) values for
the CRTh2 antagonists are reported. Ki values are
determined using Sigma Plot(tm) software, using the
Cheng-Prussoff equation. Ki = IC50 / 1+ [S]/Kd where S
is the concentration of radioligand and Kd is the
dissociation constant . CRTH2 cAMP functional assay
protocol This assay is conducted in CHO.K1-CRTh2
cells. cAMP is generated in the cell by stimulating
cells with 5 mM forskolin, an adenylate cyclase
activator. PGD2 is added to activate the CRTh2
receptor which results in the attenuation of the
forskolin-induced cAMP accumulation. Potential CRTh2
antagonists are tested for their ability to inhibit
the PGD2- mediated attenuation of the
forskolin-induced cAMP accumulation in CHO.K1-CRTh2
cells. For each concentration value on the
dose-response curve, test compounds are prepared in
assay stimulation buffer (HBSS, 5 mM HEPES, 10 mM IBMX
0.1% human serum albumin) containing DMSO (3% vol/vol)
and 5 mL/well is added to an assay plate (384 well
white optiplate). CHO.K1-CRTh2 cultured in tissue
culture flasks are washed with PBS and harvested with
dissociation buffer. Cells are washed with PBS and
resuspended in stimulation buffer to a concentration
of 0.4 x 106/ ml_ and added to the assay plate (10
mL/well). The assay plate is incubated at room
temperature on a shaker for 15 minutes. A mix of
agonist (10 nM Prostaglandin D2) and 5 mM forskolin is
prepared in assay stimulation buffer and added to the
assay plate (5 mL/well). In addition, a cAMP standard
is serially diluted in assay stimulation buffer and
added to separate empty wells on the assay plate (20
mL/well). The cAMP standard allows for the
quantification of cAMP generated in CHO.K1-CRTH2
cells. The assay plate is incubated at room
temperature on a shaker for 60 minutes. Cell lysis
buffer (Lysis buffer: MiIIi-Q H2O, 5 mM HEPES, 0.3%
Tween-20, 0.1% human serum albumin) is added to a bead
mix (containing Alphascreen(tm) anti-cAMP acceptor
beads 0.06 units/mL, Alphascreen(tm)
streptavidin-coated donor beads 0.06units/mL,
biotinylated cAMP 0.06 units/mL, 10mM IBMX) is
prepared under darkened conditions 60 minutes prior to
addition to the assay plate. The resulting lysis mix
is added to all wells of the assay plate (40 mL/well).
The assay plate is sealed with Topseal-S(tm) and
incubated in the dark at room temperature on a shaker
for 45 minutes. The plate is then counted using a
Packard Fusion(tm) instrument. 



The resulting counts per minute are converted to nM
cAMP by using the prepared cAMP standard curve. IC50
values (concentration of CRTh2 antagonist required to
inhibit 50% of the PGD2-mediated attenuation of
forskolin-induced cAMP accumulation in CHO.K1-CRTh2
cells) are then determined using Prism(tm) software.
Compounds of the Examples herein below generally have
Ki values in the SPA binding assay below 1 mM. For
example, the compounds of Examples 3, 18, 31, 54, 59,
84, 90, 92, 93, 94, 95, 96, 97, 99, 100, 102, 103,
105, 112, 115, 117, 119, 122, 125, 127, 129, 130, and
148 have Ki values of 0.048, 0.090, 0.122, 0.037,
0.033 0.10, 0.003, 0.022, 0.008, 0.007, 0.004, 0.029,
0.01 1, 0.012, 0.005, 0.056, 0.035, 0.098, 0.031,
0.045, 0.025, 0.029, 0.147, 0.027, 0.043, 0.043,
0.050, and 0.064 mM respectively. Compounds of the
Examples herein below generally have IC50 values in
the functional assay below 1 mM. For example, the
compounds of Examples 3, 18, 31, 54, 59 and 84 have
IC50 values of 0.276, 0.171, 0.178, 0.168, 0.150,
0.084, 0.014, 0.040, 0.022, 0.016, 0.019, 0.021,
0.013, 0.019, 0.009, 0.091, 0.041, 0.046, 0.026,
0.080, 0.021, 0.064, 0.144, 0.095, 0.031, 0.143,
0.060, and 0.131 mM respectively. Compounds of
formulae (I) and (II), in free or salt form, are
antagonists of the G-protein-coupled chemoattractant
receptor CRTh2, expressed on Th2 cells, eosinophils
and basophils. PGD2 is the natural ligand for CRTh2.
Thus, antagonists which inhibit the binding of CRTh2
and PGD2 are useful in the treatment of allergic and
anti-inflammatory conditions. Treatment in accordance
with the invention may be symptomatic or prophylactic.
Accordingly, agents of the invention are useful in the
treatment of inflammatory or obstructive airways
diseases, resulting, e.g., in reduction of tissue
damage, airways inflammation, bronchial
hyperreactivity, remodelling or disease progression.
Inflammatory or obstructive airways diseases to which
the present invention is applicable include asthma of
whatever type or genesis including both intrinsic
(non-allergic) asthma and extrinsic(allergic) asthma,
mild asthma, moderate asthma, severe asthma,
bronchitis asthma, exercise-induced asthma,
occupational asthma and asthma induced following
bacterial infection. Treatment of asthma is also to be
understood as embracing treatment of subjects, e.g.,
of less than 4 or 5 years of age, exhibiting wheezing
symptoms and diagnosed or diagnosable as "wheezy
infants", an established patient category of major
medical concern and now often identified as incipient
or early-phase asthmatics. (For convenience this
particular asthmatic condition is referred to as
"wheezy-infant syndrome".) Prophylactic efficacy in
the treatment of asthma will be evidenced by reduced
frequency or severity of symptomatic attack, e.g., of
acute asthmatic or bronchoconstrictor attack,
improvement in lung function or improved airways
hyperreactivity. It may further be evidenced by
reduced requirement for other, symptomatic therapy,
i.e., therapy for or intended to restrict or abort
symptomatic attack when it occurs, e.g.,
anti-inflammatory (e.g., corticosteroid) or
bronchodilatory. Prophylactic benefit in asthma may,
in particular, be apparent in subjects prone to
"morning dipping". "Morning dipping" is a recognised
asthmatic syndrome, common to a substantial percentage
of asthmatics and characterised by asthma attack,
e.g., between the hours of about 4-6 a.m., i.e., at a
time normally substantially distant from any
previously administered symptomatic asthma therapy.
Other inflammatory or obstructive airways diseases and
conditions to which the present invention is
applicable include acute lung injury (ALI), adult
respiratory distress syndrome (ARDS), chronic
obstructive pulmonary, airways or lung disease (COPD,
COAD or COLD), including chronic bronchitis or dyspnea
associated therewith, emphysema, as well as
exacerbation of airways hyperreactivity consequent to
other drug therapy, in particular, other inhaled drug
therapy. The invention is also applicable to the
treatment of bronchitis of whatever type or genesis
including, e.g., acute, arachidic, catarrhal, croupus,
chronic or phthinoid bronchitis. Further inflammatory
or obstructive airways diseases to which the present
invention is applicable include pneumoconiosis (an
inflammatory, 



commonly occupational, disease of the lungs,
frequently accompanied by airways obstruction, whether
chronic or acute, and occasioned by repeated
inhalation of dusts) of whatever type or genesis
including, e.g., aluminosis, anthracosis, asbestosis,
chalicosis, ptilosis, siderosis, silicosis, tabacosis
and byssinosis. Having regard to their
anti-inflammatory activity, in particular, in relation
to inhibition of eosinophil activation, agents of the
invention are also useful in the treatment of
eosinophil related disorders, e.g., eosinophilia, in
particular, eosinophils-related disorders of the
airways, e.g., involving morbid eosinophilic
infiltration of pulmonary tissues
includinghypereosinophilia as it effects the airways
and/or lungs, as well as, e.g., eosinophil-related
disorders of the airways consequential or concomitant
to Ldffler's syndrome; eosinophilic pneumonia;
parasitic, in particular, metazoan, infestation
including tropical eosinophilia; bronchopulmonary
aspergillosis; polyarteritis nodosa including
Churg-Strauss syndrome; eosinophilic granuloma; and
eosinophil-related disorders affecting the airways
occasioned by drug-reaction. Agents of the invention
are also useful in the treatment of inflammatory or
allergic conditions of the skin, e.g., psoriasis,
contact dermatitis, atopic dermatitis, alopecia
areata, erythema multiforma, dermatitis herpetiformis,
scleroderma, vitiligo, hypersensitivity angiitis,
urticaria, bullous pemphigoid, lupus erythematosus,
pemphisus, epidermolysis bullosa acquisita and other
inflammatory or allergic conditions of the skin.
Agents of the invention may also be used for the
treatment of other diseases or conditions, in
particular, diseases or conditions having an
inflammatory component, e.g., treatment of diseases
and conditions of the eye, such as conjunctivitis,
keratoconjunctivitis sicca and vernal conjunctivitis;
diseases affecting the nose including allergic
rhinitis; and inflammatory disease, in which
autoimmune reactions are implicated or having an
autoimmune component or aetiology, including
autoimmune hematological disorders, e.g., hemolytic
anemia, aplastic anaemia, pure red cell anaemia and
idiopathic thrombocytopenia; systemic lupus
erythematosus; polychondritis; sclerodoma; Wegener
granulamatosis; dermatomyositis; chronic active
hepatitis; myasthenia gravis; Steven- Johnson
syndrome; idiopathic sprue; autoimmune inflammatory
bowel disease, e.g., ulcerative colitis and Crohn's
disease; endocrine opthalmopathy; Grave's disease;
sarcoidosis; alveolitis; chronic hypersensitivity
pneumonitis; multiple sclerosis; primary billiary
cirrhosis; uveitis (anterior and posterior);
keratoconjunctivitis sicca and vernal
keratoconjunctivitis; interstitial lung fibrosis;
psoriatic arthritis; and glomerulonephritis, with and
without nephrotic syndrome, e.g., including idiopathic
nephrotic syndrome or minal change nephropathy. Other
diseases or conditions which may be treated with
agents of the invention include septic shock;
rheumatoid arthritis; osteoarthritis; proliferative
diseases, such as cancer; atherosclerosis; allograft
rejection following transplantation; stroke; obesity;
restenosis; diabetes, e.g., diabetes mellitus type I
(juvenile diabetes) and diabetes mellitus type II;
diarrhoeal diseases; ischemia/reperfusion injuries;
retinopathy, such as diabetic retinopathy or
hyperbaric oxygen-induced retinopathy; and conditions
characterised by elevated intraocular pressure or
secretion of ocular aqueous humor, such as
glaucoma.The effectiveness of an agent of the
invention in inhibiting inflammatory conditions, e.g.,
in inflammatory airways diseases, may be demonstrated
in an animal model, e.g., a mouse or rat model, of
airways inflammation or other inflammatory conditions,
e.g., as described by Szarka et al., J Immunol
Methods, Vol. 202, pp. 49-57 (1997); Renzi et al., Am
Rev Respir Dis, Vol. 148, pp. 932-939 (1993); Tsuyuki
et al., J Clin Invest, Vol. 96, pp. 2924-2931 (1995);
Cemadas et al., Am J Respir Cell MoI Biol, Vol. 20,
pp. 1-8 (1999); and Williams and GaIIi, J Exp Med,
Vol. 192, pp. 455-462 (2000). The agents of the
invention are also useful as co-therapeutic agents for
use in combination with other drug substances, such as
anti-inflammatory, bronchodilatory or antihistamine
drug substances, particularly in the treatment of
obstructive or inflammatory airways diseases, such as
those mentioned hereinbefore, e.g., as potentiators of



therapeutic activity of such drugs or as a means of
reducing required dosaging or potential side effects
of such drugs. An agent of the invention may be mixed
with the other drug substance in a fixed
pharmaceutical composition or it may be administered
separately, before, simultaneously with or after the
other drug substance. Accordingly the invention
includes a combination of an agent of the invention as
hereinbefore described with an anti inflammatory,
bronchodilatory, antihistamine or anti-tussive drug
substance, said agent of the invention and said drug
substance being in the same or different
pharmaceutical composition. Such anti-inflammatory
drugs include steroids, in particular,
glucocorticosteroids, such as budesonide,
beclamethasone dipropionate, fluticasone propionate,
ciclesonide or mometasone furoate; or steroids,
described in WO 02/88167, WO 02/12266, WO 02/100879,
WO 02/00679 (especially those of Examples 3, 11, 14,
17, 19, 26, 34, 37, 39, 51, 60, 67, 72, 73, 90, 99 and
101), WO 03/035668, WO 03/048181, WO 03/062259, WO
03/064445 and WO 03/072592; non-steroidal
glucocorticoid receptor agonists, such as those
described in WO 00/00531, WO 02/10143, WO 03/082280,
WO 03/082787, WO 03/104195 and WO 04/005229; LTB4
antagonists, such as those described in U.S. Patent
No. 5,451 ,700; LTD4 antagonists, such as montelukast
and zafirlukast; PDE4 inhibitors, such as cilomilast
(Ariflo(r) GlaxoSmithKline), Roflumilast (Byk
Gulden),V-1 1294A (Napp), BAY19-8004 (Bayer),
SCH-351591 (Schering-Plough), Arofylline (Almirall
Prodesfarma), PD1 89659 (Parke-Davis), AWD-1 2-281
(Asta Medica), CDC-801 (Celgene), SeICID(TM) CC-10004
(Celgene), KW-4490 (Kyowa Hakko Kogyo), WO 03/104204,
WO 03/104205, WO 04/000814, WO 04/000839 and WO
04/005258 (Merck), as well as those described in WO
98/18796 and WO 03/39544; A2a agonists, such as those
described in EP 1052264, EP 1241 176, EP 409595A2, WO
94/17090, WO 96/02543, WO96/02553, WO 98/28319, WO
99/24449, WO 99/24450, WO 99/24451, WO 99/38877, WO
99/41267, WO 99/67263, WO 99/67264, WO 99/67265, WO
99/67266, WO 00/23457, WO 00/77018, WO 00/78774, WO
01/23399, WO 01/27130, WO 01/27131, WO 01/60835, WO
01/94368, WO 02/00676, WO 02/22630, WO 02/96462 and WO
03/086408; A2b antagonists, such as those described
inWO 02/42298; and beta (b)-2-adrenoceptor agonists,
such as albuterol (salbutamol), metaproterenol,
terbutaline, salmeterol, fenoterol, procaterol, and
especially, formoterol and pharmaceutically acceptable
salts thereof, and compounds (in free or salt or
solvate form) of formula (I) of WO 00/751 14, which
document is incorporated herein by reference,
preferably compounds of the Examples thereof,
especially a compound of formula OH and
pharmaceutically acceptable salts thereof, as well as
compounds (in free or salt or solvate form) of formula
(I) of WO 04/16601 . Further b-2-adrenoreceptor
agonists include compounds, such as those described in
WO 99/64035, WO 01/42193, WO 01/83462, WO 02/066422,
WO 02/070490, WO 02/076933, WO 2004/01 1416 and US
2002/0055651. Such bronchodilatory drugs include
anticholinergic or antimuscarinic agents, in
particular, ipratropium bromide, oxitropium bromide,
tiotropium salts and CHF 4226 (Chiesi), but also those
described in WO 01/041 18, WO 02/51841, WO 02/53564,
WO 03/00840, WO 03/87094, WO 04/05285, WO 02/00652, WO
03/33495, WO 03/53966, EP 0424021, US 5171744 and US
3714357. Such co-therapeutic antihistamine drug
substances include cetirizine hydrochloride,
acetaminophen, clemastine fumarate, promethazine,
loratidine, desloratidine, diphenhydramine and
fexofenadine hydrochloride. Combinations of agents of
the invention and steroids, b-2 agonists, PDE4
inhibitors or LTD4 antagonists may be used, e.g., in
the treatment of COPD or, particularly, asthma.
Combinations of agents of the invention and
anticholinergic or antimuscarinic agents,PDE4
inhibitors, dopamine receptor agonists or LTB4
antagonists may be used, e.g., in the treatment of
asthma or, particularly, COPD. Other useful
combinations of agents of the invention with
anti-inflammatory drugs 



are those with antagonists of chemokine receptors,
e.g., CCR-1, CCR-2, CCR-3, CCR-4, CCR-5, CCR-6, CCR-7,
CCR-8, CCR-9, CCR-1 0, CXCR1, CXCR2, CXCR3, CXCR4 and
CXCR5; particularly useful are CCR-3 antagonists, such
as those described in WO 2002/026723, especially
4-{3-[(S)-4-(3,4-dichlorobenzyl)-morpholin-2-ylmethyl]
- ureidomethylj-benzamide and those described in WO
2003/077907, WO 2003/007939 and WO 2002/102775. Also
especially useful are CCR-5 antagonists, such as
Schering-Plough antagonists SC-351 125, SCH-55700 and
SCH-D; Takeda antagonists, such as
L/-[[4-[[[6,7-dihydro-2-
(4-methylphenyI)-5H-benzo-cyclohepten-8-yl]carbonyl]am
ino]phenyl]-methyl]tetrahydro- /
/V-dimethyl^H-pyran^-aminium chloride (TAK-770); and
CCR-5 antagonists, described in US 6166037, WO
00/66558 and WO 00/66559. The agents of the invention
may be administered by any appropriate route, e.g.,
orally, e.g., in the form of a tablet or capsule;
parenterally, e.g., intravenously; by inhalation,
e.g., in the treatment of inflammatory or obstructive
airways disease; intranasally, e.g., in the treatment
of allergic rhinitis; topically to the skin, e.g., in
the treatment of atopic dermatitis; or rectally, e.g.,
in the treatment of inflammatory bowel disease. The
present invention also provides a pharmaceutical
composition comprising a compound of formula (I) in
free form or in the form of a pharmaceutically
acceptable salt, optionally together with a
pharmaceutically acceptable diluent or carrier
therefore. The composition may contain a
co-therapeutic agent, such as an anti-inflammatory,
bronchodilatory or antihistamine drug as hereinbefore
described. Such compositions may be prepared using
conventional diluents or excipients and techniques
known in the galenic art. Thus oral dosage forms may
include tablets and capsules. Formulations for topical
administration may take the form of creams, ointments,
gels or transdermal delivery systems, e.g., patches.
Compositions for inhalation may comprise aerosol or
other atomizable formulations or dry powder
formulations. When the composition comprises an
aerosol formulation, it preferably contains, e.g., a
hydro-fluoro-alkane (HFA) propellant, such as HFA134a
or HFA227 or a mixture of these, and may contain one
or more co-solvents known in the art, such as ethanol
(up to 20% by weight); and/or one or more surfactants,
such as oleic acid or sorbitan trioleate;and/or one or
more bulking agents, such as lactose. When the
composition comprises a dry powder formulation, it
preferably contains, e.g., the compound of formula (I)
having a particle diameter up to 10 microns,
optionally together with a diluent or carrier, such as
lactose, of the desired particle size distribution and
a compound that helps to protect against product
performance deterioration due to moisture. When the
composition comprises a nebulised formulation, it
preferably contains, e.g., the compound of formula (I)
either dissolved, or suspended, in a vehicle
containing water, a co-solvent, such as ethanol or
propylene glycol and a stabilizer, which may be a
surfactant. The invention includes: (a) an agent of
the invention in inhalable form, e.g., in an aerosol
or other atomizable composition or in inhalable
particulate, e.g., micronised form; (b) an inhalable
medicament comprising an agent of the invention in
inhalable form; (c) a pharmaceutical product
comprising such an agent of the invention in inhalable
form in association with an inhalation device; and (d)
an inhalation device containing an agent of the
invention in inhalable form. Dosages of agents of the
invention employed in practising the present invention
will of course vary depending, e.g., on the particular
condition to be treated, the effect desired and the
mode of administration. In general, suitable daily
dosages for oral administration are of the order of
0.01-100 mg/kg. EXAMPLES R2 = H except for Example 40,
where R2 = CH3. R3 = CH3 except for Example 8 1, where
R3 = H and except for Example 87 and 153, where 



R3 = CH2CH3 R4 = H except for Example 62 and Example
89, where R4 = Cl. Rx = H except for Example 99 and
100, where R6 = CISYSTEM AND METHOD FOR QUALITY
ASSURANCE OF A BIOSENSOR TEST STRIP REFERENCE TO
RELATED APPLICATIONS This application claims the
benefit of U.S. Provisional Application No.
60/581,002, filed June 18, 2004. This application is
also related to Application No. 10/871,937, filed June
18, 2004, and which is incorporated herein by
reference in its entirety. TECHNICAL FIELD OF THE
INVENTION The present invention relates to an
apparatus for use in measuring signals such as those
related to concentrations of an analyte (such as blood
glucose) in a biological fluid as well as those
related to interferants (such as hematocrit and
temperature in the case of blood glucose) to analyte
concentration signals. The invention relates more
particularly to a system and method for quality
assurance of a biosensor test strip. BACKGROUND OF THE
INVENTION Measuring the concentration of substances in
biological fluids is an important tool for the
diagnosis and treatment of many medical conditions.
For example, the measurement of glucose in body
fluids, such as blood, is crucial to the effective
treatment of diabetes. Diabetic therapy typically
involves two types of insulin treatment: basal, and
meal-time. Basal insulin refers to continuous, e.g.
time-released insulin, often taken before bed. Meal
time insulin treatment provides additional doses of
faster acting insulin to regulate fluctuations in
blood glucose caused by a variety of factors,
including the metabolization of sugars and
carbohydrates. Proper regulation of blood glucose
fluctuations requires accurate measurement of the
concentration of glucose in the blood. Failure to do
so can produce extreme complications, including
blindness and loss of circulation in the extremities,
which can ultimately deprive the diabetic of use of
his or her fingers, hands, feet, etc.Multiple methods
are known for determining the concentration of
analytes in a blood sample, such as, for example,
glucose. Such methods typically fall into one of two
categories: optical methods and electrochemical
methods. Optical methods generally involve
spectroscopy to observe the spectrum shift in the
fluid caused by concentration of the analyte,
typically in conjunction with a reagent that produces
a known color when combined with the analyte.
Electrochemical methods generally rely upon the
correlation between a current (Amperometry), a
potential (Potentiometry) or accumulated charge
(Coulometry) and the concentration of the analyte,
typically in conjunction with a reagent that produces
chargecarriers when combined with the analyte. See,
for example, U.S. Patent Nos. 4,233,029 to Columbus,
4,225,410 to Pace, 4,323,536 to Columbus, 4,008,448 to
Muggli, 4,654,197 to Lilja et al., 5,108,564 to
Szuminsky et al., 5,120,420 to Nankai et al.,
5,128,015 to Szuminsky et al., 5,243,516 to White,
5,437,999 to Diebold et al., 5,288,636 to Pollmann et
al., 5,628,890 to Carter et al., 5,682,884 to Hill et
al., 5,727,548 to Hill et al., 5,997,817 to Crismore
et al., 6,004,441 to Fujiwara et al., 4,919,770 to
Priedel, et al., and 6,054,039 to Shieh, which are
hereby incorporated in their entireties. The biosensor
for conducting the tests is typically a disposable
test strip having a reagent thereon that chemically
reacts with the analyte of interest in the biological
fluid. The test strip is mated to a nondisposable test
meter such that the test meter can measure the
reaction between the analyte and the reagent in order
to determine and display the concentration of the
analyte to the user. FIG. 1 schematically illustrates
a typical prior art disposable biosensor test strip,
indicated generally at 10 (see, for example, U.S.
Patent Nos. 4,999,582 and 5,438,271, assigned to the
same assignee as the present application, and
incorporated herein by reference). The lesl strip 10
is formed on a nonconductive substrate 12, onto which
are formed conductive areas 14,16. A chemical reagent
18 is applied over the conductive areas 14,16 at one
end of the test strip 10. The reagent 18 will react
with the analyte of interest in the biological sample
in a way that can be detected when a voltage potential
is applied between the measurement electrodes 14a and
16a. 



The test strip 10 therefore has a reaction zone 20
containing the measurement electrodes 14a, 16a that
comes into direct contact with a sample that contains
an analyte for which the concentration in the sample
is to be determined. In an amperometric or coulometric
electrochemical measurement system, the measurement
electrodes 14a, 16a in the reactionzone 20 are coupled
to electronic circuitry (typically in a test meter
(not shown) into which the test strip 10 is inserted,
as is well known in the art) that supplies an
electrical potential to the measurement electrodes and
measures the response of the electrochemical sensor to
this potential (e.g. current, impedance, charge,
etc.). This response is proportional to the analyte
concentration. The test meter contacts the test strip
10 at contact pads 14b, 16b in a contact zone 22 of
the test strip 10. Contact zone 22 is located somewhat
remotely from measurement zone 20, usually (but not
always) at an opposite end of the test strip 10.
Conductive traces 14c, 16c couple the contact pads
14b, 16b in the contact zone 22 to the respective
measurement electrodes 14a, 16a in the reaction zone
20. Especially for biosensors 10 in which the
electrodes, traces and contact pads are comprised of
electrically conductive thin films (for instance,
noble metals, carbon ink, and silver paste, as
non-limiting examples), the resistivity of the
conductive traces 14c, 16c that connect the contact
zone 22 to the reaction zone 20 can amount to several
hundred Ohms or more. This parasitic resistance causes
a potential drop along the length of the traces 14c,
16c, such that the potential presented to the
measurement electrodes 14a, 16a in the reaction zone
20 is considerably less than the potential applied by
the test meter to the contact pads 14b, 16b of the
test strip 10 in the contact zone 22. Because the
impedance of the reaction taking place within the
reaction zone 20 can be within an order of magnitude
of the parasitic resistance of the traces 14c, 16c,
the signal being measured can have a significant
offset due to the I-R (current x resistance) drop
induced by the traces. Tf this offset varies from test
strip to test strip, then noise is added to the
measurement result. Furthermore, physical damage to
the test strip 10, such as abrasion, cracks,
scratches, chemical degradation, etc. can occur during
manufacturing, shipping, storage and/or user
mishandling. These defects can damage the conductive
areas 14,16 to the point that they present an
extremely high resistance or even an open circuit.
Such increases in the trace resistance can prevent the
test meter from performing an accurate test. Thus, a
system and method are needed that will allow for
confirmation of the integrity of test strip traces,
for measurement of the parasitic resistance of test
strip traces, and for controllingthe potential level
actually applied to the test strip measurement
electrodes in the reaction zone. The present invention
is directed toward meeting these needs. SUMMARY OF THE
INVENTION The present invention provides a test strip
for measuring a signal of interest in a biological
fluid when the test strip is mated to an appropriate
test meter, wherein the test strip and the test meter
include structures to verify the integrity of the test
strip traces, to measure the parasitic resistance of
the test strip traces, and to provide compensation in
the voltage applied to the test strip to account for
parasitic resistive losses in the test strip traces.
BRIEF DESCRIPTION OF THE DRAWINGS The invention will
be further described, by way of example only, with
reference to the accompanying drawings, in which: FIG.
1 is schematic plan view of a typical prior art test
strip for use in measuring the concentration of an
analyte of interest in a biological fluid. FIG. 2 is a
schematic plan view of a first embodiment test strip
according to the present invention. FIG. 3 is a
schematic diagram of a first embodiment electronic
test circuit for use with the first embodiment test
strip of FIG. 2. FIG. 4 is an exploded assembly view
of a second typical test strip for use in measuring
the concentration of an analyte of interest in a
biological fluid. FIG. 5 illustrates a view of an
ablation apparatus suitable for use with the present
invention. 



FIG. 6 is a view of the laser ablation apparatus of
FIG. 5 showing a second mask. FIG. 7 is a view of an
ablation apparatus suitable for use with the present
invention. FIG. 8 is a schematic plan view of a second
embodiment test strip according to the present
invention. FIG. 9 is a schematic diagram of a second
embodiment electronic test circuit for use with the
second embodiment test strip of FIG. 8. FIG. 10 is a
schematic diagram of a third embodiment electronic
test circuit for use with the second embodiment test
strip of FIG. 8.DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS For the purposes of promoting an
understanding of the principles of the invention,
reference will now be made to the embodiment
illustrated in the drawings, and specific language
will be used to describe that embodiment. It will
nevertheless be understood that no limitation of the
scope of the invention is intended. Alterations and
modifications in the illustrated device, and further
applications of the principles of the invention as
illustrated therein, as would normally occur to one
skilled in the art to which the invention relates are
contemplated, are desired to be protected. In
particular, although the invention is discussed in
terms of a blood glucose meter, it is contemplated
that the invention can be used with devices for
measuring other analytes and other sample types. Such
alternative embodiments require certain adaptations to
the embodiments discussed herein that would be obvious
to those skilled in the art. Although the system and
method of the present invention may be used with test
strips having a wide variety of designs and made with
a wide variety of construction techniques and
processes, a first embodiment electrochemical test
strip of the present invention is illustrated
schematically in FIG. 2, and indicated generally at
200. Portions of test strip 200 which are
substantially identical to those of test strip 10 are
marked with like reference designators. Referring to
FIG. 2, the test strip 200 comprises a bottom
substrate 12 formed from an opaque piece of 350 mm
thick polyester (such as Melinex 329 available from
DuPont) coated on its top surface with a 50 nm
conductive gold layer (for instance by sputtering or
vapor deposition, by way of non-limiting example).
Electrodes, connecting traces and contact pads
therefor are then patterned in the conductive layer by
a laser ablation process. The laser ablation process
is performed by means of an excimer laser which passes
through a chrome-on-quartz mask. The mask pattern
causes parts of the laser field to be reflected while
allowing other parts of the field to pass through,
creating a pattern on the gold which is evaporated
where contacted by the laser light. The laser ablation
process is described in greater detail hereinbelow.
For example, working 214a, counter 216a, and counter
sense 224a electrodes may be formed as shown and
coupled to respective measurement contact pads 214b,
216b and 224b by means of respective traces 214c, 216c
and 224c. These contact pads 214b, 216b and 224b
provide a conductive area upon the test strip 200 to
be contacted by a connector contact of the test meter
(not shown) once the test strip 200 is inserted into
the test meter, as is well known in the art.FIGs. 2
and 3 illustrate an embodiment of the present
invention that improves upon the prior art test strip
designs by allowing for compensation of parasitic I-R
drop in the counter electrode line of the test strip.
It will be appreciated that the test strip 200 of FIG.
2 is substantially identical to the prior art test
strip 10 of FIG. 1, except for the addition of the
counter sense electrode 224a, contact pad 224b, and
trace 224c. Provision of the counter sense line 224
allows the test meter (as described hereinbelow) to
compensate for parasitic resistance between the
contact pads 216b,224b. Note that the embodiment of
FIG. 2 when used with the circuit of FIG. 3 only
compensates for the I-R drop on the counter electrode
side of the test strip 200. Parasitic resistance on
the working electrode side of the test strip 200
cannot be detected using this circuitry, although it
could be replicated on the working electrode side if
desired, as will be apparent to those skilled in the
art with reference to the present disclosure. Further
methods for compensating for parasitic resistance on
both the working and counter sides of the test strip
are presented hereinbelow. The counter sense line of
FIG. 2 therefore allows the test meter to compensate
for any parasitic resistance potential drop in the
counter line 216, as explained in greater detail with
respect to FIG. 3. 



Referring now to FIG. 3, there is shown a schematic
electrical circuit diagram of a first embodiment
electrode compensation circuit (indicated generally at
300) housed within the test meter. As indicated, the
circuit couples to contact pads 214b, 216b and 224b
when the test strip 200 is inserted into the test
meter. As will be appreciated by those skilled in the
art, a voltage potential is applied to the counter
electrode contact pad 216b, which will produce a
current between the counter electrode 216a and the
working electrode 214a that is proportional to the
amount of analyte present in the biological sample
applied to the reagent 18. The current from working
electrode 214a is transmitted to working electrode
contact pad 214b by means of working electrode trace
214c and provided to a current-to-voltage amplifier
310. The analog output voltage of amplifier 310 is
converted to a digital signal by analog-to-digital
converter (AID) 312. This digital signal is then
processed by microprocessor 314 according to a
previously stored program in order to determine the
concentration of analyte within the biological sample
applied to the test strip 200. This concentration is
displayed to the user by means of an appropriate
output device 316, such as a liquid crystal display
(LCD) screen.Microprocessor 314 also outputs a digital
signal indicative of the voltage potential to be
applied to the counter electrode contact pad 216b.
This digital signal is converted to an analog voltage
signal by digital-to-analog converter (D/A) 318. The
analog output of D/A 318 is applied to a first input
of an operational amplifier 320. A second input of the
operational amplifier 320 is coupled to counter sense
electrode contact pad 224b. The output of operational
amplifier 320 is coupled to the counter electrode
contact pad 216b. Operational amplifier 320 is
connected in a voltage follower configuration, in
which the amplifier will adjust its output (within its
physical limits of operation) until the voltage
appearing at its second input is equal to the
commanded voltage appearing at its first input. The
second input of operational amplifier 320 is a high
impedance input, therefore substantially no current
flows in counter sense line 224. Since substantially
no current flows, any parasitic resistance in counter
sense line 224 will not cause a potential drop, and
the voltage appearing at the second input of
operational amplifier 320 is substantially the same as
the voltage at counter sense electrode 224a, which is
in turn substantially the same as the voltage
appearing at counter electrode 216a due to their close
physical proximity. Operational amplifier 320
therefore acts to vary the voltage potential applied
to the counter electrode contact pad 216b until the
actual voltage potential appearing at the counter
electrode 216a (as fed back over counter sense line
224) is equal to the voltage potential commanded by
the microprocessor 314. Operational amplifier 320
therefore automatically compensates for any potential
drop caused by the parasitic resistance in the counter
electrode trace 216c, and the potential appearing at
the counter electrode 216a is the desired potential.
The calculation of the analyte concentration in the
biological sample from the current produced by the
working electrode is therefore made more accurate,
since the voltage that produced the current is indeed
the same voltage commanded by the microprocessor 314.
Without the compensation for parasitic resistance
voltage drops provided by the circuit 300, the
microprocessor 314 would analyze the resulting current
under the mistaken presumption that the commanded
voltage was actually applied to the counter electrode
216a. Many methods are available for preparing test
strips having multiple electrodes, such as carbon ink
printing, silver paste silk-screening, scribing
metalized plastic, electroplating, chemical plating,
and photo-chemical etching, by way of non-limiting
example. One preferred method of preparing a test
strip having additional electrode sense lines as
described herein isby the use of laser ablation
techniques. Examples of the use of these techniques in
preparing electrodes for biosensors are described in
United States Patent Application Serial Number
09/866,030, "Biosensors with Laser Ablation Electrodes
with a Continuous Coverlay Channel" filed May 25,
2001, and in United States Patent Application Serial
Number 09/41 1,940, entitled "Laser Defined Features
for Patterned Laminates and Electrode," filed October
4, 1999, both disclosures incorporated herein by
reference. Laser ablation is particularly useful in
preparing test strips according to the present
invention because it allows conductive areas having
extremely small feature sizes to be accurately
manufactured in a 



repeatable manner. Laser ablation provides a means for
adding the extra sense lines of the present invention
to a test strip without increasing the size of the
test strip. It is desirable in the present invention
to provide for the accurate placement of the
electrical components relative to one another and to
the overall biosensor. In a preferred embodiment, the
relative placement of components is achieved, at least
in part, by the use of broad field laser ablation that
is performed through a mask or other device that has a
precise pattern for the electrical components. This
allows accurate positioning of adjacent edges, which
is further enhanced by the close tolerances for the
smoothness of the edges. Figure 4 illustrates a simple
biosensor 401 useful for illustrating the laser
ablation process of the present invention, including a
substrate 402 having formed thereon conductive
material 403 defining electrode systems comprising a
first electrode set 404 and a second electrode set
405, and corresponding traces 406, 407 and contact
pads 408, 409, respectively. Note that the biosensor
401 is used herein for purposes of illustrating the
laser ablation process, and that it is not shown as
incorporating the sense lines of the present
invention. The conductive material 403 may contain
pure metals or alloys, or other materials, which are
metallic conductors. Preferably, the conductive
material is absorptive at the wavelength of the laser
used to form the electrodes and of a thickness
amenable to rapid and precise processing. Non-limiting
examples include aluminum, carbon, copper, chromium,
gold, indium tin oxide (ITO), palladium, platinum,
silver, tin oxide/gold, titanium, mixtures thereof,
and alloys or metallic compounds of these elements.
Preferably, the conductive material includes noble
metals or alloys or their oxides. Most preferably, the
conductive material includes gold, palladium,
aluminum, titanium, platinum, ITO and chromium. The
conductive material ranges in thickness from about 10
nm to 80 nm, more preferably, 30 nm to 70 nm, and most
preferably50 nm. It is appreciated that the thickness
of the conductive material depends upon the
transmissive property of the material and other
factors relating to use of the biosensor. While not
illustrated, it is appreciated that the resulting
patterned conductive material can be coated or plated
with additional metal layers. For example, the
conductive material may be copper, which is then
ablated with a laser into an electrode pattern;
subsequently, the copper may be plated with a
titanium/tungsten layer, and then a gold layer, to
form the desired electrodes. Preferably, a single
layer of conductive material is used, which lies on
the base 402. Although not generally necessary, it is
possible to enhance adhesion of the conductive
material to the base, as is well known in the art, by
using seed or ancillary layers such as chromium nickel
or titanium. In preferred embodiments, biosensor 401
has a single layer of gold, palladium, platinum or
ITO. Biosensor 401 is illustratively manufactured
using two apparatuses 10, 10', shown in Figures 5, 6
and 7, respectively. It is appreciated that unless
otherwise described, the apparatuses 410, 410' operate
in a similar manner. Referring first to Figure 5,
biosensor 401 is manufactured by feeding a roll of
ribbon 420 having an 80 nm gold laminate, which is
about 40 mm in width, into a custom fit broad field
laser ablation apparatus 410. The apparatus 410
comprises a laser source 411 producing a beam of laser
light 412, a chromium-plated quartz mask 414, and
optics 416. It is appreciated that while the
illustrated optics 416 is a single lens, optics 416 is
preferably a variety of lenses that cooperate to make
the light 412 in apre-determined shape. A non-limiting
example of a suitable ablation apparatus 410 (Figures
5-6) is a customized MicrolineLaser 200-4 laser system
commercially available from LPKF Laser Electronic
GmbH, of Garbsen, Germany, which incorporates an
LPX-400, LPX-300 or LPX-200 laser system commercially
available from Lambda Physik AG, Gdttingen, Germany
and a chromium-plated quartz mask commercially
available from International Phototool Company,
Colorado Springs, Co. For the MicrolineLaser 200-4
laser system (Figures 5-6), the laser source 411 is a
LPX-200 KrF-UV-laser. It is appreciated, however, that
higher wavelength UV lasers can be used in accordance
with this disclosure. The laser source 4 11 works at
248nm, with a pulse energy of 60OmJ, and a pulse
repeat frequency of 50 Hz. The intensity of the laser
beam 412 can beinfinitely adjusted between 3% and 92%
by a dielectric beam attenuator (not shown). The 



beam profile is 27xl5mm 2 (0.62 sq. inch) and the
pulse duration 25ns. The layout on the mask 414 is
homogeneously projected by an optical elements beam
expander, homogenizer, and field lens (not shown). The
performance of the homogenizer has been determined by
measuring the energy profile. The imaging optics 416
transfer the structures of the mask 414 onto the
ribbon 420. The imaging ratio is 2:1 to allow a large
area to be removed on the one hand, but to keep the
energy density below the ablation point of the applied
chromium mask on the other hand. While an imaging of
2:1 is illustrated, it is appreciated that the any
number of alternative ratios are possible in
accordance with this disclosure depending upon the
desired design requirements. The ribbon 420 moves as
shown by arrow 425 to allow a number of layout
segments to be ablated in succession. The positioning
of the mask 414, movement of the ribbon 420, and laser
energy are computer controlled. As shown in Figure 5,
the laser beam 412 is projected onto the ribbon 420 to
be ablated. Light 412 passing through the clear areas
or windows 418 of the mask 414 ablates the metal from
the ribbon 420. Chromium coated areas 424 of the mask
414 blocks the laser light 412 and prevent ablation in
those areas, resulting in a metallized structure on
the ribbon 420 surface. Referring now to Figure 6, a
complete structure of electrical components may
require additional ablation steps through a second
mask 414'. It is appreciated that depending upon the
optics and the size of the electrical component to be
ablated, that only a single ablation step or greater
than two ablation steps may be necessary in accordance
with this disclosure. Further, it is appreciated that
instead of multiple masks, that multiple fields may be
formed on the same mask in accordance with this
disclosure. Specifically, a second non-limiting
example of a suitable ablation apparatus 410' (Figure
7) is a customized laser system commercially available
from LPKF Laser Electronic GmbH, of Garbsen, Germany,
which incorporates a Lambda STEEL (Stable energy
eximer laser) laser system commercially available from
Lambda Physik AG, Gottingen, Germany and a
chromium-plated quartz mask commercially available
from International Phototool Company, Colorado
Springs, Co. The laser system features up to 1000 mJ
pulse energy at a wavelength of 308 nm. Further, the
laser system has a frequency of 100 Hz. The apparatus
410' may be formed to produce biosensors with two
passes as shown in Figures 5 and 6, but preferably its
optics permit the formation of a 10x40 mm pattern in a
25 ns single pass.While not wishing to be bound to a
specific theory, it is believed that the laser pulse
or beam 412 that passes through the mask 414, 414',
414" is absorbed within less than 1 mm of the surface
402 on the ribbon 420. The photons of the beam 412
have an energy sufficient to cause photo-dissociation
and the rapid breaking of chemical bonds at the
metal/polymer interface. It is believed that this
rapid chemical bond breaking causes a sudden pressure
increase within the absorption region and forces
material (metal film 403) to be ejected from the
polymer base surface. Since typical pulse durations
are around 20-25 nanoseconds, the interaction with the
material occurs very rapidly and thermal damage to
edges of the conductive material 403 and surrounding
structures is minimized. The resulting edges of the
electrical components have high edge quality and
accurate placement as contemplated by the present
invention. Fluence energies used to remove or ablate
metals from the ribbon 420 are dependent upon the
material from which the ribbon 420 is fopned, adhesion
of the metal film to the base material, the thickness
of the metal film, and possibly the process used to
place the film on the base material, i.e. supporting
and vapor deposition. Fluence levels for gold on
KALADEX range from about 50 to about 90 mJ/cm2, on
polyimide about 100 to about 120 mJ/cm2, and on
MELINEX(r) about 60 to about 120 mJ/cm2. It is
understood that fluence levels less than or greater
than the above mentioned can be appropriate for other
base materials in accordance with the disclosure.
Patterning of areas of the ribbon 420 is achieved by
using the masks 414, 414'. Each mask 414, 414'
illustratively includes a mask field 422 containing a
precise two-dimensional illustration of a
pre-determined portion of the electrode component
patterns to be fopned. 



Figure 5 illustrates the mask field 422 including
contact pads and a portion of traces. As shown in
Figure 6, the second mask 414' contains a second
corresponding portion of the traces and the electrode
patterns containing fingers. As previously described,
it is appreciated that depending upon the size of the
area to be ablated, the mask 414 can contain a
complete illustration of the electrode patterns
(Figure 7), or portions of patterns different from
those illustrated in Figures 5 and 6 in accordance
with this disclosure. Preferably, it is contemplated
that in one aspect of the present invention, the
entire pattern of the electrical components on the
test strip are laser ablated at one time, i.e., the
broad field encompasses the entire size ofthe test
strip (Figure 7). In the alternative, and as
illustrated in Figures 5 and 6, portions of the entire
biosensor are done successively. While mask 414 will
be discussed hereafter, it is appreciated that unless
indicated otherwise, the discussion will apply to
masks 414', 414" as well. Referring to Figure 5, areas
424 of the mask field 422 protected by the chrome will
block the projection of the laser beam 412 to the
ribbon 420. Clear areas or windows 418 in the mask
field 422 allow the laser beam 412 to pass through the
mask 414 and to impact predetermined areas of the
ribbon 420. As shown in Figure 5, the clear area 418
of the mask field 422 corresponds to the areas of the
ribbon 420 from which the conductive material 403 is
to be removed. Further, the mask field 422 has a
length shown by line 430 and a width as shown by line
432. Given the imaging ratio of 2:1 of the LPX-200, it
is appreciated that the length 30 of the mask is two
times the length of a length 434 of the resulting
pattern and the width 432 of the mask is two times the
width of a width 436 of the resulting pattern on
ribbon 420. The optics 416 reduces the size of laser
beam 412 that strikes the ribbon 420. It is
appreciated that the relative dimensions of the mask
field 422 and the resulting pattern can vary in
accordance with this disclosure. Mask 414' (Figure 6)
is used to complete the two-dimensional illustration
of the electrical components. Continuing to refer to
Figure 5, in the laser ablation apparatus 410 the
excimer laser source 411 emits beam 412, which passes
through the chrome-on-quartz mask 414. The mask field
422 c u parts of the laser beam 412 to be reflected
while allowing other parts of the beam to pass
through, creating a pattern on the gold film where
impacted by the laser beam 412. It is appreciated that
ribbon 420 can be stationary relative to apparatus 410
or move continuously on a roll through apparatus 410.
Accordingly, non-limiting rates of movement of the
ribbon 420 can be from about 0 m/min to about 100
m/min, more preferably about 30 m/min to about 60
m/min. It is appreciated that the rate of movement of
the ribbon 420 is limited only by the apparatus 410
selected and may well exceed 100 m/min depending upon
the pulse duration of the laser source 4 11 in
accordance with the present disclosure. Once the
pattern of the mask 414 is created on the ribbon 420,
the ribbon is rewound and fed through the apparatus
410 again, with mask 414' (Figure 6). It is
appreciated, thatalternatively, laser apparatus 410
could be positioned in series in accordance with this
disclosure. Thus, by using masks 414, 414', large
areas of the ribbon 420 can be patterned using
step-and-repeat processes involving multiple mask
fields 422 in the same mask area to enable the
economical creation of intricate electrode patterns
and other electrical components on a substrate of the
base, the precise edges of the electrode components,
and the removal of greater amounts of the metallic
film from the base material. The second embodiment of
the present invention illustrated in FIGs. 8 and 9
improve upon the prior art by providing for I-R drop
compensation of both the working and counter electrode
leads on the test strip. Referring now to FIG. 8,
there is schematically illustrated a second embodiment
test strip configuration of the present invention,
indicated generally at 800. The test strip 800
comprises a bottom substrate 12 coated on its top
surface with a 50 nm conductive gold layer (for
instance by sputtering or vapor deposition, by way of
non-limiting example). Electrodes, connecting traces
and contact pads therefor are then patterned in the
conductive layer by a laser ablation process as
described hereinabove. For example, working 814a,
working sense 826a, counter 216a, and counter sense
224a electrodes may be formed as shown and coupled to
respective measurement contact pads 814b, 826b, 216b
and 224b by 



means of respective traces 814c, 826c, 216c and 224c.
These contact pads 814b, 826b, 216b and 224b provide a
conductive area upon the test strip 800 to be
contacted by a connector contact of the test meter
(not shown) once the test strip 800 is inserted into
the test meter. It will be appreciated that the test
strip 800 of FTG. 8 is substantially identical to the
first embodiment test strip 200 of FIG. 2, except for
the addition of the working sense electrode 826a,
contact pad 826b, and trace 826c. Provision of the
working sense line 826 allows the test meter to
compensate for any I-R drop caused by the contact
resistance of the connections to the contact pads 814b
and 216b, and to compensate for the trace resistance
of traces 814c and 216c. Referring now to FIG. 9,
there is shown a schematic electrical circuit diagram
of a second embodiment electrode compensation circuit
(indicated generally at 900) housed wilhin lhe test
meter. As indicated, the circuit couples to contact
pads 826b, 814b, 216b and 224b when the test strip 800
is inserted into the test meter. As will be
appreciated by those skilled in the art, a voltage
potential is applied to the counter electrode contact
pad 216b, which will produce acurrent between the
counter electrode 216a and the working electrode 814a
that is proportional to the amount of analyte present
in the biological sample applied to the reagent 18.
The current from working electrode 814a is transmitted
by working electrode trace 814c to working electrode
contact pad 814b and provided to current-to-voltage
amplifier 310. The analog output voltage of amplifier
310 is converted to a digital signal by A/D 312. This
digital signal is then processed by microprocessor 314
according to a previously stored program in order to
determine the concentration of the analyte of interest
within the biological sample applied to the test strip
800. This concentration is displayed to the user by
means of LCD output device 316. Microprocessor 314
also outputs a digital signal indicative of the
voltage potential to be applied to the counter
electrode contact pad 216b. This digital signal is
converted to an analog voltage signal by D/A 318
(reference voltage source). The analog output of D/A
318 is applied to a first input of an operational
amplifier 320. A second input of the operational
amplifier 320 is coupled to an output of operational
amplifier 910. Operational amplifier 910 is connected
in a difference amplifier configuration using an
instrumentation amplifier. A first input of
operational amplifier 910 is coupled to working sense
electrode contact pad 826b, while a second input of
operational amplifier 910 is coupled to counter sense
electrode contact pad 224b. The output of operational
amplifier 320 is coupled to the counter electrode
contact pad 216b. When the biosensor test strip (800)
is coupled to a test meter a first input of the
operational amplifier 910 operatively coupled to the
working sense trace 826c and a second input is
operatively coupled to the counter sense trace 224c.
The output of the operational amplifier is operatively
coupled to the counter electrode trace. The
operational amplifier 910 in this configuration works
as a difference amplifier. Operational amplifier 320
is connected in a voltage follower configuration, in
which the amplifier will adjust its output (within its
physical limits of operation) until the voltage
appearing at its second input is equal to the
commanded voltage appearing at its first input. Both
inputs of operational amplifier 910 are high impedance
inputs, therefore substantially no current flows in
counter sense line 224 or working sense line 826.
Since substantially no current flows, any parasitic
resistance in counter sense line 224 or working sense
line 826 will not cause a potential drop, and the
voltage appearing across the inputs of operational
amplifier 910 is substantially the same as the voltage
across the measurement cell (i.e. across
counterelectrode 216a and working electrode 814a).
Because operational amplifier 910 is connected in a
difference amplifier configuration, its output
represents the voltage across the measurement cell.
Operational amplifier 320 will therefore act to vary
its output (i.e. the voltage potential applied to the
counter electrode contact pad 216b) until the actual
voltage potential appearing across the measurement
cell is equal to the voltage potential commanded by
the microprocessor 314. Operational amplifier 320
therefore automatically compensates for any potential
drop caused by the parasitic resistance in the counter
electrode trace 216c, counter electrode contact 216b, 



working electrode trace 814c, and working electrode
contact 814b, and therefore the potential appearing
across the measurement cell is the desired potential.
The calculation of the analyte concentration in the
biological sample from the current produced by the
working electrode is therefore made more accurate.
FIG. 10, in conjunction with FIG. 8, illustrates a
third embodiment of the present invention that
improves over the prior art by providing I-R drop
compensation for both the working and counter
electrode lines, as well as providing verification
that the resistance of both the working and counter
electrode lines is not above a predetermined threshold
in order to assure that the test meter is able to
compensate for the I-R drops. Referring now to FIG.
10, there is shown a schematic electrical circuit
diagram of a third embodiment electrode compensation
circuit (indicated generally at 1000) housed within
the test meter. The electrode compensation circuit
1000 works with the test strip 800 of FTG. 8. As
indicated, the circuit couples to contact pads 826b,
814b, 216b and 224b when the test strip 800 is
inserted into the test meter. As will be appreciated
by those skilled in the art, a voltage potential is
applied to the counter electrode contact pad 216b,
which will produce a current between the counter
electrode 216a and the working electrode 814a that is
proportional to the amount of analyte present in the
biological sample applied to the reagent 18. The
current from working electrode 814a is transmitted to
working electrode contact pad 814b by working
electrode trace 814c and provided to
current-to-voltage amplifier 310. The output of
current-to-voltage amplifier 3 10 is applied to the
input of instrumentation amplifier 1002 which is
configured as a buffer having unity gain when switch
1004 in the closed position. The analog output voltage
of amplifier 1002 is converted to a digital signal by
A/D 312. This digital signal is then processed by
microprocessor 314 according to a previously stored
program in order to determine theconcentration of
analyte within the biological sample applied to the
test strip 800. This concentration is displayed to the
user by means of LCD output device 316. Microprocessor
314 also outputs a digital signal indicative of the
voltage potential to be applied to the counter
electrode contact pad 216b. This digital signal is
converted to an analog voltage signal by D/A 318. The
analog output of D/A 318 is applied to the input of an
operational amplifier 320 that is configured as a
voltage follower when switch 1006 is in the position
shown.. The output of operational amplifier 320 is
coupled to the counter electrode contact pad 216b,
which will allow measurement of a biological fluid
sample applied to the reagent 18. Furthermore, with
switches 1006, 1008 and 1010 positioned as illustrated
in FIG. 10, the circuit is configured as shown in FIG.
9 and may be used to automatically compensate for
parasitic and contact resistance as described
hereinabove with respect to FIG. 9. In order to
measure the amount of parasitic resistance in the
counter electrode line 216, switch 1008 is placed in
the position shown in FIG. 10, switch 1006 is placed
in the position opposite that shown in FIG. 10, while
switch 1010 is closed. The operational amplifier 320
therefore acts as a buffer with unity gain and applies
a voltage potential to counter electrode contact pad
216b through a known resistance Rnom. This resistance
causes a current to flow in the counter electrode line
216 and the counter sense line 224 that is sensed by
current-to-voltage amplifier 310, which is now coupled
to the current sense line through switch 1010. The
output of current-to-voltage amplifier 310 is provided
to the microprocessor 314 through AID 312. Because the
value of Rnom is known, the microprocessor 314 can
calculate the value of any parasitic resistance in the
counter sense line 224 and the counter tsltxlrude line
216. TWs parasitic resistance value can be compared to
a predetermined threshold stored in the test meter to
determine if physical damage has occurred to the test
strip 800 or if nonconductive buildup is present on
the contact pads to such an extent that the test strip
800 cannot be reliably used to perform a test. In such
situations, the test meter may be programmed to inform
the user that an alternate test strip should be
inserted into the test meter before proceeding with
the test. In order to measure the amount of parasitic
resistance in the working electrode line 814, switches
1006 and 1008 are placed in the position opposite that
shown in FIG. 10, while 



switch 1010 is opened. The operational amplifier 320
therefore acts as a buffer with unitygain and applies
a voltage potential to working sense contact pad 826b
through a known resistance RnO m- This resistance
causes a current to flow in the working sense line 826
and the working electrode line 814 that is sensed by
current-to-voltage amplifier 310. The output of
current-to-voltage amplifier 310 is provided to the
microprocessor 314 through A/D 312. Because the value
of Rnom is known, the microprocessor 314 can calculate
the value of any parasitic resistance in the working
sense line 826 and the working electrode line 814.
This parasitic resistance value can be compared to a
predetermined threshold stored in the test meter to
determine if physical damage has occurred to the test
strip 800 or if nonconductive buildup is present on
the contact pads to such an extent that the test strip
800 cannot be reliably used to perform a test. In such
situations, the test meter may be programmed to inform
the user that an alternate test strip should be
inserted into the test meter before proceeding with
the test. AUpublications, prior applications, and
other documents cited herein are hereby incorporated
by reference in their entirety as if each had been
individually incorporated by reference and fully set
forth. While the invention has been illustrated and
described in detail in the drawings and foregoing
description, the description is to be considered as
illustrative and not restrictive in character. Only
the preferred embodiment, and certain other
embodiments deemed helpful in further explaining how
to make or use the preferred embodiment, have been
shown. All changes and modifications that come within
the spirit of the invention are desired to be
protected.What is claimed: 1. A biosensor system for
detecting the concentration of an analyte using a
biosensor test strip, the biosensor test strip (800)
comprising: a working electrode (814a); a working
electrode trace (814c) operatively coupled to the
working electrode (814a); a working sense trace (826c)
operatively coupled to the working electrode (814a); a
counter electrode (216a); a counter electrode trace
(216c) operatively coupled to the counter electrode
(216a); a counter sense trace (224c) operatively
coupled to the counter electrode (216a); the system
comprising: a test meter having an interface for
receiving the biosensor test strip (800); a difference
amplifier (910) having first and second difference
amplifier (910) inputs and a difference amplifier
(910) output, wherein the first difference amplifier
(910) input is operatively coupled to the working
sense trace (826c) and the second difference amplifier
(910) input is operatively coupled to the counter
sense trace (224c); and wherein the difference
amplifier (910) output is operatively coupled to the
counter electrode trace (2 16c). 2. The syslem of
claim 1 further comprising: a reference voltage source
(318) having a reference voltage output; and an
operational amplifier (320) having first and second
operational amplifier (320) inputs and an operational
amplifier (320) output, wherein the first operational
amplifier (320) input is operatively coupled to the
reference voltage output, the second operational
amplifier (320) input is operatively coupled to the
difference amplifier (910) output, and the operational
amplifier (320) output is operatively coupled to the
counter electrode trace (216c). 3. The system of claim
2, wherein the reference voltage source (3 18) is a
digital-toanalog converter (318).4. The system of
claim 2 further comprising an analog-to-digital
converter (312) having an input operatively coupled to
the working electrode (8 14a). 5. The system of claim
4 further comprising: the analog-to-digital converter
(312) having an analog input and a digital output; a
current-to-voltage amplifier (310) having an input is
operatively coupled to the 



working electrode trace (814c) and an output is
operatively coupled to the analog-to-digital converter
(312) input. 6. The system of claim 5 further
comprising: a microprocessor (314) having a
microprocessor (314) input is operatively coupled to
the analog-to-digital converter (312) digital output
and a microprocessor (3 14) providing a microprocessor
(3 14) reference voltage control output; and the
reference voltage source (318) further comprising a
reference voltage source (318) control input is
operatively coupled to the microprocessor (3 14)
reference voltage control output. 7. The system of
claim 6 wherein the microprocessor (3 14) further
includes a display control output and produces an
indication of the concentration of the analyte, the
system further comprising: an output display (3 16),
is operatively coupled to the microprocessor (314)
display control output, wherein indication of the
concentration of the analyte is provided to a user via
the output display (3 16). 8. A biosensor system,
comprising: a biosensor test strip (800), comprising a
working electrode (814a); a working electrode trace
(814c) operatively coupled to the working electrode
(814a); a working sense trace (826c) operatively
coupled to the working electrode (814a); a counter
electrode (216a);a counter electrode trace (216c)
operatively coupled to the counter electrode (216a); a
counter sense trace (224c) operatively coupled to the
counter electrode (216a); a test meter coupled to the
biosensor test strip (800), the test meter comprising:
a difference amplifier (910) having first and second
difference amplifier (910) inputs and a difference
amplifier (910) output, wherein the first difference
amplifier (910) input is operatively coupled to the
working sense trace (826c) and the second difference
amplifier (910) input is operatively coupled to the
counter sense trace (224c); a reference voltage source
(3 18); and a voltage follower amplifier (320) having
first and second voltage follower (320) inputs and a
voltage follower (320) output, wherein the first
voltage follower (320) input is coupled to the
reference voltage source (318), the second voltage
follower (320) input is coupled to the difference
amplifier (910) output, and the voltage follower (320)
output is coupled to the counter electrode trace
(216c). 9. A method for applying a stimulus having a
desired magnitude to a biological sample under test in
a measurement cell of a test strip (800), the method
comprising the steps of: applying a stimulus to the
test strip (800); measuring a magnitude of a voltage
difference thnt is produced across the measurement
cell in response to the stimulus; adjusting the
magnitude of the stimulus applied to the test strip
(800) such that the voltage difference produced across
the measurement cell has substantially the same
magnitude as the desired magnitude. 10. The method of
claim 9 further comprising the steps of using a device
having a high input impedance to measure the voltage
difference produced across the measurement cell in
response to the stimulus.11. The method of claim 10
wherein the device having the high input impedance 



comprises a differential amplifier (910). 12. The
method of claim 9 wherein the test strip (800)
comprises a counter electrode (216a) and working
electrode (814a), the method further comprising the
step of: comparing the measured potential difference
across the measurement cell to a desired reference
voltage; using the comparison of the potential
difference across the measurement cell and the desired
reference voltage to regulate the voltage across the
counter electrode (216a) and working electrode (814a).
13. The method of claim 12 wherein the desired
reference voltage is provided by a microprocessor
(314) controlled voltage reference. 14. The method of
claim 13 wherein the microprocessor (3 14) controlled
voltage reference comprises a digital-to-analog
converter converter (318). 15. The method of claim 9
further comprising the step of using a counter sense
line (824) and a working sense line (826) to sense the
potential difference across the measurement cell. 16.
A method for making a measurement of an analyte using
a test strip (800) comprising a measurement cell, a
counter electrode (216a), and a working electrode
(814a), the method comprising the steps of: receiving
the test strip (800) into a biosensor device; applying
a stimulus to the counter electrode (216a) to produce
a potential across the measurement cell; measuring the
potential difference developed across the measurement
cell by the application of the stimulus; adapting the
stimulus applied to the counter electrode based upon
the measured potential difference developed across the
measurement cell. 17. The method of claim 16 wherein
the test strip (800) further comprises:a working
electrode (8 14a); a working sense contact pad (826b)
is operatively coupled to the working electrode
(814a); a working electrode contact pad (814b) is
operatively coupled to the working electrode (814a); a
counter electrode (216a); a counter electrode contact
pad (216b) is operatively coupled to the counter
electrode (216a); and a counter sense contact pad
(224b) is operatively coupled to the counter electrode
(216a); the method further comprising: receiving from
the working sense contact pad (826b) a working sense
contact pad (826b) potential from the working
electrode (814a); receiving from the counter sense
contact pad (224b) a counter sense contact pad (826b)
potential from the counter electrode (216a); comparing
working sense contact pad (826b) potential and counter
sense contact pad (826b) potential to produce a
measurement of the potential across the measurement
cell. 18. A method for measuring a parasitic impedance
of at least one trace of a biosensor test strip (800),
the biosensor test strip (800) comprising: a working
electrode (814a); a working electrode trace (814c)
operatively coupled to the working electrode (814a); a
working sense trace (826c) operatively coupled to the
working electrode (814a); a counter electrode (2 16a);
a counter electrode trace (216c) operatively coupled
to the counter electrode (216a); a counter sense trace
(224c) operatively coupled to the counter electrode
(216a); 



the method comprising the steps of: selectively
placing a resistor having a known impedance in series
with the working sense trace (826c) and working
electrode trace (814c) to form a series ciicuil having
a series circuit impedance comprising the known
impedance of the resistor and a working sense trace
(826c) impedance and a working electrode trace 814(c)
impedance;selectively applying a stimulus to produce a
current passing through the series circuit; measuring
the current flowing through the series circuit; using
the current measurement to calculate the parasitic
impedance of at least one trace of a biosensor test
strip (800). 19. The method of claim 18 wherein the
series circuit impedance is used to determine whether
the biosensor test strip (800) is damaged. 20. A
method for measuring a parasitic impedance of at least
one trace of a biosensor test strip (800), the
biosensor test strip (800) comprising: a working
electrode (814a); a working electrode trace (814c)
operatively coupled to the working electrode (814a); a
working sense trace (826c) operatively coupled to the
working electrode (814a); a counter electrode (216a);
a counter electrode trace (216c) operatively coupled
to the counter electrode (216a); a counter sense trace
(224c) operatively coupled to the counter electrode
(216a); the method comprising the steps of:
selectively placing a resistor having a known
impedance in series with the counter sense trace
(224c) and counter electrode trace (2 16c) to form a
series circuit having a series circuit impedance
comprising the known impedance of the resistor and a
counter sense trace (224c) impedance and a counter
electrode trace (216c) impedance; selectively applying
a stimulus to produce a current passing through the
series circuit; measuring the current flowing through
the series circuit; using the current measurement to
calculate the parasitic impedance of at least one
trace of a biosensor test strip (800). 21. The method
of claim 20 wherein at least one of the calculated
indications of impedance is used to determine whether
the biosensor test strip (800) is damaged.22. A method
for using a biosensor meter to measure a parasitic
impedance of at least one trace of a biosensor test
strip (800), the biosensor test strip (800)
comprising: a working electrode (814a); a working
electrode trace (814c) operatively coupled to the
working electrode (814a); a working sense trace (826c)
operatively coupled to the working electrode (814a); a
counter electrode (216a); a counter electrode trace
(216c) operatively coupled to the counter electrode
(216a); a counter sense trace (224c) operatively
coupled to the counter electrode (216a); and the
biosensor meter comprising: a biosensor meter test
strip interface comprising: a working electrode
contact pad (814b), a working sense contact pad
(826b), a counter electrode contact pad (216b), and a
counter sense contact pad (224b); the method
comprising the steps of: receiving the test strip
(800) into the biosensor meter; operatively coupling
the test strip (800) to the biosensor meter test strip
interface such that the working electrode trace (814c)
is operatively coupled to the working electrode
contact pad (814b), the working sense trace (826c) is
operatively 



coupled to the working sense contact pad (826b), the
counter electrode trace (216c) is operatively coupled
to the counter electrode contact pad (216b), and the
counter sense trace (224c) is operatively coupled to
the counter sense trace (224b); selectively switching
a resistor having a known impedance into series with
the working sense trace (826c) and working electrode
trace (814c) to form a series circuit having a series
circuit impedance comprising the known impedance of
the resistor and a working sense trace (826c)
impedance and a working electrode trace 814(c)
impedance; providing a stimulus to produce a current
passing through the series circuit; measuring the
current flowing through the series circuit; using the
current measurement to calculate the working electrode
trace (814c) impedance and of the working sense trace
(826c) impedance. 23. The method of claim 22 further
comprising the step of:using at the series circuit
impedence to determine whether the test strip (800) is
damaged. 24. The method of claim 23 further comprising
the step of: displaying an indication of the test
strip (800) usability. 25. A method for using a
biosensor meter to measure a parasitic impedance of at
least one trace of a biosensor test strip (800), the
biosensor test strip (800) comprising a working
electrode (814a); a working electrode trace (8 14c)
operatively coupled to the working electrode (814a); a
working sense trace (826c) operatively coupled to the
working electrode (814a); a counter electrode (216a);
a counter electrode trace (216c) operatively coupled
to the counter electrode (216a); a counter sense trace
(224c) operatively coupled to the counter electrode
(216a); and the biosensor meter comprising: a
biosensor meter test strip interface comprising: a
working electrode contact pad (814b), a working sense
contact pad (826b), a counter electrode contact pad
(216b), and a counter sense contact pad (224b); the
method comprising the steps of: receiving the test
strip (800) into the biosensor meter; operatively
coupling the test strip (800) to the biosensor meter
test strip interface such that the working electrode
trace (814c) is operatively coupled to the working
electrode contact pad (8 14b), the working sense trace
(826c) is operatively coupled to the working sense
contact pad (826b), the counter electrode trace (216c)
is operatively coupled to the counter electrode
contact pad (216b), and the counter sense trace (224c)
is operatively coupled to the counter sense trace
(224b); selectively switching aresistor having a known
impedance in series with the counter sense trace
(224c) and counter electrode trace (216c) to form a
series circuit having a series circuit impedance
comprising the known impedance of the resistor and a
counter sense trace (224c) impedance and counter
electrode trace (216c) impedance;selectively applying
a stimulus to produce a current passing through the
series circuit; measuring the current flowing through
the series circuit; using the current measurement to
calculate an indication of the counter sense trace
(224c) impedance and counter electrode trace (216c)
impedance. 26. The method of claim 25 further
comprising the step of: using at least one indication
of the impedance of the series circuit to determine
whether the test strip (800) is damaged. 27. The
method of claim 26 further comprising the step of:
displaying an indication of the test strip (800)
usability. 


