0 3 SEP 2004 WO 01/67099 PCT/ GB01/00990 - 1 Measurenent of substances in
Liquids 5 This invention relates to apparatus for nmeasuring the 03 SEP 2004
concentration of a substance in a liquid and particularly, but not

excl usively, woomgpsar at us for measuring the concentrati onpfcalhiweese i n
blood or interstitial fluid. 10 Devices for measuring blood glucose |evels
are invaluable for diabetics, especially devices that nay be wused by the
sufferers thensel ves since they may then nonitor their own glucose |evels
and take an appropriate dose of insulin. Correspondingly therefore the
accuracy 15 of such devices is very |nportant since an inaccurate reading
could lead to the wong |MRaguLE : i ldQuideed which could be
very harnful. It is also the case that in aII practlcal bl ood gl ucose

measuring gystems atg ﬁaihvemoffreg]@% g% %d:ar%ng o tr&hﬁatsu%” whi ch

comes into~contact mn fdns that it
is partlcularlﬁh?rﬁﬂﬂQﬁEﬁFth%ﬁ the é8§§tﬁ%ﬁ%|%§uPaﬂP9u%ﬁ afify - disposabl e
parts can be mpamniisedaadya bserno ldxclgeiesnt,l ronepgatange fmunbers of them

regul arly. 25 kpown,glucese Ef&?éé{{t!r'%‘ihgﬁvb?egﬁd?:%‘é’ef 2O ot or

el ectrochem cal neasurenent met hod over old colori-netric methods. The
general princi pteF§Stifidflafl®i®ctric current is neasured between two
sensor panos call ed Qelvécenof &r mpzaawd ingf bleot glvenser L peals arespect i vel y.

rhe 30 rorklng ﬁﬁﬂﬁ%ﬂéb?@&%o?O@EHHéﬂ%%sa”e§ﬁéEEHUQQed@Giéb&WHH%% h? b@'dda .
ayer of enzyne r en iC an enz an el ectron nedi at or
conpound. Wien % Epcg%é(nttf"ﬁl ngf t@amaﬁf%%ss %H@esgﬂ%%rmaﬁ’art?‘s‘? a current is
generated by tWRF%qQ§n§ﬁEFro@WQﬂQ&HﬂqgﬁslﬁvQﬁﬁ1ﬁm§ sabst i GPHIEPYd 238
nmeasured (the efwsgISURsLLBA L) Cotir@sbbAdengyehepdfépe dhe assifraee of the
ggﬁgg;Od:r?Tge d&#rsru%@lt A9G9ELAt &M J3y RRRRPELAONALE0aROLLdNG 3kea of the
P reading could lead to the wrong level of insulin being
administered which could be very harmful
It is also the case that in all pract1ca1 blood

glucose measuring systems at least part of the device,

20 . i.e. that part which comes into contact with the sample
blood, is dispdsable. This means that it is
particularly important that the cost particularly of any
disposable parts can be minimised as a user will
generally need large numbers of them regularly.

25 Known glucose measuring devices now favour an
electrochemical measurement method over old colorimetric
methods. The general principle is that an electric
current is measured between two sensor parts called the
working and reference sensor parts respectively. The

30 working sensor part comprises.én electrode onto which is
laid a layer of enzyﬁe reagent which comprises an enzyme
and an electron mediator compound. When a potential is
applied across the sensor parts a current is generated
by the transfer of electrons from the substance being

35 measured (the enzyme substrate), via the enzyme and to
the surface of-the electrode. The current generated is

proportional te both the area of the sensor part and




03 SEP 1004 WD 03/67099 PCT/ GB01/00990 - 2 also the concentration of
glucose in the test sanple. Since the area of the working sensor paﬂgf%P2W4
supposedly known, the electric current should be proportional to the

gl ucose concewbnaé?m®n. 5 It has been recogni sed in the artpddidiop@gccurate
results are obtained if the working sensot, part is not fully covered with
bl ood since then its effective area is reduced. Various ways of dealing

with this probl emschave beererireps80ot tgincoke W Ctheak@ gl §giép§@.d in US 10
|

5628890 and US 338269 rely on a_ unidirectional

B f S t hods
f1 ow of bl ood across tZR% és)%r gocfe%g% "tg%lg%ntgeg TEET i tand Shot AP ATt i%at e t he

test measur enent<"eYn dbbectianf riReCpreaiincdosidthe rrepsira iphablite at an

el ectrode or senser ghacdsé apaicedtdawnsir eam of the 15 working sensor part.
The probl erg of i nsuf i ChentyaaMRkEobd Ml A1 :0°LAG T 3800 sRBA LIS, the
wor ki ng sensor part not being conpletely covered nmay of "colrse be reduced
by reducing th&e$P2ESo?rs IPURIPRENYE SE1fs HPrpang . sqneRay BRTA E9aldt 20 ar ea
for the workingfsdéidgocopardd twdndsblood)isi@ica gheatids efdeicabirtidyed n

cal i brated resuliks redhCed! €S8R LAVEIY O RAYEi ffaliksedntBal a5 el | as
I nconpl ete cove age of the worki.ng sensor ﬁg}rlt, i naccurate results can

al so arise front'8EEa8FThAITPEEEs b i "PREN pPRIFESORSER M’ est strips
for such Xdevi c&$28RA0 aargd USr 6P 2687 deroah danthysse oethedaor&lngn sensor

part e.g b?/ a uaaad_w@crfiadbnlaa_s £18@ d?f“&h%@r ScAbSs tﬁ%ﬁrsﬁn:fhbﬁ Qﬁl%aor as:titcal
brocess. used 30F8 pEBRILe ThEoEBst KA B T e B et arar E"ae" gobei bl e and
to rely on adeqd&Feching ithe saeeete qf the aampbi ddQudf eheapresent
invention at | easkctpadd i lsgnkor apd @vilatcatthedabeeBRNbE Ofiesl

di sadvant ages @ngm%e‘ﬁs%‘é’egaﬁpm a first aspect the invention

The problem of insufficient sample liguid being
present and thus the working sensor part not being
completely covered may of course be reduced by reducing
the size of the working sensor part. However a small

20 area for the working sensor part tends to give a greater
variability in calibrated results.

The present inventors have realised that as well as
incomplete coverage of the working sensor part,
inaccurate results can also arise from occasional

25 defects in-the'production of the test strips for such
devices and alsc from accidental damage to the working
sensor part e.g by a user. As far as the inventors are

. aware, the only practical way to deal with this problem
so far has been to ensure that the printing process used

30 to produce the test strips is as accurate as possible -
and to rely on adequate guality control.

It is an object of the present invention at least
partially to alleviate the above-mentioned disadvantages
and when viewed from a first aspect the invention

35 provides a method of measuring the concentration of a

substance in a sample liquid comprising: providing a

measuring device having a working sensor part, a second




35 provides a nethod of nmeasuring the concentration of a substance in a
sanple liquid comprising: providing a neasuring device having a wor REr5gP 2004
sensor part, a second 0 3 SEP 2004 WO 01/67099 PCT/ GB01/00990 3 working

sensor part aupiardeef erence sensor part; applying the sagplgphifhed tO
sai d neasuring device; nmeasuring an el 93} ric current at each sensor part
proportional to the concentration of said substance in 5 the sanple |iquid;

conparing the elegkiid sewkbenpaft YR §achr Herddie SWRLK] NG, SENSOr parts to
establish a diffefence iving an indication of an error if

araneter; .and g ( ,
sai d difference”Param égei g rervE lake £33 BEBERF MM heiPHiseéshol d. 10
Thus it will beneteiringagn| alecuodanceenk td4t teaeh sevent imrtt he
subst ance- concegdpintaBnadepengantcoabhepdtidrs o2f E8Ch1 Y@t Seasyped twice

and the t ne %fé‘%fﬂt red so_that .each can,be used as a check for
the ot he\rN.g. 15 iﬂe i nvé%t %gﬁgfpg CORERESP R % § chﬁf?i%‘tﬁra?ﬂty%r%nefi ci al
in the context ¥Hhe|%ctPBcHerfd sgesayspants Wei ehtaihbisulesst ance whose

concentration idifferdeser pdrémetarheakd €igingdlaCos@i &4k Hr0RE, aheacts w t28
an el enent - of ‘ L Ng. r..p .0._an._enz reagent, to
motzhgfv\gslfad@lti%r}%gxce £1ta§'rlet%r t‘LCS) ?ﬁ%ar%éleﬁ ec’f’faPi

generate charge carriers an Feby give rise current
proportional tJPiHELESRLRRE rHG8O8F- the substance in the Iiquid.
Furt hernoite the neaghnengt delilceeusednirhdthiia agebhoshds widnekhand

inventive in it QM ibhIPhe A8 dthUSe- 2onddrtPaR 1 SRCE r?d%%%ct:u%pgnpresent

i nvention provi.des device for neasuring the concentration o Subst ance
in a sanple Iilcfuieé,%eggf"de VIS UES ?YJS‘?Q%@“S FBR et eh e 2sYEREEPt Hart and a
wor ki ng sensor qemPeregr sgekiatattiagh cehdvgeisedr rsea schatlprfopotheon to t he
concentration @fth3@.sai d substance in the sanple |iquid; wherein said

devi ce fygther Conﬂkgsf§véh€¥%%oqg !@ﬁéﬁd@%eﬁe@éoéeFggétfﬁuﬁ%rﬁgr
beneficial in the context of electrochemical assays in
which the substance whose concentration it is desired to
check, e.g. glucose in blood, reacts with an element of
on the working sensor parts, e.g. an enzyme reagent, to
20 generate charge carriers and thereby give rise to the
electric current proportional to the concentration of
the substance in the liguid.
Furthermore the measuring device used in this
method is novel and inventive in its own right and thus
25 from a second aspect the present invention provides a
device for measuring the concentration of a substance in
a sample liquid, said device comprising a reference -
: : sensor part and a working sensor part for generating
- charge carriers in proportion to the concentration of
30 . said substance in the sample ligquid; wherein said device
further comprises a second working sensor part also for
generating charge carriers in proportion to the
concentration of said substance in the sample liquid.
Thus it will be seen that in accordance with the
35 invention the measuring device compares the current
passed by two working sensor parts as a result of their

generation of charge carriers and gives an error




generating charge carriers in proportion to the concentration of said
substance in the sanple liquid. Thus it will be seen that in accordgngE 7104
with the 35 invention the measuring device conpares the current passed by

. two working sengGmreeparts as a result of their generatlon&g&cﬁgg@%
carriers and gives an error 0 3 SEP 2004 WO 01/67099 PCT/

indication if the two currents are too di*ssimilar - i.e. the current at
one sensor part; di. £ tly from, what e ect ed from

consi deri ng thengﬁfrc%g%(t%na]?@ 91h %wPhcurr%S SEFyt%oaﬁgtsﬁrlg‘l fhodt Fet ect when
one of 5 the sé&hSoFUpafRs HaPngoreheen RIspdifferpioredranthy Swmmpl e
liquid, but itwban absbddst etdpeicked heren |csmaldamg &Gﬂéubhﬂﬁeﬁl@faﬁpt in

ei t her Sensor RRE! oRhet qkkh%%lyhé§1Qﬁk@ darpged eﬁk%%r HanUfaCt si nce

even Wwth sensor parts, an 10 % anorral ous

nﬂ’et e covera
current wﬁl a §esﬁ?5?%é°aaﬁtfse@?éd“%"eﬂ%e@r“ EéPPer]lifh @N@Heél‘t”emrstances I n
accor dance wi t lsambhée| hirpnitd,omuthét otdry dlppedefectddffeehede fareage which

woul d not neceggahihytbeind %QQE{:SE‘J élsch%@es,&\ﬁ'é&h alk fteﬁgegf bé)ftlr}x Y the
wor ki ng 15 seng(ﬁrs parts to ree. ver ogi cal l'y

de
less likely th qet @™ eE?T"ﬁﬁ g fﬁ(jFBrevxosr%cﬁge%ﬁs‘ﬁ’r“bart and is
t hus an i nproveaepteby eroveyagepei orheamtorkling pserctdrceastish an | i kel i hood i s

consi dereg t oahemaeghd gﬂlmrentlnlﬁpyaﬁ\é%ntattmeIarf\f%ekbensér%sapﬁaa%@ limted
to providing just_two é/\:pxrc msg tensor parts and the skilled person could

therefore choose i) provi fAFe® or nore wor ki ng sensor parts to further
reduce the probabi Pi‘t%FG(q’Félant:ﬁe‘g/lde ¢hgl Lnuefiqredhbyonhy i tharet icdal  def ect .

25 Looki ng at tateénuentdamaganeh het il d hbt n{éaéls(éesllﬁrb@rrange%nt
e oo e lEin Rl ARE. e IOl SN RO ALLRS 2 91 ver
équa d"OF'déf ects or

m ni nrum sanpl e vol une, etection of ina ef|
sSensor parts to the same degree However, thls is

damage tg°>
logically less likely than a defect affecting a single
working sensor part and is thus an improvement over the
prior art. 1In practice such a likelihood is considered"
to be negligible.  In any event the invention is not

20 limited to providing just two working $ensor parts and

the skilled person could therefore choose to provide
three or more working sensor parts to further reduce the
probability that they are all affected by an identical
defect. -

25 : Looking rat"the invention another way, it provides

an arrangement whereby for a given total area of working
sensor part and thus a given minimum sample volume,
detection of inadequate fill and of defects or damage to
the working sensor part can be provided by separatlng
30 the area of the working sensor part into two.
Some or all of the sensor parts may be provided as
part of an integrated device. Preferably however at
least the working sensor parts are provided on a
removable test member. Thus when viewed from a further
35 aspect the present invention provides a test member for

measuring the concentration of a substance in a sample

liquid comprising a base member and two working sensor




t he wor ki ng sensor part can be provided by separating 30 the area of the
wor ki ng sensor part into two. Sonme or all of the sensor parts nay be3 §FP 2004
provided as part of an integrated device. Preferably however at |east the
wor ki ng sensowopast089 are provi ded on a renovabl e test nenbercedivomewhen
viewed froma further 35 aspect the pres_e?t _invention provides a test

menber for neasuring the concentration of a substance in a sanple Iliquid
conprising a bagmrmmsnbeovidet ton0 twer ki 5 reabeo| fhch SR k2004sMRH1167099

PCT/ GB01/ 00990 - éit B@EE& Q%Qﬂﬂg9d19Qth%o ggﬁepgﬂ?%yerggcca¥9rklng Sensor

part being arran ed in uSe to denerate charge carriers Foportion to
the concentrati GFOBAF bt AUBSt ARReCPIFERFET @Rl IaigusybsTameefioy ably a
ref erence sensorthgastmpde alismigrovi ded on the base nenber. It will be

appr eci at eds by t hOSGp?léfé}aQ—ﬁy’ | EQFeﬁé’r}ce ts'éfx%oi?fﬁae&t ':L‘éeEXs%"”g% PR een

provided is a neasuglnﬁ% evi IS se testing for use,
damage and 10 c&Mt &PR Tk ﬁFr ng defects.. This is particul arI y
beneficial in the cobtexillbfreaagpveciatau Wyi thosdieskiddrsolnpelid samr e

provi ded on a S%ﬂa&aéﬁfé&sltve@rrbegt }%Q%e&hb%\@d{eo{ YR gainéys.ﬁelr?g
mass- manuf actur%%l L est Lri.n, suring bl ood glucose l|evels.

Qr. nme
Such 15 strips woura® twhjlcéjall Sﬁégutseescfw °F KF eerrsb‘ﬁe\?\hga%%‘f "ot
necessari 132t reé??rt”-ﬁé%mﬁftqf@@ﬂﬂ@@ gitfecarse - t Dhiprisveartdandeely Thus in a
preferred embodberetitiwl ineBYabbet @SofNMBMBEFicL AMPLhSEs endli sposabl e

test strip. Singgnip: ageardaneeomindhe,l qvention A dargedor 20

defective test stri ogni sed e rejected, the
accuracy of theS\‘Pﬁ%It}?’e%matY SR $ iy bﬁo?e’ﬂ??%ﬂa}ﬁ“tfﬁétkéé?@t‘iﬁﬁﬁ a user is
no l,onger sol el gtriependentfonpaeahigihgrbiubacd Uidayg peeelsi orswnd proper

careful use At st2asi idlideybati fly HROB6Ea Be 33,PHeLELE SthemRadument s of

t he |nvent|on proyi de an o
t necessarily treat them with sufficient care to

prevent damage. Thus in a preferred embodiment the
removable test member comprises a disposable test strip.

Since in accordénca with the invention a damaged or

20 defective test strip will be recogniséd, allowing it to
be rejected, the accuracy of the final result and thus
potentially the safety of a user is no longer solely
dependent upon high manufacturing precision and proper
careful use. At least in the latter regard, the

25 preferred embodiments of the invention provide an
additional layer of safety compared to known
arrangements. Although it is of course not desirable
that a large number of tests is :ejeéted, in many
circumstances it is more important that inaccurate

30 results are not given.

The two working sensor parts may be arranged as
convenient within the device, or in accordance with the
preferred embodiment, on the test member. The device or
test member may be arranged to allow the sample liquid

35 to flow freely over the working sensor parts. More
preferably however the sample ligquid is constrained to
flow substantially unidirectionally across the working




additional |ayer of safety conpared to known arrangenents. Although it is
of course not desirable that a large nunber of. tests is rejectedf3JiJkpPrgiy
circunstances it is nore inportant that inaccurate 30 results are not

given. The tweowhEHedng sensor parts may be arranged as COpvVREEER btV t hi N
the device, or in accordance with the prgf_erred enbodi nent, on the test

menber. The device or test menber may be”arranged to allow the sanple
liquid 35 to flouhiseelrtuer the working sensor parts. Mre preferably
however the sanple ljquid is constrained_to flow substantially

uni di rectional |y acrbegs Wérﬁb?%f%ﬁyo%eéﬁﬁr%é aho-B3/ BRORPTBEPPGBO1/ 00990
6 sensor parts.s¢nses QRS eofaafsenmesf eneedowrrirethect whavmtliemg sensor

parts arﬁ arrangﬁfls Qi eFOWRS b6 €848 1of tbhen?ﬁfhfruhatTBhé aﬁkt.ﬁﬁa is}en98§5i bl 3 to
ensure that one_o ensor 5 parts w al ways he ¢ e overe
before the”ot he?art_béegﬁnlé tagwgt\és ctg‘c'{/é:roglg\,ﬁne%ﬁh% ?ac’\%irﬁlgnﬁegn% ;e)t_fs%l’ﬁﬁfft Y,
however smal |, Pe@&ins fsubei epeeredarkhie Pyeidindg sheapptsidtidveover bot h

sensor parts angowendhemmne thal ireacHiseasOrsapple 18qpad tisal |y covered by
the sane 10 ano o N lggﬁr i d_hagwever, £h | f the

above- nmenti oned‘%glgrr:'iafﬁOt r_t\lgls I%OF‘EP _eerre%%é%%gp?%%se,a%da%j‘rlgér\rbeerrrr“é’rﬂes that

accor dance- wi t heAHe SHPEAt PBRT &t ¥ ARTA 12 hlig reyreesdePY T R&ITME ty in the

pl acement 10f t hensensor Itpails Hehappreckaosd Hbeeveestidl [ist tokei | | provi di ng

15 protection agaifsinedR 1bREdeHIALS N QkUTE @lersamRleepi i being used or
ot her incorrect product usage' or damage.. Mst preferably hoth working
sensor parts ar‘%lp]i?d\ﬁﬁéntef’gﬁn?“oﬁ‘c‘iorféiaf‘égé?’bﬂbé:%eEEB‘?"-Yp’a?ri .aﬁﬁé’ Burrents
gener at ed by t huahwyrwetkRirnfledisidity20nphlre $lagyment bl thier senbyr
conpar abl e, e. paecanse thexnsi@NRviPastShal® dr$si BV iaing Which case
the measufing device i3 BLSISLARLY 180680989 (R13RR! ¥r ARIAR 1841 q
' being used or other incorrect product usage or damage.
Most preferably both working sensor parts are downstream
of the reference sensor part.
The currents generated by the two working sensor
20 . parts may not be directly comparable, e.g. because the
sensor parts are dissimilar, in which case the measuring
device is preferably arranged to apply appropriate
weights to the measurements returned by one or both
working sensor parts to normalise them. The difference
¢+ 25 parameter could then for example be the simple
arithmetic difference between the normalised current
values. Preferably however both sensor parts comprise
the same working material and alternatively, but
preferably additiocnally, both working sensor parts have
30 the same area. Thus it is most preferred that the two
working sensor parts are substantially identical. This
enables the difference parameter easily to comprise a
direct comparison between the respective currents at the
sensor parts in order to determine whether a reliable
35 measurement of the substance concentration can be made.

The threshold used to determine an inaccurate

measurement may be chosen as appropriate. Typically a




weights to the neasurenents returned by one or both working sensor (gajtPs24
to normalise them The difference 25 paraneter could then for exanple be
the sinple arithnetic difference between the normalised current val ues.
Preferably howewesroth sensor parts conprise the sane wogdgcmamber i al
and alternatively, but preferably additignally, both working sensor parts
have 30 the sane area. Thus it is nost preferred that the two working
sensor parts ar ehgabsdpntdialll pei dl@cﬁﬁeirﬁ@}npiﬂ_ﬂi:éillyeﬂabbe§uim1@ ffenence

parameter easily.t9 & 4 36 @bedirfh UQdP)EAbSﬁtheEWE n, t he respective

currents at the sens% parts 1n or er a reliable 35
measur ement of FH@“§%§{WePEBﬁ%%?n rté’ﬁ gas e peeragecn dheasikdéshol d used
to determ ne anetbaccCIi aictne BREBSHI eifidile HAYa berfeesEn BSt W Apki at e.

chosen enprri cally Seh SUTaBE Valhe a1 %%%%3“8 g, SHRRERG M Pl
variability in tf a’?r‘brﬁﬁea@f"ﬂ??ﬁbl%} (?cfeg‘gas‘E’FF’é“ed‘é& FRYCH S sion of

results, etc. dFossoegarded estbeimy edos iaateade-of f Thes ween tthreshoadcur acy

whi ch may be Obﬁ@ﬁﬁl@%d&%n&%béb@gl he theeshol qexﬂeqwfaﬂdemgﬂm QpQkEEi on of
nmeasurenments whic

are _.disre ein maccurate Thus t he
threshol d i ght®atvEHa§ 585] ﬁ?/rr%ewo 3? g? %‘gTee&é’l 2t BP L LSBhied ¥dRdre no
si gni fi caA® har gmwohg creéelléén‘éotiﬁﬂ&npétﬁén%n#@lw ng 10 on the results to
adm ni ster insulin. fie odifktespbe @ apanaaet aﬁayrmé be apsahsQ waguwal ue -

e.g. the differgnge &l eyt EEPLR IS0 L Plofls GRGNLLPENSA LAY LenUl ! S

preferably di nenstonl ess - cent age SF Jone or
measur ed currenP3Tt15Ydy éfSeP’é%f%Faterréf éﬁ‘i“?’é?ﬂ@l&sé TTE%.SilfeEd after a
predet erm ned tperceraldgeoughotidicxr icahaet o enas seaslyed esaawrital.. The act ual

current vakue used % abahl At thd N rEROSANS HebQ0-08 IHSUbstance may

just be that fromé)
predetermined time, although this is not necessarily

essential. , ‘ , .
The actual current value used to calculate the
concentration of the substance may just be that from one

20 of the working sensor parts, but is preferably a
combination thereof, e.g. the sum or mean of the two.
This gives the advantage that the maximum effective
working area is utilised which further helps to increase
the precision of the results obtained. )

25 A particularly preferred embodiment of the
invention is a device for measuring the concentration of
glucose in blood, in which the two working sensor parts

: and the reference sensor part are provided on a
- disposable test strip.

30 A preferred embodiment of the invention will now be
described, by way of example only, with reference to the
accompanying drawings in which: _

Figure 1 shows a base member for a test strip in
accordance with the invention;

35 Figure 2 shows the layout of carbon tracks applied
to the base member:

Figure 3 shows the layer of insulation applied to




20 of the working sensor parts, but is preferably a conbination thereof,
e.g. the sumor nean of the two. This gives the advantage that thel3dgp gn
effective working area is utilised which further helps to increase the
preci sion of woeidesul ts obtained. 25 A particularly pref eﬂcﬁﬁ?ﬂofmi ment
of the invention is a device for neasurifig the concentration o gl ucose
in blood, in which the two working sensor parts and the reference sensor
part are provi denleoss‘tzagji sposabl e test strip. 30 A preferred enbodi nent of
the invention wll e y. of exa Ieonly,vmth
reference to the acc an |§§g$rg°%%negxwm@vﬁ$agﬁn§£ re 1 shows a base
nmenber for a test st"?ligfb’rien é‘é‘?:”b?(?a‘négh%%‘rﬁ thaeeravention; 35 Figure 2
shows the | ayout of Kapdrenst siwks aapplyeedos tHydrbphbase mrmer Figure 3
shows the Layer of i l.at o lh.ed P,2004. 67099

PCT/ GBO1/ 0(%990 - ﬂ g%sgr%h&pso th%r gLQEQ I%v‘\’;?gt ﬁ’g ge)rﬁzvgr%\e\rqL éa ent |ayer;

Fi gure 5 shows an a&H&F\?e I%\%é‘? PlEtqaf etls® JNSHALE ‘P%W“Qﬁ ”Hyhpbbhl lic
film S Figureu¥imhewsethedcovercdoagencefwitihe theripventiicgur an8 is a pl ot
of the results obt alm%qrw bNouita YaeRYs BnTELNQS FRodFe0s dARETAMYIN Lhe

i nvention; and _Fi ure obt al ne using a

|l ot simla ure
method i n accord# ?‘ﬁe ’Frﬂféﬁffiaﬂce ‘ﬁt%u?:hﬁgnjg“‘f%’tﬁodhre 1, there is
shown an &bl ong poITyJégﬁéﬁ 5@ ridgurenhi chhdusr ks thewbase aifloagt est strip
for measuring tm)xmm@entataipcm wiificgl ﬂ@ﬂﬁ@ thd BaSanPt & t&@‘stbLsQQQp The base

menber 2 is sh | [ |, Praclige an array such strips
Is cut but 15 orr#gs é %gestaclé’%g tlaot“pt%l iuc o1 Tabri Saﬂ%n Fi gure

2 shows the pat“tferbrgr"(?fj ca lb%quW"\ﬁﬁPEﬁ 3nis shown in isolation

, although in practice an array of such strips is cut out
-15 from a large master sheet at the end -of fabrication.
Figure 2 shows the pattern of carbon ink which in
this example is applied to the base member by screen
printing, although any suitable deposition technique
known in the art could be used. The layer of carbon
20 comprises four distinct areas which are electrically
insvulated from one another. The first track 4 forms, at
the distal end therecf, an electrode 4b for a

reference/counter sensor part. The track 4 extends

lengthwise to form a connecting terminal 4a at its
25 proximal end. The second and third tracks 6, 8 form
electrodes 6b, 8b at their distal ends for two working
sensor parts and respective connecting terminals 6a, 8a
| at their proximal ends. The fourth carbon area is
simply a connecting bridge 10 which is provided in order
30 to close a circuit in a suitable measuring device in
order to turn it on when the test strip has been
properly inserted.
Figure 3 shows the next layer to be applied also by
screen printing. This is a water insoluble insulating
35 mask 12 which defines a window over the electrodes 4b,
6k, 8b and which therefore controls the size of the

exposed. carbon and hence where the enzyme reagent layer




this exanple is applied to the base nmenber by screen printing, altfaatejs%lﬂ
any suitable deposition technique known in the art could be used. 2004
| ayer of carbon 20 conprises four distinct areas which are electrically

i nsul at ed fr oy eneesanot her. The first track 4 forms, at thdeqHophadse €Nd
thereof, an electrode 4b for a reference/counter sensor part. The track 4
extends lengthwise to forma connecting % érninal 4a at its 25 pr oxi mal

end. The second: anghighi 5 4 ackeed 3 fed Oidhes£LogLEpdan. Qhyph al thei

di stal ends for two working  sensor parts and respective connectl ng
terminals 6a, S%lecéﬁmfjﬁérr oSl a%ﬂo%hapF’né’ff 6’&‘1" bR caPeR 3% sinply
a connecting brilkge thé whochles pdesi Gied nhavdes pB(-H @iclagsgma ef rcuit in

a suitabl e measiiddig ydeytCeahd a&radﬁflmé WnRlo! &.99. WheN <t BgahgSt strip has
been properly inserted. Fjigure t he next er to be applied al so
by screenpri nt'14g.fofhf st G%WBFl%‘E{scﬁa&B‘I g"Fhk‘?ﬁ/aSﬁ“ﬁQr B3YFmsk 12 which
defi nes a w ndowilgvahephet etalchy pdes tiz Fme 8beanxiavrugirenheief ore
controls the sige®hckher £xesad sarbsbaAnd hence where the enzyme reagent

IayerOBSEP2004 1 09PCT/GB /009 9 14 4) will cone
into contact with t#g ga%gm g W%Eet t odt(]a\hs S F eog%r%eentar?d%lﬁgﬁg €of the wi ndow

are set so thdtxidgset \‘F\Ba‘é?'@btlradeéslﬁib(ﬁ% Haveld prEndedobvenzihe of
exactly the sanmsxr @a pndntlad onte tllmemle'EIMrSdaeam %u,hab thtodglgi ven

potential, eachchVéomeswsleﬁsa{e Ratk twd Qﬁergé%?saéngwéaﬁnwﬁ sane

electric current in the presence’ of An“enzyme layer, in

thi s enbodi nent>®2Sgrubdse aQﬁ(ltﬁéséw?e‘&b@?ng §RFORPAMESy. 4), is printed
over the 10 nesdspe2tamely husr ddlomidworellegerodesadiesifle, iBbthém ough t he

wi ndow in the mhskcbe E9fendhe s&eisrﬁmcﬁle SRLEL £F SIRAAS Ik ?Q%Er@-nﬁ. the two
working sensor Rarts. . L8Pl YELY: oAl S04 MeSE O L ANSS L9 cadheslye 1's then
to the previous Figures. Three separate areas of
adhesive 16a, 16b, 1l6c together define a sample chamber
18 between them. -
Two sections of hydrophilic film 20 (Fig. 6) are

20 laminated onto the distal end of the strip and are held
in place by the adhesive 16. The first section of film
has the effect of makihg the sample chamber 18 into a
thin channel which draws liquid into and along it by a
capillary action. - The final layer is shown in Figure 7

25 and is a protective plastic cover tape 22 which has a
transparent portion 24 at the distal end. This enables
a user to tell instantly if a strip has been used and

3 also assists in affording a crude visual check as to
whether encugh blood has been applied.

30 Use of the strip will now be described. The test
strip is inserted intc a meter device. The bridge
portion 10 completes a circuit in the device and thus
automatically turns the device on. The device also has
contacts to connect to the terminals 4a, 6a, B8a on the

35 strip. The measuring device applies a potential of 400

mV between the counter/reference sensor part and each of

the two working sensor parts via the above-mentioned




printed onto the strip in the pattern shown in Figure 5. 15 This pattern

has been enlarged for clarity as conpared to the previous Figures. brih S 2004
separate areas of adhesive 16a, 16b, 16c together define a sanpl e chanber
18 bet ween t e@p/ge®® sections of hydrophilic film 20 (Fi g.pr&EycEmecs®0

| am nated onto the distal end of the strip,and are held in place by the
adhesive 16. The first section of film has the effect of naking the sanple
chanber 18 intOtarmﬁhianschannel which draws liquid into and along it by a

capillary action. Thg fina e%xztggdlfs QN b 0 ELQUr &7 %SSEafﬁ‘b% %54 at the

protective plastlc cover t whi ch has®a ransparen
di stal end. Thi $"&nShFiR- £apddlary IRion ASeumt TRe |bf1°a’dsf' ¢B8 Hd® been used
and al so assi sssmphe atfiangimg saand uskee v itheatocheak/ r@F erencavhaii®yy enough

bl ood has keen gpptigdd S %@k%gt;@)%trr b‘ %II now be described. The test
strip is inserted in nmet er deV|ce portion 10 conpletes a

circuit in the devi c‘égﬁ‘?ﬁ & S e&%’f’%’rf’aetdi (’E&F‘Fyt]ﬁ%r‘ﬂsecttﬁécdé\ﬂi@ton The
devi ce al so haspagsed dey aakh sonkénd temsblmeps et ninalessbagd6and Bheon the 35

strip. The Wasﬂhbﬁﬁeﬂﬁ)&*%n@l@pbk@%&np%}%@m'f‘f meﬁQifogy Betypgen the
counter/referenggasegggr‘%&arrt and each of _the two wor bng sensor parts via
t he above-menti 6ned 518045 P 670895 SRET) 6688F2sur3ng

term nal s1¢ A diepies Vibdde seshamip] deedeprated dilst sheprmreof the strip.

Capi | lary acti onithawsidherbeasd &g hbhevesanple wehbaphered® and over the
counter/ref erencg s eth%rp%ttﬁé‘dde%‘&%e"‘@né' “lge SensorﬁBé‘”s After a
eac

predeternined. [ime the electfic current %i*hg sensor
part i s measur eBl3FFS Hé?"etlmﬂhh%]ésiﬁ éir%éﬁtléy%ﬁ‘ e‘-‘"&:(ﬂ?’pé’r@@d If they differ by
nore than 10% an erk orommssagee|®<p€h:ﬂpbayeda9rbdﬂiaeﬂeaﬁur&ﬁgag 10 device

and the test nust{ ¢ F£PR836LeHg A §éle$u@r§bove, in order to exemplify
the benefits achievable in accordance with the
inventien. 1In the experiment drops of blood increasing
in volume from 1 to 2 micro litres in steps of 0.2 micro
litres and with a constant glucose concentration, were
20 applied to such strips, with each volume being repeated
8 times. The current measured at each working sensor
part was measured and recocrded. The results are shown
in Table 1 appended to this description.
For the first part of the test the two currents
25 were simply added together to simulate a single working
sensor part having their combined area. These results
are plotted in Figure 8.
; , , In the second half of the test the two currents
were first compared. Only if they differed by less than
30 10% were they .then added together and put forward as
valid results. Values differing by more than 10% were
disregarded. The results of this second part of the
test are plotted in Figure 9.
It is immediately apparent that the second set of
35 results is significantly more precise, i.e. they display

a much lower variation. Furthermore, since in practice

the two working sensor parts will only give results




wi thin 10% of each other however, the two currents are added together-in
the device and are converted to a glucose |evel which is displayed af §® 2004
LCD. A conparative experinment was carried out using a 15 strip fabricated

as set out abwoastmes order to exenplify the benefits achi g#p8hfinbdde
accordance with the invention. In the experinment drops of blood increasing
in volunme from1l to 2 mcro litres in st‘eg% of 0.2 mcro litres and with a

constant gl ucose&: SANGRRLE AL Of ol ko e ARD By Lo SURRASELupS, WL each

vol ume being repeated . 8 EI mes. The current neast at each wor ki ng sensor
part was measur €@ HHEY eEBF deROPFhEeF Rl IS UAFE ShANPC iSdITABL €2t Bhpended
to this descriptnomre sEounrehe thamstthpafiraf stiheet estmayhédet wafellyrents 25
were sinply addetsda@et RRELtohsSiFBLaAtE A STl eadoikiNg g;1$8ASPLepart having
t hei r conbi Eed agecﬁ]. w‘ggﬁe results aﬁe {)I ott?g in Fi ure 8. In the second
hal f of the’test°TTe "ChRE BUri€RY PREFR 3595 SLLE¥PEFT - Only if they
differed by | ess thadhusoiiéMele shey.thsdnindies pusfetrmed and put forward
as vi':ll id ][esﬁ! t smpdaliest difid fq{ﬂeﬁgnbynﬁw&iﬁahalﬂlﬂ&% %reeggé'ééfﬁgar?ed; The
results of this of . t test, ar tted in.Fi e 9 It is

i nredi at el y appf?r]g?\?@t}ﬁg?{%rheﬁs’et@gﬁ %’é tsoft%_a 5 ?‘é%ﬂwatds nh gglgbﬁ%‘?’?tcant ly
nore precise, i.@PPlengpPHiahItey thy Herth Jtawer ivarthasicoan ®hiehethpore,
since in practi aestt bertpohawtdeng i semsoyctigr isedv | Isioaliyrgiyver nesil ts-0 3

SEP 2004 VD 01/ 64099,,PCT), GHALIALA0; on 1o GRISESE SN2k LD: 0D, Aot her i

they are both f.ul I_yh covered, the second set of results Is a
significantly MOrENaBEBrMREIHAT FhEPSY (ErouphcAnadensy be, safely
assuned that theangdaktsrare deflegtactual |y gi ven when 5 both wor ki ng sensor

parts are fully covefedyiiThes apbritldt e vyeehothadkiiin et $nPERE EfFed
enbodi _mantlg Vhe Q%%%erqgniv n\yaerr}.taltcz).gngl clar?\,\vﬁaatth%age}gggrg Id%gcribed above
are possible within the scope of the invention. For
example the invention may be used to measure the level
of any suitable substance in any liquid, not just
glucose in blood. Furthermore, the working sensor parts
20 need not be provided on a test strip but may be part of
an integrated device. PAlso the difference figure of 10%

used in the embodiment described above is purely

exemplary and any suitable figure may be chosen.




and rejection of those tests that have had insufficient sanple appli%d %2004
the test strip i.e those in which the 10 test strip has been incorregt

used. Simlarly it will also allow the detection and rejection of test
strips whi chwaeesdesf ective either through damage or manupewésoiongo def ect .
It will be appreciated by those skill in the at 15 that many variations

on what has been described above are pPossible within the scope of the

i nventi onTab@e 1exanpl e the invention may be used to neasure the |evel of
any suitable substance in any liquid, not just glucose in blood.
Furthernmore, the working sensor parts 20 need not be provided on-a test

strip butl viaymie| Rakkifd 1.2an whtiedgabed devige. Al so t}ﬁerofdl ff.erence tigure
of 10% ysed_ in the e odi nent  d scrlbed ove i s purle exenpl ary and any
suitable|fi §&re fray b&>choseln. 0 3 FEPHFEEE D 01/ e8P XESYL / 00990
- 12 Tahle 1 Volune VOrking 1 VOrking 2: Error No L check
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1 1 6.99 .09 1.42393909 |14.09 14.09
1 7.34 7.02 -4.59016393 | 14.35 14.35
1 7.16 6.79 ~-5.49742078 | 13.94 13.94
1 7.01 3.47 -102.13441 10.48
1 7.07 5.69 -24.2578605 12.77
1.2 7.18 4.54 -58.2286847 11.72
1.2 7.00 £.78 -3.35055351 | 13.78 13.78
1.2 7.09 1.79 -297.032475 8.88
1.2 6.31 0.00 -157550 6.31
1.2 6.78 6.79 0.1178B977 | 13.56 13.56
1.2 6.95 6.59 -5.4029443 | 13.53 13.53
1.2 6.62 6.28 -5.36795158 |12.89 12.89
1.2 7.23 3.78 ~91.2721502 : 11.01
1.4 7.16 6.90 -3.76811594 | 14.06 14.06
1.4 7.14 6.94 -2.88184438 |14.08 14.08
1.4 7.17 7.02 -2.13675214 |14.19 14.19
1.4 7.02 6.01 -1.5918958 [13.93 13.93
1.4 6.95 6.91 -0.5788712 | 13.8%6 13.86
1.4 6.93 6.88 -0.72674419 |13.81 13.81
1.4 7.09 6.92 -2.4566474 | 14.01 14.01
1.4 7.25 7.40 2.02702703 | 14.65 14.65
1.6 7.808 6.59 -18.4825493 14.40
1.6 €.774 6.589 -2.80770982 | 13.36 13.36
1.6 £.928 6.904 -0.34762457 | 13.83 13.83
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2004 -14 CLAIMS: 1. A nmethod for confirmng the volunetric sufficiency of a
sanple liquid applied to an electrochem cal nmeasuring device on a test
strip, conprising the steps of: prOV|thg a neasuring device for neasuring
the concentration of a substance in a "sanple liquid, said device
conpr|S|ngCﬁéE st working sensor part for generating charge carriers in
proportion e concentration of said substance in the sanple Iliquid, a
second wor ki ng sensor part also for generating charge carriers in
proportion to the concentration of said substance in the sanple |iquid,
and a ref et.choethshioocorgaming thiaivolimetriasufficimney ofef amphckqifid apfleditot he fir st
and secondameledtrorhermenbmeasnaing devicovne a edshsteip] ebniprisiig thastepeedHnd wor ki ng
sensor parts and said reference sensor part are provided on a disposable
test stri pproididhg/d A@aduiidgHevick @rlmwmgme&@&nmﬂmwﬁﬂdeqﬁa measuring
an el ectri gnglé [i§MH, Sid 885¢k WMpPH asﬁt‘aﬁﬁbrkﬁ?gf kn%r%ﬁ%f é’é?ﬁ%atﬁn@ the

concent r at Ry fargd th SBSHD ‘E@ oS0 Edd SitstneFARALIAH], t he

electric CHIGEN o 51%8 hsdr %nvz@g Ppgen%% E bt }@ %@

di fference aSHE)étaJh e s%mgg ligui r?fgren{: SO R

a
han a

pr edet er m 8 ¢ f%ncgmﬁ%tfo&l
ack of suf'fi {chiih ommon °¥F8 4t e fiExt f;%& & 5% FRIOR PR i m 1
conpri si ngVherEE saidirst snd segendowerking sesqs parfy, FTeRC SERTOF PARLAET o
pr edet er m Predided pp afdisnosabile tgshiipsi cati on of the sanple. 3. The method as
claimed in claiml1 wherein the substance to be neasured is glucose, and
each of t happhong thegsagpisliqui to said measariag dsvicttar ge carriers in proportion to
the concentration of glucose in the sanple |iquid.

measuring an electric current at each working sensor part proportional to the

concentration of said substance in the sample liquid;

comparing the electric current from each of the working sensor parts to establish a
difference parameter; and

when the difference parameter is greater than a predetermined threshold, establishing
an error condition to indicate a lack of sufficient sample volume.

2. The method as claimed in claim 1 comprising measuring the current at each
working sensor part after a predetermined time following application of the sample.

3. The method as claimed in claim 1 wherein the substance to be measured is glucose,
and each of the working sensor parts generates charge carriers in proportion to the
concentration of glucose in the sample liquid.




