1 DESCRI PTI ON BI OSENSOR, THI N FI LM ELECTRODE FORM NG METHOD
QUANTI EI CATI ON APPARATUS, AND QUANTI FI CATI ON METHOD TECHNI CAL FI ELD The
present invention relates to a biosensor which quantifies a substrate
included in a sanple liquid, a thin filh electrode fornming method suitable
at the manufacture of this biosensor, as well as a quantification
apparatus and a quantification nethod using the biosensor and, nore
particularly, to a biosensor which provides a | ow manufacture error and a
stable performance, a thin filmelectrode formng nethod used in
manuf act uri ng el ectrodes of the biJE8RBEFTIRY wel| as a quantification
apparatus and a quantification nethod wusing the biosensor. BACKGROUND ART
A bi osensor is a sensor which utilizes a nolecule recognizing capacity of
a biological material such as mcroorgani sns, enzynes, antibodies, DNA

and RNA and applH¥ESBENSERe| SHLEaF Ikt ELEAITREDE RORBENGaMEGHSD,i ni nati on
element to quantify a substrate included in a sanple liquid. That is, the
substrat e i ncRUHEFIFA CATI Bh AR RARATUS o ABDQUANTIIFECARIONItNETHODg a
reacti on which is caused when a biological material. 2 recognizes an
obj ective substrate, such as an oxygen consunption due to respiration of a
m croorgani sm an enzyne
TECHNICAL, FIELD
The present invention relates to a biosensor which
quantifies a substrate included in a sample liquid, a thin film
electrode forming method suitable at the manufacture of this
biosensor, as well as a quantification apparatus and a
quantification method using the biosensor and, more
particularly, to a biosensor which provides a low manufacture
error and a stable performance, a thin film electrode forming
method used in manufacturing electrodes 6f the biosensor, as

well as a quantification apparatus and a guantification method

using the biosensor.

BACKGROUND ART

A biosensor is a sensor which utiliées a molecule
recognizing capacity of a biological material such as
microorganisms, enzymes, antibodies, DNA, and RNA and applies a
biological material as a molecular discrimiﬁation element to
quantify a substrate included in a sample liquid; That is, the
substrate included in the sample liquid is quantified by

utilizing a reaction which is caused when a biological material



reaction, and a | um nous reaction. Anbng various biosensors, an enzyne
sensor : has progressively cone into practical use, and an enzyne sensor as
a biosensor for, for exanple, glucose, _lactic acid, cholesterol, and am no
acid is utilized in the nedical diagno%tics or food industry. This enzyne
sensor reduces an electron transfer agent by an electron which is
generated by a reaction of a substrate included in a sanple liquid as a
speci nen and enzynme or the like, and a quantification apparatus
electrochenicall% neaSﬁres a reduction quantity of the transfer agent,

g

t her eby” TeP 9t #E P2 BulRIPCA KR SURSEYRT S, oFUERe a8p@&i PE.98Mri ous nodel s
of such biosensor are proposed., Hereinafter, a biosensor Z as a
conventTEIMRE $RRNEBE kPl FafPliffsion pell. a FMEGrecZopal sty AN et pEed
perspective view of a biosensor Z and figure 21(b) is a diagram -
i |1 ust reR3Tten sIpdcRulumgMols dieaqhbe. pafmongr Ked igust Helasenedrshe
bi osensor Z. The biosensor Z has its respective nenbers which are bonded
i n posidl cHHEYRR| WERBAShNPS FHOGTess Hoelpdcomaedntn piriagiriell (ege, Thad
el ectrode part of the biosensor Z is forned through three printing
processEs IZYRS cF¢DHRArbaFow B.osenadee forstfproessmple,sijlustopaste wth
a high electrical conductivity is printed on an insulating support
lactic acid, cholesterol, and amino acid is utilized in the
medical diagnostics or food industry. This enzyme sensor
reduces an electron transfer agent by an electron which is
generated by a reaction of a substrate included in a sample
liquid as a specimen and enzyme or the like, and a
guantification apparatus electrochemically measures a reduction
-quantity of the transfer agent, thereby performing quantitative
analysis of the specimen.
Various models of such biosensor are proposed.
Hereinafter, a biosensor Z as a conventional biosensor will be
described.
Figure 21(a) is an exploded perspective view of a
biosensor Z and figure 21(b) is a diagram illustrating a -
structure of an electrode part formed at the tip of the
biosensor 2.
The biosensor Z has its respective members which are
bonded in positional relationships shown by dotted lines in
figure 21(a}).

The electrode part of the biosensor Z is formed through

three printing processes as described below.



1101 by a screen printing nethod and dried to formelectrode |ead parts
1102a and 1102b. In the second process, a carbon paste is printed on the
el ectrode | ead parts 1102a and 1102b and dried to forma counter el ectrode
1103a and a working el ectrode 1103b. ThHe working el ectrode 1103b is '
| ocated i nside the ring-shaped counter electrode 1103a, and the counter
el ectrode 1103a and the working electrode 1103b is in contact wth the

el ectrode lead parts 1102a and 1102b, respectively. In the third process,

is printed on the

a insulating paste 1104 as an _insulating material
counter el e%ﬂgake st BRACERE - wér Ri RAF 14038 Angldried to
define areas ,of _ the countfer electrode 1103a and the working el ectrode
1103b. eASFEEGSAL IGRIIRF v eh¥yhE BEINREd % 3% HpPrlabting sMEPAunt er
el ectrode 1103a and the working el ectrode 1103b which are forned on the
suppor 2 1910bYas R HRE bBbIBY RRENSLY and diakrtt L aferm1edscite 9d8 ned,
and a spacer 1106 having a cutout part 1106a for form ng a specinen supply
pat h afrgad eeyds Mld2a RdnyldAbair hole 1107a are further | aninated
thereon and bonded. One end of the cutout part 1106a of the spacer 1106
| eads to thdnajthehFecand7prpressded carben gaate 1197pristedhonn tihe fi gure
21(b), the arrangenents of the counter electrode 1103a and the working
el ect r sdectrodle Wisiash partst 1192aedndn llif@bs yppbrdr ildd1tar fosauch t hat t he
counter electrode 1103a is located at a position nearest to an inlet 1106b
of thecounter electrode 1103a and a working electrode 1103b. The
working electrode 1103b is located inside the ring-shaped
counter electrode 1103a, and the counter electrode 1103a and
the working electrode 1103b is in contact with the electrode
lead parts 1102a and 1102b, respectively.
In the third process, a insulating paste 1104 as an
insulating material is printed on the counter electrode 1103a
and the working electrode 1103b and dried to define areas of
the counter electrode 1103a and the working electrode 1103b.
A reagent including enzyme or the like is applied to the
counter electrode 1103a and the working electrode 1103b which
are formed on the support 1101 as described above, whereby a
reagent layer 1105 is formed, and a spacer 1106 having a cutout
?art 1106a for forming a specimen supply path and a cover 1107
~having an air hole 1107a are further laminated thereon and
bonded. One end of the cutout part 1106a of the spacer 1106
leads to the air hole 1107a provided in the cover 1107. As

- shown in figure 21(b), the arrangements of the counter

electrode 1103a and the working electrode 1103b which are



speci men supply path and the working el ectrode 1103b and the counter

el ectrrode 1103a are located in the inner part thereof. A description wll
be given of a nethod for quantifying a, substrate in a sanple liquid in the
so-constructed biosensor Z with referénce to figure 21(b). The sanple
liquid (hereinafter, also referred to as "specinen") is supplied to the
inlet 1106b of the specinen supply path in a state where a fixed voltage
is applied between the counter electrode 1103a and the working el ectrode

1103b ? a jquantification_ap tus (hereinafter, also referred to as
" measuf PRECHoP e dNe COMECE BAll B { ABShPUSEhatIA 7. LA QBRERFER L SoE KA
i nsi de iﬂﬁ speci,nmen su pL% gath b¥,capillary phenonenon, passes on_ the
count el 18P8ciPod@ PP Heat ePOROLLAR NEALSSY fFBIAD ol fRat hBEh & Hehe
morking el ectrode 1103a, and a_ dissolution of the reagent |ayer 1105 is
st ar t eAPEELNER SUBRiPREN t 2R, EhRevWaEKANG iedqqtorrdp pht 83hsaad éhtss an
el ectrical change occurrinﬁ between_t he counter electrode 1103a and the
wor ki ngCBREBLY 63@CH@3%‘—: bhBatareslacatast i ddie onnepepartobheneathi s
way, the substrate included in the sanple liquid is quantified. Since this
bi osensor ZAh8&S¢FAPAiUVhsihl ook pgiveBhafact atdidd stdnrqeanhifydagetd on
lot, it is required to correct variations in the output characteristics in
a nmeastPAbrateddn ée Sampir akiqedd iBetha somremstonutteddthibdsosoro@ ng,
this will be described bel ow

with reference to figure 21(b).

The sample liquid (hereinafter, also referred to as

“specimen”) is supplied to the inlet 1106b of the specimen

supply path in a state where a fixed voltage is appliea between

the counter electrode 1103a and the working electrode 1103b by

a quantification apparatus (hereinafter, also referred to as

“measuring device”) connected to the biosensor Z. The specimen

is drawn inside the specimen supply path by capillary

phenomenon, passes on the counter electrode 1103a nearer to the

inlet 1106b, and reaches to the working electrode 1103a, and. a

dissolution of the reagent layer 1105 is started. At this

point of time, the guantification apparatus detects an

electrical change occurring between the counter eleétrode 1103a

and the working electrode 1103b, and starts a quantification

- operation. In this way, the substrate included in the sample
liquid is quantified.
Since this biosensor Z has variations in output

<haracteristics for each production lot, it is required to

<orrect varjations in the output characteristics in a measuring



Figure 22 is a diagramillustrating a state where the biosensor Zis
inserted in,a neasuring device. Nuneral 4115 denotes a neasuring device in
whi ch the biosensor Z is inserted. Nuneral 4116 denotes an opening of the
measuring device 4115, into which the %iosensor z is inserted. Numeral
4117 denotes a display part of the measuring device 4115 for displaying a
measuring result. The neasuring device 4115 has correction data according
to the output characteristics for each production |Iot, and subjects an
out put of the biosensor Z to the correction which is required for each

pr oducfe¥iati o RREHCal cBErect Ablcody enuipnal avethodhépef eaping is
required to insert a correction chip (not shown here) which is specified
for eatRifr dddch ik deserihed PAdoWnsertion opening 4116 of the neasuring
device 4115 before the nmeasurenent, thereby designating the required
correction ddgune ihelsrpasdibayaneiildassid inkhe coratet wherechie has

i nformation about the correction data to be used, and is inserted in the

i nsert bansepswimd 4is 6insdetedyinhe meeasutrimg deviee. 418bomprapanas g he
required correction data. The correction chip is taken out fromthe

i nsert denotpeniangneaEhhiting hdebi osehsowhichs tmsa&yiatehisot hg epeningrdld®. of
the neasuring device 4115, and then the substrate included in a specinen
i s quaNuméred 44 ldestrrdisshs adwvepedhagmeds whenhehsuieMmgedddibet @ 1My ch a

correction value is inputted as described above obtains a correct bl ood

sugar lievel whiol &he biosensor 7z is inserted. Numeral 4117 denotes a
display part of the measuring device 4115 for displaying a
measuring result.

The measuring device 4115 has correction data according to
the output chéracteristics for each production lot, and
subjects an output of the biosensor Z to the correction which
is required for each production lot to obtain a correct blood
sugar level. Therefore, it is required to insert a correction
chip (not shown here) which is specified for each production
lot into the insertion opening 4116 of the measuring device
4115 before the measurement, thereby designating the required
correction data to the measuring device 4115. The corredtién
chip has information about the correction data to be used, and
is inserted in the insertion opening 4116, whereby the

~ measuring device 4115 prepares the required correction data.
The correction chip is taken out from the insertion opening
4116, the biosensor Z is inserted in the opening 4116 of the

- mmeasuring device 4115, and then the substrate included in a

specimen is quantified as described above. The measuring



measured current value and correction data, and displays the blood sugar

| evel .at the display part 4117. The above-descri bed conventi onal bi osensor
Z has problens to be solved. First, in the biosensor Z, a silver paste, a
carbon paste or the like is printed o the support by the screen printing
met hod and |am nated to define the area of the working el ectrode.
Accordingly, the area of the working electrode varies with blurs or sags
of various pastes at the printing process, and it is difficult to nake the
uni form area of the working electrode. In addition, since the electrode

st ruct de¥iGes Llohpdsedvbichhpegorgpetdon waluggis cimbvhtednads nsul ating
paste, it is very conplicated and requires an advanced printing technique.
Fur t hefessnided bayecebbddnpant cofrreled Bilosshsanga?Z tewmsilstfraid 4wo

el ectrodes, i.e., the working el ectrode and the counter electrode, when a
quant i hegsuired apparenitusvatvanevtdedotraadic di akenspradd agpkspdayes ceiéai n
vol t age between these two el ectrodes and an el ectrical change occurs, it
det ect blbbdt sugmarspecreknatatheedibedayheany ki g7 £l ectrode and starts

measuring. However, it starts the neasurenent also when an inmeasurably
sl i ght anmpufheofalspesidescribedscoheenarilinid wlesdnsose. zThus, pbhIeRsrect
display in the neasured value occurs due to the shortage of the specinen
guanti ty. bensblered. bi osensor .Z, it is required to enhance wettability
between a reaction reagent |ayer and a carbon el ectrode and i nprove their
First, in the biosensor Z, a silver paste, a carbon paste
or the like is printed on the support by the screen printing
method and laminated to define the area of the working
electrode. Accordingly, the area of the“working electrode
varies with blurs or sags of various pastes at the printing
process, and it is difficult to make the uniform area of the
working electrode. 1In addition, since the electrode structure
is composed of three layers, i.e., Ag, carbon, and insulating
paste, it is very complicated and requires an advanced printing
technique. Further, since the electrode part of the biosensor
Z consists of two electrodes, i.e., the working electrode and
the counter electrode, when a quantification apparatus
. connected to the biosensor Z applies a certain voltage between
these two electrodes an& an electrical change occurs, it
detects that the specimen has reached the working electrode and
starts measuring. However, it starts the measuremeﬁt also when
an immeasurably slight amount of specimen covers the working

electrode. Thus, an incorrect display in the measured value

occurs due to the shortage of the specimen quantity. In the



adhesion to increase sensor sensitivity. For that purpose, a polishing
processing or heat processing to the electrode surface is conventionally
performed after the carbon electrode is fornmed. However, this increases
man-day, resulting in an increase in cdsts, or variations in polishing
processing accuracy causes variations in the sensor accuracy. Further,
the carbon paste used for the screen printing is generally a conposite
mat eri al which is conposed of binder resin, graphite, carbon bl ack,
organi c solvent and the like, and the paste characteristics are easily
changedbdigeensgolrotZs dft risgspeeqiveedr aw emthemical svetnwhiflact wrbeyweerdid i ons
I n paste kneading or the like. Therefore, it is required a strict control
f or masseactnohackagerndf syl easdnsocarboeswlidatydde candi lepablve their
troubles. Further, only by applying the reagent on electrodes for the

r eagentadhgeiohotomatinemeddre sewgent seasiat vdriyf.or rlor shatapphrpdse) tdhe
el ectrodes because of the surface state of the electrode or a difference
in the payishingi plroics sienpeant hept epdocdue ihg rRAGEY d1 gkt Hogenposi tion,
whereby variations in the reagent quantity on the el ectrodes occur. That

i's, evesurphes tLbecoHavRrIBHE1NDf pEAB6RIeHS aZRR hdaldPi 8Yectrode
variations in spread of the reagent occur, resulting in variations in

posi ti ofk OfoAhead . of pbheveagoaitid aveeredbesehaneday, e ber{ogmacanof the

bi osensor Z is deteriorated. Further, it is considérably troublesone to

insert i{rease in costs, or variations in polishing processing
accuracy causes variations in the sensor accuracy. Further,
the carbon paste used for the screen printing is generally a
composite material which is composed of binder resin, graphité,
carbon black, organic solvent and the like, and the paste
‘characteristics are easily changed due to lots of respective
raw materials, manufacturing conditions in paste kneading or
the like. Therefore, it is required a strict control for mass
manufacture of stable sensors, resulting in considerable
troubles.

Further, only by applying the reagent on electrodes for
the reagent layer formation, the reagent cannot uniformlj.be
_applied on the electrodes because of the surface state of the
electrode or a difference in the ﬁay in which the reageht
spreads due to reagent liquid composition, whereby variations
in the reagent quantity on the electrodes occur. That is, even
‘when the same amount of reagent is applied by dripping,

variations in spread of the reagent occur, resulting in

variations in position or area of the reagent layer. Therefore,



correction chip for every neasurenent, and when it is forgotten to insert
the correction chip, a correction chip for exanple for neasuring |lactic
acid value is inserted by mstake, or a correction chip which is for
measuring bl ood sugar |evel but has diBferent output characteristics is
inserted, there occurs an error in a neasured result. The present
“invention is nmade to solve the above-nentioned problens, and has for its
object to provide a biosensor which can be forned by a sinple

manuf acturi ng net hod and has a high measuring accuracy, a biosensor in

whi ch atheagerformpdcyg £ dikpdsiesenspor @ jsodedlestigwaiesd s egar dl ess of a
reagent liquid conposition, resulting in an uniform performance, a

bi osensor wEh¢&lthemablids i® menidegaddyi teonbldissme nicmaimseptr ¢hki on dat a
for each production lot only by being inserted therein w thout a

corr ecttonrehtpobechd p rfer testkrya ndasutehentl, eandbda dmorit ngs fekhod thear

t hese bi osensors, as well as a nethod and an apparatus for quantifying
using the bheeebsohe. cOrIECISURE g HEa | MYENEEEN oAC @aTith NEot Ceghapmel of
the present invention, there is provided a biosensor for quantifying a
subst r aferimehsdednign lactdanpicid iwaide cospihseR@eda by meistdamal| abirng
support and a second insulating support; an electrode part conprising at 9
| east acewrécbgor! entipoddiand i ciNtRéaShLehyoBRood SRERfHMENeveYpply path

for introducing the sanple liquid to the electrode part; and a reagent
| ayer aigd oyedfépenqguantiphi Rharacteristics is inserted, there occurs
an error in a measured result.

The present invention is made to solve the above-mentioned
problems, and has for its object to provide a biosensor which
can be formed by a simple manufacturing method and has a high
measuring accuracy, a biésensor in which a reagent layer is
disposed uniformly on electrodes regardless of a reagent liquid
composition, resulting in an uniform performance, a biosensor
which enables a measuring device to discriminate correction data
for each production lot only by being inserted therein without a
correction chip being inserted, a thin film electrode forming

method for these biosensors, as well as a method and an

apparatus for gquantifying using the biosensors.

DIS-CLOSURE OF THE INVENTION

According to Claim 1 of the p;esent invention, there is
provided a biosensor for quantifying a substrate included in a
sample liquid comprising: a first insuiating su?port and a

second insulating'support; an electrode part comprising at



the substrate included in the sanple liquid, and the electrode part, the
speci men supply path, and the reagent |ayer exist between the first .
insulating support and the second insulating support, the specinen supply
path is provided on the electrode parts and the reagent layer is provided
on the electrode part in the specinen supply path, respectively, the

el ectrode part is dividedly fornmed by first slits provided on an

el ectrical conductive layer which is forned on the whole or part of an
internal surface of one or both of the first insulating support and the
second insulating support and the working el ectrode, the counter

el ect r ode, d detecting el ectrode are fornmed by providing slits in the
el ectrical 2§ﬁﬁﬁtﬁiygr%é§ r?{%ﬁﬁfqpﬁeéBd 3| et Gde $18FETafR Ay et Hghe

order of theswgunt epatkl ecbrodentiduoivigki ngeel eghpnde, 1 and & heedetegd i ng
i osensor

el ectrode f n ce_of the specinen suppl ath, Since a (
is construct%é?ggggggs%%? Eda%%o%efe%‘aﬁeﬁggFFoﬁgpﬁgg?ACS%rb%u%ﬁﬁ} ®asily
and with a hitth sabstracy, amdlwded atiinonshin Bexspmfﬁliﬂuiteﬁch abilcbstenﬁegr can
be reduced,1R$YbhiNgik-R, a fAvoL -%Iresgﬁg . her g electrade
part is foréggﬁﬁn a%n%ﬁola é%ﬁ%f %%%bf?ica _igbﬁfggilven aye?, V%%%%ﬁy
troubl es can¥&Tr fticdd anbest &hectiiges phraulatinoa swestls samd addecan be

formed by a sesiofpl eif®@ihadngS Bagpbhe, stiHict UhecOhet hes @l G r odgnparnts is

quite simpl g, htals BRSSP €8 Q. 8asid v lorm bl gsensors, having,  Lhe same

per f or mance.
provided on the electrode part in the specimen supply path,
respectively, the electrode part is dividedly formed by first
slits provided on an electrical conductive layer which is
formed on the whole or.part of an internal surface of one or
both of the first insulating support and the second
insulating support and the working electrode, the counter
electrode, and a detecting electrode are formed by providing
slits in the electrical conductive layer, and these
electrodes are arranged in the order of the counter
electrode, the working electrode, and the detecting electrode
from an entrance of the specimen supply path.

Since a biosensor 1is constructed as described above, an
electrode part can be defined easily and 'with a high
accuracy, and variations in response of each biosensor can be
Ireduced, resulting in a favofable response. Further, the
electrode part is formed in a monolayer of electrical
conductive layer, whereby troubles can be reduced and an
electrode part with a smooth surface can be formed by a
simple method. Since the structure of the electrode part is
quite simple, it is possible to easily form biosensors having
the same performance. | ' -

According to Claim 2 of the present invention, in the
biosensor as defined in Claim 1, the electrode part further

‘comprises a detecting electrode.



According to Claim2 of the present invention, in the biosensor as defined
in Caiml, the electrode part further conprises a detecting electrode. 10
Since the biosensor is constructed as descri bed above, it is possible to
make t he bi osensor have a better accuradgy. According to Claim3 of the
present invention, in the biosensor as defined in Claim2, the counter

el ectrode is provided on the whole or part of the internal surface of the
second insul ating support, the working el ectrode and the detecting

el ectrode are provided on the whole or part of the internal surface of the
first insul asingestpgottiossnksdiels wookshguekedt nedelearad ihed debeoki, ng

el ectrode which are provided on the internal surface of the first

i nsul atisgpossppaet tar makievitdasllyidoenedrblatbeafl bttt idScprawyded on the
el ectrical conductive layer. Since the biosensor is constructed as

descri bed abaveording St@0SBabhe3t 8 fdoweas gale® ehts PAGISROiSHPPHY: R,
whereby a neasurenent can be done with a slight amount of specinen.

Accor diod &nsbai As4deff ik PITLSEIY ih NY entheNcoliRtkhe e1RiOSENSOr igs define
in Caiml or 2, the electrode part is provided on the whole or part of

the intpraa asarbacenef vae Jdhedit séri padl 8htBInaUPRY A Fadd bt Nene
el ectrode part provided on the internal surface of the first insulating

suppor ts dsondli ¥heedhY iher RGPt Nechd Shoskihg BiRktIedLhddegbect rical

conductive | ayer. _
detecting electrode are provided on the whole or part of the

internal surface of the first insulating support, and the
working electrode and the detecting electrode which are
ﬁrovided on the internal surface of the first insulating
support are dividedly formed by the first slits provided on the
electrical conductive layer.

Since the biosensor is constructed as described above, it
is possible to downscale a specimen supply path, whereby a |
measurement can be done with a slight amount of specimen.

According to Claim 4 of the present invention, in the
biosensor as define in Claim 1 or 2, the electrode part is
provided on the wholé or part of the internal surface of‘only
the first insulating support, and the electrode part provided

.on the internal surface of the first insulating support.is
dividedly formed bf the fist slits provided on the electrical
conductive layer.

Since the biosensor is constructed as described above, all
of the electrodes are provided on the same surface, and thus

the electrodes are formed only on one surface, resulting in an



Since the biosensor is constructed as descri bed above, all of the

el ectrodes are provided on the sane surface, and thus the electrodes are
formed only on one surface, resulting in an 11 easier manufacture, whereby
t he manufacturing costs of the biosensar can be reduced. According to
Claim5 of the present invention, in the biosensor as defined in any of
clains 1 to 4, an area of the counter electrode is equal to or larger than
that of the working electrode. Since the biosensor is constructed as
descri bed above, an electron transfer reaction between the counter

el ectr ogles bed mhhefaotkireg ellssteiogethe pasuéatedrtingpeoste-aeteha ned,

t hereby pronoting the reaction snoothly. According to Caim6 of the

presentpidyeRsbeNcahnbkheedsidasensor as defined in any of Cains 1 to 4, a
total of an area of the counter electrode and an area of the detecting

el ectrode ispeguphiihg @b lcarded 3 hat thatppésthe Werdmdiore) ebirede. Since
t he bi osensor is constructed as descrlbed above, electron transfer

reacti Qigo HH¥ELNak hgetuRiEeri £l H6) rOdec pgim¥eh | +as gt heflelasd ing ehectrode
and the working electrode are prevented to be rate- deternlned t her eby

pr oot | g A HEr éf@éﬁt@ﬁ% TPUR Y ASCOFULRIGL ehatha dhe s esent
invention, in the biosensor as defined in C?a|n16 the area of the
detec“d%kklng electrode.

Since the biosensor is constructed as described above, an
electron transfer reaction between the counter electrode and
the working electrode is prevented to be ratefdetermined,
thereby promoting the reaétion smoothly.

According to Claim 6 of the present invention, in the
biosensor as defined in any of Claims 1 to 4, a total of an
area of the counter electrode and an area of the detecting
electrode is equal to or larger that that of the working
electrode.

Since the biosensor is constructed as described above,
electron transfer reactions between the counter electrode as
well as the detecting electrode and the working electrode are
prevented to be rate-determined, thereby promoting the
‘reactions smoothly.

Bccording to Claim 7 of the present invention, in the
biosensor as defined in Claim 6, the area of the detecting
electrode in the specimen supply path of the biosensor is equal
to the area of the counter electrode.

Since the biosensor is constructed as described above,

@



el ectrode in the specimen supply path of the biosensor is equal to the area
of the.counter electrode. Since the biosensor is constructed as descri bed
above, 12 electron transfer reactions between the counter el ectrode as
wel | as the detecting el ectrode and thd2working el ectrode are nore
reliably prevented to be rate-determ ned, thereby pronoting the reactions
snmoot hly. According to Claim8 of the present invention, in the biosensor
as defined in any of Clains 1 to 7, a spacer is provided which has a
cutout part for formng the specinmen supply path and is placed on the

el ect r ISP %ﬁﬂn§ﬁ@rSé@@ﬁ&HQQﬁﬂhﬁﬁW@P%ubgérFopﬁtﬁra©é$QﬂIQdﬁe@@acer.
Since the biosensor is constructed as descri bed above, the position where
t he spét8lernsupie ydpheRtigagpedwicdawds Fndetihe wnrkihg sdeotdddswrei ng
support is placed thereon, thereby preventing the specinen introduced to

t he sp@anmrsiaihly pprhvented teabieng drondehernpeedpenhemebyy pat h.
According to Caim9 of the present invention, in the biosensor as defined
in cl aipn@otiirg sPgaeerecandivne seworndhlyinsul ating support is integral
Since the biosensor is constructed as descri bed above, the spacer and the
second i nsulAtdary suppooet CileimnBegrfalthet heredbyntt Onesablieng desttHeeduction

and a sinple manufacture. According to Caim 10 of the present invention,

i n thebibisesenaorasasdeltinaddinnaagy odff (Jzims 1 t6 9, anspateholis
provided which has a cutout part for forming the specimen
supply path and is placed on the electrode part, and the second
insulating support is placed on the spacer. o

Since the biosensor is constructed as described above, the
position where the specimen supply path is provided is fixed,
and the second insulating support is placed thereon, thereby
preventing the specimen introduced to the specimen supply path
from leaking from the specimen supply path.

According to Claim 9 of tﬁe present inéention, in the
biosensor as defined in Claim 8, the spacer and the second
insulating support is integral.

Since the biosensor is constructed as described above, the
spacer and the second insulating support is integral, thereby
to enable a cost reduction and a éimpleimﬁnufacture. | |

According to Claim 10 of the present invention, in the

-biosensor as defined in any of Claims 1 to‘9, an air hole
~ leading to the specimen supply path is formed.

Since the biosensor is constructed as described above,

excessive air is discharged from the air hole when the specimen



| eading to the specinen supply path is forned. Since the biosensor is
constructed. as descri bed above, excessive air is discharged fromthe air
hol e when the specinmen 13 is introduced to the specinen supply path,
thereby reliably introducing the specililen to the specinen supply path due
to the capillary phenonmenon. According to Claim 1l of the present
invention, in the biosensor as defined in any of Cains 1 to 10, the
reagent layer is formed by dripping a reagent, and second slits are
provided around a position where the reagent is dripped. Since the

bi osensif intreducedcted the dusprimen sbppdy pahén thersdggerslisbilyi pped
on the electrodes for the reagent |ayer formation, thereby formng the

r eagentintiyedyucihg th&g@@@cimﬁneads‘MhéfspetiménrBh@@lthxﬁﬂaghmé tayeheof
a prescribed area at the prescribed position, whereby the reagent |ayer
free faapilbarntphesomeniine position and area can be forned, resulting in
a correct neasurenent free fromthe variations. According to Claim12 of :
the present Acwendiag, tion tlkam Wilosensoheaprdebhnedniven® i@ liln the second
slits are arc shaped. Since the biosensor is constructed as descri bed

above, Hisersgseass otiethaededgeniny oflefinedsby the1sl i tnavhiciydave the
sane shapes as that of the reagent spread, thereby deflnlng the area and

t he posSidyiean if f@meaaggnaﬂl@mrngw ersHGERES | ¥ndAseebfianG1tid L AH¢n 13 of
the present invention, in th
provided around a p051tlon where the reagent is dripped.

Since the biosensor is constructed as.described above,
when the reagent is dripped on the electrodes for the reagent
layer formation, thereﬁy forming the reagent layer, the reagent
spreads uniformly forming the reagent layer of a prescribed
area at the prescribed position, whereby the reagent layer free
from variations in the position and area can be formed,
resulting in a correct measurement free from the variations.

According to Claim 12 of the present invention, in the
biosensor as defined in Claim 11, the second slits aré arc
shaped.

Since the bidsensor is constructed as described above, the

‘'spread of the reagent is defined by the slits which have the
same shapes as that of the reagent spread, thereby defining the
area and the position of the reagent layer more éorréctly.

According to Claim 13 of the present invention, in the
biosensor as defined in any of Claims 1 to 12, third slits are

provided for dividing the electrical conductive layer to define

an area of the electrode part.



bi osensor as defined in any of Clainms 1 to 12, third slits are provided
for dividing the electrical conductive |ayer to define an area of the

el ectrode part. 14 Since the biosensor is constructed as descri bed above,
when the support is initially cut at the manufacturing process of the

bi osensor, the area of each electrode is previously defined by the third
slits, whereby the area of each el ectrode does not change due to the cut
position of the support, thereby preventing variations in the accuracy.
According to Claim114 of the present invention, in the biosensor as
defined in @igige e shapsensbrt He fdoraitridsed ads n@esoppbet anbddge second
I nsul ating support are approximtely rectangular, and one third slit or

two or witare tHehigubpdit Siar ¢énprowilded dut pet athel mahbiPaeearsnde Hoddes
approxi mate rectangl e shape. Since the biosensor is constructed as

descri bed takOMs.oddits 0] eehef aeagh ol ealdPde) sabrbge deti pedveatidly by the
third slits, and the area of each el ectrode does not change due to

devi at GeFSineld e 1 Peskai 611 vEeN JIRE-SUPPHE dSesUbt chE8RAULLIAGL 400
variation in the accuracy. According to C"aim 15 of the present i1nventlon,

the bieegnset dhdiRid N@dei PoaBkeotut! 'dgiﬁﬁéf’éf' th%ﬂﬁg&EEEi%mefé

correction data generated for each production [ot o | 0Sénsor, ch

corresgggqehgigggwggfgﬁggﬁgsiﬁoeﬁgr@dahréggput of an electrical change
resulting froma reaction

According to Claim 14 of the present invention, in the
biosensor as defined in Claim 13, shapes of the first
insulating support and the second insulating support are
approximately rectangular, and one third slit or two or more
third slits are provided in parallel with one side of the
approximate rectangle shape.

Since the biosensor is constructed as described above, the
area of each electrode can be defined easily by the third slits;
and the area of each electrode does not change due to
deviations of the cut position when the support is cut,
resulting in no variation in the accuracy.

According to Claim 15 of the present invention, the -
biosensor as defined in any of Claims 1 to 14 has information
of correction data generated for each'production lot of the
biosensor, which correspond to characteristics concerning
output of an electrical change resulting from a reaction
between the reagent liquid and the reagent layer and can be
disc;iminated by a measuring device employing fhe bibsensor.

Since the biosensor is constructed as described above, the



between the reagent liquid and the reagent |ayer and can be discrimnated
by a nmeasuring device enpl oying the biosensor. Since the biosensor is
constructed as descri bed above, the 15 neasuring device can discrinmnate
whi ch the correction data is required, only by inserting the biosensor
into the neasuring device, and there is no need for a user to input the

i nformati on about the correction data enploying a correction chip or the

| i ke, thereby renoving troubles and p%?venting operational errors to
obtain a correct result. According to Claim16 of the present invention, in

t he bi osensar. . defined ipn Cl.aim?15, on plural fourth slits dividing
the el e@}t{aos?}én%%rglewggecw 66?8188?1%#8 Wﬁécei'hgégtﬁqrﬁSCHBVi data s required,
discri m'8Pate the information of the correction data according to

posi t i oPBDhON pesedingthe hiesensphdata thepmeasyongi dedionstand ttherasis
descri bed above, the neasuring device can discrimnate the information of
the cornecheed flat a usprt tie inpsitt il inédrhheiokowldutsthé Scotreetierr rdgdal on
data can be indicated correspondingly to plural production lots, the

measur i ggpgleyise &%rr@@tﬁthCi ?Qﬁ‘ %@?%lfedmﬁgkgf; gé?ﬁ;}glﬂgeﬁﬂ%ﬂé an

required, by inserting the bidsensor ( _ ( vice, whereby
errors P eunEk Updatiang! LS SBRS 4tHe KT 16 of the pr esent
i nvention, L‘gct he bi osensor, a§6 de{li]ned in any O1f1tid aiims 1 to 17, at |east
one or all of\CFREding &g (Jpims 16 plethe prenens inyentione inhthel bipsersonas t he
fourth slits are forned by processing the electrical conductive |ayer by a
| aser. defined in Claim 15, one or plural fourth slits dividing the electrode part
are provided, and the measuring device can discrimi8nate the
information of the correction data according to positions of the fourth
slits.
Since fhe biosensor is constructed as described above, the
measuring device can discﬁminate the information of the correction data
by the positions of the fourth slits, the correction data can be indicated
correspondingly to plural production lots, the measuring device can
~ easily discriminate which correction data is required, by inserting fhe
biosensor into the measuring device, whereby there is no operational.
trouble, resulting in preventing operational errors to obtain a correct
result.
According to .Claim 18 of the present invention, iﬁ the biosensor as
defined in any of Claims 1 to 17, at least one or all of the first slits, the

second slits, the third slits, and the fourth slits are formed by processing

- the electrical conductive layer by a laser.



16 Since the biosensor is constructed as descri bed above, a hi gh-accuracy
processing is possible, the area of each electrode can be defined with a
hi gh accuracy, and further the clearance between the respective el ectrodes
can be narrowed, resulting in a small-$ize biosensor. According to Caim
17 of the present invention, in the biosensor as defined in Caim1l6, a
slit width of respective one of the fist slits, the second slits, the
third slits, and the fourth slits is 0.005 mmto 0.3 mm Since the
bi osensor is constructed as described above, the clearance between the
respective ePER€PoHES &%?ﬁﬁﬁﬁﬁﬁr%ﬁwﬁpnstéﬁgtﬁﬁngslﬁﬂﬁQﬁﬁb¢ds@b@V8r a
bi osensor. According to Claim19 of the present invention, in the
bi osendvtglsagenracy Pﬁqgeﬁ&mn97l%rPQSSlhlgblthéeQM$aﬁ0fr%%©®ctlve one of
the fist slits, the second slits, the third slits, and the fourth slits is
equal tQﬁQﬂtr@dgecanhbﬁ ﬂmiln¢ﬂchEBsaomigheaebacﬁc@cmandwtumthee theer .
Since the biosensor is constructed as descri bed above, there can be
obt ai nexll @a i wsensetweemileh tdxpeespeet eVectebdetr odes e enarrevyd,
separated. According to Claim?20 of the present invention, in the
bi osensoeswkt ed i brdai smai ~cfifa dv esendor 19, the reagent |ayer includes
an enzyne. Since the biosensor is constructed as descri bed above, there
can be obt aixecoeadirgzyoe dliagernisbrosuti@bpeefentainvention, in the

bicsensor as defined in Claim 16, a slit width of respective

one of the fist slits, the second slits, the third slits, and

the fourth slits is 0.005 mm to 0.3 mm.

Since the biosensor is constructed as described above, the
clearance between the respective electrodes can be narrowed,
resulting in a small-size biosensor.

According to Claim 19 of the present invention, in the
biosensor as defined in Claims 17 or 18, a slit depth of
respective one of the fist slits, the second slits, the third
slits, and the fourth slits is equal to or larger than the
thickness of the electrical conductive layer.

Since the biosensor is constructed as described above,
there can be obtained a biosensor in which the respective

‘electrodes are surely separated.

According to Claim 20 of the present invention, in the

biosensor as defined in any of Claims 1 to 19, the reagent
.'layer includes an enzyme.

Since the biocsensor is constructed as described above,

there can be obtained an enzyme biosensor suitable for an



17 inspection which enploys the enzyne. According to Caim21 of the
present invention, in the biosensor as defined in any of Clains 1 to 19,
the reagent |layer includes an electrog transfer agent. Since the biosensor
is constructed as described above, th Fe can be obtained a bi osensor
suitable for an inspection wutilizing a reaction of the electron transfer
agent. According to Caim?22 of the present invention, in the biosensor as
defined in any of Clains 1 to 19, the reagent |ayer includes a hydrophilic
pol yner. Since.the bigsensaor qﬂgstructed as descri bed above, there can

S

be obt aiHRFE-APBNYELE D SEPISVES i reM#RR: can  easily form the reagent

| ayer. Accordin 0 Claim?23 of the present invention, in the , bi osensor as
defined in a%m‘“y"‘%?éalai e Eaé&@zltq@# PEEFRRT JOBFOLLONy netiethe a
resin terial. Sincg t he biasensor is constructed as descri bed above, it

i s posHAIAERL hehBf QB dPE% YovidtY. DStCHA HBEnkoEe Adeotdliendaag i m 24 of
the present invention, there is provided a thin filmelectrode formng

net hod f%greR okRF hgdes BRI RLEAHHN dotavleere@eBtrf ace of an insul ating

support including: a roughened surface form ng step of roughening the

surface of then¢asthatPagSensesr tinramtnuird ans edescadbgds akayeg nst t he
surface of the insulating support in a vacuum atnosphere; and an
el ect r itdT T IR e vebTagerdf & MinFensqr gfuitable for an inspection

utilizing a reaction of the electron transfer agent.

According to Claim 22 of the present invention, in the
biosensor as defined in any of Claims 1 to 19, the reagent
layer includes a hydrophilic polymer.

Since the biosensor is constructed as described above,
there can be obtained a high-accuracy biosensor which can
.easily form the reagent layer.

According to Claim 23 of the present invention, in the
biosensor as defined in any of Claims 1 to 22, the insulating
support is made of a resin material.

Since the biosensor is constructed as described above, it
is possible to manufacture a lower-cost biosensor.

Accbrding to Claim 24 of the present invention, there is
provided a thin film electrode forming method for forming a
thin film electrode on a surface of an insulating support
including: a roughened surface forming step of roughening the
surface of the insulating support by colliding an excited gas
‘against the surface of the insulating support in a vacuum

atmosphere; and an electrical conductive layer forming step of



18 formng the electrical conductive layer as a thin film electrode which
i s conposed. of a conductive substance on the roughened surface of the

i nsul ating support. Since the thin filmelectrode is forned as descri bed
above, a preprocessing such as a surfade polishing processing is not
required, whereby it is possible to formthe thin filmelectrode by a
sinpler nethod and to formthe thin film electrode with high adhesion

bet ween the support and the electrode |layer. According to Caim?25 of the
present _invention, in the thin filmelectrode form ng nethod as defined in
O ai m 25°TPRBI oy P T icRE FoRATRELEEeparsRpRiSsas thisubbbRt pl aci ng
step of _placing the insulating support in a vacuum chanber; an evacuation
step of eéfatuadenyhilgd it ieRRP2RDerf a gasdurtiiviey sultsdmngte fonl thg up

the vacuum chanber with a gas; and a colliding step of exciting the gas to
be i oni ¥edghAsedobpirdiane ahetbanbnagbahingt Repprsw.ati ng support. Since
the thin filmelectrode is formed as described above, it is possible to
formthe suppdncestihfcaddiiguiinbi eelectfodai g folmmedhias fddsneileedr adeviyr e
effectively and reliably, thereby formng the thin filmelectrode nore
ef f ect i¥epyeprecesding tsudll asnX6wffade pokishiingnpewidemsina) idenothin
filmelectrode form ng nmethod as defined in claim25, a degree of the
vacuumrxequiheedyawhetiebry sittepis poddibhle ato afigem @helXhQ'n tfi13n X 10-3
pascal s. ' '

electrode by a simpler method and to form the thin film

electrode with high adhesion between the support and the

electrode layer.

According to Claim 25 of the present invention, in the
thin fiilm electrode forming method as defined in Claim 24, the
roughed .surface forming step comprises: a support'placing step
of placing the insulating support in a vacuum chamber; an
evacuation step of evacuating the vacuum chamber; a gas filling
step of filling up the vacuum chamber with a gas; and a
colliding step of exciting the gas to be ionized and colliding
the same against the insulating support.

Since the thin film electrode is formed as described above,
it is possible to form the support surface suitable for forming

. the thin film electrode more-effectively and reliably, thereby
forming the thin film electrode more effectively.

According to Claim 26 of the present invention, in the

thin film electrode forming method as defined in Claim 25, a

-degree of the vacuum in the evacuation step is within a range

of 1X10™7 to 3X1077 pascals.



19 Since the thin filmelectrode is forned as descri bed above, it is
possible to formthe support surface suitable for formng the thin film
el ectrode nore reliably, thereby formng the thin filmelectrode nore
effectively. According to Claim27 of ﬂ%b present invention, in the thin
filmelectrode formng nmethod as defined in Claim26, the gas is an inert
gas. Since the thin filmelectrode is forned as descri bed above, the
support surface can be nade in a state suitable for formng the thin film
el ectrode wi thout denaturing the support surface. According to C aim 28 of
the present ?hDERt FBR, b Ikﬁglﬂfﬁ#ﬁ9?¥%§%léétf@&@eﬁoﬁﬁ|%$&ﬁﬁhb@daébover
defined in Caim?27, the inert gas is either a rare gas of argon, neon,
hel i umitkriHtBASSIBAG £OndRIMorthy tSURROLt SPHEEacke subitablid et eforndeg s
formed as described above, there can be formed the-thin filmelectrode
nore rdhayinwfikBuelgehaogd mprcharsubpbly, sthkaeby Accwridiqigthe €hdinm
29 of the present invention, inthe thin filmelectrode formng nethod as

def i ned iilm ;gleotrofg more24fifecag valye el ectrical conductive layer forning
step conprises: a second support placing step of placing an insulating
support havidgcerdahgebtdy Claigheled s ifageresvanthinheathiean sitbjekéed to
t he roughened surface formng step, in a second vacuum chanber; a second
evacuatthdm sfiielm ofleohradei figrmimg seddrmi vas udet thadbén; caasec @, geke
filling step of filling

gas is an inert gas.

Since the thin film electrode is formed as described above,
the support surface can be made in a state suitable for forming
the thin film electrode without denaturing the support surface.

According to Claim 28 of the present invention, in the
thin film electrode forming method as defined in Claim 27, the
inert gas is either a rare gas of argon, neon, helium, krypton,
and xenon, or nitrogen.

Since the thin film electrode is formed as described above,
there can be formed the thin film electrode more reliably
without denaturing the support surface.

According to Claim 29 of the present invention, in the

-thin film electrode forming method as defined in any of Claims
24 to 28, the electrical conductive layer forming step
comprises: a second support placing step of placing an

~insulating support having an already roughened surface, which

has been subjected to the roughened surface forming step, in a

second vacuum chamber; a second evacuation step of evacuating

the second vacuum chamber; a second gas filling step of filling



20 up the second vacuum chanber with a second gas; and a step of exciting
the second gas to be ionized and colliding the sane against a conductive
substance to beat out atons of the conductive substances, to forma film
on the insulating support having the @%eady roughened surface. Since the
thin filmelectrode is forned as descri bed above, a preprocessing such as
a surface polishing processing is not required and the thin film el ectrode
wi th higher adhesion to the support can be obtained. According to C aim 30
of the present invention, inthe thin filmelectrode formng nethod as
def i ned®PntARy G RCUWY Ghamger with| acfereRd d8fdudnd e | aheP Pérmi ng
step conprises: a second support placing step of placing an insulating
suppor t eRa¥EA§Jdathg FEeRRd difhefredeguipBéeedwanehcoddd hpj 8amed to

t he roughened surface formng step, in a second vacuum chanber; a second
evacuat39aissEpaortoadaclbiienFuhsfeaneeohd bastuanthampars, ahdhestep of
heati ng and evaporating a conductive substance to deposit steanms as a film
on the ¢oRdLating suhsdrandesy i therml aecfdymr onghbred nsmlfatcing Ssnppothe
thin filmelectrode is forned as descri bed above, a preprocessing such as
a surf deavpoyi thieng Ipeschs sionghenewtsurfgoered and the thin filmel ectrode
wi th hi gher adhesion to the support can be obtai ned. According to daim 31
of the presedincevéhe dhin fitire eldrtrddé miel formedeabordaswy imtdiodbase,
defined in Caim?29 or 30, :

a preprocessing such as a surface polishing processing is not
required and the thin film electrode with higher adhesion to
the support can be obtained.
According to Claim 30 of the present invention, in the
thin film electrode forming method as defined in any of Claims
- 24 to 28, the electrical conductive layer forming step
.Comprises: a second support placing step of placing an
insulating support having an already roughened surface, which
has been subjected to the roughened surface forming step, in a
second vacuum chamber; a second evacuation step of evacuating
the second vacuum chamber; and a step of heating and
evaporating a conductive substance to deposit steams as a filnm
on the insulating support having the already roughened surface.
Since the thin film electrode is formed as described above,
a preprocessing such as a surface polishing processing is not
required and the thin film electrode with higher adhesion to
the support can be obtained. |
According to Claim 31 of the present invention, in the

thin film electrode forming method as defined in Claim 29 or 30,



21 a degree of the vacuumin the second evacuation step is within a range
of 1X10' to 3X103 pascals. Since the thin filmelectrode is fornmed as
descri bed above, there can be nore reliably forned the thin filmelectrode
with remarkably high adhesion to the €pport. According to O aim32 of the
present invention, in the thin filmelectrode formng nethod as defined in
any of clains 29 to 31, the second gas is an inert gas. Since the thin
filmelectrode is fornmed as descri bed above, there can be forned the thin
filmelectrode with high adhesion to the support w thout denaturing the
suppor t2 s4fPgHee aiﬁdtpﬁ-e VAR 131 b e cReFRRE PVISURT AL StRgLS owd?aitm 33
of the present |nvent|on inthe thin filmelectrode form ng nethod as
def i nedai namy@i a¥32 X 1HE tiondrX 1§as pasasitsher a rare gas of argon, neon,
hel ium krypton and xenon, or nitrogen. Since the thin filmelectrode is

formed as deSiRFBethghshdn fiHar eelegtirdepie Formgd ysf gragnr ilbed t abavei | m
el ectrode with high adhesion to the support w thout denaturing the support
sur f acet e t gant he nmpremreldahlgtef dumed f thactbidi fig 1o edlesitnBle ofithe
present invention, in the thin filmelectrode formng nethod as defined in
any of mamnkablP hogB3adhes ivachumtdiandeppant.t he second vacuum chanber
is the sanme chanber. Since the thin filmelectrode is forned as descri bed
above, According to Claim 32 of the present invention, in the

thin film electrode forming method as defined in any of Claims

29 to 31, the second gas is an inert gas.

Since the thin film electrode is formed as described above,
there can be formed the thin film electrode with high adhesion
to the support without denaturing the support surface and the
thin film electrode itself.

According to Claim 33 of the present invention, in the
thin film electrode forming method as defined in Claim 32, the
inert gas is either a rare gas of argon, neon, helium, krypton
and xenon, or nitrogen.

Since the thin film electrode is formed as described above,
there can be more reliably formed the thin film electrode with
high adhesion to the support without denaturing the support
‘surface and the thin film electrode itself.

According to Claim 34 of the present invention, in the
thin film electrode forming method as defined in any of Claims
29 to 33, the vacuum chamber and the second vacuum chamber is

- the same chamber.

- Since the thin film electrode is formed as described above,



22 a facility for formng the thin filmelectrode can be sinplified and
thus the manufacturing cost of the thin film electrode can be reduced.
According to Caim35 of the present invention, in the thin filmelectrode
forming nethod as defined in any of Cl&ens 29 to 34, the conductive
substance is a noble nmetal or carbon. Since the thin filmelectrode is
formed as described above, the thin filmelectrode is conposed of not a
conposite material but a single substance naterial, thereby enabling a
mass manufacture of stable el ectrodes, which is not influenced by the
manuf ad radigt Efoin dk e ¥ oAS TBRAS IWhihéh N L1k seleetspdaceambeamterial |ots.
According to Claim 36 of the present invention, in the thin filmelectrode
f or mi n§ ImRlnddied ard | hbdsi thenpagfuf@ctivging4cest3sf shehitdkimesBibt a
formed thin filmelectrode is within a range of 3 nmto 100 nm Since the
t hi n fidlmadimoie otken i sef bedededs descri bed above, the thickness of the

el ectrode can be thinned as much as possible, thereby to enhance a
producti on trastombtingl toa€lanedidbe of rMAdreufmctsennginventdoa,t d.ra thesluct i on
of the material cost. According to claim37 of the present invention, in

t he bithsendurlmeldsftnedei fioamyinef mEtdiads ds tdeB3nelihénchagt nfcallaims
conductive layer is forned by the thin filmelectrode formng nethod as
defi ned9i rcoary ,oftHe atomd@4ttioe36ubstance is a noble metal or carbon.

Since the thin film electrode is formed as described above,
the thin film electrode is composed of not a composite material
but a single substance material, thereby enabling a mass -
manufacture of stable electrodes, which is not influenced by
the manufacturing conditions and which has a less difference in
material lots.

According to Claim 36 of the present invention, in the
thin film electrode forming method as defined in any of Claims
24 to 35, a thickness of a formed thin film electrode is within
a range of 3 nm to 100 nm.

Since the thin film electrode is formed as described above,
the thickness of the electrode can be thinned as much as
possible, thereby to enhance a production tact as well as
reduce a manufacturing cost due to a reduction of the material
cost.

According to Claim 37 of the present invention, in the
biosensor as defined in any of Claims 1 to 23, the electrical
conductive layer is formed by the thin film electrode forming

method as defined in any of Claims 24 to 36.



23 Since the biosensor is forned as described above, the thin film
el ectrode refl ects unevenness on the support surface which 1is processed
into a roughened surface, so that the wettability and adhesiveness between
the el ectrode and the reagent is enhahted, resulting in a high performance
bi osensor. According to Claim38 of the present invention, there is
provided a quantification nethod for quantifying, by enploying the
bi osensor as defined in any of Clains 1 to 23 and 37, a substrate included
in a sanmple liquid supplied to the biosénsor conprjsing: a fist .
appl i cat i on SSt&}e dthedplgs ausaryépt AgEmeaskdf cetHelRRd 2RV eFBE U and
the counter electrode or the working el ectrode; a reagent supplying step
of supgiyimnglattaosiaptelleqhs dupgveRaessafintt e IPPQrE | §1¥ éﬁ&ng’glmh
detecting step of detecting an electrical change occurring between the
det ect iisg peloestssede i therevghesedesagtfiagte o that ki wgtbprbdiddde by
the supply of the sanple liquid to the reagent |ayer; a second application
st ep ofndppldjiesgvenadd dgestwbenwebe elecikmddengirel athe odeagentt A& count er
el ectrode as well as the detecting electrode after the electrical change
is detabhaded) tdesdlitiig chmngehsgbppearfodmranae dntosweseri ng step  of
nmeasuring a current generated between the working el ectrode and the
count er el eatreode iagy wad |CBsihh2s defethienpradseattr ddeyent tomhi therke ivol t age
is applied in the second application step. Since the quantification is
per f or pedvasedesc guact ahiovet ioh hreghant ifflorc atuaort idfyeired j doy | smplaytiedy when
the electrical

the biosensor as defined in any of Claims 1 to 23 and 37, a

substrate included in a sample liquid supplied to the biosensor
comprising: a fist application step of applying a voltage
between the detecting electrode and the counter electrode or
the working electrode; a reagent supplying step of supplying
the sample ligquid to the reagent layer; a first change
detecting step of detecting an electrical change occurring
between the detecting electrode and the counter electrode orx
the working electrode by the supply of the sample ligquid to the
feagent layer; a second application step of applying a voltage
between the working electrode and the counter electrode as well
as the detecting electrode after the electrical change is
detected in the first change step; and a current measuring step
~ of measuring a current generated between the working electrode
and the counter electrode as well as the detecting electrode,
to which the voltage is applied in the second application step.
Since the quantification is performed as described above,

the quantification operation is started when the electrical



24 change occurs between the detecting el ectrode and the working el ectrode
or the counter electrode of the biosensor, thereby preventing neasuring
errors due to the shortage of the specinen anount supplied to the reagent

| ayer, resulting in a higher accuracy neasurenent. Further, when the
measur abl e anount of specinen is supplied to the reagent |ayer, the
nmeasurenent is perforned by using the detecting electrode also as the
counter el ectrode, thereby nmaking the ea of the electrode part snaller,
and thus a quantitative analysis based on a slight anbunt of specinen can
be perfornmed correctly. According to Caim39 of the present invention,

there i ' i.ficati t r,.guant j,f vi ng, .b | oying
the. bi oSenio® SECue e VA R RE PR LRI BA e ik, SiEread
included ipn a sanple ligquid supplied to the biosensor conprising: first
appl i catqfoﬂ“"stce%mr%fr %JSSFSFICERJ Og t&@l PiFeROrWE8STERE RISVERLING TBEASHIHME and
the counter electrode or the working el ectrode as well as between the

wor ki ng erepestdadetanthe hehedage eof ether tsprmdmen remgentt supplyedgist dpe of
supplying the sanple liquid to the reagent |ayer; a first change detecting

step of rdagentiyean @IsedtibioC #th @hﬁf%ﬁelo%&léhﬁ'hﬂ AflaeRAR N &8t WOIRK G er
y

el ectrode and the counter electrode the supply of the sanple liquid to

the reagepin! 8Y& meas3Ra0N %?%Qﬂﬂ g?%?%fé?rg%r?tﬁp sgl]fp gﬁcgg‘gi gﬁaa?%aégent

el ectrical change occurring tween th i'ng
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vol t age between the working el ectrode and the counter electrode s well as
also as the counter electrode, thereby making the area of the electrode
part smaller, and thus a quantitative analysis based on a slight amount
of specimen can be performed correctly.

According to Claim 39 of the present invention, there is provided a
quantification method for quantifying, by employing the biosensor as
defined in any of Claims 1 to 23 and 37, a substrate included in a
sample liquid supplied to the biosensor co.mprising: first application step
of applying a voltage between the detecting electrode and the counter
electrode or the working electrode as well as between the working
electrode and the counter electrode; a reagent supplying step of
éupplying the sample liquid to the reagent layer; a first change detecting
step of detecting an electrical change occurring between the working
electrode and the counter electrode by the supply of the sample liquid to

 the reageﬁt layer; a second change detecting step of detecting an

- electrical change occurring between the detecting electrode and the

-counter electrode or the working electrode by the supply of the sample



the detecting electrode after the electrical changes are detected in the
first change detecting step and the second change detecting step; and a
current neasuring step of nmeasuring a current generated between the

wor ki ng el ectrode and the counter electrode as well as the detecting

el ectrode, to which the voltage is applied in the second application step.
Since the quantification is perforned as descri bed above, the
guantification operation is started mhgg the el ectrical change occurs

bet ween the detecting el ectrode and the working el ectrode or the counter

el ectrode of the biosensor, thereby preventing neasuring errors due to the

short ags: of. eci_nen_amount supplied to the reagent | ayer esul ting
Tn°a o distvid 0B, B8 rFERAl dake” Flreditnd “ahBicRRan Man b reriita of
specinen is supplied to the reagent |ayer, the neasurenment is perforned by
usi ng t F@ltrgePeiwgeR| the woaking slecisofgand dhaieaunicsglestode sevellyas
maki ng the area of the electrode part smaller, and thus quantitative

anal ysi shisadeteaing decthideamtert the slpetricah drmgdse aper Hotemedcinred | y.
According to Caim40 of the present invention, in the quantification

met hod @frsdafhdiege idetet 80P S&p BhQl the SdecdirD88a9eCaE i in S I@B ! Sarfi@!d owed
by a no-change informng step of informng a user that no change occurs

then 1 g b asAihg Bb B0 RLASLEIGED BPES: BREBIT REERa e
descr i P RIDFCIETEORE Bods e ccpuiay drapiasers ALl (ord SIeicehEia age
of the electrode, to which the voltage is applied in the second application steﬁ. '
Since the quantification is performed as described above, the
quantifipation operation is started when the electrical change occurs
between the detecting electrode and the working electrode or the counter
electrode of the biosensor, thereby preventing measuring errors due to
the shortage of the specimen amount supplied to the reagent laj*er,
resulting in a higher accuracy measurement.  Further, when the
measurable amount of specimen is supplied to the reagent layer, the
measurement is performed by using the detecting electrode also as the
counter electrode, thereby making the area of the electrode part smaller,
and thus quantitative analysis based on a slight amount of specimen can
be performed correctly.
| According to Claim 40 of the present invention, in the
quantification method as defined in Claim 39, the first change detecting

“step is followed by a no-change informing step of informing a user that

no change occurs when it is detected



speci men anount supplied to the reagent |ayer of the biosensor, resulting
in the quantification nethod with enhanced conveni ence and safety.
According to Caim41 of the present invention, there is provided a
quantification apparatus, to which the Bfosensor as defined in any of
+Clainms 1 to 23 and 37 is detachably connected and which quantifies a
substrate included in a sanple liquid supplied to the biosensor
conprising: a first current/voltage conversion circuit for converting a
current fromthe working electrode included in the biosensor into a

vol t agethats inoselRabrioml efBrageciocswins st wiiar tth¢ ydebaveingng t he
voltage from the current/voltage conversion circuit; a first switch

provi deglepdirmsien amise Woeint enngkac ededd rodec lomearhe nwdtieibg oskasarcaled t he
ground; and a control part for controlling the fist AAD conversion circuit
and t hefpicr st pewistalibeahdeehiodonttr alimeart applies a volt age between the
detecting electrode and the working electrode in a state where the first
switch is inSihatedHe amameifdoatdoneliecpeaderniel end sdescel Belr atdve,
change between the detecting electrode and the working el ectrode occurring
by the samikepbisgibd eMtichinsosnppl uedrt @hdT  thia o eagentshayeaigenoitha he
speci nen supply path, thereafter applies a voltage between the working

el ect r odpeahfiehhamoawtt erup BLedode atewekhgens hg deterting Bigsknads- j N

a state where the first switch is connected to the counter electrode, and
neasur eesul €3pgNsA el eniageneiahedoRymedBBLY Wit H Renaldage.
convenience and safety.

According to Claim 41 of the present invention, there is
provided a guantification apparatus, to which the biosensor as
defined in any of Claims 1 to 23 and 37 is detachably connected
-and which quantifies a substrate included in a sample liquid
supplied to the biosensor comprising: a first current/véltage
conversion circuit for converting a current from the working
electrode included in the biosensor into a voltage; a first A/D
conversion circuit for digitally converting the voltage from
the current/voltage conversion circuit; a first switch provided
between the counter electrode. included in-the biosensor and the
ground; and a control part for controlling the fist A/D
conversion circuit and the first switch, and the control part
applies a voltage between the detecting electrode and the
working electrode in a state where the first switch is
insulated from the counter electrode, detects an electrical

change between the detecting electrode and the working

electrode occurring by the sample liguid which is supplied to



Since the quantification apparatus is constructed as descri bed above,
measuring errors due to the shortage of the specinen anbunt supplied to
the reagent | ayer of the specinen supply path are prevented, resulting a
hi gher accuracy neasurenent. Further, the detecting electrode of the

bi osensor is used also as the counter electrode at the neasuring, so that.
t he speci nen supply path can be downscal ed, thereby to performa
guantitative analysis of a slight annqu of specinen correctly. According
to Claim42 of the present invention, there is provided a quantification
apparatus; to which the biosensor as defined in any of Cains 1 to 23 and

37 is degpchabl 0 t [ aptifies S [ d.ina
Sanpl o 11 ene R, 8% B, NBeE Bl o™ ol " RO S, AbHES
current/vglta onversjion cir.cuit for converting a current from the

wor ki ng ‘é@é%g‘gg)fiwieﬁﬁll ﬁa%d” ?’H{lf‘ﬁeelﬁf:g"é’é% ghd Hag counisrielgetroger apgwell
current/vol tage conversion circuit for converting a current fromthe

det ect i P heclategdngrrleatieds in amiate seeersothd first switdht iyepnaegsed ftor st
A/ D conversion circuit for digitally converting the voltage fromthe first

current /thd tcagmteomleckicate, chnduhieastiregcante Apdh SOMMETENO r%e@*ierr@llﬂé& bior
digitally converting the voltage fromthe second current/voltage

conver sinKihgE Yhe vatdgd. st selector switch for switching the connection of
the detecting el ectrode of the biosensor to the first current/voltage

conversion cig:cuit .or the qr d; _and a control part fo ontrollin he
first A/D conévlelrégi ('):ﬁecﬂr%ﬂﬁf@g‘%ﬁ%nsgggﬁaa D @orfglﬂsstmﬁ{eﬂcracﬁu (?s%m'ge he
first selector switch, and the control part applies a voltage between the

det ect i PV cMESITIRG FHOTE (e cto dhecshestages afethe spepimgae pmount

supplied to the reagent layer of the specimen supply path are prevented,

resulting a higher accuracy measurement. Further, the detecting

electrode of the biosensor ié used also as the counter electrode at the
| measuring, so that the specimen Supply path can be downscaled, thereby

to perform a quantitative analysis of a slight amount of specimen
_correctly.

According to Claim 42 of the presént invention, there is provided a
quantification apparatus; to which the biosensor as defined in any of
Claims 1 to 23 and 37 is detachably connected and which quantifies a
substrate included in a sample liquid supplied to the bipsensor

-comprising: a second current/voltage conversion circuit for converting a
current from the working electrode included in thé biosensor into a
voltage; a: first current/voltage conversion circuit for converting a current

from the detecting electrode included in the biosensor into a voltage; a



detecting el ectrode and the counter electrode in a state where the first
selector switch is connected to the first current/voltage conversion
circuit, detects an electrical change between the detecting el ectrode and
the counter electrode and the counter el ectrode, respectively, occurring
by the sanple liquid which is supplied to the reagent |ayer provided on

t he speci nen supply path, thereafter connects the first selector switch to
the ground, applies a voltage between gBe working el ectrode and the
counter electrode as well as the detecting el ectrode, and neasures a
response current generated by applying the voltage. Since the

quant i f i fipdti AN TRRRAMRIrSor Tk foHdigfally d6566+thes t}ﬁéb%ga FERSHY Ith
errors due to the shortage of the specCinmen anmount Supplie go t he reagent

| ayer of e ' p a_ar vent ed 9, ;~esulting in.a higher
accur acyﬁfr‘rgé}a%‘a?lgegr{eq?m%#t %%??%%%chgf%éﬁi fg>® c?%%t‘a?/o ec%tf‘v?rﬁgo%ic&g‘é‘r’t ris
used al sg as,.the.counter el ectrode at the neasuring, so that the specinen
suppl y pﬁ’F h gty soRvsEangd thengobiage: dromer s meconshnenrmanty goliegey s s
of a slight anmpunt of specinmen correctly. According to Caim43 of the
present GORRATSIOM Ccir¢reity@afirst pelecton swdppgardat ssvitshitef the ddm et tiom of2
conpri ses: a second selector swtch for swtching the connection of the

wor ki ng theealetedeingf dlbetrbides ofistlic t DiddetrsoFe@oNEhe UkFSHt dlekRP9oltage
conversion circuit or the ground, and the control part applies a volgt age

e o S S PR B A KB SR R e .
e L igetoh Pl Bon e e SR Sk WU e SO P e
second nyrrss:esrglé:gt?clrt ggv(iatc(i'gnggéstihoen cginzzz(':gli ;éxr{ g%%?ﬁatsi gexlrgftage between the
detecting electrode and the counter electrode as well as between the
detecting electrode and the counter electrode in a state where the first
selector switch is connected to the first current/voltage conversion
circuit, detects an electrical change between the detecting electrode and
the counter electrode and the counter electrode, respectively, occurring
by the sample liquid which is supplied to the reagent layer provided on
the specimen supply path, thereafter connects the first selector switch- to
- the ground, applies a voltage between the working electrode and the
counter electrode as well as the detecting electrocie, and measures a

response current generated by applying the voltage;

Since the quantification apparatus is constructed as described

above, measuring errors due to the shortage of the specimen amount

- supplied to the reagent layer of the specimen supply path are prevented,



connects the second selector switch to the ground when detecting an

el ectrical change between the working el ectrode and the counter el ectrode,
occurring by the sanple liquid which is supplied to the reagent |ayer

provi ded on the specinmen supply path, and when thereafter detecting an

el ectrical change between the detecting el ectrode and the working

el ectrode, in a state where the second selector swtch is connected to the
second current/voltage conversion ciregt and the first selector switch is
connected to the ground, applies a voltage 30 between the working

el ectrode and the counter electrode as well as the detecting el ectrode,

and neastgdting GAPANIEigheE I BBEUrA8N OfRheHr &% caRp! yiﬁ‘ﬁ?ré%é(}? Et?étaa&ctﬁ ce
descri bed” abo

the quantification apparatus is constructed as ve, neasuting

errors d S t ] ciyqen_anmpunt supplied to .the rgagent
| ayer ofylt%ﬁgl%ggggfrrgﬁg tgﬁ%%l%o%g hu%?(g %llsgv%%{%& CPE%’EE iﬁﬁcﬁrﬂdﬁ Atg
accuracy__ neasurenent.. Fyrther, the detecting el ectrode of the biosensor

i s used FCESUIING,RO Elwnﬂ“eff SBEEISH GEPRLY fsds be idegvnscaledathenehy to
speci men supply path can be downscal ed, thereby to perform a quantitative
anal ysi speformsa iqyantimsivet andlysiseef astight @meutt pf specimenngrrect@.ai m 44

of the present invention, the quantification apparatus as defined in Claim
42 or 43 conpecidiggaty ICTAORTHBY offBRRS pheserth{19FdHtich 2 tHe eﬁuéﬁﬁﬁclﬁﬁon

change occurs, when the sanple liquid is supplied to the reagent |ayer of
the spechppiratudPhy Rdidbd FClbm 99 EERlpRYst a second selector switch for
switching the connection of the working eleétrode of the biosensor to the -
second current/voltage convei‘sion circuit or the ground, and the control
part applies a voltage between the detecting electrode and the working
electrode as well as between the working electrode and the counter
electrode in a state where the first selector switch is connected to the first
currenf/ voltage conversion circuit and the second selector switch is
connected to the second current/voltage conversion circuit, respectively,’
connects the second selector switch to the ground ﬁrhen detecting an
electrical change between the working electrode and the counter electrode,
| occurring by the _sample liquid which is supplied to the reagent layer
provided on the specimen supply path, and when thereafter detecting an
electrical change between the detecting electrode énd the working electrodé,
in a state where the second selector switch is connected to the seco.nd

current/voltage conversion circuit and the first selector switch is connected

to the ground, applies a voltage



detects that an electrical change occurs between the working electrode and
the counter electrode but no electrical change occurs between the
detecting el ectrode and the working electrode or the counter el ectrode.
Since the quantification apparatus is @&onstructed as described above, it
I's possible to informa user of the shortage of the speci nen anount
supplied to the reagent |ayer of the specinen supply path of the

bi osensor, resulting in the 31 quantification apparatus with enhanced
conveni ence and safety. BRI EF DESCRI PTI ON OF DRAW NGS Figures 1 are

expl oddetpezrameche veorkéng efleathicakensod tlaecosuhbgrt elachineaie ans welifth
enbodi nents. Figures 2 are diagrans exenplifying how an el ectrode part is
provi dak thguiesedting eiptodedejerapbaicyureéeWs péspohisesisdfent
according to a second enbodiment. Figure 4 is a diagramillustrating a
speci meferssiEted pigy happlyting khesersiatagecording to the second enbodi ment.

Figure 5is atop viewillustrating a state where slits are fornmed in an
electrical coinbetiNg haxstioficathiodspr H6L9" t NGonkeracthkid ds
enbodi ment. Figures 6 are diagrans illustrating individual wafers of the

bi 0sengels Al Aot e, thsabhikid gl EMue RIWKe Tshrad geX Rl odatk
perspective view of t he blosensor according to the third enbodi nent.
specimen amount supplied to the reagent layer of the specimen
supply path are prevented, resulting in a higher accuracy
measurement. Further, the detecting electrode of the biosensor
is used also as the.counter elecfrode at the measuring, so that
the specimeh supply path can be doﬁnSCaled, thereby to perforﬁ
- a quantitative analysis of a slight amount of spécimen
correctly. |
According to Claim 44 of the present invention, the
quantification apparatus as defined in Claim 42 or 43
éomprising an‘informing means for informing a user that no
change occurs, when the sample liquid is supplied to the
reagent layer of the specimen supply path, and the control part
detects that an electrical change occurs between the working
electrode and the counter electrode bdt no electrical change
'occufs between the detecting electrode and the working
electrode or the counter electrode. |
Since the guantification apparatus is constructed as
described above, it is possible to inform a user of the

‘shortage of the specimen amount supplied to the reagent layer

- of the sPecimeh supply path of the bidseﬁsor, resulting in the



Figures 8 are diagrans illustrating a state of electrodes of the biosensor
according to the third enbodi nent. Figures 9 are expl oded perspective views
of a biosensor acording to a fourth enbodi nent. Figures 10 are di agrans
exenplifying a formation of a fourth slits in the biosensor according to
the fourth enbodinent. Figure 11 is a schematic diagram show ng the
concept of a 32 biosensor which is fornmed in a fifth enbodi nent. Figure 12
is a schematic di agram showi ng the con t of an apparatus for formng a
thin filmelectrode in the fifth enbodinent. Figure 13 is a diagram’

Il lustrating structures of a biosensor and a quantification apparatus

accor di ngus 8fidadif LIBRE - wit i ' amillustrat]
anot her gtructures 0 . e |os%nvggﬂr}gg]rgj%ﬁgeqaugﬁgilv%ﬁ%ﬁé&agb‘%asraa‘}tf{}:g"
according to the sixth enbodinment. Figure 15 is an enl arged view of a

speci nen supply path of the biosensor according to the first enbodi nent.
Figure 16 is a diagramillustrating structures of a biosensor and a

quanti fi pRIFER BRRAT RY BT RFGOHF RE&QN%N%%GM h enbodinment. Figure 17 is a
a bi

diagramillustrating structures o 'osensor and a quantification
appar at us accBiglingstb aare exgliiokle®rprodip@dtive views of a biosensor

according to a first and a fifth embodiments.

Figures 2 are diagrams exemplifying how an electrode part
is provided.

Figures 3 are exploded perspective views of a biosensor
according to a second embodiment.

Figure 4 is a diagram illustrating a speéimen supply path of
the biosensor according to the second embodiment.

Figure 5 is a top view illustrating a state where slits are
formed in an electrical conductive layer of a biosensor according
to a third embodiment.

Figures 6 are diagrams illustrating individual wafers of the
biosensor according to the third embodiment.

Figure 7 is an exploded perspective view of the biosensor
according to the third embodiment.

Figures 8 are diagrams illustrating a state of electrodes of
the biqsensor according to the third embodiment.

Figures 9 are exploded perspective views of a biosensor

‘acording to a fourth embodiment.

Figures 10 are diagrams exemplifying a formation of a

fourth slits in the biosensor according to the fourth embodiment.

Figure 11 is a schematic diagram showing the concept of a



Figure 18 is a diagramillustrating changes in wettability index (surface
tension) of a support surface and an adhesion between an el ectrode | ayer
and the support. Figure 19 is a diagramillustrating a relationship between
a thickness of a palladiumthin filmahdl the wettability index (surface
tension) of the electrode surface. Figure 20 is a diagramin which sensor
sensitivities in a 33 .blood glucose concentration of 40-600 ng/dl are
conpared. Figures 21 are expl oded perspective views of a conventional

bi osensor. Figure 22 is a diagramillustrating a state where a biosensor

i s i nskibeeniswra wheashurisgfdenédeinFagdndt268 embadimgniview il lustrating a
state where slits are forned in the electrical conductive |ayer which is
provi ded omigusendlar imfarsabemnatiogdiagam tshiavdiregrbole nreahcepitgofesanr4

are top views illustrating states of electrodes of a biosensor in a
manuf aappairaguseticad Beasidgng thinhhéithi rd ectrdeatlk nemtthéi gafeh25 is a
diagramillustrating the concept of a cross-sectional structure of a

convenkinppdlimingsensor. BEST MODE TO EXECUTE THE | NVENTI ON Her ei nafter,
enbodi ments of the present invention will be described with reference to

the figuresrifugeentodi srent $inkisen ianasdeseiinmeddnict@resmerehy exanpl es,

and the present invention is not necessarily restricted thereto.
biosensor and a quantification apparatus according to a sixth
embodiment.

Figure 14 is a diagram illustrating another structures of
the biosensor and the quantification apparatus according to the
sixth embodiment.

Figure 15 is an enlarged view of a specimen supply path of
the biosensor according to the first embodiment.

Figure 16 is a diagram illustrating structures of a
biosensor and a quantification apparatus according to a seventh
embodiment.

Figure 17 1is a diagram illustrating structures of a
biosensor and a quantification apparatus according to an eighth
‘embodiment.

Figure 18 is a diagram illustrating changes in wettability
index (surface tension) of a support surface and an adhesion
between an electrode layer and the support.

Figure 19 is a diagram illustrating a relationship between ~
a thickness of a palladium thin film and the wettability index
(surface tension) of the electrode surface.

Figure 20 is a diagram in which sensor sensitivities in a



(Enbodi ment 1) A biosensor A as defined in Clainms 1 to 10 of the present
invention wi.ll be described as a first enbodinent wwth reference to the
figures. Figures 1(a) to 1(c) are exploded perspective views of the
bi osensor A according to the first embo# nent of the present 34 invention.
First, nmenbers constituting the biosensor A will be described. Nuneral 1
denotes a first insulating support (hereinafter, referred to as nerely
"support”) conposed of polyethylene terephthalate or the |ike. Nunmeral 2
denotes a conductive layer which is fornmed on the whol e surface of the
suppor t b1ogedd Flas1ases PRI eRRr ot denr Péakt Oceidumd Adl et er¢ampaged -as a
noble netal, for exanple gold or palladium and carbon. Nunerals 3a and
3b denot e sl iFtigusisisci? larar orewptedednpels pectdwms iwiewsiyef a2 on t he
support 1 and are parallel to the side of the support 1. Nunerals 4a and
4b denotenyleintsiomalc b iaysepsawi ded on the conductive layer 2 on the
support 1 and are vertical to the side of the support 1. Nunerals 5, 6,
and 7 denot eFdgmomki2ly ielecddiagiramaitdustentdinecta cdmtamndhardetecti ng
el ectrode, which are forned by dividing the conductive |ayer 2 by the
slits 3niaseéndbr ds urldermsediaimna #bashivimgalded idanotes a spacer which
covers the working electrode 5, the counter electrode 6, and the detecting
el ectrode 7 pdgulte 2@pperta kop view illustrating a state where slits

are formed in the electrical conductive layer which is provided

on a sensor wafer according to the third embodiment.

Figures 24 are top views illustrating states of electrodes
of a biosensor in a manufacturing method according to the third

embodiment.
Figure 25 is a diagram illustrating the concept of a

cross-sectional structure of a conventional biosensor.

BEST MODE TO EXECUTE THE INVENTION

Hereinafter, embodiments of the present invention will be
described with reference to the figures. The embodiments which
are described here are merely examples, and the present
ihvéntion is not necessarily restricted thereto.
(Embodiment 1)

" A biosensor A as defined in Claims 1 to 10 of the present
invention will be described as a first embodiment with
reference to the figures.

Figures 1(a) to 1l(c) are exploded perspective views of the

biosensor A according to the first embodiment of the present



Nuneral 9 denotes a rectangul ar cutout part provided in the mddle of an
entering edge part of the spacer 8 to forma specinmen supply path. Nunera
9a denotes an inlet of the specinmen supply path, nuneral 10 denotes a

| ongi tudinal width of the cutout part & of the spacer 8, and nuneral 11
denotes an clearance between the two slits 4a and 4b which are provided on
35 the conductive layer 2. Nuneral 12 denotes a reagent |layer which is
formed by applying a reagent including enzyne or the I|ike to the working
el ectrode 5, the counter electrode 6, and the detecting el ectrode 7 which
are expd8¥ENMAGR-t he cutout part 9 of the spacer 8. Numeral 13 denotes a
cover (second  insulating support) for covering the spacer 8, and nuneral
13a denot es Fa&s&i,r Megikens csomeditutihg wheédbdoskensve dowerll3beA net hod
for manufacturing the so-constructed biosensor A will be described wth
ref erené@scsibegures. First, as shown in figure 1(a), an el ectrical
conductive material such as a noble netal, for exanple gold or palladium
and car bon i Jupebpdctediernmttdre acf Pesit pinatlagimgt bagpport spheteihagter,
evaporating nethod or the like, thereby to formthe conductive |layer 2 on

t he whotefsuredcéeoohst mersuppordugpoiNex| , caapsbewn oifn poilgutthildie two
slits 3a and 3b parallel to the side of the support 1 as well as two slits

4a andtdbepbthatatet ort hheslliitke 3a Mntedhl apedépbed an ddiRiucOddct i ve

| ayer 2 which is forned on the support 1 by enploying a |aser, to divide

into theayeunvhickl ¢st fodmed, doh&he whole surface of the support 1 and
composed of an electrical conductive material such as a noble
metal, for example gold or palladiﬁm, and carbon. Numerals 3a
and 3b denote slits which are provided on the conductive  layer
2 on the support 1 and are parallel to the side of the support
1. Numerals 4a and 4b denote slits which are provided on the
conductive layer 2 on the support 1 and are vertical to the
side of the support 1. Numerals 5, 6, and % denote a working
electrode, é counter electrode, and a detecting electrode,
which are formed by dividing the conductive layer 2 by the
slits 3a and 3b, as well as 4a and 4b. Numeral 8 denotes a
spacexr which covers the working electrode 5, the counter
electrode 6, and the detecting electrode 7 on the support 1.
Numeral 9 denotes a rectangular cutout part provided in the

 middle_of an entering edge part of the spacer 8 to form a

specimen supply path. Numeral 9a denotes an inlet of the
specimen supply path, numeral 10 denotes a longitudinal width

of the cutout part 9 of the spacer 8, and numeral 11 denotes an

clearance between the two slits 4a and 4b which are provided on



wor ki ng el ectrode 5, and the detecting electrode 7. At this tine, the
slits 4a and 4b are provided so that an interval between a tip of the
support 1 and the slit 4a is equivalent to or larger than the interval 11
between the two slits 4a and 4b. As and?her manuf acturing nethod for
providing the three electrodes on the support 1, it is also possible to
use a 36 printing plate, a masking plate or the |like (not shown here) in
which a pattern. required to formthe conductive layer 2 having parallel
two slits 3a and 3b is grengusl arranged when an electrical conductive
mat eri Ao YHEITERES | LAYBFnéd oNUMgEals dghslanates 2 heeagedén LaMek i ng
met hod, _sputteri evaporating .nmethod or the |ike, and thereafter use the
| aser & 1‘%0’?[%17&%‘7?\)%3’ | APRLY 2DghAc K segedy igir bt ing SDBPBEt or tthe

provide, the slits 4a and 4b, to divide into the working el ectrode 5,

count el e &G dde arorking helaetsetiend reltde csmnter wabeebyore 6i,s arudsi bl e
to formelectrode parts. Further, it is also conceivable to apply a method
i n whi &Rea IRy wieetradendskhighplatee expased | fkeni hhehcotomtpat t ern
required to form the conductive layer 2 having two slits 3a and 3b

par al | BRIt ? e HiaiepACehed supPomeraladd demogles sa deowed 4bevend cal
thereto is previously arranged is used, and an electrical conductive

mat er | aRsyl atiad isgenort briex opvenéngupper sphder & heasdreemepailntlidyg

met hod, sputtering evaporating nethod or the like, to formthe working

el ect r@gnosest @a aduntherle gpreevidedd 6n ahe mhidddet ech itige ebeceérods.7. A

preferred thin

A method for manufacturing the so-constructed biosensor A
will be described with reference to figqures.

First, as shown in figure 1(a), an electrical conductive
material such as a noble metal, for example gold or palladium,
‘and carbon is subjected to the screen printing method, a
.éputtering evaporating method or the like, thereby to form the
conductive layer 2 on the whole surface of the support 1.

Next, as shown in figure 1(b), two slits 3a and 3b .
parallel to the side of the support 1 as well as two slits 4a
and 4b vertical to the slits 3a and 3b are formed on the
conductive layer 2 which is formed on the support 1 by
employing a laser, to divide into the counter electrode 6, the
working electrode 5, and the detecting electrode 7. At this
time, the slits 4a and 4b are provided so that an interval
between a tip of the support 1 and the slit 4a is eqﬁivélenf'to
or larger than the interval 11 between the two slits 4a and 4b.

As another manufacturing method for providing the three

electrodes on the support 1, it is also possible to use a



filmelectrode formng method for formng an electrical conductive |ayer
of the biosensor A wll be described in nore detail in another enbodinent.
Though the el ectrode part conprises thggwrking el ectrode 5, the counter

el ectrode 6 and the detecting electrode 7, the electrode part may conprise
at least the working electrode 5 37 and the counter electrode 6. However,
in order to performa reliable nmeasurenent, it is preferable that the

bi osensor conprises the detecting electrode 7, since in this case a

f i t haty d S i i B kCh i ! gL
preter :%}:?_n{?h_ﬁﬁe ke, r3&‘3‘m<‘:lssklb g;]bi)§€é‘s¢9 YMHECh 1ike GaRAP! & Rin lﬁ’@f(%?; Tél 9

a reliable neasurenent can be o ned. Then, as shown in figure 1

to i | ] t ' t t )
STk ROR LATeERs b4 g O SonbE AT S0y 4 L a0y

and the detecti he support

Lt TRERLE£FAISR! AN o2 o ANl e, SPRCGTABhOVLNG L PR afaTt 9

for for € speci imén supply pa ovi de n eagent | ayer
Then, the cover 13 i rovi_ded t.hereon. e, ,one end _of the cutout part 9
of the SEetErThat oshBaRs e haq AP an BhE L1 RRE. TR, Dt €BE e

h Ki I .5 th t | ectrode 6 .th
det oot MPPRP Bt  Blic “REWRE &F Dbl JRCERESe UpRBIE ST I8 SHAPTRALLDHo

counter_el ectrode I S.pasitio at a_position hearest tqQ th I nl et 9a of
t he spé?:?%‘ﬁé S%pvgépzﬁﬁ?’aﬁ&({]ﬁ:g‘%?ﬁﬁ%r el'8Ct Fﬁaeiag%g"t ﬁgwd_et ecting
el ectrode are $oi|t|on3d |nc%pe |n(§éne£agt therefronltR%Spectlve a&gas

of tma%&ﬁiﬁﬁﬁﬁ% et@¥ e 5yh1 1is n the suppor to provi

the slits 4a and 4b, to divide into the working electrode 5,
counter electrode 6, and the detecting electrode 7, whereby it
is‘possible to form electrode parts. Further, it is also
conceivable to apply a method in which a printing plate, a
masking plate or the like in which a pattern required to form
the conductive layer 2 having two slits 3a and 3b parallel to
the side of the support 1 and two slits 4a and 4b vertical
thereto is previously arranged is used, and an electrical
conductive material or the like is formed on the support 1 by
the screen printing method, sputtering evaporéting method or
the like, to form the working électrode 5, the counter
electrode 6, and the detecting electrode 7. A preferred thin
film electrode forming method for forming an eleetrical
conductive-layer of the biosensor A will be described in more
detail in another embodiment.

Though the electrode part comprises the working electrode
5, the counter electrode 6 and the detecting electrode 7, the

electrode part may comprise at least the working electrode 5



the counter electrode 6 and the detecting electrode 7 in the specinen
supply path are defined by an area of the cutout part 9 of the spacer 8
and the interval 11 between the slits 43 and 4b. in the first enbodinent,
the slits 4a and 4b are provided so that the interval froma sensor tip to
the slit 4a is equivalent to or larger than the interval 11 between the
two 38 slits 4a and 4b, and thus the area of the counter electrode 6 is
equi valent to or larger than the area of the working electrode 5 in the

speci ngyy, yccfr’l?ﬁ@er-r%?gg@rbﬁg %O.ndLiﬁHé’\E LAYEN &rdé fggr‘r@% !{‘rﬁ]ea whol e
surface of the support 1, 1t Is also possi e t6 formthe onductive | ayer
2 not t f.th ' s
requi raa T YRS oRERE ] ik 01" R drani < haY uBThLokREEb e o h
Fi i | c, di i1l ustrati how t he .el ectrodes of the
bove. et ied PRETELe s haTE TR ale et i i ERRE Iy er o
ired f f ' th I . toi. id ly. t he .i_nt I
' ac BT g1 45 6T Ao 1SandudtiRAPTARer AT A3t SBRAR e b
the internal surface of the cover 13. The el ectrode part provided on the
i nt er nESTFERE ot ﬁ?é#%%g%oW?a§“F§mﬁﬂﬁ(ﬁﬁPi cﬁh Rednter el ectrode 6,
th Ki | ectrode 5 and, the, detect.i | ectrode 7, by the slits 3a, 3b,
4a_and 4b AN prti YR oht RETBERer (Fana @ F SAASRY +8 BPBOLEEndA Vel o

whi ch provi des the copductive layer 2 not. only on the internal ]
working electrode 5, the counter electrode 6, and the detecting

electrode 7 as the electrode part formed on the support 1 to
form a reagent layer 12, and the spacer 8 having the cutout
part 9 for forming the specimen supply path is provided on the
reagent layer 12. Then, the cover 13 is provided thereonf
Here, one end of the cutout part 9 of the spacer 8 lééds to the
air hole 13a provided in the cover 13. The arrangement of the
working electrode 5, the counter electrode 6, and the detecting
electrode 7 which are formed on the support 1 is such that the
counter electrode 6 is positioned at a position nearest to the
inlet 9a of the specimen supply path, and the working electrode
5 and the detecting electrode 7 are positioned in the inner
part therefrom. Respective areas of the working electrode 5,
the counter electrode 6 and the detecting electrode 7 in the
Aspecimen supply path are defined by an area of the cutout part
9 of the spacer 8 and the interval 11 between the slits 4a and
4b. In the first embodiment, the slits 4a and 4b are provided
‘so that the interval from a sensor tip to the slit 4a is

equivalent to or larger than the interval 11 between the two



surface of the support 1 but also on the internal surface of the cover 13.
An exanple of this case will be described briefly with reference to
figures 2(b) and 2(c). Figure 2(b) .iLkustrates a case where the
conductive layer 2 provided on the internal surface of the cover 13 is
taken as the counter electrode 6 as it is, and the conductive |ayer 2
provided on 39 the internal surface of the support 1 is taken as the
working electrode 5 and the detecting electrode 7 by the slits 3a, 3b, 4a

2, aosLih, | bea cenoishy entdy ¥ dibrg¥ ! 08d Quhber WS INeree

surface of the support 1, ere 1s no usSe an unnecessa art as
an el ec qgf1- LS, -t ctihve layer_2 is provided on the whol e

i nter na%gsu Jé%%f%?t Fﬂeggu%%%gtg%lt%lé’%aut?ge i@ p?gcfe]%? ¥8F i ding the
conductj,v. re 2, _if,Ls_easi.er tao pravide the conductive |ayer 2 on the
whol e %ﬂf%§€%%¥ ah T %Ré éggglmﬁgrgugﬁgdﬁéﬁﬁﬂttive layer 2 is provided on
a part of tpgv;nterqﬁé surfacg.of he support 1. A hatchjng indicating the
conduct i ve 1BYEHID et RROARGEEVEr 1ANET i/tidt R TRRA 3Rt BE VRO IS pport 1

i's shown &n the:éi ure, but there is no_need to use all of this as the.
el ect r §H& LAt é&ﬁcﬁ“@%ﬂﬁﬁai?c&Fl%ﬁIQ¥§ﬂrEﬁ%§#QJ%a§% HRERe thife count er
el ectrode 6 %%épr%éided fn the internal surface of the cover 13, and the
wor ki n§ORCEG e S 5T 1 ieChePBctPRgWEINd@ ot araret HhevPRRROEH the

intern surface of the, support 1 as in figure 2(b), while the way in

whi ch Sh& N s BT pHbLFRietS oheaRAT edy s ttarmingitherehect FoRet Par tshown
' TP 2l DadSerived below.

Figure 2(a) is a schematic diagram illustrating how the
electrodes of the above-described biosensor A are provided.
Here, the conductive layer 2 required for forming the electrodel
part is provided only on the internal surface of the support 1,
and the conductive layer 2 is not provided on the internal
surface of the cover 13. The electrode part provided on the
internal surface of the support 1 is divided into the counter
electrode 6, the working electrode 5 and the detecting
electrode 7 by the slits 3a, 3b, 4a and 4b being érovided.

On the other hand, a method is also conceivable which
provides the conductive layer 2 not only on the internal

surface of the support 1 but also on the internal surface of

- the cover 13. An example of this case will be described

- briefly with reference to figures 2(b) and 2(c). Figure 2(b)
"jillustrates a case where the conductive layer 2 provided on the

. internal surface of the cover 13 is taken as the counter

~electrode 6 as it is, and the conductive layer 2 provided on



in figure 2(c), the slit 4a is omtted as conpared with figure 2(b), while
in this case it is required that the area of the counter electrode 6 is
equi valent to or larger than the area of the working electrode 5 in the
speci nen supply path. Wen the nunber38f slits provi ded on the support 1

I s decreased as described above, the manufacture can be nade nore easily.
40 Further, since the working electrode 5 is |located at a position

opposed to the counter electrode 6 in figure 2(c), the length of the

speci nen suppl th is decreased to reduce the size, thereby enabling a
measur éﬂ?@mlrg%%@gaa%ns%r??%eoéu&ﬁﬁ SPRPOI s decisherRkemi 78 FRet WO Tkt ment

1 the diivision of the working electrode 5 the counter electrode 6, and

the defd@Gtipde|xArddehy dgtpstisaned afErads iy the FidEs, 3a, iXPal so

possible that a part of the conductive layer 2 is cut away by a jig with a

sharp tipadd the | | Thoughckeycopdasisvieudanste 2 clecp¥odedpdr en e her

while the screen printing method and the sputtering evaporating nmethod are

enpl oyEdode tingtennach rovefapar o If sheasiuppordt Hodsthethe £f ener ogedpdrt

formati on nmethods are not restricted to these nethods. As descri bed above,

accor digg A@ thmdsiesEgorpantt ag ahi edecamoddi.nerfhatf ishe phesent

I nvention, the slits 3a, 3b, 4a and 4b are provided in the conductive

| ayer gooduchdvsupg@myar 2 isnpdroédsgacer t8ehawhaie timtexmalt sparfiace icE

pl aced thereon, to define the respective electrode areas of the working

el ect rbde support 1 because in a process for providing the conductive
layer 2, it is easier to proéide the conductive layer 2 on the
whole surface than in the case where the conductivejlayer 2 is
provided on a part of the internal surface of the sﬁpport 1. A
hatching indicating the conductive layer 2 on the whole of the
internal surface of the support 1 is shown in the figure, but
there is no need to use all of this as the electrode. Figure
2(c) schematically illustrates a case where the counter
electrode 6 is provided on the internal surface of the cover 13, -
and the working electrode 5 and the'detecting electrode 7 are
provided on the internal surface of the support 1 as in fiqure
2(b), while the way in which the slits are provided on the
support 1 is different from that shown in figure 2(b). That is,
+in figure 2(c), the slit 4a is omitted as compared with figure
2{b), while in this case it 1is required that the area of the
counter electrode 6 1is equivalent to or larger than the area of
the working electrode 5 in the specimen supply path. When the

- number of slits provided on the support 1 is decreased as

described above, the manufacture can be made more easily.



5, the counter electrode 6 and the detecting electrode 7 on the specinen
supply path easily and with a high accuracy. Therefore, variation in
response characteristics of respective K biosensors can be reduced, thereby
realizing a high-accuracy biosensor. ﬁﬂreover since in the present
invention the electrode part is fornmed in a nDnoIayer with an el ectrical
41 conductive material such as noble netal for exanple gold or palladium
and carbon as the material, it take no trouble of successively printing
a_silver aste a carbon and the Iike on the su

d | ] (] t
1 as | FURNSEr of TBFE thﬁha’%ﬂﬁrﬂ h P L R R T R

with a snooth,  surf a S|nple nmet hod, Further since the slits 4a and

ce
4b aHaQRRQEQFoFOtFE CSH BEery ELlegfdiode hi £k F3IBFBVREEd o ha HeeRSBRort 1
by the laser, it is possible to define the area of each electrode with a
hi gher HecddtacsPeqhier| 84PRAYe Pakd: e fladieereadebe | yedurecthdesizan be
consi derably reduced  to downsize the specinen supply path, thereby
enabl i A94RPY nekabi éREnd E&§é§ﬂﬁmﬂﬂﬁrhﬁﬁﬁ@u@ﬂnﬁt?r®¢esﬁéémm§¥WWQfe this
could not be neasured conventionally. Further, since the structures of the
el ect r sl&eiMNvery sinple, a biosensor haV|ng t he sane performance can be
easily forned. (Enbodinent 2) A biosensor B according to Clains 11 and 12
of the presdfitile nienthenembpiipendedc titredi sl sicrcohdtbrbweikdmyg Fi gures

3 are perspective views illustrating the biosensor
electrode 5, the counter electrode 6, and the detecting
electrode 7 is performed by employing the laser, it is also
possible that a part of the conductive layer 2 is cut away by a
jig with a sharp tip or the like, thereby to construét the
electrode part. Further, while the screen p:inting method and
the sputtering evaporating method are employed as the electrode
part formation methods, the electrode part formation methods
are not restricted to these methods.

As described above, according to the biosensqr in the
first embodiment of the present invention, thé slits 3a, 3b, 4a
and 4b are provided in the conductive layer 2 on the support 1,
and the spacer 8 having the cutout part 9 is placed thereon, to
define the respective electrode areas of the working electrode
-5, the counter electrode 6 and the detecting electrode 7 on the
specimen supply path easily and with a high accuracy.
Therefore, variation in response characteristics of respective

- biosensors can be reduced, thereby realizing aAhigh-accuracy

biosensor. Moreover, since in the present invention the

- electrode part is formed in a monolayer with an electrical



B in the order of the manufacturing process, and figure 4 is a diagram
illustrating a speci men supply path of the biosensor B. First, the
structure of the biosensor B will be described. Numeral 21 denotes an

i nsul ating support which is composed %¥ polyethyl ene terephthal ate or the
i ke. Numeral 22 denotes an electrical conductive |layer which is fornmed on
the whole 42 surface of the support 21 and is conposed of an electrical
conductive material such as noble netal, for exanple gold or palladi um
and carbon. Nunerals 23a, 23b, 23c and 23d denote first slits which are
provi deangHCtHd e MadEy ksl TopluRsi Debleapetals fowmsanplesgodd gad 27
denote el ectrodes which are formed by dividing the electrical conductive

| ayer palppdima amid famhon sag3pheospterdaland t23dkd no trowblRi od

el ectrode, a counter electrode, and a detecting electrode as an el ectrode
f or conﬂi:cﬁsﬁg'mﬂeft rpe;rixwisrp@camcénlaminetiaignay sdrlaser ipssitte, aa spedioren
supply path. Nunerals 24a and 24b denote second slits which define

posi t i pastandndr ¢hse dnikeeor| et rodpsonheleaa imedadentprisompptrted. Nuner al
28 denotes a spacer which covers the working el ectrode 25, the counter

el ect reber2by anmd ish@osdeileld ity Bbemtthdee?2éctiomkr gdarAO wiktivt assaocoth
rectangul ar cutout part which is provided in the mddle of an entering
edge sparfaot blge aspdogrl £28ndtthddr m aFspehepensimerl whatdi i tNengaaknd30
denotes an inlet of the specinmen supply path. Nuneral 14 denotes a reagent

| ayer 4ihi shei $oraedednbytlappioidgebiveageper 2nehidibng sepmoeidedt ba |i ke
to the working el ectrode 25, the
the support 1 by the laser, it is possible to define the area
of each electrode with a higher accuracy. The clearance
between the respective electrodes can be considerabiy reduced
to downsize the specimen supply path, thereby enabling the
measurement based on a trace quantity of specimen while this
could hot be measured conventionally. Further, since the
structures of the_electrodes are very simple, a biosensor
having fhe same performance can be easily formed.
(Embodiment 2)
A biosensor B according to Claims 11 and 12 of the presénﬁ
invention will be described as a seéond embodiment.
Figures 3 are perspective views illustrating the biosensor
B in the order of the manufacturing process, and figure 4 is a
diagram illustrating a specimen sﬁpply’path of the biosensor B.
First, the structure of the biosensor B will be deScribed.
Numeral 21 denotes an insulating support whidh is composed

of polyethylene terephthalate or the like. Numeral 22 denotes

an electrical conductive layer which is formed on the whole



counter electrode 26 and the detecting el ectrode 27 by dripping. Nuneral
15 denotes a cover for covering the spacer 28. Nuneral 16 denotes an air
hol e provided in the mddle of the coy£% 15. Next, a method for

manuf acturi ng the so-constructed biosehsor B will be described. As shown
in figure 3(a), the electrical conductive |ayer 43 22 of a thin film of
nobl e netal such as gold and palladiumis fornmed over the whole of the

support 21 by the sputtering nethod which is a nmethod for formng a thin
2 _not on the

film Lt i ilhle to for e_el.ectrical conductive |layer 2

whol e SHFEAEE S (S Tt oA EaRos oo coPag it (S it TECEFaGay e T or
formng_the el.ectrodes.. Then s_sho in figure 3(b), the first slits 23a,
b " 99hAGRE ISR s A TR oh R RoREP e Mt - R STV ) Gy BPLS5 gy
enploying tge | aser, tgwg;vide t he el ectrical conductive |ayer 22 into the
wor ki ngaLiadiifue 3% GHPWuNtRPMRFaLEr 3@ 128 3khd 23h ARt £38i AEPOt& L r ode
27. Further, by enploying the |laser, the arc-shaped second slits 24a and
24b arElFBFnBaiss HelClhe| et (PEAY128Ad0R: the edpstira) gmrdachase: i on
where a reagent is dripped so as to _surround the position. Like in the
first £AB68HI Aént, NMETA T3 Dded® 3Rd Bilr denodle ©d exdgodesp whigh axe 23d,
and the second slits 24a and 24b nmay be fornmed on the support 21 by the
scr eenfPFPAL| By AdiHOERT tHe spleeeringlnephddcdiviehd avade, 2 WhbEhteepl oys a

printing plate, a masking plate or the like, in which a pattern required
first slits 23a, 23b, 23c and 23d, i.e., a working electrode, a

counter electrode, and a detecting electrode as an electrode
for confirming whether a specimen is certainly drawn inside a
specimen supply path. Numerals 24a and 24b denote second slits
which define positions and areas on the electrodes where a
reagent 1s applied. Numeral 28 denotes a spacer which covers
the working electrode 25, the counter electrode 26, and‘the.
detecting electrode 27. Numeral 29 denotes a rectangular
-cutout part which is provided in the middle of an entering edge
part of the spacer 28 to form a specimen supply path. Numeral
30 denotes an inlet of the specimen supply path. Numeral 14
denotes a reagent layer which is formed by applying a reagent
including enzyme or the like to the working electrode 25, the
counter electrode 26 and the detecting electrode 27 by dripping.
Numeral 15 denotes a cover for covering the spacer 28. Numeral
16 denotes an air hole provided in the middle of the cover 15.

Ngxt, a method for manufacturing the so-constructed
biosensor B will be described.

As shown in figure 3(a), the electrical conductive layer



for formng the electrical conductive |ayer 22 having the first slits 23a,
33b, 23c and 23d and the second slits 24a and 24b is previously arranged.
O, a part of the electrical conduction_, part 22 can be cut away by a jig
with a sharp tip. Then, as shown in fi@%re 3(c), for exanple in case of a
bl ood sugar sensor, a reagent which is conposed of glucose 44 oxidase as
enzynme, potassiumferricyanide as an electron transfer agent and the |ike
is dripped and applied to the working el ectrode 25, the counter el ectrode

26, and .the detecti el ectro 27. Since the part_where the_reagent is
appl i eg% &5 3R oﬁgmi 2 P?giﬁr PsiAde FURP tae FRtdnand| Padlasiimy ks 24p,

the second s|its 24a and 24b can be used as marks of a place where the

r eagentt FO&H AV thervhele efntber RBPRYHH iZdd Peaklst sPutherigd d, it
spreads out in a circular form taking a point where the reagent is applied
by dri pith§hdiclechi ed mghhodhiosedormiag tas thykn ahtle4b EErds as
breakwaters _and define the position and area of the reagent |ayer 14 so.

t hat t BeSSeddeénttq sfpevehe etl eebrisplegdindpcdchusslayer se2ondt on ttheda
and 24b. Therefore, the reagent layer 14 is forned at a prescribed

posi ti hoile Fudifans ivedthe equphext, 2L hbuspareroly mvpagt t Weicht dwt part
29 for formng the specinen supply path is placed on the el ectrodes, i.e.,
the woEkRAFed domr daurmingt hike celactrodesct rode 26, and the detecting

el ectrode 27. The specinen supply path lies in a state as shown in figure
4. Then, as shown in figure 3(b), the first slits 23a, 23b,

23c and 23d are formed on the electrical conductive layer 22 by
employing the 1ase;, to divide the electrical conductive layer
22 into the working electrode 25, the counter electrode 26 and
the detecting electrode 27. Further, by_employing the laser,

" the arc-shaped second slits 24a and 24b are formed on the
electrical conductive layer 22 around a position where a-
reagent is dripped so as to surround the position.

Like in the first embodiment, the electrodes, the first
slits 23a, 23b, 23c, and 23d, and the second slits 24a and 24b
may be formed on the support 21 by the screen printing method,
the sputtering method or the like, which employs a printing
'plate, a masking plate or the like, in which a pattern required
- for forming the electrical conductive layer 22 having the first
slits 23a, 33b, 23c and 23d and the gecond slits 24a and 24b is
previously arranged. Or, a part of the electrical conduction

part 22 can be cut away by a jig with a sharp tip.

Then, as shown in figure 3(c), for example in case of a

blood sugar sensor, a reagent which is composed'of glucose



The cover 15 is provided on the spacer 28. one end of the cutout part 29
of the spacer 28 leads to the air hole 16 which 1is provided in the cover
15. It is also possible to formthe spagger 28 on the electrodes of the
wor ki ng el ectrode 25, the counter electrode 26, and the detecting

el ectrode 27, and thereafter drip a 45 reagent on a part of the working
el ectrode 25, the counter electrode 26 and the detecting el ectrode 27,
which is exposed fromthe cutout part 29, thereby to formthe reagent

| ayer . rgin hi I r when bl ood is supplied to the inlet
30" of (LS S Enb by’ BoTRetl eV RERS of SRR e hen. o
certai of specinen.is dr.awn .intp the _specinmen.suppl th due to
capi | | a%rﬁ%géﬁn%%%ﬁgb?mﬁhgh i ﬂliﬁollég fgmaﬁ'%ec? e&’:ﬁegpg’ﬂéego&ﬁ B:ﬁ"%l ect rode
16, the rking . electrode_25 _and the deteciing el ectrode 27. The reagent

| ayer Wé%k%ﬂ?mﬁﬂ%ﬁF?ﬂgeeﬁgctF§8e§QQ9?ﬁ% %%8r%93b%80d38§ & speci nen
and an oxi datjon-reductiQn reactign occurs between the reagent and,

speci f idEESHp R e?ﬁr?ﬁ@ ggeciﬁéH?Q*§QQ Pien"RRECSHBE FEAIENYT 1§ he
speci nmen %égglgagath rerrIy, an_ el ectrical change occurs between the
count e@RRl&S DPAFYT LPReWHACEC tisn§ BIRUNIRR DY thRepeBPnd Shits
confirned that the specinen is drawn as far as the detecting el ectrode 27.
The el?d@& A2 Phankfes af 86°Bec it d thePAdemnche 4lor kpMgh €l BEEFo@S PRTlgmd
the detecting electrode 27, whereby it is also possible to confirmthat
the sp@d fePlacUridi@rasthar rg89eRé dst émfliggd. Further, since the

applied reagent is a liquid, it spreads out in a circular form
taking a point where the reagent is applied by dripping as a
center, but the second slits 24a and 24b serve as breakwaters
and define the position and area of the reagent layer 14 so
that the reagent'is prevented from spreading across the second
slits 24a and 24b. Therefore, the reagent layer 14 is formed
at a prescribed position in a prescribed area.

Next, the spacer 28 having the cutout part 29 for forming
the specimen supply path is placed on the electrodes, i.e., the
working electrode 25, the counter electrode 26, and the
detecting electrode 27. The specimen supply path lies in a

state as shown in fiqure 4.

The cover 15 is provided on the spacer 28. One end of the
cutout part 29 of the spacer 28 leads to the air hole 16 which
is provided in the cover 15.

It is also possible.to form the spécer 28 on the

. electrodes of the working electrode 25, the counter electrode

- 26, and the detecting electrode 27, and thereafter drip a



el ectrode 27. The reaction between the specinmen and the reagent is
pronoted for a prescribed period of tinme after the specinen is drawn as
far as the detecting electrode 27, and:- thereafter a prescribed voltage is
applied to the working electrode 25 affi@ the counter electrode 26 or
between the counter electrode 26 and the detecting electrode 27. Since it
46 is a blood sugar sensor, a current proportional to a glucose
concentration is generated, and a bl ood sugar |evel can be neasured by its
value. Wiile in the second enbodi nent, the bl ood sugar sensor is described
as an SHEAPFRT PR BaR3BéE Qdedfs oM RENRLRCHYRER 2Phak HEhE PIRBR sugar
sensor, by changing the conponents of the reagent 14 and the specinen. In
addi t i GhteTHeRGR ?geaﬁfio%‘ﬁs&e‘:egt\fuﬂ%kﬁ%‘a%t?ﬁ et B ee WBIiEh rigteaxpased
described in the second enbodinent, the nunber of the el ectrodes nmay not
be t hr d&om i€ hentoliki pParthd dseddrrahy t 8o 2darmnhespeagendr clayepeds -t he
shapes are not restricted to this shape as long as they can define the
position andiePrerding &P thdsrsigamturgerwhen bboodotisr sippd ¢ tecbhacy
of the electrodes. For exanple, the slits may be straight |ines or hook
shaped idetde3@robetihabspecinke buppdns @ath azsoadeagple tliguisbooniich
enbodi nent is a biosensor for quantifying a substrate included in the
sanpl e is quiskeabien, conpeirsesnanmonst aif ngpesimpenr is girawal igltezttbdes
which are formed by first slits provided on the electrical conductive

| ayer fsgraveidneom swppifiopeth due to capillary phenomenon by the air

hole 16 and reaches the counter electrode 16, the working
e;ectrode 25 and the detecting electrode 27. The reagent layer
14 formed on the electrodes is dissolved by blood as the
specimen, and an oxidation-reduction reaction occurs between
the reagent and specific components in the specimen. Here,
when the speéimen fills the specimen supply path properly, an
electrical change occurs between the counter electrode 26 and
Ifhe detecting electrode 27. Thereby, it is confirmed that the
specimen is drawn as far as the detecting electrode 27. The
electrical change also occurs between the working electrode 25
and the detecting electrode 27, whereby it is also possible to
confirm that the specimen is drawn as faf as the detecting
electrode 27.  The reaction between the specimen and the
reagent is promoted for a prescribed period of time after the
specimen is drawn as far as the détecting electrode 27, and
thereafter a prescribed voltage is applied to the working
electrode 25 and the counter electrode 26 or between the

counter electrode 26 and the detecting electrode 27. Since it



or part of the surface of the insulating support, arc-shaped second slits
provided in:the electrical conductive layer to define the position and the
area where the reagent is to be applig , a spacer having a cutout part
which is provided on the electrodes to forma specinen supply path for
supplying the sanple liquid to the working el ectrode, a reagent |ayer 47
I ncl udi ng enzyne provided on the electrodes in the specinen supply path,
and a cover which is provided on the spacer and has an air hole leading to
and defines the spread of 1t d reegent by

th [

he soadnd Sri Sodilt & FESr undnChREPAnsRRE e St | hOOR PRECERAC: T odes
f f t t h d f d

F eagenEOPSFOE VTS LB 19RRSFFbRfoarna: PoRS-aH (IO Hool T6h SRR B ea i s
formed, resultin n ccurate neasurenent which is free fromvariations
when tﬁ§a§&§ﬂqn§$|¥$§me ®d. (Embodi nent 3) A specific nmethod for

manuf acturi ng .t he above-descri bed biosensors A .and B wll be further
descri bed. ide tife thf g2eeRRY seRPaddmEni, éhz?sw FPIdEehEPFOr is
collectively. Figure 23 is a top viewillustrating a state where the slits

are foflREATARCSh 38 &t reEAMPERNdLEL FRB PRy ESSS B\F e HIFCRSHr PAYETOf a
sensor wafer P as a basis of the biosensor X. Nuneral 3102 denotes an
el ectrkbap @éﬁd@@ﬁoﬁbﬁqaﬁ# SeRPPbsely of heagiay, HeeramporeeEfaP fothithe

l'i ke, which is provided on the whole surface of a support 3101. Nunerals
reagent 14 and the specimen. 1In addition, though the biosensor

B which has the three electrodes is described in the second
embodiment, the number of_the electrodes mayrnot be three.
Further, while the second slits 24a and 24b are arc shaped, the
shapes are not restricted to this shape as long as they can
define the position and the area of the reagent layer and do
not reduce the accuracy of the electrodes; For example, the
slits may be straight lines'br hook shaped.

As described above, the biosensor B according to the
second embodiment is a biosensor for guantifying a substrate
included in the sample liquid, which comprises an insulating
support, plural electrodes which are formed by first slits
provided on thé electrical conductive layer formed on the whole
or part of the surface of the insulating support, arc-shaped
second slits_provided in the electrical conductive layer to
define the position and the area where the reagent is to be
applied, a spacer having a cutout part which is provided on the
electrodes to form.a specimen supply pafh for supplying the

sample liquid to the working electrode, a reagent layer



3103a, 3103b, 3103c and 3103d denote slits which are formed on the

el ectrical eonductive layer 3102. Nunerals 3105, 3106 and 3107 denote

el ectrodes which are formed by dividinq the electrical conductive |ayer
3102 by the slits 3103a, 3103b, 3103c dnd 3103d, i.e., a working

el ectrode, a counter electrode and a detecting el ectrode. Nurmeral 3110
denotes a cutting 48 plane Iine showng a cutting position of the support.
The sensor wafer P is a support in a state where the electrical

conduct.i.ve, | r 3102 is_forned.,on t suppor nd the .electrical
Conanetin iy dAggmesrhBlTEEd by he PPetaded 1A51p% Shdehien g
3103d to farm el ectrodes_of ural .bi.osensors is, the working

| X, X, ,  that
el ect r SHEP 1 BATE he2 Bt ‘éf’eeﬁl PSR- ‘,’l‘iﬁ"&i ?ﬂethgﬁé@ﬁ%’g" 22t r odes

3107. A manufacture of the _biosensor X by epploying the so- constructed
sensorhﬂﬂeﬁnFﬁ%flmog% é%ggﬁpﬁquMQH?r T HRRR FOPPLY gBAER, BAN%t | the

el ectrical, conductive |layer 3102 is formed on the whole surface of the
band s@§fdmes3rehe pSPYRRAspht tBRI ARP it hotragent neY hbler §ecr@dhisikits t hin
film Next, as shown in figure 23, the slits 3103a, 3103b, 3103c and 3103d
are fofRsE 9hiP Ew| BYehgtRferPagRRT A Sarf R ekedeR etheagherkhgodasuaiomaf er Q
of the electrical conductive |ayer 3102 formed on the support 3101 is

f or med forPiRg/ i the tFRagerEt Fakalr, Edsduadgarnt Spread2uniforedy worid gy

el ectrode 3105, the counter electrode 3106, and the detecting el ectrode
3107, &f@gent layer which is free from variations in the position and

area is formed, resulting in an accurate measurement which is
free from variations when the specimen is measured.
(Embodiment 3)

A specific method for manufacturing the above~described
tbiosensors A and B will be further described. Here, the
biosensors A and B are assumed a biosensor X collectively.

Figure 23 is a top view illustrating a state where the

- s8lits are formed on an electrical conductive lé&ér provided on
a surface of a sensor wafer P as a basis of the biosensor X.

Numeral 3102 denotes an electrical conductive layer |
composed of carbon, a metal material or the like, which is
provided on the whole surface of a support 3101. Numerals
3103a, 3103b, 3103c and 3103d denote slits which are formed on
the electrical conductive layer 3102. Numerals 3105, 3106 and
3107 denote electrodes which are formed by dividing the
electrical conductive layer 3102 by the slits 3103a, 3103b,

3103c and 3103d, i.e., a working electrode, a counter electrode

and a detecting electrode. Numeral 3110 denotes a cutting



the el ectrodes of plural biosensors X are forned in a row, thereby to form
the sensor wafer P. Then, the electrodes of plural biosensors X which are
formed in this process are cut on the qutting plane line 3110, and a
reagent |ayer, a spacer and a cover (ﬁ%t shown here) are |am nated on
the' el ectrodes of the biosensor X obtained by the cutting, thereby to form
an 49 individual biosensor. However, the so-fornmed bi osensor X has a

problemin that when the plural biosensors are to be cut into individual
cannot b per.formed on

bi osens t her e sone _cases Mmhere the.cuttin

the- cutt1ate pi B EnREERS g FREE A Pk oRE ThPoRRPRE TN | TS bl ane
lines 3110. This mﬁl£ be described in nore detahl. Figure 243%%_is a

di agr afi $15 05t YaFFhgt st 8t 8s SYPP H R1753E8 YRezechbe ®h&ce1MRLtutting
IS correch%é% Eerfﬁrned. Figur.e §§§$Q is a diagramillustrating states of
the el GAPVHEEIVReh2YRE 240¢i d§ Med PR sthevFuPRartonaPd BNt from the
cutting plane line 3110. Figure 24(;? is a diagramillustrating states of
the el &GV CHheFORABRCEAVE AGY o kQonls sdieddgdelyt bhar § Lditght3¥9dar t he
cuttin%d&{ane |ine 3110. Since the areas of the working el ectrode 3105 and
the coift¥r, e ER3¢ oted 338834dr &oddeirde It rredesit e Englpssilt PdPsHnse ke

i ndi vidual wafer Q_changes in the areas of the working electrode 3105 and
t he codt e el ect r'okRt 3196 bEEuWoRdmg Heleckreday pblbii bhei sogaier ed
fromthe cutting plane line 3110 as shown in the figures, resulting in
vari at iegrectinrdes xl@hceand the detecting electrodes 3107.

A manufacture of the biosensor X by employing the so-
constructed sensor wafer P will be described with reference to
figures.

First, the electrical conductive layer 3102 is formed on
the whole surface of the band support 3101 by the sputtering
method as a method for forming a thin film.

Next, as shown in fiqure 23, the slits 3103a, 3103b, 3103c
and 3103d are formed by employing the laser in an area where
éach individual wafer Q of the electrical conductive layer 3102
formed on the support 3101 is formed, to divide the electrical
conductive layer 3102 into the working electrode 3105, the
counter electrode 3106, an& the detecting electrode 3107, and
the electrodes of plural biosensors X are formed in a row,
thereby to form the sensor wafer P. Then, the electrodes of
plural biosensors X which are formed in this process are cut on
the cutting plane line 3110, and a reagent 1ayer, a spacer and
a cover (not shown here) are laminated on the‘electrodes of the

biosensor X obtained by the cutting, thereby to form an



val ues of the respective electrodes. Therefore, values of currents flow ng
t he el ectrodes change, whereby the accuracy of the biosensor X get worse.
Here, a biosensor C according to Clains 13 and 14 of the present

i nvention, which has for its object to*2olve this problemw !l be
described as a third enbodinent. 50 Figure 5is a top viewillustrating a
state where slits are forned on an el ectrical conductive |ayer which is
provided on a surface of a sensor wafer R as a basis of the biosensor C

Figures 6 ,are diagrans illustrating an individual wafer S of the biosensor
C. Fi gdPdi¥idual RQgR¥%%e view illustrating a ~manuf acturing process of
the biosensor C Figure 8 is atop viewillustrating states of el ectrodes

of the bi os&MNEVEE, 1112 iePT{oresapbaesenson e vserpoeblen in kdhat
described. Nuneral 41 denotes an insul ating support which is conposed of
pol yet We8n&hee pdpttadal ikes emeorearek&o Menerdl Utelehmddvidanlel ectrica
conductive |layer which is formed on the whole surface of the support 41
and coRpesedsefrsan tdlexta rdval somendasesyeheateertitd cucthimg cabhetmbieal , for
exampl e gold or palladium and carbon. Nunerals 43a, 43b, 43c and 43d
denot epefifpgmed jons bhid ctutarengrpladedlameishe redseditrimpl ixoddudhitiens! ayer
42. Nunerals 45, 46, and 47 denote el ectrodes which are fornmed by dividing
the el écomi the conduotg pddreyelid@sbylilbe fohist weillil St 3desddhbed3dnand
43d, i.e., a working electrode, a counter electrode, and a detecting
el ect rodeeadetinidl.ectrigoire 24(a) is a diagram illustrating states of

the electrodes in a case where the cutting is correctly

performed. Figure 24(b) is a diagram illustrating states of

the electrodes when the cutting position is deviated toward

left from the cutting plane line 3110. Figure 24(c) is a

diagram illustrating states of the electrodes when the cutting

position is deviated toward right from the cutting plane line

3110. sSince the areas of the working electrode 3105 and the

counter electrode 3106 are decided by the cutting position of

the individual wafer Q, changes in the areas of the working

electrode 3105 and the counter electrode 3106 occur when the

cutting position is deviated from the cutting plane line 3110

‘as shown in the figures, resulting in variations in resistance

values of the respective electrodes. Therefore, values of

currents flowing the electrodes change, whereby the accuracy of

the biosensor X get worse.

Here, a biosensor C according to Claims 13 and 14 of the

present invention, which has for its object to solve this

problem will be described as a third embodiment.



for confirmng whether a specinmen is surely drawn into a specinen supply
path. Nuneral 50 denotes a cutting plane line as a position where the
support is cut. Nunmerals 44a and 44b note third slits for defining the
areas of the electrodes. Nuneral 48 denotes a spacer which covers the
wor ki ng el ectrode 45, the counter electrode 46 and the detecting el ectrode
47. 51 Nuneral 49 denotes a rectangular cutout part which is provided in
the mddle of an entering edge part of the spacer 28 to form a specinen
supply path. _Nuneral. 51 denotes a re nt layer which is forned

; £ Rre

appl yi ng a rEagBAaf Pndfud APRAZME YRETahOPRI Ay SHad& rgtRF asS
counter electrode 46 and the  detecting el ectrode 47. Nuneral 52 denotes a
cover f3F® tBYBPHANGR: RS §ISSHT Rl NerRidrtE¥eddageds Wil rlhdpECHhAed s
provided in the mddle of the cover 52. The sensor wafer R is a support in
a st at ePhhdr 8UFrface| 8t A ATV HREE VR | @§enr Pasiss ofp el hirsaesetpFort
41, and the electrical conductive layer 42 is divided by the first slits
43a, 43blIuBesahdansddalgradls dslusferaning ani igdixyddusd amfen $oeh
el ectrodes of plural biosensors, that is, the working electrode 45, the
count ertke¢ deiepd€RsqE Gnd FHGUE ectihp dpecspedtize vE@w Hélustapating a
i ndividual wafer S represents a state of each biosensor of the sensor
waf er Ramhechedingr prasesscafl ithe thodensensGr CRUgUrend igestridpd in
the order of process. Fist, the electrical conductive |ayer 42 is formed
with aview illustrating states of electrodes of the biosensor C.
Initially, component of the biosensor C will be described.
Numeral 41 denotes an insulating support which is composed
of polyethylene terephthalate and the like. Numeral 42 denotes
an electrical conductive layer which is formed on the whole
surface of the support 41 and composed of an electrical
conductive material such as noble metal, for example gold or
palladium, and carbeon. Numerals 43a, 43b, 43c and 43d denote
first slits which are provided on the electrical conductive
layer 42. Numerals 45, 46, and 47 denote electrodes which are
formed by dividing the electrical conductive layer 42 by'the
~first slits 43a, 43b, 43c and 43d, i.e., a working electrode, a
counter electrode, and a detecting electrode as an electrode
for confirming whether a specimen is surely drawn into a
_'specimen supply path. Numeral 50 denotes a cutting plane line
‘as a position where the support is cut. Numerals 44a and 44b
denote third slits for defining the areas of the electrodes.

Numeral 48 denotes a spacer which covers the working electrode

45, the counter electrbde 46 and the detecting electrode 47.



thin filmof noble netal such as gold and pall adium over the whole band
support 41 by the sputtering nmethod. Next, as shown in figure 5, the first
slits 43a, 43b, 43c and 43d are forne y enploying the laser in an area
where each individual wafer S of the €lectrical conductive |ayer 42 forned
on the support 41 is fornmed, to divide the electrical 52 conductive |ayer
42 into the working el ectrode 45, the counter electrode 46, and the

detecting electrode 47. Further, the third slit 44a on the right of the
he. left o first_slit 4

first i , 2@n [ r Lt 44b_on f th 3b
arerorelegd? e Rehdted H el iRt wash e hata pepiged

I i tudi id of ch biosensor after being cuyt and nmake he war ki ng
ol oot r ot SBeMATPAE o AL ifEELRBABYUE RAFS O dNS ARAFSF b  Eenéeesy
f i | . _individyal fers S. Figure 6(a) is a top view of the
i v RaFPRAFBPRSS UER]Y SRt h) ManerefoAl GRBREGS the SAARRY LAY SRaf er S
Th | ectrical duct.i | ayer 43 may be provided on the support 41 by
the gcf@#%ﬁ%ﬁf ?Eg}'{%él ?ﬂ’gfd,aa M%ﬁt%é?ﬂggﬁﬁt AB¢ Lustintheenzyee GRi the
enploys a printin | ate, a masking plate or the like in which a pattern
requi r &C¥ %n?o??ﬁgﬁgrf’ﬁ@ decttie afourbpued psrrdpert M AIKhERG the first
slits 43a, 33b, 43c and 43d as well as the third slits 44a and 44b is
previ outgyechiRgngLECtEradeo i ¢+ hdTymexsal sb2t dengaessFp coVRY afri 43d as wel |

as the third slits 44a and 44b. O, these slits can be formed by cutting
away a FFer gt e espacerc4i8 coltiterah pardengtieg an air hole which

is provided in the middle of the cover 52. The sensor wafer R
is a support in a state where the electrical conductive layer
42 is formed in the support 41, and the electrical conductive‘
layer 42 is divided by the first slits 43a, 43b, 43c and 43d as
Qell as the third slits 44a and 44b to form electrodes of
plural biosensors, that is, the working electrode 45, the
counter electrode 46 and the detecting electrode 47. Further,
‘an individual wafer S represents a state of each biosensor of
the sensor wafer R.

A method for manufacturing the biosensor C will be
described in the order of process.

Fist, the electrical conductive layer 42 is formed with a
thin film of noble metal such as gold and palladium, over the
whole band support 41 by the sputtering method.

Next, as shown in figure 5, the firsf slits 43a, 43b, 43c
and 43d are formed by employing the laser in an area where each
individual wafer S of the electrical conductive layer 42 formed

~on the support 41 is formed, to divide the electrical



ajigwth a sharp chip or the like. Then, as shown in figure 7, for each
wafer S, for exanple in the case of a blood sugar sensor, a reagent

conposed of glucose oxidase as enzyne,_potassiumferricyanide as an

el ectron transfer agent and the |ike is5gpplied to the electrodes, i.e.,
t he working el ectrode 45, the counter 53 electrode 46 and the detecting
el ectrode 47, to formthe reagent |layer 51. Next, the spacer 48 having the -
cutout part 49 for formng the specinmen supply path is provided on the

el ectrodes,, i_.e. t he working, el ectrode 45, the counter el ectrode 46 and
the dePQRHPSS NS A5t {1&; : l%ﬁ% gg@ef"oﬁ‘%“ﬁ FHAA Dt hetBpacemrnier
One end gf %he cg&Pugggfrt 49 of the spacer 48 |eads to the air hole 53..
provi deBPAtERG Gfer A thejdetpshipgs silgct nasis dhim t HEREHR@Er %B%0n t he
el ectrodes, i.e wor ki ng el ectrode 45, the counter electrode 46 and

., th
t he detEEE—Fﬂgséll@ct‘llAgdé”hﬁh%n’alﬂh’érGﬁf tee fdgsity sd et drdphhes of the

wor ki ng electrode 45,. the counter electrode 46 and the detecting
el ect r obiB1EE, Shitch 4l ©n Sdpskeittrof the &drsi sjat 4 arertoymed bor m

the reagent |ayer 51. Then, plural biosensors which are forned by the
above- YBBEPYHBEE phecdsFar ek wpovhtinpscuhtichy apleamaraliesl 500to form

i ndi vi dual bi osensors.. -
longitudinal sides of each biosensor after being cut and make

the working electrode 45 and the counter electrode 46 have
prescribed areas, thereby forming plural individual wafers S.
Figure 6(a) is a top view of the individual wafer S. Figure
6(b) is a front view of the individual wafer S.

The electrical conductive layer 43 may be provided on the
support 41 by the screen printing méthod, the sputtering method
or the like, which employs a printing plate, a masking plate or
the like in which a pattern required for forming the electrical -
conductive layer 42 having the first slits 43a, 33b, 43c and
43d as well as the third slits 44a and 44b is previously
arranged, to form the first slits 43a,-43b, 43¢ and 43d as well
as the third slits 44a and 44b. Or, these slits can be formed

| by cutting away a part of the electrical conduction part 42 by
- a Jjig with a sharp chip or the like.

Then, as shown in figure 7, for each wafer S, for example
in the case of a blood sugar sensor, a reagent composed of
glucose oxidase as enzyme, potassium ferricyanidg as an
:electron transfer agent and the like is applied to the

electrodes, i.e., the working electrode 45, the counter



Figure 8(a) is a diagramillustrating states of the electrodes when the
cutting position is deviated toward |left fromthe cutting plane |ine 50.
Figure 8(b) is a diagram iIIustrating5 tates of the el ectrodes when the
cutting position is deviated toward ri“ght fromthe cutting plane |ine 50.
In any of the cases where the cutting position is deviated toward 54
right and left, the areas of the working el ectrode 45 and the, counter

el ectrode 46 are already defined by the first slits and the third slits,

wher eby sho pp figure 8, . the areas of the Lkin ectrqde 45 and

t he coﬁﬁgﬁtiﬁ %t?gdgng6tiﬁéq§ﬁﬁﬁt%?ﬂ ?ﬁ%gtrﬂﬂgﬁgghet%h&hqﬂ]ﬁ < per f or ned

on the cutting glane gbne 50 shown in figure 6(a), as long as the cutting
befWEEN

i s per fIorHES he third slits 44a and 44b of the adjacent

bi osensors. Since tEe sBecineggpgesurenent Iargel depends on the area or
reaction of N®&tnoFREn§PACEL ASuaEing tthe RESPR pard 43 FATdL RNy RBhe

third slit 44a which defines the area of the working_electrode 45, without
the thitRf SERCHMBN FHPBLYe PR AsaRFeviged spBcthenelardrosissod se- -
supplied to the specinen supply path forned at the cutout part 49 of the
spacer Y FokipgpeiertEorg Whi.cHhe qontpeceheatradepddsanidbddiamunt of
specinmen is drawn into the speci nen supply path due to capillary
phenomslffiedRiinhee et hore 52; and reaches the counter el ectrode 46, the
wor ki ng el ectrode 45 and the detecting electrode 47. The reagent |ayer 51
formed on t e F@Ee¥ odésiFspdioyddiatedbythdesphood 48-t h@nepesidrerl thed

cutout part 49 of the spacer 48 leads to the air hole 53 .
provided in the cover 52.

It is aléo possible to form the spacer 48 on the
eiectrodes, i.e., the working electrode 45, the counter
électrode 46 and the detecting electrode 47, and tﬁereafter
apply a reagent on parts of the working electrode 45, the
counter electrode 46 and the detecting electrode 47, which are
exposed from the cutout part 49, théreby to form the reagent
layer 51.

Then, plural biosensors which are formed by the above-
described procéss are cut on the cutting plane lines 50 to form
individual biosensors.

Figure Sfa) is a diagram illustrating stateé of the
electrodes when the cutting position is deviated toward left
from the cutting plane line 50. Figure 8(b) is a diagram

_illustrating states of the electrodes when the cutting position
is deviated toward right from the cutting plane line 50. 1In

any of the cases where the cutting position is deviated toward



oxi dati on-reduction reaction occurs between the reagent and specific
conponents in the specinen. Here, when the specinen fills the specinen
supply path properly, electrical changes occur between the counter

el ectrode 46 and the detecting el ectrdde 47. Thereby, it is confirnmed that
the specinen is drawn as far as the detecting el ectrode 47. The el ectri cal
55 <changes al so occur between the working el ectrode 45 and the detecting
el ectrode 47, and thereby it is also possible to confirmthat the specinen

is drawn, as far as the detecti electrode 47. The reactjon between the
speC|néﬁl% b fRd iPé&ge ﬁﬁ%%mﬁ%dt?%rWarbiggcﬁﬁﬁg&rﬂﬁﬁ(ﬁﬁcﬁnﬁlﬁﬁeafter

the specinen is_drawn as far as the detecting electrode 47, and
t her eafGRFNEeCFr BAEFTBOGS 18 &F& i AL EPPIHY e@efénﬁﬁe%ﬁﬁien§lreﬁtec$¥bﬁﬁ a5dand
the counter electrode 46 or both of the counter electrode 46 and the
det ect i'HRe eFRéFA0BR 127, PHErabyat eShowRhénchiguse Bl osdes@prasentorhea
current which is proportional to the glucose concentration is generated
and a 4WPBbNgugArCEEREle don andl s e@aEnbyri eteghrode WA lard reqwelt hipr d
enbodi nent the bl ood sugar sensor is described as an exanple, this can be
used m§h9$ﬁdgbﬁ80th@tﬁ@ttlmmanﬂtnﬁiﬁquﬁéugartbensuttlbw ¢Hamg nhinke
conponents of the reagent 51 and the specinen. In addition, though the
bioseném'SNWthlha§19h§8tﬁd@é,maﬁnkqngsa$stUescutbédgidst@@nﬁﬂxmbd
enbodi nent, the nunber of the electrodes may be other than three as |ong
as t he betsesenfthhetbliedt sddes drdex dafd nkth byf t hbe adjacent biosensors.
Since the specimen measurement largely depends on the area
or reaction of the working electrode 45, it is possible to
provide only the third slit 44a which defines the area of the
working electrode 45, without the third slit 44b.
In order to measure the specimen, when blood is‘supplied
to the specimen éﬁpply path formed at the cutout part 49 of the
spacer 48 as a sample liquid which is the specimen, a
prescribed amount of specimen is drawn into the specimen supply
path due to capillary phenomenon by the air hole 53, and
reaches the counter electrode 46, the working electrode 45 and
the detecting electrode 47. The reagent layer 51 formed on the
electrodes is dissolved by the blood as the specimen, and
oxidation-reduction reaction occurs between the reagent and
specific components in the specimen. Here, when the specimen
fills the specimen supply path properly, electrical changes
occur between the counter electrode 46 and the detecting

. electrode 47. Thereby, it is confirmed that the specimen is

drawn as far as the detecting electrode 47. The.electrical



third slits. Further, it is sufficient that at |east the area of the
wor ki ng el ectrode which greatly affects the nmeasuring accuracy is defined
by the third slits. The positions of tg%_ third slits are not restricted to
those positions as long as they can défine the areas of the el ectrodes.
The shape of the biosensor may be other than that of the biosensor
according to 56 the third enbodinent as long as it can define the areas of

the electrodes by the third slits. . As described above, in the biosensor
accor di to the, third enhodi nent, the areas of _respective el ectrodes are
ot med et et "Saot Rota e e e e e bk ERa PARE oS AN GeoRe Tt e

bi osensor. Therefoie, the, areas of the respective electrodes are

previ outFVeTbiNHe8LBGtERES H 0 309 tEherebY hdt AFe8dSer POSE RS ek?i ve

el ectrodes_are not changed according to the cutting position, resulting in
no variGRPbRTPnthAE hBEuSRSFimgn rifheiravpedd farpasyitded dateGeR@ént | ayer
conposed of the reagent which is to be reacted with the sanple liquid, the
spacer HeRGFHECdRed Eut oFhparaacihiah hekweer hehgpaspprdnesugmd) thrath for
supplying the sanple liquid to the el ectrodes, and the cover which is

pl aced IFRIeRL shacRECARd shas athe preser Bhedapengodoofhe igwedfifar stipel v
path, whereby the sanple liquid can be easily drawn into the specinen
suppl y Spadinamels efizawn @8 feohdctihe defyeetingf elaetirode B e
surface of the insulating support and is divided into plural electrodes by
the firtdiergafitertaecprbgcrdbadyalimde gis aappt beg tbetheosesking

electrode 45 and the counter electrode 46 or both of the

counter electrode 46 and the detecting electrode 47. For

example in the case of blood sugar sensor, a current which is

proportional to the glucose concentration is generated and a

blood sugar level can be measured by its value.

While in the third embodiment the blood sugar sensor is
described as an example, this can be used as a biosensor other
than the blood sugar sensor, by changing the components of the
reagent 51 and the specimen. In addition, though the biosensor
which has the three electrodes is described in the third
embodiment, the number of the electrodes may be other than
ﬁhree as long as the areas of the electrodes are defined by the
third slits. 'Further, it is sufficient that at least the area
of the working electrode which greatly affects the measuring
accuracy is defined by the third slits. The positions of the
third slits are not restricted to those positions as long as

they can define the areas of the electrodes. The shape of the

biosensor may be other than that of the biosensor according ta



and enhanci ng the working accuracy. Further, since the first slits and the
third slits are fornmed by the |aser, the high- accuracy processing is

possi ble, thereby to define the areas of the respective electrodes with a
hi gh accuracy, as well as the clearanéé between the respective el ectrodes
can be narrowed, thereby to downsize the biosensor. 57 (Enbodi nent 4) A
bi osensor D according to Clainms 15 and 16 of the present invention wll be
described as a fourth enbodiment. Figured 9 are perspective views
illustrating the biosensor D in the order of a manufacturing process.

Fi gur esth® Bherdopmbodamendx afplliong rap the ¢arnndeféneotheowmaassiofstbe the
bi osensor D. Figure 22 is a diagramillustrating a state where the

bi osensvkeqEy¥edenskyt thei fhd.ral wdadiwd ng device. First, conponents of the
bi osensor D will be described. Nuneral 61 denotes an insul ating support
conposed of Apodgechybede abevephtimaltdtee miosdmsdir kecehiudeng te2 tdemot es an
el ectrical conductive layer which is formed on the whole surface of the
suppor tcibilrdrnembed twaepbsedhel aaraal edt rirefpectdnduel everndiear iaale such as a
noble metal, for exanple gold or palladium and carbon. Nunerals 63a, 63b,
63c andef3cthetderiof ethéi ted shiitrsl prldwysdeshralide ebethei tahgdenddaidve | ayer
62. Nunerals 65, 66, and 67 denote el ectrodes which are fornmed by

di vi di mdde «f echaibbbsennduct | T dryfirH the theehsr 6 shet Fespict H96,

63c and 63d, i.e., a working electrode, a counter
electrodes are previously defined by the third slits and the
areas of the respective electrodes are not changed according to
the cutting position, resuiting in no variation in the accuracy.
Further, there is provided the reagent layer composed of the’
reagent which is to be reacted with the sample liquid, the
spacer having the cutout part which forms the specimen supply
-path for supplying the sample liguid to the electrodes, and the
cover which is placed on the spacer and has the air hole
leading to the specimen supply path, whereby the sample liquid
can be easily drawn into the specimen supply path. The
electrical conductive layer is formed on the whole surface of
the insulating support and is divided into plural electrodes by
the first slits, thereby forming the high-accuracy electrodes
and enhancing the working accuracy. Further, since the first
slits and the third slits are formed by the laser, the high-
accuracy processing is possible, thereby to define the areas of
the respéctive electrodes with a high accuracy, as well as the

clearance between the respective electrodes can be narrowed,

thereby to downsize the biosensor.



el ectrode, and a detecting el ectrode as an electrode for confirmng

whet her the specinen is surely drawn into a specinen supply path,
respectively. Nunerals 64a, 64b, and 64¢ denote fourth slits which divide
t he counter electrode 66, the detecti%@ el ectrode 67, and the working

el ectrode 65, respectively. Nunmeral 68 denotes a spacer which covers the
58 working el ectrode 65, the counter electrode 66, and the detecting

el ectrode 67. Nuneral 69 denotes a rectangular cutout part provided in the

m ddl e, gf ,an .enteri edge part of the spacer 68 to forma specinen supply
pat h. ﬂﬁw& ﬁlmﬁﬁ% otes a reagent layer which is formed by applying a

reagent incluyding enzyme or the like to.the working. el ectrode 65, the
Counter el oft TORFSRFOLMY SHECHALR: EAgCAPdae oo B bys (HE CHP BreRpnt
Nuneral 55 denotes a cover for covering the spacer 68. Nuneral 56 denotes
an ai r LREPEYHO3 ield iRe tdRShTHhed 8F At feugdeemodiReRtal s 58, 59, and
57 denote:correction parts provided at the end parts of respective

el ect rodes, Filgaired Hb 2@ ReRgPeFEEVRoVACwS, 1lfastanitiard ctleet P& eSS orand
the detecting electrode 67. Nunerals 71, 72, and 73 denote neasuring
parts Rhightiee agiathe© et ippeifasturhadcprecess,- off iguwres bf 8K WeEKi ng
el ectrode 65, the counter electrode 66, and the detecting electrode 67,

r especYiewby ex@mpdii e e efiormabipnhe Lo doar ths s1P therwt eshg bi osensor
Nuneral 4115 denotes a neasuring device in which the biosensor Dis to be
i nser tediosposeralb 41 Foglurot23 b #ndbagrem dpdmistgadfindiea state where

the biosensor D is inserted into a measuring device.

First, components of the biosensor D will be deséribed.
Numeral 61.denotés an insulating support composed of
polyethylene terephthalate or the like. Numeral 62 denotes an

electrical conductive layer which is formed on the whole
surface of the support 61 and is composed of an electrical
conductive material such as a noble metal, for example gold or
palladium, and carbon. Numerals 63&, 63b, 63c and 63d denote
first slits provided in the electrical conductive layer 62.
Numerals 65,l66, and 67 denote electrodes which are formed by
dividing the electrical conductive 1ayef 62 by the first slits
63a, 63b, 63c and 63d, i.e., a working electrode, a counter
‘electrode, and a detecting electrode as an electrode for
confirming whether the sPecimén is surely drawn into a specimen
supply path, respectively. Numerals 64a, 64b, and 64c denqte
fourth slits which divide the counter electrode 66, the
detecting electrode 67, and the working electrode 65,

respectively. Numeral 68 denotes a spacer which covers the



measuring device 4115 into which the biosensor Dis inserted. Nuneral 4117
denotes a display part of the neasuring device 4115 for displaying a
measured result. As shown in figure 9(%% the el ectrical conductive |ayer
62 of a thin filmof a noble netal such“as gold and palladium is forned by
the sputtering nethod for manufacturing a thin 59 filmover the whol e
support 61. The electrical conductive |ayer 62 may not be forned on the
whol e surface of the support 61 but only on a part required for form ng

t he el ectrodes X S in figure 9 the first slits 63a, 63b,
630, * atPEote; B P hRRCoR Sond N S THISH SEAEETToeoPay 8RbERDy enpl oyi ng
the | as t o, divi e eI trlcal condu 62 i nto e wor ki ng
oot r iRt st ee [EahertuRd ctré\H’é“ S G Errt ST B P PRG St bde 67
Furt her, the fourth slits 64b, and 64c_are forned on the electrodes

i e, tHH toYbrRIAh EF@H%@S&eléBtf’t%é‘”&ﬂﬂrﬁ R ARCERBBELBY, SH9F RALT
detecting el ectrode 67 by enploying the laser. Here, the fourth sllts 64a,
64b, artdi®BKPHTEY d&Salp Fﬁ§meﬁeémﬁﬁﬂﬂ?n|S%PP1th%thrkNH§e§ﬁ&xﬁ%de 65,

t he counter electrode 66, and the detecting electrode 67, while there are
for exé}ﬂﬂ%t%‘i ghtTRGEBL dayesnbiiah o ﬁﬁ@%ﬁ%l@a@?ﬁhﬁ%% A AR 10 as
the manner in which the fourth slits 64a, 64b, and 64c are provided.

Fi gur e ing{ldding \enzvmesol &hee Litksr ém&ﬁ%mrrkywtelgctﬁpéﬁ @0, Wigure
10(b) illustrate a case where the fourth slit 64a is provided only in the
count ecoalirgry seee@Brodeghbe a0dc)he detecting electrode 67 by the

dripping. Numeral 55 denotes a cover for covering the spacer
68. Numeral 56 denotes an air hole provided in the middle of
the cover 55. Numerals 58, 59, and 57 denote correction parts
provided at the end parts of respective electrodes, i.e., the
working electrode 65, the counter electrode 66, and the
detecting electrode 67. Numerals 71, 72, and 73 denote
measuring parts which are on the periphery of the cover 55, of
parts of the working electrode 65, the counter electrode 66,
and the detecting electrode 67, respectively, which are exposed
Afrom the cover 55. D denotes a bioseﬁsor. Numeral 4115
denotes a measuring device in which the biosensor D is to be
inserted. Numeral 4116 denotes an insertion opening of the
' measuring device 4115 into which the biosensor-D is inserted.
Numeral 4117 denotes a display part of the measuring device
=4115 for displaying a-measured result.
As shown in figure Q(a), the electrical conductive layer
62 of a thin film of a noble metal such as gold and palladium

is formed by the sputtering method for manufacturing a thin.



illustrate a case where the fourth slit 64b is provided only in the
detecting electrode 67. Figure 10(d) illustrates a case where the fourth
slit 64c is provided only in the morkin% el ectrode 65. Figure 10(e)
illustrates a case where the fourth sPPts 64a and 64b are provided in the
counter electrode 66 and the detecting electrode 67. Figure 10(f)
illustrates a case 60 where the fourth slits 64c and 64a are provided in
the working electrode 65 and the counter el ectrode 66. Figure 10(g)

case where the fourth slits 64c and 64b are provided in the

illustr tfs a £ h :
wor Ki ngPJe BPYOHTBE HRAGLEhSWBROEd ity eTRRtpbEETEICAR Gandugihye
illustrates a case where the fourth slits 64c, 64a, and 64b are provided
in all t3¥°E| betFRYeBOT Pee Tormed Y KGhR) whekersaEisse ofe tdwuriepport
el ectrode 66, and the detecting electrode 67. The conbi nati ons of the
fourth &} iRt BlY 629B, 2aRdré4dedsridmice fae fREBlpgngheetlestartes o
discrimnate information of correction data for correcting a difference in
the out put Ne%kack®rfbewes inod isaigle Hrdducttlvdm forstredigsa®mPae, 63bihe
case of figure 10(a) where no fourth slit is provided, it is assuned a
bi osendAc mikch hdd auepheraedr ot dhiestdlex-tof icak cpnddattiven Hagtemuiiber
"“1". In the case of figure 10(b) where the fourth slit 64a is provided
conly i Px rnpining theclasds, 66, ditviide ddsireleat biocsdnsondumtcivdias
out put characteristics of the production lot nunmber "2". The el ectrodes,
the firdstyest i6ds BBy 63, w6Bkiagded@ddtraxmte 65, the counter electrode
66, and the detecting electrode 67. Further, the fourth slits
64a, 64b, and 64c are formed on the electrodes, i.e., the
working electrode 65, the counter electrode 65, and the
detecting electrode 67 by employing the laser. Here, the
fourth slits 64a, 64b, and 64c divide all the electrodes, i.e.,
.the working electrode 65, the counter electrode 66, and the
detecting electrode 67, while there are for example eight kinds
~ of combinations possible as shown in figures 10 as the manner
in which the fourth slits 64a, 64b, and 64c are provided;
Figure 10(a) illustrates a case where no fourth slit is
provided. Figure 10(b) illustrate a case where the fourth slit
64a is provided only in the counter electrode 66. Figure 10(c)
illustrate a case where the fourth slit 64b is provided only in
the detecting electrode 67. Figure 10(d) illustrates a case
where the fourth slit 64c is provided only in the working
electrode 65. Figure 10(e) illustrates a case where the fourth

slits 64a and 64b are provided in the counter electrode 66 and

"the detecting electrode 67. Figure 10(f) illustrates a case



the fourth slits 64a, 64b and 64c may be fornmed on the support 61 by the
screen.printing nethod, the sputtering nethod or the |1|ike that enploys a
printing plate, a nasking plate or the éike in which a pattern required
for formng the electrical conductive P yer 62 having the first slits 63a,
63b, 63c and 63d as well as the fourth slits 64a, 64b and 64c is
previously 61 arranged. O, this nmay be fornmed by cutting away a part of
the electrical conduction part 62 by a jig with a sharp tip. Further, the

fourth _glits ,64a, .64b, . and.64c y be, formed after .the biosensor 164 is
compl et ns e ST OREB; i abher PO (44 RS dreekifsd, fbr EBY Mooty
perform,ng sel ectjon fqr each roduction | of. xt, _as sho in figure
9(c),1%%é§5&ﬁé%eégnaPﬁetsﬁsgoBBte£ éiﬁﬁ%%ﬂéﬁuggenngguﬁerE@é@ﬁt conposed
of glugﬁ.e oxi dase as enz HE’ potassi um ferricyanide as _an el ectron

r ans o FHRAGES 2 rEaPPKURPECOBDET dRURH ) it k4G andcbrBAaTSS. the
counter electrode 66, and the detecting el ectrode 67 _by the dripping.
Then, PFREVISIREr1BSERAVYREKLRE EG?SGFQQ%WGiﬂ?qQNt$%rﬂ?%§Ct%ﬁ§ speci men
supply path is placed on the electrodes, i.e., the working electrode 65,
the cofHESINdR 1% bde BEIUBRILONE) dddastingdfes et Yrerghtheodornmh | s

pl aced on the spacer 68. One end of the cutout part 56 of the spacer 68
| eads €8 iftfe 644G, HAR, 5BNdpEdhi AE8 pHOVHEesh gy &bl thejslgrssogessible to

formthe spacer 68 on the
i.e., the working electrode 65, the counter electrode 66, and

the detecting electrode 67.

The combinations of the fourth slits 64a, 64b, and 64c
enable the measuring device 4115 to discriminate information of
‘correction data for correcting a difference in the output
.characteristics for each production lot. For example, in the
case of figure 10(a) where no fourth slit is provided, it is
assumed a biosensor which has output characteristics of the
production lot number "1". 1In the case of fiqure 10(b) where
thé fourth slit 64a is provided only in the counter electrode
66, it is assumed a biosensor which has output characteristics
of the production lot number "2~.

The electrodes, the first slits 63a, 63b, 63c and 63d, and

. the fourth slits 64a, 64b and 64c may be formed on the support
61 by the screen printing method, the sputtering method or the
like that employs a printing plate, a masking plate or the like
in which a pattern required for forming the electrical
conductive layer 62 having the first slits 63a, 63b, 63c and

- 63d as well as the fourth slits 64a, 64b and 64c is previously



el ectrodes of the working el ectrode 65, the counter electrode 66 and the
detecting electrode 67, and thereafter drip the reagent on parts of the
wor ki ng el ectrode 65, the counter eleg rode 66 and the detecting el ectrode
67, which are exposed fromthe, cutout gart 69, thereby to formthe reagent
| ayer 54. When the specinen is to be neasured by the biosensor, the 62

bi osensor Dis initially inserted to the insertion opening 4116 of the
measuring device 4115 as shown in figure 22. when blood is supplied to the

inlet of the specipen I at h a le |iquid_of the specingn, . a

b escr APSREAN: DF - shobendRy BE Forhed (KB erbtIBacaley st faEnthRe
to capil]ary . phenonenon hy the air__hole 56, and reaches the counter

el ectr RS W E8 hoSRBRREHE 08 doetodd B AnitdnELas: BobPag telck 1 ode 67.
The reagent |ayer 54 forned qn . the el ectrodes i s _dissolved by the blood as
the spediTieT anthexEQRE En Sladc it rkioe | 9 BAELREYbERITAFRHRE RERgEN(

and specific, conponents in the specinen. Here, when the specinmen fills the
speci MNP SENPRY hlflodér Pympdiedad iald EhangetPBEcGRaBaCkasis BiECS
counter electrode 66 and the detecting el ectrode 67. Thereby, it is

conf i r PECP tHRRC kPR, sSHRETREY Keldrdvy a@n@rm@nghéeaeﬁéépmngfgrelwh ode 67.
Here, the electrical changes al so occur between the working el ectrode 65

and t h@rpstutiion Meetrode 67, and thereby it is also possible to confirm
that the specinmen is drawn as far as the detecting el ectrode 67. The
reaction béteswlen aheshpwsi aenfagdrenhd (Wagefnr i exprphet é8 ttdhe ase of

a blood sugar sensor, a reagent composed of glucose oxidase as
enzyme, potassium ferricyanide as an electron transfer agent or
the like is applied to the‘working electrode 65, the counter
electrode 66, and the detectiﬁg electrode 67 by the dripping.

Theﬁ, the spacer 68 having the cutout part 69 for forming
the specimen supply path is placed on the electrodes, i.e., the
working electrode 65, the counter electrode 66, and the
detecting electrode 67.

The cover 54 is placed on the spacer 68. One end of the

~cutout part 56 of the spacer 68 leads to the air hole 56
provided in the cover 55.

It is also possible to form the spacer 68 on the
électrodes of the working.electrode 65, the counter electrode
66 and the detecting electrode 67, and thereafter drip the
reagent on parts of the working electrode 65, the counter

"electrode 66 and the detecting electrode 67, which are exposed
from the.cutout part 69, thereby to form the reagent layer 54.

When the specimen is to be measured by the biosensor, the



prescri bed period of tinme after the specinen is drawn as far as the
detecting el ectrode 67, and thereafter a prescribed voltage is applied to
t he working el ectrode 65 and the counter, electrode 66 or both of the
counter electrode 66 and the detecting el ectrode 67. In the case of a

bl ood sugar sensor, a current proportional to the glucose concentration is
generated 63 and the nmeasuring device 4115 neasures its value. The

el ectrical changes in the respective of the above-described working

el ectr unt er, el ect.r 66 n efeciting._ el ectrode 67 are )sed
byt he ERSerpES - Bats LA AN, oo APERdCk S HhE% oS B e Rt hd JE1°
checks ether _the respecti.ve el ectrodes, of the hiosensaqr. D, that ] t.he
wor ki g F oHIE, phASugs R HEVASE ALl R Sufn6ht 2idCERe et ediiny DIoo0
el ectrode 67 are divid by, the fourth slits, 64a, 64a, and 64b. For
exanple%smﬁ%ﬂpiﬁ@ge¥80$gﬁb&955§hdﬁ€t?%ﬁ PREGABRRNt ABPPAZa & i@ HaRt 71 and
the correctjon Eart 57 is.checked, it can be seen whether the fourth slit
64c hasS¥RRhefLrAR4d 8fnithe SPeciffh ot cRERFERIPEENAREUNSN et IRRALERR
measurin art 72 and _the correction part 58 is checked, it can be seen
mhetheﬂ-té;aW%u%PﬁosFPF P& CHESTHSEHPH BY nRYth sfBewhencapddddcal
conduction between the neasuring part 73 and the correction part 59 is

checked®h§noreanoheb¥ethewAdEhEC lehe & Gitd hredFheB4bhRasoNadRT fketiroger
exanple, when the fourth slit is not formed on any electrodes, it is in a

state Sowthe ¥PHkiBI10LETtRREe tohe andl gehm sdet #ELENYL BA estande | &A- | of

nunber "1", and thus the
The reagent layer 54 formed on the electrodes is dissolved by

the blood as the specimen, and oxidation-reduction reaction
occurs between the reagent and specific components in the
specimen. Here, when the specimen fills the sPecimen supply
path properly, electrical changes occur between the céunter
electrode 66 and the detecting electrode 67. Thereby, it is

. confirmed that the specimen is drawn as far as the detecting
electrode 67. Here, the electrical changes also occur between
the working electrode 65 and the detecting electrode 67, and
thereby it is also possible to confirm that the specimen is
drawn as far as the detecting electrode 67. The reaction
~between the specimen and the reagent is promoted for a
prescribed period of time after the specimen is drawn as far as
~the detécting electrode 67, and thereafter a prescribed voltage
is applied to the working electrode 65 and the counter

- electrode 66 or both of the counter electrode 66 and the
detecting electrode 67. In the case of a blood sugar sensor, a

current proportional to the glucose concentration is generated



measuri ng device 4115 obtains a bl ood sugar |evel on the basis of the
correction data corresponding to the output characteristics of the
production | ot nunmber "1" which are P ! viously stored and t he neasured
current value, and displays the blood Sugar |evel at the display part
4117. Simlarly, when the fourth slit 64a is fornmed only in the counter 64
el ectrode 66, a blood sugar level is obtained on the basis of the
correction data corresponding to the output characteristics of the

producti of e " h asur urr n v t he obt ai ned
bl ood sugd;réli eve E[quurl % ?aye gaglgﬁ’e% g'iaiﬁ Jp V\ﬁﬁ e in the

fourth hi d bed t
be usod B8 arlbci%iée BE BB R S géliéesaet%%a?”d?éér&me as a

| actic acr sor, or.a olesterol sensaor an g.the conponents of
the r cR0BRLNGyAIEEA AR Che CONBFRENS IR AR sibh Tl ade SSGhA% 1 1 mde

possi bl e for the neasuri % deV|ce to di scrim nate |nfornat|on

cor r ec GG TFL $39tBY the BGRFWT IVRRR%ETF i 511 cédlof atnﬁ‘e NBacti c
acid sensor ar the cholesterol sensor according to the position of the

fourth sli®dsSamdhfeReATHylRdvieRize141dp shacks rthed vhBPue from the

previously stored correction data corresponding to the outg
char acLEEPEGtIY et 1odes cohickBesbassenson ot ekt er BResWASSLNgNd a

current value, to display the value at the dISp|(¥ part 4117.
electrode 65, the counter electrode 66 the detecting

electrode 67 are divided by the fourth slits 64a, 64a, and 64b.
For example, when the electrical conduction between the
" measuring part 71 and the correction part 57 is checked, it can
be seen whether the fourth slit 64c has been formed. Similarly,
when electrical conduction between the measuring part 72 and
.the correction part 58 is checked, it can be seen whether the
fourth slit 64a has been formed, and when electrical conduction
between the measuring part 73 and the correction part 59 is
-checked, it can be seen whether the fourth slit 64b has been
formed. For ekample, when the fourth slit is not formed on any
‘electrodes, it is in a state shown in figure 10(a) where the
biosensor is of the production lot number #17, and thus the
measuring device 4115 obtains a blood sugar level on the basis
ef the correction data corresponding to the output
characteristics of the production lot number “1* which are
 previously stored and the measured current value, and displays
‘the blood sugar level at the display part 4117. Similarly,

“when the fourth slit 64a is formed only in the counter



Wil e the biosensor having the three electrodes is described in the fourth
enbodi nent, -the nunber of the electrodes may be other than three. Further,
plural fourth slits may be provided on,a single electrode. As described
above, in the biosensor D according to the fourth enbodi nment, the
production | ot of the biosensor can be 65 discrimnated according to the
el ectrodes on which the fourth slits which divides the respective

el ectrodes are fornmed. Therefore, the neasuring device can discrimnate
necessary _.correction a hy inserting.the biosensor therein, _and thus
therei%&?ﬁ}ﬁﬂéﬁiééﬁ %ﬁgiﬁﬁaafﬂﬁafo FH%&tlébﬂH§ﬁ¥Qﬁﬁd%Patg? b@ﬁﬁﬁof&ﬁg a
correction chip or.the_like, resulti in elimnation of troubles and a
pr eventitéh T %ﬁqcﬁ%ﬁae?PSFE?Popgapﬁe O {4 LY PRE 0GR ABACTRE 185ddGEht

| ayer compqsed of _a reagent which is to be reacted with_the sanple Liquid,
the sPdcdMhRAIYPITHEPR UtV PBRPETWARZCH 206k Fd1a MeapeeedeRUELEBlLy Vajdtay
for supplying the sanple liquid to the electrodes, and the cover which is
pl aced e Qhidmethdherdt nagarr 1eged iseddisyl aved hat spbei Aaspd@ml y
pat h, whereby the sanple liquid can be easily drawn into the specinen
suppl yPgdith41tie electrical conductive layer is formed on the whole
surface of the insulating support and is divided into plural electrodes by
the first sMhide tifertdy fornthgenbgAiacotr acplelatiswses a@dsosnhanci ng

t he neasuring accuracy. Further, since the first slits and the fourth
slits degcirgbeed asy amedarple, aihighn be used as a biosensor other

than the blood sugar sensor, for example as a lactic acid
sensor or a cholesterol sensor, by changing the components of
the reagent layer 54 and the specimen. Also in such cases,
when it is made possible for the measuring device to
discriminate information of correction data corresponding to
.the output characteristics of the lactic acid sensor or the
cholesterol sehsor according to the position of the fourth
slits, the measuring device 4115 obtains a measured value from
the previously stored correction data corresponding to the
output characteristics of the lactic acid sensor or the
cholesterol sensor and a current value, to display the value at
.the display part 4117.

While the biosensor having the three electrodes is
described in the fourth embodiment, the number of the
electrodes may be other than three. Further, plural‘fourth
slits may be provided on a single electrode.

As described above, in the biosensor D éccording to the

fourth embodiment, the production lot of the biosensor can be



accuracy processing is possible, whereby the areas of the respective
el ectrodes can be defined with a high accuracy, as well as the clearance
bet ween the respective el ectrodes can gg narrowed, thereby to downsize the
bi osensor. In any of the above-describ bi osensors A, B, C, and D
according to the first to fourth enbodinents, it is nore 66 preferable
that each slit provided on the electrical conductive |layer is processed by
the laser, the width of each slit is 0.005 mm- 0.3 mm and the depth of
each s . equal to or |larger than the thickness of ths electrica

e

ljt is
conduc[‘iJ\Fé:IT ated FEFPREANI A ootdiSmelErtPdes ot WBigRe SRt SR i on.
Further, it is preferred that the reagent |ayer provided in any of the
bi osen$dristsa WiEiClr diRydpsshos Fesma erlpRtrafes epEet £6FMEdanst er
agent, or a hydrophilic polyner as defined in Cdaims 20 to 22 of the
pr esenTHERRIRATON. L1 BEAFLEKARYT deVilsS o Carerdbi @r HhhRat Re DRRESISALYhg
support enployed in ang of the biosensors A, B, C, and D is nade of a
resin @ofrEqtEion gdagef PrednsrItigignth® dfiqgrngpeseherppnentingn thus
(Enbodiment 5) A thin filmelectrode formng method as defined in O ains
24 to Xbhegfe tife 1pr cvepd favean opewidtornd aeguritbheconsegtipit Hatanbodi nent
with reference to the figures. Wen the thin film electrode form ng
met hod ed@doyiiagl d rceheettion ehbipdiorertthe sl ikeppl feshhéngt e el ectrode
parts of any of the biosensors AL B, C, and D according to the
above- ¢ddodinaddidn resf tpoofibleshand a prevention of operational errors.
Further, there is provided the reagent layer composed of a
reagent which is to be reacted with the sample liquid, the
spacer having the cutout part which forms the specimen supply
path for supplying the sample liquid to the electrodes, and the
cover which is placed on the spacer and has the air hole
leading to the specimen supply path, whereby the sample liquid
can be easily drawn into the specimen supply path. The
electrical conductive layer is formed on the whole surface of
the insulating support and is divided into plural electrodes by
the first slits, thereby forming high-accuracy electrodes and
enhancing the measuring accuracy. Further, since the first
slits and the fourth slits are formed by the laser, a high-
accuracy processing is possible, whereby the areaé of the
respective electrodes can be defined with a high accuracy, as
well as the clearance between the respective eledtrodes can be
narrowed, thereby to downsize the biosensor.

In any of the above-described biosensors A, B, C, and D

according to the first to fourth embodiments, it is more



enbodi nents are fornmed, a biosensor as defined in Caim37 of the present

I nvention can be obtained. Figure 11 is a schematic diagram show ng a state
of a biosensor, where a thin filmelectrode is fornmed by inplenmenting the
thin filmelectrode form ng nethod according to this enbodi nent and a
reaction reagent layer are laid out 67 thereon. This biosensor differs
nost fromthe conventional biosensor shown in figure 25 in that a surface
roughening processing is perfornmed ongdge surface of an insulating resin
support 81 of polyethyl ene terephthal ate, polycarbonate or the Ilike, to
enhance adhesi on between the support 81 and an electrode |ayer 82 as well

as betwe s | : ] reaciion, reagent |ayer 83.. ‘It
al so di f?gfi;&ie‘%ﬁltfg%l%deﬁg er%:j};lﬁgf)gg?{sq Ftau??‘ngf"?hglee(fté%??i)&é"?‘i?&&”é? is a
sinpl e kst iatproeessed byotheskth ey, ehaoRi@tHesfla®h SHOA.0 FGst he

t hi ckness of the electrode |ayer 82 is controlled within 3-100 nm

Her ei naf IR~ sHdbmi @mdithirl deptheokeacde slitoigesnial topendesgery for -

t he surf o} : i | L,be described. Mterials suitaple for

t he suppggfsnglhg?gupo yg%%y&éﬁge F%%%HHFH&%‘?%,Q%IW Gifat®S Pty ene
t er epht hiat & kmimpol Yaro ded qfotly¥i pyésehkGrivientiRml yvi nyl i dene chl ori de,

polyimde, nylon, or the like. Initially, the support 81 is placed in a
vacuum chanbef UTthgg, ifdsenrefer red silp b éhedres ggntabawer @wactistedriras f ar

as a any of the biosensors A, B, C, and D should include enzyme, an
electron transfer agent, or a hydrophilic polymer as defined in
Claims 20 to 22 of the present invention.

In addition, it is preferable that the insulating support
employed in any of the biosensors A, B, C, and D is made of a
resin m aterial, as defined in Claim 23 of the present invention.
(Embodiment 5)

A thin film electrode forming method as defined in Claims
24 to 26 of the present invention will be described as a fifth
embodiment with reference to the figures. When the thin film
electrode forming method described in the fifth embodiment is
applied when the electrode parts of any of the biosensors A, B,
C, and D according to the above-described first to fourth
embodiments are formed, a biosensor as defined in Claim 37 of
the present invention can be obtained.

Figure 11 is a schematic diagram showing a state of a

| biosensor, where é thin film electrode is formed by
implementing the thin film electrode forming method according

to this embodimgnt and a reaction reagent layer are laid out



prescri bed degree of vacuum (this can be within a range of 1X 10" to
3x10- 3 pascals). Thereafter, when the vacuum chanber is filled up with an
inert gas (the degree of vacuumafter the filling is within a range of
approximately 0.1 to 10 pascals), and6& hi gh-frequency voltage of
approximately 0.01 to 5 KV is applied thereto, the inert gas is excited
and ionized, and is 68 slamed onto the surface of the support 81. These
ions have high kinetic energies, and enough surface roughening effects

can be obtained by the high-frequency voltage application in quite a short
peri od Wiexsom. (appisxbiasenpor. ditff ar seeondEiom Fhet henvesitmidral surface
rougheni ng effects can be obtained not only by the high-frequency voltage
appl i ctiagemsnr asbowbyin DCguvel t28geimppiattad | smrbaceheohigkenihid r ogen as
wel | as rare gases such as argon, neon, helium krypton and xenon can be
enpl oygtras=d heng nes t pgafesmett oal e isapbsse kb 40 insghatinke resinmce of
the support 81 in the case where an activated gas (reactive gas) as

typi fi edigporioxgpent i soligethyeneyaferdphiliv battals epallyoxrdenaaal dis tlpenmed
on the surface of the support 81, accordingly there are possibilities that

the el aciveodecchatleahes i s@hesiandbeansaan dBSpOnSSoEhagRCcaAd] alnl CS are
adversely affected, and thus it is not so desirable. Next, a description

will belgiotatodd Payet oz &6rwbdlmaky beruddm thd e Rdéeetb@delbgar gonposed
of a conductive substance on the surface of the support 81 which has been
subj ectae@ 10 reaction reagent layer 83. It also differs in that a

material constitﬁting the electrode layer 82 is a simple

substrate material composed of a noble metal or carbon, and the

thickness of the electrode layer 82 is controlled within 3-100

. -

Hereinafter, a specific methdd of the surface roughening

- processing for the surface of the supportiBl will be described.

Materials suitable for the support 81 are polyethylene

terephthalate, polycarbonate, polybutylene terephthalate,

polyamide, polyvinyl chloride, polyvinylidene chloride,

polyimide, nylon, or the like.

Initially, the support 81! is placed in a vacuum chamber,

and thereafter is subjected to a vacuum evacuation as far as a

prescribed degree of vacuum (this can be within a range of 1X

107! to 3X10"? pascals). Thereafter, when the vacuum chamber is

filled up with an inert gas (the degree of vacuum after the

filling is within a range of approximately 0.1 to 10 pascals),

and a high-frequency voltage of approximately 0.01 to 5 KV is

applied thereto, the inert gas is excited and ionized, and is



t he surface rougheni ng processing. Like in the surface roughening
processing for the surface of the support 81, it is subjected to the
vacuum evacuation to a prescribed degree of vacuum (it can be within a
range of 1X 10-1 to 3X10_3 pascals). ®lereafter, the vacuum chanber is
filled up with an inert gas (the degree of vacuum after the 69 filling is
within a range of approximately 0.1 to 10 pascals), and a high-frequency
vol tage of approximately 0.01 to 5 KV is applied thereto, whereby the
inert gas is excited and ionized. The ionized gas is collided against a
t ar get plammedonpodsetihef sua femaluet | vike neuppoat, 8hher Ehesat dunofhahe
conductive substance are beaten out and then deposited as a filmon the
supporthBdh kheetby Eoemgigsy tadrnd dndugkel surfade kayughenling :ffdsos
possi bl e that the vacuum evacuation is perfornmed and thereafter the
conductcame iselbsbaatreds bipeathed harrh -efreppiened 861taget apha idenisdn efnas a
filmon the support ‘81, thereby forming a thin filmelectrode |ayer. A

typi calqwitee od & hert operiodTaiuftagialr | fr@km_gltéas%t beisput 1@ ig¥ronds) .
evaporation, and a typical one of the latter is the vacuum evaporation. A

mat eri atueindhp €oRPUELI ¥arfalcer irdudi¥n{0g nbpgetbs char get opftal sd@ynbe a
nobl e netal such as palladium platinum gold, and ruthenium or carbon,

and t hesflysingpl €hsUhS§hate eqiRinefi A} B e CAPH PYEEL 84SnaButl 8Al¥Pdy a be
material, thereby to enable a stable electrode nmass nanufacture ich

har dl y @epensts agsn 1@adiaat B RGeLqndid i ons and which has a smaller
di fference
Nitrogen as well as rare gases such as argon, neon, helium,
krypton and xenon can be employed as the inert gases. It also
is bossible to roughen the surface of the support 81 in the
case where an activated gas (reactive gas) as typified by
o¥ygen is used. However, in this case an oxide coat is formed
on the surface of the support 81, accordingly there are |
possibilities that the electrode characteristics and éensor
response characteristics are adversely affected, and thus it is
not so desirable.
Next, a description will be given of a method for forming
a thin film electrode layer composed of a conductive substance
‘on the surface of the support 81 which has been subjected to
the surface roughening processing.

Like in the surface roughening processing for the surface
of the support 81, it is subjected to the vacuum evacuation to
- a prescribed degree of vacuum (it can be within a range of 1X

10! to 3X10~° pascals). Thereafter, the vacuum chamber is

filled up with an inert gas (the degree of vacuum after the



anong material lots. It is possible to performthe support surface
roughening  process and the thin filmelectrode formation process

di sconti nuously in independent spaces. However, by performng the process
for roughening the surface of the suppgpt 81 and the process of formng
the thin filmelectrode continuously in 70 the sane space as shown in
figure 12, a reduction in mnufacturing man-hours, as well as an
enhancenment in the productivity due to the enhancenment in production tact,
and a reduction in costs of the biosensors attendant thereupon can be

real i zefhl1 FHmyrbs Iithia Chemfd @ Sldpitta Bngdtagyam, 1i kouglo Pddwads),
manuf acturing process of the thin filmelectrode in the fifth enbodi nent.

In the fidu Qaigmmﬂé@ugﬁcglewl%g@ ORGP SRARReE1yNTRNal 5 depoigs a
86 denot es

support delivery roll, nuneral a support take-up roll, nunera

87 denqifis) fed Sthd A€o OWARSRIYY tNPCERSIHNG S efd ' 848 4 t BRI ﬁﬁlggeat.es a

cooling roller, numeral 89 dendtes a cat ho e/target, and nuneral

denot espias gash 1 Fd ogi?lgt ignc'tbgh%ed' LG £ase wf{,ggte N2 aREOCRSARSS 8 o

performed continuously 1in e sanme space as desc above, It

i 111 04l oy, FSFI T ¥ 2GYUM RUINAAL Ok A LRUSChhaBaect ive to

performa hig regquency sputtering evaporation, a bras sputtering
AT B SNTELALEY MR, AN S g 710 Hpling e
support 81, thereby forming a thin film electrode layer. It is
also possible that the vacuum evacuation is performed and
fhereafter the conductive substance is heated and evaporated so
as to be deposited as a film on the support 81, thereby forming
a thin film electrode layer. A typical one of the former
manufacturing method is the sputtering evaporation, and a
typical one of the latter is the vacuum evaporation.

A material of the conductive material for forming the
target plate may be a noble metal such as palladium, platinum,
gold, and ruthenium, or carbon, and these simple substrate
materials are employed as an electrode material, thereby to
enable a stable electrode mass manufacture which hardly depends
on manufacturing conditions and which has a smaller difference
among material lots.

It is possible to pérform the support surface roughening
process and the thin film electrode formation process
'discontinﬁously in independent spaces. However, by performing
the process for roughening the surface of the support 81 and

the process of forming the thin film electrode continuously in



costs is enabl ed by meking the thickness of the electrode |ayer as thin as
possi ble, while by reflecting the roughened surface of the support as a
roughened surface for the surface of the electrode layer as it is, the
adhesi on between the electrode |ayer 82 and the reaction reagent |ayer 83
conposed of enzynme, an electron transfer agent and the like is
considerably 71 enhanced. In order to reflect the roughened surface of the
support 81 surface as a roughened surface of the electrode |[|ayer surface,
the thickness of the electrode layer is required to be 100nmor |ess, and
it is desd rene dpwtet e shoehndss fhfgurtda 2] ectredect agar ishoul d be 3-50
nmto provide higher- performance thin filmelectrode and bi osensor. A

f urt hematRsad faid iy Wha h-heuisy e@sofwdine Aaboup-4iersnt8Rentt Ainh did m

el ectrode form ng nmethod according to the fifth enbodinment with reference

to a smdd&wﬁg;id@@teb examRh®antdiedt- f e POl 2bhagachaVidyi aa
frequency of 13.56 MHz at 100Woutput is applied onto the insulating

SUppor &R ctSUPOSL L O t Bob et hxl ene Skalie Al B iRt BnRreSPdPeshRepLod
of time, to performthe surface roughening processing, and thereafter a

nobl e yelali i N f94quebers  odeal SchaniRd Pl RiHiAg Bebbadium with the

thickngss,gfiappIOX| ately 10 nmon the roughened support under the same
condi t1;97 y A g & 'xhéxﬁ'éiséé&ﬁ%ihge GloRRges d%: chdeLh fR E'ig)ﬁ i rode
5 of t rFace and t %e

(surface tension e support s e adhesi on et ween t

eleCtrQﬁCdH@“%ifﬁHjéﬁﬁb&fﬂgﬂ£t SYLT 242 %ﬁ%&fﬁ}rﬁhmeral 84 denotes a
vacuum chamber, numeral 85 denotes a support delivery roll,
numeral 86 denotes a support take-up roll, numeral 87 denotes a
surface roughening processing electrode, numeral 88 denotes a
cooling roller, numeral B9 denotes a cathode/target, and
numeral 90 denotes a gas introduction inlet.

In the case where two processes are performed continuously
in the same space as described above, it is difficult to
perform a vacuum evaporation, and thus it is effective to
perform a high-frequency sputtering evaporation, a bias
sputtering evaporation, an asymmetric AC sputtéring evaporation,
an ion plating and the like.

It goes without saying that a reduction in manufacturing
costs is enabled by making the thickness of the electrode.layer
as thin as possible, while by reflecting the roughened surface
of the support as a roughened surface for the surface of the
.electrode layer as it is, the adhesion between the electrode
‘layer 82 and the reaction reagent layer 83 composed of enzyme,

an electron transfer agent and the like 1is considerably



surface rougheni ng processi ng depending on the tinme for applying the

hi gh-frequency voltage fromO to 60 seconds (0O second shows a state where
t he surface roughening processing is not perforned), and this figure
illustrates that surface roughening of; the support surface is realized by
the application for nore than 5 seconds and the surface wettability 72 as
wel | as the adhesion between the el ectrode |ayer and the support are
enhanced. This enbodinment is the result which is obtained at a

hi gh-frequency voltage of 100W and a further reduction in the processing

tine ienpaabkad byd ner@asi @ toelebt gbnbr eduMBna!dideeacdheradhesi on
val uation here is executed in conformance w th JIS5600-5-10 (paint

or di nagippest BB kedifi@Eagi §akouPhORBAL ¥ufra2 P Mt Hd |dlede W8EE
reS|stance) and a nuneric value of the adhesion in the figure is

indi caj g ePYSEB?a'&@bQ’Ihe ofhidERSsOf o Bl £RKE eﬁ%%'t}lro‘a(\éﬁ‘tlacav‘éeﬂplé Oréﬁh'l%d’men

a palladium thin filmis worn out and the support surf goes

expos st at d I r c hea | QIE

i hure 3o ?ng‘?at‘%s 12% Y PSR el MO o RARES! O

pal | ackjen & b bk and,d Mf&‘bﬁ%'iysb”ﬂﬁx oS YrlGGe LY nfmgwf'l of the

el ectrode surface. The con t1ons the sur rougheni processi ng of
the s c li%] %j‘ t in a range where a

hi gh- f qﬁ%ﬁ@%ﬁégoﬁ age:igﬂﬁo ]%é %p% nghg %é is 5 seconds, and the

A further description will be given‘of the above-described
thin film electrode forming method according to the fifth
embodiment with reference to a specific experimental example.

A high-frequency voltage having a frequency of 13.56 MHz
at 100W-output is applied onto the insulating support 81
composed of polyethylene terephthalate for a prescribed period
‘of time, to perform the surface roughening processing, and
thereafter a noble metal thin f£ilm electrode is formed by
forming palladium with the thickness of approximately 10 nm on
the roughened support under the same condition.

Figure 18 illustrates the changes in a wettability index
(surface tension) of the support surface and the adhesion
between the electrode layer and the support surface due to the
surface roughening processing depending on the time for
applying the high-frequency voltage from 0 to 60 seconds (0
second shows a state where the surface roughening processing is
not performed), and this figure illustrates that surface
roughening of the support surface is realized by the

application for more than 5 seconds and the surface wettability



t hi ckness of the palladiumlayer is 5 to 1000 nm As apparent fromfigure
19, in a range where the thickness of the palladium layer is 3 to 50 nm
the wettability index of the support surface subjected to the surface
rougheni ng processing is kept in 54 dyd/cm and when it exceeds 100 nmt he
wettability index 1is decreased to 48 dyn/cm and thereafter it is kept
stable at 73 that value. This indicates that the roughened surface of the
support surface reflects the roughened surface of the electrode surface up
to the thickness 100 nm while it reflects the wettability of the

el ect r gaée Wt kraal thesatlthegpan dditvaem the ekebodddenipyienr whel ctlse of the
t hi ckness exceeding 100 nm Next, the reaction reagent |ayer including

car boxysugpgntt xeéd| ehbzprced.a WldJsopdnindimmityeis gheacoseudti dasieclf GP) as
enzynme, the potassiumferricyanide as an electron trnasfer agent is forned
on t he adtisnirfed natel @chighefwkigokncy fvarliedje uwnfle100We ahdve- deqcrhidred
condi ti ons, whose thickness of the palladiumlayer is 10 nm and

t her eafrtetuct v wsemsolie f procesadug ngnae dlanthFe@aby| enereas iimy figare 1,
in which a spacer and a cover are laid out is manufactured. Figure 20 is a

di agr amiigh-wWhtedudmey seasoageensitivities in bl ood glucose concentrations
of 40-600 ng/dl are conpared. The blood is drawn into a capillary tube

(speci men sumd Yadied 1gn vARGad ibaddlren etaeainted €24t LBRA fO@RGATHe and
glucose in the blood is pronmoted for about 25 seconds, and thereafter a
prescr iyviet waldsgr 15 Bppl peinbebwagnatrs Hd méinda WonkbRdnical
property of a paint film: a wear resistance), and a numeric
value of the adhesion in the figure is indicated by the number
of times of stroke reciprocation up to a time when a palladium
ihin film is worn out and tﬁe support surface goes in an
exposed state, and é larger numeric value indicates a higher
adhesion.
Figure 19 illustrates a relationship between the thickness
- of the palladium thin film and the wettability index (surface
tension) of the electrode surface. The conditions of the
surface roughening processing of the support surface are
adjusted arbitrarily within a range where a high-frequency
voltage is 100W, the application time is 5 seconds, and the
thickness of the palladium layer is 5 to 1ob0 nm. As apparent
from figure 19, in a.range where the thickness of the palladium
layer is 3 to 50 nm, the wettability index of the support
surface subjected to the surface roughening proce551ng is kept

in 54 dyn/cm, and when it exceeds 100 nm the wettablllty index

is decreased to 48 dyn/cm, and thereafter it is kept stable at



el ectrode and a counter electrode. The sensor sensitivity here is a
current value which is obtained 5 seconds after the application of the
prescri bed voltage. Since the conventional sensor and the sensor in the
enbodi nent have different electrode materials, an applied voltage is 0.5 V
for the conventional carbon paste electrode while it is 0.2 V for the
palladiumthin film74 electrode in the enbodi nent. Further, the nmeasuring
nunber is n=10 in each concentration ¥38nge. As apparent fromfigure 20, it
is confirmed that the sensor in the enbodi ment which is not subjected to
a polishing processing or heat processing for the electrode surface has an
equi val etapwdiugherThindntdickitg sashatatigretigidicd sansHEe WY €hel S

subj ected to the polishiqggeprocessing or heat processing, which was

convent i BREPAYt $EEERGe I lde by i gotghemedceurfece arfsbheselegitrioda y. The

repeat ahi .l 1.t AV I f..Lh en-1ti ... easurd ng _arfe conpared in
(tab e HASE vt (8 PRI CsSFobR i, 7Rild ] TEFlGtS Higd t hat the
sensor iwethebHibpdiieht elhasirad exeatenll Rcelf 2pRlladiimvani @iéons in
i ndi vi dual . sensors_being reduced, while a conventional sensor has its CV

val ue reiahembimead) dn shat easguel tthe hbighnesis aycpedingsi AP nrari ati ons
or the like. I(IEQPJ ¢hb) rEhUELSS rceoepé/éarrl]% i185}%'r RN insgrlzsaorrb(i))r:]y?nnéjtc}g}imm
cellulose as a hydrophilic polyer, glucose oxidase (GOD) as
enzyme, the potassium ferricyanide as an electron trnasfer
agent is formed on the thin film electrode which is formed
under thé above-described conditions, whose thickness of the
'pélladium layer is 10 nm, and thereafter a biosensor for
measuring the blood sugar level as in figure 1, in which a
spacer and a cover are laid out is manufactured.
Figure 20 is a diagram in which the sensor sensitivities in
blood glucose concentrations of 40-600 mg/dl are compared.

- The blood is drawn into a capillary tube (specimen supply
path), then a reaction between a reaction reagent and glucose.
in the blood is promoted for about 25 seconds, and thereafter a
prescribed voltage is applied .between terminals of a working
electrode and a counter electrode. The sensor sensitivity here
is a current value which is obtained 5 seconds after the
application of the prescribed voltage. Since the conventional

| sensor and the sensor in the embodiment have different .
electrode materials, an applied voltage is 0.5 V for the
conventional carbon paste electrode while it.is 0.2 V for the

palladium thin film



concentration 40ng/dl 15.25% 3.89% 82ng/dl 6.15% 2. 87% 165ng/dl 3.89%
2.43%. 248ng/ dl 3.24% 1.80% 485ng/dl 3.79% 2. 16% 600ng/dl 3.28% 1. 65%
(Enbodi nent 6) Hereinafter, a quantification nethod of quantifying a 75
substrate as defined in Caim38 of the4present invention and a
gquantification apparatus for quantifying a substrate as defined in Caim
41 of the present invention, which enploy any of the biosensors A B, C
and D, for which the electrical conductive layers are forned by enpl oying
t he above-described thin film electrode formng nethod according to the
fifth elediretd im |the bemdeddmiehed. Wiile the biosensor A as described in
the first enbodinent is used as a biosensor enployed in a foll ow ng .
descri pti on,Furshdat OSElS omehBulé nds eemiemMails rest0i chedathereto. Figure 13
is a diagramillustrating structures of the biosensor and the

quant i HioeRidnyY Apial atasgehi CAsi sppaRleeteddin £ P@uadapti f ieatiison net hod
enpl oyi ng the biosensor. In the Flgure, the sanme reference nunerals as
those ghown dued itHH the de8ALBIr! HE THEE AbISPIHESPORALBH Rarhpt It is a
systemin which the biosensor Ais used in a state where it is connected

to a quaRddicrl N AR PEHEnd prakesishi®g or heat processing for the
electrode surface has an equivalent or higher sensitivity as
compared with a sensor which is subjected to the polishing
processing or heat processing, which was conventionally
regarded as required to enhance the sensor sensitivity.

"~ The repeatabilities (C.V. values) of the ten-times
measuring are compared in (table 1). From the result shown in
the table, it is confirmed that the sensor in the embodiment
has an excellent‘accuracy, with variations iﬁ individual
sensors being reduced, while a conventional sensor has its CV
value remarkably deteriorated due to the polishing processing

variations or the like.

(Table 1)
Glucose Conventional sensor Sensor in embodiment
concentration _
40mg/dl 15.25% 3.89%
82mg/dl 6.15% 2.87%
165mg/dl 3.89% 2.43%
248mg/dl 3.24% 1.80%
485mg/dl ' 3.79% 2.16%
600mg/d1l 3.28% 1.65%

{(Embodiment 6)

Hereinafter, a quantification method of quantifying a



guantification apparatus ML neasures the anmount of an included substrate
froma speci nen supplied to the biosensor A In the quantification
apparatus ML, nunerals 115a, 115b, and _115c denote connectors connected to
a working electrode 5, a detecting el d8trode 7, a counter electrode 6 of
the bi osensor A, respectively, nunmeral 116a denotes a switch provided
between the connector 115c¢ and the ground (which neans a const ant

potential el ectrodeposition and can be not always "0". The sane goes for
in the present specifk%ation”), nuneral 118a 76 denotes a current/voltage

conver SRS LT LG 2SwARLATEY dnd@ il 3§ P fhkh@oRRESENL LPVEHNEOROMEr Bs a

current flow ng between the working electrode 6 and other electrode into a
vol t agelidP hel 16REHOR, apBRERGUSL I qetResivhngy B syhFdsiteh aF réafinadi ch
is connected to the current/voltage conversion circuit 118a and converts a
vol t agel v i taimr b e hetbEr PERSANS tidytenolmrr svbhchcempdioy Brga 9hthe

pul se, nuneral 120 denotes a CPU which controls OV OFF of the switch 116a
and callviftseeso¥heranBunf . éndaDsulfsir atlei¢inctidedlenta ispdciamndbeistde on
the pulse from the A/D conversion circuit 119a, and nuneral 121 denotes a
LCD (| ilqerxrase aforneg| By) ewpiloly idig piley sakoveadesed ibaidud higal Tilmt ed by
the CPU 120. Hereinafter, a description will be given of the operations of
t he bi ssawigrode afwirmbrgquahiicfli esticont iapparat tise M ifhbn embed iamenmntwoi 1t he
substrate included in a specinen is neasured by the quantification nethod
enpl oyibey ddsrhilbz@dnsofhateottenyibsensor A as described in the first
embodiment is used as a biosensor employed in a following
description, the biosensor to be used is not restricted thereto.

Figure 13 is a diagram illusfrating structures of the
biosensor and the quantification apparatus which is employed in
the quantification method employing the biosensor. In the
figure, the same reference numerals as those shown in figure 1
denote the same or corresponding parts.

It is a system in which the biosensor A is used in a state
where it is connected to a quantification apparatus M1, and the
quantification apparatus M1 measures the amount of an included
substrate from a specimen supplied to the biosensor A.

'In the quantification apparatus M1, numerals 115a, 115b,
and 11i5c denote connectors connected to a working electrode 5,
-a detecting electrode 7, a counter electrode 6 of the biosensor
A, respectively, numeral 116a denotes a switch provided between
the connector 115c¢ and the ground (which means a constant

potential electrodeposition and can be not always “0”. The

.same goes for in the present specification.), numeral 118a



t he sixth enbodi nrent of the present invention. First, when the biosensor A
I's connected to the connectors 1 15a-1 15c of the quantification apparatus
M1, the switch 1 16a is turned off under the control of the CPU 120,

| eading to a non-connection state between the counter electrode 6 and the
~ground, the prescribed voltage is applied between the working electrode 5
and the detecting electrode 7. A current generated between the working

el ectrode 5 and the detecting el ectrodeg/ i's converted to a voltage by the
current/vol tage conversion 77 <circuit 118a, and the voltage is converted
to a pulse by the A/D conversion circuit 119a to be outputted to the CPU

120. NexaenWQeaaéﬁ%eﬁwvbﬂég@mdﬁ@e%&M%lkegﬁ% wRi%h fsheﬁnsfP@&{é'&n

supply path of the biosensor A~the specinmen Is drawn 1into the specinen
suppl y pet hhepassasecotot Hrbfﬁlgmntleconwmres aejtmtermldélcﬁxmg baewe@rki ng

| ectrode 5, th t ect electrode 7. At this point of tinme,

Shgcrtragg t ng éﬁggiﬁgpqecztr@icff‘s g&eff I ng“d’xF ‘t"iré’rfﬁ? éﬁlﬁetﬁ’ldfplrté%& tenbeccurs,
d el I t LO

and el ecifiiGal ﬁgggggfagchcﬁg@g%@s Sm?yc%ql@é&qp d freuid Whi

detecting e ect star uantitl ca I on opera on,

when detisctonm ¢ diatd tﬂmethbecurrenrt/vomange&:dmver@murdiﬁdubetma skl
wor ki ng el ectrode S{ﬁnd the  detecting electrode 7, that is, a neasurable
v

anount JfORPBEEIHeh Vathasseralug dyom %qqfér%c?%ﬁ%uﬁﬁweﬂéﬂﬁrbf t he
bi 0Senslirchit 2 F8ENI A% 1L FIRMICAUMACTAT PYOSEHBRUL' £LPIPHATEN P

conversion circuilt
controls ON/OFF of the switch 116a and calculates the amount
of a substrate included in a specimen based on the pulse from
the A/D conversion circuit 119a, and numeral 121 denotes a
LCD (liquid crystal display) which displays a measured value
calculated by the CPU 120.

Hereinafter, a description will be given of the operations of
the biosensor A and the quantification apparatus M1 when the
amount of the substréte included in a specimen is measured by
the quantification method employing the biosensor according to
the sixth embodiment of the present invention.

First, when the biosensor A is connected to the connectors

- 115a-115c of the quantification apparatus M1, the switch 116a
is turned off under the control of the CPU 120, leading to a
non-connection state between the counter electrode 6 and the-
ground, the prescribed voltage is applied between the working
electrode 5 and the detecting electrode 7. A current generated -

between the working electrode 5 and the detecting electrode 7 is

.converted to a voltage by the current/voltage conversion



The CPU 120 turns on the switch 116a to connect the counter electrode 6 to
the ground, and controls the - current/voltage conversion circuit 118a not
to supply the voltage for a prescribeqﬂperiod of time thereafter, so that
the reacti on between the reagent |ayer 12 forned on the electrode parts
and the specinen is pronoted. After the passage of the prescribed period
of time, the prescribed voltage is applied between the working electrode 5
and the counter electrode 6 as well as the detecting electrode 7 for about

five seconds. by e 78_current/voltage conversion circuit 118a. At _this
poi nt o?lf?ﬂég éagﬁfrgﬁg %ﬂﬁmﬁQ'Qﬁﬁﬁ 18 FRBVEELREehOr & IRSH S RYstBstrate

in theiipfcinen i s.gener,ated . hetween the mbrking el ectrode 5 and the
count er®e? etPPBHES 6°8s CLIREM L tad kG HRtle®t PREPBFEEES 68 the HRYU cl2fPent is
converted to_a voltage by the current/voltage conversion circuit 118a, and
the vol t age N8Khe VEBeRoAvEPESIMERN ol uFerPbied hEoAtBecdmi@tsiTh ofi theit
119a to be outputted to the CPU 120. The CPU 120 counts the nunber of
pul ses TRECHNEH| SRRPAYr Bapbn oL Hdiadiesmnsehels eshit specdimgn aieddpawnhe
LCD 121. While the detecting electrode 6 is always connected to the ground
here, alRftanth¢iTReTsReRppEPRLYs IMEtH s BASPePosRi bhepughhitdle icowpnbet ded
with.a swtch 116b between the detecting electrode 7 and the ground, and
cont r ol SLeNyFEe of and thenWeskiimy ttewlerodées detndt rrgodlesctutode 7 and
the ground, as shown in figure 14. Wen the biosensor A is connected to
t he detecting electrode 7. At this point of time, the reagent
layer 12 is dissolved, an oxidation-reduction reaction occurs,
and electrical changes occur between the working electrode 5
and the detecting electrode 7. The CPU 120 starts the
quantification operation, when detecting that the electrical
changes have occurred between the working electrode 5 and the
detecting electrode 7, that is, a measurable amount of specimen
has been supplied to the specimen supply path of the biosensor
A, according to changes in the pulse inputted from the A/D
conversion circuit 11%a.
The CPU 120 turns on the switch 116a to connect the
- counter electrode 6 to the ground, and controls the
current/voltage conversion circuit 118a not to supply the
voltage for a prescribed period of time thereafter, so that the
‘reaction between the reagent layer 12 formed on the electrode
parts and the specimen is promoted. After the passage of the
‘prescribed period of time, the prescribed voltage is applied

between the working electrode 5 and the counter electrode 6 as

well  as the_detecting electrode 7 for about five seconds by the



connectors 115a to 115c of the so-constructed quantification apparatus M,
the switch 116a is turned off under the control of the CPU 120, leading to
a non-connection state between the counter electrode 6 and the ground,
while the switch 116b is turned on, af a prescribed voltage is applied
between the working electrode 5 and the detecting electrode 7. Thereafter,
the switch 116b remains in the ON-state fromthe start of the specinen

drawi ng by the biosensor A until the quantification operation of the
the quantification

quant i f.i | ratus M2 is_finished, and 79
operat%S%q%gﬁgﬂgP@%ﬂ%ga%o?“%fsb?ntﬁéréﬁﬁﬂémlk%%cribed quantification

apparatus m,. en, respective, electrode areas of the biosensor preferable
f or neasuri&&;Hhi%ﬂﬁﬁﬁé%cﬁfatéﬁﬁstﬁa?@Hnﬂﬂﬂuﬁxbpwrtipsahpte theuid will

be described, Figure 15 is an enl arged view of the specinmen supply path of

the bi 68BHEGFTA S o iy $WPsheaterin éMsodipwenimerd idegepsesest

invent%og. It is generally preferable that the areas of the counter . _

el ect r BAEVESDt fASWHOG g & ekriotieds, Sanddt he detettdngeBbEEF6QEE 57 4isn t he
bi osensor A are such that the area of the

speci nen iugglé path of the

count e¥etf eetr 588 detiestdqa el ertredeor .| anher cutarerthats Qo Wer WRRKILRY

electrode 5 to prevent an electron transfer reaction between the ‘

el ect rogeeltagg HeFﬁ& cara-adt/aran tregle tﬁnbb@sih&t&ﬁﬁﬁﬂlﬂ’Tﬁﬁa,tgﬁd

detecting electrode 7 of the biosensor Ais also used as a counter

el ect i'd¥e %leage value is converted to a pulse by the A/D conversion
circuit 119a to be cutputted to the CPU 120. The CPU 120
counts the number of pulses to calculate a response value, and
the result is displayed on the LCD 121. |

While the detecting electrode 6 is always connected to the

ground here, a quantification apparatus M2 is also possible,
which is provided with a switch 116b between the detecting
electrode 7 and the ground, and controls ON/OFF of the
connection between the detecting electrode 7 and the ground, as
shown in fiqure 14. When the biosensor A is connected to the
connectors 115a to 115¢ of the so-constructed quantification
apparatus M2, the switch 116a is turned off under the comtrol
.of the CPU 120, leading to a non-connection state between the
counter electrode 6 and the ground, while the switch 116b is
turned on, and a prescribed voltage is applied between the
working electrode 5 and the detecting electrode 7. Thereafter,
the switch 116b remains in the ON-state from the start of the

Specimen drawing by the biosensor A until the gquantification

-operation of the guantification apparatus M2 is finished, and



measuring, and therefore when the total of the areas of the counter

el ectrode 6 and the detecting electrode 7 is equa-1 to or larger than the
area of the working electrode 5, an elgftron transfer reaction between the
respective el ectrodes can be prevente S3frombeing rat e- det erm ned. For
exanpl e, when the counter electrode 6 and the working el ectrode 5 have
equi val ent areas, and the area of the detecting electrode 7 is set at
several -tens percents of the area of the counter electrode 6, the area of

the co r A nd. detecting.electrode 7 80 which is equal to or
| ar geruiEl gnqﬁég%%?g%%& ThERTr KT HP ¢ eEﬁFoﬁ@mS’ @ Yot &i Hes. abaverer
in orde& he ctron transfer reaction between the worKking

f,orm_t .el
eIectrod%ggrgﬁéd gﬁgmaﬁﬁﬁﬁéi%ﬂQxﬁHQﬁEP%uﬁsM&elI as the detecting el ectrode
7 nore uniff$n1y, it is desirable that the respective areas of the

counter el ectPole ECSRETHY UAIRAGTRAR| *EERBIEL7 thg dd@mensax t he wor ki ng
el ectrode f are.equival ent as shown in figure 15. As described above,

accor difff %r?%quaﬁt MERSHGISY FihGmowab| ofi agsubs thiadsengwluded fhe

si xt h enbodi nent_ of the ,Rresent i nvention, when a specinmen is drawn into
the spetitEPlSuppiyifatihldf bendasicridiedr A and the electrical changes
occur between the detecting electrode 7 and the working electrode 5, .the
el ectrical dhsfiye’ LreifefBceadagzued ieuanti theasper imepesatpmly isath
started in _any of the quantification apparatus ML and the quantification
appar affs W2 ‘birseReeE, A aceandiag proevige effi tHint emhedduantti fdfcathen

apparatus M or M is
present invention. It is generally preferable that the areas
of the counter electrode 6, the working electrode 5, and the
detecting electrode 7 in the specimen supply path of the
biosensor A are such that the area of the counter electrode 6
is equivalent to or larger than that of the working electrode 5
to prevent an electron transfer reaction between the electrodes
from being rate-determined.

In the sixth embodiment, the detecting electrode 7 of the
biosensor A is also used as a counter electrode at the
méasuring, and therefore when the total of the areas of the
counter electrode 6 and the detecting electrode 7 is equal to
or larger than the area of the working electrode 5, an electron
transfer reaction between the respective electrodes can be
prevented from being rate-determined. For éxample,'when the
counter electrode 6 and the working electrode 5 have equivalent
~areas, and the area of the detecting electrode 7 is set at

several-tens percents of the area of the counter electrode 6,

the area of the counter electrode 6 and detecting electrode 7



I nappropriately operated to start the quantification operation regardl ess
of a shortage of the specinen anount supplied to the biosensor A as in the
prior art, which results in erroneous erations such as display of
erroneous neasured values. Further, in e present invention, when the
anount of specinmen which can be quantified is supplied to the biosensor A,
the detecting electrode 7 is used also as the counter electrode after the
start of the quantification, and thus when the total of the areas of the

t tggd ing 81 .electrode 7 is at |east
counteryRl 8t §Q %q@aﬁnqx%Q§th%§§%'2 haBlEg;?%a%%5%ftﬁgﬁéﬁ@%Efgagtransfer

equivalent to the-area o

reactio h el.ectraodes is prevented from bei ng rate-determ ned,
t her ebyé]]f(%&yp\ggrgmg;e%taﬁle'breeaocqui%]rp% ot htt I.‘g}’ﬁf:'t A8 9ZMEL YR PRRECEBpEDE y
of the ' .suppl ath can. be downsi zed, whereby the uantitative
anal ysiésf)%g{slggdg oﬁr §P’§I¥Ei98:htr%a¥tﬁﬂn Jretyeennthe wagKdRgwed i Bnandy
inposshﬁgg, can,_be B;rf%rned properly. Further, when the area of the

det ect i i TG FoHeSFeShdadfat® &5 Wkl cdtinthe dpberténs &@laatredéval ent,
t he el ectron trgnsffr, rreacti on between the el ectrodes is perforned

uni f or Y% tHEHEBY™ Bt &itnilfg desigiab katfkdhctbeyreepponsae (@@ dmsli oEnt 7)
Hereinafter, a quantjfication nethod for quantifying a substrate as

def i ned 1% QR0 bECERRISr &s@md itha s becihibeg aclqaanoide Jatddincent
appar atus for tifying a substrate as defined in Cains 42 to 44 of the

uan
presenFq,RﬂﬁﬁﬁhﬁﬁlQﬁieheg§5pgy anypre equivalent as shown in figure 15.

As described above, according to the quantification method
employing the biosensor A in the sixth embodiment of the
present invention, when a specimen is drawn into the séecimen
supply path of the biosensor A and the electrical changes occur
between the detecting electrode 7 and the working electrode 5,

. the electrical changes are detected and the quantification
operation is started in any of the quantification apparatus Ml
and the quantification apparatus M2. Therefore, it can be
prevented that the quantification apparatus M1 or M2 is
inappropriately operated to start the guantification operation
regardless of a shortage of the specimen amount supplied -to the
biosensor A as in the prior art, which results in erroneous

_ dperations such as display of erroneous measured values.

.Further, in the present invention, when the amount of

- specimen which can be quantified is supplied to the biosensor &,
the détecting electrode ? is used also as the counter electrode

~after the start of the quantification, and thus when the total

- of the areas of the counter electrode 6 and the detecting



of the biosensors Ato D whose electrical conductive |ayers are fornmed by
enploying the thin filmelectrode form ng nethod described in the fifth
enbodi nent but which are different from_ those of the above-described sixth
embodi ment will be described. A bioserfSor which is enployed in a fol | owi ng
description is supposed to be the biosensor A described in the first

enbodi nent. Figure 16 is a diagramillustrating structures of the

bi osensor A and a quantification apparatus enployed in the 82
t he bi osensor according to the seventh

quanti ficatjon method enployin _
enbodi n%f‘n?c}&?:ofiﬁet]pllésé? ]i%:w‘r"e‘%t‘?%‘h.lvﬂﬁe{lﬁetf’i Ghee aregh @ s e repekénge
nuneral s_ as, thgse_shown in figure 13 denote the same or correspondi ng
parts. FTheGtEUdARt Pri EAS & efpeet bEaMBfefukeREtdom betweEsh thed  115¢c
denote connectors connected to the working electrode 5, the detecting
el ect r FHECTCIrRdASt AE PEGVISATLRD ckomdeebnaf rake-deiteraviaed A thespeyt toel v,
nunmeral 116c denotes a selector switch which is connected to the connector
115b atP¥ROBAJtAAdreRS tdasimoatih ki t cht ngheheamentdo, ot heetawpacaty
current/voltage conversion circuit 118b in a latter stage and the ground
at t he of helte eppec hingar SupPlya pidriot@an abe cdownatiled, t aferedwertsé on
circuit which is connected to the connector 115a and converts a current
fl owi ng@Wwweent ivie anelkisig dlascid cole & shilgbt hemoeh&cbfod@dmimem, vol t age
to be output, nuneral 118b denotes a current/voltage conversion
which was conventionally impossible, can be performed properly.
Further, when the area of the detecting electrode 7 and that of
the counter electrode 6 are equivalent, the electron transfer
reaction between the electrodes is performed uniformly, thereby
obtaining a more satisfactory response.
(Embodiment 7)
Hereinafter, a quantification method for quantifying a
substrate as defined in Claim 40 of the present invention and a
gquantification apparétus for guantifying a substrate as defined
in Claims 42 to 44 of the present invention, which employ any
of the biosensors A to D whose electrical conductive layers are
formed by employing the thin film electrode forming method
described in the fifth embodiment but which are different from
those of the above-described sixth embodiment will be described.
A biosensor which is employed in a following description is
supposed to be the biosensor A described in the first
embodiment.

Figure 16 is a diagram illustrating structures of the

~ biosensor A and a gquantification apparatus employed in the



circuit which is connected to the connector 115b via the selector switch
116¢c and converts a current flow ng between the detecting electrode 7 and
other electrode into a voltage to be gutput, nunerals 119a and 119b denote
Al D conversion circuits which are connected to the current/voltage
conversion circuits 118a and 118b, respectively, and convert the voltage
values fromthe current/voltage conversion circuits 118a and 118b into

pul ses, nuneral 120 denotes a CPU which controls the selector switch 116c¢c

and caludmtias dawi eionet Boaf efighsiialge dMe!didatensoB3actBLdsRGCitER Hhased
on the pulses fromthe A/D conversion circuits 119a and 119b, "and nuner al

121 degekventh l&aDddifithe ofr¥abaprdisespltaVinvdti€cibgl] sPtayshe #BasweLd val ue
calculated by the CPU 120. Hereinafter, a description will be given of the

oper at @RS saffe LherdH OPEESREMErand hie tauall ifH&Rat I g0 P _E%tT§ Mnote

according to the seventh enbodi nent of the present 1nventi when the

anount ygf §wm5f6¥‘EéfE%éﬁ%ﬁbiﬂgaﬁéE%%R”E“ is measured by the

guantification nmethod enpl oyl ng"the biosensor A First, when the biosensor

_ d dsensor hen t!
B, "t he. ol et or T T ER TGk ) S BBARRSIS T (R Tt 1 o1 1 Ageny HHd 1S

comenELIR JBL ol oRe cieROEty U Ud U6 B 2 capg enceser b
o S0t 8 SeERctatly M ASHAERY 1 1oaRALINEL (AP U8 oAl BeoRShRE 1
biosensor A, respectively, numeral 1ll6c denotes a selector
switch which is connected to the connector 115b at one end and

is cap&ble of switching the connection between a
current/voltage conversion circuit 118b in a latter stage and
the ground at the other end, numeral 118a denotes a
current/voltage conversion circuit which is éonnected to the
connector l15a and converts a current flowing between the
working electrode 6 and other electrode into a voltage to be
output, numeral 118b denotes a current/voltage conversion
circuit which is connected to the connector 115b via the
selector switch 116c and converts a current flowing between the
detecting eiectrode 7 and other electrode into a voltage to be
output, numerals 119%9a and 119b denote A/D conversion circuits
 which are connected to the current/voltage conversion circuits
118a and 118b, respectively, and convert the voltage values
from the current/voltage conversion circuits 118a and 118b into

pulses, numeral 120 denotes a CPU which controls the selector

switch 1l6c and calculates the amounts of substrate included in



the counter electrode 6 and the working electrode 5 as well as between the
counter electrode 6 and the detecting electrode 7 are converted to

vol tages by the current/voltage converg&gn circuits 118a and 118b,
respectively, and are further converted “to pul ses by the A/ D conversion
circuits 119a and 119b. Next, when the specinmen is supplied to the inlet 9a
“of the specinen supply path of the biosensor A the specinen is drawn

into the specinen supply path, passes through on the counter electrode 6

and the Il : t 5 r he 8 detecting electrode 7. At
this porﬁg %F%ﬁﬁﬁfﬁlééggéa%%ﬁ?ge|§§%?8§2%F€mﬂﬁ£§%§V§b‘% fESLPEci men and
an oxidati.an-;.re | O e jon_occurs, and.el.ectrical changes ocgcur,

bet V\eené&kﬁglgosuﬁtqeq}d e%heccﬁzt Ir?l(f)%ié' GaQﬁanﬂsr\?gr I}&rjrg dteqr&:tcef%o% Os (e igs

bet ween unt.er el ectr.ode 6._and.the detecting el ectrode 7. The CPU 120
det ect s© Eg;% hgh R ¢ ngaaﬂbﬁglﬁ¥§ea peasirsd pate riheuéatsde by
electrog§66cgﬁd1? e working electrode 5 as well as between the counter

el ectro 6 d € detecting electrode 7 fromthe pul ses inputted from
the A/D .conyersi.on-circuits 119a and 119b, and confirnms that the anount

of speci men RAFEHPEHT e FAARTFTLRCHAR Biéh Bepslivar «f tHie eperatdons
supply b t@hof the biosensor A. Then, the CPU 120 nekes the sel ector switch
116¢ t *betPBORALEERF Mo A Y it IuanElEbReEaPE BRPATAT MY ol t age
conversion circuit 118a not to supply the voltage for a prescribed period

of timPACCOrEhRe Lor Eh& isevEthestbedibnent of the present invention

when the amount of substrate included in a specimen is measured
by the guantification method employing the biosensor A.

First, when the biosensor A is connected to the connectors
115a~115¢c of the quahtification apparatus M3, the selector
switch 116c is connected to the current/voltage conversion
circuit 118b under the control of the CPU 120, and a prescribed
voltage is applied between the countef electrode 6 and the
working electrpde 5 as well as between the counter electrode 6
and the detecting electrode 7. The currents generated between
the counter electrode 6 and the working electrode 5 as well as
between the counter electrode 6 and the detecting elecfrode 7
are converted to voltages by the-current/véltage conversion

~circuits 118a and 118D, reépectively, and are further converted
to pulses by the A/D conversion circuits 11%a and 119b. |

Next, when the specimen is supplied to the inlet 9a of the
specimen supply path of the biosensor A, the specimen is drawn
into the specimen supply path, passes through on the counter

electrode 6 and the working electrode 5, and reaches the



reagent layer 12 fornmed on the respective electrodes and the specinenis
pronoted. After the passage of the prescribed period of tine, the
prescribed voltage is applied between the working el ectrode 5 and the
counter electrode 6 as well as the detecting electrode 7 for about five
seconds by the current/voltage conversion circuit 118a, the CPU 120
cal cul ates a response value based on its current, and the result is

di spl ayed on the LCD 121. However, in a case where the current is generated

bet weend8%ecthe oC Ui rsd &t [ 0dgt 6+ R EB‘in‘ﬁDUﬁ ’innf‘é ,ecér{é)dfe?%%%{tit Qe

supply of the specinen to the specinen stpply path but” no curr

thereaf1g§egemgrq%e@ﬂy§d%$gﬁtg§ Eﬂgngg%cﬁbﬁét%9@§§ﬁkﬁ§ﬁﬁﬁ%@§bgeteCting

el ectrode 7 for the prescribed Pperiod judges t hat

there | fedugbebhadeatlc (P SAAELIPNanAMRYELy A0 Nyl 1 ool gyeggn Lhe

LCD 121. Even when the specinmen 1s supplenen _ Spec

path, arLRs LhepckDeiek anag, o AR LIRS a0 R0g ol e

b 0senaar A e e O Dol 51 (A BREeBREF o IhPOThate e

ol ect 11 cal  chAG0SEUARY iR Eine B8 FLPoLradetopBag et hitee wor ki ng

ol ot o er R PERASaR BN oG refROREORR oS gl P Mg ppar at us
electrode 5 as well as between the counter electrode 6 and the
detecting electrode 7 from the pulses inputted from the A/D
conversion circuits 119a and 119b, and confirms that the amount
of specimen which can‘be quantified has béen supplied to the
specimen supply path of the biosensor A.

Then, the CPU 120 makes the selector switch 116c to be
connected to the ground, and controls the current/voltage
conversion circuit 118a not to supply the voltage for a
prescribed period of time, so that a reaction betweén the
reagent layer 12 formed on the respective electrodes and the

'épecimen is promoted. | ,

After the passage of the prescribed period of time, the
prescribed voltage is applied between the workinglelectrode 5
and the counter electrode 6 as well as the detecting electrode
7 for about five seconds by the current/voltage conversion
circuit 118a, the CPU 120 calculates a response value based on

its current, and the result is displayed on the LCD 121.

However, in a case where the current is generated between



MB di spl ays on the LCD 121 that there is a shortage of the specinen supply
and infornms  a user of the fact, thereby - enhancing the conveni ence and
safety at the neasuring. (Enbodinment §§ Hereinafter, a quantification

met hod for quantifying a substrate as defined in claim39 or 40 of the
present invention and a quantification apparatus for quantifying a.
substrate as defined in Clains 42 to 44 of the present invention, which
enpl oy any of the biosensors Ato D whose electrical conductive 86 |ayers

are formRd e} oVl 88ribaet Bi Anfll thechRAE QS d0EM PYae "Bt BYd tggscri bed
in the fifth enbodinent but are different from those of the

above- dagpniybest sind hsﬁ@@iﬁ@MeEBhtﬁggg BN eh V%dségllrxgg%%g@CBthﬁo The

bi osensor "enpl oyed in a foll ow ng ription to be the

bi osengqh-rArdese ia?@régfgetfhgéh%%tsﬁb%@ n tHIU &geks?ileﬂl&%faaé“

Il lustrating structures o I osensor and a quantifrcation apparatus
R e e R S R S s T AL Rt
CorroobARaag. pa: o PeReE Pp BT EPEE Lol ERERIE AT o e pArat 0e v i n
emhod FEPAEGnARe (i e FEPETrede 2R BRE B o B ot RRER e 1 o

added beLoegn he GUNNSOLOr, 1155 3n

ghghgpecimen supply path after the
LCD 121 once displays that there is a shortage of the specimen
supply, the CPU 120 does not start the quantification operation.

As described above, according to the quantification method
employing the biosensor in the seventh embodiment of the
present invention, when the specimen is drawn into the specimen
supply path of the biosensor A, and electrical changes occur
between the counter electrode 6 and the working electrode 5
while no electrical change occurs between the counter electrode
6 and the detecting electrode 7, the quantification appératus
M3 displays on the LCD 121 that there is a shortage of the
specimen supply and informs a user of the fact, thereby -
enhancing the convenience and safety at the measuring. |
(Embodiment 8)

Hereinafter, a guantification method for quantifying a
substrate as defined in Claim 39 or 40 of the present invention
and a quantification apparatus for quantifying a Substrate as

defined in Claims 42 to 44 of the present invention, which

employ any of the biosensors A to D whose electrical conductive



current/vol tage conversion circuit 118a of the quantification apparatus M
and the connection of the working el ectrode-5 can be switched between the
current/vol tage conversion circuit 118g; and the ground. Hereinafter, the
operations of the biosensor and the quantification apparatus when the
anount of substrate included in a specinmen is quantified by the
quantification nethod enploying the biosensor according to the eighth

enbodi ment of the present invention will be described with reference to 87
figure I h A t n

118 118 quam.?.ﬁ AREORERoLEhS WIIF Ll 21 derSaRN A A d
and 11 to.t t N i an
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h I d
wel | S PEREy Sden ; %ﬁ%‘féf’ﬁét’%aﬁ 3‘3%39&? ﬁ%etvg%ﬁ*‘ittthgg%ﬁ%ﬁ%%ﬁf
t t e workin
g?éé??%%eg%gasq%k e?ﬂeen ﬁ%ggmg&giﬁg% éﬂffbdgﬂégQﬁﬁﬁthe de?ectlng
7.are converted to current/ onver

|
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by the A D coné rsion, circuits 119a and 119b. Next, the specinen is
suppl i ﬁ £5 FREOIME 9n of the speci nen supply path of the biosensor A

and drawn IPtO rg 17 is a diagram illustrating structures of the
biosensor A and a guantification apparatus employed in the
quantification method employing the bioeensor according to the
eighth embodiment of the present invention. In the figure, the
same reference numerals as those shown in fiqgure 16 denote the
same or corresponding parts.

' The structure of the guantification apparatus M4 in the
eighth embodiment is basically the same as that in the seventh
embodiment, while the structure is such that a.selector switch
116d is added between the connector 115a and the
current/voltage cenversion circuit 118a of the Quantification
apparatus M4 and the connection of the working electrode -5 can
be switched between the current/voltage conversion circuit 118a
and the ground.

Hereinaftef, the operatione of the biosensor and the
quantification apparatus when the amount of substrate included
in a specimen is quantified by the quantification method
employing the biosensor according to the eighth embodiment of

the present invention will be described with reference to



speci nen supply path, and when it covers the working el ectrode 5,

el ectrical changes occur between the counter el ectrode-6 and the working

el ectrode 5. The CPU 120 detects the g]ectrical changes fromthe pul se
inputted fromthe A/D conversion circuit 119a, and connects the sel ector
switch 116d to the ground. Wen the speci nen reaches the detecting
electrode 7, electrical changes occur between the working electrode 5 and
the detecting electrode 7. The CPU 120 detects the electrical changes from
the puksguiapylted fromthe A/D conversion circuit 88 119b, and confirms
that the“specinen is sufficiently supplied to the specinen supply path.

cur rent/vol 1458 oreraiah direnr i dioh 88 pbffdiddte SHEofhekRoy’
conver ot o~ SePELPE This T PLHEE o) e RB plba o N Rt PPbec

Phe roagtebhdE 1Ba AP, 30 o Ge PadieeFE £8° phanbiee =i/l EauSpacsage
bt woctORTErbPH: FGLEFaty ddki nsh o 1B EBGREoPonFaet: G Datull 128 t e
ConvertFRECEFYERYT 20803 AIFAIRIRSD bt edrcaFarBELIRE RSB he

substrate jncluded in . the specinen based on its current, and__its neasured
valuquy%ﬁgﬁlﬁ %ﬁtﬁﬁdﬁhg @@ﬁ e working electrode 5 as well as

between the working electrode 5 and the detecting electrode 7.
Currents generated between the counter electrode 6 and the
working electrode 5 as well as between the working electro&e 5
and the detecting electrode 7 are converted to voltages by the
current/voltage conversion circuits 118a and 118b, respectively,
and aré further converted to pulses by the A/D conversion
circuits 119a and 119b.

Next, the specimen is supplied to the inlet 9a of the
specimen supply path of the biosensor A and drawn into the
‘specimen supply path, and when it covers the working electrode
5, electrical changes occur between the counter electrdde-s and
the working electrode 5. The_CPU 120 detects the electrical
changes from the pulse inputted from the A/D conversion circuit
11%a, and connects the selector switch 116d to the ground.

When the specimen reaches the detecting electrode 7,
~electrical changes occur between the working electrode 5 and

the detecting electrode 7. The CPU 120 detects the electrical

changes from the pulse inputted from the A/D conversion circuit



However, in a case where the current is generated between the counter

el ectrode 6 and the working electrode 5 by the supply of the specinen to
t he speci men supply path but no curreg@ i s generated between the working
el ectrode 5 and the detecting electro 7 for the prescribed period of
time thereafter, the CPU 120 judges that there is a shortage of the
speci nen anount, and this is displayed on the LCD 121. Even when the
specinen i s supplenented to the specinmen supply path after the LCD 121

120" doce mol Sy coPREr R RS Bd ARl SneukResEt e S amand

120 does not start e quantifica

accordigng {Qet i Li.cation thod enploying the biosensor of the
ei ghth enbod?ne ?gg@Qbh%hﬁgé el ‘nventi on, when the specinmen is drawn

into the spegioen p h. of the biosensor A and electrical changes

occur bet wegflﬁéqt?heﬂégu%%gr RZ}UeE‘la%&fe t%‘eaﬁdﬂt%t%r RVA§CHR| ddbHode Perhile no

el ectri occurs hetween the working electrode 5 and the detecting
SRR /

electro e quahtfr FRAEPBR/ YPpdrdu S ers spnagirenithé 18@Dak21 t hat

there i short.age of the specinen supply and inforns a user of the fact,
t her ebfelglnhaasnci?}h% 3 e‘éBﬂGeﬁﬁéﬁE@ i@ csaretbe onmechedstei hhe whidund he

bi osengor J.s .de cghped as. an anxne sensor in the above-described sixth to
ei ght h enyddi s-1% ProseRsovolkapen comylegission rebyemit sitBaanoan to
antibod¥ 2yn%'29%&%%2;§g1fgr Eﬁ@, and a RNA in addition to t he enzyne can
al so b& PP g prescribed period of time, so that a
reaction between the reagent layer 12 formed on the respective
electrodes and the specimen is promoted.
After the passage of the prescribed period of time, the
prescribed voltage is applied between the working electrode 5
and the counter electrode 6 as well as the detecting electrode
7 for about five secohds by the current/voltage conversion
circuit 118a, and the CPU 120 calculates the amount of
substrate included in the specimen base& on its current,'and
its measured value is displayed on the LCD 121.
However, in a case where the current is generated between
the counter electrode 6 and the working electrode 5 by the
supply of the specimen to the specimen supply path but no
current is generated between the working electrode 5 and the
| detecting electrode 7 for the prescribed'period of time
thereafter, the CPU 120 judges that there is a shortage of the
specimen amount, and this is displayed on the LCD 121. Even

when the specimen is supplemented to the specimen supply path

after the LCD 121 once displays that there is a shortage of the'r



simlar one. APPLI CABILITY IN INDUSTRY As descri bed above, the biosensor
according to the present invention can be forned by a sinple manufacturing
nmet hod, as well as a biosensor which ig excellent in a measuring accuracy,
a biosensor in which a reagent |ayer i 8 pl aced uniformy on el ectrodes
regardl ess of a reagent liquid conposition, resulting in an uniform
performance, a biosensor which can keep the 90 performance constant

wi t hout affecting an area of an el ectrode when the support is cut, and a

bi osen | S di i.mnation of correction data for, each
pr oducfél)é)%%‘ggo%ﬁéghﬁy %&engi’ﬁ&?r({]é%)ﬁ tPobt SHAESy Fg& ASRTEH LG M kP Red
can bgotg%%ined, and further the thin filmelectrode form ng nethod

accordi 198" invention is suitable for form ng an el ectri cal
conducti ve que. of the biosensor, and further the nethod and the

appar at us f dt® qUBREFPES: PORVEe cHCFGAITGEINT tHe theecavpBhifisatdan aeiked

for diagnostics a slight amount of specinmen. 91 Cains 1. A biosensor for
quantifegrlEﬁdJYal%%bE??a LOPRBEGIeAL e St embedimedtppifsithe rresesnt

insulatkﬁg support and a second insul ating support; an el ectrode part
conpr i SIMYFHtIPbastRanwbhRi Agecérest deddann alrbentkee epectimede supply

path of the biosensor A, and electrical changes occur between
the counter électrode 6 and the working electrode 5 while no
electrical change occurs between the working electrode 5 and
the detecting electrode 7, the quantification apparatus M4
displays on the LCD 121 that there is a shoftage of the
specimen supply and informs a user of the fact, thereby
enhancing the convenience and safety at the measuring.

While the biosensor is described as an enzyme sensor in
the above-described sixth to eighth embodiments, a biosensor
which employs a reagent such as an antibody, a microorganism, a
DNA, and a RNA in addition to the enzyme can also be the

similar one.

APPLICABILITY IN INDUSTRY

As described above, the biosensor according to the present
‘invention can be formed by a simple maﬁufacturing method, as
well as a biosensor which is excellent in a measuring accuracy,
a biosensor in which a reagent layer is placed uniformly on
electrodes regardless of a reagent liquid composition, reéulting

in an uniform performance, a biosensor which can keep the



a specinmen supply path for introducing the sanple liquid to the el ectrode
part; and a reagent |ayer enployed for quantifying the substrate i ncluded
in the sanple liquid, the electrode part, the specinen supply path, and the
reagent |ayer existing between the fir§yjinsulating support and the second
i nsul ati ng support, the specinen supply path being provided on the
el ectrode part, and the reagent |ayer being provided on the el ectrode
part in the specinmen supply path, respectively, the el ectrode part being
dividedlg %orned by first slits rovided on an el ectrical conductive |ayer
whi ch i BEFOPRBADGR CORE Wbt 7 brhpakt abfeghingt amarerdhcan oeleréredeot h
of the %irst i nsul ating support and the second insulating support, and
the wor¥PRB ERECEHBBOIY HS (Ut eRnd| @chigaensand whicdetemabhes efect r ode
are forped by providing slits in the electrical conductive |layer, and
these efe3FFoBdRasien &f HRydEThienedatdefonf eand pawdurt tdrclobdenlyhe
wor Ki n el ectrode, and the detecting electrode froman entrance of the
speci rrgws%bng pasRrted mHelmwsensoprasctébinnetlipn ifisamiad oher ben t he
el ectrode part. further conprises a detecting electrode.. 92 3. The
bi osensthtabnegdsi ard Furdhgmthe wheiri Hilheetoaniredeelfectmiote methodvi ded
on the whole or part of :

according to the invention is suitable for forming an electrical

conductive layer of the biosensor, and further the method and
- the apparatus for quantification according to the invention are

quite useful for diagnostics a slight amount of specimen.



the internal surface of the second insulating support, the working

el ectrode and the detecting electrode are provided on the whole or part of
the internal surface of the first insulating support, and the working

el ectrode and the detecting el ectrode which are provided on the internal
surface of the first insulating support are dividedly fornmed by the first
slits provided on the electrical conductive |layer. 4. The bi osensor as
defined in aim1l or 2, wherein the electrode part is provided on the
whol e or part of the internal surface oft only the first insulating
support, andcldihe el ectrode part provided on the internal surface of the

first insulafing 2 B c?srené § diyl dcgﬂrél‘cﬁffﬂ}%Hgd bysutb'%%rggét in8lhdSy p&%‘“af'ed on

the electrical con |ve ayer . sensor efined i n an
Clains 1 to shmpiketbipid apemprdging:t he counter electrode is equal to or

larger than that, ofr;the wmgﬂll@gl%ec;ﬁﬁ%t 6andhe; biasengor: as,0afifed in
any of Clains 1 to 4, wherein a total of an area of the counter el ectrode

and an area SWPOtRé detecting el ectrode is equal to or larger than that of
t he worki ng eI ectarrpdealeY:tr?she bpasensabm@ﬁlsielfgi ned i n<Gsai ma6, wMierieign the

area of the ctén e ectrod %' §e0|nen 93 supply path of the-
bi osensor i 5? o't éiéFgﬁ e -'C6tht er el ect r ode.

a specimen supply path for introducing the sample ligquid
to the electrode part; and

a reagent layer employed for guantifying the substrate
included in the sample liquid,

the electrode part, the specimen supply path, and the
reagent layer existing between the first insulating support
and the second insulating suppert,

the specimen supply path being provided on the electrode
part, and the reagent layer being provided on the electrode
part in the specimen supply path, respectively,
| the electrode part being dividedly formed by first slits
provided on an electrical conductive layer which is formed on
the whole or part of an internal surface of one or both of
the first insulating support and the second insulating
support, and

the working electrode, the counter electrode, and a
detecting electrode are formed by providing slits in the
electrical conductive 1layer, and these electrodes are
arranged in the order of the counter electrode, the working
electrode, and the detecting electrode from an entrance of

" the specimen supply path.

2. The biosensor as defined in Claim 1, wherein the

electrode part further compxisesla detecting electrode..



8. The biosensor as defined in any of Clains 1 to 7, wherein a spacer is
provided which has a cutout part for formng the specinen supply path and
is placed on the el ectrode part, and e second insulating support is

pl aced on the spacer. 9. The biosensot'“as defined in claima8, wherein the
spacer and the second insulating support is integral. 10. The biosensor as
defined in any of Claims 1 to 9, wherein an air hole leading to the

speci nen supply path is forned. 11. The bi osensor as defined in any of

ali i r ent .layer.is fornmed by dripping a reagent,
Sngl rrge%'otng %ﬁﬁgqg’%g”%rc’&tv% eéfegﬁc}h%%l Jaxpé;i'?tlf“o 1 g‘reéyet% tr(ra]agent |n3

. . . . . ceco
i e are ar Shaneout RS RIS ChE pFaki fefh Rautihe Hplsr o apmEE Lofo

2, wherein .t hi Ljts are provided for dividing the electrical
éoHducﬁ?&%%ﬁ%é&ﬂg%sﬁ%¥fﬂﬁeaﬂgagéﬁ §PCORE AT L3N aF PPRAL The bi osensor
as define in ﬁéa%g%%ﬁagwggégin shapes_ of the first insulating support and

u S

the second T HOgSe adishridie ndekrgtiast sigetacdearar@ne t hird

slit or twa or.more third slits are provided in parallel with one side of
t he apglr(?)ﬁlr?%tde PLAAMgMP Shape. PREt oF thee imtrmmabrsustaeéi aédtihe any of

Caims .1 to 14 having information of correction data generated for each
producf%Sﬁ% insulating support, and

the working electrode and the detecting electrode which
are provided on the internal surface of the first insulating
support are dividedly formed by the first slits provided on the
electrical conductive layer. V
4, The biosensor as defined in Claim 1 or 2, wherein

the electrode part is provided on the whole or part of
the internal surface of only the first insulating support, and

the electrode part provided on the internal surface of
the first insulating support is dividedly formed by the fist
slits provided on the electrical conductive layer.
5. The biosensor as defined in any of Claims 1 to 4, wherein

an area of the cdunter electrode is equal to or larger
than that of the working electrode. ;
6. The bibsensor as defined in any of Claims 1 to 4, wherein

a total of an area of the counter electrode and an area
.of the defecting electrode is equal to or larger than that of
the working electrode.

7. The biosensor as defined in Claim 6, wherein

the area of the detecting electrode in the specimen



| ot of the biosensor, which correspond to characteristics concerning

out put - of an electrical change resulting froma reaction between the
sanple liquid and the reagent |ayer and_can be discrimnated by a
measuri ng device enpl oying the bi osengér. 16. The biosensor as defined in
claim15, wherein one or plural fourth slits dividing the el ectrode part
are provided, and the neasuring device can discrimnate the informtion-of

the correction data according to positions of the fourth slits. 17. The
at | east one or all

bi osen defined_ip,any.of Clainms 1 to 16, wherein

of the TBELY 7Y OfhENEabIRTeIFA 18 9@k val Shetareanat ke our ¢ h
slits are fornmed b Pr cessing the electrical conductive |ayer by a |l aser.
18, ThE BB HSE R Frned i n O ai m 17, wherein - a slit width of
respectjve ong oL_the fist slits, the second slits, the third slits, and
the folrth sTPEsPieSENEE5 @ defined vk agy GReCbacmendortcas? devheedinn
Clains 17 and 18, wherein a slit depth of respective one of the fist

slits, the %ctBRASE| iLfspProNddes mhith thas andecuheutopattt fdrt stosmeggal to
or Iarger than the thickness of the electrical conductive |ayer 95 20. The

bi osend8f &PeFMaeFupPhnyPathchadmisl plecks omhehei@lectrode part,
and
the second insulating support is placed on the spacer.
9. The biosensor as defined in Claim 8, wherein

the spacer and the second insulaﬁing support is integral.
10. 'The biosensor as defined in any of Claims 1 to 9, wherein
an air hole leading to the specimen supply path is formed.
11. The biosensor as defined in any of Claims 1 to 10, wherein
the reagent layer is formed by dripping a reagent, and
second slits are provided around a position where the
reagent is dripped.
12. The biosensor as defined in Claim 11, wherein
the second slits are arc shaped.
13. The biosensor as defined in any of Claims 1 to 12, wherein
third slits are provided for dividing the electrical
conductive layer to define an area of the electrode part.
'14. The biosensor as define in Claim 13, wherein |
shapes of the first insulating support and the second
insulating_support are approximately rectangular, and
one third slit or two or more third slits are provided in

parallel with one side of the approximate rectangle shape.



the reagent |ayer includes an enzynme. 21. The bi osensor as defined in any
-of Caims 1to 19, wherein the reagent layer includes an electron transfer
agent. 22. The bi osensor as defined ig any of Claims 1 to 19, wherein the
reagent |ayer includes a hydrophilic p ﬁyner. 23. The biosensor as defined
in any of Clainms 1 to 22, wherein the insulating support is nmade of a
resin material. 24. Athin filmelectrode formng nethod for formng a thin

filmelectrode on a surface of an insulating support including: a _
the surface of the insulating

h £ Qr i t f. heni .
supportt surFJ]I ngllr?gegnsne 2?52‘&86&21%3&1%25@ He Gia¥mgel ofot hé haging i ng

support by co

support; j cuum at nosphere; apd an electrical conductive |ayer
fof%luf%f%%m%€1$%r%fnﬁOFEECté9§x4%?§u9%%%6%%?@v@ora?éﬁha§n@dqﬂ¢n¢mIm

el ectrode which is, .conposed of .a_conductive substance on t he roughened
surfacgl‘)g‘r 0# hgh? ﬁ'%h‘i’%gﬁ?ﬁarsub‘ﬂ?&ﬁh coxregrondi ko f ¢hararserisdd dsor i ng

method as defined in Caim24, wherein the roughed surface formng step
conpri SEPCYEIRT QKR PFadPnglacdy istablchange t hesihsdahgt fmpmsupport i n

a vacuum chanber; .
reaction between the sample liquid and the reagent layer and

can be discriminated by a measuring device employing the
biosensor.
16. The biosensor as defined in Claim 15, wherein
one or plural fourth slits dividing the electrode part
are provided, and
the measuring device can discriminate the information of
the correction data according to positions of the fourth slits.
17. The biosensor as defined in any of Claims 1 to 16,
wherein
at least one or all of the first slits, the second slits,
the third slits, and the fourth slits are formed by processing
the electrical conductive laYer by a laser.
18. The biosensor as defined in Claim 17, wherein
a slit width of respective one of the fist slits, the
. second slits, the third slits, and the fourth slits is 0.005 mn
to 0.3 mm.
19. The biosensor as defined in Claims 17 and 18, wherein
| a slit depth of respective one of the fist slits, the
second slits, the third slits, and the fourth slits is equal to

~or larger than the thickness of the electrical conductive layer.



an evacuation step of evacuating the vacuum chanber; a gas filling step of
filling up the vacuum chanber with a gas; and a colliding step of exciting
the gas to be ionized and colliding tgs sanme agai nst the insul ating
support. 26. The thin filmelectrode form ng nethod as defined in Caim
25, wherein a degree of the vacuumin the evacuation step is within a

range of 1X10' to 3X103 pascals. 27. The thin filmelectrode form ng nethod
as defined in Caim26, wherein the gas is an inert gas. 28. The thin film

el ectr f orping ; as, defiped in. Claim27 _wherein the inert gas is
eitherq%??aréﬂgagl§$gggg5h%ﬁu§$%&ﬁ%?iﬁﬂ}an%r? t5&3¥ﬂﬁ1£éﬁﬁn%§0r ni t rogen
29. Th%ﬁkgégiﬁiln1electrode formng nethod as defined in any of Cains 24

to 28, erern the electrical conductive |layer form ng step conprises: a
second suppo pl acing,step of placi an insulating support having an

al r eady rougﬁéﬁeﬁegﬁ?ﬁﬁcé? ﬁm<ﬂpél&3%%eﬁn €0By®eted to the roughened
surface form tep, in a second vacuum chanber; 97 a second evacuati on
step(;3¥NacﬁggiﬁbOEﬁBSQEC@ﬁdqﬁiiﬁﬁﬁ thafBgrof Claims 1 to 19,

wherein
the reagent layer includes an electron transfer agent.
22. The biosensor as defined in any of Claims 1 to 19,
wherein
the reagent layer includes a hydrophilic polymer.
23. The biosensor as defined in any of Claims 1 to 22,
wherein
the insulating support is made of a resin material.
24. A thin film electrode forming method for forming a thin
film electrode on a surface of an insulating support including:
a roughened surface forming step of roughening the surface
of the insulating support by colliding an excited gas-against
the surface of the insulating support in a vacuum atmosphere;
and
an electrical conductive layer forming step of forming the
electrical conductive layer as a thin film electrode which is
composed of a conductive substance on the roughened surface of
the insulating support.
-25. The thin film electrode forming method as defined in
Claim 24, wherein

the roughed surface forming step comprises:



a second gas filling step of filling up the second vacuum chanber with a
second-gas; and a step of exciting the second gas to be ionized and
colliding the sane agai nst a conductive substance to beat out atons of the
conductive substances, to forma filmotfthe insulating support having the
al ready roughened surface. 30. The thin filmelectrode form ng nethod as
defined in any of Cains 24 to 28, wherein the electrical conductive

| ayer form ng step conprises: a second support placing step of placing an
insulating support having an already roughened surface, which has been
subj ect ed t o & FMRRAUIGhHEAC 300f 5EEPF OGS, the dnsetahdngy sappart
chanber; a second evacuation step of evacuating the second vacuum chanber;
and a stBp2oVaRBEE FHagkeevaporating a conductive substance to deposit
steans as a filmon the insulating support having the already roughened
surface. 31. @8fh&vasuatiom etept pddevacnatrigardtimdvasuaef chadber; C ai m 29
or 30, wherein a degree of the vacuumin the second evacuation step is
within a rangedels BG1I0ing tot X108 padddng u2.thEnevadiumfdhambeecwiade
formng nethod as defined in any 98 of Cains 29 to 31, wherein the second

gas i s andamperangas.

a colliding step of exciting the gas to be ionized and
colliding the same against the insulating support.
26. The thin film electrode forming method as defined in
Claim 25, wherein
a degree 'of the vacuum in the evacuation step is within a
range of 1X10™ to 3X107® pascals.
27. The thin film electrode forming method as defined in
Claim 26; wherein
the gas is an inert gas.
28. The thin film electrode forming method as defined in
Claim 27, wherein
the inert gas is either a rare gas of argon, neon, heliun,
krypton, and xenon, or nitrogen.
29; The thin film electrode forming method as defined in any
 of‘Claims 24 to 28, wherein |
the electrical conductive layer forming step comprises:
a second support placing step of placing an insulating
support having an already roughened surface, which has been
subjected to the roughened surface forming step, in a second

vacuum chamber;



33. The thin filmelectrode formng nethod as defined in Caim32, wherein
the inert gas is either a rare gas of argon, neon, helium krypton and
xenon, or nitrogen. 34. The thin filmelectrode form ng nmethod as defi ned
in any of Cains 29 to 31, wherein th&7vacuum chanber and the second
vacuum chanber is the same chanber. 35. The thin filmelectrode formng
met hod as defined in any of Cains 29 to 34, wherein the conductive
substance is a noble netal or carbon. 36. The thin filmelectrode form ng
met hod as defined in any of Cains 24 to 35 wherein a thickness of a
formed thin & iSeAandcevaduaitdon stiap @ f ramyeuat i8g nbheos&00ndmvauumhe
bi osensor as defined in any of Clains 1 to 23, wherein the electrical
conducthambkdyer is fornmed by the thin filmelectrode form ng nethod as
defined in any of Cains 24 to 36. 38. A quantification nmethod for
quanti fyi ng,a ecnpl oyasgfihéinki syers @t asideingedp i thanyeobnd aig@admt 0
23 and 37, a substrate included in a sanple liquid supplied to the

bi osensbambér wathr esisegrorad fgdasi apgli cati on step of applying a vol tage
bet ween t he

a step of exciting the second gas to be ionized and
colliding the same against a cohductive substance to beat out
atoms of the conductive substances, to form a film on the
insulating support having the aiready roughened surface.

30. The thin film electrode forming method as defined in any
of Claims 24 to 28, wherein

the electrical conductive layer forming step comprises:

a second support placing step of placing an insulating
support having an already roughened surface, which has been
subjected to the roughened surface forming step, in a second
vacuum chamber;

a second evacuation step of evacuating the second vacuum
chamber; and

a step of heating and evaporating a conductive substance
to deposit steams as a film on the insulating support having
the already roughened surface.

31. The thin film electrode forming method as defined in

Claim 29 or 30, wherein

a degree of the vacuum in the second evacuation step is

within a range of 1X107 to 3X107® pascals.

32. The thin film electrode forming method as defined in any



detecting el ectrode and the counter electrode or the working electrode; a
sanple liquid supplying step of supplying the sanple liquid to the reagent
| ayer; a first change detecting step of detecting an electrical change
occurring between the detecting el ectr88e and the counter electrode or the
wor ki ng el ectrode by the supply of the sanple liquid to the reagent |ayer;
a second application step of applying a voltage between the working
el ectrode and the counter electrode as well as the detecting el ectrode
after the electrical change is detected in the first change detecting
step; &fd A aims eh? Beaddri Wheredp of neasuring a current generated
bet ween the working el ectrode and the counter electrode as well as the
det ecti ng el eber sgeondo Jalsi dis tare Mudrtaggass applied in the second
application step. 39. A quantification nethod for quantifying, by enploying
t he bi3dsensBheathdef ifida ieiemtrafe Farming metBddand defimedubstrate
included in a sanple liquid supplied to the biosensor conprising: a first
appl i cetliadm sk2&p wiempphyi ng a vol tage between the detecting el ectrode and
the counter electrode or the working electrode as well as between the
wor ki ng el ectiiedénand ghe 1G0eiahier e eheet gadepfaasampl, e nlday dhebpphyi ng
step of supplying the sanple _

krypton and xenon, or nitrogen.

34. The thin film electrode forming method as defined in any

of Claims 29 to 31, wherein

the vacuum chamber and the second vacuum chamber is the

same chamber.
35. The thin film electrode forming method as defined in any
of Claims 29 to 34, wherein
tﬁe conductive substance is a noble metal or carbon.
36. The thin film electrode forming method as defined in any
of Claims 24 to 35, wherein
a thicknessrof a formed thin film electrode is within a
range of 3 om to 100 nm.
37. The biosensor as defined in any of Claims 1 to 23,
wherein |
the electrical conductive lafer is formed by
the thin film electrode forming method as defined in any
of Claims 24 to 36.
"38. A gquantification method for guantifying, by employing the
biosensor as defined in any of Claims 1 to 23 and 37, a

substrate included in a sample liquid supplied to the biosensor



liquid to the reagent |ayer; a first change detecting step of detecting an
el ectrical change occurring between the working el ectrode and the counter
el ectrode by the supply of the sanple liquid to the reagent |ayer; a
second change detecting step of detecting an electrical change occurring
bet ween the detecting el ectrode' and the counter el ectrode or the working
el ectrode by the supply of the sanple liquid to the reagent |ayer;: a
second application step of applying a ggltage bet ween the working

el ectrode and the counter electrode as"well as the detecting electrode
after the electrical changes are detected in the first detecting step and

t he secc&gm%n_q detecting. step; and a current neasuring step of
measuring a curgglgﬁt.. generated between the working el ectrode and the

counter el ectg dﬁestaap\mlid:atﬁﬁntstt%lii%tfe&pbmﬁiﬁ%@tvroqd@get@ev%le%m tthe vol tage
is applied in the second application step. 40 A quantification nmethod as
def i ned dsteqting skecippdteiandiire igauntenslgetedecer i smeprkingol | owed

by a no- quggg(?djemorm' ng step of informng a user that no change occurs

when it G ecfed that no electrical change 101 occurs between the

det ecting el ectsmodplaridqidid @gﬁl@ﬁingebe@pr@ﬁ@@pm@lgwhlei Sengpestrode for
a prescribed_period-of tine, . A quantification apparatus;. to which the
bi osensdtqysd to the reagent layer; :

a first change detecting step of detecting an electrical
change occurring between the detecting electrode and the
counter electrode or the working electrode by the supply of the
sample liquid to the reagent layer;

a second application step of applying a voltage between
the working electrode and the counter electrode as well as the
detecting electrode after the electrical change is detected in the
first change detecting step; and

a current measuring step of measuring a current generated
between the working electrode and the counter electrode as well
as the detecting electrode, to which the voltage is applied in the
second application step.

39. A quantification method for quantifying, by employing the
biosensor as defined iﬁ any of Claims 1 to 23 and 37, a
substrate included in a sample liquid supplied to the biosensor
comprising: |

a first application step of applying a voltage between the

- detecting electrode and the counter electrode or the working

electrode as well as between the working electrode and the



defined in any of Clains 1 to 23 ;and 37 is: detachably cc5nnected and
which quantifies a substrate included in. a. sanple liquid supplied to the
bi osensor conprising: a first current/voltage conversion circuit for .
converting a current fromthe working electrode included in the- bi osensot
into a voltage; a first A/D conversion circuit for digitally converting

the voltage fromthe current/voltage conversion circuit; a first switch
provi ded between the counter :electrodqgg ncluded in the biosensor and. the
ground; and a control part for controlling the fist A/D conversion circuit
and the first switch, the control part applying a voltage between the

det ecti ngcgllﬁ% Pg?d@#}%dé he working electrode in a state where the first
switch is |nsu atec om’ he counter el ectrode, detecting an el ectrical

change bet weenal bampleetiqnni aipplyiede steg ohsuppliing theamgreoccurring
by the sanple qU|d whi ch |% supplied to the reagent |ayer on the
speci men ! H)ﬁop & reagerhf ?—§Prappl ying a vol tage between the working

102 o ecty oo itk Ay aecbeild 9iFp e Mokboina B UrkechE
el ect r ode chaiitlg RAsUT Figh &8 bt e t@mercaﬂedlgmle@niqdmandneh\eol t age. :
counter ‘electrode by the supply of the sample liquid to the
reagent Iayer, a second change detectmg step of detectmg an
electrxcal change occurrmg between the- detectmg electrode and
the counteér-electrode or the workmg electrode by the supply of
the sample liquid to the reagent layer;
~ a'second application step of applying a voltage between
the w_or_l;mg- electro_de and the counter electrode as well as the
d‘e'tectin'g electrode after the electrical cha-n-ges are detected in -
the first d.ete.eti-n'g; step and the second change dete_oting.step;
and | ' " _ '
a current measunng step of measurmg ‘a current generated
between the workmg electrode and the counter electrode as. Well
as the detectmg electrode, to Wh1ch the voltage is apphed in the:

second appl1cat10n step.

40 A quant1f1cat1on method as def1ned in Clann 39 wherem
the f1rst change detectmg step is followed by
a no- change 1nform1ng step of 1nform1ng a user that no

‘change occurs when it is detected that no electrical change -



42. A quantification apparatus, to which the biosensor as defined in any
of Clains 1 to 23 and 37 is detachably connected and which quantifies a
substrate included in a sanple liquid 1.igpplied to the biosensor
conprising: a second current/voltage conversion circuit for converting a
current fromthe working electrode included in the biosensor into a

vol tage; a first current/voltage conversion circuit for converting a
current fromthe detecting electrode included in the biosensor into a

vol t age; fir conversi.on..circuit for digitally converting the

Vol t ag@ TRty { RetrePer CRET B el Pahdc el M B ond a0
conversipon circuit _f di gi tall onverting. the voltage,fromthe secqnd
currmﬂ?ikﬁY%@ ecBﬁvgﬁgi ﬁﬁyﬁﬁiiecgf9¢?sfoge?eEFS?cgﬁqﬁéiﬁﬁﬁlg ’Pghing
t he connection of the detecting el ectrode of the biosensor to the first
current %Qﬁtage conversion circuit or the ground; and a control part for
controlling the first A/D conversion circuit, the second A/ D conversion
ci rcui t21 andAt AR ARtAEICAH IR HFPPRTR RS, FRevhARD: $iNg R 1OAERSOZPEIS)i ng a
vol t age bet ween, the detecting electrode and the counter el ectrode as wel |
as bet EEN-RER WorRkiKgCél E4RABEe lard® dhenduhi ek SefleEEFb@Pih GoRRgEESd
where the first selector switch is connected to the first current/voltage

conver &%h Whieghiquantifies a substrate. included; in.-a. sample tiguid
supplied to the biosensor comprising:
a first current/veltage cénversion circuit for converting
‘a current from the working electrode included: in theabioéenSor
into a voltage;
a first A/D conversion circuit for digitally converting
the voltage from the current/voltage conversion circuit; -
a first switch provided between the counter electrode
‘included in the biosensor and the ‘ground; and
" a control part for controlling the fist A/D conversion:
circuit and the first switch,
the control part
‘applying a voltage between the detecting electrode and
the working electrode in a state where the first switch is
ihsulatedrfrom the counter electrode,
| detecting an electrical change between the detecting
electrode and the working electrode occurring by the sample
liquid which is supplied to the reagent layer on the specimen
~supply path,

thereafter applying a voltage between the working



detecting an electrical change between the detecting electrode and the
counter electrode as well as an electrical change between the working

el ectrode and the counter electrode, respectively, occurring by the sanple
liquid which is supplied to the reagent |ayer provided on the specinmen
supply path, thereafter connecting the first selector switch to the
ground, applying a voltage between the working el ectrode and the counter

el ectrode as well as the detecting el ode, and neasuring a current
generated by applying the voltage. 43. e quantification apparatus as
defined in Caim42 conprising: a second selector switch for switching the

connect i O Qfo e g MPHHNG ofl SELL Q98 Bfad D6 PLOSENS9T 1O Jdie. S55and
{8 Goind! RdHMECETTBE part

current/vol tage conversion circuit’ of _
appl yi nelectebtizgen hetstese titceretbet fivgted wetdwde 88f Hdtere dRbkiRg
el ectrode as well as between the working el ectrode and the counter
el ect r ofPPRIGT F1QCd TR ea e first selector switch is connected to the

L P’ SRR PN, KA B, SRR SRR

respect i42| y, A apnaetifieg tida apgm@tm@,eed @F h St tidle i d i @6 AWK When

detect! Q:?e 1?13% ?ﬁtéhgalofcglaa{]igzgs ftiy\ée%% ta.rxllecl VéD7r Iilsn ei(:aslzlgl(':ltarbol(;reconnected
and which quantifies a substrate included in a sample liquid
supplied to the biosensor comprising:

a second current/voltage conversion circuit for converting
a current from the working electrode included in the biosensor
into a voltage;

a first current/voltage conversion circuit for converting a
current from the detecting electrode included in the biosensor
into a voltage;

a first A/D conversion circuit for digitally converting the
voltage from the first current/voltage conversion circuit;

a second A/D conversion circuit for digitally converting
the voltage from the second current/voltage conversion circuit;

a first selector switch for switching the connection of the
detecting electrode of the biosensor to the first current/voltage
conversion circuit or the ground; and |

a control part for controlling the first A/D conversion
circuit, the secbhd A/D conversion circuit, and the first éelector

‘switch,

the control part



and the counter electrode, occurring by the sanmple liquid which is
supplied to the reagent |ayer provided on the specinen supply path, and
when thereafter detecting an el ectrical change between the detecting

el ectrode and the working electrode, in a state where the second sel ector
switch is connected to the second current/voltage conversion circuit and
the first selector switch is connected to the ground, applying a voltage
between the working el ectrode and thejpggounter electrode as well as the
detecting el ectrode, and nmeasuring a current generated by applying the
vol tage. 44. The quantification apparatus as defined in Caim42 or 43

conpri sing ampplpide 20 viReage 196 tweber @h@gdété’éﬁhé *&%cﬂo aghapge shgeurs.

when the sanple liquid is supplied to the reagent T ayer the specinen
suppl y ﬁélthntaﬁcﬁlﬁﬁér@dm asl wedl as betwuten et mrleiregterlecai'odfeaagﬁi occurs

bet ctrod.e and the cpunter, el ectrode but no el ectrical
cﬁa\rll\g:n %%‘g V\g{rﬂ)ﬁ?’\%&é Rdgdiea phate mhersddh adirsheclpe kP A Witazt r ode

or the ¢euidbRheRIteet 'EQdﬁae first current/voltage conversion circuit,
detecting an electrical change between the detecting
electrode and the counter electrode as well as an electrical
change between the working electrode and the counter
electrode, respectively, occurring by the sample liquid which is
supplied to the reagent layer provided on the specimen supply
path,

thereafter connecting the first selector switch to the
ground,

applying a voltage between the working electrode and the
counter electrode as well as the detecting electrode, and

measuring a current generated by applying the voltage.
43. The quantification apparatus as defined in Claim 42
comprising:

a second selector switch for switching the connection of
the working electrode of the biosensor to the second
current/voltage conversion circuit or the ground, and

the control part

applying a voltage between the detecting electrode and the
working electrode as well as between the working electrode and
the counter electrode in a state where the first selector switch

is connected to the first current/voltage conversion
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circuit and the second selector switch is connected to the
second current/voltage conversion circuit, respectively,

connecting the second selector switch to the ground when
detecting an electrical change between the working electrode
and the counter electrode, occurring by the sample liquid thch
is supplied to the reagent layer provided on the specimen
supply path, and

when thereafter detecting an electrical change betweeﬂ
~the detecting electrode and the working electrode, in a state
where the second selector switch is connected to the second
current/voltage conversion circuit and the first selector
~switch is connected to the ground,

applying a voltage between the working electrddé and the
counter electrode as well as the detecting electrode, and

measuring a current generated by applying the voltage.
44. The quantification apparatus as defined in Claim 42 or 43
comprising an informing means for informing a user that no
change occurs, when the sample liquid is supplied to the -
reagent iayer of the spécimen supply path, and the control part
detects that an eleétrical change occurs between the working
electrode‘and the counter eleétrode but no electrical change
- occurs between the detecting electrode and the ﬁorking

electrode or the counter electrode.



