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Abstract of the Disclosure

When a bias is applied between a working electrode and a
counter electrode or a reference electrode, the bias is
gradually increased in its absolute value according to a
predetermined time constant. Thus, damage to the

membrane or membranes fixed on a surface of an electrode

unit is reduced.
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Method and Apparatus for Reviving An Electrode of A

Biosansor

Background of the Invention

The present invention relates to methods and
apparatus for reviving an electrode of a bicsensor, and
more particularly to methods and apparatus for reviving
an electrode of a biosensor by supplving a bias havang a
dlfferent polarzty from the measurement bias polarity to

the electrode before a measuring operation is started.

It is known that a physiologically active
substance is capable of selectively detecting a very
complicated organic'compound, protein or the like with
high sensitivity., With attention directed to this
characteristic,'research has been made in various
biogsensors.

A typical biosensor having an electrode unit and
a physiologically active substance fixed thereon is
proposed. The biosensor is used for detecting the
oexigtance of an object substance, the relative or active
quantity of the object substance and the like based on

an electrical signal output from the electrode unit

corresponding to the biological reaction of the object
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substance, under the condition that a predetermined
forward bias is applied to the electrode unit. For
example, the electrode unit has a working electrode made
of platinum and a counter electrode made of silver. An
enzyme-immobillized membrane is fixed onto the electrode
unit. When the object substance is to be measured,
hydrogen peroxide is generated through an enzvyme
reaction of the object substance. Then the generated
hydrogen peroxide reaches the surface of the electrode
unit through a hydrogen peroxide penetration membrane.
The electrode unit outputs an electrical signal
corresponding to the guantity of hydrogen peroxide that
reaches it. The existance of the object substance., the
relative or active quantity of the object substance and
the like are detected based on the electrical signal.
Concretely, the working electrode has a forward bias of
0.6 volts applied with resgpect to the counter electrode.
In the biosensor described above, an interfering
layer such as an oxidized layer and the like which '
interferes with electrical signals is generated on the
working electrode, and the activity of the working
electrode is lowered as the oObject substance measuring
operation is continued with the forward bias being
applied to the electrode unit. It is proposed that a

reverse bias is accordingly applied to the electrode
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unit (the working electrode has a reverse bias of about -
0.6 volts applied with respect to the counter electrode,
corresponding to the concrete example) after one or more
measuring is performed, within the time period in which
the measurment is not performed, 80 as to remove the
interfering layer. Then the activity of the working
electrode is revived, The level of the output signal
from the electrode unit is raised to the original level.
( Refer to Japanese Patent Laid Open Sho 60-155959 ).
Lowered.m@asuring sensitivity is recovered by
applving the predetermined reverse bias voltage to the

electrode unit within the time period in which the

measurment is not performed, as is described above, then

‘measuring with high senaitivity can be performed again.

In the reviving apparatus described above,
reverse bias for reviving is applied between the working
eléctrode and the counter electrode ( refer to fig.
0(a)) every predetermined time (for example, every one
hour) and just before starting of measurement. When the

réverse vias for revivihg is applied between the working

alectrode and the counter electrode, a large current

flows in thin membranes fixed on a surface of an

electrode unit (refer to fig, 6(B)). Thin membranes.

egpeclally a selective penetration membrane being

positioned close to the electrode unit, are gradually

.‘%"‘ .
s . e . *
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destroyed, thereby the penetration quantity of
substances generated by the reaction or substances
consumed by the reaction increases. For example, when
the biosensor is used to measure concentration Qf

glucose, the hydrogen peroxide selective penetration

membrane, made of a cellulose acetate membrane is

destroyed, thereby the quantity of penetrating hygrogen

- peroxide increases. As a result, there is a

disadvantage that an electrical signal provided from the

electrode unit increases depending on number of times a

reviving operation occurrs. Another disadvantage is

that the life of the membrane or membranes isg shortened

by up to about one month, The life is a time period

until a penetration ratio of the hydrogen peroxide

selective penetration membrane increases by 10 %.

Sumnmary of the Invention

It is an object of the present invention to

- Suppress the degree of damage to the membrane or

membranes fixed on a surface of an electrode unit.

Thisg present invention first applies a
predetermined reverse bias to a working electrode for a

predetermined time period, then, applies a predetermined
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forward measurement bias to the working electrode for a
predetermined time beriod, at least one of the reverse
blas and the forward measurement bias being a bias
voltage which gradually increases in absolute value up
10 a predetermined value, .

It 1s preferred that the predetermined reverse
bias is a reverse bias.which 1s gradually increased
until its absolute value reaches a predetermined value,
and the forward measurement bias is a forward bias which
1s gradually increased until its absolute value reaches
a predetermined value.

1t is also preferred that an increasing ratio of
the forward measurement_bias is equal to an increasing
ratio of the reverse biaS.

It is further preferred that an increasing ratio
of the forward measurement bias is greater than an
increasing ratio of the reverse bpias.

This present invention comprises:

reviving,voltage applying means for applying a
rQViviﬁg voltagé t0o a working electrode;

. measurement voltage applying means for applying
8 measurement voltage to the working electrode;

time constant means for controlling at least one

nf the volteges applied by tho woltago applyving meano

according to a predetermined time constant.

T e 0
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It is preferred that the time constant meane
controls the reviving veltage applied by the reviving
voltage applying means and the measurement voltage
applied by the_measurement voltage epplying meane.
according to a predetermined time constant,

It is also preferred that the time constant
means applies the eeme‘time constants te.both voltages
epplied'by ooth voltege.epplying means.,

It is further preferred that the time censtant |

- means applzee a longer tmme constant to the measurement

 veltage applled by the meaeurement voltage epplying

means then the time constant applied to the reviving

 ve1tege applled by the revivxng voltege applving means.

In this reviving method and'epperetue, when an
interfering laver on the'working ologty de whiich.

interferes with the turning on of electricity is reduced

‘and ectivity'of-the_working electrode is revived by

eppiying.the reverse biae to the working-eleCtrode a

' reverse bias w1tn gredually incree31ng absolute value is

applied to the working electrode (refer o flg 1(A))

instead of a reverse bias having a constant

predetermined value as applied from the beginning of

‘reviving., A current undershoot is remarkably

suppressed, accordingly (refer to fig. 1(B)).

....

-------
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As a result, destruction of the membrane or

membranes fixed to the surface of the electrode unit is
remarkably suppressed, thereby to increase the level of
an electrical oﬁtput signal output from the electrods
unit, depending on an increase in the number of times a
reviving operation has occurred, is remarkably
suppressed. Also, the life of the membrane or membranes
is remarkably lengthened.

: ourrent,overShoot i1s also suppressed
remarkably by applyiﬁg a forward measurement bias with

gradually increasing absolute value. As a result,

~destruction of the membrane or membranes fixed to the

surface of the electrode unit is further remarkably
suppressed.

More specifically, the inventors recognized that
a large current flowing at the instant of applying a
reversa hias for reviving rAnsed the membrang nr
membranes to be destroyed. The inventors considered the

cause of such a large amount of current, and found the

cause is that the charging current into an electric

double layer increases following sudden changing of the

bias., Taking this knowledge into consideration, when

the bilas is gradually changed instead of suddenly

changing it, a largée amount of current is securely

prevented from f{lowing, and the damage to the membrane



10

15

20

25

or membranes is remarkably suppressed. In other words,
the life of the membrane or membranes is remarkably
lengthenedf

These and other objectives, features and
advantages of the present invention will be more readily
understood upon consideration of the present invention,

taken in conjunction with the accompanving drawings.

Brief Description of the Drawings

Figures 1(A) and 1({B) are diagrams schematically
showing variations of bias voltage and Current when the
eleCtrdde unit igs revived;

Figure 2'is_an~eleotroni¢ circuit diagram of an
electrode reviving apparatus in accordance with a first
embodiment of the present ihvention;'

Figure 3 is a vertical sectional view of the
center portion of.an electrode unit;

Figures 4 is a diagram showing actual variations
of current when the electrode unit is revived;

Figure 5§ is an electronic circuit diagram of an
electrode reviving apparatuﬁ in accordance with a second
embédiment of the present invention:

Figures 6(A) and 6(B) are diagrams showing

variations of bias voltage and current when the
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alectrode unit is revived in cenventional manner.

Detailed Description of the Preferred Embodiments

AL 4 S

Fig. 2 is an electronic circuit diagram of an
electrode reviving apparatus in accordance with a first

embodiment of the present invention.

The apparatus revives an electrode unit having

three electrodes, such'as a working electrode 1 nmade of

- platinum, a reference electrode 2 and a counter

electrode 3, both made of silver.

The reference electrode 2 and the counter

~electrode 3 are connected to an inverting input terminal

4a and an output terminal 4c of an operational_amplifier

4, respectively. A condenser 5, provided as a biasing
source, is connected between a non-inverting input'

‘terminal 4b of the operational amplifier 4 and ground.

A connecting point of the condenser 5 and the

operational amplifier 4 is connected to a high voltage

tap 7a of a voltage divider 7 having resistances,

through-a fesistance'sa-and a switch device 6a. That
is, a'time constant circuit is provided bv.the
resistance 5a and the condenser 5. An inverting input
terminal 8a of a current/voltage converting operational

amplifier 8 for providing measurement signals is
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connected to the working electrode 1. A current/voltage
converting resistance 9 is connected between an output
terminal 8¢ and the inverting input terminal 8a of the
current/voltage converting operational amplifier 8.
Diodes 10a and 10b are connected in parallel and in
reverse polarity with respect to one another between the
inverting input terminal 8a and a non-inverting input
terminal 8b of the current/voltage converting
operational amplifier 8. A DC power source 12 for
measuring is connected to a non-inverting input terminal
1l1b of a buffer amplifier 11. An output termihal 11c of
the buffer amplifier 11 is connected directly to an
inverting input terminal lla of the buffer amplifier 11.
The output terminal 11c of the buffer amplifier 11 1is
connected to the non-inverting input terminal 8b of the
current/voltage converting operational amplifier 8. The
DC power source 12 is used for applying a forward bias
of 0.75 volts to the working electrode 1. The high
voltage tap 7a 1s used for applyving a bias of -1 volt to
the working electrode 1. A control section 18 is used
to control the operation of the switch device ba.
Fig. 3 is a vertical sectional view of the

center portion of an electrode unit to which the
reviving apparatus 1s applied.

The working electrode 1 is provided at a

' = nia i d e aed de AT THAM VRIS SV RNy F a8 e =4 0 0 """""”""—‘1-""‘-'wmwmﬂmmmmﬂ‘dOh‘u‘di‘w‘||““"<'l""" foer et s e o N e DR AP TS B S e ey J ol iy o et G oy g o M A R e 4 N ke
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predeternined posgition in an electrode unit body 13.
The ring shaped reference electrode 2 and the ring
shaped counter electrode 3, both electrodes 2 and 3
surrounding the periphery of the working electrode 1,
are provided in the electrode unit body 13 in'this
order. The electrode unit body 13 has a convex surface
on the side on which the working electrode 1, the
reference glectrode 2 and the counter electrode 3 are
provided. A hydrogén peroxide selective penetration
membrane 14 made of cellulose acetate and the like, a
glucose oxidaze immoﬁilized memprane (hereinafter
referred to as a GOD immobilized membrane ) 15 and a
diffusion“limitihg membrane 16 made Oof polyvinyl acetate
and the like are provided in this order fo fit the
convex surface of the electrode unit body 13, Terminals
17 for providing output signals are provided in the
electrode unit body 13,'and the terminals 17 are
connected to the workibg'alectrode 1, the reference
electrode 2 and the counter electrode 3, respectively,

The operation of the sensor for measuring
glucose concentrations having the arrangement described
abbve is as follows.

When measuring of glucose concentration is
carried out, the non-inverting input terminal 4b of the

operational amplifier 4 is connected to the high voltage
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tap 7a of the voltage divider 7 by operating the switch
device 6a through the resistance 5a. When the non-
inverting input terminal 4b 1s connected to the high
voltage tap 7a through the resistance 5a, the high
voltage tap 7a is to apply a reverse bias of -1 volt
between the working electrode 1 and the reference
electrode 2. The actual voltage applied between the
working electrode 1 and the reference electrode 2 is
determined based on the voltage between the terminals of
the condenser 5, thereby the reverse bias gradually
increases by a time constant which is determined by the
resistance 5a and the condenser 5, as 1s illustrated in
fig. 1(A), region Rl1. The time constant has a greater
value, for example 0.5 seconds, than a time constant,

usually 0.001-0.1 seconds, of a CR circuit (e.g. exponentially)

which time constant is used for removing noise. In this condition, a current

undershoot is scarcely recognized as is illustrated in
fig. 1(B), region R1. Also, the activity of the
electrode unit is sufficiently revived because the
current has a sufficient value to reduce interfering
substances on the surface of the electrode unit.

After the reverse biasing operation is performed
for a petermined time period, the switch device 6a is
operated to turn off. The DC power source 12 is to

apply a forward bias of 0.75 volts between the working

F ] AT LA AL Vet 4% a1 L s a a s TINa a ] S e e s dad g ey 00 e o 4k e et 1R ARGl et okt G 4 S R OIS AR O I AV L T L e N e 1A T v e e RS « LML w0 LN A il 0L
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clectrode 1 and the reference electrode 2. The actual
voltage applied between the working electrode 1 and the
reference electrode 2 gradually increases as 1s
jllustrated in fig. 1(A), region R2, because the voltage
between the terminals of the condenser 5 gradually
danreasps annnrding Tn the predatermingd Time Ganstant .
In this Oondition, a current overshoot is remarkably
suppressed as is illustrated in fig. 1(B), region RZ.
Furthermore, the quantity of Qenerated hydrogen,
hydrogen ions and the like is lessened because a current
undershoot is $carcely recognized, thereby a time period
for consuming generated hydrogen, hydrogen ions and the
like before it is possible to perform measuring with
predefermined accuraéY, is shortened. Also, accuracy of
the'measurement is3improved because destruction of the
membrane or membrahas is remarkably reduced.
Furthermore, the life of the membrane or membranes is
extended up toO aboﬁt one vear while the life of the
membrane or membranes applied in a conventional reviving
apparatus is:about one month. 

Fig. é is a diagram showing variations of
currents, one current corresponding to the time constant
of 0 seconds and anothér current corresponding to the
time constant of 0.5 seconds. A broken line corresponds

to the time constant of 0 seconds, and shows an
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undershoot of ~78.9 micro amperes and an overshoot of
66.0 micro amperes., A solid line corrssponds to the
time constantoflo.s seconds, and shows an undershoot of
-48.0 micro amperes and an overshoot of 36.3 micro
ampéres. As is apparent f{rom the‘drawing, the
undershoot.and oVerahOot are remarkébly supprassed.* In
both cases,'affer the undershoot has occurred, first the

current decreases in absolute value, then the current

1ncrease$ in absolute value. This variatiOn of ourrent

may be caused in that tha first undershOOt is caused by

'flszng charging current then the charglng current

~decreases, thereafter, the gurface of tha electrode unit

is completely charged and has a potential for generatlng

ihydrogen, theraby the~current'again increases in

absolute value.

After reviving is fznlshéd a signal
corresponding to"the concentration of glucose is outpul
as"follows by dropping an object solufiononto the
electrode un:t . '

| The drOppsd object solution is gulded to the GOD

immObilized membrane 15 with llmltad,penetratiﬁn by the

- glucose to some degree, by the diffusion-limiting

membrane 16. Then, the following reaction takes place:



10

15

20

25

CA 02024234 1999-06-17

GOD

Glucose + O2 + HZO N —.

Gluconic acid + H202

Hydrogen peroxide, the quantity of which corresponds to
concentration of existing glucose, is accordingly
generated. The generated hydrogen peroxide is guided to
the surface'of the working electrode which is revived to
have sufficient activity, through the hydrogen peroxide
selective penetration membrane 14. The forward bias is
kept applied to the working electrode 1. An oxidation
reaction is carried out on the surface of the working
electrode 1 and current corresponding to the amount of
hydrogen peroxide flows in through the working electrode
1. The current is applied to the inverting input
terminal 8a of the current/voltage converting
operational amplifier 8, then a voltage signal 1is output
from the output terminal 8c of the current/voltage
converting operational amplifier 8. The voltage signal
is generated by adding an offset voltage caused by the
forward bias and a voltage signal being proportional to
the current.

Thereafter, only the voltage signal proportional

to the current is extracted, then the extracted voltage

AL T b A O I P DL EA A LR A At S D CUNALR PR STV MITIER A A SO T VAL FR I ST Hcte 410 I A 4 A1 0 143 T4 | S LD AT UL PO OGP L CALLS M AR 1 A HH BRI A (4 €30 406 A TOR 110 d 0 Lo M €3 VD 410030 1400 Ll 41400 e b 1 4N ALY S0 1 R SR S 0 M4 S0 5 AR Lot e 4+ =P 3 AT SR crs3 23 M1 L Taad 1 eah v et 8
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signal 1g differentiated to obtain a first-order
differential value, then a peak value of the first-order
differential value is detected. Finally, a glucose
concentration detection signal with high accuracy is

obtained by performing the necessary operations.
Second Embodiment

Fig. 5 is an electronic circuit diagram of an

electrode reviving apparatus in accordance with a second

embodiment of the present invention.

Different points from the first embodiment are
ag follows, |

(1) an electrode unit having two electfodes,
one is the working electrode 1 made of platinum while
anothér, the counter électrode 3 mads of silver, is used
for being revived, and

(2) the cdunt®r elactrode 3 ia directly
connected to the switch device 6a by omitting the
operational amplifier 4. .

In this embodiment, undershoot and overshoot are

remavkably reduced when the electrode unit is revived.

Also, a time period between removal of interfering
substances to when it is possible to start actual

measuring can be shortensed., Furthermore, the accuracy
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of measurement is improved and the life of the membrane
or membranes are lengthened because the destruction of

the membrane Or membranes are remarkably suppressed.

This invention is not limited to the foregoing
embodiments. Preferably, the voltage for reviving is
changed. Preferably, the time period for applying the
voltage is ohanged corresponding to the voltage value.
Preferably, the réviving method and apparatus are
applied to an apparatus for measuring concentrations of
substances other than glucose. Preferably, a
programmable pdwer source for varying output voltage,
thé soUrce beingucontrelled by & microcomputer, is
employed instead of the time constant c¢ircuit comprising
the resistance 5a and the condenser 5.

The terms and expressions which have besen
employed here are-used as terms of description and not
of limitations, and there is no intention, in the use of

such terms and ekpressions of excluding eguivalents of

the features shown and described, or portions thereof,

it being recognized that various modifications are

possible within the $¢ope of the invention as claimed.
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What is claimed 1is:

1. A method for reviving an electrode unit of a
biosenser device which includes a working electrode and a
counter electrode, and which measures a concentration of
an object substance based upon an electrical signal
generated between the working electrode and the counter
electrode when a predetermined forward measurement bias voltage
is applied to the working electrode on which a
physiologically active substance is placed, the
electrical signal being generated based upon a
biological reaction of the object substance, said method
comprising the steps of;

(1) applyving a predetermined reverse bias voltage to
the working electrode for a predetermined time period;
and

(2) applying a predetermined forward
measurement bias voltage to the working electrode,

wherein at least one of the bias voltages is a bias voltage

which increases in absolute value exponentially according to a time

constant to reach a predetermined value.

2. A method as set forth in claim 1, wherein

the predetermined reverse bias voltage is a reverse bias voltage which

is increased exponentially according to a time constant until its absolute
value reaches a predetermined value, and the predetermined forward

measurement bias voltage is a forward bias voltage which is increased

. =AY 04 0 O AR P el p
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exponentially according to a time constant until its absolute value reaches a

predetermined value.

3. A method as set forth in claim 2, wherein a rate of increase in
absolute value of the forward measurement bias voltage is equal to a rate of

increase in absolute value of the reverse bias voltage.
4. A method as set forth in claim 2, wherein a rate increase in
absolute value of the forward measurement bias voltage is greater than a

rate of increase in absolute value of the reverse bias voltage.

5. An apparatus for reviving an electrode unit
of a biosensor which includes a working electrode and a
counter electrode, and which measures a concentration of
an object substance based upon an electrical signal
generated between said working electrode and said
counter electrode when a predetermined forward
measurement bias is applied to said working electrode on
which a physiologically active substance is placed, said
electrical signal being generated based upon a
biological reaction of said object substance, said
apparatus comprising;

reviving voltage applying means for applying a
reviving voltage to said working electrode;

measurement voltage applying means for applying
a measurement voltage to said working electrode; and

time constant means for controlling at least one

voltage applied by one of said voltage applying means

0 POATFEIAAT 21 Al G 644 446 LU Lr 4601 3084 il 4005 45 T AR A S M aat A S A v R AT AP AR PSR e MMM MR ol e 1 - DM ADA T Sl A IO PR I I At bl vt P 4= M —ara e prsesaseimes e et e



according to a predetermined time oonstént,

6. An apparatus as set forth in clain 5,
wherein said time constant means controls the reviving
voltage applied by said reviving voltage applying means

°> according to a first predetermined time constant, and
controls the measurement voltage applied by said
measurement voltage applying means according to a second
predetermined time constant.

7. An apparatus as set forth in claim 6,
'10}'*wherein said first and second time constants are the
same . ~

8. An apparatus as set forth in claim 6,

wnerein said second time constant 18 greater than sald
first time constant.
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