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such as blood is of great importance to diabetic individuals, who must frequently
check the level of glucose in their blood as a means of regulating the glucose intake in
their diets and monitoring the effects of therapeutics. With proper maintenance of
blood glucose through daily injections of insulin and strict control of dietary intake,
the prognosis for diabetics is excellent for type-1 patients. Since blood glucose levels
must be closely followed in diabetic individuals, an ideal biosensor for the detection
of glucose must be simple and easy to operate without compromising accuracy.

In electrochemistry, an interplay between electricity and chemistry concerns
current, potential, and charge from an electrochemical reaction. There are generally
two types of electrochemical measurements, potentiometric and amperometric. The
potentiometric technique is a static technique with no current flow, which has been
widely used for monitoring ionic species such as calcium, potassium, and fluoride

ions. The amperometric technique is used to drive an electron-transfer reaction by



potentionmetric technique is a static technique with no
current flow, which has been w dely used for

WORIv6ZA8ITg | oni ¢ speci es such as cal ci um pot BEFUNIUPS/001872
and fluoride ions. The anperonetric technique is used
to drive an electron-transfer reaction byapplying a
potential. A responsive current nmeasured is related to
the presence and/or concentration of a target anal yte.
Anperonetric biosensors, make possi bl racti ca
f £OPLyIRGRIDIERialn A TREREDSIVE GeRentaRcaswet it tSpk tg theprgsence and/or

%%?&131’ 1Qn Bpf tag%e\f %{1;9?{93 A Sggroﬁlgﬁcmﬁﬁﬂfﬁlﬁkg pERWIE S Practical,

sever
bl f@ﬁpﬁrﬁﬁghﬁ?@e B asutshh ey oﬁtesncammkyte chol esterol, and
various_drugs. |n_general nperonetri.c bi.os

| n ¢l udeBhesMCeess i tQF id%d%%@‘t a}e@mﬂe\%ngpc dRyiees has Ted to

S GH&Sic a§sag§ f(Jr%&té'rél%l&ﬂé’l%&fleﬁlﬂglualﬂ h&®@We, cholesterol, and

n alning an enzynme as a catal yst and | east one
r admnousr&ﬂugat br geferal, |amtmq1d:rm11¢tnn bkersbeuichdps o tywlping base

during the enzypati of t | yt

e oto 555 Elesades o R i At SRR e i pyenzyme as
an, @Hﬂﬁ&/&%taﬁd belead dad ré?l@k PnddiRor BARHoAACtIRH RIbctrdMBransfer during
physical effects, mesh spread and capillary action,

arthe emmmmlcy)xubladn pﬁtlwn@llertm Theirgastion @mmssmwhw gegmple liquid

t he Ileds eactj.on re

e e e
el §6dIQHe TapiRaty dcHOE ar®¥dAROAIGURE Rguiddeuti€iin dismbwﬁ@ of the
is therefore oxidized and el ectrons ar e@generat ed f

t hepplied samprla ph e repeiion regiget Agioniplledpot ?;1/ iscihgapplicd between
medi Ih
4 1 08 DGOaPHS SO SELEI B o

el @edtfoneied@hbred fy@h thewabipaiyény citam md:tlcmatfethe enzyme and
i rrel evant chenjcal reactions Aftersé]%éshort ti,me

demadiatorhEhe apnlied elegiieal pateniiahusHRe itiaert senwsh feéﬁ?‘we a
OX j;AQLSH! li'l?ﬁlfe(aréléc‘f‘rog ggﬁdﬁe ?eﬁﬁ%fﬁ@i@ﬁtutf) et ARdirtdl& ant chemical

current is correlate he presence and/ or anount of
t heactivaby Adtet a shdretimamp kielay,Ehanw’r@Js gofergohbe thq abersiiochemical

t echni ques, for eronetric tectiaon can be f
U S aon o GG GG s 5 G e L) ol 1 afpresence
Aﬁﬂ%raaEﬁ&n{ of thgﬁgél%hﬂﬂle‘gam?l@s i n Anperonetric
Sensors" (hereinafter " 79 patent"), and U S
Pat ent RiamjRes of3opzesionel tsalumues lbgr aspesmetrig ﬁﬁeﬁm@wan be found

SRR OB Rl RS TELs PpSRRRRE fr Rtucion o
t NBRE it AhfeRMe@c Sensors” (heremafter “the ‘579 patent”), and U.S. Patent No.
RE. 36,268 to Szuminsky et al., entitled “Method and Apparatus for Amperometric
Diagnostic Analysis” (hereinafter “the ‘268 patent.) Each of these references
proposes a different way to supply the potential to trigger the electrochemistry
reaction. The ’579 patent discloses a method for determining the concentration of an
analyte by applying a first potential, which is a burn-off voltage potential, to an
amperometric sensor and then applying a second potential, which is a read voltage
potential, to the amperometric sensor. A first current in response to the burn-off
voltage potential and a second current in response to the read voltage potential are
measured for calculating a bias correction value in order to enhance the accuracy of

the analyte determination.
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a period of measuring time through the electrochemical cell, and correlating the
current signals with the concentration of the analyte.
Further in accordance with the present invention, there is provided an
apparatus for measuring the amount of an analyte in a sample fluid that comprises a
holder for holding an electrochemical cell that includes a catalyst, a waveform |
generator for generating a potential profile, wherein the potential profile comprises a
voltage bias and an alternating part, a detector for detecting a current signal fora
period of measuring time through the electrochemical cell, a memory for storing the
current signal detected in the period of measuring time, and a processor for correlating

the current signal with a concentration of the analyte.
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Fig. 2 is a schematic diagram of an apparatus for measuring the concentration
of an analyte in accordance with one embodiment of the present invention;

Fig. 3A is a plot showing an experimental result of applying a constant voltage
to a sample fluid containing an analyte at various concentration levels;

Fig. 3B is a plot showing an experimental result of applying a potential profile
to a sample fluid containing an analyte at various concentration levels in accordance
with one embodiment of the present invention;

Fig. 3C is a plot showing a comparison between experimental results of
applying to a sample fluid a constant voltage and a potential profile;

Fig. 4 is a plot illustrating methods for processing a current signal in

accordance with one embodiment of the present invention; and
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available data acquisition apparatuses, such as a DAQ card manufactured by National
Instruments (Austin, Texas), can be used as waveform generator 14. In one
embodiment according to the present invention, a potential profile comprises a
voltage bias of 0.4V (volts) and an alternating part, which is a sinusoidal wave having
an amplitude of 0.1V and a frequency of 1 Hz (Hertz), in the case where glucose is
selected as the analyte. In one aspect, the voltage bias includes a direct-current (dc)
component having a constant value over a measuring period. In another aspect, the
voltage bias includes a dc component which is time-varying over a measuring period.
Moreover, in other embodiments according to the present invention where glucose is
selected as the analyte, the voltage bias may have a value, either constant or time-
varying, ranging from approximately 0.1V to 1.0V, and the sinusoidal wave may have
an amplitude ranging from approximately 0.01V to 0.5V at a frequency ranging from
0.5 Hz to 100 Hz. The voltage bias, amplitude and frequency may change as cell 20

changes.
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Those skilled in the art will recognize there are many different reaction
mechanisms that will achieve the same result. Equations 1 and 2 are non-limiting
examples of such a reaction mechanism.

As an example, a glucose molecule and two ferricyanide anions in the
presence of glucose oxidase produce gluconolacton, two ferrocyanide anions, and two
protons by the following equation:

Glucose oxidase

Glucose + 2[Fe(CN)¢]* —  8-Gluconolactone +2[Fe(CN)g]" +2H"
(Equation 3)
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Cholesterol esters + H,O ~>" Cholesterol + Fatty acids (Equation 5)

The cholesterol is then oxidized to cholestenone, as given in an equation
below.

Cholesterol oxidase '

Cholesterol + 2[Fe(CN)s]* —  Cholestenone + 2[Fe(CN)e]* + 2H"
(Equation 6)

The amount of total cholesterol is assayed by electrooxidizing the ferrocyanide
anions to ferricyanide anions and measuring the charge passed.

[Fe(CN)s]* — [Fe(CN)s]* + ¢ (Equation 7)

Detector 21 detects an output current signal from cell 20. Microprocessor 12
processes and analyzes the current signal, and correlates the processed current signal
with the concentration of glucose. Methods for processing the current signal will be
discussed in detail with reference to Fig. 4. Memory 26 stores the processed data and
a current-concentration relationship under the same potential profile. System 10 may
further include a display device (not shown) for display of the detection result.

Fig. 2 is a schematic diagram of an apparatus 40 for measuring the
concentration of an analyte in accordance with one embodiment of the present

invention. Referring to Fig. 2, apparatus 40 includes a holder 42, a detector 43, a
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pravEided generelel H4,20miqienraerssEHS) aad teRenoyAde tiplder gygeceives

h ' .
g BoySel 28 URAREL 4 P SRR SRR BF a8 iookup wble tha

c ipdemdsanotomRsiitedtRaeun@st @laienshimbeweatuaisusrohentrations of an
Chol esterol esterase Chol esterol esters + H2

Clantlgietaad sprrespoading caeprideyety WAy Hams )%emq%%t%%)‘bg%@f A

is th ol , ' -y
D A S RGN B0 YR A cnisin
é%tﬂf@}ﬁ&b&&iaﬁomo?emtmnfmmﬁ. 2T eafobiita)] grofilQistapplisgitatceld A0.
e anmount of total, | red

e iscias A ettt PR e AP R IbAD. Mcroproeessor 45
¢ . : : . q
B e AR ke e
I%Aodﬁctefa&hﬁomn outlerut current signal fromcell. 20.

croproces anal
o O el e P B0 e RSB 202 e
Wit hi& BRANRENDE RidcRItaRy célh%é@@_& er-lot MeéWRAS cbBductive contacts 202.

processing the current signal wll be discussed in .
deftledtiodes 204 analf 26eme dispeseliatya repctioyeresion 208, wheyean appropriate

processed,data and a.current-con t 4 —_—
e
1Q:0Hﬁﬁliﬁ$1 51t Ayt Bedddee taceli Xpdtayactien reptor( 208, tieheastion involving
for display of the detection result. Fig. [

schemalyte and ayelapvast ransic ﬁsﬁ}tﬂwewsmviwéé% 3?%%13564 yiith

g%g%%?ttr;cé ﬁqhgﬁoﬁ%ﬁeﬁl&%g@ﬁ%ﬁ FhbR 1RGP RHANGE AW frdin WG eform
generator 44 is applied to cell 20, a current flow, generated as previously described
with respect to Equations 2 and 4, is detected by apparatus 40. The detected current
level is compared with the lookup table stored in memory 46 by mapping, linear
interpolation or other methods. An indicator 48 of apparatus 40 displays the glucose
level for the sample liquid.

Fig. 3A is a plot showing an experimental result of applying a constant voltage
to a sample fluid containing an analyte at various concentrations. Referring to Fig.
3A, a constant voltage of 0.4V is applied to sample fluids containing glucose at the
concentrations of 230 mg/dl, 111 mg/dl, 80 mg/d] and 0 mg/dl, respectively. The
glucose concentration of these sample fluids are determined by a colometric metﬁod
based upon the reactions:

Glucose + O, + HO — Gluconic acid + HyO,

H,0, + Reagent — H,0 + Red dye

Response currents are represented by curves Lasopc, Liiipc, Lgopc and Lopc.

At an early stage, for example, from 0 to 0.5 second, an unstable current may occur



invention. Referring to Fig. 2, apparatus 40 incl udes

a hol der 42, a detector 43, awaveform generator 44, a
wor@sopsoressor 45 and a nenory 46. Hol der 42 PET/ER2065001872

and holds cell 20. Menory 46 has been stored with, for

exanpl e, a | ookup table that specifies the

concentration-current relationship between vari ous

concentrations of an anal yte and correspondi ng current

| evel s. Waveform generator 44 generates a potenti al

pr difei tb en astablg clotystimntical r¢agtiomheMosenyer tlf magnwsie ohasesponse

used fgé1 establlsp ga:tll{l]e c9 lt on: ¢ d

T EITbRTAE H5E I et drprannical et &R o cel

20. Detpgt 98 i/B3pldeiReise dn Gfchaithtas k@GR bf BFYingdathotdndn profile

cel Il 20. "M croprocessor 45 processes the current

si @rveaam&mﬂmd coetainingan atabyte plovasioye eonceriationgin ¢rcprlance with

concentr 0 20, t0 appa

oA ot R e e g5 TR 1L Pigl PR Bl Brofile
anghaPnisesh vbltae!byas@ONBC ittla §iAedoiddl Mg hivdng an amplitude of
conductive contacts 202. El ectrodes 204 and 206 are

d| @,ﬂ;}{g}@d adrequeneydili Iéﬁlsra@@h@}]toqu@tro@@p@alﬁlls that include glucose
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anal yt eRéﬁ)O eh@ a?@f’e#)re%gqt@(i bf @@I@Eé Eﬂ()Arc,eg 19{& EQ)§C and LOAC-

the reactron i nvol vi ng he anal te and an e
t rAncsdrémg&génuenpambdscsaAsqopEWm (YA Yeblooid lgb@osw mcmnally falls

ect and Lat er

R et 5 e o RSB o Bl gy less than 170
apﬁlgyd@dﬂ&qnsﬁl IThe Ssle@ed thnEE M tof230Whg/BlE R LRl B@dlrected to
previously described with respect to Equations 2 and

4, dlabet@em@md@alsw veigerdhan s nopnal TargedugersteddycPAent
level ig, sa£ gl%t mom Q%oﬂnsgljl%é@rb%%ée € h&ﬁrﬁ&t%lﬁesults of

menory 4]§ I hg, near

meidddag tohd sanli}ﬂe Elatdod co@ﬁtaﬁf valpganad b powddtidipsgfilay Refdn&ng to Fig.
gl ucose | evel forthesa le liquid. Fig 3A|sa %t
3k VB e "B ECSUPS BTSRRI BB
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electrochemical cell that includes glucose of 111 mg/dl. It can be seen that the curve
Li11ac has a higher current response, and in turn a higher resolution, than the curves
Liiipc: and Liiipce. In particular, when the curves Ljjiac and Lijipcs are compared
to one another, the curve Lijiac has a higher resolution than the curve Liipc2, which
means that the method using the potential profile is advantageous.

Fig. 4 is a plot illustrating methods for processing a current signal in
accordance with one embodiment of the present invention. Referring to Fig. 4, as an
example of the curve Lgoac shown in Fig. 3B, the peaks of the curve Lgoac are
connected to form a peak curve Lpgg by, for example, curve fitting. In another aspect,
the valleys of the curve Lgoac are connected to form a valley curve Lygy. To correlate
the current signal with a concentration of the analyte, i.e., glucose, in a first example,

the current magnitude of a peak curve of a response curve is measured at a time point



based upon the reactions: G ucose + Q2 + H2O- G uconi ¢
acid + HO H2O2 + Reagent (r) H20 + Red dye Response

W@ 006022887 ar e represented by curves L230Dc, L1BQTDUS2005/001872
QDC and LODC- At an early stage, for exanple, fromO
to 0.5 second, an unstable current may occurdue to an
unstabl e el ectrochem cal reaction. Moreover, the
magni tude of a response current decreases over tine as

the el ectrochem cal reaction proceeds. Fig. 3Bis a '
pldoring i ausasyingPesied Of impRiak Epately S0 Isecanms o €¢ g gospt should be
potent i.al i f L i b £
R0 PP Sobl S BTDL L QR0 ke of oy
ongsebRkadidient 104 séchad prassiatthé oweett inagnitieSf efrarialigy tarve of a

Fig. 3B, a potential profile th onprises vol t.age
bi1RSPOBHS DTS VRISH 4 RH GBI R wAPS LRI SFEART SYRAIF o

of cy. qf i [ t ized in Table 1.
ol SaPl R Burd SHETRG Toodh, L dsmBIRlan fresfmmarized in Table
concentTabld Daisovaf expafmentaiciesul tsof magliatls, fos@rrelptiong carrdntignals

it g GEBSOARS pRlyIRG P et i AP GH (hg SEigd and third
Ar@)ﬁﬂlt@;bfﬁéﬁré? IhS 16 d@tih ot dafBWWIth (1 R M AGORE&] first and

nor ma between 50 to 100 ng/dl before neal, .
arscoridseampiestod the preseet inyentematdsyedtiveky, whene theourragt aiagnitudes

after nea he sel ect ed ran 0.t0 23 j S
el AR B PSRBT R s Pt PRIEF Bl Rt gs i Bwn n Fig
t hos) it Bsplear MY confafiSors HadesceRinityoMe Frefers 3a infetifod for

pl ot” showi ng a conpari son between experinental results,

of megspting thy current magnitude af the uthospendamnce asrgen vakaees
potential profile. Referring to Fig. 3C, curves
L1%PPEES and L111DC represent response current signals
measured by applyi ng const ZABDB] t ages of 0.4V and
0.5V, respectively, to a sanple fluid containing

gl ucose of 111 ng/dl, and a curve L111Ac represents a

TeSPONSE TU 'C'uﬁ’_éi‘;@n*fa' AL oFE a3 UTCR e mARRIE 0N i Current magnitude of a
potential | prof i.l€e f AbspGRIPT Vafisy ArdQrh 836oré S r@ponse curve at the fourth

Concerdiaion and g 3LAUSA h ¥YeNgd tal:Yd"\.fég.t @B fRRkébHHE Ofse@nd Yader a constant
and freguency o A} Hz to an el ect (%hem cal jcel Ivoltageofo_zl,V(uA)

glucosg Er%gl.) ool

OLII Frettdes g:i}ig%bc of —1% Ilg/ di_ Lt CcambeTseen
that the ¢urve LII1AC has a |hi gher "cUrrent response,

g@nd 1Tn tufn a higRer resolutlion, thas the curyes 3.72

111 9.75 2.87 7.38

230 17.62 9.24 14.91

Moreover, in a third example, a response curve is integrated over a time period
to calculate the amount of charges. In a fourth example, a peak curve of a response
curve is integrated over a time period to calculate the amount of charges. In a fifth
example, a valley curve of a response curve is integrated over a time period to
calculate the amount of charges. The operations such as curve fitting and integration
may be performed in microprocessor 12. The third, fourth and fifth examples as an
example of response curves Loac, Lgoac, Li1iac and Lysoac are summarized in Table 2.

Table 2 shows experimental results of other methods for correlating current

signals with the amount of the analyte. Specifically, the second, third and fourth
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L111DGC and LPIDC2 - | particul ar,
L111Ac and L111DC are conpared to one anot her,

when the curves
t he

w@ 0621801 1Ac has a hi gher resol ution than thePCTYUSE®05/001872

L111DCa whi ch nmeans that the nethod using the
potential profile is advantageous. Fig. 4 is a plot
illustrating nethods for processing a current signal
i n accordance with one enbodi nent of the present
invention. Referring to Fig. 4, as an exanple of

E wrohenB8aAbEHY vafer ta niEtlpds 313acqon@n9g with the ahqué-m‘ep,twged thlrd
A d t
o B RIS PR TR SU YEp TR g s

of arb Regbiel OvEIONGe PECoTROMEEE Bebt tothe @mnh gecund b@qe the potentlal
curve Lvso- To correlate the current nal v¥|
capreBileris apnlisd. &y qompagipen. firedasticopmn off Table & refprg lo2 method for

f ' ’?egra’ti)ﬁ%g%g%nset Jﬁ?ve%%%ret'ﬂg sﬁﬁggélléckﬁjcgnc? c%n&@ﬂkvogﬁ%éﬁ@ applied.

curve i s neasure ol nt
a nmeasuri ng period of appr@ABhE2ly 60 seconds The
tine point should bﬁcnl ected from-a—stable current IS w—
regi on of the respopse curve wi thout the ncer oun
any unstabl e reacltoi Hrimqugt of %rg?fnc )éga g B calculated by
curlr e Fhagfe of a cyairtedbyx r\ étla by o dntegrating a response
cur|valcplated By iginertng ‘é‘teﬂaﬂ%g DBt “ﬁ‘?@ra gayallgy,q curve from the first to
Concentratigi 0 A #eSBA from  hifoeg aﬁweépoafe 4 PREd figgpgecond under a
of glucosq_g(jAe fpt I&el’%fh%fc‘z@s )A&Wﬁﬁ@mst Eﬁf?ﬂﬂgﬁ , constant voltage of
(mg/d) Tahl e 1 shéds exper] &aﬂxmse@ég(@ ég)cr 0.4V (Q)
0 corjrel atiQ@9current si gﬁal9§ with the a‘r]ﬂlﬁ)nt of tlhe 1457
atrgrytce hre—sanpie— S| BLITI(,d the—gecon
80 and thi r%A%ol ums 81 Taépeﬁl rgfer to nlg?hods in 28.16
111 acdordangpqawm t h t he|abogg=g9ent i oned fi25a8 and sgcond44.07
exdnples of the present jnvention!l respectively ! where
230  thq curr%htl3 rragnltudes 10%34 aken at t H9%%urth secondd-79
profte{(thesame—as that—stowTr 1

U!Ibc lIIC |JUl Cllll al
Fig. 3B) is applied. By conparison, the |ast colum of
Table 1 refers to a nethod for measuring the current

magni tude at the fourth second onc constant volta .
i s appl Figd? istngow diagiap shemeing a,naetgoq %r,cgrrglgg%ql gurrepnt glgnal with

S RTSRT S S RS0 e

a peahticl Refernihg 2o Fizs fonsenpdelcoBainmgi mtaeg}ytet afch apneentzation is

]E : g;mwg rtc|> g (cj:eﬁ gtas!tgpu%O%t %\Iéxtg ea p?orpe)tytl% p1roﬁleC ﬂq%fu% mnga Vorftage bias and
an alternating part is applied to the sample at step 504. A response current signal is
then measured at step 506. | Microprocessor 12 processes the response current to
derive a concentration-current relationship for the analyte at step 508. In processing
the response current, the methods in accordance with the present invention as
previously described with respect to Table 1 and Table 2 may be used. The
concentration-current relationship may be stored in memory 46 in the form of a
lookup table.

The foregoing disclosure of the preferred embodiments of the present

invention has been presented for purposes of illustration and description. It is not
intended to be exhaustive or to limit the invention to the precise forms disclosed.

Many variations and modifications of the embodiments described herein will be
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exanple, a valley curve of a response curve is

integrated over a tinme period to cal cul ate the anount
wo@bRooslozsges. The operations such as curve fittPemusznds/001872

integration may be performed in mcroprocessor 12. The

third, fourth and fifth exanples as an exanpl e of

response curves LOAC L OAC L111AC and L230Ac are

summari zed in Table 2. Table 2 shows experi nental

results of other nethods for correlating current

siapparest tnidnk of hesizary sidtl i thetaneindight of the algpecdisalesyrg. yThe scope

th t.hi rd f t.hcol f .
R S e e
t highflaléh@ur th and fifth enbodi ments of the present

I nvention, respectively, where the curves are i )
i nt egr diwsthenviefesgribinggepesantiive embpeiments qidhe prgseng gnvention, the

si xth.second on ' ' ' Li . .
PRSI AR OB GPURHAA BUPD! ek P00 o Menion
medshiqsrti @larisBiiR@taT gpsl ERmaves te thertenothat the neetlsaie process
peri od once a constant voltage is Pp lLied. TABL

Fi dpes 8ot 1gly01f the RAdicHIgF aihes REgeh eI BT met%og OT Process
Conr.elatl Q.- ' i ; i

SR D010 B AD  faRoetinel af gt
pr@diaty skilv anthe an.wdd agpréciate ahdEisgquebcescofstapp ety be possible.

C O Phene Ot et b sber Sk fsteda bR B shesioh Shodid not be
| NGl Ui s AinYielioR98n Bleas:iRRd i@t s Al AiRS d@bfed kSthe method

applied to the sanple at step 504. A response current
si ayalr procesheftherpasent éuveatios sheuld 0. beNimitesie deepestormance of

processes. the response current..to.derive a . .

C oREEAERSin D OLeT enen o goe GRUR 5 Bt Al repdily gpregipte that
St@P s@fiRncdsiA RCRSRH Rfd Hlerdn@SP Mithih 18U Epieintnd §ddpe of the present
met hods in accordance with the present invention as
priavedienl y described with respect to Table 1 and Table

2 may be used. The concentration-current relationship

may be stored in nmenory 46 in the formof a | ookup

tabl e. The foregoing disclosure of the preferred

enbodi nents of the present invention has been

presented for purposes of illustration and

description. It is not intended to be exhaustive or to
limt the invention to the precise forns disclosed.

Many vari ations and nodifications of the enbodi nents
descri bed herein wll beapparent to one of ordinary

skill in the art in |ight of the above discl osure. The
scope
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of the invention is to be defined only by the clains
appended hereto, and by their equivalents. Further, in
wa@le®e213dng representative enbodi nents of the PCEESIWS/001872

i nvention, the specification my have presented the

met hod and/or process of the present invention as a
particul ar sequence of steps. However, to the extent

that the nmethod or process does not rely on the
particul ar order of steps set forth herein, the nethod

or proIRAEAS WIABMEDOES: | imited to the particul ar

sequence of steps described. As one of ordinary skill

my ' be oss it noHRBF EFbflfive LA AR ERGRE AL, FLfHe dud

tn@nﬁﬁ@ﬁ%;set forth in the specification should not be
construed as |imtations on the clains. In adgitio

the cl addingdi eawletuid sonmingamawlva iy 3y clpritchenicgkcell that

t he .present i nvent.i should not be Iimted to the
pelp?lgg‘?‘?éiﬁge@ﬂo?net {eeﬁll}%ﬂsteps in the order witten, and

one skidpbBang Apbtestidpiofilarn theatictrycleppca celhtveheréiatthe preential
sequences nay Be varied and still remain within the
sprefite capprisesopeolisge bing apd aw a¥EMAHEREY on. WHAT 1S

LA Mool Suride o QuffBH AR51 RF 3 Bead bitAbisughy tARIBIONENHRI

an anal'yte 1n"a sanp conprising: adding a
s affdt®chdmiical eetinami ni ng an anal yte to an

el ectrochem cal_ cell that .ingludes at l.east pne. .
cat al ySOTRSPEIG GrEEnhSER T AL PBeY Q" H Aoptein the sample fluid
el ectrochem cal cell, wherein the potential profile

conprises a voltage bias and an alternating part;

measurihg a TEhrmethod of glamh 15 whersingbe alismaingmaggnelndgy one of a

tine th h the el ectrochem cal cell; and correlating
thsémtsﬂ}‘{agﬁlgarﬁu 8F SWAHYAR anount of the analyte in
the sanple fluid. 2. The method of claim1, wherein
the alternating part includes one of a sinusoidal

triangud-ar ofherehed ofelzan 1awharie the plieaatsre Raftpeiges a
WL Sl 16 SfilsBRALT, BehnBAfat of %h&%ﬁ/e.a :

4. The method of claim 1, wherein the voltage bias includes a direct-

current (dc) component having a constant value.

5. The method of claim 1, wherein the voltage bias includes a dc

component having a time-varying value.

6. The method of claim 1, further comprising:

integrating the current signal over a period of time to calculate an amount of

charges; and

correlating the amount of charges with the concentration of the analyte in the

sample fluid.
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conbi nation of a sinusoidal, triangular or square

wave. 4. The nmethod of claim1l, wherein the voltage
whr@s/o228¢1 udes a directcurrent (dc) conponent PEWURZPOH001872

constant value. 5. The nethod of claim1, wherein the

vol tage bias includes a dc conponent having a

ti me-varying value. 6. The nethod of claim1, further

conprising: integrating the current signal over a

period of time to_ cal cul ate an anount of charges; and °

corr el at-i ng Theemgthediaf clam énfarthercomnisinge

concent ' | i.n: . ' S
o bRt b DAL A A BORL o e i me
t heenpaedkscate;t he current signal in the period of

measuring time to geperate a curve; determ.ning a
Tagni t RCTBTARE TARRRdS 0! ThE PR AphiiRE PO Lo peRP Al
Ofmgfsﬁﬁﬁéﬁﬁﬁ; fddre; and correl ating the magnitude with
the concentration of the analyte in the sanple fluid.
8. The etehuingdlic mhgiitndg withuthe bencentoatjomi ofithgjanalyte in the sample
copnecting the valleys of the current signal in the

p 1iugol of nmeasuring tinme to generate a curve;

determ ning a nmagnitude of the curve at a tinme point
in the period of nmeasuring tine; and correlating the
magni t e wi Tle mhthod oficleim  afuitber eimprisinganal yte in the
sanmple flu

i d. The. nmethod of cl aj : o
compr i st tngdne i OOt 8 yBeud Gl nine b fimersyying me o
I Nngdnb@itdLEur9d of neasuring time to generate a curve;
determining a magnitude of the curve at a time point in the period of
measuring time; and

correlating the magnitude with the concentration of the analyte in the sample

fluid.

9. The method of claim 1, further comprising:

connecting the peaks of the current signal in the period of measuring time to
generate a curve;

integrating the curve over a period of time to calculate an amount of charges;
and

correlating the amount of charges with the concentration of the analyte in the

sample fluid.

10.  The method of claim 1, further comprising: |

connecting the valleys of the current signal in the period of measuring time to
generate a curve;

integrating the curve over a period of time to calculate an amount of charges;
and

correlating the amount of charges with the concentration of the analyte in the

sample fluid.
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integrating the curve over a period of tinme to

cal cul ate an anobunt of charges; and correlating the
wa@pwoe280f charges with the concentrati on of tP€T/US2005/001872

analyte in the sanple fluid. 10. The method of claim

1, further conprising: connecting the valleys of the

current signal in the period of neasuring tine to

generate a curve; integrating the curve over a period

of time to calculate an anmount of charges; and A, = .

corr el ali ng Thhaethesioficlam 1 ersan thgiperod ghmeasuring time is in the

concent.ration of Lyte.in the sanple fluid. 11.

THEERHE ﬁ%oé?nagﬁlyab%etf%‘a\%ﬁééorng&n the period of neasuring

time is in the range of approximately 0.5 to 60

seconds. 12. The nethod of claim1l, wherein_ the

anal yt 42i s ghaasthod afispirne wherqip fheranglyte is glugose pnd the at least

i ncl udes gl e i 13. The method of claim 1,

wﬁg?ggﬁyﬁﬁgag%%ﬁ§€e8?§%ﬁSﬁ%s at | east one of

chol esterol or cholesterol esters, and the at | east

one catal yst i ncl udes. chol esterql oxi dlase

. 14, T

met hod 18f ~ ciTarmethod gfelaamnl, pyhereip theAnalyie, Hr%%dtfé agﬁést gpe of
a cﬁbj]?sctﬁn%? Sfcﬁsgés?é?&l stefs, al@FHEOR foastRe ThlyRBinkRildes cholesterol
constituent, biromarker, drug or nontherdpeutic
coxfasd. 15. The nethod of claim 14, wherein the
anal yte includes one of triglyceride, latic acid, T4,
TSH, al bum n, henogl obi n, ptotein, carbohydrate,
i pi d, 10eoXyieRABNS 6f Gaiflf], dihekdiR @it BkECindRidds one of a
antiepileptic, antibiotic, heavy netal or toxin. 16.
Arsubssume atatabolits, hauraertel plasiolegical gensitifirnfi pigmepkes(Hpg penon-
in a sanﬁl e fl uidd, conprising: a holder for holding an

c

o BRERYEREARY ™% el | that includes at |east one
cat al yst;

15.  The method of claim 14, wherein the analyte includes one of
triglyceride, latic acid, T4, TSH, albumin, hemoglobin, ptotein, carbohydrate, lipid,

deoxyribonucleic acid, ribonucleic acid, antiepileptic, antibiotic, heavy metal or toxin.

16.  An apparatus for quantitatively determining an analyte in a sample
fluid, comprising:

a holder for holding an electrochemical cell that includes at least one catalyst;

a voltage generator for generating a potential profile, wherein the potential

profile comprises a voltage bias and an alternating part;

a detector for detecting a current signal for a period of measuring time through

the electrochemical cell;
a memory for storing the current signal; and

a processor for correlating the current signal with a concentration of the

analyte.

17.  The apparatus of claim 16, wherein the alternating part includes one of

a sinusoidal, triangular or square wave.
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a voltage generator for generating a potentia

profile, wherein the potential profile conprises a
waoltbagsobhi as and an alternating part; a det ecPCr/USIN5/001872

detecting a current signal for a period of neasuring

time through the el ectrochemcal cell; a nmenory for

storing the current signal; and a processor for

correlating the current signal with a concentration of

the analyte. 17. The apparatus of claim 16, wherein K

t he al ti: natTheppparatusiofclaimd$, wherewf the veltagediasdasludes a direct-

AR B St G TR SRR PRs e ome

(dc) conponent having a constant val ue over the period
of measuring tinme. 19. The apparatus_of claim 16,
wher ei nl% he Thst appgeatusi f slaimdioywhereh the velipgsdnasincludes a dc

e T LR e B,

the alternating part includes a conbination of a
si nusoidal, triangular or ,sguare wave.

av 1. The .
appar at#s of The anppaates, of whaémdion whersinBe plematngpatigrides
ti 1:S.41 . ’ ' 0.5 to 60
se%ﬂdéétlogf&g%hﬂeﬁ%pgléﬁgatnggﬁf)&g&ﬁg%esnwfg , Wherein the
anal yte is glucose, and the at | east one catal yst

i ncl udes. gl ucose oxid 23, T t. f claim. ..
16, wheflei n TRRARRARIQ CliE) [GaBbeSHLG PO PRRPEPERE fime is in
Phﬁk?ﬂ‘fgro@ %Iﬁﬁkﬂa?el?f@mjtotd@ese@(;ndh.eaﬁ one catal yst

inclu C esterol oxidase. 24. The apparatus of
clai m 16, wherein the anal yte includes one of a

subst an met.abol it none, physi ol ogi,cal.

consi ti :g?ﬁe nt &,ﬁbﬁlﬂ? e‘?l}%iadl?{@’ 8’1%6%8}1% gﬁ%%df glucose, and the at
CORPAVAE catdlst iPludBh s Bxildade. quant i tatively

determi ning glucose in a sanple fluid, conprising:

23.  The apparatus of claim 16, wherein the analyte includes one of
cholesterol or cholesterol esters, and the at least one catalyst includes cholesterol

oxidase.

24.  The apparatus of claim 16, wherein the analyte includes one of a
substance metabolite, hormone, physiological consitituent, biomarker, drug or non-

therapeutic compound.

25.  An apparatus for quantitatively determining glucose in a sample fluid,
- comprising:
a holder for holding an electrochemical cell that includes glucose oxidase;
a voltage generator for generating a potential profile; wherein the potential
profile comprises a voltage bias and an alternating part;
a detector for detecting a current signal generated in response to the potential
profile for a period of measuring time through the electrochemical cell;

a memory for storing the current signal; and
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a hol der for holding an el ectrochem cal cell that

i ncl udes gl ucose oxi dase; a voltage generator for
w@emenz280ng a potential profile; wherein the ppCEOB1085/001872

profile conprises a voltage bias and an alternating

part; a detector for detecting a current signa

generated in response to the potential profile for a

period of measuring tine through the el ectrochem ca

cell; a menory for storing the current signal; anda '

pr oces soprofessoicior eetrelatingthe werrenisigapk wish gieagonggntratippef the

concentration of the analyte. 26. The apparatus of

cl Bm'S5, wherein the potential profile conprises a

vol tage bias ranging fromapproximtely 0.1V to 1.0V.

27. The_apparatus of claim 25, wherein the poteptial
prof i | 2@ onpFhesarparptus of chabinday Whgkem thg prisgtialprofile comprises a

a ' ' r i .01V to 0.5V.
oot s S Boi B ARREY TR & KW 012 Lot et a
profile conprises a sinusoidal wave having a frequency

[ f imately 0.5 :
rangin g27. ro mT}?epggp%%(a{tunsaofedf}{m 25, w'l_l%rell:noth:elz %gtegltzlal profile comprises a

sinusoidal wave having an amplitude ranging from approximately 0.01V to 0.5V.

28.  The apparatus of claim 25, wherein the potential profile comprises a

sinusoidal wave having a frequency ranging from approximately 0.5 Hz to 100 Hz.
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