29JUL2005 TITLE: BI OSENSOR APPARATUS AND METHOD W TH- SAMPLE TYPE AND VOLUME
DETECTION FI ELD OF THE | NVENTI ON The present invention relates to ‘
bi osensors and, nore particularly, to a nethod and apparatus for f@@@pﬁmpg
the type and vol une of sanpl es deposited within a biosensor cell.

BACKGROUND OF THE | NVENTI ON A bi osensor is a device that nmeasures the
presence of various chem cal conponents in a sanple deposited in a

bi osensor cell. For exanple, a biosensor may be used to neasure the anount

Phcfude s par PTUF Lo ML SR 0 S5
receive a sanple theremg‘é&q%pmﬁ X t‘ﬁg‘ e ¢?Loetﬁerat es an

electrical signal that is proportional to the anbunt of a certain _
conponent, e.g., glucose, in a sanple, which is assuned to have a certain
volune. If the sanple is too small/large, however, the electrical signa

will indi EEDDOETHEINVENTION which is | ower/higher than the actual
concentration of the conponent in the sanple, resulting .in the potential

for inproper di by it 1BER i 4 HanBHoYe pBENDES 121 eﬁ%&] tus
for determni ng%tg%gégrgéquagglﬁg%g?@ibé?%gl&ca ’sar?peipe ar eﬂf}ge?uﬁ? ghﬁaret hod
for determnin he adequacy of S le within a bips or,.cell is  through
the use O?P@I%tgf %qrée@&?r&) - E.yp?ﬁﬁgé{P@g{ércﬁéa@Blﬁ%67p§5€?(gw§€‘ﬁ&m?ﬁp§°rtcﬁg't det ect
the flow of electricity-In-this-rnethod-one or

nor e- det ecti on-conductors-are positioned-at-different |ocations throughout

t he bi osensor cell. Wen the sanple cones in contact with a detection
conduct or BACGIRGHOUND OFTHBINVENTIOM | | conduct el ectricity, thereby

indi cating the presence of the sanple at the location. Electronic circuitry

can then be usadib@ndities Bvig MHEHBAUred the presence of various chemical components in -
a ~v',ample deposited in a biosensor cell. For éxample, a biosensor may be used to measure the
amount of glucose present in a sample of blood. Geﬁerally, the biosensor celi includes a pair

\ of conductors, e.g., go]d and pélladium, configured to receive a sample therebetween.

Typically, the biosensor generates an electrical signal that is proporti'bn'al to the amount of a
certain component, e. g;, glucose, in a sample, which is assumed to have a certain volume. If
the saxﬁple is too small/large, however, the electrical signal will indicate a concentration
which is lower/higher than the actual concentration of the component in the sample, resulting
in the potential for improper diagnosis and ﬁeahnent. Accordingly, methods and apparatus
for determining the adequacy of a biological sample are useful.

One method for determining the adequacy of a sample within a biosensor cell is
through the use of electric sensors. The electric s;ensors are conductors that detect the flow of
electricity—Irthismethod-one-or-more-detection-conductors-are-positioned-at-different-
locations throughout the biosensor cell. When the sample comes in contact with a detecti‘on‘
conductor, the detéction conductor will conduct electricity, thereby indicating the presence of -

the sample at the location. - Electronic circuitry can then be used to determine whether an
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79JUL2005 adequate sanpl e has been deposited into the biosensor cell based
on the. nunber of detection conductors that conduct electricitz.‘@hiﬁpnethod
has several drawbacks. First, several detection conductors ar 3 a& ed in
addition to the two existing parallel plate conductors of the biosensor
cell. Second, an error is introduced if the sanple touches a detection
conductor wthout filling the area of the conductor conpletely. Third, this
method is not able to conpensate for bubbles trapped within the sanple,

whi ch reduces the volune of the sanple. Another nethod for determ ning the
adequacy ofadaquntsgahp el beemldépdsitedinstha bidtensear dell biasedtdarthel glimbérsofaletection
confirmati on of the sanple volune. In this nethod, the user of the device
visual ly i I dal W) t } i

Ut 1 ci ont gt HAP eGB! o), Tris Repb RISl BaVBlcRL AR el | o on
a subjective determ nation of the vaolume of a sanple a is, therefore,
prone to erdetselion egpductprs aé%’ff@ﬁir%qe’i“fgﬂlrt’% e thgiyve e R*ﬁaﬂl}) P%éee‘?f’é’gl“’tp@ ofysed.
to measure chem cal conponents associated with certain diseases, such as

di abet es, tlivdtiosensarsell.d8esond sadervar ssimtrodangd ifithe sample tauskes. a deitestipn conduator

met hods used to determ ne the adequacy of a sanple result in the test being

performed Qaihgut fillihf theSdéad fahe/ Edridittot SordpletaiyN TairdAthisanethad Beot hbletde sanpl e
volune is outside of this range, the test is aborted. This "go/ no-go"

met hod of ' ' ' ' ' ' 2 bei ng
Wthin a naspBghsReRRbERt bRk By ILSERIE BHEAReL G BRER SR
outside this narrow range. Therefore, .there is need for. aratus and

met hods to accuf*3PEFymy Qlf‘?ﬁ(ﬁ"é?mngg’ﬁlag?fﬁla‘&f ofga ?@’W&E‘?%{”&Sms’%‘&%or
cell. and to deternine chem cal conponent concentrations for a wi de range of
sanpl e vol isthoughMisugcentmationod the ssmpleiydlume.sint thisgnetkady theausonef the Heviee - 2

visually inspects the sample within the biosensor to determine if a sufficient sample has been

.applied to the Biosensor. This metﬁod relies on a subj ecti\}e determination of the volume of a
sample and is, therefore, prone to errors. This is especially problematic when the biosensor is
used to measure chemical components associated with certain diseases, such as diabetes, that

cause decreased visual acuity in the user.

The prior art methods uséd to determine the adequacy of a sample result in the test
being performed only if the sample volume is within a narrow range. If the sample volume is
outside of this range, the test is aborted. This “go/no-go” method of using biologica'l.
samples, which relies on the sample volume being within a narrow range, results in wasted
time and samples for samples outside this narrow range.

Therefore, there is a need for apparatus and methods to accurately determine the
volume of a sample within a biosensor cell and to determine chemical component

concentrations for a wide range of sample volumes. The present invention fulfills this need

among others.



2 9 JUL 2005 SUMVARY OF THE | NVENTI ON The present invention provides for
apparatus and nethods that can determ ne whether a sufficient fﬁgﬂLzogolune
was deposited into a biosensor, can accommodate variations in q me of
sanpl es, and can determ ne the type of sanple deposited within the

bi osensor. The aforenenti oned problens are overcone by accurately detecting
the volune of the sanple within the biosensor cell by determning the

bi osensor cell's effective capacitance, which is proportional to the volune
of the sanple within the biosensor cell. One aspect of the present invention
is an apparatus for neasuring the effective capacitance across a bi osensor
cell having a first conductor connection and a second conductor connecti on,

t he bi osenggimviLeRY cRTiEIWaENTION ecei ve a sanpl e having a volune related
to the effective capacitance across the biosensor cell. The apparatus

includes a sin wave generator havi.ng an out put f.or. coupl i tao th i rst
conduct or conn i%‘?‘f%@rli’%wn BT é‘geﬁ &]’?“Pg gaﬁfs AB# gleblor% %ngﬁn g%ﬂg}lﬁ? gﬁet{wr
produci ng an AC' signal, a current-to-voltage (IN) converter having an input
f or coupl iasyfficient sample yohanecwasdlepeuited dmto tahaossnes.«as @ecaranpdaie yaritions mer
havi ng an output, a phase shifter having an input coupled to the output of
the IN cahweilige ofisngles; b canievdringneahe ot plitampde depiaited within thebidkaiser.
produci ng a square wave synchronous with the AC signal, a synchronous

demodul at %déméeﬂgna&eatﬁrwams %efdvel%bm@w%cm%weﬁe@ﬁﬁgﬂk%lmééﬁhé hifter,

and a second 1 nput coupled to the square”wave génerator, and a | ow pass
oeer (SRS E R AR EPUPST S IF B S G SIRRRS
effective vs(/:h?cglaig ip}’o%g(lztieonilctrootﬁg vélgr%e olfo' ith%Ssggl?)?erwi%hejl) ltlie l?ioszcngorjcléll_l. 200_.5 '
One aspect of the present invention is an apparatus for measuring the effective
capacitance across a biosensor cell having a first conductor connection and a second
conductor cohnection, the biosensor cell configured to receive a sample having a volume-
related to the effective capacitance across the biosensor cell. The apparatus includes a sine
wave generator having an output for coupling to the first conductor connection of the
biosensor cell, the sine wave generator producing an AC signal, a current-to-voltage (I'V)
converter having an input for coupling to the second conductor of the biosensor cell and
further having an output, a phase shifter having an input coupled to the output of the 'V
_ converter and further having'a.n-outpu't, a square wave generator producing a square wave
synchronous with the AC signal, a synchronous demodulator having an output, a first input
coupled to the phase shifter, and a second input coupled to the square wave generator, and a

low pass filter (LPF) having an input coupled to the output of the synchronous demodulator,

the LPF producing a signal at an output proportional to the effective capacitance across the

biosensor cell.



Anot her aspect of the invention is a nmethod for neasuring the effective
capacitance across a biosensor cell having a first conductor connection and
a 'second conductor connection, the biosensor cell configured fot3uJdke2ilh a

bi osensor to receive a sanple having a volune. The nethod incl udes applying
a sine wave having a frequency to the first conductor of the biosensor cel
to produce an AC signal, shifting the phase of the AC signal, generating a
square wave synchronous with the sine wave, denodul ating the AC signal with
the square wave to produce a denpdul ated signal, and filtering the

denodul at ed si ghither gspacheli the inyentiqryis aimethosfor measvame thy offrstivg ¢aperitanse
capaci tance across the biosensor cell. BRI EF DESCRI PTI ON OF THE DRAW NGS

Fi gure 1 iasro3s bbivsénsdt el lavimgfa firsbéanslactontonacdioasndaisedoad condesdr | evel s in
accordance wth the present invention; Figure 2 is a schematic diagranlof'a

bi osensor b, R668 rtﬂ@%@eﬁ%tt a:lltclaﬁﬁ red ?d}tuse inrhvlﬁ%én@(ﬂ' to Fécg%ed

Ravid
di agram for measuri ng sanpl e vo u s and g ucose levels in ?ordan vmth

t he present. inventio i.Cti curren al ues
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i nvention; ure 5 is _a graph déglctlng vol une detection A/D readlngs for
filled anef ﬁ@ iosensar egll tppredegesinrA € signal, shifting dlag phase of the i€ sigealpgensrafing
i nvention; -4 29JUL2005 Figure 6 is a graph depicting a histogramof A/ D
readi ngs, argadic wavasdrhrbndes/with thersineanaleg dearhiddutatimgitheA Cisigniabtvith the Squbreof
filled and hal f-filled biosensor cells at 0.8 seconds after a sanple is
appl i ed | Qa9€ fPhdanes dndiull HERE 20l fNETHhe @Rmodulated signal to produce a

signal proportional to the effective capacitance across the biosensor cell.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of a biosensor and associated signal levels in accordancé
with the present invention;

Figure 2 is a schematic diagram of a biosensor in accordance with the present
invention;

Figure 3 is a timing diagram for measuring sample iolumes and glucose levels in
accordance with the present invention;

Figure 4 is a graph depicting current valqes for filled and half-filled biosensor cells in
accordance with the pfesent invention;

Figure 5 is a graph depicting ;volume detectioﬂ A/D readings for filled and half-filled _

biosensor cells in accordance with the present invention;



Figure 7a is a graph deplctlng glucose blases conpared to an |ndustry
standard prior to volune conpensation in accordance with the present
invention; and Figure 7b is a graph depicting glucose biases conpared §dua0s
i ndustry standard after volunme conpensation in accordance with the present .
i nvention. DETAILED DESCRI PTION OF THE INVENTION FIG 1 is a block diagram
of bi osensor device 100 in accordance with one enbodi nent of the present
invention for determning the volune of a sanple positioned wthin a

bi osensor cell 102 and the type of sanple positioned within the biosensor

cel | 102. In apiguid ®13.a driph depictifp b hissogzar§ 0OA/ID esadings, dava| apedhrétevidnQus
| ocati ons within the biosensor device 100. In a general overview, an AC

sine vave genel ﬁfcf?%xtBYv%%t ¢vg§f§@e§agg%§g6fﬂfeahosér% eagago%%emmlaﬁgra

vol t age gener Ace are conbi ne conbi ner 146
and applied to the hiosensor cell 192 to create si gnal that reflects the
ef fective SRS i§3RR @IE@SC%WCE&B% ¢ Brseet E‘I’Gn% oss the biosensor cell 102.
In addition, the AC sine wave is passed to a square wave generator 112 that
gener ates a squigereiavea giapk demictingsglugash bias¢seonipared i ge indubtey stangdaad pert  of

t he biosensor cell 102 is passed through a current-to-voltage (1/V)

converter blhing conpensdtion e asdofiiate with theitdeadiavéitionpind The vol tage signal
out of the I/V converter 114 is phase shifted by a phase shifter 116. The

out put of the r 118
for denodul ati ﬁ usi ng %g]%ha%rﬁu@o@{}@q}gﬁgaé&;trogup%ﬂgggﬂgﬁt%ggtg? \A&é{%&
gener at or %2 to create a deno nal .. The. denodul ated signal is
passed t hr YUYAC COppsBsating 1p gocor %Wé ?ﬁf?enbtné’ 1% onal to the effective
capaci tance of the biosensor cell 102, which is proportional to the vol unme
of the sanpte. The signal is converted to digital by A/ D converter 122 and
the digital signal is processed by a processor 124 to determ ne the

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 is a block diagram of biosensctr device 100 in accordance with one
embodiment of the present invention for determining the volume of a sample positioned
within a biosensor cell 102 and the type of sample positioned within the biosensor cell 102.
In addition, FIG. 1 depicts signal tevels developed at various locations within the biosensor
device 100. In a general overview, an AC sine wave generated by an AC sine wave generator
104 and a DC biasing voltage generated by a DC voltage source 106 are combined by a |
combiner 146 and apbli‘ed to the biosensor cell 102 to create a signal that reflects the effective
resistance 108 and capacitance 110 across the biosensor cell 102. In addition, the AC sine
wave is bassed to a square wave generator 112 that generates a square wave synchronous with
the sine wave. The signal out of the biosensor cell 102 is paésed thi-ougtl a current-to-vottage
(I/V) converter 114 to convert the signal to a voltage signal. The voltage sigqal out of the 'V
converter 114 is phase shifted by a phase shifter 116. The output of the phase shifter 116 is

passed to a synchronous demodulator 118 for demodulation using the output of the square



vol ume of the sanple based on the effective capacitance across the biosensor
cell 102. In addition, the output of the I/V converter 114 is passed
through a filter 126 that renobves an AC sine wave conponent and the
resultant signal is converted to digital by the A/D converter 122) 4 dBL 200
processing by the processor. 124 to determ ne the type of sanple, e.g., test
sanple or biological sanple, applied to the biosensor cell 102. The present
invention is particularly useful, but not exclusively so, in glucose

measur enent systens used by diabetics to determine glucose levels in
sanpl es of_hl o i J i G4l i
deternininﬁg¥ﬁ%gggﬁt§%2g%%§¥§ﬁgggﬁgggkggﬁ%@éq%gggpﬁ%ﬂgggﬁébﬁ$%£%£ﬁ?osensor
cell 102 that will be used to deSfribe an e odiPent of .the p es%nt

i nvent i on thrpughediPF. 1291 caspis asiagl progpTtionglo the efteptivengpagitapce feffths LOSPRSPE,
e.g., blood. The biosensor cell 102 may be nodel ed in a known manner by an
ef f ecti ve aeH403twinick is grO@ortionab & thielveluma d¢fithasangdlé. ebld signat spaay ¢réaicte digifl
between a first conductor connection 128 and a second conductor connection

130 of t heyyoiPrERATErteraeh land 8@ diditid sighASE PoeEsseEby a plddessbnclatd @StefmiteltBe

conductor coupled to the first conductor connection 128 and a second
conduct or _coupl to C r | e first .and
second cond eo(?fghe %%’%ﬁggb%%ggﬁ?“eo&egggéﬁpé‘ﬁ?%?g?&éé&g%%%s %er?%[ ?%ﬁeﬁv athél lel to
one anot her. configured to receive a _sanple therehetween. Wen a sanple is
posi t i onedddition the preuRisheRY sponvater 11415 passed thigngher filterel 204hatarmgpesan1 10 of

t he bi osensor cell 102 will. be proportional to the volunme of the -6
29JUL2005 AG sinpmayve tomponest andtthe eeseltdnd dignalns sqnvetied toidigital by thes&ddochverter
conductors may be a pair of plates positioned on the sane plane to receive
a sanpl e theraRodksin@YPhedrebdbdor 304 €y ddtétinCat type QN Ui ple) &g CR8datlpld 6 One
anot her configured to receive a sanple therebetween. The si'nhe wave gener at or

104 gener gf§Syical ShillfleVppfied Rithe BRReOr 8AP] 022rHePrdsBf invention is particularly

useful, but not exclusively so, in glucose measurement systems used by diabetiés to determine
glucose levels in samples of blood.

FIG. 2 is a schematic depiction of a device for determining the volume aﬁd typeofa
sample positioned within a biosensor cell 102 that will be used to describe an embodiment of
the present invention in detail. The biosensor cell 102 is areceptacle for a sample, e.g., .
blood. The biosensor cell 102 may be modeled in a known manner by an effective resistance

1 108 in parallel with an effective capacitance 110 between a first conductor connection 128
and a second conductor connection 130 of the biosensor cell 102. The biosensor cell 102
includes a first conductor coupled to the first conductor connection 128 and a second
conductor coupled to thé second conductor connection 130. The first and second conductors
may be a pai.r of parallel plates substantially parallel to one another configured to r.eceive a
samble therebetween. When a sample is positioned within the biosensor cell 102, the

effective capacitance 110 of the biosensor cell 102 will be proportional to the volume of the



bi osensor cell 102. By applying the sine wave to the bi osensor cell 102 at a
first conductor connection 128, a signal is devel oped at the second
conductor connection 130 that reflects the effective resistance 3OS Jgingyos
capaci tance 110 of the biosensor cell 102. The anplitude of the synthesized
sine wave is selected such that it does not affect the el ectrochem cal
reaction in the biosensor cell 102 and can create a signal well above the
system noi se level. The frequency of the synthesized sine wave is sel ected
to maxi m ze the signal to noise ratio of the biosensor. In one enbodinent,

EBS Sggﬁhmaﬁl h aﬁfmgtn?é éntlbo%%%lang E%ﬁ)é) H}st g)\%gécé&r&%ogduc&grg %%?%%yawoaflr oaflfa?zgés

digital synthesis (DDS) chi p, which |ncI udes a counter and a_sine
di gi t al - t cRogHignedon msmpeelﬂneéﬂeéﬁwﬁ AcERple thereon of may bsr? naytiylingrigal speci fi ¢
integrated circuit (ASIC), such as DDS chip part nunber AD9832 produced by

Anal og Devdoﬁamtorb roeaxialfto bine awmolier chifigudSito recEhiesa sampintherebetweesul ts in a
very stable "stair-type" sine wave. The DC voltage source 106 generates a DC

vol tage that cameligeaPRlelRflerhdr 104 rﬁké@é%%w%lthatje%be IhRidRG wR! t age

€
enabl es the effective capa0|tance %10 to be deve oped quickly across the

i thin ndbreeneblrchy SRBE sl fakdiolrRice} 167 A ReT chBBtoren:

the DC voltage has an anplitude of about negatlve (-) 300nV. The vol une of
the sanpl eomieckpm 12ha sigabisasedppedat thejggoondaondnctereoensstinn d 38 gt reflegts yhe

wi t hout applying the DC voltage to the -7 29JUL2005 bi osensor cell 102.
However, afffpttiriengsistaceD08\u0d tameitacalill 6 sf thediastdser téll/ O dftsecintsitade dftRe t 0 be
formed nore quickly. Accordingly, the DC voltage source 106 may be renoved

from the g dthéssietatRoydicas ihscdda stich Bttt ddePast biftd the QR tHJRReBRAT fehctidn SCOPE
of the preSent invention, however, its inclusion can positively affect the

perfor mangg, bqgsehg'c% 211985 350bar GeHE El@fgmllruléipabove the system noise level. The

frequency of the synthesized sine wave is selected to maximize the signal to noise ratio of the
biosensor. In one embodiment, the sinc wave has an amplitude of about 50mV and a
frequency of about 109.065Hz. An example of a suitable sine wave generator is a known
direct digital synthesis (DDS) chip, which includes a counter and a sine digital-to-analog
(D/A) converter incorporated into an application specific integrated circuit (ASIC), such as
DDS chip part number AD9832 produced by Analog Deviges, Inc. of Norwood, MA, USA.
This arrangemgnt résﬁlts in a very stable "stair-tybe" sine wave.

The DC voltage source 106 generates a bC voltage that can be applied to theA
biosensof cell 102. The DC voltage enables the effective capacitance 110 to be developed
quickly across the biosensor cell 102, thereby permitting the volume of the sarhple applied
within the biosensor cell 102 to be determined quickly. In one embbdiment, the DC voltage
has an amplitude of about negative (-) 300mV. The volume of the sample within the

biosensor cell 102 can be determined accurately without applying the DC voltage to the



the effective capacitance 110. In the illustrated enbodi nent, the DC voltage
source 106 conprises a first conventional OpAnmp 132 and a second
conventional OpAnp 134. The non-inverting input of the first OpAfp 1B2200%
coupl ed to a bandgap voltage 136. The bandgap voltage 136 is generated by a
known bandgap circuit that generates a stable voltage froma voltage source,
e.g., a battery. The bandgap voltage 136 renmi ns constant regardl ess of
fluctuations in the output voltage of the voltage source. The first OpAm
132 is configured as a gain stage with its inverting input coupled to

ground t hiypaseisofcdll F020 (Hcfﬁ&jeﬁ,tagﬁlyﬂx%&hém \'}dlt%%-@éﬁaﬁléﬁ tHeOd fRdcEdle Efpacitdnse 110
inverting input through a feedback resistor 140. In addition, the output of

rooi stor 105 Shued B0 SyERHT AT e HemtSn b U L6 U heRerpiletndlh 102

and a second_ground resistar 144. The non-inverting input of the second

OpAnp 134 thesillagiataddiosensaryuthoyt departgre frova the;spiait apsh 36ppe i she presentidventten, OpAnp
134 is configured as a buffer stage with its output coupled to its inverting
i nput t he howatepLits inélusibe caepasittveQpaiiot (h8perfeinanct of thhbidséhsooint dagemifinghe DC
vol t age source 106. A conbi ner 146 conbi nes the sine wave fromthe sine wave

gener at or lQ4vaiek dabseitalle Y.t age signal fromthe DC vol tage source 106 to
create a signal to apply to a first conductor connection 128 of the

bi osensor cell [ 102..1n the il lLustrat n@pdinent, he conbjner 146
conprises a com/tglﬁtﬂilugﬁgﬁe %Rﬁ%‘“l%@‘e?ﬁg%ﬁ AES Ve OB gOm %‘ﬁ?s aoﬁ]rs{ he OpAnp -8
79JUL2005 148 .is_coupled to the sine wave generator 104 through a first
i nput r esFervERtiamd OpAMP 32130d asecand qoayetioptl QrAmp d34-n I Begen-veengiaputnput
resistor 152. The inverting input of the OpAnp 148 is coupled to a virtual
ground t hobihgHirst QpAoomii32 siospled tal HUarsigep véltage e uThobartdgep Gpltagp 13648 i s
coupled to the non-inverting input of the OpAnp 148 through a feedback
resi stor g&ferated by a known bandgap circuit that generates a stable voltage from a voltage source,

eg.,a battery. The bandgap voltage 136 remains constant regardless of fluctuations in the

output voltage of the voltage source. The first OpAmp 132 is configured as a gain stage wiih

its inverting input coupled to ground through a ground resistor 138 and its output coupled to

its inverting input through a feedback resistor 140. In addition,.the output of the first OpAmp

132 is coupled to a virtual ground through a first ground resistor 142 and to a system ground

through the first ground resistor 142 and a second ground resistor 144. The non-inverting

input of the second OpAmp 134 is coupled to the output of the first OpAmp 132. The sécond

OpAmp 134 is configured as a buffer stage with its output coupled to its inverting input the

output of the second OpAmp 134 reflects the DC voltage of the DC voltage source 106.

A combiner 146 combines the sine wave from the sine wave generator 104 and the
DC voltage signal from the DC voltage source 106 to create a signal to apply to a first

conductor connection 128 of the biosensor cell 102. In the illustrated embodiment, the

combiner 146 comprises a conventional OpAmp 148. The non-inverting input of the OpAmp



It wll be understood by those skilled in the art that, if the DC voltage
source 106 is not used, the conbiner 146 may be renoved and the sine v?
generator 104 can be coupled directly to the biosensor cell 102. Tﬁbgﬁﬁi 005
converter 114 receives the current signal out of the biosensor cell 102 and
converts it to a voltage signal. In the illustrated enbodi nent, the IN
converter tonprises a conventional OpAnp 158. The inverting input of the
OpAnp 158 is connected to the second conductor connection 130 of the

bi osensor cell 102. The non-inverting input qQf the. CpAnp. 1 i s, conn ed
to a virtukdig e 10 A S bR S O 1(99%%@5@0{?51 iwHOEsioE 50 A &f%ﬁ?ﬁt of
the OpAnp 158 and the inverting input defines the gain of the IN converter
114. The pyaiwge shurdet 196 thrbegls his¢tond tipait pdsistoe 152. Thesinyerding daptut of thel{3p Amp
converter 114 and, if present, renoves any DC conmponent fromthe signal. In

one enbodi (R codphdl tBRAdSRuNordudd though brodkd redistol 164 hi¥l GOVt 8F tht Bh Arfip
shifted 90. In the illustrated enbodinent, the phase shifter 116 conprises

a capacitoy,,162 a resi st or . } I r ] fi
To6The bUFTero i b ARPdtls i of e UBARRYEA Rl S BRoRiRNl 056, o
t he buffer an%#ifier 166 coupled to ghe invergin ingut of the buffer

anpl i fier Itoollbypadestaed by Hiosq gallpdm the b thaty 1Hfhe WieYrltage sores 496 smot wedop Anp
158 of the IN converter 114 and the non-inverting input of the buffer

anpl i fi er thé6ombiher I4ésnatwrreidted sndthe pine wavngarmtarid4ran ve eoupléddirétly to
29JUL2005 capacitor 162 and the non-inverting input of the buffer anplifier

166 and t qhabikdnketdeliap@und on the ot her. The square wave generator 112
generates a square wave at an output that is synchronous with the sine wave

generated by thg GG, WAXEG ﬂgfr}g{e%égrﬂ]%%e\l}d]%%ﬁ?ﬁut o?ﬁf?éé&igﬂé%@g& cNB25Hyar €

wave wi ||l have "'a conparatively Tow val ue e sin

converts it to a voltage signal. In the illustrated embodiment, the I/V converter comprises a
conventional OpAmp 158. The ‘inverting input of the OpAmp 158 is connected to the second
conductor connection 130 of the biosensor cell 102. The non-inverting input of the OpAmp
158 is connected to a virtual ground. A feedback resistor 160 coupled between the output of
the OpAmp 158 and the inverting input deﬁnés the gain of the I/V converter 114.

The phase shifter 116 shifts the phase of a signal out of the I/V converter 114 and, if
present, removes any DC component from the signal. In one embodiment, the phase of the
signal out of the I/'V converter 114 is shifted 90°. In the illustrated embodiment, the phase
shifter 116 comprises a capacitor 162 and ;esistor 164, and is followed by a buffer amplifier
166. The buffer amplifier 166 may be a conventional O};Amp with the output of the buffer
amplifier 166 coupled to the inverting input of the buffer amplifier 166; The capacitor 162 is
coupled between the output of the OpAmp 158 of the I/'V converter 114 and the non-inverting

input of the buffer amplifier 166. The resistor 164 is coupled on one end between the



produced by the sine wave generator 104 is in a negative cycle and will have
conparatively high value when the sine wave is in a positive cycl 9‘2'9 km_ fﬂﬁSe
ilTustrated enbodi nent, the square wave generator 112 conprises a
conventional OpAnp 168 configured as a Schmdt trigger with sone hysteresis
and is coupled to the sine wave generator 104 to generate a square wave
synchronous with the sine wave produced by the sine wave generator 104. The
non-inverting i nput of the OpAnp 168 is coupled to the sine wave generator .
104 through an, input resistor 170. The jinverting,.Lnput of the. Op 168 is
coupl ed toca.i’a?ﬂfqrtlgglanﬂ; s ieg-inveiing IBB‘ftpﬂ?fheg?“?{eﬁémgﬂg?ﬁ%f@gd 2 XWﬁg’gmﬂcﬁ t he
non-inverting i nput of the OQpAnp 168 through a feedback resistor 172. It is
cont enpl at ewitheloditer. i f t he sine wave generator 104 is an ASIC including a
DDS chi p, the square wave can be generated by the ASIC, thereby renmoving the

need for a separy QueRrioegeherator U2 geBeidfs @ sy@irewaes e alcutput ihat it 0 generate
the square wave. The synchronous denodul ator 118 is a circuit for

denodul at i ' ' j o] hifter 116
using ¢ he SACPioRAABF S sk filte gBleRAl oy BE Sk Hant ERRAGRIPNAENE | 7 i e
synchronous depodul ator 118 is signal with i gn _ dependent on the

conpar at i VERROFERFRL e Sgare weveswﬁmgmefapﬂ%ﬁxWWU? R RGNS WikKFe
generator 112. |If the square wave anplitude is |ow (indicating the sine wave
i's in a nggediceéby 1 sincOFakeBOErator Y04 )in amhgative gycloand wal Bavgrampaiativelyhange.
If the square wave anplitude is high (indicating the sine wave is in a
positive ajgl wlue Whén Gle@lheafavt AeinifBitive 6idl¢é. Mahe llfidRged etBodifiRnt, kidist r at ed
enbodi-ment, the synchronous denodul ator 118 conprises an OpAnmp 174 and a

swi tich 17 i ot : ' j t s&quent i ng
i nput of ? ﬁ%ﬁa%’,&’rvr%gi%ﬁg&?eﬁc%uhﬁ) [‘%\- t%dﬁyﬁrgfogglg%%@gfm? %gnﬁéﬁ?d;%haﬁg ITrer 166
t hrough a f.irst

respectiv éll'x%g_er Wtéxl sgg}%gw%t%%:sfss Iaﬁé 15%5?9%1'%9 (flo ess.ﬁl%%]a%e Igg é%%m? t64 t%)tg%ker% e8d

square wave synchronous with the sine wave produced by the sine wave genera.tor 104. The
non-inverting input of the OpAmp 168 is coupled to the sine wave generator 104 through an
input resistor 170. The inverting input of the OpAmp 168 is coupled to a vinuai ground. The
output of the OpAmp 168 is coupled to the non-inverting ihput of the OpAmp 168 through a
feedback resistor 172. It is contemplated that, if the sine wave generator 104 is an ASIC-
including a DDS chip, the square wave can be generated by the ASIC, thereby removing the |
need for é separate component, e.g., square wave generator 112, to generate the square wave.
The synchronous demodulator 118 is a circuit for demodulating the phase shifted

signal received from the phase shiﬁ.er 116 using the square wave from ,th-e square wave
generator 112. The output of the syﬁchronous demodulator 118 is a signal with a sign
dependent on the comparative amplitude of the squﬁe wave produced by the square wave

generator 112. If the square wave amplitude is low (indicating the sine wave is in a negative
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174 is coupled to the inverting input of the OpAp 174 through a feedback
resistor 180. In addition, the non-inverting input of the OpAmp 174 can be
coupled to a virtual ground via the switch 175, which is controlled by the
square wave generator 112. \Wen the square wave anplitude is higi,J {Hel005
switch 175 is on and the non-inverting input of the OpAnp 174 is coupled to
the virtual ground, thereby changing the sign of the signal at the output of
the OpAnp 174. Wen the square wave anplitude is low, the switch is off and.
the non-inverting input of the OpAmp 174 is not coupled to the virtual

ground, thereby |eaving the sign of the signal at the outpuf of the OpAnp
174 uncha§yde): H"?ﬁﬂqf’ e ygnal W‘gé?@gf'hgt%ﬁ%‘ %ﬁvetaﬁg’hgiﬂﬁdﬁﬁ‘@%\é’@éw&%% | at or -

118 to generate a DC signal that is proportional to the effective
capaci t ancime Whfe sfintalpsitive spre)thesign| of tigsignahivalhpotichangeur n, i s proporti onal
to the volune of a sanple within the biosensor. In one enbodi nent, the

"cut-of f' freqypme ii@trated @mibBiimlea?) thésyitigbndu@\WRmotiiiafdr i 1 cbihy agi es in the
signal out of the synchronous denodulator 118. Since the cut-off frequency

is much | r_than t.he f. ngi es,in.the si l..out aof the synchranous
dormdul at Sl Ao et B3g8 a6k Salbiels e PRl ph s RREVERIRS (s a
DC signal proportional to the effectjve capacitance 110 _of the biosensor.
cel | 102. ingupefche Opherm hif armseunlerbtortheontpulf the bydter amplifierdi$6ithrogglp firs t he
effective -11 2 9 JUL 2005 capacitance 110 and does not represent the

ef f ect i veinpesiesistant26 4Ba sesonkBipnt tesistob T8 respectivelye (e oatpuoofihe QpAms 1- 8.
In the illustrated enbodi nent, the LPF 120 includes a resistor 182 and a

capaci t or 1384 codpléd b Fhveftink8RpitSf GRUPY Atlp 974 BR6uANfebdbath fesedrNigD. 34 t he

synchronous denpdul ator 118 and to the capacitor 184 on the other, The

Copee, O o SRRSO HESER i BPAE R BB A B R
embodi mangv(ritch 175, which is controlled by the square wave generator 112. When the square wave
amplitude is high, the switch 175 is on and the non-inverting input of the OpAmp 174 is
coupled to the virtual ground, thereby changing the sign of the signal at the output of the
 OpAmp 174. When thé square wave amplitude is low, the switch is off and the non-inverting
input of the OpAmp 174 is not coupled to .the.virtua] ground, thereby leaving the sign of the
* signal at the output of the OpAmp 174 unchanged.

The LPF 120 filters the output of the synchrbnous demodulator 118 to generate a DC
signal that is proportional to the effective capacitance 110 of the biosensor cell 102, which, in
turn, is proportional to the volume of a sample within the biosensor. In one embodiment, the
"cut-off" frequency of the LPF 120 is much lower than the frequencies in the signal out of the
synchronous demodulator 118. Since the cut-off frequency is much lower than the
frequencies in the signal out of the synchronous demodulator 118, the LPF 120 averages the

signal. The resultant signal is a DC signal proportional to the effective capacitance 110 of the

biosensor cell 102. Support showing that the resultant signal is proportional to the effective
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the anplifier 185 is a conventi onal CpAnp 186. The non-inverting input of
the OpAMp186 is coupled to the LPF 120. The inverting i nput of the OpAnp
186 is coupled to a virtual ground through a ground resistor 188 and the
out put of the OpAnp 186 is coupled to the inverting input of theldbl%b f%s6
t hrough a feedback resistor 190. A voltage divider 191 reduces the voltage
| evel out of the anplifier 185 to a suitable Ilevel for the A/D converter
122. In the illustrated enbodi ment, the voltage divider 191 conprises a
first resistor 192 and a second resistor 194 coupled in series between the

out put  of cangeitansaih0 @gbd%ﬁaogewm Hhegiisative reqtﬁém?@owﬁé&fl?seﬂbweh%\émnt he

resistors 192, 194 provides a reduced voltage |level that is dependent on
t he val ueSrdﬁkmettedqliabibni bha. e diedilostmtei®Mbodindeht, tIOEPF 120 archili2é a resistor 182 :
conventional filter for removing an AC conponent fromthe signal out of the

| /'V conver %ﬁ:cfa é]z#p 1to-l:|'1§4 r ¢RLdsRRr 182 BNQ }éQHton%Be Ehd tto%e ut' S thé) n%’n%ﬁxto!n&?s of

the type o e applied to the biosensor exa

Fi st oppl fetodiseno donadb edrrapr 16 s e or %gaﬁ o lﬁ% prpEaRetrechs

operating properly. The resultant signal can be used in a known manner to
det erm ne thheesnsytprelfi@fanéawpﬂhéﬂg@ugd bl ood or sugar water. In one enbodi nent,
the filter 126 is 12 29JUL2005 configured to renove AC signal frequencies
equi val ent to tRe afplifiegrssl anfplidigs dreontge 6L LEF 120y L te iHistatedarebodanaitat or
104. In an alternative enbodinent, the filter 126 renoves all AC signals.

The A/D Coﬂ%%{n fifier 83 199@81?%%01?&1‘ A9 eh&ﬁe riﬁ)?fiﬁ&e%f;ﬂﬂglﬁ%uﬁ&th@ &&826 -

digital signa at an output. conve
colp 0 o Lhe\ATE ek gubl Bt Akl PR SRk 155
ground through a ground resistor 188 and the output of the OpAmp 186 is coupled to the
mvertmg input of the OpAmp 186 through a feedback resistor 190.
~ Avoltage divider 191 reduces the voltage level out of the amplifier 185 to a suitable
level for the A/D converter 122. In the illustrated embodiment, the voltage divider 191
comprises a first resistor 192 and a second resist.or 194 coupled in series between the output
of the OpAmp 186 and a system ground. The connection between the resistors 192, 194
provides a reduced voltage level that is dependent on the values selected for the resistors 192,
194.
The filter 126 is a conventional filter for removing an AC component from the signal
| out of the I/V converter 114. The resultant signal out of filter 126 is indicative of the type of
sample applied to the biosensor cell 102. For example, in measuring glucose levels in blood,
a test sample, e.g., sugar water, is first applied fo the biosensor cell 102 to determine if the

biosensor is operating properly. The resultant signal can be used in a known manner to

determine the type of sample, e.g., blood or sugar water. In one embodiment, the filter 126 is .

212 -



function of converting the signal proportional to the effective capacitance
110 of the biosensor cell 102 fromanalog to digital. In addition, the A/D
converter 122 nay be coupled to the output of the I/V converter Zlﬁ'f]UEWU?ugh
the filter 126 via a switch 198, e.g., another transistor, to performa
second function_of converting the signal indicative of the type of sanple
within the biosensor cell 102 fromanalog to digital. The closure of the
switches 196, 198 is mutually exclusive to prevent nore than one signal
fromentering the AID converter 122 at a tinme. It wll be understood by

t hose ski | ¢ondigiredttdrecnaovie A G aignalfecgéiesequignlsitan theoAC simnkfrequencygenemted
effective capacitance 110 of the biosensor cell 102 and the A/ D conversion

for deter npyyhBGinkReavk ?&?erﬂf)r S @n AREBASGEVRSh YA, thO A1t D%aREeYecAl AC102
can be perfiormed by two separate A/D converters. |If separate A/ D converters

are used, or if only one function is to be perforned, the switches 196, 198
can be el in&ed. In one enbodi nent, the A/D converter 122 is a dual sl ope
A/ D converter. A dual slope A/D converter is a device that converts anal og
si gnal's to di giThe ABcanyererlZ2icapvarisanalag sigpes sceivad atagyinputdp digite] eignder i od
of time and, then, counting tinme intervals to bring the integrated signal
back to zetan otipat. cClawnt eshbbdiment, theAldtenvarte 1236ds bapiel th de LPE 120 thirdwgh
signal output by the dual slope A/D converter. It will be understood by

those ski lheghitdyedi8dedn1 bh@hmpliBerd 83 Wik swid@P196! 8., b MaBYEBE, it PerforiiPa Bfst t Ne

dual slope A/D Converter can be selected to reject the AC frequency

gener at ed t he .sine wave generator. .10 herehy effectivel.y r.enoving the
2e G gmartistion G SpRGr Be NER b gt 1o MEBRE e Bl E ek Tl SR EHED ' 2
separate filter 126. In one _ enbqdinent, the integration tine is selected to
rej ect a éayssmsopgelf W?effPlﬁtaélﬁlPért%ﬁtgét?l-@@d‘?ltloﬁéh%hé@veﬁﬁr Helamay becoupted

frequency of the sine wave generated by the sine wave generator 104 is -
sel ect ed totheantput bEthedA penverert Hduthtough thetfilteh é2G elaacwathil A8 sgg.agiodiert | me of

transistor, to perform a second function of converting the signal indicative of the type of
sample within the biosensor cell 102 from analog to digital. The closure of the switches 196,
198 is mutually exclusive to prevent more than one signal from entering the A/D converter
122 at a time. It will be understood by those skilled in the art that the A/D conversion for
determining the effective capacitance 110 of the biosensor cell 102 and the A/D conversion -
for determining the type of sample deposited within the biosensor cell 102 can be performed
by two separate A/D converters. If seﬁarate A/D converters are used, or if only one function
1s fo be performed, the switches 196, 198 can be eliminated.

In one embodiment, the A/D converter 122 is a dual slope A/D converter. A dual
slope A/D converter is a device that converts analog signals to digital by integrating the
analog signal for a speciﬁed period of time and, then, counting time intervals to bring the
integrated signal back to zero. The counted time intervals are the basis for the digital signal.

output by the dual slope A/D converter. It will be understood by those skilled in the art that
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18. 34nfSec, e.g., 109.065 Hz. In the |Ilustrated enbodi nent, the A/D
converter 122 converts the DC signal proportional to the effective

capaci tance 110 of the biosensor cell 102 rather than converting pe |

vol tage and current out of the biosensor cell 102 and then determ 8 e
effective capacitance 110. This allows a slower A/ D converter 122 to be
used, such as the dual slope A/D converter in the above enbodi nent, than
woul d be required to digitize the voltage and current out of the biosensor
cell 102. The processor 124 processes the digital 9na|s out of the AD
convert er thedntegppien timpef theduaksione M@4¢®§%ﬂ§ﬁ§l%seﬂ® edite regjeet e A the I N
converter 114 through the switch 198, .the filter 126, and the A/ D converter

122, the pfeirasPgentided by thosihe @uvcegleuefntc& 1Waoherebpefiietivelyeerdetiag mhe&Ci f t he
sanple wi thin the biosensor cell 102 is of a first type or a second type.

Wien the p%%@?%ﬁﬂ{] £ tEHVicn P‘l?@' ifgxﬁlﬁatﬂﬁtﬂ%eﬁﬁffom& Li2te fﬁ% ltZBr ?1%, the

anplifier e voltag I vi der conve ter

switch 196, the processor 124.is nfigured t rmne evolurre of the
sanpl e wi t HRBPIRENtpthe dupgaion e ispeoledhisiet ¢ 0030 HybedRsHARraE B _out put
of the LPF 120 is proportional to the volune of the sanple within the

bi osensor, 1& HenSes| dmradditior, e Tequphaey afdhe $ine Weveegentrated byshagink weve ggrecdterssi ng
~14 29JUL2005 techni gues. The processor 124 includes, but is not limted

to, m croproageséieviéd toaté G aidxihmenttenuatiof it the saécgét_aintergtmaﬁﬁ& 6f (DSPs) ,
state machi nes, general purpose processors, speci fic purpose processors,

applicati %%gﬁé g W6y 6e@Led circuits (ASICs), or essentially any

apparatus ca proce53|ng a digital signal. In one enbodi nent, the
processor W 11 SELSHINDER Lind RS ob P Sbeldhs TABUS e HERBHE Y,
proportional to the effective capacitance 110 of the biosensor cell 102 rather than converting
the voltage and current out of the biosensor cell 102 and then determining the effective
capacitance 110. This allows a slower A/D converter 122 to be used, such as the dual slope
A/D converter in the above embodiment, than would be required to digitize the voltage and
current out of the biosensor cell 102.
The processor 124 processes the digital signals out of the A/D converter 124. When
’the processor 124 is coupled to the output of the I/V converter 114 through the switch 198,
the filter 126, and the A/D converter 122, the processor 124 is configured in a knowr_x manner
to determine if the sample within the biosensor cell 102.is of a first type or a second type.
When the processor 124 is coupled to the output of the LPF 120 through the amplifier 185,
the voltage divider 191, the A/D converter 122, and the switch 196, the processor 124 is
configured to determine the volume of the sample vﬁthin the biosensor cell 102. Since it can

be shown that the output of the LPF 120 is proportional to the volume of the sample within

the biosensor, the volume of the sample can be determined using known processing

-14 -



vol une i s adequate, a conponent neasurenent using the sanple is perforned.

If the sanple volune is inadequate, a conponent neasurenent i s not
perforned and an error nessage may be displayed to a user of the biqu@@pm%
In certain enbodi nents, the processor 124 will store conmponent neasurenents
for a sanple if the sanple is of a first type and discard neasurenents for-
a sanple of a second type. For exanple, in a glucose neasurenent system if
the processor 124 determ nes that the sanple type is blood, the processor
124 stores tdchffi u%l %9%?00@&?%5? %p.\tdm,?ﬁy\ﬁ\ﬁ%f Iimﬁtt:d Lohﬁ'uarogr%géég S det ermi nes
that the sanp ype s sugar  water ’(a commpbn substance used to verify the

proper operation of a glucose neter), th gl ucose, . neasurenent is
di scar ded. MfECPIgHEES gltﬁfﬂgq%hWéesé@ﬁfpgﬁ?)eﬂatFH’aGEP% SRSl Sfount of a
conponent within a sanple within a biosensor cell 102. For exanple, the

processor piéessons, dpecifis pdriose prbetwsors) applitdtenaspeciit idégrated cioasts WASECS), ar
sanple of blood. .-In order to determ ne a glucose level in a sanple, the

processor dddniafl thOcdpBle @ pRIEsshis 4 digitdl Ngnanverter 114 through the
switch 198. The \}/’gﬁ#g%%ﬁappﬁpedet obt he b-igose%sor g%ell 102 by the DC voltage

source 106, e.g., negative (:)_ 300nV. rates.a."fifst | se" current, -
T Cthrongh ¢l deRERRRiSht pRog ot wilE OB AR e valie & WS ol i o1
modi fied in a known manper to apply_ a voltage having an -15 29JUL2005
opposi t e padeanate hy cemparing e deterrined yolymg ie/2 PEsdgtermingdusefue.olf sk sample o
generate a "steady state" pulse current, i5 , through the biosensor cell

102. | n onweole:md ixkdegunite, atdoenpphert esasirement sorg thé eamspla perforyed elf det amplaed
by the .processor 124 as described in reference to equations 9- 18 below in

whi ch the path@e€ isGHEdQ04tE, @e&nﬁtﬁkﬁm}mﬁn@ms%ﬂ?@nﬁﬁfe@%@ﬁ%ﬂﬁeés may
effective capacitance 110 of the biosensor cell 102 prior to cal culating

the gl “Coslf%cleiﬁp‘@ed t Qu?ée}'of‘ﬁ’xe‘1%6&%&%\%Eéﬁé?rgéxﬂﬁ@&ﬁneﬁﬂf‘thg5%%8&810{241%1 $tbre

det erm-ne gl‘ucose Vel 1n a

component measurements for a sample if the séunple is of a first type and discard
measurements for a sample of a sécond type. For examplé, in a glucose rﬁeasurement sysfem;
if the processor 124 detérmines that the sample type is blood, the proceésor 124 stores the
glucose measurement. However, if the processor detgnnines that the sample typé 1s sugar
~water (a common substance used to verify the proper operation of a glucose meter), the |
glucose measurement is discarded.
The processof 124 may be configured to determine the amount of a component within

a sample within a biosensor cell 102. For example, fhe processor 124 may be used to
determine the amount of glucose within a sample of blood. In order to determine a glucose
level in a sample, the processor 124 is coupled to the output of the 'V éonverter 114 through_
the switch 198. The voltage applied to the biosensor cell 102 by the DC voltage source 106,
e.g., negative (-) 300mV, generates a "first pulse" current, ig, through the biosensor cell 102.

The DC voltage source 106 is then modified in a known manner to apply a voltage having an
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manner based on the pulse currents and then conpensate for the glucose |evel
using the effective capacitance 110. To reduce the effects of the
variability of the electronic conponents within the biosensor dep&%{ﬁgzmg
FIG 2, a calibration procedure is used. The calibration procedure-*imncludes
averaging digital signals proportional to the effective capacitance 110 of
an enpty biosensor cell 102 and for a known capacitance coupl ed across the
bi osensor cell 102, and calcul ating a capacitance conversion slope by

di viding the value obtained with the known capacitance by the difference
bet ween t heppaositeipolabityat-ge gosiiiveh(+a A0emidt gnduillowed twsettdetol generate adistigadyhsiate’sl ue
obtained with the known capacitance. The capacitance conversion slope is

then st or galsd @irent 65 3Broyh tHeigvese s61P1021 24 ohe embodifeht, thesltdode Rivel for
proportional to the effective capacitance 110 across the biosensor cel

102. | ' : ' ' 0.0.0. 47
: O”ﬁleggﬁéﬁg;ng%{ﬁel%@erﬁﬂ%%yﬁgﬁ@rgb%gcﬁ 1t d?sh:ﬁf)é’cf‘ﬁ%ﬂ:ré{ﬁé Wequiitichs - |

uF 296, is e capaci ue o e capacitor i

using a known calibrated neter, e.g., an . Agjilent LCR nmeter. The cgpacitor
i's then cohhbdewdn B’é‘t‘itbégﬁp‘tllﬁ%"‘tquﬁ‘&ﬁ?g‘% dptermingt adcopmensaisd baseskon, e ¢ Bociive

bi osensor cell 102 is connected to the biosensor and A/D readings out of
t he A/ D cocepecitasee 1Pofthe biosenspriedl, 102 ipsiopfoBatoulading dfs glnebse hevekown - 16 Z g
JUL 2005 neasured capacitance are used to devel op a single point

cal i br at i ofltehitidetRbBARRNE, Ik SOPREHT120 Ry @eRVaINBiIIglSt QR eevelH LihoNay be
stored in nonvol atile nmenory for access by the processor 124. During

tion. . .
capaci t anci BB GHR, Slisd Afrcfte ol P Lo PHE RS AR e
conversioqﬁg%gﬁf. SUPPCFQ%When two parallel plates with the surface area of

A are sepd wpaqigreithee, d,

‘To reduce the effects of the variability of the electronic components within the
biosensor dépicted in FIG. 2, a calibration procedure is used. The calibration pfocedure
includes averaging digital signals proportional to the effective capacitance 110 of an empt};
biosensor cell 102 and for a known capacitance coupled across the biosensor cell 102, and
calculating a capacitance conversion slope by‘ dividing the valug obtained with the known
capacitance by the difference between the value obtained with an empty biosensor cell 102
and the value obtéined with the known capacitance. The capacitance conversion slope is then
stored for access by the processor 124 to correct the signal proportional to the effective
capacitance 110 across the biosensor cell 102.

In one embbdiment, a known capacitor with a standard value, e.g., 0.47 uF 2%, is
selected. The capacitance value of the capacitor is measured using a known calibrated meter,
e.g., an Agilent LCR meter. The capacitor is then connected between the conductor
connections 128, 130 where the biosensor cell 102 is connected to the biosensor and A/D -

readings out of the A/D converter 122 are recorded. The A/D readings and the known
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wi th an insul ator therebetween, the capacitance is calculated by: A Cap =
sr so d (1) where cois the permttivity or dielectric constant of the free
space and ¢, is the relative dielectric constant of the insulator inserted
between the two plates. The capacitance is directly proportional EE.QRQWS

I

surface area, A (or the electrode surface in contact with the sa
solution) and is inversely proportional to the distance, d, between the two
plates. In order to generate a signal proportional to the applied sanple

vol une, the neasurenent nmust be independent of the effective resistance
108. To prmgRuicd@hpaciienceuiused od devielop acinglepéintiedibratibrtb derertreiethence to FI G
2 is proportional to the biosensor cell's effective capacitance 110 and is

not a funcgy Raf eéohe?] loRSRRE AhhiCiRhiay Be SbfRGh nYRvdIRRE MeAldeP ot Abeesé by {hh%an

assuned t ha e synthesi zed sine wave I's a continuous sine wave w
anplitude, V, an UL 2

v.=VsinWwW,,-(2), -17.2 J where, o, .=
2(err)f, RS 424 Rring ectachy éﬁ?‘#ﬂ%aﬁtftﬂf@%@&g@%g% #E O FEARLN a
sanple is applied to it will have the sanme shape with a (err) degrees phase
shift: i =apacitamqemalues py theProcessnsrl@4 using the sttzeg capagitance genvesRG)loperhe
| npedance, Z, of the biosensor cell is: R Z 1+ jcoRC (4)
SUPPORT

When two parallel plates with the surface area of A are separated by a distance, d,

with an insulator therebetween, the capacitance is calculated by:

A
Cap=¢g,¢&, i

. ¢y
where g is the permittivity or dielectric constant of the free space and &, is the relative
dielectric consftant of the insulator inserted between the two plates. The capaci‘;ance is
directly proportional to the surface area, A, (or the electrode surface in contact with the
sample solution) and is inversely proportional to the distance, d, between the two plates.

In order to generate a signal proportional to the applied sample volume, tﬁe

measurement must be independent of the effective resistance 108. To prove that the output of
the circuit described in reference to FIG. 2 is proportional to the biosensor cell's effective

capacitance 110 and is not a function of the biosensor cell’s effective resistance 108, it is

assumed that the synthesized sine wave is a continuous sine wave with an amplitude, ¥, and

-frequency; £+
v = Vsin wt, 2)
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The output of the LPF 120, VO, is the average of the UV converter 114 out put
after it has been phase shifted 90 degrees: V =J Z, Rs |j cos(21rft + (p )dt
Vo = 2f (5) where Rs is the sense resistor for the IN converter 114. In
this equation, it is assuned that the phase shifter gain is one. Byjg JUL 2009
substituting Z and evaluating the integral: VRs VI-,+ 2, 1 [SV - % f
i(7Zft m)J2 21Cft ;and (6) 18 29 JUL2005 Vo = 2VRs 1+N2 R2 C2 ~R sin(rp
), rp =tai-1(WRC ) (7) After sonme mathenmatical sinplifications: 2VtoRs Vo=
C7] (8) Therefore, the output voltage, VO, is a linear function of the

bi osensor cell's effective capacitance 110 and is not a function of the

bi osensor cell's effective resistance 108. Thus, by neasuring and know ng

t he vol t agéered® e@uirany ! istitde.slhgsurrentdhronghy the Hlasersor edllel (7 whema samplels ' s

applied to it will have the same shape with a ¢ degrees phase shift:
i =Isin(wt + ) - 3)
where, I= {V/*Z*},p = tan"(coRC). The impedance, Z, of the biosensor cell is:

B R
T 1+ joRC

“4)
The output of the LPF 120, V,, is the average of the I/'V converter 114 output after it

has been phase shifted 90 degrees:

v i
Vo= 2f|—Z—|Rs !cos(erfH 0)dt
, - B E))

where Rg is the sense resistor for the I/V converter 114. In this equation, it is assumed that

‘the phase shifter gain is one. By substituting Z and evaluating the integral:

VR RE 1 [ ]ﬁ
. R 2znft

; and (6)
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effective capacitance 110 can be determ ned, which, in turn, is an indicator
of the sanple volune. In accordance with one enbodi nent of the present

i nvention, an accurate glucose nmeasurenent can be determ ned, even when a
non-opti mal sanple volune is applied to the biosensor 102. FIG 3 QEJELZNS
timng diagramthat will be used to illustrate the devel opnent of

signals used to neasure glucose levels. During a first pulse (fp) having a
first DC bias voltage, e.g., -300nV, an effective capacitance |evel
indicative of a sanple volune is detected during a volume detection period
in which an AC ﬂf‘?ﬁﬁ?pp|led to the sanple. Al so during the first

pul se, aftey é@k& Lgna 9 Vedan al@ current level through the

bi osensor céfl 102 ggneasureg¢ E@rlng a second pul se, having a second

bias voltage, e.g., +300nV, after a settling period, a second current (Nevel
is neasured. The current |levels may then be conpensated based on the

ef fective capaciftansseneimathematidabsipyipbfieatms: cel | 102 and used to deternmine a
gl ucose level for the sanple. This process will now be described in detail.
The gl ucose con t|on (U can be calculated as follows: -19 2 9 J UL
2005 LP ( iﬁ? where ire is a first pulse current of one
polarity de ecnrned—du ng a first pulse (fp), iss is a steady state pul se
current of an oppg®ite polarity determ ned during a second pul se (sp), Qg and
z are calibration constants, and Gsp is a glucose concentration cal cul &/ed
during the second pul se. The second pul se glucose concentration, GSp, can
be cal cul afkegefars, the| dquigwt voltage ¥, mFﬁzlngqufynggon of the biosensor cell's effective

capacit_ance 110 and is not a function of the biosensor cell's effective resistance 108. Thus, by
measuring and knowing the voltage, frequency, and sense resistor vaiues, the biosensor cell's
effective capacitance 110 can be determined, which, in tum, is an indicator of the sample
volume.

In accordance with one emBodiment of the present invention, an.accurate glucose
measurement can be determined, even when a non-optimal sample volume is applied to the
biosensor 102. FIG. 3 is a timing diagram that will be used to illustrate the development of
the signals used to measure glucose levels. During a first pulse (fp) having a first DC bias
voltage, e.g., -300mV, an effective capacitance level indicative of a sample volume is
detected during a volume detection period in which an AC signal is applied to the sample.
Also during the first pulse, after the AC signal is removed, a first current level through the
biosensor cell 102 is measured. During a second pulse, having a second DC bias voltage,
e.g., +300mV, after a settling period, a second current level is measured. The current levels
may then be compensated based on the effective capacitance 110 of the biosensor cell 102
and used to determine a glucose level for the sample. This process will now be described in

detail. The glucose concentration (G) can be calculated as follows:
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(10) where d is the thickness of the biosensor cell, F is Faraday's
constant, A is the biosensor cell area, and Dis the diffusion coefficient.
In one enbodi nent, the first pulse current, ifp, is determned during the
first pulse just prior to the biasing voltage's transition from -30Qrd¥Lt)605
+300nV and the steady state current, 155, is determ ned during the second
pul se after the current |evel settles to a substantially constant |evel. If
t he bi osensor cell is not filled conpletely by the sanple and the cell area
equals A, then Gsp and G can be cal cul ated based on the partially filled
volume. To illustrate this concept, assune a partially filled biosensor
cell with the poﬂ&}on f the Riosensor cell covered by the sanple
represented(By:(artDﬁIG%@F4E§d area, ApF, where PF stands for partially
filled. In ordeqg to calculaté the glucose value, this area is used to

cal cul ate the pafﬂkajly filled glucose value -20 29 JUL2005 GPF | ssPig) p
(GspPF _ 2Z2) PPPF J I f , (11) where: d GspPF 2FAPFD | ssPF (12) Therefore,

GPFs SPF) P( wﬂex)e % isZ:) fifet I)ulgcl,: curfantbl Qle(p%"f‘a)dty determined during a first pulse (fp), iss is a

steady state pulse current of an opposite polarity determined during a second pulse (sp), p and
z are calibration constants, and Gs; is a glucose concentration calculated during the second

pulse. The second pulse glucose concentration, Gsp, can be calculated as follows:

A d . |
Gsp = l s - | :
2FAD ™ | o

where d is tile thickness of the biosensor cell, F is Faraday's constant, 4 is the biosensor cell
area, and D is the diffusion coefficient. In one embodiment, the first pﬁlse current, igp, 1S
determined during the first pulse' jusf prior to the biasing voltage's transition from -300mV to
+300mYV and the steady state curreﬁt, iss, 1s determined during the second pulse after the
current level settles to a substantially constant level.

If the biosensor cell is nét filled compietely by the sample and the cell area equals 4,
then Gy, and G can be calculated based on the partially filled volume. To illustrate this
conéept, assume a partially filled biosensor cell with the portion of the biosensor cell covered

by the sample represented by partially filled area, Apr, where PF stands for partially filled. In

order to calculate the glucose value, this area is used to calculate the partially filled glucose

value:
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The cell currents, i" and zf,, are proportional to the cell area A and the

equi val'ent cell capacitance is proportional to the cell area: |ssF _ 1f pF _
AF  CF IssPF 1 fpPF APF CPF (14) where .P stands for a conpl ete&yé 0%
cell. Therefore, if the partially filled cell currents, issPF and&idf I'—7 are

cal cul ated and substituted to calculate the glucose concentration of a

sanple that partially fills the biosensor <cell, then: CPF rsskF CF F d CPF
GPF _ CPF) 2FAPFD Zss' CF zZ) :fpF CF (15) --21 2 9 JUL 2005 |If the ratio
for capacitance is substituted with the ratio for area, then: ((lIssF p(( d

APF GPF _ - ||pr) 2FAPFDj"' AF 7) and (16) _ IssF p d GPF_(ifPF)
( 2FAFDI ssF-G r) eqUJ_ zttlent to the glucose calculated froma
conpl etely PF &d i ose c@IHF in quatl on
ppPF (11)
where:
G a_,
=1
PF- PF
PP D FA, D
. (12)
Tﬁerefore,
d
Gpr = ( SSPF) (ZFA DissPF—Z) '
LprF PF (13)

The cell currents, 7;; and i, are proportional to the cell area 4 and the equivalent cell

capacitance is proportional to the cell area:

issF lﬁ:F _ AF _ CF

i i A C
ssPF JpPF PF PF : (14)
where F stands for a completely filled cell.

Therefore, if the partially filled cell currents, ispr and igpr, are calculated and

substituted to calculate the glucose concentration of a sample that partially fills the biosensor

cell, then:
i Cor
s:F C C
P . PF
PF ( ) (ZFAPF.D ssF C Z)
/IvF C'

F . | (15)
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9, i.e.: GPF= G- (18) This indicates that an accurate glucose |evel can be
cal culated even if the biosensor cell 102 is only partially filled. FIG 4
depicts pulse current values for filled and half-filled biosensor cells
during first pulse and second pul se periods prior to conpensation bhs UL A5
the effective capacitance of the biosensor cell in accordance wth the
present invention. The transition fromfirst pulse to second pul se occurs
at about 10 seconds in the exanple depicted in FIG 4. As shown, the shapes

of the current_profi.les are. r.oxi |y .t same .for the filled and

hal f-1il1ed  biSagwis °fc“@PF°§%g§edﬁé\‘PerE?‘?“??‘%&‘€ﬁ’§rf§“%f°g5r‘ﬁferar St differences in
their current values. These differences nay be due to variations in the
actual glucose levels and the volunes of the sanples. For exanple, a | ow

gl ucose | evel calcul ation maybe due to a | ow glucose level -22 2 9 JUL 2005
and/or a | ow sanple volungd Therefgge, gl ucose | evel cal cul ati ons based on
current quelgzﬁzﬁﬁ? t i oPfmay e inaccurate. Results shown in the
FIG 4 werefEol M'ect ed _p}ﬁog[m@”bb@sens r cells with bl ood sanpl es havi ng
40ng/-dL to 600 ngPEL gl'icodd and hefratocriand evel s of 20-70% FIG 5
depicts vol unme detection Al D readings for conpletely filled and half-filled
bi osensor cells during 0.6 to 0.8 seconds after a sanple is detected(hg a
known manner. A synthesized AC sine wave. is applied at the beginning of the
first pulse and the volune detection circuits are stabilized before

obt ai ni ng volunelggtgg iondA/D_readi'gs. As shown, A/D readings for
haIf-fiIId@%pFe{@mmﬂ é..pabody) half the A/D readings for filled

L pF F . (17)
This is equivalent to the glucose calculated from a completely filled biosenéor cell in equation

9,i.e.:
Gpp = Gy |

This indicates that an accurate glucose level can be calculated even if the biosensor cell 102 is

(18)

only partially filled.

FIG. 4 depicts pulse current values for filled and half-filled biosensor cells during ﬁrs.t
pulse and second pulse periods prior to compensation based oﬁ the effective capacitance of
the biosensor cell in accordance with the present invention. The transition from first puise to
second pulse occurs at about 10 seconds in the example depicted in FIG. 4. As shown, the
shapes of the current profiles are app?oximately the same for the filled and half-ﬁlle(i
biosensor cells, however, there are significant differences in their current values. These
differences may be due to variations in the actual glucose levels and the volumes of the

samples. For example, a low glucose level calculation may be due to a low glucose level
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bi osensor cells, thereby denonstrating that the A/D readings are related to
the volune of the sanple within the biosensor cell. Results showmn in FIG 5
were col |l ected by dosing biosensor cells with blood sanples having gOJUrE%(fgL
to 600 ng/dL glucose and hematocrit levels of 20- 70% FIG 6 depicz

hi st ogram of A/ D readi ngs, nean, standard devi ation, and coefficient of
variation (CV) of filled and half-filled biosensor cells at 0.8 seconds
after a sanple is detected. As shown, the A/D reading are strongly

correl ated,fHod “ﬁsgiyéfvea{nggg Meherbfofd glu}jasae&kl ZQcﬂawngboa&d%fmﬂem%()an t he

gl ucose bi ases o In acc ance mn h the present 1nvention

gl ucose neasurenents perfor €] uc avai ] abl e from YSI
| ncor por at BAdP CPEPPEiHERT %maé)ﬁr & §Wlt€§ AE&%’Z ‘%‘?,r&]ﬂil?é‘?ij b0l d"
standard for perform ng gl ucose neasurenents&ébefore and after conpensation
for sanpl edestighresenagrseilewith blood samples bagng 4ég/L to @¥haetdbgligose T gl ucose
bi ases represent the differences between gl ucose | evels nmeasured by a

bi osensor hémascraIhdsZF06-708cor dance with the present invention and gl ucose
| evel s neasured by the YSI d ucose Anal yzer at the glucose | evels neasured

by the YSI G uc %2Rk EJ té:cln@ﬁ A/ﬁq'eﬁcﬁx?% 88@%%&’%1&‘%%%1&1?“&8

nmeasured by the ucose yzer are I'as

T e o 0 8 e S B 1

percentage. FIG 7a shows the Iucose bi ases for completely filled and

hal f-fil | eyntbiesisehdBrsingayqve is zpmhsd at the beginging ofrihe fis pulse loyd theevolwhene
detection A/D readings. As shown, the half-filled biosensor cells can have
up to -70 dsdetion cfrﬂﬁtsaressﬁqﬂi@dfbaﬁrélgbﬁir@(hyﬂﬂﬁﬁe HerwaionQX/DHRAdIAE. dAs stweh, - 25

ng/dL bias for a sanple having a glucose level of 40 ng/dL. FIG 7b shows a
A/D readings for half-filled biosensor cells are about half the A/D readings for filled
| biosensor cells, thereby demonstrating that the A/D readings are relgted to the volume of the
sample within the biosensor cell. Results shown in FIG. 5 were collecfed by dosing biosensor
cells with blood samplés having 40 mg/dL to 600 mg/dL glucose and hematocrit levels of 20-
70%.

FIG. 6 depicts a histogram of A/D readings, mean, stapdard deviation, ~aqd coefficient
of variation (CV) of filled and half-filled biosensor cells at 0.8 seconds after a sample is
detected. As shown, the A/D reading are strongly cérrelated to the sample volume.

FIGs. 7a and 7b depict a comparison of the giucose biases of a biosensor in
accordance with the present invention to glucose measurements performed by a YSI Glucose
Analyzer available from YSI Incorporated of Yellow Springs, Ohio, USA (an industry
recognized "gold" standard for performing glucose measurements) before and after

compensation for sample volumes applied to the biosensor cell, respectively. The glucose

biases represent the differences between glucose levels measured by a biosensor in
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significant inprovenent in the half-filled biosensor cell glucose biases
after conpensation wth volunme detection A/D readings. As shown, the

hal f-filled biosensor cell=s bias is reduced to |ess that approx&gghﬁéﬁ - 30
% for a sanple having a glucose | evel of 600 ng/dL and -10 ng/dL 05
sanpl e having a glucose |evel of 40 ng/dL. Having thus described a few
particul ar enbodi nents of the invention, various alterations,

nodi fications, and |nprovenents will readlly occur to those skilled in the

art. Such .@&&M& WiMShe F}%gé Jﬁgﬁﬁ&n% a%ﬂo'sﬂ?é?é’ﬁx@?&éezi 5 @%x@qﬁogbv' ous

by this disclosure are ption though not

expressly stated herein, and re i nt be wt ir scope
of the mvé’ﬁ’@f}’éﬁ at Ahe FHEAsh dvgls W??éu‘ngggﬁii@ Glaeasr s q&@@ Mg%g
exanple only, and not limting. The invention is I|mted only as defined in
the f ol | owileg ghicesentsvedntheasmmedinl theiS] Ghaost Hnalyzed age @laUL0Q 6RHL thediasiis
claimed is: 1. An apparat us for neasuring the effective capacitance across a

bi osensor  @gfided iR @8 B tghdll &id wmﬂ%mo@é 16618 REIreNby ke YSISGIaosKd LRiMFULt or
connection, the biosensor cell configured to receive a sanple having a

vol une, salalptl3 aﬁg‘pﬁlﬁlﬁg&qﬂgmaﬂsn fn@d ﬁ“lt%s\,@\ég’e%g’?&% it or havi ng an out put

for coupling St conduc connecti o e bi osensor cell, said
si ne wave generator pr odu C si_gnal ; current-tqQ-vol tage (W)
converter havi n§lGr2shoys tchlf’cﬁ%]u BUPREH rt‘BchF‘Féel¥ gﬁsiand ]&%ﬁéﬁé’é Biosensanesdlsi on
of the biosensor cell and further having an output; a phase shifter having
an i nput cpugitedeing compensatedipty tf valuind detectoomniv/d) teedings dA$ shavimg the tredffilbgl an
output; a square wave generator producing a square wave synchronous with
sai d AC si Bidgdnsor cells can have up to -70 % bias for a sample having a glucose level of 600 mg/dL

and -25 mg/dL bias for a sample having a glucose level of 40 mg/dL. FIG. 7b shows a

significant improvement in the half-filled biosensor cell glicose biases after corhpensation

with volume detection A/D readings. As shown, the half-filled biosensor cell=s bias is

reduced to less that approximately -30 % for a sample having a glucose level of 600 mg/dL

and -10 fng/dL for a sample having a glucose level of 40 mg/dL.

Having thué described a few particular embodiments of the invention, various
alterations, modifications, and improvements wi.ll readily occur to those skilled in th¢ art,

. Such alterations, modifications and improvements as are made obvious by this disclosure are
intended to be part of this description though not expressly stated herein, and are intended to
be within the spirit and scope of the invention. Accordingly, the foregoing description is by
way of example only, and not-limiting.r The invention is limited only as defined in the A

following claims and equivalents thereto.
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a synchronous denodul ator having an output, a first input coupled to said
phase shifter, and a second input coupled to said square wave generator;
and a low pass filter (LPF) having an input coupled to the output of said
synchronous denpdul ator, said LPF producing a signal at an output
proportional to an effective capacitance across the biosensor cel 2.9 HIL 2065
apparatus of claim11, further conprising: a DC voltage source coupled to the
first conductor connection of the biosensor cell, said DC voltage source
addi ng a DC conponent to said first conductor. -25 29JUL2005 3. The

appar at us thkahﬂhaiBMMEYEIn said phase shifter shifts the phase of a

si gnal out sald 1/V converter and rem)ves said DC conponent from said
signal out of s rter ar at . us of clai

conpr1 st ng: _an” iR PRI e PR rink g eSS PRR s rHG S BlereBt ot
coupled to the output of said LPF and further having a digital output, said
A/ D conver havingoofisesaningoneangediogriad a sprond epndustaaicoruecting, the bisgersorcell

capaci tance across the biosensor cell fromanalog to digital. 5. The

appar at us &fnﬁgﬁr@iim&ceiffblﬁbi]ﬁplem@mgia&bh@ie, aidapReatotompighed to the digital
out put of said A/D converter to process said digital signal proportional to
the effective capacy ctive
capaci tance across t%ﬂn%ﬁgggﬁggﬁn%Qﬁfgﬁgésgﬁe g%gﬁ%§%3¥g§?58§5§ﬂ§@?&%°ﬁ
processor f gther der| aggthe vol unme ? based on the effective
capaci t anc ‘i”B%eé‘s‘?rrFé %ﬂ%gf‘vec%qnf'm"fp %Baﬁ%ﬂ&?a f claim1, wherein

sai d sine wave generator generates a synt heS| zed
a current-to-voltage (I/V) converter avmg an input for coupling to the second

condﬁctor connection of the biosensor cell and further lhaving an output;

a phase shifter having an input coupled to the oﬁtput of said I/V converter and further |
having an output;

a square wave generator producing a square wave synchronous with said AC signal;

a synchronous demodulator having an output, a.ﬁrst input coupled to said phase
shifter, and a second in};ut coupled to said square wave generator; and

a low pass filter (LPF) having an input coupled to the output of said synchrénous
demodulator, said LPF producing a signal at an output proportional to an effective

capacitance across the biosensor cell.

2. The apparatus of claim 1, further comprising:
a DC voltage source coupled to the first conductor connection of the biosensor cell

]

said DC voltage source adding a DC component to said first conductor.

-25-



sine wave. 8. The apparatus of claim7, wherein said synthesized sine wave
is a stair type sine wave. -26 2 9 JUL 2005 9. A biosensor for neasuring
conponents within a sanple, said biosensor conprising: a biosensor cel
having a first conductor connection and a second conductor conneggi i, 206ai d
bi osensor cell configured to receive the sanple; a sine wave generator
coupled to the first conductor connection of said biosensor cell, said sine
wave generator producing an AC signal having a determ ned frequency;, a

current-to-volt (1/ converter having..an in coupled to the .second
conduct or connggf}?ecﬁﬁ’p¥t“§8?8135? gs‘@ﬂ?&“ Sg‘glﬂ%asfr?ﬁ%ﬁeﬁrsﬁ’ﬁtgrth%%sﬁﬁp %ﬂg%zﬁf’ﬁht; a
phase shifter having an input coupled to the output of said 1/V converter '
and f urt heof safthl/Vregmeantep andogmoves saiiBCecomporeny &ieat sidsigprl outef said HVsquar e
wave synchronous with said AC signal; ~a synchronous denodul at or havi ng an
out put, a §dpvsited Nput coupled to the output of said phase shifter, and a
second i nput coupled to said square wave generator; and a | ow pass filter
(LPF) having an input coupled to the output of said synchronous

denodul ator, said LPF producing a signal at an output proportional to an
effective capacitance across, sai d_biosensor.cell. 10. The bi osensor of
claim9, furthef EBhnPrEasPt claimds ST sUURASAE al (A D) converter having an
anal og i nput coupled to the output of said LPF and further having a digital
out put, said A i zelogaptdigital (AMIEDrconvegtes hivdng imganallog input coupled to the output of

said LPF and further having a digital output, said A/D converter converting said signal

proportional to the effective capacitance across the biosensor cell from analog to digital. .

5. The apparatus of claim 4, further comprising:
a processor coupled to the-digital output of said A/D converter to process said digitél
signal proportional to the effective capacitance across the biosensor cell to derive the

effective capacitance across the biosensor cell.

6. The apparatus of claim 5, said processor further deriving the volume of the sample

based on the effective capacitance across the biosensor cell.

7. The apparatus of claim 1, wherein said sine wave generator generates a synthesized

sine wave.

8. The apparatus of claim 7, wherein said synthesized sine wave is a stair type sine

wave.
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——— e s

proportional to the effective capacitance across the biosensor cell from
analog to digital. -27y g J UL 2005 11. The biosensor of claim 10,
further conprising: a processor coupled to the digital output of said A/%
converter to process said digital signal proportional to the effeQﬂ]M&l(ﬁ
capaci tance across the biosensor cell to derive the volume of the sanple.
12. The biosensor of claim9, further conprising: a DC vol tage source
coupled to the first conductor of said biosensor cell, said DC voltage
source adding a DC conponent to the apparatus. 13. The biosensor of claim
12, wherein said phase shifter shifts the phase of a signal out of said W
converter and renoves said DC conponent. 14. The bi osensor of claim 12,
further conpri ) nybiosensanier sigasusingicgmpanentyyithinasamele, sxd higsemsgr a di gi t al
out put and an anal og input, said analog input coupled to the output of the
WV conver temptigingigh a first switch and coupled to the output of said LPF
t hrough a second switch, only one of said switches being closed at a tine.

15. The bi 0SeNSHioRhst B Mvil a fitth EORfuck? LhlilcetiPind Jeu,ﬁogéonaeéﬂ ed between

the Wconverter an converter in a path containin sald first
switch to renmove an, AC coq&oaiq%gfro%gsaid\p h. -28 29JUL2005 16. The
bi osensor SSRnECfigRFaifPlosepsar Gl CuigyFeddp fgret §aﬂtb‘? %or coupled to the
digital output of said A/D converter to process said digital

a sine wave generator coupled to the first conductor connection of said biosensor cell,

said sine wave generator producing an AC signal having a determined frequency;

a cu;rrent-to-voltage (I/V) converter having an input coupled to the second conductor
connection Qf said biosensor cell and further having an outplit;

a phase shifter having an input coupled to the output of said I/'V converter and further '
having an output;

a square wave génerator producing a square wave synchronous with said AC signal;

a synchronous demoduiator having an output, a ﬁi‘st input coupled to the output of
said phase shifter, and a second input coupled to said square wave generator; and

a low pass filter (LPF) having an input coupled to the output of said synchronous
d.emodulator, said LPF producing a signal at an output proportional to an effective

capacitance across said biosensor cell.

10. The biosensor of claim 9, further comprising:
an analog-to-digital (A/D) converter having an analog input coupled to the output of
said LPF and further having a digital output, said A/D converter converting said signal

proportional to the effective capacitance across the biosensor cell from analog to digital.
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signal proportional to the effective capacitance across the biosensor cel
when said second switch is closed and to process the output of said W
converter to determne if the sanple is of a specific type whe gﬂd(ﬁ%rst
swtch is closed. 17. The biosensor of claim 14, wherein the sa&ﬂf H% | ood
and the conponent is glucose, and wherein said processor further calcul ates
the glucose |level for the sanple of blood using the derived volune. 18. The
bi osensor of claim 17, wherein said DC voltage source is configured to apply
a first voltage of a first polarity to said biosensor cell during a first
period and to apply a second DC voltage of a second polarity to said

bi osensor cell during,a second perjiad. 19. The biosensor of claim 18,

further conpri silngthe®igsensog efelaing 10, Suher CEMPAYING; gi tal out put of said A/ D
converter to process said digital signal proportional to the effective
capaci t ance acraqmscestuz cbiypled tsthe digithl oufne of s@d d/Beoovetter pvprocdssissidaligitabd, to
process the output of 'said UV converter when said first swtch is closed to
det er mi ne @rhi FrdbortiBhile thel dHeetied tapadifind RIGR IV bi6&nbordell kd'@eri@ tHle Vbluide
period and a second current through said biosensor cell during said second
peri od, ang determ ne a glucose |evel -29 29JUL2005 for said sanple of

bl ood baséX Wﬁf Y effective capaci tance, said first current, and said
second current. 20. A nmethod for measuring the effective capacitance across
a biosensor cell having a first conductor connection and a second conduct or
connection, the biosensor cell configured for use in a biosensor to receive
a sanpl e havi nd2aTheobiusansorsficthime, Aothecocomprissngig t he steps of . applying a
sine wave having a determ ned frequency to the first conductor connection

a DC voltage source coupled to the first conductor of said biosensor cell, said DC

voltage source adding a DC component to the apparatus. l

13. The biosensor of claim 12, wherein said phase shifter shifts the phase of a sig_nal-

out of said I/V converter and removes said DC component.

14. The biosensor of claim 12, further comprising:

an analog-to-digital (A/D) converter having a digital output and an analog input, said
analog input coupled to the output of the I/'V converter through a first switch and coupled to
the output of said LPF through a second switch, only one of said switches being closed ata

time.

15. The biosensor of claim 14, further comprisihg:
a filter coupled between the I/V converter and the A/D converter in a path containing

said first switch to remove an AC component from said path.
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of the biosensor cell to produce an AC signal; shifting the phase of said AC
signal ; generating a square wave synchronous vmth sai d sine wave;

dem)dul ating said AC signal with said square wave to produce a denodul at ed
signal; and filtering said denodul ated signal to produce a signa

pr oporti onal to the effective capacitance across the biosensor ceZSIIJU\Qig.QS
The method of claim 20, further conprising the steps of: applying a DC
voltage to the first conductor connection of the biosensor cell, said DC

vol tage introduci ng a DC conponent; and renoving said DC conponent prior to
denodul ating said AC signal. 22. The nethod of claim 20, further conprising
the step of:.-30 2 9 JUL 2005 converting said signal proportional to the

ef fective capac] ce.of the.hi.os or, cell .fromanalog to digital. 23. The
met hod of cl ai niézguﬁ %WF?F@FO%g F‘gwefﬁomg?s‘é%g ‘of : processing said signal

proportional to the effective capacitance of the biosensor cell to
deternine the vaprapesserfcoppled éathsidisitabewpyied spif A/Recopvertss i processispid digital The
nmet hod of claim 20, further conprising the step of: calibrating the

bi osensor . sighl propertisathedhedffectiod capaéitanediasredsnhsbiosenséd dellrvatienRgidseegnd
conprises the steps of obtaining a first signal average for said digital

si gnal pr osqa{chllsoaeéedt&dwgr %EJSQﬁé bt FRAGV @&f«&é}fm WberRine SRS Mmpgid when

the sanple 1's not recelve osensor

‘of a specific type when said first switch is closed.

17. The biosensor of claim 14, wherein the sample is blood and the component is
glucose, and wherein said processor further calculates the glucose level for the sample of

blood using the derived volume.

18. The biosensor of claim 17, wherein said DC voltage source is configured to apply
a first voltage of a first polarity to said biosensof cell during a first period and to apply a

second DC voltage of a second polarity to said biosensor cell during a second period.

19. The bioseﬁsor of claim 18, further comprising:

a processor coupled to the digital output of said A/D converter to process said digital
signal prdportional to the effective capacitance across the biosensor cell when said second
switch is closed, to process the output of said I/V converter when said ﬁfst switch is closed to
determine a first current through said biosensor cell during said first period and a second

current through said biosensor cell during said second period, and determine a glucose level
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obtaining a second signal average when a known capacitance is coupled across
the biosensor cell; calculating a capacitance conversion slope by dividing
the value of said reference. capacitor by the difference between thge il 2065
signal average and the second signal average; and storing said capacitance
conversion slope for correcting the signal proportional to the capacitance
across the biosensor cell. -31 TITLE: BI OSENSOR APPARATUS AND METHOD W TH
SAVMPLE TYPE AND VOLUVME DETECTI ON  ABSTRACT CF THE DI SCLOSURE A bi osensor

apparatus and.ne d wth, sa p nd cel tection

appar at us h#ig 8‘%‘9‘8 O}é\%’ Iagd 5@@5 o4 &R %‘ E‘Ieg‘fve 6P Eécf)t f) naagﬁ?gli' TP 215 SagF

bi osensor cell containing a sanple, a current- to vol tage converter, a phase
shifter, aseseubguEeplave generator, a synchronous denodul ator, and a Iom1pass
filter which yields a signal proportional to the effective capacitance
across the biosensor cell, which is proportional to the volune of the
sanple. In addition, the current-to-voltage converter yields a signal

i ndicative of the ?ﬁgﬁloﬁffor meEekE %%ﬁbt‘f\%@aﬁ‘ﬁcﬁtgﬁd@ AeRRs Q'gﬁﬁ@xrf's%ﬁ E?lﬁ:ﬁénlm% % he

met hod |ncludes appl'ying a sine ve to bi osensor c tin

phase of the re ultant si.gnal ener.at i S nchr.on

Phe’oi ne vESEoRQUHDROPAGHIAG e DS bt t°§f:aﬂ§a"% 1% tonshi Al eo0Gued ana
filtering the derodul at ed S|gnal to produce a signal proportional to the
ef f ect i ve fonpedn adinsensontorisesive searpplodarispr velume, saithaetliod sempoising thastensus

and net hod are capable of determning sanple type and neasurlng glucose
| evel s oveyf: a W de range -of sanple vol unes. A

applying a sine wave having a determined frequéncy to the first conductor'-connection _
of the biosensor cell to broduce an AC signal;
' shiﬁing the phase of said AC signal;
generating a square wave synchronous with said sine wave;
demodulating said AC signal with said square wave to produce a demodulated signal;
and
filtering said demodulated signal to produce a signal proportional to the effective.

capacitance across the biosensor cell.

21. The method of claim 20, further comprising the steps of:
applying a DC voltage to the first conductor connection of the biosensor cell, said DC
voltage introducing a DC component; and

removing said DC component prior to demodulating said AC signal.

22. The method of claim 20, further comprising the 'step of:
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converting said signal proportional to the effective capacitance of the biosensor cell

from analog to digital.

23. The method of claim 20, further comprising the step of:

processing said signal proportional to the effective capacitance of the biosensor cell to

determine the volume of the sample received by the biosensor cell.

24. The method of claim 20, further comprising the step of:

calibrating the biosensor.

25. The method of .claim 24, wherein said calibrating step comprises the steps of:

obtaining va ﬁrstisignal average for said digital signal proportional to the effective
capacitance of the biosensor cell when the san'iplc is not received by the biosensor cell;

obtaining a second signal average when a known capacitance is coupled across the
biosensor cell;

calculating a cépacitance conversion slope by dividing the value of said reference
capacitor by the difference between the first signal average and the second signal average;
and

storing said capacitance conversion slope for correcting the signal proportional to the

capacitance across the biosensor cell.
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