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VHOLLY "M CROFABRI CATED BI OSENSORS AND PROCESS FOR THE MANUFACTURE,AND: Uik
THERECF 1. %%%,9% THE I NVENTI ON This invention relates to wholly

m crof abrica i osensors, methods and materials for the rREEUSSHI§227 on
thereof, and their use in the determ nation of the presence and/or
concentratlon of a variety of sel ected anal yt-a-species. In particular, the
i nt egrated bi osensors of the present i nvention may be manufactured by a
process which allows the i ncorporat [ on of a vari ety of bi oact [ ve nol ecul es,
whi ch bi oactive nol ecul e&H A BRILT2 :

t hrough the use bf ;materiial smgarmﬂﬂ Qmﬁtﬁgg Iﬁimt | vesq
s—nave peen espectalty adapted ror th

nol ecul es and whi ch mat er i al
purposes. The integrat e_d 15 bi osensors of the instant invention are al so
fully conpatible with undiluted biol ogtEaD 6FUTHE mmh‘ oRe uti lized in a-

wi de range of nedi cal ,

particularly, gghis i nv%lﬁf?\,\%} ?%%%s t'o ‘hovg &l % Q%q c?ted
pracedures an tmmompmeytmlsnm& adexiads tﬁq;‘-sé'm:lr@sss@mﬂduauon
determ ni ng the pg ﬂﬁ@’ﬂiefﬁﬂf@é‘t b ﬂte%ﬁxﬁ%h%%l %ﬂeeZaresence

(anal ytes) of |nterest I nvention also relates to e novel

non- el ect roact i v@%t?%ﬂ%@r%quera riedyh af sedectedhanadedenot

under go det ect ahdpeoiegat i Di purtRsliicir Orthd 13t eratiad ¥ cxe2didl id1d the

potential, but |ch ubstratte under cﬁes a reaction V\Sh a SUbStrat&S&ahe

converter V\:hI16 ‘F.’s’é"?’b Jc%ﬁb%g

el ectroactive sp%l‘l:ayé the sinadrpgest iare Qﬁeasmae:d.m:yd afehamdm&et helecules,

concentration ofy; f .
AL DAL PRROARS proiel the BS1E B2 R0, shdlvtical

i nvention pertal I’lS to, net brica

The assay procedtRENEIRL i Byeargh Wie t‘ﬁes qfnmﬁﬁré-ﬁlér &hdicho agre sompkitddle

as being useful thzefmtnm¢m&lm%aﬁes&am umwnoaﬁwsa%ek%b%gbeen

exenplified wherejn éfe sybst r cql rter _is an e qe
phosphat ase) !tsha"f“aee%’c? %7%3%?(;5{?&'5”’1& POEPESEio- 42 ITELRFoxy |
biosensors of the instant 1nvent1an are also fully rampatlble

with undiluted biological fiuids and may be utilized in a
wide range of wadical, as well as nonmedical, applisziions.

More particularly, this invention relates to nowel
electrochemical assay procedures and to novel wholly
microfabricated biosensors useful in determining the presence
and/or concentration of bislogical speciés (analytes) of
interest. The invention also relates to the novel uss of a
non-electroactive substiate (hereinafter the “substrate”)
that does not undergoc dstectable oxidation or reduction at an
25 electrode’s operating potantial, but which substrate
undergces a reaction with a substrate converter which gives
rize to chenges in the concentration of detectable
electroactive specias, these changes arc measured and related
to the concentratlion of the biological species of interest.
Additionally, the invention pertains to methods for the
microfabrication of the biosensor.

The assay procedures and biosensor of this invention
are 21lso exemplifisd as being useful in effecting
immunoassays. Such immunosssays are also exemplified wherein
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phosphate) to’produce changes in the concentration of electroactive species

(di oxygenmgo/@ggl{pgen per oxi de) which are el ectrochenicall yﬁ}@z&%t h

t he bi osensor, an 5 i munosensor in this instance. Both san
conpetitive assays can be effected using the procedures and hi osensor
the present invention. In these assays, one odi ment of the blosensor'
conprises a base sensor conprising a catalytic electrode and optional

ref erence el ectrode, an adhesi on 10 ronDter | ayer overl ai.d on.the
bi osensor, and EP®i PURFFYATE GRAVEXEST |iS (?(R/éﬁ"@iﬂ %%%@&‘W’}wse)
adhesi on pronDtEhataweactshwtﬁhthEusuhattaneﬁ(54bnnmaﬁnﬂnhionﬁb3ﬁnndoxyl

I mmunol ogi cal - | ﬁ%ﬁggg«#ﬁd AR JdF eat
effort has bee %QE%Q%) gagéﬁa%uvelo t o q%%%lgﬂﬁ:sensorégaklch can
measure the pr e%bﬁ@traﬁm-bve cepecies afdinxygen and dydxagen gexgxigejoyhsich
ot her bi ol ogi cadpé | &i86trdORERISLIPP! detéitdif wiRN e Widiieeor, an

(nonni cr of abrs cat e of the ev ay, bench top i et ar .nmeasyuring th

of sanpl es, andl‘f‘ﬂ‘é%"’ﬁﬁ?sgﬁm‘s?l?%’s‘t% ERe 1 orFf acth &"r‘%&&“% fefve .
suitable for i nEssayst can hétdafred:w hesfingfthe prigecsdurds @ndldiosensor of
presently made a nd
assenbly and maﬁé? a@?&?légg H‘Y g#’lﬁ %%%%%ga@%hé}%@qlm J?

phot or esi st tecﬁheqbuesen59En¢¢gpxmsg§ta)hngﬂnsgnannaqqnngysingjanqanﬁlxtlc

(See, for exanpifecfP68e and &1 e dydnead 1%&&% Larf GaineSiBH -
J.N , Unitegg 30 States Paten‘t§lEQE 302,530 i_n, which |f§?hsclosed Jret hod

for fabricati ngPEOmRESE! ﬁﬁlﬁ%’s%}?%"m})lﬂ%c}ﬁqmﬁll apg ao\;g,aact:.ve '
seni conduct or dr.syeestheapﬁsl ed:vbalém;seimﬁhma‘eeldu efﬁeeetdndsﬁmi Yromoter

based Upon th oipEer YBLEn RISIEEITE TP SE R SREE o L oo of
comrerce. The imm@nolegical ahalybeodf \interestabri cat ed bi osensors, that

is, sensors which are uniformy nmass produced solely by thin-film

teC|n| ues t he n1cronanufactur|n net hods, useful in the
g am 2. gxc ROUND OF THE INVENTION

Great effort has been expended in the development of
chemical sensors which can measure the presence and/or
concentration of chemical spacies'in blood or other
biological fluids. These sensors can be macrocelectrodes
(nonmicrofabricated) of the everyday bench top variety for
measuring the pH of samples, and they may sometimes take the
form of microelectrodes suitable for implantation within the
body of a subject. Such devices are presently made
individually or in certain cases by a combination of hand
assembly and manufacturing methods which may include the
thin-film and photoresist technigues currently used to
manufacture integrated circuits (See, for example, Pace, S.,
Sgg§9r54§g§ Actuators 1982, 1, 475; Zemel, J.N., United
States Patent No. 4,302,530 in which is disclosed a method
for fabricating a *substance-sensitive” photodefinable layer
over semiconductor devices,fespecially ion-selective field
effect transistors (ISFET)). In spite of this considerable -
and continuous effort, sensors based upon this ISFET
technology have not become common-articles of commerce. The
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clinical setting and adaptable to the detection and neasurenent of a whole

host of cwoegasepgnd bi ol ogi cal 5 species, have not been nan#%jyﬁéﬂﬁﬁé
22

successfully. It is apparent that the degree of coaneX|ty [

the mass production of commercially viable biosensors is nuch nore

f orm dabl e than even those persons of ordinard—skill in the art once
perceived. O nmajor concern is the O conpatibility of inherently harsh

- physi cal and ¢ch ni aL pr cessges, , asspcia Wi t istin e uct or
manuf act ur i ng BReR SBRLHY, BECHrbaRr oA bad iRReThAT T it 1)
bi ol ogi cal l'y acsensouslvhmbhsambluhlfommlysnaasrprodueadfbolgggihxnthmp-fllm

bi ol ogi cal SeNsepnfii Bkl Ghi e ThEEELAMNGELEETH By MuRdL! LAY 10 ne

June 2, 26-30) descri e current s r'egar
" microsensors anqlncalze'glbsp‘e‘tmefen@n%@%pt@bhetwetm&steﬁtxq;smd:h

i ncl uding the dgeg&urafent aaeaufzhsuméstgaﬁeéneﬁmhplak@gs £rials.
Progress in the areg of I’Wel d {; ect trans Lors %0 g%@r ed and
probl ems and | i FPERRESns PRVERPBF RERD ﬂ%ﬂﬂ 55 ¢ ¥ di scussed.
Nuner ous ot her reV|emaaruschppaﬂentrthetatherdegye@fofﬂmmmplﬁimtycxﬂvolved
devi ces incl udi 0 e [ §$§Q

i ncor porate enzg'/}%\ggz ([t)lll"al ﬁ%oéﬁoﬁgi&gg?gsé% ee ‘F%‘frh%xagﬁl%% T, is
T.C. and LawsonPugh moge; formidable gbhan spyen thase. H@&P“ﬁ_cﬁfe 01@4!1314? ends
in Biotech. 1984kxi243}in Eﬁe65rtkﬂﬁdéapeﬁceﬂr@&1 r oAy dit-:t@oxi&é?z‘iu £ (&e

515-520; DeYwun 1983 0 Davi
Bi osensors 1986%°§pa%6?ﬁggy @F%F%'%Je\lg ]l‘,#’t'%?i 4%? 173 a rﬁﬁ’e’%’lﬁal
gener al pr|n0|pbrscetseperaSsoolwteénwihb aéxietine nsen odrmduc ttoeen revi ewed

EJSIGﬁI, ngar E:hem V\{n aﬂg‘#?ﬁﬁiﬁﬂt er SCI%‘%%&%% arl zuéhﬁ{lﬁ E@Cﬁ%?nd

nmodel s. of - operai? hlﬁabéOEEEﬁcékhﬁ1%Eﬁﬂv¢rm¢ W%FﬁrﬂﬁlCh cempniise rArt of a
mass-transf er ”Edﬁbtbﬁn?.ﬁ? Beolbgiddl $&A86r. WA deti ivy Bideichd 71,

18, '525. S 9 figant Rrgb gropande LIILS IG0E, Fudds | B ES) Sl e
current state of affairs with regard to microsensors and
makes brief references to active areas of research including
the detection of specific ions, gases, and bioclogical
materials. Progress in the area of field effect transistors.
(FETs) is noted and problems and limitations with present
manufacturing methods are discussed.

Numerous other review articles describe a variety of
electrochemical devices including ion-selective electrodes
(ISEs) and ISFETs which incorporate enzymes or immuncactive
species (See, for example, Pinkerton, T.C. and Lawson, B.L.
Clin. Chem. 1982, 28(9), 1946-1955; Lowe, C.R. Trends in
Biotech. 1984, 2(3), 59-~65; Koryta, J. Electrochim. Acta
1986, 31(5), 515-520; DeYoung, H.G. High Tech. 1983, Nov.,
41-50; Davis, G. Bigsensors 1986, 2, 101-124 and references
cited therein). Aalso, the general principles of operation of
enzyme-based sensors have been reviewed (See, Carr, P.W. and
Bowers, L.D. Immobilized Enzymes in Analvtical and Clinical
Chemistry, Wiley-Interscience (1980). Various mathematical
35 models of .operation have been examined, including the
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‘unconquer ed, however, especially with regard to the fabrication of sehsors

I nt ended NﬂDSﬂHBDﬂﬂalySIS of noni oni c species. The mass prodyction

bi osensors based upon ion- selective el ectrodes (ISEs) woul d /US&VWDZ7
particularly useful as these sensors can be adapted easily for the analysis
both of ionic as well as uncharged anal yte sp&ties. It is also inportant to
note that in current clinical settings nedical practitioners commonl y

request that analyses of one nore_conponents_of,a co i cal
[TUL G such as vASEBTBRYoRRSErTraibrsr AR Sk BRGLne oty End HEng; 0-
amount of procegxpegiehtibeSupple BSBD¢, 18ucH28s fsiqmnfxcmnanﬂroblems and

cent 11 ugati on. 1 g X8 dngORR AT abL0; Oke 1 B DFSLALEE Gy PLel O SRR Y

subsequent neasUrERENtS. Fr 8quen eS are sent to ar
centr al faC|I|tyHWDBEEetHé,ahaWQSQS'aﬂépﬁ@l!b%?ﬁﬁﬂthhx¢iﬁxé e cthéus

deprived of val %ﬁb&hh&&%ﬁ%l Qan%fghmtanaaatf&ﬁm Aﬁaiﬁ %‘xefgag@}éfoﬂ?é

hours, sonetigres days substanti al ag es can

anal yses on undfPBF &ssanﬁgésxéﬁﬁ BECQUFFien %% W?°¥%é??iﬁ%h?%°%rl°n‘
Eensors cgn be pegdetddevelebtrodesc(iSES) rvatldibe papsicel®rly uséfapoysd
e poi nted out c n VE C sin
nong1crofabr|ca%nggengaégg%g 8§ ?r%géétgge agfgf é%gh%ﬁg éégggﬁﬁsgbffhaﬂﬁ
Abel , P., Transaenn@nssoweiheaannnchangeucaaayytﬁ speciesial Internal

~ Qgans 1982, 28, 245- 248;<Rehug ﬂmﬂéé\ftaﬁélﬂgeﬁ Stév oY ﬁ&%nf&@t@fﬁng@gl

Gough, D. A JuUnlted St at es _Pat ent 987;
States Patent N§eTHiBgS 3831°EEnR§ﬁ§t1E§°n€EFt%ﬁP%ﬁ%k%ér$€H%ﬁﬁ that analyses

4,679, 562: ?nthEebhp, of. motk Eeﬁpeheﬁuﬁlcfaalmﬂéﬁébﬁéw?gxmwﬂmld%ch
orocesses di sol B8c4nETerREERE: o  EnkRenEEy . Pith A TFRSE AT A Kertain
| ayer containingmpnatenfypeoaesasaganﬂ hheamum&nthioadkssnahnasefxitratndm
or an ammoni 2 9gha° BBALRYLRLEEIEATCLL Sat 80Nt ddfndion & "ETE I nStAMRLSes

or to simplify subsequent measurements. Frequently, blood
samples are sent to a remote central facility where the
analyses are performed. Patients are thus deprived of
valuable information which, in most cases, is not available
for hours, sometimes days. Clearly, substantial advantages
can be envisaged if analyses on undiluted samples can be
carried out and if instruments or sensors can be produced
which can perform real-time measurements.

20

2.1. REPRESENTATIVE NONMICROFABRICATED ELECTRODES

It should be pointed out that many glucose sensors have
been constructed using nonmicrofabricated or "macro"
electrodes (See, for example, Fischer, U. and Abel, P.,
Transactions of the American Society of Artificial Internal
Organs 1982, 28, 245-248i'Rehwald, W., Pflugers Archiv 1984,
400, 348-402; Gough, D.A., United States Patent No.
4,484,987; Abe, H. et al., United States Patent No.
4,515,584; Lunkska, E., United states Patent No. 4,679,562;
and Skelly, P., UK Patent Application 2,194,843). However,
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such a di agnostic systemis described by Conover, G, et al. in U S Patent

No. 4, 713, ¢his system a nitrocellulose nenbrane IS ln.a
solution o ?ﬁgkgnzyne urease which is absorbed into the ne ?@gﬁﬂﬁh@7lo

enzynme-contai ning nenbrane, inits deSS|cated state, is then nounted onto
the surface of an amnmonium | SE. The resul ti ngStacroel ectrode device is used
to performa bl ood urea nitrogen.(BUN) neasurenent in biological fluids,
such as serum plasma, blood, and _the like. 15 - JAng ative
exanpl e of the &8 @spe BﬂbgBﬁ€§ngmtﬁE°ﬁﬁﬁﬁ+§Stﬁ?e§%f°%£§édseng€és i s
described by W lxdawf&dtnrlﬂna pRotessekodidcIdSe@ 18y Sheiteferences gitedous
reference, a urease layer is coated.over a cation-sensitive electrode,

whi ch | ayer may S5i se urease and gelatin, 20 fibrin, or filter paper
‘pul p. AR outer sem pefinealconbipationc ofndelrYSF €ontaining (Bhe eNZYRE| prease

. gaRtO?)[JIC'?'ll )O\Io\rmcflalnt Q@P%ﬁn%t nciﬁml 'Q.Pn—%bigctivg elE’EEM:&JSolf\Tﬂ'El\ﬁHONa W3

- e the unit cell of .a base_sens ic

can be dupl i cgt SENFING SLechrogs F’écgngﬂf?hgﬂsgéés#(?toﬁi ?gg”ﬁ ﬁéﬁgf‘g of
Dergvel d, P., |EEEhTraammgno@tacoByBrtemedscéESEn@baéebYngome-‘m?@ , 1@t al.
'342-51), a vi ablg GRd0G 0 OolNg  99R05 65! ONIAf LA tﬂlsospgeémsea of layers

whi ch confers s@1ect|V|ty an sen5|f iVILy sensor has ng Hp‘een

denonst r at ed ornﬂﬁam$QQiﬂ&95FuNPPhEBﬁﬁaﬂSbFEmﬁFFﬁdréﬁo?t58 1pkieR g

circuit pr Ocess'éﬁﬁ@fﬁfﬂé@swh&%h1%063l53¥'bEGYQhﬁoV\ﬁHédméﬂBtané refaisvel y
| abi | e bi ol ogpcal ol ecul es 35 such as ionophor,

enz di
anti gens or anzymescanhad TR, &0 Fﬁsggﬁﬁfgggéﬁg Eﬁﬁg f8' then
sensitive to neaitanitedl ondid aﬂdeomurf&l&houfghnsaminohiiyarESBay Bheapesutting

onto a water, p%g},{gﬂ%&},@g deq,ae%_ yat 'ugaaaedl asr%ﬁnr acsmeaddufeao

further processing steps 15 not hi eved begause _sugh processi ng
conmmonl y |ncIudé§16%§5§¥n@“ﬂHeUW@F@FQFGDGré&npé°éﬂﬁﬁFE&I§1u§@?on§uﬁﬁlﬁ§ and

bases, heat, or SSHRINEC W 1Ende pifod, aadreeeaniral agitation, dicing, or

' 15 Another illustrative example of the earlier approaches
to the manufacture of urea sensors is described by Williams
in U.8. Patent No. 3,776,819. Similar to the previous
reference, a urease layer is coated over a cation-sensitive
electrode, which layer may comprise urease and gelatin,
fibrin, or filter paper pulp. An outer semipermeable
membrane made from collodion (a celluleosic material) or
cellophane is common, also.

20

2.2. PREVIOUS ATTEMPTS AT MASS PRODUCTION

While the unit cell of a base sensor, typically an
electrode, can be duplicated on a planar surface such as a
silicon wafer (See, Bergveld, P., IEEE Transactions of
Biomedical Engiheering BME 1972, 19, 342~51), a viable method
for the deposition of a complex set of layers which confers
selectivity and sensitivity to the base sensor has not been
demonstrated or shown to be fully compatible with reported
integrated circuit processing technigues. Such complex
layers would contain relatively labile biological molecules

25

such as 1oncphores, enzymes, antibodies, antigens or
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scribi.ng, usually acconpani ed by wash steps whi ch enpl oy | ow pressure

mter-jetm@ﬁ&rﬁ(ent the destruction of these fragile layers, it 10 has
been a co BW@ice in the prior art to dice or cut’ the sERE/bIS8YO5T

waf er into individual base sensors before the biolayers are established.
Any addi ti onal packaging (e.g., wre bondi ng=fhe sensor to a connector, )
encapsul ating the device to provide adequate passivation) is also perforned
‘prior to applying the biologically active |layers. Such conpl ete devi ces

are, therefore, qmmms aberest: endl By, niR FERRERLwhWERK| §néoﬁﬁBFPSF-¥e to
W th automated gRsS, Qd}_&alﬁ_deSAlEﬁbugnagﬁbﬁ 1h’gereni;§yebur appe ilads
been deposited onto ate of a si ng e encapsy. ﬁg I Q0o %ﬁkectlve
field effect tr%%l"or‘"%@Eﬁreivﬁm g tpeix I‘QF Xn pi & I'mica Acta
1986, 185, 195- a&gkxdaﬁmqnanuepameﬁm:&pprlpxpcessmog etems ¢55nptovedésly
anpl-e di scussi on jeqardi g dhe d¢ cs' ce sgfn?c%fnﬁam&}EInéwaessexposmg
f or enost of |cah ehelr |mte |ca y t

he”anal ysi_s. of
noni oni ¢ speci eé‘—hel r\’%ﬁﬁ%tﬁ‘b@ﬁgat"écc adFecBYEORERSiAP 8RG bases, heat,

sen1fondﬁctor LQﬁh@ﬁ% tﬁﬁgﬂumbuw;Fe& tulhbah?nieasgagxaaexsabrg&ein@,oaﬁa
single chip. The utility o tlsreerencels i it e t he
30 di scl osure offl W Agcompanied, by cgﬁfg geﬁgeéﬁésp ﬁﬁgﬁg
‘description of mw-qxrdssmﬁ bzaﬂea:y-gle&sand protective barriers which are
critical to the succesn Lraiemt ehy afé@tz&get%nfu thaad fbhgaiawsgerg

as ce 0

fact, only mggerials suc se an vi.n chlofi d
Iayer cont ai ni n@af RGRIMA i GPIERaTH PrEickd cﬁolﬁottQ?sPEH'P oﬁ§F &P ’-°e ex cut
nonactin (sensi tfnee demidyolidudtdr Waferdiftopdadividual basel séndprsnﬁetbee

Soneti o Repr oI FOGRRYRAS Ats, S5Eaba snéA o an; aAB LI SRER  RacRRkihE
li ke for use in (IéSI‘gs. Abdurel ondlinge lthee sebaoreso B. Conpeckbr, Arncapsulasing

113, 497-500, r P
(Eds.), H seysgtr%r Anst ercd‘!S wf%% ‘;ﬁdm@gﬁ‘ atd pgg%mrt"}é") 48981=0 Pei'rfoﬁjmed

prior to applyzng the biologically active layers. Such
complete devices are, therefore, produced only partially in a
manner which is compatible with automated mass production
methods. For example, the enzyme urease has been deposited
onto the gate of a single pre—encapsulated ion-selective
field effect transistor (ISFET) (Karube, I. et al., Analytica
Chimica Acta 1986, 185, 195-200).

Eurcpean Patent Application No. 0 012 035 provides
ample discussion regarding the deficiencies of current FET
devices, foremost of which is their limited applicability to
the analysis of nonionic species. In an attempt to combine
electrochemistry and semiconductor technology, miniaturized
multiple sensors are fabricated on a single chip. The
utility of this reference is limited, however, because the
disclosure only speaks in general terms and contains no
enabling description of the critical.biolayers and protective
barriers which are critical to the successful
microfabrication of functional biosensors. In fact, only
materials such as cellulose and a poly(vinyl chloride) (PVC)
layer contaiﬁing valinomycin (sensitive to potassium ions) or

20
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Ammann,: D. lon-Sel ective M croel ectrodes, Springer (1986); OCesch, U et al.

din. CheWOD98B91B2. 1448: Oggenfuss, P. et al. Analytica C?m 3?986
180, 299; Thomas J.D.R 1bid. 1986, 289; and Thomas, J D. R CHen1

Faraday Trans. | 1986, 82, 1135. Al so, certalg Japanese publications nerit
sonme di scussi on. Japanese Application No. 61 34349 describes a FET
sem conduct or bi osensor coated with a solution of enzyne 15 and a

crosslinking ag:§¥§éﬁ%ywﬁ$%y§riﬁgéo%gl?ﬂhgﬂlhﬁygsngyeﬁr% Eifiéall

‘'sem conduct or I Ons resist yaterials
are then requird&d :e@FﬁH§§ﬁréef&Fé&§°FP§nPﬁ §Bﬁ§§qﬂ%ﬁ?r%?%§théﬁﬁ Been

protease. Reli an&ﬁ»ﬁﬂ ;Qﬁumlmfésféhee&t @R gbruBdmetind. prréprasenyatival is

expected to give |able nd _u SUI abl.e C
di mensi onal conFF'l %M?qlﬁﬁﬁ' %ngfdggsnﬁon |§ﬁ#ﬁegﬁgs§£%rggﬁgt§§ﬁ ore
n1crostructuresJJUd&ﬁkEﬁ@QQaﬂ B@dtuonlnde‘GDaYQSSGZDdGscﬁﬁs%% - aApakysguiess,

for fixing anSen ﬂvgﬁmﬁy }° MAEFIPRL KL NS LA Ak R ARGLYELOGL CORERLELRY, AN
enzyme on a soli urface rylng, appl yrﬂg‘a‘¢TU§§TTﬁ§?LET'Tj'ﬁr‘T"“Tﬁ2
résul ting film (HANERFY £k alandESEmbvi FESRYALTosARFFRRERAPO(1PBAL Br 254
fihlom Agai n, 33umnﬁ;ﬁrecml m—@alh&thoet Rierodlantegdes| spamdggﬂ {19886) ;

phot or esi st tec y gnd.can.,qQnoly. ; ad PQorly, Lesoly atter

Anot her referené’ee c?%\'pgfr se% Ea’pl h&éﬁ—eﬁ—ﬁg- é%sgiﬁ 5 iﬁﬁ éqgﬁgg\lﬁﬁl'c r et
approach of |nnmn3|@gggggggEnggggnmstan1es§yné80coasavnThgmesIGtDeRs Zhdd.

B! I 0 PRI, o et T . 5

phot osensi tive ARG et8% JH3Prers to provide patterned nenbranes is known.
For instance, glucose mai.asuéﬂuinbeapamedpubmcatmbnkonenstt sone

25 b (4 Y aiepal.c FRpanedd, ApaRI KR g kR B P2 4345 abbebindR®a

FET semiconductor biosensor coated ?1th a solution of enzyre -
1 and a crosslinking agent to provide a crosslinked layer over
the entire sémiconductor. Separate applications of commonly
used photoresist materials are then reguired. to protect
desired areas from a subseguent treatment of protease.
Reliance on enzymatic digestion of undesired protein layers
is expected to give unreliable and unsuitable dimensional

control. Precise dimensional control is an important
consideration in the mass production of microstructures.
Japanese Application No. 61-283862 discloses a procedure for
fixing an enzyme membrane by applying a polymer solution
containing an enzyme on a solid surface, drying, applying a
crosslinking agent to the resulting film through a mask, and
removing noncrosslinked portions of said film. Again, such a
technigque fails to take advantage of standard photoresist
technology and can only lead to a poorly resolved pattern.
Another reference, Japanese Application No. 61-254845 employs
the typical approach of immersing sensor elements in enzyme-
containing solutions and then selectively inactivating the
nenbranes.

25
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Hanazato, Y. et al. Anal. chim Acta 1987, 193, 87; Hanazato, Y. et al. in
Eur opean @wﬁgl ication No. 0 228 259). The resulting m xture was then
used to es patterned nenbrane on a single | SFET deviREX/US§0405227
parts of glucose 10 oxi dase and bovi ne serum al bum n (BSA) were used in the
m xture which was irradiated and devel oped usigag aqueous 1- 3t

gl utaral dehyde. In this system in which the matrix is a synthetic

phot osensitive polynmer, the authors dlscuss a nunber of unsol ved probl ens

i ncluding saturation of the se@s@sl-esREOTOTMITE PEHOBS of gl ucose

above about 3 mM and paQy démgaf Wﬂﬂep %&hlaheagsss}mafse&éyg&oude

| eakage or degradatlon In t matr i A system_si m.l ar

above has been ®&k %ﬁ%ﬂ ﬁﬁh@“ﬁ%gyne§°61&85§@n8?rd8§8°3ﬁ& 83& gge
onto adj acent | $fdsl m:eammg:nm@mmﬁ&mnsynthetmol podynmer

consi sting of RV

stil bazol |gum g%{fgﬁw cfﬂ.Lsgt q‘r)q (o @3% %#WﬁiQHgggwsg?VP&ngnd 2,5
Actuators- 1987 h@ﬁ(QﬂxFZQ1ﬁﬂ7ﬂ%&£°heﬂz@ﬁﬂP&&lsﬁapﬁénpaseNﬁhﬁg) 4Se®2, 620) .

A 30 Mori i Z;Jm iuaB ﬁ’r.d:bl P,""é f&r%l Y A=l Semser.s adke A@bvf;lt 283, %935&3&'@%&:0,
and in an article published in rocéﬁ?jﬁ%%:'r”f'r‘" oL | ate
Sensors and Actdg‘tcﬁ% aliggd SRS 1R ttﬁ?"&&(?aggof‘hgg hGe s@ﬁg ri véne
PVA nenbranes i rrem.ﬂtmsg \dcﬂxdunmdasjel:hfqm mseﬂatmgstaﬂlusheat patterned

m cro pool s usi r et er b ET
devi ces obt aj egﬁﬁﬁ%ﬁ?}s’pﬁ ';9& J't eg opat er neghéé; hé%"%r a%gsw'ﬁcggg
agai n acknova edgad-diﬁﬂe ﬂnﬁ]m m nalibtupmf (B54) nwere nspdcindtheyers
‘tended to be greghan, ﬁlqﬂzﬁ%ﬁ 'désgiztz‘&%ﬁ%ﬁ eVl e Paasas% t BERRolisy 3-3s

and the correspo reat er enzyne m) ecul es mal ni_.ng
therein. Howev&iutar ¥y &*Gmpoéps"’ LB L E‘ﬁtFPr§ I”?Aa
mxtures are i njs;n-tﬁmat:a: cliywersy thechuthdry Bistusssha

17t e Tam et o T, A s B b RRRAR et

i mmobi | i zati on cfengar kespanse: [ qonsentiratiionsy ofeglugpse above about 3 aM
and poor long term stability probably caused by enzyme
leakage or degradation in the matrix.

A systenm similar to that described above has been
devised for applying the enzymes glucose oxidase and urease
onto adjacent ISFET gates using a photosensitive synthetic
polymer ‘consisting of poly(vinyl alcohol) (PVA) and
styrylpyridinium or stilbazolium salt (See, Takatsu, I. and
Moriizumi, T. in Sensors and Actuators 1987, 11, 309;
Ichimura, K. United States Patent No. 4,272,620). Also,
Moriizumi, T. and Miyahara, Y. in Sensors and Actuators 1985,
7, 1 and in an article published in Proceedings, Int’l. Conf.
on SOLid-state Sensors and Actuators, 1985, 148, describe the
use of these photosensitive PVA membranes in methods which
include spin—coating and injection into micro pools using a
microsyringe. The poor long-term stability of the ISFET
devices obtained with the spin=coated photopatterned PVA
nembranes was again acknowledged. The long-term sensitivity
of the micro injected layers tended to be greater due partly

35 to the qreater thickness of these layers and the
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performng a diagnostic test. A few of these nethods involve

pseudo- phowg 9d/8s.apaphi c procedures by which the enzyne is H};@ﬁg@%&_,

prior to or after the formation of the polyner 10 | ayer (See

Moriizumi, T. et al. in Sensors and Actuators 1986, 9, 373; Kinura, J. et
al. in Proceedi ngs, Int'l. Conf. on Solid-StaP& Sensors and Actuators,
1985, 152; and Japanese Patent Nos. 56-115950 and 62-263457). These 15

met hods as described stil f

process. Publi shedr 5% %‘i’e"ﬁiéﬁaaﬂ‘%ﬁolnw o&%@xg&m%%@g@g sc 'SJseg\Sanlng

singl e sensor hathexeims ediowaniss, ki Q;'dﬁnn’ﬁm foamh e TESEOs POSdis i dn¥Rde

with the aid of a¢ sz9 t p@xﬁﬂm\ﬁté& P \{Ayj et el e abRelcemiar 'p@'ﬁ%‘éslé@a'swﬂibe
ga ac 0S

d ucose oxi dase, e_ oxi dase, am.no a i d _oxi,dase .and _ al

oxi dase are anpney®¥ReeHs Mg R rﬂ‘%?"( First %ﬁ)l}l eﬁo"&‘@?cﬁ:?‘ﬁt 5% 5tg

i ncl uded which syggesistéds ane dévelitpaiitey igdlveotiher ﬂrlmds;sﬁrimum-es.

phot osensiti vé pol ynergs,_,as_the, i t .0 re, any
teaching with respect $5h?‘ﬁe #ﬁh@% eé&s’ft E’u%e of nﬁ‘(rzégl reliable

bi osensors on a imnobil hpdtion ofoiregsgmanto ege@tzommm for
METHODS 30 &f&fﬂiﬂlatdf&ﬂsﬁwm&% |y as v Uf\/%@%@em@ ifvolve

by on | Lgcﬁiéaéﬁ’%%ap%%?ﬁ%é’@aﬁd” 1) PrRGeERES Do NI T P80 R2V R 12
or gani c bi nde1r°3 ikcorporapéd, primd Lo or aftar then fbrm&ptpbn leify £hel p8dymer
53(11 7125 e of ns

230- i n oxi de. pReTeF a(adS, EGERAAN, P ol abald,| I 301036 sdsldcde ana
hi gh tenperat ur cActiiatons i 986+ &, \iTh Kmmu dusler 8dt. domErnoceedinagsh

relativel y fragibgeli dubshfre 205 £ A0 Serdlord U AL SIS UBS, 152
Al so, Cauhape, J—S —amiTO-WOTrKETS,—TTTSeNSOT S ANt ACtUator s 1936,

di scuss the effcRRdT2PARASS| PAfeRfe NOSm ﬁ%élﬁséﬁeﬁideézmzsué&)eena'ﬁﬁﬁﬁt ed
| ayers of seni congtitdds &xidiescribud astidiatfal IPFagishdrt 6286 vdéblegr ant ed

to Johnson, Lscmlgrgfwézéa&on process.

Published Japanese Patent Application No. 62-235556
discleses a single sensor having three ancdes and a conmnon
cathode. The sensor is made with the aid of azo-group-
containing PVA, as the photo-bridged polymer. Gluccse
oxidase, galactose oxidase, L-amino acid oxidase and alcchol
oxidase are among the enzymes claimed to be immoblized. No
description is included which suggests the use of any
material other than synthetic photosensitive polymers as the
immobilization matrix. Furthermore, any teaching with
respect to the manufacture of hundreds of identical reliable
biosensors on a single wafer is not apparent.

20

25

2.2.2. SCREEN PRINTING METHODS
Screen printing of chemically sensitive materials as a
step in a process for the mass production of chemical sensors
has focused mainly on the deposited inorganic ceramic
materials contained in certain organic binders. For example,
Oyabu, T. et al., in J. Appl. Phys. 1982, S53(11), 7125,
35' describe the preparation of thick film gas sensors using a
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nmet hod.for neking printed reagent test devices using an offset or

si | k- scr eqgo@gjospig¢ Nt i ng nethod. 10 2.2.3. INK JET METHODS P
Japanese Pat ent pI i cation No. 62-223557 discloses a nmeans H’ér/ﬁsssloszzv

manufacturing an array of different enzyme |ayers on an integrted | SFFET
device. A hydrophilic porous filmis establ |'s¥&‘d over the gate on the | SFET
and then an ink jet nozzle is used to deposit enzyne onto the film This

process utilizes spra pe techno wth t fluid d bei
electrically ch Pide Fast L %eteﬁep%&y,lgg prthRd, ?gfejﬁﬁ’%ess
nozzle, fluid drimpluies wlﬂtsﬁgl’amarfaa:weamlmmmpn stepnwhdigbuds

physi cal contact 2 0

m croneters. Al S(?V-E'L@Lqﬁqfw‘%’gi nese l%[aten 2%9' tf(]:'g&&g Qﬁég%g %ﬁguid

di scl oses a si ninembrasthrelkctrofes tqrorerq@Me-bé 8@NSRYEnk 2iSpPet CAVRAPE,
technol ogy. 2.2.4.g MW%%TH%S&&%&M pRRubeBes hbaef Y5, 399,

above, Moriizgm and M yahara have enpl ‘W&W‘T I nje

30 synthetic poldiisFyEhAPf HiSAF & | Feﬁﬂ ﬁg‘é PrPEPEgles ot -

- devices. These Ee»demspyintest liayedt-s mrsleqlimnﬂalcy.ownomdehes Uniped $tates
confine the dis t i h t he b

Ki mura and co-workers (}+:¢loce'e é1ﬁ§ %[:aﬁrn%%odo%d BQP}‘ gt gté gﬁggg’%agn
35 Actuators, 19@3’1@3’;0%15@@!19 IMF%\F%&"& é'-eﬁé'-séPPBEGsl Bsing,Anch

various menbr AN EHASEIO At | HNK-VcredtD ot privitiihg Rethbd.of a m crosyringe.
Again, a thigg filmresist polyner nust be enployed to delineate the area

about the gate region of the | SFET device. In this manner, four types of
menbranes are applied and nade sepa!.al.e frmﬂ@mms No consi deration

[Sodyen to the vol UMkl {3 B ' ddbaledd ate ﬁ%hﬁik&*l%!&goﬂ ﬁbop%?t-z%'sﬁﬁa

0.03 [err] is given) ensi on or
of the device. AiRclases xa ppans Ampanuiastaring aﬂhérrﬁyeeﬁeélé'ﬁsyﬁét

(e.9., urease ore&ﬁ@%ﬁwa&ﬁ)arMﬂﬁgym WSFET desliede aa hydrophilic
porous film is established over the gate on the ISFET and
then an ink jet nozzle is used to deposit enzyme onto the
film. This process utilizes spray type technology with the
fluid drop being first electrically charged and then fired
from the nozzle. In this system the nozzle, fluid drop, and
substrate surface are never in a contiguous physical contact(
The diameter of the drops range from 20 to 100 micrometers.
Also, published Japanese Patent Application No. 59~-24244
discloses a similar membrane deposition process based on ink
jet nozzle technology.

20
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~ 2.2.4. MICROSYRINGE METHODS
As already menticned briefly, above, Moriizumi and

Miyahara have employed microsyringe methods to inject
synthetic polymer/enzyme mixtures into tha gate regions of
ISFET devices. Thase previously described techniques rely on
ditches or pools to confine the dispensed fluid within the
area of interest. In the article by Kimura and co-workers
(Proceedings, Int’l Conf. on SOIid—étate Sensors and
Actuators, 1985, 152, above), ISFET devices are described in
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smal | amount of BSA, are immbilized wthin the gate region by the
subsequen%nﬁgﬂé%bﬁp of a suitable anmount of conventional gl utaral dehyde

sol uti on. i ates Patent No. 4,549,951 granted to KnudBER/USSP/E227 et
al . discusses the criticality of the shape and di nension of the ionophore

| ayer but offers no insight for controlling=these paraneters. This
reference teaches the use of a noat, carved around the perineter of the

el ectrode, to confine the nenbrane: to that area. Sone ion-sensitive

menbr ane fornulahuohsvareodssmemhednethmgpsitiomﬁ arve depesirhed |with\the

appeared in Techegl t f nd
Cglr?’rmni cation E%glangg?/s R§$ Sgﬁggrﬁigg 8’8#%%@) g?r:?; %‘%\)g ﬁlSnE rp%féi{ﬁ hﬁ'i‘ex?
Conf erence, 1058us§eber eppl Pﬁﬂd elineatethearem Yhodd ?(ﬁaq%§#ﬁ§1°“

devices: a scregg ahéntsrs'rnawﬂdeandm this qsaméuga faimcriypedhof inagnibranes
enpl oyed a fine si

additive as COS |1 agent and
t he second teg:hﬁ?"ﬁu@pg?lgg ﬁﬁﬁnm?éﬁtﬁ?%%r%t? é‘%ruc %beo’i ‘gl din the
menbr ane castlngossthranlnhlmh qbsenpbmrembSmolﬂmstrx¢up#0ﬁn&§\Mﬁrthg drop
m crosyringe." a , als Iﬁﬁfégé
Proceedi ngs of tﬁlig gﬁgglﬁféﬁiﬁggg?ggégﬁg JﬁF §LéﬁgF§bI 5s ¢
descri be a | ani kensdanppocthe freq erergy PHs Qwﬁ%# 3ee joff rﬁhﬁtd?%%@ﬁ4|con
wat er by anodICAEQBdlaﬂ 135xﬁeeré@eﬂﬁ 9t¢$n6€értﬁ§kC¢aesax: dted ensfmarber

is formed betmeen t he f] por of ich hold

el ect r ocheni (er SnsdHEEPseAq:aSL?é?% ‘FFQ'F??E%)OI RIS T i'é’s"q'f HRSAIES 1R
ceiling of t e shalbeamoknucll B&Aprame rmnnbirdze¢'withnnrthexgatziregxnn
t he chanber, ov | , 1 yi i d

menbr ane, pIaC|§8 EES %g%?%g#8§£ a? 6% 699& ?ff%?y evacuate bell jar,
and t hen vent|ngonﬁen&sgaﬁﬁlSlﬂbatﬁbdékmie !ﬁ%@hms forcing the liquid
menbrane material intgnljbgacyestes chatnens) - 4 EYEIrY] g%@@%@%&dﬂn,

exi sting techni ques for the uni form m crof ab rication an_array of

dimension of the ionophore layer but offers no insight for
controlling these parameters. This reference teaches the use
of a moat, carved around the perimater of the electrode, to
confine the membrane to that area. Some ion-sensitive
membrane formulations are described.

Miyagi, H. et al., in articles which appeared in
Technology Research Report of the Institute of Electronics
and Communication Engineers of Japan 1986, 85(304), 31 and
1985 Pittsburgh Conference, 1058, describe two membrane
deposition methods for ISFET devices: a screen printing
method and a microsyringe method. The first employed a fine
silica powder additive as a viscosity controlling agent and '
the second technique once again required a framed structure
to hold in the membrane casting solution which was “poured
into the frame with a microsyringe.”

In a somewhat related method, Bousse, L.J. et al., in
the Proceedings of the Second Int’l Meeting on Chemical
Senhsors 1986, 499, describe a lamination process in which a
glass wafer is joined to a silicon wafer by anodic bonding.
35 The bondlng is carrled out such that a chamber is formed

20
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whol Iy knadequat e and provide devices with specifications which are

deci dedl y WR80/089:tory. Furthernore, what nethods exi st haPETES89/05227
devel oped nostly for application with | SFET devices. Unfortunately, |SFET
and CHEMFET devices wi |l always be plagued wighb-di sadvant ages which are _
present intrinsically, such as their limtation to the detection of charged
species only (See, for exanple, the review article by Flanagan, MT. et al.

in Anal. Chim Aghgwé@R8theléwofiterd, the flvur anf wirnc hldstani zed

anperonetric devices . is even | ess_establishe I '
PERVBELECTI VE LA?ERS“THEhﬁ’@%‘%f g’ﬁ%ﬂ‘g“%%%bl ?’?ugf‘ri%’g ::j'r% g}‘%&p&e% aal ifi’yAdt\tholsle
of the fornul a [Rolési thwbugh €heiceilingf ythe GBS athidtid REMREINS

termnal amne aﬂQFgﬁkélaiéogﬁﬁggi%%o&aw,ixwa AP ChahbBE QR RHE

covalently to a SO suppor een known for saone tjne., For. exanple,
an article by \\Sransdueer; nbXc3RB¥ing & 69%0b| Vhytha gAY meRprane 1 39,
recomends hed i YatlifigSthantafonted wagent into [£rpdriialipratacudized bell
condensati on of The agent wth hydroxy. rou ent..on e e
the solid suppor#3FA gﬁénFEﬁPlV‘*ﬁﬁﬁ?‘?i@p?%??We %c"‘tl}%aaé%"a%}[)%zg% (s
descri bed i n whi ¢brpéng] thei bhguidyhenbeahe ayatéxiad antq)lthea ravatiatid wer e
35 wused in a st.gg-?%‘ﬁ )process to attach and to co-crosslink bovi ne

a

serum al bum n (B nd‘ gl ucose oxi-dase (GOX) to the platinum surface (Yao,
T. Analytica Chim ActitliseBenldsse appzeent Thkat existing dechnimies offnithe

?ny t?aC_hibng_?ﬂahnikbﬁﬂ?mQEHgﬁéﬂﬂié%?&Hté’fC&E‘ Deraip e fiemidaDid@isors are
unct o bes) des BLOUL! L 00 eadheel oL QT eI GBSl S S SEL L b0
Chem 1965, 195, w#wRBicROareddecidealytiunsatisfdctoryl udurtiwmore, cfhat
Catalytic gol d cheEpeBdceRlst HEOPhoth Groeiofia MUR ety |46 Mppticleon with
The preparati qn SEFETpdenicesct i Unfompanabely arISERT and cﬂ'&i[w&rﬁﬁvi%e%s‘éill
to ! always be plagued with disadvantages which are present

| intrinsically, such as their limitation to the detection of
charged species only (See, for example, the review article by
Flanagan, M.T. et al. in Anal. Chim. Acta 1988, 213, 23).
The manufacture of miniaturiz_éd amperometric devices is even
less established.

2.3. SILANE REAGENTS AND PERMSELECTIVE LAYERS
The use of silane coupling reagents, especially those
of the 4.‘::::11:&11@.1_R'si(OR)3 m which R’ is typically an
aliphatic group with a terminal amine and R is a lower alkyl
group, to attach a macromolecule covalently to a solid

25

support has been known for some time. For example, an
article by Weetall, H.H. in Methods in Enzymolodgy 1976, 44,
134-139, recommends heating the silane coupling agent to
115°C to promote the condensation of the agent with hydroxyl
groups present on the surfacé of the solid support. A
chemically modified platinum electrode has been described in
which ~v-aminopropyltriethoxysilane and glutaraldehyde were
used in a step-wise process to attach and to co-crosslink
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screen +out undesired el ectroactive species while maintaining the high
~catal yti c wO9/os9100f the electrode surface are not discl osecbgw&ﬂ,ed.
15 Two published Japanese Patent Applications refer to

establ i shment of selective |ayers on non- n1cr£%abr|cated el ectrodes.
Japanese Application No. 62-261952 describes the use of certain silane
conpounds, for the formation of a silicon | ayer which excludes the passage

‘?{?mé%b%&eoiaxﬁ}iﬁggg?&oﬂ?r 2l fhe

of uric and asc I £ ac
Application No.. ML& bgﬁlr‘%@y\ﬁgﬁg ogen per oxi ger nsel ect1ve

filmwhich is depla/lad‘l\fu (ﬁmafarﬂ%ﬂm,yﬁbr 283, 148,
crosslinked by t i onmgise Stddied ‘d&ﬁ'ﬂ&aboﬁ&ﬁ&h N9ne.eat=nt1hg that

‘references cited above disc oses patterned rnBeI ctive silan
est abl i shed on rﬁ&%ﬂ%tﬁ?‘&?&’é&? &'%‘if’é%ts pad 4‘ ﬁ?FaQﬁl RIEYLR'I:?‘ )égactlon

Particle |atex nbé£ides prombiirg dididgicn HﬁIuwerﬂanﬂlngteraalsesraaetahd as
mat eri al s. MesShods_for duc £ ng | atices by enul sion

pol ymeri zati on, 3 29Ye ]p%%bg rﬁlg%"%?iong of their uses have been revi ewed
(See, for exanpl e, V\agmnalm Ringh ayo-esitkeins ,7 inl 36 E1pptroanaigtical Chem.

Vander hof f, J. VV 473 Y Bl cDIBEES itheds@Y of a tdiuene solution
InterSC|ence 969 Addi ti gnal references incl

Witley,.GS. arFEif r&r@ eF¥d ##ﬂﬁkqxl’%?g‘necﬁéna pgans ST g‘g@&*i'?fl"&ﬁd
1338-1348,; Nhtsumwtﬁmelsliisnam(xutauuiﬂimd dﬂd Beatirede Eukfabb tbnaxdnthe

K.J. (Ed.), Morcel.Dekk Y 1974 f
Pol ym(er 5) Soi e SRE O S i Or‘iﬁff Jjﬂ%%a %E‘Eg’%gtﬁle %(1966)
pp. 802-859; Di |perms@Aéctive alaye]r: dﬁ)l\ta:ridilﬂa thiekhess, ams-trsms&n&o

Sheetz, D.P. J. £foplan RQly funa?& 5 ﬁa}ec%ra%ﬁ&v@g%acée@ m&ar HaRathdhshg

ELVACE containing a pota55|un1c e reference | 'uti on, been
appl i ed over a réterkigh satalstic aekiyity ofn ggggace are not

Si nsabaugh, S.L.agécleded PR Eed SyMposi um on i

| 13 Two published Japanese Patent Applications refer to the
establishment of selective layers on non-microfabricated
electrodes. Japanese Application No. 62-261952 describes the
use of certain silane compounds, for the formation of a
silicon layer which excludes the passage of uric and ascorbic

20 acids but allows the permeation of hydrogen peroxide.

Application No. JP 63~101743, pertains to a hydrogen peroxide
permselective film which is derived from a high polymer film
of poly(allylamine) crosslinked by the action of a suitable
chemical agent. None of the references cited above discloses
patterned permselective silane layers established on

nicrofabricated devices.

2.4. FILM-FORMING LATICES
‘Particle latex materials and the distinct #“film=
forming” 1ati¢es are old materials. Methods for producing
film-foming.laﬁices'by emulsion polymerization, their
properties, and some of their uses have been reviewed (See,
for example, Wagner and Fisher Kolleid Z. 1936, 77, 12;
Vanderhoff, J.W. and Hwa, J.C. Polymer Symposia Wiley-
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El ectrochem cal Sensors for Bionedical Applications, Vol. 86-14, Conan,

X.N. L; (Ed.wo 98hgs9kg ect rochem cal Society, Pennington, N pp. d%ﬁg%
%@

ref erence contains no teaching or suggestion that filmformn

be ‘used as a nedlunlcontalnlng anyt hing other than an inorganic salt.

In summary, attenpts by previous workers to T act ure viabl e blosensors
with'all the characteristics and specifications desirable in a reliable

The ot o 1 mpor { ainCstRaieBs NabeXory SRoRBhLes: ﬁﬁémﬁﬁ%ls?g%‘érem%e o
di nensi onal cont riticlincie letﬂeyhOGhSOHBaﬂ HatizyeMti Ke em.
plurality of |aygy %gasb%ycﬁ&%ﬁﬁaiWH'%ﬂdd?ﬁgﬂsiﬁﬂéL ﬁﬂﬂéﬁﬁbtbn Furﬁm§i§§6ﬁ§’

inter alia, the uni of sensor per ormance, i, S irrevgca %
conproni sed when 234 E2 D05 Lor Li§SaBPosK: ¥ on(BR-1 neMapcel

blolgyfrs Nhnuabéﬁwgyl m@q:ydgmtqnggaqeen?bﬁéfdsbyﬁhbyci?ﬁédiagufOﬁolﬁﬁer

I mobi | 1 zing a8 supportin ers an e.l abi of t  0act |

nol ecul es contalﬁéiﬁﬂﬁﬁuﬁaéjﬁééﬂﬁzéﬁphgﬁkéﬁg gV gﬁfﬁg Fegsp eguﬁﬂrk
met hods, however -(1A6f6)epphl 022859 ;| didlomanRiBct @ki aj. paoceetlmhdcac1. 1951,
utilizes 35 superlor0@&&3@1a%&daggeggbchnngkeg §§%1b|§°19§ agﬁgnnpggglog
-15- of such sensi‘tive bioactive nol ecdl es

tailored to a vari’®®73373c! i ni cal appllcatlons woul d be of major
significance. 2.5. | MNUSQASSASrREGYNDaOG¥, Imncnsseuﬁtammgnsip'otsssmm

di t t o) t det
ant bodi s and : (PP HSEoACAARSHCR ERLA 80 scnas BEERPLRF ARy PhERTS
physi ol ogical coréfierence hldmm@leatrydet&gzsaanﬂEB@ldpvmge|nﬁaeoassay

technol ogy, a polgy re ra to D se mas
used in heterogenegﬁgﬁgsgﬁys mzbrggy Bi kBEeQBH S BEiHm Qﬁ

al | oned to conpeZdegtrachemigal) SeRsors f Biomedical cAppdicatianspcVol . VOl-

extent of bound lsgbalagd owaurgem & 15;0 (gat 99'[ThaeEEéizﬁﬂbcﬁémfw&lgSBc:.ety,

13 Pennington, NJ (1986), pp. 66-73). This reference contains
no teaching or suggestion that film-forming latices can be
used as a medium containing anything other than an inoréanic
salt.

In summary, attempts by previous workers to manufacture
viable biosensors with all the characteristics and
specifications desirable in a reliable mass-produced
microfabricated device have met with limited success. One of
the more important aspects of wafer level processing, that of
dimensional control both in the horizontal and vertical

- directions of a pluraliﬁy of layaered structures, which
dimensional control in turn affects, inter alia, the
uniformity of sensor performance, is irrevocably compromised
when dicing and packaQing occur prior to deposition of the
biolayers. Manual handling is often necaessitated by the
fragility of the immobilizing or supporting layers and the
labile nature of the bioactive molecules contained therein.
Previous workers have had to resort to such methods, however-
A flexible wafer lavel manufacturing process which utilizes

35 superior materia;s-and which makes possible the accommodation

20
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pr.esent in the liquid phase. This nethod provided a way for neasuring the

presence W’G,ﬂmﬁgﬁi ty of antigen in the sanple being anal yzeﬁi Eevel opnent s
i n i nmmunoassay technol ogy then | ed to non-conpetitive inmuno 1389 3'{15
wherein a polyclonal antibody preparation bound to a solid phase was al so

enpl oyed. In these assays, a sanple containi®the target antigen was
contacted wrth the solid phase to provide for antigen/antibody bi ndi ng.

‘Subsequent to an incubation period, the, sanpl repoved fromthe L i

phase and then Zf is#ehs AenFitive R&?aﬁééﬁﬁg}‘)'?geggiﬁ%el%n? ‘B%fﬁ?ﬁn?ﬁb%ﬁ

A sol ution cont gz e ltalidleeddpeoyal vaziespt ofodlisi¢zl gappl itations would

radionucleotidegﬁggﬁyggg or fJluqrescent noiety) was then contacted with the
I

solid phase. Un éFéElgﬁﬁ'5889°Fh the liquid phase was separated
fromthe solid phase and bound 30 | abel ed anti body

(anti body: anti gen: | abel ed a”tibQﬂYSSEigﬁgﬁﬁQAé§h§'¥%dﬁﬁdﬁéeﬂhase was .
‘measured to dgtermne the presence an - ntigen in the,

sanpl e. 35 “16- Moimunsiassaysuases sepspEivedaiagnegtic FeelfeEar the in
~devel oped. In tRexGoSetection @¥Sh ¢agietyt 8¢ aNRiyBASI 68 ahtibodbysband

elimnated and i ation peri.ods reguited to_reach I 1§ brl be

shor t ened. Ir1tlggﬁiq(ﬂsﬁﬁéiﬁﬁﬁﬁgdwﬁi c8§?§§s?ﬁe°503ﬁ§g§n?fg%%gg%gggeneTaIIy
af fi xed t o beadphysioimdicadr tdonditionise afni theyeazhyastages cbHadevedbaping
surface. During j; ﬁg;%?ﬁ ' LON APBk ' e r '

both the sol yg &%gg"e an yﬁ%&%ﬁ%ﬁo ig?”ﬁ%?ﬁ?oﬁéﬁ%ﬁ%uggf?%ﬁgﬁgér’?od
i s particul arl y houwnshtes ansqlid phases vascufedded REFERPFENECUTPEFBNEI | v,

the | ong i ncubatjyuydiy i 13t ofiblei RhBelaahaftsgaAVRasi §Iibléantbycompete
limted the use of the assays to clinical |aboratories. _which Q ve hngLyo
trained personn@r"%ﬁﬁﬁ%ﬁﬁ AE8 e 4T ﬁnﬁﬂf“pﬁ‘ﬁ gﬁdgﬂ:ﬁfﬁwﬁe E’E-S?@f. t
Consequent |y, thenmd Qaved=htantigenced tor deteptethandxtient ofipantigen
~irmunoassay protgcol gy 390 13d it 1APRRABEYSCEnEL nUffiod provided a way for
. 15 measuring the presence and quantity of antigen in the sample
being analyzed. ,

Developments in immunoassay technology then led to
non-competitive jimmunometric aésays wherein a polyclonal
antibody preparation bcund to a solid phase was also

0 employed. In these assays, a sample containing the target
antigen was contacted with the solid phase to provide for
antigen/antibody binding. Subsequent to an incubation
period, the sample was removed from the solid phase and then
the solid hase was washed to remove any unbound antigen. A
solution containing labeled polyclonal antibodies (e.g. with
a radionuclectide, enzyme, or fluorescent moiety) was then
contacted with the solid phase. Unbound labeled antibody in
the liquid phase was separated from the solid phase and bound
labeled antibody (antibody:antigen:labeled antibody sandwich)
on the solid phase was measured to determine the presence
and/or concentration of antigen in the sample.
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I n.emergency roons, physicians' offices and even for in-hone health care
services. ZWO9GOSEA METR C ASSAYS 20 Most exi st i ng assay prot 6589/05227
i ncluding ELI SA and enzymatic assays, provide for col ofimetric detection.
General ly these nethods use a substrate which_sigtsel f, becones a
chronmophore or which generates a chronophore, the 25 chronophore is then
det ect ed spectrophotonetrically. However, the spectrophotonetric detection

may have dr awbacks becagggesg 1&E§ﬁﬁuﬁ5§§$ t prscadures e/ alysd dupn i ne

or the sanple mx ure ar ‘ﬂyq;
unstabl e, thus, a §¥9 g?ﬁ%%l9?%%Y%Q%Phg%néh?%%%3£nﬁgﬁgééc|eégé%%Pg
be useful. Indoxygsepgdmapnbeoélihtnatd@ramdllnmubatnantnﬁanﬁgﬂIQQanﬁﬁ to
substrates in speg h and S.J. Holt (Proc.

Roy. Soc. B 1958, %égﬂ géﬁ?fiétg g¥s%35%e|r utilization in the ]
production of tissue SSIBtEhﬂsp¥b°¥d@ﬁ$$¥yb%§KBF?¢E§iﬂﬁmﬁhﬁu@ﬂﬂ?@uﬁqQRQQ@Y is
P.L. Ely and L Kneﬁﬁﬂﬂﬁnafﬁkﬁdﬁo Bbexa®! or 198611 Ipdrt ¥Ogs St urtie darithibody

f b hi bst r at det t
speci f cf?;mo? e B0%5" hoPRSRRRAL SofS 8 SUBRALE. © Btuflr\GL il i
al kal i ne- phosphat gaeubatiionaperiedt is generalblyboequined of fbatlodthe ssolid.
Leary oY e gaéhagad QdCl M\gigd(gﬁﬁ %?%% foragrsuaf ecy%éml&@(ﬂéloe

4045) utilized brono- enfoFo-fhdo 2|n
bi oti n- | abel ed DNASpPaBticH}aridi EG“bbGWPo%f RFesH LS ATS M%ﬁ qickly.

ni trocel | ul osdd . adalahehhm;, éné J.bﬁétlﬂéﬂb&ﬂn%ﬂidé Rt mByipl@c. B
1958, 148, 481) desc I, bed ﬁ gg%#cattﬁﬁ ﬁ H nverS|on thlndo§¥ s t
or a substituted WA& }995 ?Ketﬁég & } %ﬁ 9% the assdys to
cytochem cal stai sldgicelhddbotatotbes)| ouhj.cnaham Mghbylttaineﬂnzgemnﬂmb
Kinetics of aerial,gx d S ﬁg&%-’
derivatives were éPgd%ggtiieéeéEbg QﬁﬁiﬁﬁﬂgFJQHE%ﬁé éig dstq€5 48, 506)
as part of the{sr fopseguentiyl therai kg Bresentlycd Heed &r ankjpore
observations rapid lmmnnoassay protocols, and simpler apparatnses for use
in emergency rooms, physicians’ offices and even for in-home
health care services.

2.6. COLORTMETRIC ASSAYS
"Most existing assay protocdls, including ELISA and
enzymatic assays, provide for colorimetric detection.
Generally these methods use a substrate which, itself,
becomes a chromophore aor which generates a chromophore, the
chromophore is then detected spectrophotometrically.
2 However, the spectrophotometric detection may have drawbacks
because some measurements take an excessively long time or
-'the;sample mivtures are turbid. Some chromophorés are also

extremely unstable, thus, assay procedures involving non-

20

chromogenic species may be useful.

Indoxyls and some of their derivatives have been
employed as substrates in spectrophotometric assays. S.
Cotson and S.J. Holt (Proc. Roy. Soc. B 1958, 148, 506)
investigated their utilization in the production of tissue
stains to identify alkaline phosphatase activity. P.L. Ely
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agree wth the generally accepted view that such aerial oxidation

reactions W# g free radicals, invariably 20 result in the formation
of -organi c% s or hydrogen peroxi de, Waters, WA., The BOBAUSEDsos22f
Free Radicals, Oxford University Press, (1946). The aerial .oxi dation of

I ndoxyl s was studi ed utilizing spectrophotonei?+c nethods. Al of the above
references, exploited the chronmpgenic 25 properties of indigoid conmpounds

derived fromindoxyls. Exanples of other chronbgenic applications of the
oxi dative converandnLdf. iAshnan @Mﬂﬁw 488§, dy21nad87) nstuddgd £he

i ndi gogeni ¢ reaC&gdprlr(fgg ST wﬁ%%ahatasashhstsasaefaeel for
denonstration in Ore | ectrop oreS|s E te| §¥O
Horwi tz, and B. defermining Jth%lﬁﬂ?c"‘ifdﬁ'hﬂ g(’?ﬁ’l 88%5)bo} 8“ “to

conparison of sipibtade itz yin mmdmm-mbpdatasé-anngnqagegeantl-

t f | Kal i hat I F ,
£ Smith, agd %mw@i‘%iﬁsﬁﬁﬁ%@mﬁﬂ?{%?&%fmséeid Salg, "plT. prigutds
blotting prinCi pamd Ryr dfgard CM&ME’&Mmﬁ_A a9§3E _Ei&adle #A45)

Anal . Bi ochem 1988 ; A (HoomdHch1brxi%ido ﬁ; Qg.ﬁai;ar fss:abasaamaehgl ns

transferred to nliropel ul ose. sheet s rig
anilica in Ibid. - d DIy pr q(HesﬁJ &%r%ﬁéof‘ ﬁ”?‘g@ﬁl gNﬁr oteins on
Western blots ([inﬁnohﬂ:mad datto rﬁlmmhlllmlblsal i. BI.QChébblﬂ:ﬁM $38( 1Hplt

180), a rapid seps mql o .Of ne
_phosphat ase qgnj ugat e:fa% an .m K?Eb 8%& disﬁribed
Johnst on, Fehe Appiratiom e the conyexsion of Lb xy}gsz a] sgbstituted

175); i uwnoconcﬁméﬁ1 Ofhto %H@‘%Jﬁféggoﬂdih %adgahas aybvwe%wamﬁ@ai
Val kirs and R BrtpnlnCiln se of

al kal i ne phosphat J’EEHE@? &g '-'lnerjn?ﬁ@‘llgﬁﬁitﬂ'ﬁ“w"tfth 8b1 EPEYREE-
determ ni ng the speci filne timdtios @f @eriadnoxiddicdsnt Ofplinﬂexyln‘anﬂuseme of

nvol V.E%ga{‘ﬁgﬁﬁup f op ST s VA Boerd KR4 o0 i Eprdih aglR. 907
found to i rrprovel'IQHé g&lﬂﬂ_-tllﬂiayu dfﬁ:hé@llSRSsPéFta9§a§mGGr hﬁt&#ephenaczl
staining studies for work on enzymes. Their observations
agree with the generally accepted view that such aerial
oxidation reactions, invelving free radicals, invariably
result in the formation of orqahic peroxides or hydrogen
peroxide, Waters, W.A., The Chemist of Free Radicals,
Oxford University Press, (1946). The aerial oxidation of
indoxyls was studied utilizing spectrophotometric methods.
All of the above references, exploited the chromogenic
properties of indigoid coﬁpounds derived from indoxyls.

Examples of other chromogenic applications of the
oxidative conversion of indoxyl compounds to indigoid dye
have included: an indigogenic reaction for alkaline and acid
phosphatase histochemical demonstration in disk
electrophoresis (E. Epstein, P.L. Wolf, J.P. Horwitz, and B.
2ak- in Am. J. Clin. Pathol. 1967, 48(5), 530); the comparison
of simultaneous azo-dye coupling methods-and an indigogenic
reaction for alkaline phosphatase in polyacrylamide disc gels
. (T.F. savage, E.C. Smith, and Collins in Stain Technol. 1972,
a5 47(2), 77); protein blotting principles and applications
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Vidal (J. I|xunol. Kethods 1988, 107(2) t 239). Again, all of the preceding

ref erences WA 90/8580usi vel y on the spectral properties_of PCT/US89/05227
br ono- ohl or o-i ndoxyl phosphate as a colorinetrin- substrate. 2.7. WEL2TROC=
CAL SI NSORS AND ASSAY . 25 There has recepjgy been a significant

interest in the construction of electrochem cal sensors, so-called
3Ununosensors, that .are capable of integration into inmuzaossay protocols.

N.J. Geen (Philogy Oﬂ- [ aé@rsﬁonﬁ%"j\d Lo, lﬁla@eqm rial .43 6chdnG( 1986),,

135) has revi ewed 30 several a s that ? Or por.at,e el ectroactive

| abel s for the amkbhkt riki Gt $RAS gthod, T4, PEFS3RSduct s.
However, the transtangféredd s mmdwmmqumswoazmmme@ i

Turner i %50 Fede b 1§i'§f£%*?§dih**“@é§at*‘ﬁ%’ T T

Karube, and G s Wi $uahi zak mmbmmngn mminﬁg@n ﬂeﬁt@r@om#s (D.A.
commercial |y aPaijabler argigl el§m+‘l?c§ ﬂ?%dlﬁp%i%h%t&mabs B%g:.gf 180); a
appropriate manufacturing pyofocols W elec rochem cal
detection as an FIRIHFFRTIEEVR YR [dract 1pms O ﬂé&% AR&al . Chem
2954 56, 2355i T@:ﬁg}i}ﬁﬁﬁ@-@bﬁjﬂwEanas-samtmhbdyhmhmmnymmmm.s.
converts an el ect .
conpound. The el e%fé ’ctl %8% q“hén s OXI zéd%”f(aa(iit pot gr?’?:lsa 1’rch
+750 nv. ommever;ntmdretme s}m_p,eraé:rsam ﬁmpmqmemfaartdsmt-h@r new

el ect roact i ve Wonponpnt se t6E 8L £E Bhadd St 3R (B M) YAkiELLIA R.

oxi di zabl e at this potenti al recent e which_ i I ustrates
prevailing noti orBA¥HRp atmeelin. 1Ghem. A8 ,cB1(9)i/hd42A) jofthe use of alkal:me

"i mmunoel ectroch &@hm ngonjigdted dhti-Reatmoglobildn wilths ip@noblots
ﬁébsl ea}}irgﬁn?_ls_.‘ C'%h%%e 81::&1?:'?1 27tha|snpetchiltsicairéy! %lf.e mo! nmﬁ”%,‘é’fa an%zgsgc:{eass £3
protein mixtures (P.L. Ey and Leonie K. Ashman in Methods

Enzymol. 1988, 121, 497); and work involving the coupling of
redox and enzymatic reactions which has been found to improve
the sensi-tivi.ty of the ELISA~spot assay (C. Franci and J.
Vidal (J. Immunol. Methods 1888, 107(2), 239).

Again, all of the preceding references rely exclusively
on the spectral -properties of.bromo-chloro-indoxyl phosphate
as a colorimetric substrate. : .

2.7. ELECTROCHEMICAL SENSORS AND ASSAY
There has recently been a significant .interest in the
construction of electrochemical sensors, so-called
immunosensors, that are capahla of integration into
- immunocassay protocols. M. J. Green (Philos. Trans. R. Socc.
Lond. B. Biol. Sci. 1987, 16(1176), 135) has reviewed
several immunoassays that incorporate electroactive labels
for the amperometr;c or potent;ametr;c detection of assay
products. However, the translation of working laboratory
prototypes, as reported in the book, Biosensors:

Fundamentals and Application, edited By A.P.F. Turner, I.

25
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transform ng a substrate, which is not electroactive, to one which is. Zx

parti cul ar l.ne phosphatase is the enzyne enpl oyed. Several
3ubstrates“§fhﬁ§§ghined, i ncl udi ng phenyl phosphat'e, pRni t r qpHREA/LSBSSR2L ¢
and g- am nophenyl phosphate. In the el ectrochem cal detection nethod

descri bed, the al cohol products, resulting frd®the hydrolysis reaction
catal yzed by the enzyne (i,.e. phenol, 25 -ni trophenol, and E-ai Unophenol,

respectively), thenselves, are detected. The viabilit f detecti ot her
el ectroactive spﬁ%rlébe. beRd desS + T Isoms [BrEaRd %’é‘%y Fressy d3§descdto

~and, indeed, is AgMfbnCeohBEREREEDy AVEatld araiclé e tias/\hen dnpaded\ery.
0247796 and 30 0270206 descri pe net hads for cor}gaﬁ%h ‘@%“%gﬁb g_)és whi ch

i nvol ve primari’l §B SDIRSBNES R n%m?rc"‘fﬁ(’ﬁ?ebl % it oun

i mmunoacti ve nol ecul esa Epeqmcoexawewﬁr@mmm Sfetgpatdon @s an
| t t f
Glectroact | ve SPEELEEniNEle o kel JRURNIon L1 QI 1P A0RIN chen.

detection invel Vv IS the replacenent sheet Date. -
-20- chemi | um ne&%&ﬁc,?_an%ﬁﬁn mmren%wclaﬁ?ﬁom@% #éx which an

ment i oned and - naneyﬁéOiabéwé&@&’eﬁ@él%ﬂgawma&ﬁw dokpound to a
perform ng' i mmunoass éﬂg | scl osed. SUVARY OF THE .| N(\él;Tl %N The

present inventi ofieFef SELFPIF *I"f'f‘fﬁ SRR o g TS SR Wari ous
processes for theompeandj cphéndl c.Bs ioxidizedEt allpptEnkialalef ¢AS0OmMV.

Bl anar v er o BoPelaP bp ageleq {K hot dnEBANS P cRind i Biler®
control over theelieabnoachivefcompenents are prasent dnsdlead, Qs sqrﬂm phich

present inventi og, sgggorggi glygﬁ%légytﬁgj phv@Rsiaanal control have been
realized at the wafer |evel or t he

mas rodu t rﬁ‘ chem cal ensors,
whi ch sensors i ncor por &t ¥eBY oF 85eRt T8 'fcmc"gb her
reagents necessapyetailihg ﬁaﬂﬂaisimgﬁmﬁanenhose sk:.lled in the art of

~7immunoelectrochemical sensing” is that by Rosen, I. and
Rishpon, J. in J. Electroanal. Chem. 1989, 258, 27. In this
‘article, an enzyme is used as a label which is capable of

- ' transforming a substrate, which is not electroactive, to one
which is. In particular, alakaline phosphatase is the enzyme
eﬁplpyed. Several substrates are examined, including
phenylphosphate, p-nitrophenylphosphate, and p-
aminophenylphosphate. In the electrochemical detection
method described, the alcohol products, resulting from the
hydrolysis reaction catalyzed by the enzyme (i.e., phenol,
p-nitrophenol, and g—éminophenol, respectively), themselves,
are detected. The viability of detecting other electroactive

15

20

28

species, besides the transformed substrate, is not suggested
and, indeed, is never contemplated.

Also, European Patent Applications Nos. 0247796 and
0270206 describe methods for conducting immunoassays which
involve primarily moveable magnetic particles to which are
bound immunoactive molecules. Enzyme conjugates are
described which generate electroactive species such as Hzoz'
However, the principal means of detection involves

35 . - . P . P
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anal yte nolecules to nore readily detectable species. This invention also
rel at es tqwgﬁﬁg‘%ﬁhectrochenical assay procedures and to novel wholly

m cr of abri sensors useful in deternining the presenccPGHIS§s/08227
concentration of biological species (analytes) of interest. The invention
also relates to the novel use of a substrate-Ztrerei nafter the 4substrate')
t hat does not undergo detectable el ectrochem cal oxidation or reduction but
whi ch 25 undergoes a reaction with a substrate converter produci ng changes
i.-n the concentr athexilomisiescensacainde dPeenys eventsclnfaNyds CamPoRRESURES

and rel ated propond ipRatidned andfiot Mceditadricatal Eaﬁsiﬂéohﬁw;e&s useful

Interest. Additionally, the i1nvention pertains t maki ng 30 the
bi osensor. The dgtifﬁﬁQﬁﬂﬁﬂi SIMUDPIFSIYEn &5 SFSFHE§e Avention are

particularly exenplified as being useful in effecting i Mmunoassays- such

| mmunoassays are al so exenplifie ' r5¥ |k ertor is an
enzyme that 3§ hydrolyzes the su Str strate can To, <
i's tre repl acenent shédte Dxtesent anwnmtmga7relatpsntgnﬁbpgbyrnagrpﬁabrwnatad

roduce changes a Y s (di oxygen and
: G e e B o

hydr ogen per oxi he bi osensor,
a |igand/|igand B&EaH eﬁﬁsedyhﬁlaééﬁggﬁthc? pgn,ggpgﬁgges

BOéh Sanng Cg gmkﬁaum Ta# hu&&&atsr eﬁnthtineffﬁ.emkednasramatha Bteoedures
and LLM baze | nsors Qf _thi nventl ln_t a one_e I ment
of the prese qﬁ%% 6@' a?&f’&”bét AONe P@i?Pogiiéﬁﬁ 8ﬁFF8g§?9
reference'electmm#rddunxbﬁmmaommd.cmntdhésn&nrpthandemehayenamvGehauuesnof

t he bi osensor, % g%‘mbl oatdt \éq._lj‘_]]@e%rretshat Ilns thgo?g%g%?g QHvEﬂ%aﬂhe%;Qﬂ

pronot er Iayer Ive a er 1s a rece
i munol ogi cal armgzt@mlmdu@ye@m mmpmlnpen§ra%rheaﬁehesnoyeﬁééuzeéf at

the present the wafer level for the mass production of chemical sensors,
which sensors incorporate biologically active macromolecules
and other reagents necessary for the conversion of selected
analyte molecules to more readily detectable species.

.. This invention also relates to novel electrochemical
assay procedures and to novel wholly microfabricated
biosensors useful in determining the presence and/or
concentration of biological species (analytes) of interest.
The invention also relates to the novel use of a substrate
(hereinafter the “substrate”)} that does not undergo
detectable electrochemical oxidation or reduction but which
25 undergoes a reaction with a substrate converter producing
' changes in the concentration of electroactive species.

These changes are measured and related proportionately to

the concentration of the analyte of interest.

Additionally, the invention pertains to methods for making

15

20

the biosensor. .
The assay procedures and biosensor of this invention

are particularly exemplified as being useful in effecting

immunoassays. Such immunoassays are also exemplified

wherein the substrate convertor is an enzyme that

a5 hydrolyzes the substrate. This hydrolyzed substrate can
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i nvention conprises a substantially planar wafer on which a first structure
conpri si nOwW $0/88wB! € base-sensor is established. Additional ﬁ#fﬂ‘s&%%iz re

t hen established over the resulting base sensor, which additi

structures include a senperneable solid film pernsel ective | ayer capable
of racting as a barrier against interfering cﬁg%1cal species. while allow ng
the transport of snaller ‘detectabl e chem cal noieties of interest. These

det ect abl e chem %‘? %/ié ﬁé&éy&§q}ﬂﬁhe|m%§§ gl g_q,ul&g and may

25 include | ow sO species. The sem perneable solid film
may further conpcvneeutnyéuw@s°%re¥ﬁﬁﬁiﬂﬂ¥¥$ﬁﬂnﬁa?9ﬁ55 @A PXYEETS tize
‘the Ease Sensor ppafodés lp@*ﬂh) fkmi‘ctﬂﬁé afl dctr@chenic@lilymndetelcted
Further- nore, such pernselective |a Si 30
promoters by \/\hl\ih%hﬁhﬁr’éé%?%ﬁ%ﬁ' %’%ﬁ"ﬁ%@l@ﬁ%&é %%teg% %Ifage (il&oR t he
whol |y ai crof abrba:séepl bissémser bh dthis anstanss. rreﬂLOt@f SBN@

| nventi on. Qj\ﬁ}\ﬁ&@#{k\/e A SedPe SUPRAN lofFddier usd®zC rth@egzaaaerda%es and
I nst ant |nvent|on trices possess the physical and 3 chenlca

f eat ur es necessablRrbased poiesentors 95 hif JavVEnRFdom; s Ii‘b & FSAYSment

sheet ]Pat e ?nelgﬂt?od:.me!tie of&l@@%ﬁséﬂt&mmﬁiﬂwwsﬂd aci pal I
neans for converti icu en._an

i nto detectable %gg&'@ a ??%f?@%l %Eé%tmo&‘a& %%F%'engs n| quegga%rsg
di scl osed for | osehserng an pdhesion @mtﬂmﬁtam@ewleeﬁt &m%l red
areas of the 1fhopd yeahse! abhd C&‘tﬁﬁ?ﬁtﬁﬁ%ﬂ bt aliled Waidlb s111% €00 D e
control over dinensional features ayers as wel | as the
versatility to aeGdRRbEmIBreRgheR I ayRRe Mhigh Roastiys dayess is a

Additionally, t h@eeégﬁeﬂt (EDvepthénbelt s el Gatfunmicyiicals apalyites etve,
in particular e }Bﬁlnen s of the instant biosensor, as overlaid structures

for the at t enuat he transport of selected anal yte species which are
: 15 The wholly microfabricated biosensor of the present

invention comprises a substantially planar wafer on which a
first structure comprising a suitable base sensor is
‘established. Aadditicnal structures are then established over
the resulting base sensor, which additional structures
include a semipermeable solid film or permselective layer
capable of acting as a barrier against interfering chemical
sgecies.while allowing the transport of smaller detectable
chemical moieties of interest. These detectable chemical
moieties are typically electroactive molecules and may
include low molecular weight ionic species. The
semipermeable solid film may further comprise compounds or
molecules wﬁich may serve to sensitize the base sensor to a
preselected ionic species (e.g., ammonium ion). Further-
more, such permselective layers may also function as adhesion
promoters by which the preselected ligand receptor may be
immobilized to the wholly microfabricated LLR~based biosensor
embodiment of the present invention.

Most noteworth& are the support matrices described in
the instant invention which matrices possess the physical and
35 chemical ‘features necessary to support the various biocactive

20
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present: in high concentrations in the sanple. Such anal yte attenuation (AA)

| ayers all rﬁg | i near Sensor response over a W der range of anal

concent &r a‘?@ 94% woul d be observed in the absence of an £ )65227
Furthernore, the overlaid AA | ayer, which is preferably derived froma

si | oxane/ nonsi | oxane copol yner, is capable of22xcl udi ng very large

nmol ecul es or other contam nating constltuents of . the sanmpl e whose direct

contact with the underlying struct ur H‘é‘l resul t, | nt erf(r%ence Wit h
fouling and an GRQIRGHACS |QS-‘H‘$H' S EEP'I“F(‘? BEARS), 8§oﬁ§8?’ertﬂ-ng

the AA layer is e igiaroiduiens iaial ytiesidnuac gdvenc ampdyiticad, samplay iatteo

f ti l e 2 sth
brosent i nvent | detaahAELe BriedF I vatlyely RedeGFRAELE"BpacThst o
advant age of al |%a¢hniquss wﬁqu%lf@@ulwaﬁéz&%s %P@G@ﬁmﬁg gadd
per meabl e rrenbr ﬁ%’ |<ﬂ.§tg_&t&§,; Iﬁglmgadla@teese@\ﬁ marrmblgfy t he

0 e

el ectrode porgion bi osensor from exgl fl ua tur u en

t he nmeasur enent PHEFIANRLE aﬂ'&?@'d n °y F‘E‘H&ef@&uvl
free of flow dewwieru:ﬂuexaﬁdﬁals ﬁaﬁdmasrem mmitolalyee:s Bstmell ag hpR

1997 - 23- The f. the | nv &£ |4 n the
substrate waf er ?r%%glyfihﬁér?/oerﬁ%cg“ﬁ t’i ur egﬁtd hl}aﬁ?e %tfaglgéggg“n’%nm onal ,
| ocal i zed, and mulas.cont rol which is conpatible with the other steps

in the overall aicrof aRid o@dd R IY 00855 prledeit lihviention WA ariseméseee
notion of anjgut onat ed, wafer-| evel nass- pro t|on of bliosensors

apart fromthe ARYeriAlshich&PTifyv n P
is able to functimstarst diseensdnmy asﬂqyurkam&mshruetMmasstbxsmmg httenuatlon

among the |ayer s dheh GAMHGA5 P dIR Y JHAd v 338210 WRICR' B3N
present in high concentrations in the sample. Such analyte
attenuation [AA)} layers allow for a_linear sensor response
over a wider.range of analyte concentrations than would be
observed in the absence of an AA layer. Furthermore, the
overlaid AA layer, which is preferably derived from a
siloxane/nonsiloxane copolymer, is capable of excluding very
large molecules or other contaminating constituents of the
sample whose direct contact with the underlying structures
would result in interference with or fouling and an eventual
reduction in the reliability of the biosensor.

If the AA layer is of the appropriate structure and
composition, it may also function as a gas permeable
membrane. In certain embodiments of the present invention,
such a gas pernmeable membrane has the practical advantage of
allowing only very small molecules to pass through. The gas
permeable membrane also insulates the immediate environment
of the electrode portion of the biosensor from external fluid
turbulence. Thﬁs, the measurements performed by the
preferred LIR-based sensor is rendered free of flow
dependence.

15
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i nvention. Dependi ng upon the conposition and final - thickness of this

sem per meablygogld I1ml, also referred to as a peraselective
mol ecul es havi ng“n% 6ecul ar wei ghts above a given threshold canpﬁ)(ﬁgwmsz”

effectively excluded fromentering and diffusing through such a filt. As a
general illustration of the function and util i of this pernsel ective
| ayer, nol ecul es having a nol ecul ar meight of about .120 or above are

ffectively bl ocked b lid.film2 .
Sbout 10 nim varying dedReedidaysn: pd) thbeiisRaht] SAVERELS f ¥kl lened on
excl uded and the rtaieeswsﬁrahesmfarobrsaayl éntevvening sstimctures Witk the
di ffuse through t,']é,psé)'dlfd J%Jé;;tsqgﬁ goutatggdaw &Hdsgébﬂeéﬂasc&auwg which

t hi ckness in the ge 0 certain tﬁﬁes of
materials, these & msRakibie I"a‘?@r §hﬁa9tbéra§tf‘ﬁ?n“ast’1°n?n"%?a y be as
thick as 100 nm Thicrdddupivatin proekssbgdtha Lhstanbsineéntieheandrthay

pl anar anal yte-sensing device in.,a n a s but_30_nps | tly
as an |n|t[alll(nﬁ #a é t§@ﬁ§n§'sVF5ﬁ€ Sﬂﬁ uﬁﬁsﬁ1§5éd§§€ﬁgﬁ &f
sui t abl e sol vent, hﬂﬁsﬂhsdtsmm n- coated across the wafer. The silane

conpound has a fornula 4§#§%) tﬂ@lgﬂ Qagagaﬁﬁhgéggga gg$gg npy be

0, 1, or 2, R is a h dr radlca rirsin carbon at ons,
and Ris a hydrogemﬂnxnﬁnmﬂah&ea§QL®deﬁ1&ﬂk;BIChslSNFbJEpFacﬁhéﬁﬁlgheéﬁ a

Data: - 6 MAR 97 po) gcifhar %iﬂi‘iﬁk-%%ﬁ&'i‘ti‘v@%%aﬁsﬁi&é%eafm igr ﬁa@ﬁébﬂic
the solvent comgains an anopunt noi sture_sufficjen

al koxy groups of t#ﬂ?%ﬁ?aﬁﬁ94ﬁnﬁﬁﬁuﬁﬁ estaplishRd b*héhﬁa?%¥h%§§r?ﬁgé?ﬁepresent
liquid filmis tfmﬂh&&ﬁﬁﬁﬂht()ntgennnagaupbn theabonpot£6A' &hd ofimaperi od

of heating at i h SHASIERR . YRS semiPermbifA6TsR 18 Sk bp, 4880 HOHER e
ini-tial silane scﬂaﬁ|anpanusamaqt¥YQ:neyﬁrnamoﬂhcukﬁssbaﬁinghncbe¢ﬂtére3919§ts
layer which can t hiGhe £ Yivel tieshold can be effectively excluded from
' 1’ entering and diffusing through such a film. As a general
_ illustration of the function and utility of this
- permselectivé layer, moleculeé having a molecular weight of
about 120 or above are effectively blocked by a solid film
having a thickness of about 5 to about 10 nm. Varying
degrees of control over the size of the molecules excluded
and the rates of transport of smaller molecules which are
~able to diffuse through the solid film can be obtained with
solid films having a thickness in the range of about 2 to
about S0 nm. With certain types of materials, these
permselective layers may be as thin as 1 nm or may be as
thick as 100 nm.

This film may be established on the substrate wafer or
any planar analYte-sensing'device in a number of ways but
most conveniently as an initial liquid film, comprising a
silane compound mixed with a suitable solvent, which is
spin~coated across the wafer. The silane compound has a
formula, R'RSi(OR)4_n, in which n is an integer which may ke
6, 1, or 2, R’ is a hydrocarbon radical comprising 3-12

35 carbon atonms, apd R is a hydrogen radical or a lower alkyl

25
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| f desired, this pernselective layer may be fornmed at specific preselected
areas of th&@@%ﬂﬁﬁl(by means. of photolithographic processing tBCIrUSss?gs227
Tedhni ques such as "lift-off' and use of a photorem st cap in combination
wi.th a plasma-etching or, alternatively, a wetagfLhing step may thus be
enpl oyed to define the location and configuration of the sem perneable
solid film The initial liquid silane m xture, nmuch |ike the nmajority of

other |iquid m xt %ﬁiéﬁﬁ@&%ﬁz@g 3se icarts ptomsnt Prefarably,Ctheakbslivent

be m crodi spensed at nu)tiple e a S

m cr od|r Spl%?lg i na ofc‘?rfftﬁ’d’%%ﬂ ﬁﬂ@‘%@%&“ﬁ&‘#&% %‘lf%l%ti %ﬁégf#gg%§§¥bi§ze ¥Rl
uni f orm pr edet er majﬂcb:quaq:taupsesamm Sdidjaamec componndoe| IiédP§9SPn§e The wafer
interfaced with t%?eﬁxaﬂ'? j cfe EREAESIL <1f RHERC HedteRUEL Hotdhaarahar%of

substrate wafer. sl ng techniques are 02531 stent wth a

ai crofabricati op A Hne§% cdf-@é'ués?&rﬂﬁdf gft FréF‘edg prtivecte FAER, the
an anperonetri c” el Ko 10 AR Cal'ry%%%mgv @BGute 5 it gof ainages! 6ft heatlingcat

speci es having a nol ecul ar wei abové a .de |re threshol
1505y 30 671 octRRAR FRPEALRR L KO Bay nGPCHOLAL108; EPREREE of
el ectrode surface ﬁ:l;e eirmmmgswmqoaamm Meﬂnlmes khgefinhlt thickness of
present invention. Jk£%é¥¥eg¥yéa H@ﬁ%ﬁ.c&ﬂMﬁﬁﬁ% 5@'E§W§rb§f§ﬁ
roac i

nol ecul ar wei ght elect Ve speC|e I oxyggn an rogen
per oxi de, to undergo a rTeﬁicﬁeSSlB-'ed’oezSénSoqusﬁlﬁﬁé'rlﬁfﬁdéﬂh’?rngahfl bet formed at

surface. This 1% tde sonl QGaEn el 28 of theDaePizenBY mesns28e | n a
potentionetric biosensor, a poI nmeric mater,ial havi n%ﬁunct | OngEP-SHOUpS and

cheni cal propertleEPQ§ﬂ%ﬁR9 3G Prosessdng Son GPC pR such as

i onophori ¢ conpourrdsi fesedE lﬁiﬁju%% aaﬁawwtrmhhw eaps&nscbmben&than with a

VWi ch is established on the i.ndic ator lectngde,of said.senpsing deyice. The, .

devel opnent of a AR %’&“&%é’ al &HRE t([ll P&Y| n?e?’?&cg’ ngfgﬁ &R PRE h

char ge densi tyﬁ estabHnployedtto define the location and confxguratx.on of the
semipermeable solid £ilm. The 1nit1a1 liquid silane mixture,
much like the majority of other ligquid mixtures disclosed for
use in the present invention, can also be microdispensed at
multiple preselected areas of the sensing device. Such
micradispensing of fluid media may be performed automatically
and in uniform predetermined quantities by a computer~
controlled syringe interfaced with the controlled movements
of a vacuum chuck holding the substrate wafer. Such
microdispensing techniques are consistent with a

.~ microfabrication method and is discussed in further detail
below. _ :

Thus, in an amperometric electrochemical sensing '
device, interfering electroactive species having a molecular
weight above a desired threshold (e.g., above 120) may
effectively be excluded from interacting with the catalytic
electrode surface by employing the permselective silane layer
of the present invention. Such a permselective layer, '
howaver, allows lower molecular weight electroactive species,
like dioxygen and hydrogen peroxide, to undergo a redox

5 reaction with the underlying electrode surface.

25

This Sheet Has Been RTIlaced

AR

Received Time 02 Feb 6:28 Print Time 22 Feb 7:04




FEB 21°'96 17:58 FR PENNIE & EDMOND ° TO @11853378231 P.29
equi librium of some preselected ionic species. The idéntity of such ionic
species i s wip90/05919d by the choice of the ionophore i ncorpor &eﬂ,ys? @2527
sem perneable film An enzynme 1 which is, in turn, imobilize %
novel hiolayers described herein catalyzes t he ggnver3|on of a particul ar
anal yte species, present in the analytical sanffe, to the preselected ionic
speci es. The perneel ective |layers di scussed above are selected 1 for their
specificity to the ionig_ e cies €m d
by chem cal processes t%l%?&%@%‘ﬁ%ﬁ?o@\%ﬁeﬁgﬁt?ugyg?ﬁgrrggf e??:gg!ﬁi
herein as the bi ohaybng ﬂw%makaqrqynﬁc@s@ WhepH cadnpPEPPErkies copgyciye to

anal yte speci es OfnEXSgerias ﬁé&ﬁﬁ&r&ﬁﬂdﬁfﬁf'dE%ﬁ&lﬁ'Q&hbﬂﬁﬁthtecahpﬁuﬁah may -
species is effected b | east one blokggbaally active uch as
an enzyme, which P& §§ r%%r%ﬂ%ﬁF*Rquﬁ? AORsSenfiLive, 5 H@FF%C&? of

the biolayer and eet:insmsmédtdsm tmtmmammtelmtheap b 2aist sensing t he
bi oacti ve nol eéul al ni‘h ‘%Pé‘%nné%;k?%d ;‘[;érl Heratp %eai'eﬁ%ﬁode-fum

st or age, handllng, %Xp Ions
support matrices mterfeceuﬁemw tQn rmaag:mg@f §Nt.ye§@§hlt1ﬁaed at

anal ytes of interg 1m=iﬁﬁe'af Udnde! FrdsuaRuithdl HonTR! Bphcaed. UndBeogadicicy
chem cal transforndtion. ecause t he wh lﬁ%ﬁ?ﬁﬁ;&%ﬁtﬁ I gsens r% of

t he instant |nven?foﬁu%Pel??%ﬁﬂiP?Q}?ﬁa%ﬁ dF O1E8cR

porosity mnILdgLspghaﬁmbr? 1$5?f§biaﬁéﬁ\&ﬁ ﬁh@ &aﬁ;g&kmbabnaoﬁi&mqueaaeeuzgde
to prepare t [ of foyr_the actua OGS

sensitivity of 350$71‘g§b+%ac3fti‘ v%u:r‘ﬁﬂ e’ﬂﬂ?‘g&?‘é&ct&& (S geéuﬁﬁoag&%%ﬂi X is
This is the repl adesenibediberdia acatalyZit taiscoalvleesuonaofept pamtticular

i mobi |l i ze enzyne C%EF§& 0 0 EE 0 r e
matri x has been e§?%£$?€h %éﬂly an O%Shﬁ%?bgh? rapﬁlggﬁkggpaggefﬁed
and devel oped. | rPER§eLeetRd tomig fsReQIRS-ampunt of blocatalyst and/ or

ligand receptor nust beripé gs@FisdTedtive layers discussed above are selected

* for their specificity to the ionic electroactive chemical
species which are produced by chemical processes taking place
in the overlaid structures referred to herein as the
biolayer. The chemical process which converts a selected
analyte species or exogenous reagent into an ionic
electroactive chemical species is effected by at least one
‘biologically active molecule, such as an enzyme, which is
incorporated in the biolayer. The support matrices of the
biolayer and methods of the instant invention help to
stabilize the biocactive molecules against degradation caused
by further processing, storage, handling, or exposure to
analyte or reagent compositions. These support matrices must
retain a certain degree'of porosity such that analytes of
interest may freely diffuse through the matrix and undergo
chemical transformation. Because the wholly microfabricated
biosensors of the instant invention are likely to be stored
essentially dry, such porosity will also help in the initial
wet up and calibration sequence used to prepare the biosensor
for the actunal analytical pfocedure. If the sensitivity of

a5 the biocactive molecule so dictates, the support matrix is

“ﬁﬁ’iimi‘i'ilﬂ”“ i Tll
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bi ol ayer to overcone any inactivation due to subsequent processing or

handl i ng, NOSSMGply to the passage of time during storagepCivisssrosn®
bi ocat al yst/ligand receptor should also be inmmobilized to provide a
favorable condition for the efficient and readgLonversion of infusing
anal yte nol ecul es. Thus, the biolayer of the present invention conprises a
sufficient anmount of a.bioactive nol ecul e capabl e of selectively
interacting wthascRdid &oRetept and amuammﬁtenahzynegnimroaueéd, for

bi oacti ve nol ecul.e i,s 15 i or at (o} t ormabl e

pr ot ei naceous n1ﬁﬂﬁﬁ?n%f'f&f n?grﬁp tﬂgpei?tg? éh |na |on B%%ése

materials. As nem@hmhiiqhaﬂnlmﬂﬂhiy and/anapppgo&pthog:aphigabbyanagtesned

freely perneate 3{4) %eiupp%t aW %% nd | ohe ’1133 gmBEﬁtbbfaCt ive
herein 83

nol ecul e contai ne varrety-o |t|ves |sc ove my be
added 20 to t f 5u¢5@¢ﬁlMﬂﬁwaﬂ§i°FblﬂGﬁDﬁeF°§é§F@Fe“ﬂ§§lPﬁbPEeFBHEtiBnEPe

and- structurals %1%{1%@& [ 'di)%z%he' %Qns.hsbeabaw;h b8 ebj sabkegteat the

pr esent |nvent|on al | uded 3%%%&1 ier, ese hiol ay re establlsE g

DL i th e di moREAGesS L aF SABELIng. o RE BRSCAARRLY SEPCERE BRSRARE, OF chipe

manuf acturi ng pr mmimgestoﬁage.f i smfficientubipcapadystiliggnduseceptor

POt onestst mateldnthiie, AYd M iHHRISICCH0CEIREAVIARNE" BivoPllh d2UEhaRET0n
|zed t he

nmet hods can be ut| maj orrty cal I've nolecu
For the 30 precediany tﬂ@:iﬁﬁﬁz}@@tpMldaFGﬂiVbFenﬁﬁﬁﬁéphaééoigfﬁﬁknﬁr apajyte

most conveni el 1y %1%%th hu&dPehe HA Ul'a? er! Bfneaesgéégeneomwﬁtian
extrenely Iablle enzy e i'ntroduced later, afte

structures have KOS Sufficient §§BH8Ft°Fa?rP&@?cﬁﬁyeapgieggieecéﬁable
35 electrolyte |&M5@zlettﬂual exhﬂdrathagoweshshnlananytevspecxsstaﬂd a

e oot may be. EWRBITY RAFEIR dfouhich Cec BikaSrivE R 6BaIRL 50, o,
Ilgand_receptggs;xnupﬁpﬂnaddﬁbedﬂnﬁﬂemwﬁuBXphewobefanpbotpfetmabbe have been
established. proteinaceous mixture, a film-forming latex, or combinations
of these materials. As mentioned previously, the analyte
_ species must be able to freely permeate through the support
‘matrix and interact with the bicactive molecule contained
therein. A variety of additives disclosed above may be added
to the support matrices to further achieve desirable
functional and structural characteristice not inconsistent
w;th the objectives of the present invention.

As alluded to earlier, these biolayers are establlshed
with the dimensional and geometric control characteristic of
wafer level manufacturing procedures. Thin-film techniques,
spin-coating, use of photoresist materials, masking, exposure
to radiant energy, and developing methods can be utilized for
the majority of biclegically active molecules. For the
preceding technigues, photoformable proteinacesus mixtures
are most conveniently used as the support matrix. If
necessary, however, extremely labile enzymes may be
introduced later, after the photodefined structures have been
established. Such support matrices may also serve as
35 electrolyte layers, as well as the photoresist layers over

20
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Al'ternatively, filmformng conpositions, which may include synthetic as
wel | as nat uwo 99#68930i ved pol yneric materials, can be used to qséﬁﬁj W
solid matrices especially when 2|crod|spen5|ng is the nmethod of choice
est abl i shing the biolayers. Conbinati ons of photoforzable gelatins and
fila-form ng | atices nmay be enpl oyed. Again, rEéZ;Ents or additives may be
I ncorporated into these | ayered structures as night be dictat ed by the
particul ar application or-analysis at hand. T prese | nve tiqQn t

relates also to a Waigbdthe Ligand iEZeFeRFOrs)i W, AERTash MaY, ke, 2mo 11ized.
substantial Iy pl angtegeraBly, tﬁéllﬁnmﬁdmhmmcneqomwmd apeeptors

havi ng predictable andﬁéggo ﬁ# ﬁ' & E%@eﬂé@tfﬁéﬁ%e@m% tﬂe%

of a fluid to be dPEfe ensi on and VI ScOSl t
characteristics arestablished, providing a movabl e microsyringe asserrbl Yy,

and using the assenbly i F_Qﬁgﬂ J%f SonfPess I3INN0| whM®h Wias
amount of f1l uidsdi spenseg urther n%f Cﬂ%&a m crlo | spenS| ng .net hod
di scl osed herein n&;lcbﬂdeo%ﬁnﬁ!e’é#¢e%ﬁlw 1 a§ MAYYFRANLY e, folygreric

alht eri tng t hte fr eefﬂtaﬁéﬁaﬂébﬁca%v%almda@@ a?&énmtﬁ hate tétililmwﬁtﬁ'ces
characteristics o e _es | shed | aye ... CON A ess,

vol ume, or area) nByPBEd ?ﬁl o‘f”éﬁne‘%#?‘iﬁélfﬂ?s{r@ é&% °z? @BE'Sl%&ce for
application. Additeebablishing thy bicsleysrsicsiCailimatsionntdfhpidtaFormable
previously to enha e BILNS Tl én@ﬁ M .ce,

extend the rangg ?gfa#gngagﬂagg%%s%o Gél ncr ease t#?? %JI’ dife‘@@q tgna:m,
overlaid str uct ur eseagantycoradditives Mﬂ% neumaRatad ke © Fayered

copol yners conpri Sbﬂﬂuéthﬁéénﬁfs g Nse | Praifcdd ity HIRY partdidlaredpplication
advant ageously. These nater(al s ¥ ?I so be Iayere or This is the

replacenent sheet SFGARARYASS @ establ i shed at a given thickness,
anywhere from about 5 tOThéOpfeé@ﬂt ninventhomytines | reldtoedalse to a method of

phot ol i t hogr aphi ¢ ~establishing a dispensed layer onto.a substantially planar
15 surface. This method succeeds in providiﬁg layers having
predictable and reproducible dimensions by adjusting the

- composition of a fluid to be dispensed, until its surface

' tension and viscosity characteristics are optimized,
prpvidihg a movable microsyringe assembly, and using the
assembly in a manner which allows for close control over the
anmount of fluid dispensed. Furthermore, the microdispensing
method disclosed herein may be coupled effectively with known
techniques for altering the free energy of a given surface
such that the physical characteristics of the established
layer (e.g., contact angle, thickness, volume, or area) may
be tailored even further to accommodate a desired
application. _

Additional layers may also be desirable as mentioned
previously to enhance the sensitivity and response time of
the device, extend the range of a linear response, and
increase the durability of the overlaid structures. 1In the
case of an analyte attenuation layer, certain copolymers
comprising siloxane and nonsiloxane units may be employed
3 advantageously. ‘These materials may also be layered or
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met hods. Typically, the analyte attenuation |ayer shoul.d have a thickness
sufficient ate the transport therethrough of anal yte_species
havi ng a ng*ggﬁﬁgfﬁﬁeight of about. 120 or nore. As stated pre /05232 s e
AA | ayers may al so be establjshed at a thickness sufficient to provide a
gas perneabl e nenbrane. In connection with thegshotofornmng step, a "resi st
cap" nethod may be enployed, for instance, using a type of phot of or mabl e
pr ot ei naceous ni xture which is also a nonbarrier (i.e., it does not inpede
~or exclude the tesmapausheﬂ aﬁlavgmveanthycbnsp%2|%ﬁSUhGMQs@ermﬁk@Eﬁt okal
obj ects of the i VERL 2BRAL6EA1 L £6d by pibEc] DOMSGEapitl
gﬁhe 5'05 ‘Bﬁ QHQaR?%y_ B Gj‘?[’sh ﬁﬂ

exanpl es i ncl ude rern

i nvention may bewmsshods- unﬂBP&Fééayvft?%f%?@%iﬁel§ F%H%aYbP¥h%a%%EOﬁB%H§§ng

drawi ngs. These gagw ROthidknesBesugkliviéht sehetvéntstef thdectrdesport
m crof abri cated sensor _structures

nature and ar g n&hereRrong c8ﬁv§933£5§8 %gﬁlcijgtﬁtla’f\%ﬁ’gﬂngléo’gﬂ?ﬁ%ﬁﬁgﬁ‘ﬁilght of

between the vari ab®utajlos oar mpzets A shatédopeeviouslP, these ALK layévs may

Cectangal ar s\ 11 2380 pep SFABIRERAITRE & ShlERAge2 R 1lbAt ko préPide a
di scussed furtheBaﬁnPSé@FPbRGSMQNbEéPBM/ Inccenneckion itk oFhé pheteEarning

al so be enpl oyedskap tBeﬂh—k.llbesedpblﬂéenaermeybsélam%yéd; hﬁoﬁolﬁﬁéﬁﬂé
i nventi on. Alternatlvely fferge

aper omet i ¢ 4t ROBA08] 3 tyBe of PhAtaZsRabls, Profeiraerans Riptilg hich is
various areas/| apdse af nochbagiriprr ¢ice. | oitodbest nptdimpdde ot gmatlidacthe

(2), passivation vel h el ectrode (4), netal
55 Thie Ts the r SERREBRES S, seréipE aRAipEe’ fpERlsf, O,
These and additional objects of the 1nstant invention
are apparent from the disclosures and examples included
herein. .
15
4. BRIEF DESCRIPTION OF THE FIGURES
The invention may be better understood if reference is

made to the accompanying drawings. These drawings,
especially the schematics of the wholly microfabricated
sensor structures, are gualitative and.topological in nature
and are not meant to convey absolute dimensional
relationships between the various layers or parts of the
biosensor.

2 FIG. 1 Top elevation of a differential amperometric

' glucose sensor on a 6 x 3 mm rectangular silicon chip. The
significance of the different lavers is discussed further in
Section 5.1, below., The same general configuration may also
be employed for the LLR-based biosensor embodiment of the
present invention. Alternatively, FIG. 1 may also illustrate
a differential amperometric LLR-based biosensor on a 6 ¥ 3 mm
rectangular chip. The various areas/layers of the chip refer
to contact pads (1), signal line (2), passivation (3), '
silver/silver chloride reference electrode (4), metal
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catal yt.ic indicator electrode (5), adhesion pronoter (6), or |ocalized

adhesi on pr , coupling neans (B), and |igand receptor_layer (9
PIG 2 Side e g@&??%% of one, of the glucose sensor pair of FI lﬁﬁ%ﬂ¥527

surrounding silver/silver chloride reference electrode. FIG 3 Side

el evation of a potentionetric blood urea nitro@®r (BUN) sensor and

reference electrode. FIG 4 Top el evation of the sensor of FIG 3 shomﬁng

an array of different biosansors on & single chip. OFIG 5 Current_ out

(in nanps) of theqataimh;qﬁhﬁ@&gét9€n96?526?¢Ga(gbn/?éﬁﬁﬁi?EHFEPmﬁyﬁFo éht or

peroxide) as a fUnWHdAN s alapelsigse theebral(vsy\wa:oupmﬂgamwnswm jcane
i n HPES buffer sanple (0). or HEPE buffﬁ only (X). 6 Current out put

(in nuaps) of the YR FeREPTETe LE¥RZL(%)s o functlon of gl ucose .
concentration (Mj) in tmqssampls;&EIGle?ét&pnabteonetloﬁ thé ogiluense osensor

anperonetric oxygen Sen h S L
perneabl e |ayerg §ﬁF“§hrét§%Fﬂi%gakggaégﬁ% SUIte %%?$% éﬁﬁif%gased
bi osensor. appl|caummenﬁhqﬁushaﬁ&§9de i nvention. In the LLU based Event, he

electrolyte layer (12) dﬂ R & %éfb&%baEEBEOBQngéokéﬁﬁiémé@fzéaﬁlood urea
per neabl e herrbrang}l(ttrﬁig al so referred to.a

i s established ov U se9=e; GFdliﬁgPreﬁﬁﬁ ?%gcggggég?ngglgﬁyggé
(9, also the second phomumasmstTb@yenbva&lpneefnthabsansbheoﬁkrrayel showdng
ctbstantially cpcitoaeiay s Fldsatsnd bits ?f%‘?%f@nfgieﬂﬁioﬁeﬁié?' ° laver
phot or esi st Iayer i n t hFlQ.RBhauadrients ontputefindnanps) . of| the pregent
alternative confi guhaldQn gns%z@l'(%&&aﬁt% Z?Q&ﬁ&t@éﬁegfUHQB:&%SndefHQE e) as
sensor described Hereln i -e roplacenent

a function of electrode potential (mV) using a 20 mM glucose
in HEPES buffer sample (0) or HEPES buffer only (X).

FIG. 6 Current output (in namps) of the present
glucose sensor as a function of glucose concentration (mM) in
the sample.

; | FIG. 7A An alternative embodiment of an amperometric

' oxygen sensor of the instant invention which utilizes a gas
permeable layer. This confiquration is also well-suited for
the LIR-based biosensor application of the present invention.
In the LLR-based embodiment, the'elect:olyte layer (12) is
also the first photoresist layer; the gas permeable membrane
(87) (also referred to as the 2A or gas permeable layer) is
established over the first photoresist layer: and the
photoresist cap (9, also the second photoresist layer) is
present above the A2 layer. |

FIG. 78 The diagram illugtrates a conflguratxcn in
which the gas permeable layer substantially encloses an
underlying electrolyte layer (or first photoresist layer in
the LLR-based biosensor embodiment).

FIC. 8A An alternative configuration of a glucose
biosensor based upon the dioxygen sensor described herein.

15
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-30- FFG SB A Ligand/Ligand Receptor-based (LLR-based) biosensor with

I mobi | i zedwoQ ggrps9sgecept or or i ununoreactive species (45). T rlvin
et

sensor configuration is derived fromthat of FIG 7B. This il

al so enpl oys coupling nmeans (40) to immobilize the active species (45).

FIG 9 Uniformity of the response of three bl o3 urea nitrogen (BUK)
sensors, wholly microfabricated by the process of the present invention, to

a change in the ammoni umion concentratjqn of an aqueous_sanpl e om2 t

20 =M FIG 10 Respons&Hf- t§R &mﬁﬁﬂm#&%@aﬁﬁ i(ﬁ&'ﬁ’ﬁ?aéfa
concentration of WosSéhEsr Swil WanobifYized! lligahd écepter bt Ramumoreactive
the present BUN sensor to whol e bl o anpl e spi ked w rea.. . ls «
FIG 12 An illust¥REFH® o ‘a%)pe &%é%i O‘ﬂ*‘?‘é’%"g&reo X nc\tl)gfnﬁﬁe%r%&flg#atig’d derived
m crosdi spensi ng fya cthatt ¢hFIGeAB  iThientildmstragiiosh alwo @pploys,

hol di ng the mater i, [ sPensid, sl n@kﬁﬁ ,s$§%- or
controlling itg ﬁ%ﬁ%@%ﬁéﬁ%ﬁ ﬁ:@ crl'dr (Saic | on,cill?g me%%% Zletsl s“ﬁgl’d
to a vacuum chuck, (1),Fifhost MiifarRith of the respoyse of thmeswbdeod urea
con_trol_: ed by a][l m:.e&@él_ zed(ammmaxﬁdﬂaj,dwmuy miletoFubird dmaﬂﬁ a&s«thjen?h:m_ ss
a visual neans for i gnnent (e.g... Video canera.edui t aticl.e
alienabl e with ap‘bﬁ% a?’ée%?%n e‘?ﬁ“’i"@i’t'u?‘é’s ﬁhta&%%e & ?ﬁo'iuum PR

13 An alternati veoncerdtrakion ot @n tampiesuaso sampd enifzoxdi2s fen 2i0ngMsy st em
conprising multiple syrgfge I afl SWsTol %?ﬁ?' | gt

openi ngs, (13)p and thetglt?fcu%?n gﬁéu%mggn%l ov\f/ag‘resge pgé:l %ne . g'r':g\%o't %e%ohange
ring, (11), and timcths UzeyCcHRentratiorw Ot an aqueous golution frwmmdt te 10

rendering of a tygkcal sandw ch assay perforned using the present invention
S ohoun- o O 2o L) 9T LSSSRST 4 Ml iR okeBESED 2ot
l'igand). The |i gasitbdd nskmple topeikeal apitl vaed .35 i s subsequently attached
Pgsanl\/l gnt ! body;;enzyma cpf&_ugﬁ € 1{:'; rﬁl-us'ﬂ%i%ns oL.Eso e %%%E‘iﬂﬁz %Qﬁf@g%ration
. of the automated microsdispensing system of the present
invention in which syringe (5), holding the material to be
- dispensed, is attached to a means, (8), for controlling its
| ' displacement in the direction, z, while wafer, (2), is held
to a vacuum chuck, (1), whose movement in all directions is,
likewise, controlled by an automated, computerized means.
The system may also include a visual means for alignment
(e.g., video camera equipped with a raticle alignable with
appropriate alignment features on the wafer).
' FIG. 13 An alternative configuration of the automated
microdispensing system comprising multiple syringe holders,
(7). The syringes are inserted into openings, (13), and the
vacuum chuck and wafer are positioned below the ring, (11),
- and through large opening, (12).

FIG. 14 A schematic rendering of a typical sandwich
assay performed using the present invention is shown. An
immobilized ligand receptor (the first member) is positioned
near the surface of the biosensor and encounters an analyte
molecule (the ligand). The ligand binds to the receptor and

35 is subsequently attached by an antibody-enzyme conjugate (the
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-31- | abel ed antibody or the second nenber). A substrate is -added next

whi ch under ggg99asefie cal transformation nmediated by the enzy éﬁ} I
or substrate converter). The resulting intermedi ate product thgﬁnﬁ#§§( 22
a cascade of reactions involving the consunption of dioxygen and the

production of hydrogen peroxi-de (both 02 and 287 are detectabl e,
el ectroactive species) and final product (indigo when the initial substrate

bretreating the clabRi6d-ashiPaty o8 HhE crerad dipmhts)s A Siblppte is added
characteristics. néke ¢hichCundeggeesba cihemica L rechnpforseat fdoningdiated by
eyentual 1y, the ¢ RhakUGsiad! (g, FRBRLBE LaStrAR0 CoVEELEF! | olfe dyring
bi ol ayers |nclud|agtqwmeﬂha¢h pasductat@encumﬂemgogmgaecqscaéeJQﬁoreanﬁions
wth a smal | cont agl 30 ChkGoohClipe 208 OFCasbiibied

subj ected to a ghotopatte | G _16¢C DETAéteEf[D %I PTI O\I G:
THE | NVENTI OL The h¥@&egen PEROKAGEL ( ﬂ'@hn‘éﬂ%%d i rx8 drteraRtdrass
production of bi O&aa&tﬁr&ahs&\ivagspeeﬂesj alhe, £imal qamdmtpomngo when the

characteristics an OksS L€ Jecal setting for

the convenient and ?ggF |%§g§rgg§tﬁén anﬁgég%#i #éklve medsur enent of

sel ected anal yte speci eFICShelbatrdgeaidliug | e Exeeredsing the
2 blu tmm-he £tect mf exetreating th

formed on a ”ansﬁ‘ig "t:r%"ea&u@faéét 'EB'.‘Fﬁgéngﬁé S’céai/f‘éédeﬁéfc#gtures

whi ch are rob possess control degree o porosity, st one

of which Iayered §bﬁG€F@ﬁ§§st§°§apaﬁhe QHQ@an%§E4?¢2?¢m?§nﬁaqi°qﬁﬁkﬁpensed
bi ol ogi cal |y acti ¥guiRCaad e%ﬂtﬁswyblﬂhegtﬁfékﬂeestww eMAeined Clayer

ot Dot es. ant1 gBRevs SHR SlecRARa.n iR hFE, SSEROPLEd: o gonucl eot i des.

pol ynacl eoti des, pol ypeFIicSes 16apllécushewovatlvys netseddmants &S RNA,

g;gt le'hgfw( glszcjospr RierRas sPehdlehOBi8l §/8Fs SRLASAONG ode whikn Hds 4 Targe

- contact angle (FIG. 1l6a), one with a small contact angle
(FIG. 16b), and one which has subsequently been subjected to

- a photopatterning step (FIG. 1l6c).

5. DETAILED DESCRIPTION OF THE INVENTION
The present manufacturing method is directed to the

mass production of biosensors having predictable, uniform

response characteristics and which biosensors are useful in a
" elinical setting for the convenient and real-time detection
- and quantitative measurement of selected analyte species.
The integrated biochemical sensing device is formed on a
transducer array by establishing discrete layered structures
which are robust and possess a controlled degree of porosity,
at least one of which layered structures is capable of
immobilizing one or more biclogically active species. The
term biologically active or bicactive molecule is used to .
encompass ionophores, ion-exchangers, enzymes, antibodies,
antigens, lectins, neurochemical receptors, oligonuclectides,
polynucleotides, polypeptides, molecules of DNA, molecules of

35 RNA, proteins, glycoproteins, metalloproteins, cofactors,
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Darn *»MAR 1N/ -32- inmmunogl obulins, and ot her macronol ecul es of
physi ol ogi WO 99¥@8%1eéi cance i ncl uding m xtures or active frag ”9??
.subunits thereof. The term biocatal yst nay al so be enpl oyed especialTy W t h

reference to an enzyne, enzyne-conplex or m xt ;€ thereof. In general, a
‘broad class of ligand receptors may be |nnDb|I|zed and used in the present
bi osensors. The steps conprising the nethod of this invention, as well as

the materials di Sﬂn&}ﬁ%{% Utefhr Raloildliethilkle o i91bgieaad
structures of the prese 1"gi]"'mcr(§§‘fa pays @

abricated device, retain a surprising

degree. of fl exi b|$496¢%ﬂ&9 JRGIUGING, MXTIERS OF, AT ivE, fragh Pre

speci es nmay be S%&‘&M@. mﬁﬁaﬂed Tﬂathtdnr Bilotatadlyst wagf &tl@ocbhedmployed
sensi ng devi ce, bl ose o i s ,avail abl e for _the anaISé’m )

nost |iquid sarrpl‘%f'sP?‘l"l’cﬁA ’ieé} S %R AN SREYTE: BRGVESS a’lel’ﬂ/r?ﬁ‘-h
pl asma, serum sahimre.lrtu&'z-ecsﬂ.oolm mrmrz]at a0 promic ¢lasseaifs 1igangbr o-

spi nal fluid, ﬁasal \ﬁﬂﬁﬁl r I t ﬁggp,

pl eural fl ui d armi osﬁeéﬁe% un%(}, peri onelélci%ﬁ us%gce%elatgg Pw | Oi nt
fluid, gastric adplosgrse¥sthe |ike. It shoul d al so be understood t hat

solid or dessicated sanp&ssteps Qﬁnﬁiﬁﬁﬂ. &ué\mw&hatse;wemw Oas

provide a liquid mxture s,wta S second. a el d part

of the invention ‘f%ft\ bftﬁ ﬁ#ﬁﬁ m g’n %(ﬁ Hs&% 9 ayers

over the acti \1/3 I@g\eablbskprﬂte(ﬂlsdrétra)rma;mneﬂ:tsmdtm ol &iher present

corrponent s of h S | #@g!

(i.e., the speci esm%e ana?é%?&i% Fet ?réngdﬁigg) Mgg'rsjtlal n@:‘e ses ygjch

| add| tional |ayer ﬁk@ﬂ%’-l%ﬁhtﬁ@l}%ﬁ@mkm sashs fhat & wide zamge &f analyte
analyte into the fhakfdh Gily Yo @dlett Ry didiniined.ar iPartheinore ,sehect ed

anal yte is present,in high “‘concentratjon |n I he sanEIe In so _doi ng, the

effective range JMeFRf Bieakrd fenging, AqviGeyi sgnsoz,£ox Fhork, is
linear response igveXlasiliedtér thghafalydieof most liquid samples including

15 biological fluids such as whole-blood, lymph, plasma, serun,
saliva, urine, stool, perspiration, mucus, tears, cerebro-
spinal fluid, nasal secretion, cervical or vaginal secretion,
semen, pleural fluid, amniotic fluid, peritoneal fluid,
middle ear fluid, joint fluid, gastric aspirate or the like.
It should also be understood that solid or dessicated samples
may be dissolved in an appropriate solvent to provide a
liquid mixture suitable for analysis. )

A second and related part of the invention is a means
of photodefining optional additional layers over the active
layer to protect it from contact with any deleterious
conponents of the analytical sample or solution containing
the analyte (i.e., the speéies to be analyzed or determined).
In certain cases, such additional layers serve to attenuate
the transport of the selected analyte into the biologically
active layer, particularly when the selected analyte is
present in high concentration in the sample. In so doing,
the effective range of analyte concentrations in which the
biocsensor has a linear response is extended to highar values.
as Such analyte attenuaticp (AA) layers can also impair the
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Sﬁcﬁ 2ha yte attenuation (AA) layers can also inpair the This is the

repl acenent _sheet Date: - 6 . 7AR -33- responsi veness of the

resul ting s@ﬁ%?ﬁ@Eﬁﬂhlce and, therefore, their thickness nust PETAIS887Q52RY
consi der-ed and control | ed. Where the concentrations of sel ected anal ytes in
the sanple are not so great as to result in a-334inear sensor response,
such AA | ayers need not be established. In certain enbodinents of the
invention, this AA or gas perneable layer, in addition to_attenuating the -
transport of certemespwnﬂnﬂanzserQI&hervasnlﬁbngpeenésngléﬁﬁ}gﬁ aBdponsi bl e

for -insulating t\%%ﬁ_‘r:ew P e :.Eh%nieﬂﬁ%saﬂa!sessetB&r&fﬁf&& Sc&hs$a6PE& and

turbul ence or flo nNg 'a Sensor response ti,ve t y&
extérnal sanpl e flenagnaddiades ¥h#§PetP€pFBHGSPEFE lPﬁflﬁ |§e§ ﬁﬁ? aﬁﬁg es in

such a COHfIQUffﬂ'éyh ﬂyrﬂ‘if%E%o&a&bl@Hbat|asfﬁb fbsulZF&baaeﬂohlﬁneasor
enbodi nrents descri bed f

her herein._ Furthernore
filmhas al so bgerPeNSRL ZRARORFE IR rh"ayFFPnPﬁ%d e es%zg%%@gﬁlg
patterned (phot deflnedhﬁow&umpmmsehboﬂeuﬁataaefotha %h%ﬂh%&?nseﬁbiﬁgﬁﬁ or gas

device. This perrfggéagab |inaQhﬁlﬁgpﬁcgnagteeggsfiﬁg €nel 88hnkpert of

intrusion of int ering e rodctive speci es_ Wi | de5|red
el ectroactive speceILaday arrtaéent;eSdm Géécﬁ'-ﬁpéﬁﬁﬁ"’ﬁaﬁﬁeﬁ-?ﬁr % 2189rticul ar

erngﬁl m%'gt gf etn [N SrddpeHy Calﬂltﬁ.ré azf&ieﬁ%smeltqatngenéarespbﬁsdeafveﬂef senser

Si i zi f u is
dlssolvedgorg ed 4$ (ﬁ&ﬁ ﬁﬁ#?ﬁ%s é &8 §§r¥82ﬁ95 g éiaF IegaylPaoa
of the groypsngéteginsbﬁ(rddpbnsanmmdhhsusl&cssasensmtivaetelthﬁeeptetuﬂéor
The resulting readghis 5040 ot (2" 22380 LaBedagssBll] | Faesinss Lhgnal,

waf er or |ocalize preselte ar ea er or " base_sensor.
seni per meabl e or ﬁ@ﬁhﬁ%ﬂani\R9ﬂﬂ%ﬁ§rﬁﬁ§°ﬂhéﬁ syessraeﬂeaaaﬁaevleﬁixfGprythe

controlled heati n%ﬁ@%éé@'Iﬁose-ﬂybrpW&Q@hh&edégaﬁibéﬁeﬁuﬁﬁh&behéﬁﬁﬂh.
are governed, in part, b%t eegmrgrcekneas%egl ermea WS].J,S f:.iin ha.s isb been
dependent: 15 ’ P

discovered, which solid film may be established and patterned

(photodefined) over preselected areas of a chemical sensing
- device. This permselective LaYgf is able to act as a barrier
against the intrusion of interfering electroactive species
while the desired electroactive species may freely diffuse
through said film. In a particular embodiment of this
invention, the permselective layer is derived from a
silanizing aqént. Typically,fa relatively stable silane
precursor is dissolved or mixed in a solution which is able
to hydrolyze at least two of the groups attached to the
central silicon atom of the silane precursocr. The resulting
reagent solution is then established as a f£film across the
wafer or localized over preselected areas of the wafer or
base sensor. A semipermeable or permselective layer is then
obtained under carefully controlled heating conditions. The
permsalective properties of the layer are governed, in part,
by the thickness of the layer which is, in turn, dependent
upen the nature and amount of silanizing agent employed as
well as the mefhod used to establish the film. Whenever
desirable,; mixtures of silanizing agents may be employed.
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upon thke nature and anmount of silanizing agent enpl oyed as well as the

met hod usedvka ﬁﬁilsh the film Wenever 35 desirable, m xtures of
sil ani zi ng agents -nay be enployed. This is the repl acenent she&CT}$89/05227
M HAI R Be -34- By elimnating nost interfering el ectroactive species,
fewer corrective neasures are needed and the m34olt is an operationally

- sinpler device. Mreover, the base transducer, which frequently conprises a

catalytic netal surface, g be heated in the presence of
sai d. per msel ecti ve | ayeBy edimdnptingumesti interfexing alectraastive Speciss,

250C.  This delibepgbe E%i‘*&-é&ﬁlﬁbeﬂeakﬁ!‘éﬁeﬁrénneémad\ceddFﬁﬁOfésu{Bﬂeﬁs b
t he base sensor to the

f
hydr ogen perOX|de°8Fr8Fg??ggﬁ¥ ﬁﬁppgroaﬁﬁYéFﬁ +ﬁ% Oxffﬂéﬁ%ﬁééﬁéﬁ% 3oggeT.
the solid fil mtowaidh fﬁeanBtﬂgrcnypetsesraagatakytpecm€tabfSwrgh@e may be

o) ecul ar “e'ghthé%aQed b '%hﬁchgegénéécefbéﬁlégec IéQlQéEi#&“i@ier to

enbodi nents of resent iInve t he on e ana

concentration i nt &%’P&F‘é&é‘?&&bﬂ-é exgreEF PE AHORE PO LE BRI %%?Wre%?.é “C. THEYS

transducers nay | a&h%@ra&&ehaﬁ'&hhgc stRp! ppbY eaBSs ' af efhanosd Ufé$§6ﬁ§iﬁeness
base sensors. However, the aicrof abrlcgﬁlon technlgﬁes and terlals, of

the instant invenPfolfa 25Le £PPSOFe LR pPPBT B2 EY h SEtRRachive  SPeGteR ef
(e.g., acoustic wanee$ess|mg adevhydrogEheperedee ogadiexygen) whiler odes,

[l el et t 1 aBRihtatpifBl A3l BRI RYARERICRACLIE] de'OHF gl dEcey £1 PR blErds

li ke) fabricat y anar nner I scussi on and
t abul ati on of tran@&ec@#§1WB| eleghyoBctiypl speciiesnof highersupleculnr | weight

the kinds of anal yii gal, %§1épﬂbh&abkoa§cb9bﬂe'Eezéﬁgh type of transducer or
bi osensor, in general”, ‘may be ytilize ound in_an article

Christopher R Lowe in iPeEG§§lﬁ“ﬁP5t9“?9§1T3Eg52?§ 8oPEeSE invent;on, the
di scl osures and dmhsahwmmmft ghecdnalythbi eohomnatiohemte a processable

P e oY RAGRRY’ S B s pctroblnt BAE g  *CthRREL¥LALRcers may
include amperometric, potentiometric, or conductimetric base
sensors. However, the microfabrication techniques and

- materials of the instant invention may clearly be applied to

other types of transducers (e.q., acoustic wave sensing

devices, thermistors, gas—-sensing electrodes, field-effect
transistors, optical and evanescent field wave gquides, and

the like) fabricated in a substantially planar manner. A

useful discussion and tabulation of transducers which may be

exploited in a biosensor as well as the kinds of analytical
applications in which each type of transducer or biosensor,
in general, may be utilized is found in an article by

Christopher R. Lowe in Trends in Biotech. 1984, 2(3), 59-65.

The disclosures and descriptions contained in this Lowe

article are incorporated by reference herein. Of the three

electroanalytical techniques mentioned earlier, the
potentiometric and amperometric technigues are preferred
because the output signal may most easily be related directly
to the response of the base sensor to a particular analyte.

25
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potentiofretric and anperonetric techniques are preferred because the qut put

si gnal may ng@bPﬁ§§+ be related directly to the response of the base
sensor to a p analyte. 35 -i: -ns is re roplacenent sMET/USA9/05227

6 MAR 9g1 -35- Specific exanples directed to the production of
potentionetric and4d anperonetric type bi osensors3&~e found in the Exanpl es
section of the present disclosure. Herein are illustrated the various
aspects of the invention which conbine to yield a viabl e. manufacturing
process for an arrSpecifhcoesappies dbrecked te tthe praduatian afdil uted

bi ol ogi cal sanpl esgoPLat ¢bhetr80LME B ér et c mcrsé&zﬁwm TUEN in
and a potentlonetrPc urea sensor dqﬁfrlbed furt | gese sensors are

useful for analy2|ﬁ§etﬁ§aEBﬁE§n§?ﬁfféﬁ
respectively, present |nﬂergmnearsah¢amsttatpd thzuu&riﬂuxxﬂspédts @fs theher

Lo berform i mmingl SHVERELER; PAbeh” ased‘“‘-gn@‘?ﬁe%w R et A
measur ement  of anapypseﬁﬁl &eg| 8B %ﬂ-‘@?‘ly%ﬁ i’efgﬁ%"lﬁogrﬁqu R dn fhen@nglysis

descriptions of nogief hﬁdimaﬂﬁaguiaiémr%ﬂw blﬁ-émefﬂa lHnﬁfdiﬂtments of an
di scoveries. Mbore particu i nventi on al so rel ates nove

el ectrocheni cal as aye‘p’PBegaavaegi%ﬁ%? os%f’mén%lﬂveoﬂ% T PSR sensor
LLR- based bi osensoarasdéabr&bedeferthwng Tﬁ&ssprmfsm axd arsefulc ey ati on

of sel ected bi ol ogi ecl ct of the
i nvention rel atgs §glﬂ§%g§§s§% % :eazt °n# glﬁf 2r% %gd rate
(hereinafter t he Crebperctively, V\hreﬂemjbea\ mtgmmm el -abl .e venous blood).

el ectrochemi cal oxydaibal GéhédeEﬁé&% aérémﬁ&é;ﬁté@%ﬂl&% aty| 4uding an
potentials which are aﬁgeSS| I N queous based systens, but wb

under goes a reacti B8RP ﬂeﬁtsﬁﬁg??%ﬁ ¥ ARARYeS ?9)3?%@ﬁ€ﬂ1¥ﬂﬂ¥ﬂﬂ&qu'°r

i ntermedi ate. The affinity-based analyses, for the detection and measurement of
analyte molecules of physioclogical significance, along with
descriptions of modified canflguratlons made possible by the
present discoveries.

- .. More particularly, this invention also relates to novel

electrochemical assay procedures and to a novel wholly

nicrofabricated LLR-based biosensor useful in determining the
presence and/or concentration of selected bioclogical

(analytes) species of interest. This aspect of the invention

relates to the discovery that a non-electroactive substrate

(hereinafter the ”substrate”), which does not undergo

detectable electrochemical oxidation or reduction at an

electrode at operating potentials which are accessible in

aqueocus based systems, but which undergoes a reaction with a

substrate converter to form an unstable intermediate. The

intermediate undergoes rapid auto-oxidation causing changes
in the concentration of electrochemically detectable species.

These detectable species include dioxygen and hydrogen

peroxide. The changes are measured and related to the

concentration of the analyte of interaest.
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I nt.er medi at e under goes rapi d auto-oxidation causing changes 30 in the
concentratio f¢ rochemical |y detectable species. These detegctabl e

speci es incl mbg‘lmggygen and hydrogen peroxi de. The changes ar eP %égmﬂszz'/
and related to the concentration of the analyte of interest. 35 This is the
repl acenent seRet Date: - 6 AR FAt -36- Smd#—novel assay procedures

and LLR-based bi osensor are useful in detecting the presence of, or

nonitoring the | evel of, one or nDre anal yt es n a m X riicul ar
concentration, in the pr8Y€RcBO¥RL pB?%ﬁYlé Hﬁf@é%&&!ﬁ%ﬁ%ﬁ or are
(rjrent [ oneddp][ evi ours]’u;ettm ﬁnegeueetmngabnerrpeesénae paf | |w|mnmwg me level
et erm ne romt he .extent p I pdi 6

analyte and the fi Pgt' ﬁBﬁbgg §r§ gﬁéig&?gcg&t %i%éﬁ%? nter aﬂ?l on,
itself, is detect edonbentxatecnmdmeuberptemqeteﬁtvmrrbmumrn)qtmmmg
conj ugated with a kabekahtuls! I akonde SORNE beE v}xo‘%?%;;té%d“ﬁfbﬁeﬁé@%f aéﬁ‘s?nce

to give rise tog he production_and/ or_consunption i'n concentrati o
of detectabl e specPsa( BagticR}aFogBRLPER okF (RebrrBARAS

These concenéI rati ogp ehamesnagaiﬁbes?teﬁhmsﬁlrbewbézeemctnﬂm 'lfahﬁi thetflrst
appar at us and assayl n proce u"‘S of _tni e 1 CU eoen

o ihe preaont | e BREPER (RofaPEREe kebhtebly | otk ing hd MR Al GoC]

' conpetitive assayitpe&tedmsedatentedpnhéaraedaeqm®dm¢nbnr(ﬁthtmﬂq#QEEann
invention, a conj UQ@EE? ”Ehhéh“i&dcéﬁ?ﬁ%é&bﬁéﬁtf TABVE {Sipdt

to effect- a chagge I'n oncentration o e el ectroeactive shecl es. T
enzynme nay be conJGQBVSHtFE)bhéeaﬁﬁsyVéthAﬂyS%h%ﬁ§§t¢§ka£¥Rﬁei#se to the

el ectrochenical l'y g&édﬁetabﬁdaha/éhecaﬂ&hﬂﬁﬁxeﬁ Lé‘!iﬂé@tm |dbriAdrit¥dd Bdn) of

the invention perta g % h ﬁeeterrgd use of .the en%%gg kal i n 4%? en); See

phosphat ase as te PFYBEFARAE SREFABEx{B- FhoSHYSXRORR PRELRFIAR AT ([qiPxygen) ;

substrate. However FigureslapparTheset concentiatioh nehiangds ldre electrochemically
detected using the apparatus and assaying procedures of this
invention. In particular embodiments of the present
invention, labeled analyte species may also be employed in
“competitive assay' procedures. '

In a preferred embodiment of the present 1nVentzon. a
conjugated enzyme is used as the substrate converter (label)
to effect a change in the concentration of the electroactive
species. The enzyme may be conjugated to the analyte. 2any
change is deotected electrochemically and related to the
analyte of interest. 1In patticular; the invention pertains
to the preferred use of the enzyme alkaline phosphatase as
the label and an indoxyl phosphate derivative as the
substrate. However, it is apparent to one of ordinary skill

. in the art that the present invention is not so limited. 1In
the general case, an esterase or hydrolase can be used to
hydrolyze any indoxyl ester as long as the product undergoes
rapid auto-oxidation. 1In yet'other'cases, the reaction of
the enzyme with the substrate itself produces such a change
in the concentration of electroactive species.
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in theart that the present ‘invention is not so linmted. In the general

case, an es{Rs dfpfssip hydrol ase can be used to 30 hydrol yze any

ester as long as t e product undergoes rapi d auto-oxi dati on. qﬂgw
cases, the reaction of the-enzyne with the substrate itself produces such a
change in the concentration of electroactive §3dCies. 35 This is the

repl acenent sheet Date: - ; ? 397 -37- Nbre particul arly, but not

exclusively, the inventjon_ is_conce

procedures and devi ces SrGePﬁrﬁfﬁgigﬁngt%QC + eree%gééﬁ¥%i1 rega

an enzyne-| abel ed isntobcéyned anthneyqetxegb¢mmp§&n1§ﬁanqa§§ﬁz;BMQ¢a¢ures and
substrate to effegf ﬁcegaeeeaaeﬁwgneoaﬁﬂlﬂay&f\ ﬂ{t@.léwm%{ 8401 S D,

that is susceptible o el ectrochemni cal ,detection ditio si nce, t he

enzyne- [ abel ed afhi Bpaymerlakead- ?%Eé?%@ydﬂ¥|§&wﬁﬂﬁiﬂﬁei?h ad, AnFigen

respectively to areaepkeizhaaysdbitf&be OtoffdOE)a it itD the a
bi ol ogi cal sam#l e,

h d
therefore, provi d§§nF8P€Fﬁ§E'raﬁgP§t 3??9@% ég‘g%%?%?f%lfe%i a(r:jrt'F‘i‘ (rzsg‘ﬁ%??tb‘fhle to

speci es of intereellecSpocheniablydetactionyenin cadgiticn nsince the aanaymar

of the non- eIectkggg%EgFI%BgQ %4 pggsgﬂg¥hﬁ_?£55h§§tégtigggcgbééiégmas bound

substrate, with an os hatase oat_ antT -

| mmunogl obul i n G FRSPRESAYP Brtﬂn?hcﬁmPéfﬂﬁﬁF?ﬁy ?ﬂﬁﬁﬂﬁﬁu%EKFWQﬂRSQXisPecles
t heophyl | i ne (anthﬁea)bLEEGQQcamDsaﬁﬁEéLOﬂseaéfeétwuﬁnéﬁiﬁhlmifﬁetected enzyme

dwi ch- Lo el
Shoul'd be moted t FARCERERY 1 RRFFERFRLCHETTIAEY DOF el Fheh SR i€ AR 1o
ot her assay syst eqguanthsskévecdetermingtionaof/specins ofdanhterestpair |n
whi ch I b

o o TSpERLECaSa0, benl oLt el s o Jhgoepp ot the

be incorporated in assa rocedure
just a feM/exanpl§§ndﬁl§EEH°PFgaﬁﬁ indepydrPhospher iriacid mrYeRr fdtieh is the

other substrates, suBgtfate, with an alkaline-phosphatasé labeled goat anti-

’ ! human Immunqglobulin G (antibody) or with an alkaline-
phosphatase labeled theophylline (antigen). These two
reactions are associated with sandwich-type or competitive-

-+ type’ immunocassay methods, respectively.

It should be noted that the invention exemplified
herein also extends to other assay systems. Theoretically,
any ligand/ligand. receptor pair in which at least one member

20

can be immobilized onto the present biosensor can be
incorporated into an assay procedure. Table II (Section
5.2.2) lists just a few examples of such ligand
receptor/ligand pairs. Furthermore, other substrates, whose
reaction with the labei, or subsequent auto-oxidation,
produces and/ar consumes dioxygen or hydrogen peroxide may be
readily contemplated. The invention is, therefore, not
limited to the use of a phosphatase enzyme as the label, as
already mentioned, because other hydrolases and labeling
enzymes which are capable of reacting with a reagent to
effectuate a change in the concentration of electroactive
spacies are equally suitable (See, for example, Table II).
35 Again, it must be stressed that, while the invention is
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reaction with the label, or subsequent auto-oxidation, produces and/or
consunes di oX¥89/08918hydr ogen peroxi de .nmay be readily contenpl aperrusEdfns22?
invention is, therefore, not 30 limted to the use of a phosphatase enzyne
as the label, as already nentioned, because othgg._hydrol ases and |abeling
enzynmes which are capable of reacting with a reagent to effectuate a change
I n the concentration of electroactive species are equally suitable (SfM

for eXaMl e, Tablgaé&hriﬁidAﬁ%gﬂ’r%geﬂﬁﬁéebe°i}ﬁﬁﬁfﬁfbé*?%?rﬁf?dﬁréimﬁnd_Wﬁfh
invention is - i Relacenent sOeget_Data: - _t;Alt 1i9.. ,.-38 desqri t
reference to i nmunadfs$BFUPPIPELERLSASARY \PPRATAS M Fuybl Gt c%s%si Hied dehe |
apparatus, it is abanesuhgpegedftbpécbfherbiy@&ngote;qmi¢ﬁ$p $ﬂ¢hﬁa§)7hose
reactions, such as,those ' n L gl S fes (e.g.1
enzyae/aetabolite,bF&UFPﬁ/§g$§§a8§hgiéﬁé8€§%gmﬁﬁ%@%%%qa%|dﬂg& teg= ) _

ol i gomer/ anti - ol i gemeyrezmetaboditie; cteabin/polysacehpride afandsiieleic acid
el ectrochem cal 5688&&%892?&1&2%;&%{1 ¥} CEPe (660 dOLeOXIBTY Cong ey Bify |the

and I11). The present "I nvehtion, refore rovi des processes and “devl ce :
for performing sinpfgrasaifagiecfrarhepical 1&?%‘5 %‘?e Nres and e | 2ee.,
iAgURﬁT ﬁng inn?notakréﬁaap$a¥ﬁrapm&ehzntahGZfIBp;eIectr?chenical sensor,

an ich do not requireglen ipcu

procedure and appargtuseghﬁegﬁf¥ﬂg ﬁgﬁé*ﬁf?ﬁfegﬁgb%gﬁggtﬁ%%ééﬁﬁﬁgﬂéiﬁﬁﬁigfs

(l abel) activity amsdatiewibeghifersperférningdsinply i and yrapidly ianalyte-

addi tion, Chrovébeg'gggg;egrt HEQL?%%EE%-%&E&& i BRGRS- d Sl b AGhEEr fbiCad Lays,

the nature of the I on_Sys e use of _enzyne | abels I n the assay

together with a noWbdrBcHfdaderyancalgrtrachenicat s#RIPHoraMd ivhich do not
facilitates the exitegaiea RbnktRYNineaBationbsbepey afsaysléstHscidmical

e oo st BhpheAbah ane BpoEApiels SSPEELbER HpedPAoH M4 hbaction
subst ances. of phosphatase (label) activity are alsc highly specific and
_ 15 . cas . B
relatively sensitive. In addition, chromogenic and
turbidimetric interferences are eliminated due to the nature
of the detection system. The use of enzyme labels in the
assay together with a non-electroactive enzyme substrate also
potentially facilitates the extension of known specific
binding assays to greater levels of resolution than those
previously accomplished, usually without the requirement of
pratreatment of samples to remove interfering substances.
More particularly, the assay of an analyte in the nanomolar
and above concentration range is thereby achieved.

20

25

5.1. AMPEROMETRIC GLUCOSE SENSOR
The wholly microfabricated glucose sensor of the

present invention comprises a silicon substrate on which is
established thin-film structures which make up an
amperometric electrochemical transducer, or base sensor. In
a particular embodiment of the present invention, sﬁcceeding
overlaid structures can be daescribed as (i) a semipermeable
solid film or permselective layer, superimposed over at least
35 2 portion of the base sensor, whose function is to promote
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Moré particul arl t he assay of an analyte in the nanonolar a5 and above
concentrati oY@ ﬂ% 1PS thereby achieved. 5.1. pl PERORI C-GACSE $¢Y70889/08227
whol I'y mi crofabricated glucose sensor of the present invention conprises a
si'licon substrate on which is 30 established LRgn-filmstructures which
make up an anperonetric el ectrochem cal transducer, or base sensor. 1In a
particul ar enbodi nent of the present invention'. succeeding overlaid
structures can betf@saghbgdonsofi susceedimgrieydts omdr dlife Ibase sensor and

| ect | t
Ceneor, vhose T unBPRSy LRBOFSRREaH,FE hrfrent Pitebedrlff dibetoddil Ybecies
- 6 MAR 197 - 39hibheazéhusueh1§f psgambdmgvm Plod amethere hicdngical
and st 1portanky 10 <RhBY 8! ffshefﬁg{mga%eéﬁ&tém Y DMt e are

usual | y present inN~venous ood or ot | ogi cal f]uld sanples from

reaching the ca&asytfacélegt#bﬁcbiﬁe seRERTactlbt 3 RIPARETeRIRATiTRISH
bi-ol ayer, superFnggagdaevebadt hea&tﬂoﬂoaflﬂahcgemmm QGiyase, |iayaich

in which is incorporated a su cl ent of th e nDIecuIe in
this case the enzgﬁe Fﬁﬁgﬁagﬁpdﬁsﬁ’:‘f ﬂ‘g"?’?} Jmony ﬂég aﬁb%éﬁ%ﬁ

attenuating the tmamepuie,oﬁnthhzanaageetsgeenzyme|giudusa(nxiﬂqﬁenuznﬂ (iii)
fromthe sanple t | e ﬁ**%?

limts the anountgo?ggfgcgggﬁwkféﬁigegaﬁgégﬁékﬁ%ﬁfﬁﬁxgﬂ ractlon

of the bulk co §eﬁnﬂén’|ﬁ9nsvﬁcgﬂeosn this rease plucoste immnthmmmwne

as used herein! SpiBdRyetQ JPRar aR81pHY é&@éxﬁxﬁi&pn@r Qaydr WHUE liifits the
mat eri al |ncorporated I'S heggnon t he outer rfac or mﬁthln a solid

phase or supporti A% ogRtr P Ggset’ﬂélﬁ}ét’é‘?? SRARS FO fygivedt
exanpl e, be i mmbfir:atedpnpb!sthal bulkntamaﬁémwecthmﬁéenm y:.lta) sanple.

thereof - Furt hermor e, - aRgepFoERs - nrREpBFREEds af Udhd et HeadY g
agent s. whi ch. pggndescrnbe anyospatet oonoondition by which the material
incorporated is held on the outer surface of or within a
solid phase or supporting matrix. Thus, the material
7incorporated” may, for example, be immobilized, physically
entrapped, attached covalently to functional groups of the
matrix, or adsorbed onto the porous surface thereof.
20 Furthermore, any process, reagents, additives, or molecular
linker agents which promote the ”incorporation” of said
material may be employed if these,additional steps or agents
are not detrimental to, but are consistent with the
objectives of the present invention. This definition
applies, of course, to any of the embodiments of the present
invention in which a biocactive molecule is ”incorporated.”
The succeeding overlaid structures are preferably
confined to the locality of the electroactive surface of the
indicator electrode of the base sensor. These structures nay
be localized by means of micro~dispensing or
photolithographic techniques. An additional layer which
comprises a photoresist cap may optionally be present over
the AA layer as a consequence of the photoforming steps.

25
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material may be enployed if these additional steps or agents are not
detrinmental W@ 90s0891are consi stent with the 26 objectives of thCIUSESHs227
invention. This definition applies, of course, to any of the enbodi ments of
the present invention in which a bioactive nolggyle is 'incorporated.’ The
succeedi ng overlaid structures are preferably confined to the locality of
the el ectroactive surface of the 3-indicator electrode of the base sensor.

These structures " % t?é'ﬁﬁdﬁ% dlA e WstENAeHedS ReRD REal! :Lt does not
&c

phot ol i t hogr aphi c ni ques. di tional Iayer i.ch conprisg
phot or esi st cap nedc%H pﬁcﬂnaﬁ#’?’lﬁr Fe ANt SRARGLES, \g&h AATEFEF A L afly, and,

consequence of t hepéyeé £5:08 J1ingpd rkits bed Tefitvaed.s the repl acenent sheet

Date: i, r%i997 ?‘%%‘3 Jhi S%h%ﬂf?% o%e‘ﬁﬁ&;‘%ﬁl 't?%‘?u‘gf%ma:lons

that it does not act as Y speC|es I nterest,
therefore, need nodn behichochel. axilﬂymlc\tﬂiem Gtﬂ %P@IW@W&%IB

transfornatlonSSO
Lbhfded i e;/tﬁrfea coffleif Rin U1° NRAY tlPY1RdrbIACtone

prem-ssed include t cose to %‘ucono actone by the action
of the enzyme gl ud!ﬁ;e%lﬁ‘a%@f(@() QIaNIe FLucose oxfigagto (FORdie + i 2i o
JAs indicated by Eq. 1, thls transformation-is acconpani ed by the ‘

concurrent reduction of en to ‘w_og ero ot.h lpoxygen a
* o ol qom&ia%%or@ gg rkq-)

hydr ogen peroxi de are el peC|e S Mddr Redox
reactions on the electrocatalytlc surface of the i ndi cat or el ectrode of the

base transducet® Qe{nﬂ_ﬁéé’:ﬁ]{ﬁ%n f%'i‘nlﬂ%i’ox?(is a%%%gepafrﬁ.%& by

etc.) do not undergo a're se but 0 pronote a .change’in

potential at the cFhetPoRRUIyRRS f%ﬁ,‘-@m Qf @10%%&%|§Yd§m (P%l@@'

in Section 5.3). THYSK PVorpdery Kl HRIFHRIP i i deo 'eﬂ.'ec%&rda&ﬁdée speczes
I ndi cator el ectrode surface,”Wth res ct to .referenqtﬁ1 gftrode

the foll owi ng el ectRHERcFAR ANIELR | X reactions on Sttt tdiSil
surface of the indicator electrode of the base transducer.

Other electroactive species (such as Na ’ K+ ca2+ 4+,
etc.) do not undergo a redox reaction per se but do promote a
change in the potential at the electrode interface (See,
e.g., the potentiométric device in Section 5.3). Thus, by
applying the appropriate potential across the indicator
electrode surface, with respect to a reference electrode, one

of the following electrochemical reactions

20

0, + 4e” + ag”’ —-> 2H,0 (2)

o +
- H,0, + 2¢” + 2H ---> 2H,0 (3)

H,0, =—-—> 0, + 28" + 21" (4)
can take place, all of which result in the consumption of the
electroactive species and the production of a measurable
positive or negative current. Of the three reactions listed
above, Eq. 4 is preferred in the present embodiment because
it releases an equivalent of dioxygen per eguivalent of
hydrogen peroxide amperometrically measured. The dioxygen
produced helps to maintain an adequate supply of dioxygen
available for the enzymatic process of Eg. 1. The potential
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2 + 4e +4H --> 2E20 - (2) 212 + 2¢' +21 --> 2YO

(3) {202 WO 90/085192 + 264 + 211 (4) can take place, all B%F%
e

result in the consunption of the electroactive species and th

of a measurable 30 positive or negative current. O the three reactions
|isted above, Eq. 4 is preferred in the preseﬁﬂléhbodlnent because it
rel eases an equival ent of di oxygen. per equival ent of hydrogen peroxide

anperonetrical ly neasyre The |ox r odu el ps to ali
adequat e supply off eﬂ“@aﬁ?&eﬁ on & FaB*gS?BE"?h%ggwﬁwﬁ% %? {;éeo s%}:mit +300
The potential '; Stasiabou®pksoemmW, phoferadbly: +350 NKWR, [Wis. silMer/feijverd

for the oxidati on\(;%f g_\i(ar o?_gge?_ f_zéi gfe rgg ﬁ?go &&Q’P?ééﬁ&ﬁg&gw s a

preferably +350 x ver c or| erence
current produced amr@trmmnfo#hef mdecahqrcalwtm@%tpwwb 128 qiutaose

gl ucose sensor of te%%ﬁgf %?e%?\ Pié? EhEN; h@eh{:ib'ﬁtiéltfﬂméh!%&aiﬁoh esé for
sanpl es conpri g n ES bu Fe ané | ucose solution in

(Si gnma Chemi cal C&%Wﬁﬁep"{w)’ SARS| ﬂc#E%E% wtier X and ?sz%t@@rved
?s thﬁ_ i ndi cat orI gllmzfomdeonuteahl dh HEPESC(Sboea ChemidED Conmpdroy) haSfexv

or this particul ar,,gl ugs S

el ectrode potenti Zlo’r esu in%%%ﬁ%eaﬁg %gveﬁﬂ?%éggﬁge Ll' oVl nd ]é)% t?gé c? Gator
st eady- st at e, theEﬁsgwtbdsePotenﬁeaéulﬁehncpﬁéﬂeéeﬁr¢% 15Qn¥Qxﬂhﬂﬁ#ntﬁ§¢yﬂV

by the amount of w%&sag §ae kcaméc&aaem&ed RO iﬁ&é&é@yﬁ& ‘the

This steady-stgfe ran ro Vi “about , +350 to about +600 UV an sh

in Fig. S. Conver é&d}ca&%egéﬁp‘\?é"’éﬁrP@'HF“'FHa%bE%’F‘%Je‘EI IR 1% BRFHLR %’@%&l ve
i ndi cator el ect r og@spRineel lsﬁbw@ﬁgetﬁatr Ofif €hE $6esdyPstaté hetliediign Diudé of

hydr id I
negat i ve val ub. f of A SURERPECRFORLoP aeﬁeﬁﬁ-af‘c‘s?c@'f%marﬁeét P R TR o

(about -100 zV) aglucess apalyket whith isntranspoited uchrodgh (e | Ak rkapeX n
the negative val ugnls steaay-state range extends from about +350 to about +600
18 mV as shown in Fig. 5. Conversely, a negative current is
observed with a more negative indicator electrode potential
as electrons are used up in the reduction of hydrogen
peroxide to water (Eg. 3). Once again a limiting steady-
s;ate negative value for the current is reached at a certain
negative potential (about =100 mV) and remains relatively
constant through further increase in the negative value of
the indicator electrode potential. One preferably operates
the indicator electrode at the plateau to avoid large
incremental changes in the current produced by small changes
in the indicator electrode potential versus the reference
electrode.

The current generated as a result of the preceding
electrochemical reactions may be related ultimately to the
concentration of glucese present in the sample. In an
amperometric sensor, such as the glucose sensor, the measured
variable {(i.=2., the current, i) is related to the flux of the
electroactive species at the electrode surface (at a
distance, x = 0) by Faraday’s laws, in combination with
Fick’s Law of diffusion (Eg. 5):

25
30
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the indicator electrode potential. one preferaily operates the indicator
electrode anﬂﬂ teau to-avoid | arge i nCrenental changes in the current
produced by sna ﬁanges in the indicator electrode potenti alPSGHUSEV0SRT
reference el ectrode. The current generated as a result of the preceding

el ectrochenical reactions may be related ultiT##2ly to the 30 concentration
of glucose present in the sanple. In an anperonetrlc sensorl such as the

gl ucose sensor, the neasured va é@?le[@] e,, the.current, i) is related to
the flux of the el ectroacti¥ ;es—a%-t e el ectrode surface (at a

di stance, x - 0) by Ftraday’ g |V, . Saxconb[natlon Wth 35 Fick's LRw of
diffusion (Eq. 5): This is the repIacernenH sheet Date: 6 MAR 1W

-42- i - nFAD ax where, n is the nunmber of ‘el ectrons involved in the
fundamental el ectrocheaical reaction at the electr®®& OP is Faraday's  (5)
constant, Ais the area of .the electrode, and Dp is the diffusion
coefficient ofgthe el ectroactive's eC|es In the steag -state, the rate
of the enzymatic Whex®i dh % e ¢ %E/&J-Q?r@&&all"f@ g’ﬁ' A8 Ebgy suppl y’
of the glucose armaaanéﬁtﬂugﬂéd&o%éﬁw réactdey at m;hepenmln'baet,y}' is

(QS) of the AA | EYHadPid & r\%&l#eﬁ&%"'&% (ané@a S‘%"%@Se&!&‘éc%ﬁ Eh{&i‘ bp is

of anal yte conce ‘t he “Sensor I near resp

with the art|V|t)ﬁhﬁ diﬁfuﬁwgnn;oqﬁfxﬂmaatlgﬁ tthe ﬁﬂ@ﬁ&&PF§tiR6nFPﬁC195: P'
constant, sm I n gheyd @ﬂé&'&ﬂv-@c‘%@cd\m&ﬁé haite e theDenkyRhtlibe reaerienana

its act|V|ty gae sufficient the current can be ¢ tr0||%g€§0h6|y by

t he nmenbrane per rﬁkﬂalh-‘kq]ﬁi{#t% emal (%0 thgorate, QL ﬁ(‘-}pﬁgiyk"@o BrUCPSR
of "the anal yte srz&ia e [iYduyh ahd A Qayertq. The debResFofSpeérmeability

(6) where i, n. apd § L TR T A i ———

upper limit of analyte concentration for which the sensor has
a linear response, along with the agtivity of the enzyme, as
measured by the Michaelis-Menton constant, Km. In the
limiting case where both the amount of the enzyme and its

- activity are sufficiently high, the current can be controlled
solely by the membrane permeability to the analyte, (Qg)
and the bulk concentration of the analyte species, [AS]g, as
follows (Eg. 6):

15

20

i = nFO, [AS]y | : (6)

where i, n, and F have the same meaning as stated above. In

effect, tha steady-state current response is indepandent of

the amount of enzyme activity in the enzyme layer. Such a

condition enhances the operational stability and extends the
~useful shelf-life of the resulting biosensor.

5.1.1. AMPEROMETRIC BASE SENSOR
The amperometric base sensor that is a particular
embodiment of the instant invention is fabricated on a
substantially planar silicon substrate by maans of
photolzthography in combination with the plasma deposition of
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effect, the steady-state current response is independent of the anount of
enzyne act iy, he enzyme | ayer. Such a condition enhances the

oper at i onal staﬁkp y and extends the useful shelf-life of thEBCTEIRWORI7
bi osensor. 30 5.1.1_. A(PERONETRI C BASE SENSOR The anperonetric base sensor
that is.a particular enbodinent of the instam43Imvention is fabricated on a
substantially planar silicon substrata by means of 35 photollthography I n
conbi nation with th | asma deposition his is the replacenent sh

Dat e: 6 iR tSHy S'Ear&%?st a affe SFRSET s @ﬁg'o FORRY L1886 Pr Pgét
unit cell ContaJr&émntdﬁhﬁéﬁﬁﬂnﬁIﬁWdﬂcaﬁamyﬁik eflectentiesabfgddentigaind

Thi f t II di
T B A B PR
IV YA
device 10" neasure e U CEL MBI OISR ! bi01aYetelLthedcRi0Ro thiime.

nol ecul es over? ve a backgroun evel espe In circunsta
er

where an interT erSugh spedifte ifck mERASUTEmENF BAYl. udddtHFDa BBARLE) EE‘Fl ve
menbrane. 10 A&PL @6 rid tndiire d Rureniiawey tad theawcrivitlyl 6f $elected

repoat ed | n 5 hedHEHASEINE PRTAB AL ekt 3G, SERVEL o RebiEchpl 1Pk

waf er. Each cataJqspec1atﬁyxﬂnnefruumsﬁanmts whe@a’anluntneﬁarlng speciesnmay

this case), is s qgﬂg‘ﬂﬁg t rode, 4
(5|Iver-5|lvegocﬁ'§orﬁ%g In ﬁgﬁtlcu ar &$L E@F%g gggg?eﬁ%ggksggnnected
to one of three contactReEREEing QSW|¥SHKQGUPQEHW§@@N1§SS§F?§P§ﬂss|Eﬁﬁk

line, 2. These copiRgitRNss S Preferridi afiperonatrik qhubbeebsaaga&oum cell
connected to external gﬁatrollt electronlc .The dashed areg But|l 3 £ %
3, represents thé"RHERi VR ERRRILERAN 2rge XERYe SEVREA ed times

(functioning as %naﬁmg)re mnmucm watkra Each catalytic 1nd1cator

electrode, 5 (iridium metal is used. in this case), is

8 surrounded by a combined reference and counter electrode, 4

{silver-silver chloride, in particular). The electrodes are
- each connected to one of three contact pads, 1, by means of
an over=-passivated signal line, 2. These contact pads serve
as the means by which the biosensor is connected to external
controlling electronics. The dashed area cutlined by 3,
represents the passivation:layer. The permselective silane
layer (functioning as an adhesion promoter and a
semipermeable solid f£ilm), 6, can be present over the entire
structure or, preferably, may be localized on the electrode
portions of the unit cell. Over the iridium catalyst are
successive overlaid structures: the biclayer or enzyme
layer, 7: the AA layer, 8: and the outermeost layer, 9, a
photoresist cap.

FIG. 2 illustrates the layered structures of one of the
pair of indicator electrodes and the reference electrode
portion of the preferred differential glucose sensor unit
cell. The other member of the pair of indicator electrodes
contains no active enzyme in the biclayer, 7. The substrate
35 wafer, 20, is silicon, in this case, with a nonconductive

20

.25

This Sheet Has Been Replaced

LI

Received Time 22, Feb. §:29 Print Time 22. Feb, T:01



FEB 21°'96 17:556 FR PENNIE & EDMOND * TO B11653378031 P.48
sem perneable solid f ili), 6, can be present over the entire 2S structure

or, preferw &?’é be | ocal.ized on the electrode portjons of the unit
cell. Over PP um cat al yst are sucenssive overlaid srct urRGE/USSMH5227

bi ol ayer or enzyne layer, 7: the AA |layer, S; and the outernost |ayer, 9, a
phot oresi st cap. 30 FIG 2 illustrates—4&e |ayered structures of one
of the pair of indicator electrodes and the reference el ectrode portion of
the preferred differential glucose sensor unit cell. The other nenber of
the pair of indi chperebfcsibiizan chimxides, i aqueseninapeve itihe Batdiespad
7. " The.substrate, feaffifinetdt denRbddl) if) Qlsd Gt We kohayctin
-nonconductive - S € reol acenent sheet -44- ayer_of silicon diqxi,de,

15, present abovesignabalines e t$hayFAhans Rads Ak FfGes 1-10The 4F
as conducting si gipdctidestaDyst ey ad Hndicated ¥y 5linlhthe lindiicator

el ectrocatal yst layer.is.indjicated by 5.4n the indicatqr_ electr

structure V\/niyl g st ectragq SHre %Y‘%}H sairr}@_' efe%"?ﬁa‘tq‘&g%y%bl%%gdfo,are
respectively, Tn désigeitedry €lawl rote xespeativelYihdmpibe reference
passivation |ayer.jScorgdd L0APRIYES! ofd \Poi1Vimite pasivatidnidageons 3
pronoter) is 6. Fina . als.the analyte attenuatlonngﬁ%)#e?_er al so, .
soneti mes ref erre%ln?ot%% PoEmsplecti YR A ang Aavar @& ion promoter) is
di _sg! osure) ﬁ_nd %1 f_rfnfapmlmeﬁésahsa?]awaéml miuzeinleqmmf C dlayetst(also,
iridiumin this parti ar odi t cat : ndj r

el ectrode nayqfe ﬁ%%éﬁq;e%ngé%&{% r%%bqseetfheﬁ ﬁ%’?ﬁ%ﬂ[&?&ﬁ@s %r%{b %% s#.e %&%&?‘exe
other netals suchimstlybsddigekesure) and eris thwmiiphatanesdistmeapst heni um .
pal | adi um or osm um ar g Ghadyls WA Rec LAV sTidulls GARHIR O

mercury are also useful._In another enbo i nvol ving_a potentionetric
type of el ectrochHed¥ EhFukar sepbodingnteg the é?at&@iy&'é-cam?%lseéhtié iddchor
tant al um oxi de ney]é¢trodé neE bémide detaly off ftre nobleydatendiratysition
possi bl e embodi mente A di Qygen SAUSQ! mee AL 1,21 %eind, 9% 1 ver
i ndi cator el eqgr JUE-2 ’ ¥ gold, p ' ‘
rhodium, iridium, ruthenium, palladium, or osmium are also
suitable. Other elements such as carbon or mercury are also
- useful. In another embodiment, involving a potentiometric
' | type of electrochemical sensor, a mixed metal oxide alloy
such as iridium tantalum oxide may alsc be used as the metal
surface. 1In yet another possible embodiment, a dioxygen
sensor is comprised preferably of a gold indicator electrode.
Of these metals, silver, gold, or platinum is preferred as a
reference electrode metal. A silver electrode which is
subsequently chloridized is most preferred as the reference
electrode.

These metals can be deposited by any means known in the
art, including the plasma deposition method cited, supra, or
by an electroless method which may involve the deposition of
a metal onto a previously metallized region when the
substrate is dipped into a solution containing a metal salt
and a reducing agent. The electroless method proceeds as the
reducing agent donates electrons to the conductive
(metallized) surface with the concommitant reduction of the
35 metal salt at the conductive surface. The result is a layer

20
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O 'thesé netals; silver, gold, or platinumis preferred as a reference

el ectrode I Ll ver el-ectrode which is .25 ubsequently chloridized.is
want prefe?ﬁg %%?#ﬁ ‘reference electrode. Thles netals can be *@ﬁnﬁy
any nmeans Jnown in the art, including the plasma deposition nethod cited,
supra, or by an electrol ess nethod which nay i#4%tve the deposition of 30a
metal onto a previously netallized regi on when the substrate is dipped-into

a solution containing a netal salt and a reducing agent. The el ectrol ess
met hod proceeds asof hadserhed metajent RarmtadditiianaloddscysspenEoRBuct i ve

(uetallized) surfagfetiindde SNl ! dies Wiue, B1NT Pallgadiulic! RocRelys!
the conductive surface. The result I's atayer This is Fgg;?ﬁgﬁ%??‘?ﬁ“?ﬂﬁ%&
Dat e: 6 MAR 97Propemties; apd Jises, fadeniq FxessqqNeroRaFkyi YeWs I3

on el ectrol ess net podgs) sewondy €. &t M1 P@lzdingande sardare Piajehtings 1988,

and Uses, Academ c_Press, Y, YQ 1988);, Ko get -106
Plating and Surgace+t nfgiﬁgﬁggﬁﬁe&oié;@m '3%48_, gt;—'r"él 1 %?bllgs ,t:nd
1988, 75, 102-106; Paad ingstBi fEdectimlass dlatding 4t Medern Eldeckxoplating,
fleposi 11 on procoss e m B O ey e e (Tadadi.on
and ni ni nal surfacShEBﬁfén?%a}icéhcnuﬁwﬂé;%¥14;é§é§%%ﬂ§ FXosess, FRSt Yigld) &
el ectrode surface gtilictube olritiensodd métak tio metialeadheSion andi glindaadi ty
of active sites is_a_pr eréi rgédsg [ fogwé‘ni eféé' ir%% Eeqoéa%%'i‘ﬁ:ri% MRtal
of an el ect roa%i vi“’s'g%‘g e %u%ﬁf’é% %’X‘r olben pér‘oxi d.% or “diroxygen.

Doubt | ess, equivaIehechevﬂedsutﬁa@%twg;hs#ﬂhﬁghnﬂ%ﬂsﬂtaysﬁéaﬁﬁ?ﬂe gdtes. Such
apparent L0 5t hoseaSkikhcleh@iéytofidetivd Sitdd ia piopuses! Aldeddary for

pl anar substrate need not_ be a'sil]jcon wafer but can be_a polished al um na
wat er, gl ass sheet theoREELFIRRE Jerdey cRRVeXRion § ﬁﬁﬂ?%&G%ﬁP§§F?3ﬁ (51 ud
crystal polyner.  |sguthAcasthgdpdbgearnrp daitar bodygen. Doubtless, equivalent

methods of establishing metal layers will be apparent to
those skilled in the art.

In addition, the substantially planar substrate need
- not be a silicon wafer but can be a pqlishéd alumina wafer,
glass sheet, controlled pore glass, or a planarized plastic
liguid crystal polymer. In'egct the planar substrate may be
derived from any material containing one or more of a variety
of elements including, but not limited to, carbon, nitrogen,

15

20

oxygen, silicon, aluminum, copper, gallium, arsenic,
lanthanum, neodymium, stréntium, titanium, yttrium, or
combinations thereof.

Additionally, the substrate may be coated onto a solid
support by a variety of methods well-known in the art
including chemical vapor deposition, physical vapor
depoesition, or spin-coating with materials such as spin
glasses, chalcogenides, graphite, silicon dioxide, organic
synthetic polymers, and the like. Additional substrates may
include gallium arsenide, lanthanum gallate, neodymium
gallate, or, less desirably, strontium titanate should the
establishment of superconductive materials be deemed

35 des;rable.wnuu I

.25

This Sheet Has Been Reiaced

[

Received Time 22, Feb, 6:28 Print Time 22 Feb. 7:01



FEB 21’96 17:57 FR PENNIE & EDMOND b TO 8116533780831 P.5@

derived fromany material containing one or nore of a vari ety of elenents

I ncl udi ng., M 90/88916 i t ed t0, carbon, nit rogen, oxygen, silicpOT/usg9/05227
al um num copper, gallium arsenic, |anthanum neodym um strontium
titanium yttrium or conbinations thereof. 25 - Addi tionally, the
substrate nmay be coated onto a solid support by & vari ety of methods
well-known In the art including chem cal vapor deposi tion, physical vapor

deposi tion, or spin-coating t r
chal cogeni des, graphite, ig ?ng\%oﬁf(%%w or ganlé}%synt he]\igi‘c&po yne tion, é’OOd
the |ike. Additionmetalbsubstuateradhesionicambe nRomakad &y fﬂhmmﬁe

gal l ate, neodymiu 2 esy &esds 18 P 16P tid agnaésﬁnas dis t '
t he establishnent %?ﬁgk%ggoniﬁ%%lgtz ter?é}lk?be eerﬁmed 35 desi raq ren
t

i s the repl acenent §hk é ab&’t’% metal. g} LR |SPRRE /S

initial steps of nconaﬁa‘biveamaba:ugbofbmm -sugrstlr ailtfe‘lmimld @lsapriomotes
promoted by etc '”Qn&hédﬁngéﬁaﬁf Y@L ridhd hAON, id dnd %\ﬁi%e
deposi tion of titaniumne ayer ser es as con ctive

material for the sEyR&ACE; ne%hﬁnﬁl‘é@%i)‘“br%ﬁrrﬁ%"ﬁ dacﬂ*'eﬁcﬁ?
metal |ayers onto hﬁ?séébsféaie:ﬁi%ﬁﬁ’éﬁs JfGatddtaidired %ﬁiﬁi@%d@q\ﬁt a

rate of about 2 nu/sec, to.a thickness of out 20 to, ab 500
pref erably about sprefarabiy; %b%‘i‘%ps‘? S ol I'@\‘/ﬂéj Hrn) 1% Lﬁd%q {h}brpl@fsma
iridium at a r at edepoaibibn Oof Inidihem;) aata 4 ratieass adowrb@uts rmfseditmita

100 nu, prefer 38l VehPcRROLL 6P fibut 16 %4 ’%f&&dé%é Gl PllHer by 4 about 20

during nmetal deposition, 'since even traces
formation of iridi oM oxIlels Eapertant £osrclusie xygarne ding eefinl

inferior sensor susépssividh, asfﬁ%téPéﬁaéi’abéQC&teWQéﬁ‘%%
therefore, a slower response. I,tcﬁgmeen bserved that ‘even thin %ers of

a tenacious resi duEOFERC{RD RE T aEXCRRIANG pmounts o € oxide

provide an inferior sensor surface with a substantially
increased capaéitance and, therefore, a slower response.
It has been observed that even thin layers of a
- tenacious residue can reduce the metal surface activity
significantly. In this respect, it is important to note that
while nonmicrofabricated surfaces can often be reactivated by
poiishing the electrode with the aid of a slurry of an inert
abrasive material, e.g., 0.3 ym particle size alumina powder
(See, Sawyer, D.T. and Roberts, J.L. Experimental
Electrochemistry for Chemists, Wiley, N.Y. (1974), p. 78),
this treatment is incompatible with microfabricated electrode
arrays. Hence, in a preferred methed for the fabrication of
the glucose sensor, it is essential that the polyimide
passivation layer (2, in FIGS. 1 and 2) be processed prior to
deposition of the catalytic electrode metal. Reversing the
30 order of the procassing can lead to the contamination of the
catalytic metal surface.

Nevertheless, it has also been discovered that for the
purpeses of the present invention, passivation of the signal
lines is an optional step. To cobtain a device which has less

35 topography_(i.e., flatter,'with fewer ridges), anéd one which
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significtantly. In this respect, it is inportant to note that 20 while

nonm cr of abwaedseseieur f aces-can often be reactivated by poli sfp?g;jgg? 08227
electrode.-with the aid of a slurry of an inert abrasive materi

0.3 pmparticle size alum na powder (See, L. 0.T. and Roberts,
Experimental El ctrWhem s= fr chem sts, VVIeg N Y. (1974), p. 78), 28
this treatnment is inconpatible with m crofabricated eléctrode arrays.

| St f t

s eosenti al 't hat TRASLIERDR, e ARELIERIGH OO A erd %gem‘ﬁa@wz wter
processed prior tspdianmngtwm‘hhothemr%at%"yﬁ%‘écﬂﬁ SRRl IRARY §"|ﬁ’ be
the 30 order of tﬁg Eigﬁfﬁbhagaﬁé?af§aghécgliyiﬁiﬁﬁfﬁﬁfﬁﬂhé¥1ﬁ§s§ﬂvhtlon layer

catal ytic netal sur Pace as al so en di scover fQ
the purposes of tR3tpgesBAE- |n?@ﬁflBﬂisikg%l%éu??ﬁfiﬁi Wu?%ﬁ&ﬂ? (#gégﬁse ot
an optional step.the BhbaﬂaﬁzdﬁVthetV\hitdmhas | s 185 medadgreompriging the

fl h fBe R G
e B ohad9T he, 20, Q1GpU0! edticedentiit 0 MR cc

mat eri al s by waf ecopyexnsiay ﬂftﬁhehelg¢§ﬁﬁiﬁﬁlYﬁmﬁR§F¥ﬁs Gl B

even be de5|rabIepggoghagargsbbgbaegylﬁ}geepr ot her passivation |ayer
al t oget her Thi s”om ssion is possible, perhaps, because of the observation

that titanium as the nmetal conprising the 5 signal line, is a poor
el ectrocatal yst for t$iel s2d0aDHESEON IRROMOTERNAND SEMIPEBMEABLEDSOLED FILM

(e.g., hydrogd® peroxid uy at

| PEPI MBLE SOLID PILS AngPﬁgf‘ggs §gé§°t 58 ’g%% %ar I%IA‘I:AI Eol ;slilcshéﬂs hgoﬁu%u?ﬁb
consi dered when deposiiterednwhenpierpajting omktiple Jayens SR G PIANAT s
type s the lackc an@.ahahkeef Eﬁﬂghtyﬁaosaéaaku 1dew d@u*dhtf!:m&&'e ¥oligsi on

B?E“n‘f;?Q 2dhesi on se%%‘%%ime%p%%ﬁﬁkgﬁﬁf SEencfe Al bRed R lnddt 1°
layers. Frequently, special materlals are employed to
promote adhesion to the underlying surface. A coupling
reagent commonly used for this purpose is -
aninepropyltrimethoxysilane. The silane compound is usually
mixed with a suitable solvent to form a liguid mixture. The
liquid mixture can then be applied or established on the
wafer or planar sensing device by any number of ways
including, but not limited to, spin-coating, dip=-coating,
spray-coating, and microdispensing. The microdispensing
process can be carried out as an automated process in which
microspots of material are dispensed at multiple preselected

. areas of the device (See, further Section 5.4, below). In
addition, photolithographic techniques such as ”lift-off” or
using a photoresist cap may be used to localize and define
the geometry of the resulting permselective film (See,
Section 6.1.2, infra).

Solvents suitable for use in forming the silane
mixtures include aqueocus as well as water-miscible organic
solvents, and mixtures thereof. Alcoholic water-miscible
organic solvents and aqnecus mixtures therecof are
particularly useful. These solvent mixtures may further

15
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reagent tonmonly used for this purpose is r- aninopropyltriusthoxysilane.
The sil ane cmﬂ@ 10s usually mixed with a suitable sol vent tcp(mﬂusswoszz-;
liquid mxture. The liquid mxture can then be applied or established on
the wafer or planar sensing device by any nunbgggeof ways including, but not
limted to, spin-coating, dip-coating, spray- coa?l ng, and zicrodi spensing.
The m crodi npensi ng process can be carried out as an automated process in

whi ch 26 ni crospot Sogy {@é%éﬁioﬂceéﬂﬁm tsﬂdﬁla%l polyeetyeened gayesls

of the device (See further Sectio 5451 ?g‘ﬁltlo about ro

phot ol i t hogr aphi ¢ ¢%%E®hi RAELE & Polecydiax "M"o xandk.Ph: BPPRE 299

may beI us;ad tof I Fc@gge amb@%ef Itm tddﬁ:%mmta@;ﬁeﬂ%suﬁ:ﬂtﬁn&tgaﬁc the h.quld

pernsel ective film i.on - oY §lodsS Wi ot g/dL
Sheprriarish, o,

use in forning the® §+as wel'l
wat er - mi sci bl e orgafnmscmmemzse, m@snm Plenadigiagf tha sesultding thin films.

wat er - mi sci bl e gp?ﬂ%?ie %%ﬂ&m% tHe WaeY Sutirack f,rrso%Sto the

particul arly usef vent m xtures may further This i's t
repl acement sheet ¥eRkicatien R thwysilane Feagsnyy a0 REOVeAerc 2 moda.f;.ed

?ﬁrzﬁgt ?QEZe ggcgbﬁﬁﬂéz&(fg {o o u.tqma gi)oi ‘% %g |:§gq,;§f:t|§,&§§ §u;f ag‘ts%%
tothe liquid mxtures, & ?‘%ﬁ%’é”fﬁﬁb S SF%md u o t de
of the m gt ure, almlseparmgarmlmtmg:s kel r’:éwlstmhgiet [compiounds . Exemplgisaofa
treatment of t#e Eho SUELAEET idiWerth i1t | SRl WEePhokE i1kR0° to,

reagent can provl de S pronot es a _nore Rgenar
establ i shed | ayer. dme'ﬂ:\-ﬂ?h% @@%m lé’(ﬁ%m’@ epes 6hdexdded in

pr Ieloarl ng so: u; | ONgji GR1dheetidmde &Q@ﬁ%e@@i&?%ﬁiﬁc&%&%&%hﬁh&@?i c

et byl ene. ohl 3qr/ B Lo CRPAERR h AT kST G SFe ISR 8%, FORSEERane,

chl or obenzene, di chl or olyvereErotmic rsomm td:emoa‘!:ures thereof are used, the

15 water eventually causes hydrolysis Qf the alkoxy groups to

yvield organosilicon hydroxides (especially when n = 1) which

- ' condense to form poly{organcosiloxanes). These hydrolyzed

silane reagents are also able to condense with polar groups,

such as hydroxyls, which may be present on the substrate

surface. When aprot;c saolvents are used, atmospheric

moisture may be sufficient to: hydrolyze the alkoxy groups

present initially on the silane reagent.

The R’ group of the silane compound (where n = 1 or 2)
is chosen to be functionally compatible with the additicnal
layers which are subsequently applied. The R’ group usually
contains a terminal amine group useful for the covalent
attachment of an enzyme to the substrate surface (a compound,
such as glutaraldehyde, for example, may be used as a linking
agent as described by Murakami T. et al., Analytical letters
1986, 1%, 1973-86; and the article by Yac, T. referred to
previously).
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In the inst.ant- invet;xbion, it has been discovered that a
film of a gilane compound having the formula,
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When pretic solvents or m xtures thereof are used,, the water eventually

causes hydr oy bg/0891d he al koxy groups to yield organosilicon Wﬁ‘%@?

(especially when n - 1) which condense to form pol y(organosil ox

hydrol yzed- sil ane reagents are also able to condense with pol ar groups,

such as hydroxyls, which nmay be present on the-~g@bstrate surface. Wen
aprotic solvents are used, atnospheric noisture nmay. be suffiocJdent -to.

hydrol yze the al koxy groups present initially on the silane reagent. The R
group of the sil ana'cslmonmﬁ whehere B % 95 ) &5 3s Whsthas heen heated to

functionally conpat]i H&gaytt ?HGL(EI OfgY 4 wﬁm,@ p%rﬁowt&equ@g |y
applied. The R group y contalns a term nal & r@%% ua}ef

the coval ent att ackswaltlyf SgaScnipntese ¢ad draRatifsl g:rﬁﬁ)und

such as gl utaral dehydes BQ-IQ; gxagﬁherfgﬁynbeemdrmﬁde rﬂgaq;te%o, aporbixs acid

descri bed by Xurakam AUl
t he alrt i cl eybyuga "‘? “FéFeFFéS tsmﬁ?gv?%ﬁé*y) e{# F{&%‘ne et ant %tfgqu t
it has been di sCovedenitizanklyi affettingi thaecworent dne 49 ri’g}'lﬁ tﬂ#’tﬁm of

35 This is the reph}%‘ﬁ@h iﬂgghg@gb ﬁ efom 1997h a ﬂ@geﬁé@éﬂﬁ)mnt of

where n - een ed to at | east arﬂf for, a
suf fi ci ent per| od &het PFES%U&PVﬁn!;lQB: nthet RS, Tragnent, Lbéﬁ LT ALY

the transport of Iﬁ&a&fo%ﬁt%nekaai&aacew $8641 66 .3~ B5 dibon awuam@hwrnc;s a
acid, anmong others

the current du W&‘t rﬁﬂbﬁ%téaggaﬁjas@gﬁwsaagéj yﬁlgn' 2 Can%;(yoﬁifﬁe#%‘gﬁn.

preferred enmbo rmItheOfR't hydrueaebbni Sraghent, mayefﬁ'tﬁeng:mprxﬁe tdte least one
silané in a hyd_rocy Q%QOE%%CQ Fﬁoggrhﬁegxﬁéeg n],gl ] a‘t ”Qi:t?dlq.lﬁ IS @

| ower al kyl radical” conprised o I on,~ th
hydr ocar bon f r agne SaLfuwxy fﬁ'ﬂtl‘ﬁbﬁreoﬁﬁﬂF'E)&ﬁ?lIMP%ﬁ@m &%ﬁﬁﬁ%é’f?@e

an oxygen, nitrogekompipaRiehUds Chese heteroatoms, such as isocyanato,
cyanato, phosphate, and the like may also be present. It may
even be desirable in certain instances to enmploy an
organosilane reagent in which the hydrocarbon fragment R’
- further comprises a suitable leaving group, preferably at the
terminus of the hydrocarbon fragment. one example of such a
silane reagent is 3~chloropropyltrimethoxysilane. 1In this
manner, nucleophilic moieties may be covalently bound to the
silane’ layer by displacement of the potential leaving group.
The lower alkyl radical, R, may be.a methyl, ethyl, n-
propyl, isopropyl, n-butyl, isobutyl, tertiary butyl group,
or mixtures thereof. Routine experimentation will determine
which groups are best suited to the particular manufacturing
conditions being employed. Such factors as volatility,
boiling peoint, and viscosity properties may be important
considerations. The ease by which the alkoxy groups are
hydrolyzed may also be dispositive. Also, because the ~OR
groups are substantially hydrolyzed in an agueous
environment, silane reagents in which R is also a hydrogen
radical, is within the scope of the present invention.
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SRR G v HE® FRufctional groups which represent stable conbination of
t hese heteraﬁ&ms uch as isocyanato, cyanato, phosphate, and é{; | i ke may
al so be present. ?@ may even be.desirable in certain i st ance® @% 7
an organosil ane reagent in which the hydrocarbon fragnent R further

conprises a suitable | eaving group, preferabl y38r the term nus of the
hydr ocarbon fragnment. One exanple of such a 20 silane reagent is

3-chl oropropyl trinethoxysilane. In this nner, nucl hi l.i c noi.etie Voo s
be coval ently bound to ¥‘F@9§di I%eim?%n"?%fﬁﬁ%‘% é’cﬁ%&’rﬁ RjfesSnt r}d}‘%rﬂ%n s
| eavi Ing group. Trehgo%@§¢ia+gyy %@&ife&ogﬁtﬂa'y thata cextttailn odiasdes of silane
propyl, isopropyl, A-bu I sobu | e 8 Xl €S
t her eof . Routi ne Eﬁﬁ@?ﬁ‘ﬁ%n‘fﬁ?iﬁ%ﬁ é\%ﬁm e "Lédr %{ﬁ%&%@&ﬁ%ﬁ&nﬁ&é&aﬁ@’ "bast
suited to the paréestabhishedudnte 1’ isubeiantialhit RANRF SRR, B&kh
factors as vol ati éhﬂeﬁéeﬁtifgwééﬂ&a Bl | SRS 68 UidiionBtdprovide a
S.

| nportant consigderati o The ease by whi ch the ,al kox ro are 30

hydr ol yzed maysal 3BYBE OFsPORFING M %?%%%E@Y%gt%f% is e Should be

aﬁbsaantially hydpﬁiuted bﬁtaﬁhaqrpnnaremwitnssawnbseﬂﬂaﬁ%nnsiuﬁiﬂanérreaqents
ich Ris also a r ' i ] it bl ‘ﬂ%ﬁ ec},me&glt

I nvention. 36 ia: g‘#% g’?ﬁ%"i@%l%%e‘r‘ree#\% gs#é%%%{% R&fg9 -sgl-and' or

| ndeed, an i nporttiat estaklishf inpermeablatglanesni Gt the REhen ®ESEand

recognition that certaifgflassesefily préSaref IichBit ot iBAted dilikon
a conveni ent n[gdi u establ i shed onto a substantléﬁ%l)tly anar sur.face, and
pﬁ’g({/l

subsequent | y treaPEAraXISES GRP R SOLR AR i D Ha ted 4o, Al o
coati.ng with perngatechedtapeopegréessudh Skl thd dehydrtatianitredatiioqr idrich

bromters, on t he®SHemRaRHEE rbERRE ST Sraiiey X 1 diY MY, |
other extreme. HeseBipermeable pprpperties corlihough uttvhs QR MR PL (Ehe
hydroxides can bes$pafeOpbfigntChss SRErLPRLEY Nftirdlyzed (and later

B dehydrated), it should ke pointed out that such hydrolysis is
not always necessary.. The thermal conversion of a
tetraalkoxysilane to an intermediate form of silicon dioxide
can be accompanied by the evolution 9f an ether compound.

It has been discoversd further that replacing one or
two of the alkoxy or hydroxy groups of tetrasubstituted
siloxane with a group which is not readily hydrolyzed, such
as a hydrocarbon moiety bonded directly to silicon, renders
the resulting silane layers "more porous” than their “glassy”
counterparts. Thus, for a given thickness, a layer derived
from a silane of the formula'si(oa)4 is less permeable than
one obtainad from a reagent of the formula R'si(OR)a. The
increased permeadbility of the latter is, perhaps, best
explained by the inferior ability of the R'si(OR)3 pPrecursor
to establish a network of oxo-bridged silicon atoms.

For optimum performénee, then, the thickness and
composition of the silane layer must be controlled. Such
control is achieved by carefully selecting the identity of
the silane reagent used, adjusting its concentration in the
solvent mixture, and determining the proper rotation speed if
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I nt ermedi ate degree such that the dehydration reaction which acconpani es
such heati nov@9oms9rF a nat eri al havi ng sem per neabl e properti

Al t hough, the -OR groups of the silane reagent are preferably E@Ef‘&?ﬁ@&”
(and | ater dehydrated), it should be pointed ouf that such hydrolysis is

not al ways-necessary. The thermal conversion P t atraal koxysilane to an

i nternmedi ate formof silicon dioxide can be acconpani ed by the evol uti on of

Tuo of the.al koxy 5 AJaRGAProe5, S FFankatt fé?%gf“é%ﬁ &F%i;%’%e%é’f By

group which is, naplme@@ah}nuydrBﬁysaeusssbhans compemads r $Fh % e1y bonded
directly to Si|IC g&% t gth§§9g113335|ﬁapg.g@yﬁﬁéthfmy£34mwousm/than
their Ngl assy" counter ar

t hi ck d d
froma sUane of tH@1PGPFEP31§F@eﬁ?gxy§L}BQéYggrﬂméé#é§$$¥&F éﬁ)¥§%3i$%e'

atter | o Jper iy MEQ?WW"W“ e B Lot Lorvabi |11y of the RS (CR)3
precursor to esta §a§§§%8P§i§F9§§§g§¥£§ géé ?con atons. For optinum
per f or mance, thenamuhodenwdkn@@staﬂuyBéhpnsbt1twﬁ!#nQﬂﬂﬂ%ﬁ?kﬁﬂim%SQﬂxYﬁk#ane'

be controlled. Sughp thb.hﬁlﬁeﬁt y29a3¥n6ﬂ£€ﬁ¥ ?h 4i@gnthe identity
of the silane rea en use 1Sjustln Its concen g%ln the sol vent

m xture, and dete ABfer B BFQPYBF’%B%EH°¥¥S #Reis the
repl acenment sheetpBthltrxmﬁthRybilanethdzethynphnspﬂat6Etny1tumntnbxys11ane,

b5 o 0 ah N i el .
an1nopropyltrleth@h}@ﬁpﬁﬁ@PYQtiaﬁ bpxzpylaneEman%xgommew@dally available and

N- ( 2- ani noet hyl ) - %a%”b@QBEQEEEEEBU§thKY§'%@ﬂﬂér3toégxeld a semipermeablé

|socyanatopropyltrletho%¥5|Iane - amno l'trivethoxysil ane,
| I - ani noundecy! t r B9diRoEidm Whdchoprametes 23aResleR 9T )SubseimityJayers of

) phenyl | ethyl - t cicwerhasyerians! anapyepylisrabps hooysct aie, a léhall-molecule-

phenyl tri met hotysil3ngy s¢eehiaybRAREP ML QL EYLLL | ELLFYYS! | der materials usea

as preceramic or precursors to dielectric layers may also be
used under proper conditions. Silicafilm products available
from Emulsitone Company {(Whippany, New Jersey 07%8l1) may be

utilized. Examples of other silanes include

20 tetrahydroxyorthosilicates (silicic¢c acid) or

tetraalkylorthosilicates such as tetramethyl, tetraethyl,
tetrapropyl, tetrabutyl orthosilicates, or their mixtures.
However, the preferred silane compound is N~(2-aminoethyl)-
3-aninopropyl (trimethoxy)silane. 'The resultant sensor is
easy to manufacture, has a very fast response time to

- changing hydrogen peroxide concentrations, and is

substantially free of the signals resultxng from 1nterfer1ng
electroactive species.

30 As mentioned previously, the degree of permeability of
the permselective silane membrane is due not only to the
nature of the silane reagent but is also largely dependent on
its thickness. A useful range of thickness lies in the range
of about 1 to about 1000 nm, preferably between about 2 to

35 apout 20 nm. However, where one désires to substantially
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B I@‘Fsﬁ s”( ?an;r/:(?r oxyet hyl ) aui nopropyl tri et hoxysil ane, 3-
chIoroprop*k ﬁ%@ ysilane, are comercially avail able and
processed i 6Ph ﬁgnner to yield a sem perneabl e .solid f||ﬁ1i%3!ﬂsﬁyﬂﬁﬁﬁes
adhesi on of subsequent |ayers of other materials and yet is able to act as
a smal | -nol ecul e- 15 sel ective nenbrane. As siS#-ed earlier, other materials
used as preceram c or precursors to dielectric |layers may al so be used

under proper conditions. Silicafilm products_avail able, from Enul sit
Conpany (Wi ppanexdisadesmolefulrgsBRVAng Bemaleriiag. weighp) ef BJP°B’Fhé?° or

silanes include Eﬁ&r Q%Qﬁ%%%ﬁﬁ%@Q%§|tﬁétéffé&thva dﬂfﬂﬁsﬂén of molecules
tetraal kylorthoailic

ates such as tétraneth aeth tettaprap

tetrabutyl orthodiaviigg @ Redecudar, VAR ég ﬁfﬂh{évgb th%eﬁ?ef g#‘?eérsf“ﬁﬁged
corrplo;mdt is N-( dekqggjélc)f— t&eaitsﬁqahepyayul nph?tmgy}arlnnuhehThhe&
resultant sensor is eas g%nua u very.fag oPiapQgs #HE Q ge, of
Changi ng hydr ﬁﬁﬁ%ﬁg/ gﬂé §n§s g ant1 al Fee o the
signal s resultln@hhumna nmemm@manOehnctr&hettYPeSpeiléstesﬁerlng As
nent i oned previ ous| f: .pe b t f r

| previ oys e‘é:ue ‘i-t&%qﬁf %%e% te% tHBRPbhb ?ﬁa? wS.Eﬁ £6' aRehaabl ¥eom

si | ane nenbrane i e nature o he silane [eagent but

al so | argely depdmfaracding ?#’qli‘i @Pﬁe?? ak gagpliyskafyriare; Apckhges pp&sare
in the range of gt imifted et ukie0aeid,pastorblityabtdyesal dbyliic’atad3S2-

about 20 nm Fbgfﬁé;hs\g$. ﬁsﬁﬂﬁﬁgS%E?%iohggZHgihan 8§£L¥ Zh'ﬁ-héﬁggﬁldoghenol

repl acenent s X¢l U Peeules
mol ecul ar wei ght (#cettamimolt@en)r, medscedi bdusatbicney and thecddkee lﬂ°1Ud1ng

diffusi on of ol el 65 LU FimheGihts W8 4Bi8ioAeH a) aiubess, he

preferred thickness ayer, particularly when e preferred
sifant conpound imetahkolitehdiliera®E-in the range or about 5 to about 10 na.

The types of interfering §lffifiia¢dr’ betpCdiidtovteaothatnestifigt €hexplanar
from ‘wafer bearing the silane compound to a temperature in the
range of about 150°C to about 250°C, maximizes the subsequent
indicator electrode response toward the oxidation of hydrogen
peroxide. It is possible that at these higher temperatures,
the surface of the electrocatalyst becomes more highly
activated. _

Separately, it is also advantageous to cycle the
applied potential from pesitive to negative values before the
actual sample is introduced. For the amperometric sensors
such as glucose, the current signal that is measured may be
small compared to the background noise. This condition may
arise either from incomplete wet-up of the membrane layers or
from deactivatien of the electrode surface. It has been
found that this signal-to-noise ratio may be increased by
applying potential pulses to the electrode prior to making
the measurement. Such a procedure can be conveniently
carried out automatically by a suitable programmed seguence
effected by the external electronics.

According to a particular embodiment for the instant
glucose sensor, then, the iridium electrocatalyst is poised
35 at_a potential of +350 WV versus the silver-silver chloride
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i Rteraeting with the metal catalyst surface include, but are not |imted

to, uric acid, ascorbic acid, salicylic acid, 2-

(p- |sobutyIpH€h9ﬁﬂﬁﬁﬂb|on|c aci d, cysteine, 4-acetani dophenol pCT/US89/08227
(acet ai nophen), reduced glutathlone, and the like,, including their
physi ol ogical salts in addition to any drug or_ggLabolite thereof. It has
further been discovered that heating the planar wafer bearing the sil ane
conpound tg a tenperature in the range of about | So0C to about 250'C,

maxi m zes the subseggepentedeletorods ecitivde pasmeisetivesilane daykat ideh
of hydrogen peroxi i%?%% hend i@ at

surface of the el eg?f’% fbﬁy ?égecones%:r'xzé h% ghly ‘?&% vzﬁéed Sedgz;?{i%c)‘/&%
it is also advant afedu§,t bowgver, tore fonfigrrion iof £ \Nnﬁﬁiﬁ§|gkyqﬁ§e
negative val ues be&QﬁFthEaﬁcﬁﬁaﬁréﬁﬁ@%&’iﬁ wﬁ&éﬁ“ﬁﬁ%&’péiﬁséﬂﬁttlwh sllane

tc sensors such as glucose e current, signal that su
smal | conpared {o LA¥er BRYr Benrepiaced By 5 B9 Fqﬁgﬁﬁ%/iiﬁ QQ1:her
frominconplete Webrafeﬁﬁblbecﬁﬁpbiﬂﬂw ias%laxane#nansxtﬁxzneuunpnlyﬁéuiuaAs

el ectrode surface. _Lt has en be

I ncreased by appl yf’ﬁﬂ Bﬁfga *%-f—% %‘g%é%tﬁ e&%}?od;e prior c})’%réa%egg‘y%

t he measurenent. Saufificpentcthiickness bﬂl%(#mm%rﬂtqqﬂckﬂﬁd Qyesupreselected

al'ect ront gs. VAEZo?f“*?ﬁk?“‘“;wgd oo mﬁﬁ“ ?%“*ewtﬁ%;@;f““
i Cs. | S

sensor, then uﬁFePgE?? et atYR 1 FEETR ﬁﬁé ent

+350. v versustl hepxebekeeteﬁvareahletlthe|$énsnng;dduaauaplannnenanw&xMents

Dat e: 6 MAR 199 r ef t sr%elb%q:td

| ayer is |locali zedzgx\}g?lggggv\gr {&gﬁ%@%ﬁﬁ%%gﬂfy& q.f@ecf% ectl one\é% ?‘%ﬁﬂi’le

however, one confipheheresist iayerssazatespecinbly awidakle for hed JdRThased

which this pernmsel gebk¥fisdtl?2"@escribed further below.

E
R
o

5.1.3. OVERLAID BIOLAYER

- For the amperometric glucose sensor, the support matrix
- "~ in which the biologically active meolecule is immobilized is
preferably photoformable in addition to providing a
stabilizing environment for the biocatalyst. Most
preferably, such a photoformable matrix behaves like a
negative photoresist (although the methods are adaptable to
positive resists) sc that discrete structures may be applied
and formed over predetermined areas of the transducer array:
the biolayer is usually aligned with the iridium catalyst
layer. Therefore, the support matrix material is first
applied as a liquid solution in a suitable solvent, usually
water, onto the wafer by spin-coating. The support matrix
material may be about 0.02 um to about 20 um in thickness at
this stage, preferably 0.1-2.0 ym. Alternatively, the layer
may be applied in other ways including, but not limited to,
dip~coating, spray-coating, or automated microdispensing.
After deposition of the matrix £ilm, the radiation-sensitive
material is exposed to radiant energy (e.g., visible light,
as ultraviolet, infrared, X-ray, elactron beam, ion beam, and
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Layer: may be replaced by a gas perneable | ayer which preferably conprlsed a
si-l oxane-n /Asgype copol ymer. As discussed infra such naterla
establ|shegng?6a sufficient thickness and can be | ocalized o {h

areas of the sensor, chip, or wafer. Furthernpre, different types of

pernsel ective |ayers may be utilized at di f f EP&fAt 10 presel ected areas of

t he sensing device. Such enbodi nents containing a gas perneabl e | ayer

i nt d bet ' |

the L. based bi obaRoyrkel EaEOIyE EobstreBld A, SFREG Bnde o Ferdin
Bl OLYER For the efipbinmsetei injtiabecthetmns wﬁwﬁ NGRRFFATY nfRhi Fixing
the bi ol ogi cal l'y¢ggt gségognhesfésy Sfi fhebhatzbe t& i€ vindt y(momé AP ¢f

in addition to provi st a |I|zL env

ronpent. for th bIOC st .
Mbst preferably,asﬁéﬁaﬁ BﬂoPBP PHﬁﬁ*% hatr ne ?ﬁ&gP*qi: dﬁ%QV%
phot or esi st (a|tmQuEbgtBQhﬂEtbﬁdeeduﬁead@mar&yennvnlnzstexpnsrngsthe SO

t hat di screteSstruct v, of
t he transducer aF‘Fﬁ? gegﬁég gfﬁl aye#sﬁﬂ%guaﬁw%fg%ﬂ%e‘gﬁe 1T %ﬁs
catal yst |ayer. Thecbfulbimatthsupgbltsnemrthsrﬂﬁ!ﬂ?&ﬂ 9E unexposgd| makrix
a liquid soluti Oﬂa‘tgriaiuhhi@éeeﬁﬁlﬂéétazé@é‘aiéﬂaﬂﬁtﬁxed’r%& the wef&F. by

spin-coating. The pport mat ri x about 0] mto abou 20
jamin thickness at 30 FhF§ssF‘&§Er15?‘E$€¥a‘b?%"df Gf‘fF’fﬁ'ﬁ ri?%e

t he | ayer naﬁggepappbmndceoustbabsﬂaucesnm&imhrqpntninrnnsdffﬂ¢x!htcnmount of
di p-coati ng, r : t

of the matrix f|?ﬁ?ﬁ8g3g§g§19§?g% géﬁé ?lve £€Q P£€§és é%@%%g " to ri%%
energy (e.g., vispbbehavghes suitablepegative mh%#%ﬁssst HAterials dut in
beam ion beam gRdcRhaSwidet b&néepbecsﬁmtﬁ@%ﬁéﬂes fmay B@Rirrobilized

e KR g Sk 1 o s b bt hal A0
based photoformable multxcomponent negative resist materials
may also comprise various other components (sometimes
nonproteinaceous) which modify the characteristics and
properties of the resulting resist.

The proteinaceous substance of the resist mixture acts
as a crosslinkable matrix, and the photoactivator serves to
initiate the crosslinking reaction upon exposure to radiant
energy. As used herein, a proteinaceous substance is meant
to encompass substances which are generally derived from
proteins whether the actual substance is a native protein, an
inactivated protein, a denatured protein, a hydrolyzed
species, or a derivatized product thereof. Examplés of
suitable proteinaceous materials include, but are not limited
to, albumin, casein, gamma-globulin, collagen and collagen
derived products (e.g., fish gelatin, £ish glue, animal
gelatin, and animal glue). It is important to note that the
.photoformable proteinaceous mixtures of the present invention
are comprised substantially of the protein-~derived material.
It is the proteinaceous material, itself, which serves as the
immobilization matrix brought about by the photoinitiated

36 -
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the exposed areas of the matrix to the wafer (in the case of a negative

phot or esi st el opi ng- stage of the lithographic procedure usually

i nvol ves exégspﬁg 9ﬁg Sirradiated wafer to further chem cal rBGEEIS89/05227
solvents which ultimately results in the' renmpoval of unexposed matri x

materi al while exposed areas remain fixed to ti%-wafer. It has surprisingly
been di scovered that hydrated proteinaceous subst ances which contain a
*sufficient amount of a_photosensitizer pho%oactlvator or ih(n(m nltjatou%%
are able to behav&TRS§SIAPkiNge TRAGHIPDe pHBLB BRELIX iF miguely,Syifetits act
a wide range of bbﬁaetpuetﬁﬁbtﬁnhbaenngmbranaﬂnhiéhzatbawprauxdqxwauvﬁty)Q

has al so been fou th hese wat er a onent
neqgati ve resi st 5??%??3 fn§F§8n@8ﬂ§ ?§5 €£§ §£§£§€ﬁ%r é&iéé#égF)

(soneti mes nonpr ot ei nac Faes prefferiredogibgtance char ftshrgelatin girrived from
properties of the hasuilinngel ﬁ%&i&egﬁheoﬂao&ﬁtﬁfcfﬂﬁ 4188 3BcRRfad he

resist mxturegacts as a cross trix photoactlvator

serves to initiat ETEREOSTEAD CRIARENT 48iT0A GReRL %%bd@%fce§¥rrkﬂﬂ%ﬁn MO) .

engr ?y As 3\; _edhh%%l a.ummlbﬁbenaaeepnatsnbsﬁmre rési@ﬁrﬁaﬁaﬁnccim}aséontain
subst ances ic r er y ived from ei ns

substance is a na??@éqggoﬁgﬁh f&ﬁhlﬁﬁgP;bﬁt§§£§$%1é¥¥F Bféﬁsﬁ$é¥gpﬁj A
a hydrol yzed 26 spddieezange afdadghabxzédtppndstatehEr&nﬂxtldhanqﬁai;:ﬁmpounds

sui tabl e proteina nclydg € t gg%g
casein, ganma-ml ogglalti%s "col Fntﬂ(!g%egndbgo Pgi)g%e%ierﬁ:% ir-%g uécgtisé é uft | sh

gelatin, fish gIu9h°§ﬁFﬁE5136265IatFﬁPrﬁﬁﬁnﬁﬂFﬁﬁf Eﬁ@kﬁ“ﬂdﬁt14€#44ﬁxNhQ§uar3

to note that the naltomim@ablte pf&k@‘h.aaéﬁl?ﬁﬁtﬁéﬂﬁﬁﬁl@faﬁﬁ&ﬁnﬁ?%‘iﬁrate,
i nvention are co r|s su stantla I¥ &ﬁ ﬁ E rotei n-deri ved terla I i
Takfr chesE

i s the proteinaced® t?P’3F51FP58F Ho TR @ {RTAF
mat ri x brought absnﬁ;hw bhalpheuotarrmatpdt3§sihmsokalahe rfgtzmnﬁnxulaimmet

Dat e: N'ﬁzR }8fric ammonium tartrate, manganese_tartrate, potassium
dichromate, and ammonium dichromate. The most preferred
materials are ferric ammonium citrate and ammonium dichromate

- which may be present in the material at about 0.1-10 g/dL,

preferrably about 1-2 g/dlL. Alternatively, the

photoactivator can itself be a multi-component system

20 comprising a photosensitizing dye and a transition metal
compound, preferably of high oxidation state. Virtually any
- photosensitive dye will do so long as the resulting
photoactivated dye is capable of reducing a suitable
25 transition metal compound. The photosensitizing dye may be a

xanthine-based dye, such as fluoroscein (or a halogenated .
derlvatrve thereof), eiosin, rhodamine, or methylene blue,
and the like. The metallic component may inciude, but is not
limited to, salts of Pb%*, Hg®*, Ti**, cu®", cro,”, ag”, ana
20 Moo4' in which the appropriate counterion is preferably
selected to confer solubility to the metal salt. For
additional exaumples, please see Oster, G.K. and Oster, G. J.

Am. Chem. Soc. 1959, 81, 5543-5545.

<3 R
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%%S%lrﬁ(l ng reaction. This matrix is uniquely suited to act as a

phot odef i f | asO®0rgs9g ane whi ch al so provides a very hospitabl ewvgg;ysg%
n derrved’

for the bidactive nolecule. The preferred substance is fish gelati
fromthe skin of Northern cold water fish, aI 3%1 novvn as ?Tel eost ean

Gel atin" (Sigma Chemcal CO, St. Louis, e mul ti conponent

phot of ormabl e resi st material may cont ai n 0 01 50 g/dL fish gelatin solids,

preferrably 0.5-10 g/ dLpy \qug% %ﬂ@gﬁ\eehaﬂiﬂﬂ 9xi fatl eamﬁiatelyraﬂa&seaod, it
nmetal conpounds (salts, corrp or chelates) can serve as gigH;ta e

phot osensi ti zer. imepeddaves ﬂ’é%é‘#ﬂéﬁﬁ&sePGEBHdesuﬁbt ag 4V i @gatg.etes

ferric chloride, L& iLRERIHE tha! parhfibfhetie! gagrie Qbhr tbethéefergous
anmoni um oxal ate, ferric sodi um oxal ate, fetr ot a m oxgl at e fex*l gr:
oxal ate, st ferri &oFmom Fhe aresence 9&5&&%@8@ F‘?‘Pg’!tég‘m RRZF, FRGPPE,

and ammoni um di chrgifate flon NE. pPief eUpetd ewpeosxres ofr Bhéeferroasrmnnunp

citrate and ami)nl t t

Sbout. 0- 110 g/ a PYGRaeeH He ’%Q i, Fh¢ REvBLGRIRG EB1UERoRT Rpafoxyd

phot oact i vat or carradmlrs [aFre; prioducedo (BEnef) Whdchm éBrTEP%& ngramote the
phot osensi ti zi nq 814 kil b then p%héhnﬁ@%&%nﬂatamﬁir abkpetliallghin the

oxi dation state. Virtuall osens I ong as the
resul ti ng phot oactﬂ‘?ﬁieé'lf%g]wdépgﬁpéséf‘ny‘éﬂgyFﬁ&n%’ suﬁ1 g8 8% ?Fanm tion

metal conpound. Tipolyuwisatrnrated icompduadiay be a xant hi ne- based dye, such-
as fluoroscei ntfor a hal ogenat ed derivative thereof)r, eosin, rhodam ne, or
uset hyl ene bl ue, and the The ngtal lic conponent,gay i ncI ude, but is
not limted to, salts ofFJbZ-ﬂ' hy| #2@, denan, o> CF94 4AgA, and 3> 10044{7)
in which the appropriate counterion is pref erably sel ect ed to confer
solubility to the netal sa4. For additional 3 n‘g@ | ease see Oster,

G K. and Cster, G J. Afe Ché><|1*q°§oc’-r95of‘981 +5593. 85 35 This is the(®)
ropl acenent sl sel 6 SMARM te "

Again, not wishing to be limited hy-thecry, it is believed
that the chrbniun system works slightly differently in
effectuating a change in the solubility of the protein
material. One may speculate that exposure of the dichromate

20 initiates the transformation shown in Eq. 9.

¢r,0,%” + hv --->.Cro, -+ €ro, (9)

The chromate ion may then combine with functional groups of
the gelatin to alter its solubility characteristics. In any
event, the developing medium for the chromium system may be
composed solely of water. '
Additional compounds may be added to the resist
material to medify its characteristics and properties.
Crosslinkers such as N,N’-methylenebisacrylamide can be used
to promote patternability. oOther additives are listed in
Table I. The preferred additive is N,N’~
methylenebisacrylamide which may be at a concentration range
of about 0.01 to about 10 g/dL, preferably about 1-2 g/4L.
s It is understood that the examples listed in Table I are not

nnm i )
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5EGB A]Jt ough the nechanismis not conpletely understood, it is believed

t hat ‘radi ant energy, such as W light, initiates the reduction of the

par amagnet i WO 80408910 on to the ferrous formin the presence of pEHUSEO/G822T.
el ectron donors such as citrate ion (Eq. 7). upon exposure of the ferrous
lon to hydrogen peroxide in the devel opi ng sokgtikon, hydroxyl radicals are
produced (Egq. 8) which, in turn, pronmote the crosslinking of the

pr ot ei naceous nmateri al, espeC|aIIy in the presence of added crosslinking
agents, such as mphhyahi&éuaa@edrembumnt &o-Aimit thenscepe @fhdhe -- >
Fee2 ( H2. e

(8) S5Again, not V\F vs:ﬁsent Z)lvgﬁlglﬂr:nﬁt e ﬁ?rth?]ni oz, %%n:ys laggle?ev etshzftf th
chrom um syst em V\EFR§52P-P§FIPFya3‘FPF%rW3P§/ ?Wﬁ?’feé%t%tllc’r?@ 2% Ry FUNEY

Zol ﬁbl lity of theg ?Bﬁbﬁl ararape?saﬁt metmyc@mmﬂatemmbmﬂmw mndmnal
ichromate initiates the_ transformati

cro3 + Cro4(9) 5Th8’8ﬂ?oﬁ§t§ vaﬂyim?,r? r}'g%?‘he(}waﬁtf?errur??q% g]al chI'hB'%ayofbe
the gelatin to~al peesent sncmbde;tlyu'chammm|binmd tn eﬁwlentcanhm:yl,
devel opi ng medi U”hhﬂ&d&-ﬁaeChéﬁﬂthéﬁéém © HARASAY ldlo), Aflsolfabiato,

Addi tional conmpounds to the resist, material to rmdlfy Its

characteristics afBifr oéé;‘-?r eST 3ny (Frakle fRAARIngkipn, Shereot.
N, N - met hyl enebi sacryl apolighgarcizgl ated ¢ompswnds esyudi ta Rdlideiiol., @rider

et hyl enebi sagr yPAIPHEY ARERTRa, SHER 45 eé%%%@?ﬁa SRS S, panisaly
‘to about 10 g/ gL mayecber aﬁdﬁda‘b@utha Srogelliniesl matixdix tde paorete Hhe t he :
exanpl es |isted i gopBtEoh 8ECa Rbrd bfen S(pd¥ousP! A BUresNedudiforosity-

6 MAR W

altering substances may also include simple salts and may be
used in combination with the polyhydroxylated compounds.
Detergents may be added also to promote planarization of the

15 matrix during spin-coating onto the wafer. Nonionic _
surfactant materials such as polyethylene glycol, Triton X-
100, or reduced Triton X-100 may be used at a concentration
of about 0.01 to about 1 g/dL, preferrably at about 0.1 g/dlL.

20

25

30
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4n57e. 'exhaustive and are not neant to limt the scope of the present
i nvention. Fwobgmssrge, nany other types of crosslinking agents_naybe
enpl oyed so long as two functional groups are present in the coﬂﬁ@éﬁﬁB"ERBT
preferred functional group is a vinyl group. However, other groups which
may be 5 present include, but are not Iimted tG,BFornyI,_carboxth
anhydri de, am ne, am de, epoxy, hydroxyl, cyano, isocyanato, thio, halo, or
any stable conbination thereof. Pol yhydroxyl atad conpounds such as
gl ycerol, and al cohol sugars,.such as sorbitol, erythritol, and mannitol

10 may be added to the crosslinked matrix to pronote the formation of a
nmore open (porous) structure. Such ‘pordsity- al £ g substances May al so
i nclude sinple salts and nmay be used in conbination with the '

pol yhydroxyl ated conpounds. Detergents may be added al so to pronote

pl anarization of the matrix during spi thebSuliabie Crossliking,A0818& er . Noni oni ¢
surfactant mater®als such as pol yet hyl ene glycol, Triton X- 100, or reduced
Triton X-100 may be used at a concentration of about 0.01‘to about 1 g/dL,

preferrably at about 0.1 W 25 30 35 is is the repl acgigalresheet
: er

Date: - 6 MAP 17 TABL SWikabl Ut nkl m AGhun 10
aUu f-etl nb bi sacryam de 168 ODi nydroxyet hyl ene- 204 VI owam deNHH
bi sc~sn~ 15 0 Om Di a~at at di ani de232/ 2) 20
- N.N'-Methylenebisacrylamide 168 \/"\ (CHan
10 m (n-z) - NM NH

' o MO  OM o)
Dinydroxyethylene- 204 \)k )—'L Jk/
bisacrylamide NH NK

15 .
MO OH
: Diallytanardiamice 232 NM NK
- y ' A/ \(‘_H( \/\
. +) 0
20 .
% NH_
o Mo N
Triaflylciriciriamice 312 ) N o N

25

: . o o]
Ethylene giacrylate 170 \)ko/ \o)v

% | \i . JL/
n-Polygthylene glycol 214 ©=CHy*CHy),=0 #

diacrylate {N=n2)
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O -Tfiayticfrane 312 % -- 1. 25
-0 ne di c~ate 170 30 :
0 n-Pol yet hyWé‘n”e”’S?’&Qol 214 1,31 PCI/US89/05227
~~iaci y~~~~ate ~(tInR) 35 is is tfte replacenent sheet -59- TABLE |
(Qrrd) Si O her Suftale Crossnino ABents Ctin=
MV e St ~fttufSfo BE"s yccysugm ne
262 0 0 Acel onebsacryfam de 19B
15 16 ' O~~~~~~~~~ | -
.1-DiMeulryletriylene. 96 bisacqylmde 20 0 o,
2.2-Di el t hyf propyl ener 210 bisuacrljalde 25 0 0 ODia
erazl ne 196 ' %K F 300
~~~~~~ 0 vwi awyl el et ene. SOC H Q TABLE | (comrd) QIf
di pi peftdine 35 This is the repl acenment sheet Date: 6 1 AR 199A

5 - Eaher Sultable Crosstinking Agants

Compound MW Sinucture

o )
i §o==3 k/
10 Bisacrylylcystaming 262 \)Luu/\/ \/\wa

. D @
Acetonebisacrylamide 188 | \)LNH/Y\N,,’“\,/
‘ - °

15
- ,_(

1.1-Dimetnyleinyiene- 186 \)L )v
bisacrylamide .

20
2.2-Dimethyipropylene- 210 \/‘L Jv
bisacrytamide s

25
o e} ,

- Diactylylpiperazine 196 \)‘\"/ \u J\/

30 ‘ _
Diacrylylethylene- 308 \/u\ )k,
dipiperidine

35
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-60- TABLE I (conrd) OGther 6Mtahlj _GlirkinftAnert~ 10 Heptaain,-41

112 10 OH 14y 590 d 72 %g0JK7 20

o Aerybyl eodde- so Awol t ei kr 583 ' PCY/US89/05227
Acrofein dm i hyl 102 35 This is fli'e repgpcenent sheet Date: - 6
MAR M7 The biologically active conponent, or a m xture containing sane,

‘can either be pre-mxed with the negative photoresist (e. g., flish
gelatin/ferric anmmoniumcitrate) and co-deposited therewith or may be
inpregnated thereafter into the patterned support matrices. Were a wafer
containing any array of identical sensors is required, spin-coating a
negative resist is preferred since spinning offers the best dinensional
control over the thickness of the layer. It my alagLbe¢ (emg Wasteful, of
course, if the biologically active conponent is inpregnated |nto t he

al ready patterned structure. Wiere an array @I glffg Snt sensors is
required in a 5ingle wafer, however, it is m x each
bi ol ogi cally active conponent with the negative photoresist and then

m crodi spense the mixture at: apemgdiirgate | ocati on the wafer
Alternatively, solutions of different biocatal ys@m&y be int roﬁ%‘ﬁ’ﬂ‘q nto

each established support matrix. After all the m xtures have been

di spensed, structures are thenygpjepiadie _g Si ngI patterni ng step.
Hi crodi spensing of the m xture is achl eved by us g an K/W
10

OH
_ 0
Acrylamide 71 \)k
| . NK,
15 i
_ o]
Acrylic acid v2 \)k
- Ok
20 0
Acryloy! ehioride %) \)k
ct
_ o]
' Agrolein \*
2 56 "
Acrylonitriie 53 _N
30
ocH,
Agrolein dimethy! 102 ' \)\
acetal OCH,
35 - e
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20 automatically controlled syringe with the wafer placed on an x, ys z -
controll ed ck. The vacuum chuck may al so be rotated | _J

- . eded, , towg?Pgﬁk? e reference axis of the chip with thit traﬁg$®#$%ﬁgpb;
axis of the chuck.. In general, xicrodispensing enough material to cover an
area 25 about .three tines the diameter of the t@talytic electrode will dry
to |l eave a substantially planar region directly above the catalytic

el ectrode. Additi onal detalls f thelgﬁ_ ted U|crod|sgen5|ng s%%%en1are
given in section 5.4 an 1vey component, (RE F RHE“BE Pdent

to one of ordinar wah:diniﬂmtsam,l aiammtbhrt bies prechikgdewith theonkgatijve

to mcrodispense r. lQC AL e r

conpri sing aden05|pﬁrgt9§&t o(s%tlf:e([e 59' %Eﬁ ?feE-Q-&c ée mhg?%‘duegggﬁl‘%) and
inthe vicinity cﬁCQnﬁeEnﬁﬁtﬁﬁﬂﬁhﬂre“WKWbWra§aﬁé5§eﬁP?rﬁﬂyaEGddF§§5ﬁﬁgﬁeEy1nt°
an added fluid durg¢hd gdeeehiica isu aRtadeE)t whefe at ewfer cbntAdiRiMG any

-62- operation ®f the se ,Ln addition there nstanges _where

t he reagent cannot® ‘B‘Ea%ﬁjés’éifqtﬂ SRACEFS 6 rgagéx&rgg 88#’% ﬁgaglz‘f??na saw

when the wafer is mbgative mesiist, ish@referredesjaces spinpihgeoffiers theubest
d f 'I 1t d

conpounds, Tragl ilj;]?%%’é:‘?&?azlc % RYetkhle %ﬁcﬁhbgﬁr oEetﬂﬂr 1a9bbY '.r’i:eﬂay

(the d|C|ng saw i s wat er surface can“easily be
broken al ong the 3R Be NeeSH t"@s”ﬁrfé’éesé’ifng’j’ué'ﬁecoﬂfl EP@I 9laiea&°a-%h¥t FI'E"-":“"e
latter method, wafcdmplhrtdite Usiikp e Gintle @hel &ﬂr&ah!/y( dehefnedhose

supplied by H W oaut tions | anta Cl ar e 10 and_Soff.a
| ndustries Inc. L#F{E%Q§?ﬂuadhﬁﬁFlﬁ? ﬁ&??@fﬁ&HG%&FRIFH§ ﬁ&PéPr§t&§krﬁﬁu&red
flat plastic sheet1nratémngiﬂﬂuafemf anmmwar'fu&nas whee efifectifive to preenix

coml etely the 1 nchyiduslo Al ATk iYe Sidritel Vel €8] fualbitys (e

step and repeat di ances ar € m Crodi spensi

can still be perfcﬂhﬂkprqﬁi%#t%ﬁ§1ﬁ#ﬁﬂbﬂéﬁFW§}wﬁgﬂﬁﬁ tbPa@@F&“S&cRFnQPBﬁ°§riate

metal frame locations on the wafer. Alternatively, solutions of
1 ‘different biocatalysts may be introduced intoc each
established support matrix. After all the mixtures have been
dispensed, structures are then formed by a single patterning
step. Microdispensing of the mixture is achieved by using an
automatically controlled syringe with the wafer placed on an

0 x; Yy, 2 - controlled vacuum chuck. The vacuum chuck may also
be rotated slightly, if:needed, to align the reference axis
of the chip with the translational axis of the chuck. In
genaral, microdispensing enough material to cover an area

25 about three times the diameter of the catalytic electrode

will dry to leave 2 substantially planar region directly
above the catalytic electrode. Aadditional details of the
automated microdispensing system are given in Section 5.4 and
in FIGS. 12 and 13. '

It should be evident to one of ordinary skill that
variations of this technigue may also be used to
microdispense reagents other than bioccatalysts. For example,
reagents comprising adsnosine diphosphate (ADP) and glycerol
may be microdispensed in the vicinity of an ATP sensor, which
35 reagents may be dissolved by an added fluid during the
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provides individual chips which have snoot her edges than those obtained by

breaki ng pawbigeleseiei ced or scribed wafers. Consequently, bet tgr/Aj )ogﬁ-,
assenblies, such as the 20 di sposabl e sensing device of the related an

co-pending U.S. Application Serial No. 245,102.,may be produced. It has
been di scovered that such a m crodi spensed IaygF I's al nost as planar in the
regi on above the base sensor after drying as that obtai ned by spin-coating.

ol 1 05 cont ent of CPRESFASRCPF Ff BERGELT) En Jadfbied ek M e e

S viscosity, the surface ener 0 he
substrate wafer, adttcumstanssequheredthe| Beageat (Fapnotyhe, ?%éﬁéﬁé %% e

surface energy coQskdeLybtaNasehnfoXBostr LRECALAIGCsH Unencthal kated 1o
spread the m crodi spens materital _in a-_controll '

: ed manner. For.inst
if the surface suBi6efdi §§atndsi nihexeothe| EEeIThES | CORPTIES YRFST a?%%
silicon dioxide, icompeante, egaghydr aphbkanedy ekeosutketwater osggeeither be

ter, , It | . A | '
MR 17 Ga P EABTaP AR, HER, S0 2T 1A AT T eBHE Hn Oy cer

hydrophilic but asumfagensdethplir sbheBncpasiby, beck¥oken RLong 1the FEpEG)line

O course, only tRQgg,S ?%EQQ%iﬂE)t Be BERpEeBarPOfscédyerInhine Dattexpmethsd,
to light, through the phqtqlit

hoQr aphi ¢ _nask, ,contain the_re t
speci es. As nenti@ﬁé&széFFHGéF?gnﬁhéncaﬁmPFSﬁagpéﬁ?é@gi§aﬁsg%8§g ?%eéﬁ?ﬁﬁ
oxi dation state mMgupplieleby MidroaatomationssInbep SaptaectlavaanCagezolulicke
por oxi de. The 1eddBet SEEa TBBRBREISRr BP0l EbROY, REPhte BAl: P e Par rormed
next interacts w withhéheysadgenspuckxodeapfistnplastinesbeett inntheosedtay of
hydr oxyl radicals. &qgh al s LC r dygeds be§akbupt 8tbi¢t enhkhe
crosslin3king reaétﬁ%ﬁ%ﬁWhic g§erygu o?pgiﬁpe?ﬁeHIG %roteina%eous %atrix
onto the exposed dmsiyidualnshipssremain attached to the plastic. Thus, the

step and repeat distances are maingained, and the
microdispensing process can still be performed. This
technique eﬁploying the plastic backing on a metal frame
provides individual chips which have smoother edges than
those obtained by breaking partially diced or scribed wafers.
Consequently, better fitting assemblies, such as the
disposable sensing device of the related and co-pending U.S.
application serial No. 245,102, may be produced.

It has been discovered that such a microdispensed layer
is almost as planar in the region above the base sensor after

" drying as that obtained by spin-coating. The thickness of

this layer after patterning is controlled largely by the
solids content of the resist, its viscosity, the surface
energy of the substrate wafer, and the subsequent dévelopment
time. With respect to the surface energy considerations, the
surface can actually be tailored to spread the microdispensed
material in a'contrelled manner. For instance, if the
surface surrounding the indicator electrode is either
polyimide or silicon dioxide, it can be made hydrophilic by
exposure to an oxygen, water, argon, or nitrogen plasma. (A

15

20

25
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waf er.- Unexposed (uncrosslinked) portions of the proteinaceous |ayer are

t hus concurﬁ&r; ﬁ ﬁﬁShed away. The reader is rem nded that in another
preferred e / , a dichromum systemis useful as the phRCHAUSSHIOS22T
The 20 mechani sm of action of this system appears to be different fromthe

I ron system because plain water nmay be used ekggetively as the devel opi ng
sol ution. Doubtless, other photosensitizing systens nay be readily apparent
to those skilled in the art which are consistent with the teachings and

obj ectives of thegpuogosarboneplaspa Crestment wmdled sibdtanmidicoaiste emans

for "fixing' the prqteif u rXq4 ; Mgy S &

spirit of the i nsggﬁfo ggﬁgl %ﬁgﬁ; éé%%ﬁ%\ﬁ@é%%ﬁa%)be%i scove‘?agg

that a number of Serdyded,abele¥hpatible with and are not inactivated or
denatured by such negatbfecgﬁ?gggeéég*-gﬁggg SECEESHE of RISt Lindhesies
enzynmes include, but are not Timted 10 OX|dp-requtases th an organic
cofactor, e.g. g t BRYPFaYBHFBt 8FRseXBPELdsEe di ke, i&%‘?%l% oxi dase, 3S
Fepl acerent 10 RLC O TR e Sl UGS Tt
a netal ion at th sa???&é°§?&2§%e.g.?sﬁ¥fca§§?&%y_roraggi, e.g., | e ne
creatini nase; andhkghaouidatign statecwetali fthe Hkediadsd maker s &hen

~enzymes which may eRgok@HDRL! hAcHqibbik NaéVEldp NG| SFIAOLn R IdI ddtitains,
I nt roduced subsequent tgFﬁhe establlshneq% ééﬁthe mat ri x strt*ﬁtneadu d metal
i nclude, but gpe ABPTE| RFPEY FEUPARERSE, RY IR REXHK Wy drifduced neta

f: reati naz e,h gr eat hpeckbafiﬁflerebubeibﬂ; oin eshis gemxt dulays eccakad)y diexge nasgracts
t at , ' , i i 3
{rancani nase. | anyPats thenAral8aliopRrgkigs prfledt {4 XY BIAR off WilldiH fng

any ; Ut r anspept | dase,
L-gl utamat e oxidabyﬁrpyvﬁvaﬁélsaldase?h€$aph@4¥5égstﬂhi¢hﬂﬁ#ﬁ(BNQQHﬂﬁdc%Ocally

appropriate mxtusgseqhtenene 2PdskienREAYCraEati NS VIR Blrvedd t4ONN the
16 ‘proteinaceous matrix onto the exposed areas of the substrate
‘'wafer. Unexposed (uncrosslinked) portions of the
proteinacecus layer are thus concurrently washed away. The
- reader is reminded that in another preferred embodiment, a
dichromium system is useful as the photosensitizer. The
mechanism of action of this system appears to be different
from the iron system because plain water may be used
effectively as the developing solution. Doubtless, other
photosensitizing systems may be readily apparent to those
skilled in the art which are consistent with the teachings
and objectives of the present invention. Such equivalent
photoinitiated means for ”7f£ixing” the pioteinaceous matrix is
naturally within the scope and spirit of the instant
invention. )
. Surprisingly, it has been discovered that a number of
39 <SnZymes are compatible with and are not inactivated or
denatured by such negative photoresiste-based processes.
Examples of these enzymes include, but are not limited to,
oxido~reductases with an organic cofactor, e.d., the
flavoproteins: glucose oxidase, sarcosine oxidase,
35 Ccholesterol oxjdase, NADH oxidase, and glycerol-3-phosphate
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nacronol ecul es of bi ol ogical signiticance, such as preteins, is |lectins,
neur ochem c ors, nolecul es of deoxyribonucleic acid (
nol ecul es o?kﬁ?%onuglelc acid (RNA), polypeptides, glycoprotei ,’Usm”mnz7
nmet al | opr ot ei ns, i mmunogl obulins, cofactors, antibodies, antigens,
receptors, |onophores, ion-exchangers, oligond®4&otides, pol ynucl eoti des
and m xtures, active fragnents or subunits thereof, nay al so 20 be

i mobi lized by nmeans ,of the at i hotores st_pro esg

The above- nentlonEG’-@GE?t'aﬂtYég é‘t‘c ?e%ew§ s"i‘t’f'?/ ot %? %# %&pos%@%]flte'
ultraviolet lighte., nghﬁQwaaeetonydfelases;oa,gfertrnatimmnasszmandrﬂangﬁes,
agents, or 2S hydpo ro 8%!}-8& {%%Qg&ﬁ&f%&&&ﬂ&gns'&&ép@e $)which

however, if they 8 8- ore hot of or m ng and seguen
developnent stepsmayhbee1mnablh1536ewathlbdfb$ Pﬁ%%%%%%ﬁ%ﬁﬂﬁnmﬂﬁr%¥mk%r

condi tions may bey ?%5.—5 gEQﬁdsﬁﬂgﬁéﬁﬂﬁﬁttéOtﬁéeeé’@éﬁfiﬂhﬂ&aﬁt@ﬂ €ife AMtrix
aqueous sol uti @n, and furt her

I oned
infra. the thi ckn§§§“&EHr§$rgBF'wd ?‘I’lg H%f%?€egl g?é e R3S er i s
i mportant in cont&ﬁéhtaglhheahidehy@ropese1esrcﬂtimmseensxeatiﬂetkmnasg¢w

I's too thick, the LiabdgeRatdsdigient!y 35
porous, the annunfﬁgiggﬁagoinm%tgﬁaégﬁagiﬁ gq%eﬁ%?%ﬁ?%ﬁa#%1 éfifé: Y

repl acement sheetdeVérogenESQRRﬂlbg¥lﬂe PBQSpgﬁtﬁéﬁur%1§P¥¥eb@rﬁ%ﬁﬁmkﬁﬁse
General Iy, the prﬁb@hﬂeﬁeéuﬁrﬁﬁ¥8ﬁlﬂa¥eyaﬂﬂfltﬁg thiﬁkﬂeﬁSeiﬁé&ﬁ§*¥n$-§uhﬁﬁﬂyl

O O O P Xa200 s Senbe Sl bt i pea ot o
degr ade over tine&;aphseaaeptbxlleubﬂghohidaaealqstaphnubdzh@epmzxtntesrnf
EQSOLQEFglLL2L2?|k?é§Ctléﬁ ?g?g §$€SQ§§ 8%%802%%% gv;%g %ﬁfbannunt of

bi cacti ve nnleculuaecnyo;eeniysepfmhieh°9he¢1tabyglﬁegaages e anoretebus,
of time that the i@&%@hs'5n§h968ﬂem§€9§OfécéﬁﬂHfQFtﬂéﬁécﬂléQ sefects

18 deoxyribonucleic acid (DNA), molecules of ribonucleic acid
(RNA), polypeptides, glycoproteins, metalloproteins,
immunoglobnlins, cofactors, antibodies, antigens, receptors,
ionophores, ion-exchangers, oligonucleotides, polynucleotides
and mixtures, active fragments ‘or subunits thereof, may also
be immobilized by means of the negative photoresist process
described herein. The above-mentioned substances must not be
sensitive to brief exposure to ultraviolet light, dichromate
ion, ferric ion, ferrous ion, crosslinking agents, or
hydrogen peroxide (with certain photosensitizing agents),
however, if they are to be present before the photoforming
and subsequent development steps. Those that are denatured
or inactivated under these conditions may be introduced
subsequent to the patterning step as an aqueous solution, for
exanple, as mentioned previously and further, infra.

The thickness and porosity of the preferred
proteinaceous layer is important in controlling the final
properties of the sensor. If the layer is too thick, the
response will be impaired, and if it is insufficiently
a5 Porous, the amount of enzyme which can be loaded into the

lllﬁiﬂtliiilfﬂﬁ“lllﬁlif ’
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I n the- thickness or porosity of the proteinaceous |ayer wll -unavoi dably
have a limt 6# life or useful lifetine, and will have inpaired _
performance characteristics. .It is t5 therefore a crucial obj e RCHJUSEY/ 05227
present invention to provide a mi crorabrication process which is reliable
and establishes overlaid biolayers in a reprocést+ble and controll abl e
manner. .Consistent with this objective, it has been discovered that the

t hi ckness of the | ayer can be controlled, anong other things, by the
content of solidsskruekurgeyiliveephee okeki siGerarakly n Wk aFotiipagreus
devel opnent tine. 1Q0ethRagt RahgBald, thickiesostion Abdute 10 afs o kasbitayess

can be controlled, Tor exa , by adding_certain reagents to the 25

negati ve phot or es®8¢ ﬂﬁﬁgﬁggL’ngﬁ%?Eﬁl 6S€%v%%g%%u? %ié@-‘ radi cal

i nhi bi tors) ang_ caln thu%ti shed2dt be negedethdt mest |biviogicadiy aatlive
reagent is sorbitgl. r 0Si b Y= ' a LAV o 9%
monosacchari desg #es %&nﬁaref:ggé,g‘o#tégéggégg% esp b ysaccylgri S, seugoz;'re%O
al cohol s, sinple Simes Eenseaupnblyeonenengh diocatakyst shopld &9 gresent in
embodi ment of t he tReeS@BbLINYSRhONaybhcopNEhe Pisdnsb¥ Al ichlysy priovide

formul ated to contain_fromabout. 0.01 to out_4._g/d f rhital . It has
been found 35 rhi %gﬁs mp§§. FéﬁPﬁéBﬂEn?"Eﬁigf m%%%r&e$%§&t %’Lﬁ)?'l
sorbitol, for exacphpensatesfgrdtherasotnt ¢of hicactine tnaleculie awgler goes
very little crossLiniGlL.RO i r qgf? 2

be nentianed t gt e?’%gﬁﬁgrgggglc!hgflg{cr?gélﬂé?i%%gg?&?%ﬁ%m | %ﬁrb&# aﬁ?&a SO
aid in the initiathaketheagensengisostened opcfenperianyLasturng yikhypefects

invol ves the 'vetlipNghea Rl icRkhieB5abkOPoPbsity bf 088E SFatilirdtddus sl will
essentially dry under g controlled hfm dity ‘env 0 nt. an truc ra:{me and
features which spB@vQidaRily Pa¥eces éﬁbf'?én%h? % iM% ‘{%/?éﬂnge{#ﬂ; v
before the resul t widlehaveainpdiré@ perforByncecchyaciteristiivs.bi Rotise
mol ecul es, or therefore a crucial object of the present invention to

13 provide a microfabrication process which is reliable and
establishes overlaid biolayers in a reproducible and
controllable manner.

Consistent with this objective, it has been discovered
that the thickness of the layer can be controlled, among
other things, by the content of solids in the negative -
photoresist, the spin speed, and the development time. On
the other hand, the porosity of the cresslinked layer can be
controlled, for example, by adding certain reagents to the
negative photoresist which are radical scavengers (free-
radical inhibitors) and can thus impede the degree of
crosslinking. One such reagent is scrbitol. Other
porosity~-altering substances may include monosaccharicdes,
disaccharides, oligosaccharides, polysaccharides, sugar

20

=

alcohols, simple salts, or combinations thereof. Thus in a
preferred embodiment of the present invention, the
photoformable gelatin layer is formulated to contain from
about 0.01 to about 4 g/dL of sorbitol. It has keen found

35 - ...___.__.. e —— e .
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@@@b?ﬁa?ﬁoﬁg Pﬁereo? ﬁescrlbed above and follow ng the nmethods of the
present I NeH broad scope of anal ytes may each be dete
sel ectively abg rreasured guantitatively in a given wholly m cﬁ’kﬁgﬂﬁ?%!%@a
bi osensor device. A representative group of analyte species of interest may

“include, although this list is by no neans es8feustive, dissolved and total
anmpunts of carbon di oxi de, carbon nonoxi de, ammoni a, di oxygen et henol

ionized cal cium sodiumion, potassiumlan, lithiumion, 8
chl ori de ion, mag:m &o0 BrCha FOBRAERLI 08 OTh FARBELA ﬁ‘é?’ﬁx?d‘!f scﬁ?ﬁﬁ‘%ts in a
acid, glucose,: cagidsticndwhicheuhibirgdechobegt 3iotleucrassiinkingi and is,

creatine, tri gI ygsrr defﬁ | act at e d%#dhnﬂggase creatine kcinase, alkaline
phosphat ase, T H9%e 2 i ne, aspartate

t r ansani nase, b| i rubi It mmaeper mpasasnedotbabt kbesporees hebergeferistics
the present inve tff B %&b.';h&;ag 'igge‘.@' de=63098 Qﬁ eﬂel iﬁﬁﬁaﬂsﬂbétmﬁbﬁh

a biol ogi cal l ég‘ i vé nol ecul é I ncor por at ed t he sol phase at
30 presel ect ed astageoiefa tg!e\/@PeGéWGebiﬂﬁ@Pﬁ@F th@hbﬁoﬁ'ﬁi?slm’@lves the

spi n-coated acr Oﬁﬁ;e%t?}x'{gf"a%d &la'lﬂbﬁﬁt:.%ﬁf e¢ntRei Bi8SendbpPeHichr idi sﬁaaeed
as mcrospots, they nay, calized at str reci.sg. are

exanpl e, photoliﬁﬁ?@“&éﬁa H@EF é’g %Fgrg §dé§¥ giﬁﬁﬁngﬂgfo Any
any surface 35 c@frhictuialpPdatuires ﬂhaghospeedsppt marptoces‘sosneramethe
This is the replace t 4 9 e of the
test can be s g& %ig‘i%%f é‘%%lt% ggtlonst%‘g %ﬁsug'ggt aggr g‘ggﬁgég only

| at er conbi ne durr ng tayemmorp@nm ke biorctivet molecwles, bPhary,

ternary, or hi gh%r %@%%e%t%ﬁﬁehnﬁﬁﬁir@r&hé ﬁo@lﬂbﬁﬁ!ﬁgeﬂhe
reagent which nmay t ﬂen pro char'acteristi.,c colo

lati ces may al so msFhags &f Bresent, ivegtion, Po&)r??ge?g""ﬁr“? h@nf“'ggr'ﬁﬁ
wal | s of a bior eaﬁgo ledch . e ramddm Sediiictdveliyaaalioneasuvedoffuantitatively

T o S e Y Ry AR et REBsbHBBrhebigheyoh M
representative group of analyte species of interest may
‘includae, although this list is by no means exhaustive,
dissolved and total amounts of carbon dioxide, carbon
nonoxide, ammonia, dioxygen, ethanol, ionized calcium, sodium
ion, potassium iecn, lithium ion, hydrogen ion, chloride ion,
wmagnesium ion, ammoenium ion, hydrogen peroxide, ascorbic
acid, glucose, cholastercl; uric acid, esterified
cholesterol, urea, creatinine, creatine, triglycerides,
lactate dehydrogenase, creatine kinase, alkaline phosphatase,
creatine kinase~MB, alanine transaminase, aspartate
transaminase, bilirubin, amylase, lipase, among others.

The biclayers ¢f the present invention have utility in
a wide range of applications in which a biologically active
molecule is to be incorporated in the solid phase at
preselected areas of a given device. Whether the bzolayers
are spin-coated across a surface, painted, screen-printed,
dipped, or diSpensed as microspots, they may be localized at
strategic, precise areas by, for example, photolithography.
Conceivably, these materials can be applied to any surface
comprising part of a diagnostic system or kit, for example.
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transormations |eading to the overall detection of a conplex analyte Iike
adenosi ne tr% ate, for exanple, or nore than one analyte (e.qg.,
chol est er ol % e) clearly, fila-formng | atices May be PCT/US89/05227
ai crodi spensed, for instance, over proteinaceous |ayers. Alternatively,

I the reverse sequence, proteinaceous |ayers ovegyai crodi spensed film
formng | atices, nay al so be acconplished. A plurality of proteinaceous

| ayers may al so be established readily. Those skilled in the art can

readi |y conceive ofhel cgipori@ntedoti the i best ccamtnersqaﬁdm ilonddifferent

present conpositi Ogacg?jaﬁ% g}gu{:ﬂafe%égv% %@? Nata! 'y r% e (Ga ’h%ia'&ur:mg

di scl osures. BecauSe roa hese corfposi ti ons,
natural extensi onstheeacbualdpegaomamm Qﬁeﬂ'&: FHestand SHSh hzm,heternary y or

resent teachin e
lo1 Z ASSALYTI Alga | %’5;!8%%{- mﬁ&sa SRERE Spstemd Qﬂiﬁs ﬁ'fcdx‘%z*dﬁée@ icHromdgenic

e sensor hus far descri can
function as a gl uc6§ég§€FsBP15€rm§l§ ﬂ?ﬂ&tp#‘%é ueh SRS %lﬁ’ilt?%s" ICRIQF - n
30X contact witf this de?haefiint+ £praing clat ivap alay Hlsd He oaa,temramm)
which is proportio t n | gl
clinical practice, QELGE&' QS?SQ fggi{gélg{hbsgs &P&iﬁ eélrc?\jaercorre °l—# rst,
such a sensor woul Bipzeackoreteopremetefthe |%i<ﬁ1 &ransfemmatiom afs apacsive

the concentration gingty¥aeas. | nIﬁ &&@PéfonV%ﬂ”ﬁh&'h \lﬁé’ n'[ﬂb%:* ort he type of
repl aceneent shoet ucose

nar[ow ran
concentration. (yp P&S&?¥ertﬂ?¥ p%nﬁ%“%%ﬁhea% 45“’%”("3"%{)& serjes9f,
gl ucose, hardl 3’ appeansothationst head g etw it m]ﬂomﬁlﬂmm (achEnplex

st ance. Second. | ERetbFe; ITRe “Sadfilag b RN, o UBie ) Ur more
or any ot her bi ol o§h3nl oheuanalybel (e odi cldholiestiernlcland gdme@sednd ;@rl@acriur
the uniformt ranSpQﬂme?f?Eh&tlét{@éf%f%e Al iuaisgeisdd,0¥b:S A RAnERY,

first be centrifuged fed to renove 1ts heavier consti uents, one
woul d i deal I'y, ;gnd®¥BEt PEBF%HP%%?‘P? layeys. Alternatively, the reverse
sequence, proteinaceous layers over microdispensed film-

forming latices, may also be accomplished. A plurality of

- proteinaceous layers may also be established readily. Those
skilled in the art can readily conceive of slight
modifications or other applications of the present
compositions which would follow quite nhaturally from the
instant disclosures. Because of the broad utility of these
compositions, such natural extensions are considered within
the scope and spirit of the present teachings and are
considered equivalents of the invention.

20

25

5.1.4. ANALYTE ATTENUATION (AA) LAYER

The sensor, thus far described, can functicon as a _
glucese sensor per se:; that is, glucose solutions placed in
contact with this device will produce a signal output (i.e.,
current) which is proportional te the concentration of
glucose in the sample. In clinical practice, however, two
linitations must still be overcome. First, such a sensor
wonld have a response proportional (i.e., linear resﬁonse) to
35 the concentration of glucose in a sample over only a very
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to.performthe tests on whole blood. As al ready nentioned, the narrowness

of the |ineayg'oprgk9yge range is due largely to the inherent bi gﬂﬁ}gﬁ;}
/K38 /05227

properties of the enzynme enployed in the functioning sensor de

this point. Such a sepsor would not performin 15 the nost ideal fashion in
nmost clinical settings. In the case of the gl uc®e sensor, the enzyne

gl ucose oxi dase becones saturated kinetically at a glucose concentration as
|l ow as 4 nK. As a consequence, the sensor provides no ana

ti,ca .
i nformation at hi PRFTANFINGE h BHGCRS Srncentzation. | b&ﬁ&ﬁ?@lyeCSHé‘? range
nanl i near, ?avenI Z%ﬁhﬁ%dutlpo:pwfﬂm i 2Ql0u D it glfuh:ns' eprhh!r:du;yofl | ow
saturation | evel s wou i nvol v rQvi di:n S n
certain, but const3RREORTIRYE o‘fP’gftq}%é: _eglot%g‘é&g?%%r% g%&c%blﬁ%rytggg% e(é-as i)
anal yte., to reacherdwurerened-irx dihbidisapplese obiiained: fZogndiabaticy subjects,
attenuating the trfggiﬁﬁéF céhe i?ﬁ?c EAOEN EBY1sl) andn c®hiRE

words, such a lgyer end to attenuate the anouft of anhal yte reaching

the biol ayer but \eRmRPREREs saf whale Dled,30r ame stherPipdsgdcals findd,
f][act i onI of I at t enuahert agied ssy cmg_erghgqﬁ iaob&dn%os:rfafddc'pe%bntl eWe Eh&fb&ﬁqe

of actual glucose concentrations whi.ch can ana opes r
desirabl e. Fbmever?rmcfﬁ‘—e ?ﬁea "%ﬂieﬁ‘}ﬁ‘e, ﬁ%&"%@ﬁcﬁﬁﬁ%ﬁ&ﬁﬁgﬂ'e
el ectroactive speimay pfixsic ok hyerttni fifgesh opmiiilderedc tioo remoyediitisnhehvder
the current output,distsEfdies | Sqﬁ]é '@Jl@"%“e"’arﬁ X ?%e oQ@;”Eoﬁv%'ie&%igd wish
-69- al so neceggarily decr ease e "gesirabi 11ty ‘of & [ near response must,

therefore, be car §uipsriarm e @ik an dhadeePlPod-ni ni shed si gnal
output. In a particul ar pahodedeny wintithad, el natrolinees of add fLineahl

ayer o mterl - ishabe SANYY St 0 (0 LaLElyy BideRassd,

governs to a | argeproperties of the enzyme employed in the functioning sensor
described to this point. Such a sensor would not perform in
the most ideal fashion in most clinical settings.

In the case of the glucose sensor, the enzyme glucose
oxidase becomes saturated kinetically at a glucose
concentration as low as 4 mM. As a consequence, the sensor
provides no analytical information at higher analyte
concentrations (i.e., the response becomes nonlinear, even
zaero order). A possible:sclution to this problem of low
saturation levels would involve providing some means for
allowing only a certain, but constant, fraction of the
glucose, or any other desired analyte, to reach the enzyme—~
containing layer without significantly attenuating the
transport of the co=reactant dioxygen (Eq. l). In other
wards, such a layer would tend to attenuate the amount of
analyte reaching the biolaver but would alsc serve as a gas
permeable membrane. If the fraction of attenuated analyte

concentration is sufficiently low, the range of actual
glucose concentrations which can be analyzed becomes much
more desirable. However, because the amount of analyte, and
hence the amount of electroactive speciaes produced by the

35 enzymatic reaction, is diminished, the current output must

20
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degree the anount of analyte that reaches the active enzyne. Its

application dgg efore, be carried out under strict processin

condi tions, a%@tgp{ mensi onal thickness nust be closely cont r BEF g@””ﬁﬁ'f
ot her words, the AA | ayer nust be established in a manner which is
consistent wwth one of the primary objects of t4gg<+ nstant invention. An AA
| ayer which is too thin tails to provide a sufficiently |inearized signal,
while an overly thick layer, is expected to reduce the current exce55|vely
and al so sl ow down aliEn mexessarilyndegrense.sckber desirability of - hinear

layer, the probl emle SISO kh@rlYossl r BECHFe FALEY | BATahSed! 4§ainst an
obviated. As in the mcrofabricatiqn qof th%I ying layers, an inportant

factor which affect@%ﬂ%@’&%ﬁ%é?%‘ﬁ% PYPBrer 20 the AK layer is the
Conposi tion of the AX matm-r izlparitdeiiarl embbdimengaot, the presémeninvention an

di scovered that seve s ,of co I or I

sil oxane and a 4%&%&?0' %& *gg F‘%E‘I’ar gﬁgge ?%%¥n§,§%€{‘% ion
can be nicrodi spens(ekmorlaﬂnm- d@aﬂwosatadcoﬁBrothsdGBGYm@m:@kmle hbayer or
final achitecture -ﬂ%; %ﬁ%ﬂn%spﬁkt ehai ARl QHSiePhQ&@éi:ﬁSOGéthiﬁrge

techni ques in conformt ot her discrete structures Elﬁscrl

herein. Exanples of 5!9?6—?:% é‘?%‘ﬂ&n@ seRp3lyte thak prRarlesn ﬁdgctgﬁebﬁ{xzyme.
are not limted toxul fﬂtﬁﬂlﬂ&ﬁ:@!ﬁhﬁsﬂ keherefote, be carried out under strict

tetramet hyl di si | oxane-di vinyl ben tetra I

di met hyl si | oxangy sif% p'ﬁenyﬁ % éﬁ'&’ﬁ?ﬁsl ngeh_g¥ giﬁ&hgigﬁ Jr’leeéﬂv'%ﬁgss must be
di net hyl si | oxane amssﬂﬁtmlladrmt Al gltbexanerﬁssp fO0AA Alayenomast be
copol yIvers, or 35 {idAl & m%t &nﬁ?&etrh%Fﬁ.ﬁix 1ZheoR8L SRRt DYi ¥R GHE 6F the

the T-ilis is the r acerrent - 70- nonsi] oxane .
conponent of the c&otRARE q?é &feglee&f‘?&af‘& &HVeBEéPﬁI' VAT AA plgyer which
typically this propmttw ﬂnies fallsheo provide absuffifi8Atiyliireanizéde

Copol yTers 1St ed Ben [T RO AR TRURICL WSSAIRNS o reduce the
current excessively and also slow down the response time of
the sensor. In utilizing an AA layer, the problem of sensor
fouling by extraneous materials is also obviated.

As in the microfabrication of the underlying layers, an
important factor which affects close dimensional control over

20 the AA layer is the composition of the AA material itself.
In this regard, it has been discovered that several types of
copolymers, for example, a copolymer of a siloxane and a
nonsiloxane moiety, are particularly useful. These materials

25 can be microdispensed or spin-coated to a controclled

thickness. Their final architecture may also be designed by

patterning and photolithographic techniques in conformity
with the other discrete structures described herein.

Examples of these nonsiloxane=-siloxane copolymers include,

but are not limited to, dimethylsiloxane-alkene oxide,

tetramethyldisiloxane~divinylbenzene, tetramethyldisiloxane-
ethylene, dimethylsiloxane-silphenylene, dimethylsiloxane~
silphenylene oxide, dimethylsiloxane~e-methylstyrene,
dimethylsiloxane-bisphenol A carbonate copolymers, or

35 suitable combinations therecf. The percent by weight of the
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pr@?@r?édsBThaesges materials may be purchased from Petrarch Systens, Bristol,

PA (USA) and %2 ribed in this conpany's products catalog. . Oher.

materi al s Whl @Egégrve as AA layers include, but are not |i nR(AUSE9/05227
pol yur et hanes, cellul ose acetate, cellulose nitrate, silicone rubber, or

conbi nations of these materials including the sifgxane nonsil oxane

copol yner, where conpatible. In a preferred enbodi nent of the present

i nvention, a solution of dinethylsiloxane-bisphenol A carbonate bl ock
copolynmer ii a m xtmmﬂoﬁﬁ@rdmmmwmmm&mﬂnpsm bespresedacsed to

onto the water. sl R Y I e i |S
advant ageously in t%ﬁsoﬁ%ﬂ% m%?ﬂe’st %@aﬁllﬁ%}? ga’?ﬁ??bgygfgeg 1S ee
control led by the rosmgeof |abainiédn8hwtihe Ameng: the,GopRIYESTS- 1458ed above,
its porosity to gl %ﬂé%iﬁeﬂﬁ!éﬂdﬁh@ﬁ%ﬂ%ﬂdﬁﬁ@aﬁ&ha nmeumr which

Exanpl es of suitable solvents |ncI ude, but ‘are not necessarll ted to,

di phenyl et her, bgnzmrﬁﬁ%éﬂe‘ St &l the mpnsid oxans,
trichl or oet hane, eﬁféﬁé‘h@éd).et heese cﬂﬂwﬁharsz . o phh:ﬂ:habeﬂaﬂ-em Petrarch

henet ol e, - 2- mat hox eth e 0 a
Eycl ohexanone. The Qﬁ%ﬁe ?}ﬁa@% a}ﬁ%‘%'e %%g%g’;egbgg’t t? nmto
about 10 anp but iscmginy%@lyr@:aﬁsarcmug.S nmto about 10 nu for nost
applications. The thinnerg él?é’ @é ﬂ!ﬁ %ﬁ,@eagt R\an_g&b(yg (ifnclude,
c ose haV|n

| ow nol ecul ar wei ght nol e nol ecu wei ght

about 100 to ab?ét B@'B)al'?f“?‘l‘leu %0 rs WY sS4 & os8s AEt3h
the appropri at e Sol ¥€DMlubysé aFtdte€Ars Adcoife mr35o&emﬁmt-ﬂowroﬁ Ithese

vagltgh only gaseous o, ecuI]es ﬁnciﬁ*%%é(ﬁ; S |sgé‘§eﬁ§ %% ”?%Roi%l%tr where

perneate. It shouldchnpamib&siood that the nature of the polyner film

along wth its thickness,ygayelaSed o4l B G ¥ $8a0 ptedentitReniSon, a
solution of dimethylsiloxane-bisphenol A carbonate block
copolymer in a mixture of chlorinated and aromatic solvents
is spin-coated onto the wafer. Ethereal and carbonyl- '
containing solvents may also be used advantageously in the
solvent mixtures. The thickness of this layer is controlled
by the non-volatile ccntent of the mixture and the spin-
speed; its porosity to glucose is controlled also by the
solvent composition. Exauples of suitable solvents include,
but are not necessarily limited to, diphenylether, benzene,
toluene, xylenes, methylene chloride, trichloroethane,
tetrachloroethane, chlorobenzene, dichlorcbenzene, phenetole,
2-methoxyethylether, acetophenone, propiophenone, and
cyclohexanone.

The AA layer thickness may be in the range of about 2
nmm to about 10 sm, but is preferably between about 5 nm to
about 10 nm for most applications. The thinner layers are
most useful for the attenuation of low-molecular weight
molecules (e.g., those having a molecular weight of about 10:
to about 300). If the layer is sufficiently thick and cast
from the appropriate solvent system, it can act as a gas
a5 permeable ‘layer in which only gasecus molecules like ammoni=
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ana yt erattenuation |ayer becones a gas perneable |ayer. Depending on the

particul ar pg} mat eri al used, a given |ayer may function as
per neabl e | ayqugt&%lol esser or greater thickness relative to a%’%’

routi ne experinentation to determ ne the useful range of thickness, for a
gi ven function of a given material, is deemed whifin the capability of a
person skilled in the art. Generally, for the preferred materials, certain
| ayers with a thickness of about 5-1000 nmw can function as an AK | ayer,
wher eas sonme | ayer dibaygen, 2ot byd¥egen exaiide TAR nogmeate oyl sheRddobe

as a gas perneabl e,nRohralsa EREEtné HPL NS 'dARHe gdlgnfés elmﬁﬁsmwges:m
to be expected.. An Inportant aspect of t e e 1 abl | s nt of 2‘["31# %ch the
i s the successful pietERAFKRESS, tFRVERS (?Ifs%

af fecti Ing Ithe 1;] uncghggygedaegéﬁ@ag%a@eleer hsham;fm leq@ Ipqzma,ble layer.
particu aryt e activil e shou

under neat h. PPéﬁP% 3 a??’iéi/(f %rpo&%fg.rcoﬁ tl%é' %&%ﬁt ér 4ven

S
and to rem)ve |{5 fLayaregaynSunétidm mtargwﬁm&ahﬂwlhmm@ﬁ@rdm or
ot her funct i onal  agpSgLarObnl BnaER>PEy ati\e A\ HierilS, duckl boneihe { O

exal pl e, must be u to make el ectri cal cqQnt act
with a m croprocessweﬁhﬁﬂ?ntq‘ﬁl%t?‘ér#’G?@%%(ﬁﬂﬁ)‘&ﬁﬁﬁ“ Zpoge 9T thickness,

gel atin- based negafbi‘eapbﬁéﬁeitﬁétxéﬁleﬂf |ﬁrgi\tbﬁ hﬂtﬁlﬁdlqyﬁé delenidde within

enzyne- cout ai ni ng coat d Qeover.

pol yner layer g %ﬁgt &fR2 8¥e3€ ap?)ﬁ%‘?’br % Iocfhe%r?ély’
where the AA copol foerthe psqﬁeradﬂ Hant ey feekmit mat;dmt dJaamzsst wisha@aithdickness
comercially from Pto Seeh N H?% S

copol ynmer can theng%eggégr%védggss o é%rr’e 0 a aS| c et cAhAan%Yf;th Ié'é's some
be conprised of anlaYGEﬁohﬂflE'al%ttbﬁcﬂe%t%sﬁmtrr%@'i@%ﬂ é'avé@erﬁémctmn
sheet DateN MBR dlgas péEmediifie Onemioratie | ClHEHEE, NEond G YED in the

hydroxide. It ﬁis bﬁickness ranges is to be expected.,
An important aspect of the establishment of the AA

_ layer is the successful patterning of the polymer layer
- without deleteriously affecting the function and performance
of the underlying layers, particularly the activity of the
enzyme should a biolayer be present underneath. It is
desirable to localize the area covered by the AA material and
to remove it frdu regions: of the wafer where it would
interfere with other functional aspects of the sensor. The
contact pads, 1 {FIG. 1), for example, must be unhindered in
their ability to make electrical contact with a
nmicroprocessor unit.

To pattern the AA copolymer layer, a gelatin-based
negative photoresist, similar to that employed for the
enzyme-containing layer and known as NPR &, is spin-coated
over the polymer layer and patterned to leave a photoresist
cap only in locations where the AA copolymer is required.
This negative photoresist is available commercially from
Norland Products Inc., New Brunswick, N.J. Excess AA
copolymer can then be removed by exposure to a basic etchant
3 which may be comprised of an alcoholic solution of potassium
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di scovered that the resist cap does not affect the response of the glucose

sensor and, wdheg@s9iee, its subsequent renoval is optional. Cde
e

aqueous- based photoresists known to those skilled in the art c

‘used to pattern the A& |l ayer. Referring nowto FIG 6, one can see that the
response of the glucose biosensor as di scl osed™&rein is linear over a ouch
w der range of glucose concentration due to the presence of the AA | ayer.

Wthout the AA | ayer, the sensqr v e ria

e e e 5 Tl in)t SplO R SRR | HF ek, e
EMBOf I I MB sTe findissoseried thatf &beureajstheapedpes natoaféecti Ehagresponse
wafer 10 yield indiyidual) glieaseensnsokaa ThharassPe]m Lk CoanINgaLRE! tinoval
performed by an adfona ed Tachine with a df amond- i npregnat ed rotatinp

saw bl ade and whi ds eptignadpedCheRR1Y AERAE agreqwsTh $Pﬂg9m1=e¥efég§5t5n°‘m

cool the bl ade anggqt %P'b%@\éﬁii\iéaf iangnbharti k6uldhassécbat usedytdrpsttérn the
step is capabl ¢ of eftectively destroying all but the nost robust thin-film

structures Wich &Pe1ﬁ§@§ént on the substrate water. O particul ar
significance in the pi Zgegterringenbiotoi EIGheé¢di onevean seeatthatsthecpesponse

o 02 LS A 50 U BRI iollyf s OLIREEE gves o

sensor as describ herqln W i et eri ous ) e selectivity,
sensitivity, and Dpshamwidesr rangenef gluceseseaneentratignsduestecthespregence

present i”Ye”tiOno&eﬁhﬁﬁﬁﬂFiak@%ﬁefﬁiﬁhoﬁtFEHE AxcigyeP! i €Abi 88nsor would have
manuf act uri ng 4r ocess 30 whic

can.,be utilized iin th ,grﬁ%ac%Log of
i denti cal nicrocoﬁﬁ@ﬁeﬁF§SU§EPEPP£§a§Sn§BFSuFSr1ﬁngP§% uRgdcbipiegiral
physi ol ogi cal , bi glae@rdalls.and nedi cal significance. In soae instances,
nevertheless, it may be preferable to wscribe' the wafers with the
automated rotary saw prior to 35 establishing the structures which conprise
the bioactive Trhis is $5hk.5ep BINISHING [STRPSOAND ADDITIONAL EMBODIMENTS

The final étep in manufacturing the device involves
dicing the wafer to yield individual glucose sensors. This
step may be conveniently performed by an automated machine
with a diamond-impregnated rotating saw-blade and which is
equipped with a means for delivering water jets to cool the
blade and to remove swarf and the like. This relatively
drastic step is capable of effectively destroying all but the
most robust thin~film structures which are present on the
substrate wafer. Of'particular significance in the present
invention is the discovery that this step can, in fact, be
successfully performed on the embodiments of the glucose
sensor as described herein without a deleterious effect on
the selectivity, sensitivity, and overall performance of the
sensor. The disclosures of the present invention represent,
therefore, a true microfabrication manufacturing process
which can be utilized in the production of identical
microcomponents useful as sensors for analyte molecules of
physiological, biological, and medical significance.

In some instances, nevertheless, it may be preferable
to ”"scribe” the wafers with the automated rotary saw prior to
35 establishing the structures which comprise tha biocactive
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| ayers'of the chem cal sensor. This process involves a partial dicing stop
whi ch outli Rgg 1 ndi vidual sensor on the wafer. The scri bi Qcess
facilitates a final.cleaving step at the end of the nanufactur?ﬁagb$§y

but still l'eaves the scribed wafer with sufficient structural integrity to
endure the intervening process steps. The scrib¥¥g process is described in
nore detail in the Exanples section of this disclosure. Additional types

of : chemcal sensors based on the proteinaceous photqresist inmmbilizing

| ayer are descrlbébﬂY?I%kﬁﬁES&#wﬁhﬁﬂ%ﬁﬁk|ﬁﬁﬂ5°WbstT@Pstﬁ€9€3§§a&BV8§vFﬁvBIve

axperonetric devi Gos-yid Phai&i(?zgté§1wﬁﬁaﬂldﬁt$Mﬂé% &ﬁehl&adﬁﬁlﬂualhxéhsgﬁnon
peroxi de or di oxygen) generate

from.an enzyne-cat r tion.inyol
an anal yte nol ecul‘éh%n‘ﬂag%ﬁe %&?ﬁ:& %Ié\é Eaggt ofi FENE: 5}1\7 ing
is a nmeans for m cgoéd S@ﬁ“ﬁhé&knﬁrbﬁdtniamanuﬁiatum;nghprenapsebutls&séloﬂkaves

, foll d ' . i
21 sensor - | neadiy | o LSS pds st dedibsghle) sertift bl IhteBrity” to
coprocessed by 20 qméunaugm@ngnﬁngQM}nﬁ;aﬂﬂqa§saﬁt@né-seﬁ§sr?CSﬁblﬂg process

cont ai ni ng gl UCOSGlQXdQQéﬁE&!j inandid Hetedll dnithe BRakpiesr sectibdas® @hds
chol esterol . esteHQ g .@EAn taxanpl e of an adenosine-5 '- triphophate
(ATP) sensor whi chO¥FGbPERE®t he co-i rmobi | i zati on of nore-than one enzyne

is also given. This prockdditiohl doipes exf Iwhenicaddisepsozsnhased onuthe

i sed of gl .
o) S20,0L 5,45 SHRLRSEpdRY Aol AR L T I Resezineg

exanpl es are ihkgu tion_process
of the instant i|nveneBranptes Sasiont el‘icﬁéi mfoaéseg@osaa@pleﬁemaﬂ-ve

sensors whi ch may @ﬁpéﬁéﬁé@ﬁi@(&éﬁ&é&d«ﬁ%ﬂiﬁiﬂw |§?1 aiébtebabt&s#eofspecles

t abl t al t
G phoophas o ADR) - (St Y URSGER RARGH e, (AR AT EER FAPRERRER. LE8mTAR,

i s the repl acementesiypeé-Eat£lyzed ﬁﬁhctzon involving an analyte molecule and
some cofactor. Among the specific gmbodiments given is a
means for microdispensing a mixture containing the enzyme
uricase onto a sensor, followed by patterning the resulting
thin film to yield a uric acid sensor. In addition, a
combined glucose and cholesterol sensor may be coprocessed by
microdispensing two mixtures on the sensor, one containing
glucose oxidase and the other containing cholesterol oxidase
and cholesterol esterase. : Aniexample of an adenosine-5’-
triphophate (ATP) sensor which involves the co-immobilization
of more.than one enzyme is also given. This process is
achieved by microdispensing a mixture comprised of glycerol
Rinase and glycerol-3-phosphate oxidase. These examﬁles are
illustrative of the generality of the microfabrication
process of the instant invention and demonstrate the broad
scope of chemical sensors which may be fabricated limited
only by the availahility of suitable catalysts (e.g.,
enzyres) and/or reagents (e.g., adenosine diphosphate, ADP),
needed for a specific chemical transformation.
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5.,1.6. AN AMPEROVETRI C DI OXYGEN SENSOR, ELECTROLYTE LAYER, AND ALTERNATI VE
PERXSELECTI Viwa 90¢6816s al | uded to in nunerous parts of this di Zpﬁs ms&f‘f
speci fic enbodi ments described herein enjoy great flexibility dependi ng
upon the particular application or analysis to Qg_S perfornmed. For
i nstance, the preceding discussion concentrated’dn the utility of the
hydr ogen per oxi de sensors when coupl ed to biocatal yst systens which consune

the neutral or charged alyte eches aad.. apiy| uc E
However, in certain si lﬁig't’isdns A AT “ __e, ﬁ&&i@:
di oxygen may be a *ore conveni e “ B

practitioner in the art Ascaliuded thain cn imaﬁﬂ\sﬂﬁrédﬁiﬁ difplosure, the
enzymatical ly cat a%gégfff?&O&ﬁﬁé&f%eﬂ_@Sde%ﬁﬁ"lﬁfm leédijoy yrdet flexibility

alternative, the 1 Crease In the amount of dioen . present in a.sanple a

a consequence of tﬁepehiyﬁitFWEC?W%@Wi%%ﬂPé%‘%ﬁ%t@ APLVR AR 3" be
speci es. In onesenpadieaPRedof Pofli Diymiceontps  prduadirge distussion .
conprised of a gold indicator._.electyode [ |
titaniumlayer as §ﬂ6ﬁﬁn§ﬁa ¢, onthe uﬁfﬁt#ﬁgc@ﬁ%ﬁéﬁfﬁ%&ﬁ%e sensors
di oxygen base senswhenreoupled| tieothiocatalyshcsystpns whieh cansure Ghe aigutral
t he hydrogen peroxjgde ' | XSk shfddfd o, .
el ectrocat al yst mngI c@ﬁ?g&gogggliﬁgﬂ%&%%ﬁa%e over | a%?a&%%]:rt}ﬁcﬁres in 22

FIGS. 7A and 7B ar However &n| gerrain osituatlensyn the Rhange i & on, an

electrolyte | ayer é&dncantidatishNBAAEokyy6n Hay Béca angite Gorvaenidntc amriable
The principal distinction_ is that the gas perneable |ayer a' effectively

envel opes the enti & UﬁBéT’Pﬂ ng electrolyte layer in the conf i'gu‘r ation of
FIG 73, and, thus, norelefkitledcpragbitianeroin the artwewatmizes &hat om

Longer time to *weliERUBHE] 1pPUapingh 18 uisy \hemdti SpRP IRt e e 2
preferred material prooesses.i nThue, conet ¢oRld MORIEIY anin rhe Alkernatkys, the
g[\fete[‘eDg[‘gFO f*g ’T%ggffgggt £h8RECHROHHE ! UE Ca1 SRyddh Sprdsdtte LPNl ALY as a
' consequence of the enzymatic action on the enzyme substrate
or analyte species. In one embodiment of a dioxygen sensor, -
the base sensor is comprised of a gold indicator electrode
superimposed over the primary titanium layer as shown in FIG.
20 7. The metallic components of the dioxygen base sensor are
as illustrated in the figure and resemble closely the
hydrogen peroxide sensor depicted in FIG. 2 except that the
preferred electrocatalyst metal S is gold in this case. The
overlaid structures in FIGS. 7A and 7B are essentially the
26 same comprising, in succession, an electrolyte layer 12, a
gas permeable layer 8/, and a photoresist cap 9. The
principal distinction is that the gas permeable layer 8/
effectively envelopes the entire underlying electrolyté layer
in the configuration of FIG. 7B, and, thus, more effectively
30 seals off the electrode region from the external fluid.
However, such a structure would be expected to take a longer
time to ”wet=-up” relative to the architecture of FIG. 7A.
The preferred materials for use in the electrolyte layer and

photoresist cap are the photoformable proteinaceous mixtures
35 . - e T I - : .
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fg escrlbed herei n. The gas; perneable nenbrane/ AA | ayer is preferably
formed using the sil oxane/ nonsil oxane copol yners descri bed previously. Prom
a processi ngVOAOMASI® view, it is noteworthy that the confi gur 20TSUSes/0532%.
7A can be established using a single photoexposure step in which the
photoinitiated crosslinking reaction can take phgce both in the underlying
el ectrolyte layer and the overlaid photoresist cap. The structure of the
di oxygen sensor of FIG 7B, on the other hand, would require a first

exposure to radi a”{ieQEf H¥dfﬂéi-91\ﬁ>$i byhé hgaslpempivle siebriand/Anldyer is
underlying electro

| |d h b bl
fol | owed by the phBFS?ES?g}YCQBm “?rrfﬁt‘ilré% rivf\g‘[ : zi’p ﬁeiﬁg%a Iﬁ%%%q ers

over the presel ect gdsaribedbprevieaslyl. exposure through a photolithographic

mask, then devel oped in #gg%a péi)g%% g‘aﬁlf%‘?%ﬁl‘plw tl;q-_n id hdtifrcoiitif) &hnat

exposure nmethod, it shou t he con tlons of 1rradi ation
can be adjusted _suthet raufaguratiencof Gt ik Gany f1e estahlished using a

appropriate eXpéSUEQp&QgéFH&kQGxBQsﬁPQt sﬁalqﬁguhrﬁﬂglpuataiﬂﬂﬁiated

penetrating irradiation

ere ft.
i ntervening | ayersCFPﬁsgﬁPgﬁgsﬁea?ﬁégﬁagazbe?% Vﬁaqeafeq ok ‘%{e underlying
significantly absoehetbeolgtieabéyencany. tﬂ'élﬁ!(exﬁtei‘érmmtmsarsialaﬁ.or Thee

in the AA |layer sh be.s n r %ﬁ$

ultraviol et regi onggjfgfﬁgi'gl ggt%%aggﬁeﬁ@égp%cﬁfm%% err ecfhe other
materials are the BBhéxaHEPhénE#EB*Eﬁeacé§6$§n§¥395#¥ﬁ ?9( ;;ntn@yergy
addi tional as pégt sfgﬁ_lbbgddhgxyggndgegﬁ ;_ PIELS SEoHe tm& anidAlying

[hat only shall gaS0BBLEAMFEE.FaYeT) | KERR: B4 bre'szcaiﬁ By R S aiisne

el ectrode portionsfallbhcdshgshhe Phetetesisti capufeﬂhamfzn&instxnnuunas are

this maner. The gainitr hEspLAfEE' USE, the Rrafafedted WA WY SHddRRL T

function as thesflexppsuuézthropghceepbntOkimhngraphmc mask, then developed in

the appropriate developing solution. - In the single exposure
method, it should be remembered that the conditiocns of

- irradiation can be adjusted such that all of the sensitive
layers receive an appropriate exposure to provide
photocrosslinked matrices. This penetrating irradiation step
is only possible, however, where the intervening layers (in
this case, the gas permeable layer) do not significantly
absorb the radiant energy. Thus, preferred materials for use
in the AA layer should not be strongly absorbing in, say, the
ultraviolet region of the electromagnetic spectrum. Such
preferred materials are the s;loxane/nons;loxane copolymers,
for example

T™wo additional aspects of the dioxygen sensor

embodiments are noteworthy. First, the gas permeable layer
can be established at a thickness such that only small
gaseous molecules, like dioxygen, can effaectively reach the
electrode portions of the sensor. Therefore, interfering

. electroactive species may be substantially excluded from the
electrocatalyst surface in this manner. The gas permeable

35 layer thﬁs per;orms the same permselective function as the
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Dam C:* R 1997 -76- pernsel ective silane [ayer and can be used for that

purpose, in Wepegrosesonati ve. Second, the electrolyte layer surr Mﬁﬁ?
el ectrode structures, in cooperation with the other overlaid structures

provi des a Ostagnant' environnent, S in ternms of external turbulence,
wi t hin which the redox reactions can take placé 787 the netal surfaces- Put
anot her way, the anount of redox species reachlng the el ectrode surface is

governed by the presence_of .the ga eabl e a r CeSET r

such that the el ecPeERSet &H?eg iag ﬁﬁ%ﬁﬁnﬁ% +e§% 8+¥%m1§% gdﬁéﬁgose’
characteristics of;hhthGXhemaahathued saecendPuthhe¢h9¢§r°lﬂ§eel%&%folyte

| ayer, which is hydiat e%gggf +he Q&Ec€9§&§t éEﬂuEEﬁf'é%' ofs, cbépé?éezéﬁ with the

provide protons fofthe reaction o g e resultin .
nul ti-layered devi ofher oveFladfe StERFEBresanRTaBEEes 2 oY SHRgRANET cenvironnent,
accurate and repodysj ledmsT2s exeeRAbL takBhlvAcep within which ehecreads

configuration. Bhe Strucgtures illustra in_ P o) | r
aspects of the preZERCHYNSFaH,F2 F#EfecﬁP #ﬁ% % gg %¥r£€8§§ k€ another

super i nposed over hhg-uﬂﬂnrhmmmgmgaf radpsrapabieslayaﬂhbngatU¢oﬂ¥g@hr°de
sensor as 10 G Lurkiged 28 ﬁeﬁ”ﬂypﬁﬁéo?fékéhcéaﬂf9tﬁéeg§§tﬁéﬂ\éﬂﬁﬂe and

over the biolayer as bi oactive | ecul

present in the b|oPéﬁﬂtﬂQQYGHU§§§§CG¥FB&sE“CBhEHaFhEhFeSEFFFﬁﬁdﬁe§F§E°F§e is
able to function agrAeperaest SENThe f25w\/\bi:'hthbbu!laﬁc§eéﬁiﬂbbﬁefﬁ;ﬁtcs of the

ol ver: The o extergal tluid;saggle T BuREhexSaRe, "PRa b dEES LI ayer
whi ch i s descri bedwhichhds de$a¢Eﬂonnﬂet nbnmamhbyaraa&aq eanditignsof ishable
under|ying el ectrolyt %t%Qu%e?, |UI %e&urbubg 5:3385:31'533}'?3? 8k, dlox¥%en. The

respectivel y) agai nst “externa ence or sa
device, a coupl i ng ieEEing mylsirdayersdc8euten: 1§ HPF%CH°§9I?§¥ﬁﬂbl° and able

receptor or Lunreagl ‘ﬁ:cﬁﬁ%@ foretaccugatBeandt eepbaticibléangasiréhents
layered struct utes rg?l.a%n.ve (')lzot heha e metag electrode configuration.

The structures illustrated in FIG. 8 embody these
latter aspects of the present invention. In FIG. 8A, the
biolayer, 7, is superimposed over the underlying gas
permeable layer of a dioxygen sensor as in FIG. 7. The AA
layer 8 and photoresist cap 9 are established over the
biolayer as described previously. If the biocactive molecule
present in the biolayer is glucose oxidase, then the
résulting device is able to function as a glucaose sensor,
with the gas permeable layer performing a similar function as
the permselective silane film described earlier.

The structures of FIG. 8B, on the other hand,
illustrates a device which is described further in Section
5.2, but which takes advantaéa of the underlying electrolyte
and gas permeable layers (12 and 8/, respectively) against
external fluid turbulence or sample flow. In this device, a
coupling means, 40, is used to covalently attach a ligand
Teceptor or immunreactive species, 45, to the ocutermost
surface of the layered structures (e.g., toe the top of the
photoresist cap, 9). As disclosed further, infra, such a

20
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35 photoresist cap, 9). "As disclosed further, intra, such a This is the

repl acement wo 980898 ©: -77%- device is useful as a ligand/l| &gs
PéRisagresazr

receptor-based (LLR) bi osensor which expands consi derably the .
scope of possible anal yte species which nmay be detected or analyzed by the
whol Iy nicrof abricated bi osensor devices of the?7Present invention, without
being unduly sensitive to the novenent of the external fluid sanples.

5.1,7. 7, OF, THE GLUCOSE SENSCR .FI G ,Sho t he st eady- st.at

current for gl ucoReECe ¥§ M8+ & Fhé%ﬁ@%ii‘ﬁ&“\nggﬁfpif’%gxfﬁé éiﬁ‘gbse
sensor W th respe@idseristr Wnimnekpandse consiverabiyothderange and scope of
ref erence/ count er el ect,roode far. i_Qn arning-H f

(pH 7.4) contai ni r%ﬁ%%bfm%’&%“%of‘%f%ﬁﬁg@%‘eh%w%ﬁ Er%;?gg%%i ﬁ?nggﬂﬁ%ﬁf’ by
glucose (X). At pdthntwhaklyhaigrafabiigateds;bdogpuspredeyiremt ofsthe present

associ ated W th hygd{Aoa e QX idéding indulyh ensidive ebeeheofibvement of
surface derivedfromthe enrﬁl%c_ oxi dat.l on of glucose by the enzyne
gl ucose oxi dase. Abe RIS ’sﬂe?r?mpéﬁﬁ‘to -100 nV the current is

derived fromthe reduction of hydrogen peroxide at the 20 iridium el ectrode
surface. The observation of @ ]pl7at emm% Rl g ok epirkgp and
reduction of hydrogen peroxide “sugg f

limted by transport of ElGcdsshawsotdie steadx-shpse cnrzenkefonzghucpsgens a
as discussed earlifinctfon of thd ldperatitig'potentialll 3t @ReCHlVEER! skiiSor

Dl ot tod a5 a functT M GreeReRiod® AR G-RAsEGh S LHNETY BIURECPLoFiRRar i n

the range 1-30 nml xpfarsarceAsblintiexalcotradensors adsslatioat eohbatinihg HEPES
over the range cordBRFF b d ) SeBsirige At Bl NEEE98), pHaPEhe. sane
(ii) changes in.t FEohiion|contaising @0 &b s¢vdK)+heAEaRgtentiadeg hatween
Hg: .or (iii) C;lgngﬁ.fod L Y6y ifte tHY) current is associated with hydrogen
peroxide oxidation at the iridium electrode surface derived
from the enzymatic oxidation of glucose by the enzyme glucose
oxidase. At potentials between -200 to -100 mV the current
is derived from the reduction of hydrogen percoxide at the
iridium electrode surface. The observation of a plateau
current for both the oxidation and reduction of hydrogen
peroxide suggests that the biosensor curraent is limited by
transport of glucose through the AA layer into the enzyme
layer, as discussed earlier.

FIG. 6 shows a calibration curve for the glucose
biosensor in which the steady~state current measured at +350
nV is plotted as a function of glucose concentration. The
response is linear in the range 1-30 mM glucose. Additional
experiments demonstrate that the current response is not
significantly effected by: (i) changes in pH over the range
commonly encountered in biological fluids e.qg., pH 6.8-8.2;
(ii) changes in the partial pressure of dioxygen over the
range 20-200 mm Hg: or (iii) changes in chloride ion
concentration over the range 50-200 mM. The glucose
biosensors, indeed, any of the biosensor embodimants of the

20
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concentration over the range 50-200 MM The gl ucose 35 bi osensors, indeed,

any of the Wwgoegrossp enbodi nents of the. This is the replacene X
MAR MAR -78- instant invention nay be used in conjunctionq&Fﬁﬁﬁﬁhgﬁﬁ&?
devi ces which are the subject of co-pending U S. Application Serial Nunbers
245,102 and 187,665 (the conplete dlsclosures‘aﬁ‘mhlch are incorporated by
ref erence hereln) to perform5 neasure ents of glucose or other analyte

| evel s in biologigal fluids su as hu np, ser oy whol e b] ood
5.2. LI GAND/ W GAl )‘BREGEFTGRV% Eﬁ%cﬁ%‘ G RO ERCERE devices
Bl OLOd CAL ASSAYSwﬁRcEHEKEhthEE§Ebj£bﬁoof co—péndxmgnwms eaphpli csbionf Seéhbal

present inventiony gﬁg§r§‘55§gﬁaﬁ'§ﬁ&e§ plgf §Q§? égﬂ'fgtéﬂﬁggéﬁbéﬁwes of

perform ng anal yse ased u ernD etu |n|t and/ o
i mrunocheni cal cowWpich ﬁﬁ?ei&é??ﬁﬂ%ﬁteﬂchY|¥E€#¥&R¢%ﬂhﬁ¥#¥ﬂlﬁ#ﬂfE%If¢¥ﬂ

nunerous conpl enegeakirenaats/ bfggﬂdcéeee@foatﬁ&: ﬁ@aﬂm afn biological
antlgen/antlboﬂy -antlbodggantl-antlbo bi ot i n/ avi

b
Gprotein A enzyReRafigy FECPRE PEPAD BIABHRY BT H TR ?%c‘gtﬂi% BLSga 0N

substrate/ enzyne, DNA (or RNA)/conpl enentary polynucleotlde sequence,

drug/drug receptor, and t e Ilkg 1T 'ﬁ*ﬁgﬁﬁh whi ch’
one or the other nenber o g)g eﬂ% GLEPECAES

interest, and the other conponeggsﬂﬁg qggﬂ§or-|nnoblllzed

| i gand receptor or |nnunorea vv'gggtrg§“cﬁqgrﬁ? ai1irs <e.g.
the l'igand red8ptor) 25iPs3PRHREF | soRediRent o %\H’é’fﬁnﬁt’t’é‘ﬁ‘m@rﬁ“ort e
adsorpti on) over aiprefabedtatiedrbiogénsdrs hnaqsaﬁscuda(ptai esow | pertdewing he

bind (o the first 0eABEse padd wpdR trfirRiiteifns Mt Gl ey Mafety 1o,

| i ke conpl ex. Depénmnngchemlggbnc@mplexsbnteza¢tmbnsqﬂ<§nnn(xngp:actzons are

sandwi ch assay), RaR€€@8f TR"REhetbtd Compidmdita?belgdria M iRiand  FUSES

&nd 15 complexXes such as antigen/antibody,-antibody/anti-antibody,
biotin/avidin, immunoglobulin G/protein A, enzyme/enzyme
receptor, hormone/hormone receptor, substrate/enzyme, DNA (or
RNA) /complementary polynucleotide sequence, drug/drug
receptor, and the like. Thus, an assay may be devised in

20 Wwhich one or the other member of the complex may be the
analyte species of interest, and the other component may be
used as the sensor-immobilized ligand receptor or
immunoreactive species.

Generally, a first member (e.g., the ligand receptor)

25 is immobilized (e.g., by covalent attachment or adsorption)

) over a preselected area of the biosensor (preferably, above
the indicator electrode). Next, the ligand or analyte
species is allowed to bind to the first member, forming an
affinity, immuno, complementary, or like complex. Depending.

30 upon the assay method employed (e.g., a sandwich assay), a
second member with a suitabla label is then introduced and
binds to the analyte. Finally, a substrate for the enzyme
label is introduced which is converted by a process initiated
by the label. 1In such a fashion, elsctroactive species, such

35 e
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Brinds'to the analyte. Finally, a substrate for the enzyne |abel is

i nt roduced WA WA08930converted by a process. initiated by the | ZCI/US8970522Th
a fashion, electroactive species, such 35 iDti:: .,- 6f: MARF x ~shee
Date. ~6 MAR 197 -79- as dioxygen or hydroggg.peroxide, are generated
(or consuned), and the quantitative amounts of which are detected

advant ageousl y by the underlying base sensor. The second nenber and the

substrate lay be ggl hiSk?ﬁéhhfeﬁgafegehOpe'ﬁo:tm?g,eram Wdriendtiedh (de sanpl e

d of
e o e Aph 48 S L 5 G G dpocton

interaction of t hadvaageg‘eonslyehgethe \mderlxh:mgirba@e §m-es The tsecond
anplify the change | o] n f SREG SSefidrred t
Wﬁ&ge%eﬁPa ?ﬁghéﬁﬂék D¢ égand/ red to as

produced. In an e e 1Nns ant |gand receptor-based
(LLR- based) b| sewsegentscwithswhishbthe naymple  sRERRTEeR PH\CAW ARG the

attachment to f%ﬂ%& gea gééﬁél hﬂ?ebéaﬁféaté\dt@r Qonh veay téiﬁ:lb&ﬂﬁgénﬁ:é

a crosslinking agent i chl or.,ohydrin
ot bers=. PreferabRgy f ﬁEnGPE E%F?e°§5§flﬁgﬁﬁﬁ ??Eﬁuﬁr* eﬁﬂ¥we fance the
coval ently. boundinteraetdoheofothel agagent arszaagzntsnwxgpetnnranalxmaof

the t | I ustrat I 7
AT the. advant ageSPAFCRRGSR. T FAPERGY,Fhd Sadfgh ' B ehs Dpliperdtiafive

as expl ai ned e%rldeMeCMaBéetspacie§ 60 pgeducedhe base sensor nay be

pr edi sposed td hydrogenxgeggxbggoﬁgmgnt bflghgningfaﬁilpﬁﬁﬁgf
gol d). The exact assay procedure used choi ce whi ch_.can be 2 éﬁ;eatﬁgy be

one skilled in thEE&FPt&FUbé&ﬁdbéL&RppéééﬁhrElﬁ%§¥§9 f orhe G
exi sting sandvic hH.:nﬁx%&iﬂizeﬁoWebbirhlenﬁsaﬁyachﬁént heo | & kamctimnaeum bekkane

S o chor SR THih 25 R HAE phEr 608 SSEEL king Sgen
15 . (e.g., glutaraldehyde, eplchlorohyqyln, and others).
Preferably, the immunoreactive species or ligand receptor is
covalently. bound to the outermost layer of a sensor having a
structure of the type illustrated in FIGS. 7 or 8. Such a
configuration would possess all the advantages attendant with
the presence of the overlaid structures as explained earlier
in Section 5.1.6. Again, the base sensor may be predisposed
to hydrogen peroxide (e.g., iridium) or dioxygen (e.g.,
gold). '

The exact assay procedure used is a choice which can be
made by one skilled in the art and can be a procedure based,
for example, on existing ”sandwich” assays, competitive '
assays, or'the like. Where the base sensor is an
electrochemical sensing device, the instant embodiment is
particularly useful in the qualitative and quantitative
measurement of analytes which are of interest in immunology
or substance detection.
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3Q neasurenent of analytes Uhich are of interest in inmmunol ogy or substance
det ecti on. WOMMOSIIPs the repl acenent sheet Date: ', uR 197 PCIYUS89/05227
AN LI R- BASED Bl OSENSOR ADAPTED FOR . RURN( OASSAYS As a particul ar
illustration of an LLR-based bi osensor that usgg-procedures based on

exi sting sandw ch assays; one can take a specific case in the general area
of antigenic 5 substange/antibody interactions. The presence of a

particul ar anal yte species, suchsgg.a.papN TLLR+-BASED BEOSENS8QRbe det ect ed#
for exanple, by imobilizing an anti body ;maymnnrmmnbggg§g§g§§§&25<ﬁ bi ndi ng

to the specific antigen_of inte 1hes
i nvention. The 10 resul #¥Fn§. Eﬁﬁééé‘ﬁ%%f *ﬁ§¥%€ou;ﬁ%t%ont act §V\A T Ao
mi xture conpri si nghhbeusaspprocedunks dhased on cexirking sandwigh ASEaYs Pne
be determ ned, and.a #%ﬁgng Qgébg?ﬂc58§§+fiﬁ ﬁﬁﬁlé‘ﬁb&éﬁqggﬂg B¢ dgehieh

]

is | abel ed SU|gabF € acCt ‘on chem cal

subst r at e, subs@quekbsyansedantibodyii inkeFACHINS es%h%ypm%n% Lf a

measur enent of th aeeibms:saﬁamﬁel speéiesx eshci deragparel guldheantigee) nay
(first nenber) ma

anti gen-speci fic § ﬁﬁﬁgngﬁgy é@rtﬁﬁaﬂﬂg?ygéﬁs%éi# §11€ﬁ@%a§ﬁdaﬂiﬁﬁgﬁY (first

conprising an ant nefiberhpdyapabiet bEnbind g ptestine spzcntibtnntiscnnatyte
species. This secen I I t z a
geﬁgﬁénzy gng! sl sendle! o#f £ul YfiPen®h. aSThe

al kal i ne phosphat&g en intro uce As descri bed
earlier, the dRti pesplsingniiBeAenayrhis then RECHERE CHRES FRPYATE With 3

adsorption) or at h@&%&éééoﬁsﬁh@ﬁgl ¥he ShsSré) ymrwnrmuweaﬁrwéﬂem ative
crosslinki ng reagent to funcCtiona I’Ougee reent on the

one exanple, a ph&PGF€§P3P5c§B hgydsre t SRR 2\ FTERR %H§?€+%§?s§p%3bg+%
preferably conpri gagibbdg geetehdamenbar) which is labeled suitably. The

action of the “label” on a chemical substrate,subsequently
5 added, initiates a process by which™ the measurement of the
analyte species is effected. Alternatively, the antigen
(first member) may be immobilized on the base sensor, and the
. antigen-specific antibody may be the analyte species. A
second member, comprising an anti-antibody, may then be
20 present to bind to the analyte species. This second member
would also be *labeled” with an enzyme, such as alkaline
phosphatase. An enzyme substrate is then introduced.
As described earlier, the antibody or antigen may be
attached non-covalently (e.g., by adsorption) or attached
25 covalently, directly or through an intermediate crosslinking
reagent, to functional groups present on the silane layer.
In one example, a photoresist cap may also be present which
"photoresist cap is preferably comprised of a proteinacecus
substance. As such, the proteinaceous substance also
30 possesses a multitude of reactive functional groups, notably
amino and carboxylate groups, to which the first member of
the assay may be bound covalently.

e
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substance. As such, the proteinaceous substance also 30 possesses a

mul titude o gﬁ&%' functional "‘groups, notably am no and carboxyl ate
groups, to &ﬁ?c %gpfirst menber of the assay may be bound co®aF 1522

This is the replacenent sheet Date: : The base sensor may be
selected froman anperonetric el ectrochem cal -#aw ce to which the applied
potential allows the el ectrochem cal conversion of hydrogen peroxide or

di oxygen. Preferably, antibody is imopbilized via any coupling neans )
wel | -known in the art tShehdase: 6ensor maycbeoselacted from an ABRGYRpetric

sensor, which out @ @etrochEdiicadNBEVEEE BoPWRLEhNEKECASP TS (Poen®ial allows
-m xture thereof, and aligned, over the indicator g;ﬁgérode to gﬁg*lde a

structure such as*#RarleCFOCPEPIFatCRPESTRECN | § FR9eR By T ¥ the
present LLR-baseddiioxyeencr, Prefedablgyn potikody beasimsentbized timmny
overl aid per selegti s S l.a C agti dhes| §¥é5g@

I s manuf acturedg a§k§¥§é§5L §£§r¥§gé ?hégﬂeigrggggéﬁgnggctlcnégk e eiayer
pernsel ective si| &fc they dreteryeds dLoXYyIaNsELREAT agWnieh PUERFMRST ntayer

speci es whi ch My Jymiei WeSe aC pFBteRhAceeiibashbéthfick her DAL S SBe PESE, and

which may interfere with the anal ysis.during |ncubation of the, appropsriate
reactive conponen@§}ﬁq%é fefg ﬁelpééFagaﬁpPi?c %raﬁ?y?r?ﬁﬂg |3 fferucture

| ayer is confinedsuehpassthat! ddlasezatal fherFbasesBensor. 20 The
substrate wafer bearing.th ' ' eQso | PPN

el ectrol yte/ gag pe[neabﬁé'%Q%gbg?léggﬁggﬁgpgpP§ gg%r?%%%éﬁﬁas’ é%%??%ed in
section 5.1.5) bekdosenser,apehydroganunerexide basecsersor swith anevexrlaid

The scribed waf er gedmsel elctaWeP2i2uneSedyb? 2a38bUaLEINGTad! Ath aadhaeiwsle,
or any other suitable cro sLlnklnggrea ski |

practitioner, andPERFOEGEFdnLS TRF as&ﬁ%@ OEQS%TF%gdé2§?§€EF¢$$s%nrﬁﬂ%er.

The resul ting waf prewedineseetionsaveltheopprmeeliectivde vsillamhe chaysr ois useful

devi ces. 15 as a screen against interfering species which may otherwise
come into contact with the base sensor and which may
interfere with the analysis during incubation of the
appropriate reactive components, including the test sample.
Preferably, the silane layer is confined to preselected areas
of the base sensor.

20 The substrate wafer bearing the silanized base sensors,
or other electrolyte/gas permeable layers, is preferably
#scribed” (as described in sectjon 5.1.5) before the layer of
immunoreactive species is established. The scribed wafer can
“then be exposed to a solution of glutaraldehyde, of any other
suitable crosslinking reageht known to the skilled
practitioner, and subseguently to a solution of the desired

' first member. The resulting wafer may then be cleaved to
provide individual chips or devices.

(It should be noted that the term "substrate”, as used
generally in the art and in this disclosure can refer to one
of two substances. Where the base sensor is the subject of
the discussion, *substrate” refers to the substantially
planar surface or wafer which forms the foundation of the

25
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30 ' (I't should be noted that the term'substrateO as used generally
in the art W90/65%18i s di scl osure can refer to one of two subspeTsse/08her €
t he base sensor is the subject of the discussion, GCsubstrate' refers to the
substantially planar surface or wafer which fQgge the foundation of the 35
This is the replacenent sheet Date: 5 MAR ?E7 -82- transducer. Wen
the context of the disclosure is focused on an enzymatic process,

substrat e’ referst?.g Eﬁgceﬁemﬁﬁé SPRE| ESn¥E%E Nof Stilé ABSCToRIrdYid hﬁécused on
enzymatic process ) B NETHODS FOR PERFQ@M NG LECTm M%L 5 A
e

PROCEURES The el eahr 8BR¥RREAF BERESSHr oCoHRFEEAL?

many anal ytes of kpeeigst wvhbdBRhigstaanpLorned ey tmyblemzynatwwqmrwmﬁss )
conpetitive assay procedures using this invention's novel biosensor, which

Is an el ectrode described 10 in detail infra, to detect chan es in the
concentration of electrodtdad spﬁﬂl‘fws IEOR I?&FJ' OSHEMACAL
assay, a sol ut®on is prepared whi

interest and a second ”&ﬁhealeéeiseaéﬂmcafcsaésy)pweé@@rég J:ﬁbﬂhédlméﬂti?on
5 substrate convertln% nolety. If thke ana f ter resent
e

0
the second nenber rg§Aa h§°aﬁéP¥té“F$YFF§ GSanEQreﬁﬁe s ?ENM% 2¥s §°§Fé5res
uses an LLf-based jhivelo@seanawishi aAdi eonpebhbtivacdssayi pstcedabes dsingutkis

receptor of the an % _obt ai ned e._an
second menber is BPH%&%%°Fn?on83ERagf°ﬁFPﬁ°Fhe #%@L%go?g gi%%?ﬁgggcégfcrlbed
receptor/analﬁ@e/datéetanﬂ ma ZRL, otocdebeck ghanGesblnsehso¢°n¢€nt§aﬁhgntﬁﬁ

formati on of thIS E%EF ggpbgagnsor t he bi osensor i s washed to
the s

renove ot her conponents 0 ution which are pot congyexed tf
bi osensor. The bi osensén F&ewﬁpéﬁthencBﬁpPeﬁaPQVbSBnﬂs t RSPty e |ﬁs

contact with a nopx@ipagiedoutlicreposbiblgt eonbainbythécahabypte obft interestdand
receptor reacts W%Fgeégnd member (detection receptor), which is labeled with a
% substrate converting moiety. If the analyte of interest is
present, then the second member and the analyte form a
complex. The sandwich assay also uses an LIR-based biosensor
on which is immcbilized a first member (capture receptor of
the analyte). The complex obtained from the analyte and
20 second member is brought into contact with the biosensor to
form a capture receptor/analyte/detection receptor complex on
the biosensor. Following the formatjion of this complex on
the biosensor, the biosensor is washed to remove other
components of the solution which are not complexed to the
25 piosensor. The biosensor to which the complex is bound is
then placed in contact with a non-electroactive substrate
whereby the label of the second receptor reacts with the
substrate. This reaction ultimately (i.e., directly or
indirectly) initiates a sequence of steps which effectuate
30 changes in the concentration of electroactive species (i.e.,
produces hydrogen peroxide and/or consumes dioxygen) which
are electrochemically measured. The measurement provides for
the determination of the corresponding analyte concentration
in the sample.
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substrate. This reaction ultimately (i.e., directly or indirectly)

initiates avoduugote of steps which effectuate 30 changes in
concentration of electroactive species (i.e., produces hydrogggﬁm,%-’

and/ or consunes di oxygen) which are electrocheQ%cally measured. The
nmeasurenent provides for the determ nation of “§¥e correspondi ng anal yte
concentration in the sanple, 35 This is the replacenent sheet Date: -8HA?)9

-83- In_anot her enbodi nta(g\go];téxter}e el et ognqae%hhehetohm*uﬂmabﬂt\m

assay (ELISA) conpetiti S are ese assays a
receptor is bourmnnmunaspnhanﬁaﬁﬁaqy A ISR SPDPG#QﬁFVPsaﬁﬁaBEdaFﬁ ESﬁfﬁEﬂed

with a sanple cong '1{}1%&%' é}%ﬁ?'a\’tﬁ r'emr&bﬁﬁhoi'hih Be(RAl €5 thehbiokensdr,

gquantity of analyte w'th a subsgtrate,conve e alternative,

a sanpl e cont ai ni#Nf (e MASANSH ﬁﬁﬂﬁiﬁ&&@ &R .CRB §ﬁ£f3&ghoP EEPPSFar

rr?t eri ?I c?n alsscz-a&tftaﬁﬁdx tHd anmilyity iofalintarest. tﬁatl cohpgtekewlithnat fdred
of an (anal yteSan pto

1bi osensor, the bq:"b%rg'h‘g‘l(ye 9“‘?%&5@4’@5 ﬁ%%tgg‘r%&/éﬁ(iﬁcg E L’%n%ﬁ"e’%?%’%f

sol ution. The bi dstensuiternakivecieedanple mtnenmge&haoauaily&es gﬁstm&eeest
whereby the substiplend Ganifacl 'df 'dIMARE maer3diCEahN2REBLENULRA as tne

concentration of ectroactive specl es an_electrode is OISG

i5 at an opt|nunt%ﬁ%%%ﬂ*ﬁﬁkﬂfﬁﬂﬂkﬁﬂlaﬂ°¥§ﬂWﬁW5 the formaties Pﬁeapedééﬁﬂgﬁe

or oxidation of tdma dmrmw@&gwa@&uwﬂeeﬂtwdbempuﬁsuﬁednby the
ncent ration of

enzynatlc reat@i qn. Further £t he change an
el ect' roactive spEcTEgYE &Eﬁ?ﬁﬂ‘éﬁaqébﬁﬁéﬁsgeﬁ tSePﬂgeaHQFﬁPglﬁﬁfgh
one i s seeking tocmﬂam:ntd roﬂ)rﬂ‘fearsuanhta;q:nect Thef bibsensoreasi contabtedswah

Pﬁ;;ﬁgg:sgs an el Qel rGa Sl ro AW Bl THARRS R4 raby 2 th8BEbstr4¢e reacts
with the label to induce changes in the concentration of

electroactive species. To this end, an electrode is poised
at an optimum preselected potential sufficient to induce the
reduction or oxidation of the electroactive species produced
and/or consumed by the enzymatic reaction. Furthermore, the
change in the concentration of the electroactive species is
measured and correlated to the analyte which one is seeklng
to detect.

In preferred aspects of this invention, the assay
pertains to an electrochemical sandwich immunoassay or a
competitive immunoassay. :

One embodiment of a sandwich assay pertains to the use
of an immunosensor on which an antigen (receptor) is
immobilized. A sample possibly containing mono- or
polyclonal antibodies of interest (analyte) is admixed with
an enzyme-labeled antigen or enzyme-labeled anti-antibody,
and formed antibody/(enzyme—labeied antigen or enzyme-labeled
anti-antibody) complexes in the admixture are contacted with
the immunosensor to form an immobilized |
antigen/antibody/ (enzyme-labeled antigen or enzyme-labeled
anti-antibedy) complex on the immuncosensor. The immuncsensor
is then preferably washed to remove admixture components
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2S : One enbodi ment of a sandwi ch -assay pertains to the use of an

| UMUNOsSenNs Wo®0/0s91@h an antigen (receptor) is imobilized. A

possi bly contai ning nono- or polyclonal antibodies of interest Eana| yt0532 | S
adm xed wi th an enzyne-| abel ed anti gen or enzygye-|abel ed anti-anti body,

and formed anti body/ (enzyne-| abel ed antigen or enzyne-| abel ed

anti-anti body) conplexes in the adm xture are contacted with the

| munosensor to fg ,armcf{mé Iﬁmb&g 248N CRp1ARJY/ fRRZ LiiftuhdBeh8dr is then

antigen or enzynre ele anti-antib conpl.éx_on the iu

i munosensor is tp\t!h in cantasy ‘\Wﬁhé‘@et &%ﬁéﬁ&tﬁﬂmﬂﬁesggﬁgﬁgﬁt E’h?FP?Y
is the repl acenefiyg %Fﬁz?m@%ﬁet of the 4mndbillfed coliplent FeactBawithethe

i mobi | i zed conpl ex.

rmunosensor i,s th Qntact ;with
non- el ect roact i vEURATF R e WHSL TP ?;ﬁé%eéyy(iﬁ-l‘ied}ﬁﬁﬁﬁﬁ'p 9&4
conpl ex reacts wiﬁuiﬂa:wmstmittaam @ seemenicen ofl stepscWhich. effectuate

directly or imirgetlads I} Wil ibeiRitich o %tlsescry%ew; BREIRL (1.e.,
ges I n the CO at 0 roac lve ecl es uces
hydr ogen per oxi depmﬂyq;rsdmmm am/@w soasupes: AIORYFRDd| Which

measured. The Meagul e rJHSHUEANY e synﬁ*eadesmh weRuaRnt, nat i on of

t he anti body concentratlon In the safple. 10_In the aforesaid e |la lho%
anti-anti body i s GRRSEIISRELEs RETELdes Gox the fm&aﬁd‘é’lf’ g&‘esﬁé‘g

assays where the ddnednttedtbicgn Qi_‘n GfHE Wampleceptor is an allergen (antigen)

D L e e on A Yol e AR e RIR° L3 ea,
In sone cases, tithe @sqsmmgamqllaalgemm (7] mgxgad speFitic pssays
:ahgbal lrjr)\e/‘ntjsIcn[]gaa %E{%@mnoassay a%(s)érglgﬁo- or Qg%ﬁ lagln??'g'o

(capt ure recept oroantlgen&)thtmlldactfbrﬂ'm a@ihaamd-aﬂr@n c(quﬁ fime thnosensor
embodiments, a photoresist layer), and the second member or
detection receptor is an antibody to IgE. In some cases, the
IgG response to allergens may be measured similarly, i.e., by
using an antibody against IgG, as the second member.

In another embodiment of a sandwich immuncassay, a
mono- or polyclonal antibody (capture receptor) is
immobilized on an electrode to form the immunosensor. A
sample possibly containing the antigen of interest is admixed
with an enzyme-labeled antibody (detection receptor), and
formed antigen/enzyme-labeled antibody complexes in the
adnixture are contacted with the immunosensor to form
immobilized antibody/antigen/enzyme-labeled antibedy
complexes on the immunosensor. This immunosensor is then
processed as is noted regarding the prior described sandwich
immunoassay to determine the antigen concentration in the
sanple. The reader may refer to FIG. 14 which schematically
illustrates certain aspects of a particular embodiment of the
instant invention.

One embodiment of a competitive assay pertains to the
contacting of an immunosensor, to which is bound an antigen
to antibodies (monc— or polyclona.l) y With a sample possibly
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sanpl € possi bly containing the antigen of interest is adm xed wth an

enzyne- | abw@domeeigoody (detection receptor), and formed
anti gen/ enzyne-| abel ed antibody conplexes in the 25 adnixturepﬁﬂﬁysgaﬂpazzed

with the i munosensor to formiunobilized antjbody/antigen/ enzyme-| abel ed
anti body conpl exes on the inmunosensor. Thi s T8ffunosensor |I's then processed
as is noted regarding the prior described sandw ch i munoassay to determ ne

t he antigen con t I e

whi ch sc%emat [ C%%Héa%ﬁ;% r aeegﬂgg' ?ggagfecgee%ggg £xélrt | c%f%?é eﬁ%ﬁ*%
of the |nstant|qnﬂMMﬁ1&¢bG&%§ é#SébPﬁéﬁS-ofFalbeﬁpnglthﬁefesméylgnroﬁlns to
the contacting %ﬂmddw W&%B&QE&-EQt!&QbQ?/hﬁtP&EHdc&?,pfﬁi;éﬂeéh

anti bodi es (nonqg- or cl onal with a sa Ossi b IS ist

repl acenent shedf® mser, 5“3 1MmMUnEgANSPH| 4§ Yﬁ%h%ﬂtF%oEF%SV%f |nterest
and a fixed quammpafe:mazmpbabntsdoﬁnthbodorﬁtlsﬁIsmmgeﬁ hgné or mat i on

f ti bod Rd | t b d i

Che ot | oaoor - iTesBeRE 80 dupBREL AR L BIPERY “Rafral S STRERGE "

sol uti on and t hsubstradehwherebyothessubstratedreachstwitmorthe | Fabebardi ve
wh

substrate wher eRynaiee THahiyeal ¢n’ Rat Eo%éﬂt#&ﬁxﬁﬂbgf %feég@%’{ ﬁ@g%? cids.

the concentration of .el ectroactiyve species
poi sed at an opFPhﬁ%ﬁﬁré@@heéPe& ﬂSFEH@FaFSSH?¥$%¢eﬁF an ?PﬁﬂﬂﬂﬂtpﬂﬁselectEd
.reduction or oxpdtientiadf siffibteftctdr DAGhLE LB CLEESPI N UL loiii®ion of

d by 16 th the.¢ch t
concentrat] on of on s TSPSEPRERAVE, BrebiEs ErFRiGes SPALPE Eoned e the
the anal yte whi enzymatic zresrkignt o Furthermdre al the nehange eibocherent  of
the CO”pet't'Vec%&%iht&ﬁ%&%h”ﬁftQhEhEIEEEfaQ%FIWECQ f@iéQWHQQ? éﬁ%

sa possi bl'e Cont g

which is bound antibodies to an anti
an antigen of i GOEFedpted te FhﬁeﬁnﬁgﬁhQ|¥§ h one yie- 5%&kﬂn§it9udqﬁe¢t4n

perform ng the el ectr aghaItedhatsvayeRbOELAMNE oL the competitive assay
pertaxns to the contacting of an immunosensor, to which is
bound antibodies to an antigen, with a sample possible
containing ‘an antigen of interest and a fixed gquantity of
enzyne-labeled antigen.

20 In performing the electrochemical assay procedures
described herein, the sample to be analyzed and the labeled
ligand receptor are typically premixed before being brought
into contact with the LLR-based biosensor. Such an initial
premixing or incubation step is not necessary, however,
because all the necessary binding interactions may be allowed
to take place on the LIR sensor. Ultimately, thus, a ternary
or ?sandwich” complex comprised of an immobilized
antibody/antigen/labeled antibody is formed. As mentioned
pPreviously, unbound materials (and interfering electroactive
species) are then preferably removed from the senser. This
step may be carried out by using a wash solution which may
also contain a non-ionic detergent. This wash solution is
displaced, in turn, by a solution containing a substrate
which is complementary to the enzyme label. Alternatively,
a5 unbound materlals may be removed concurrently with the
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descri bed herein, the sanple to be anal yzed and the l{abel ed |igand receptor
are typi %Iﬁ, i xed before being brought into contjact with the M.-based
bLosensor. such an initial prenmixing or incubation stjop i s REI/HS8VES27y
however, because all the necessary binding inter actiqns may be allowed to.
take place on the IIR sensor. Utimately, tBgs, a terjnary or "sandw ch"
‘conpl ex conprised of an inobilLized anti body/antigen/ljabel ed anti body is
formed. As nentioned previously, unbound materials (and interfering

el ectroacti ve fntpeductionref tthe enzine aSubstrats dd ffe ,
step may be Caééﬁfgiﬂ#xh bézh&s%mmépaﬁ&lmw ) FERCAloT) S0 Ryakn
non-ioni c detergent. ?s wash solution is displaced,]in_turn, by a

sol uti on cont s$etwbiankubsTheatengiking $R2¥H n Jeads é‘rﬁgfﬁg | abel .
tiventdpacied) WiEch

?Ih_t er _nati\r/]el y1p‘|3°dﬂ6‘bﬂb‘ﬁdahm}@fD;@$ﬁsﬁth refrelast ey _ )
Is is the repl acenent shee te: e LT t of the

enzyme substg a$%9f+e§.’,na¥h'én %’F?ﬁi%rr%%% az|6 H%M%(%ater??'fné’q’é}bé&%zﬁ ey ai]O
function as t heleashede! utTim)andlysissis mprplatesd by meisuring ade tsignad
producti on andQepSENPUERHim Jir SHREL CAF A HIRE 3P et il AR 181
B )n I ndi ¢ ectrode. |The analysis Is

undergo a redox reactron at t dicator e
conpl eted byt ¥e2stieng t HEhe i RagnitiARE (R rSHMBULH|QFREF 46 response t6
the el te_ctrolchfa,;mt rﬁﬁ@ﬁéloﬂa Extr@ él?&@ésldﬁ% @r?ém?\ tPf @lldRitodctive :
proportional to the changes in aapuwt of el ectroaktive species esen
D °FPhe | ndi atgpeeres phtgent vh o cindfiedior SladiiiHe 1% 1B, ety
proportional, staterandtwhidle amountals qruopeorticnaln dn tdwerngnaoytthec
i fltxest. Thusy,{difaPakdi&. d&;l:re%; P15 Qe RNt i n;
enzyme- |i nkedofin%’npsor %n#géasay ELI S @fyno%ﬂ&el at, 3 pracedur eg&aurfs An
variations knAwPIBEIFRLRY ssmpodipent (ofe the Prasent; ABVRE180,ngM KEZMET y
ai crof abri cat egh Ax&d NfmiNESErBEHE R S ayP AT 21 )0S DS Yo 1At e PrIdedeir@isN and
Table Il lists a few enzynme/ substrate £al r.s1 thi ch y| be utilized in tI&e
met hod or ofe tteRT RPhSe fhege Sktlled in the art, is performe
using the wholly microfabricated ligand/ligand receptor-based
biosensor disclosed herein. |
- Table II lists a few enzyme/substrate pairs which may
be utilized in the method or one equivalent to that disclosed
20 herein for the electrochemical detection of selected
immunoreactive analyte or particular ligand species. O0f the
enzymes listed, alkaline .phosphatase, acting on a suitable

phosphoric acid ester, is preferred principally because of

its high turnover rate. Other enzymes may also be preferred
according to the requirements of a particular system. Those
workers of ordinary skill can readily determine the
particular combination of characteristics (e.g., stability,
specificity, etc.) best suited to a given set- of conditions.
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herei'n for the el ectrochem cal detection of selected 20 anunoreactive

anal yt e owQp90/70s89ae0l ar |i gand species. O the enzynes |ist ed,p&,l&?b'émz -

- phosphat ase, acting on a suitable phosphoric acid ester, is . pre erredz
principally because of its high turnover rq%g; O her enzynmes way al so be
-preferred 26 according to the reftprenents a particular system Those
wor kers of ordinary skill can readily determ ne the particular conbination
of characteristics (e.g., stability, speg1ﬂﬂg1i, etc.) best suited to a

gi ven set- of conditions 30 35 Thils is tﬁé replacenment sheet C HAR 09f
TABLE Il Representative Conpl enentary Enzyne/ Substrate Pairs which Invol ve

the Co ti ' o ' '
e Consunption ﬁépBEQ%idgshQOeO& ﬁ%géméhgﬁfy %ﬂdﬁﬁjmﬂfétﬂ&é PR 268 B SO Y

Enzy~e strate nsune Prodyced, 1 ricas a

uric acid 02 Involve the Fopsumption. oI rli’é"’ak‘ﬁ’gégﬁ of éar 853&982 0
22 3 chol esterol oxidase chol esterol 02 K202 4

gl ycerol - 3- phosphate gl ycerol - 3- 02 1202 is oxi dase
phosphate 5 pyruvat e oxi dase pyruvate ctroact :%ﬂﬁciesb
diaphorase  poery gheD 08 e e P octroagt 2% oquced
02 _d 9’ bi l'i rbin oxidase bil'i rubin 2 1202 25
100 allcaling phospijgiagsgeBCl P uPfe acid H202 g1 gl ugpse

oxi dase gl ucose 0 N22A- The content of2this tabl®eds

by no neansi@onprehensive with respect to the nunper of suitable
enzynme/ substrafe 30 SBERBFARL| BXL9BFCal t or FRXFRIMbst r atBs (enzymdD®F or

a given enzyae' (substrate). This table serves only to -

3 cholesterol oxidase cholesterol o, H,0,

4 glycerol-3-phésphate glycerol-3= o, Hzoz
16 oxidase phosphate

5 pyruvate oxidase pyruvate ,02 Hzoz_

6 diaphorase NADH o, H,0,
2 7 cata;ase H,0, H,o, o,

8 L-glutamate oxidase L-glutamate 02 -d

9 bilirubin oxidase bilirubin o, 1,0,
26 20°  alkaline phosphatase BCIP ' o, H,0,

11 _glucose oxidase glucose o, H,0,

3 The content of this table is by no means comprehensive with
respect to the number of suitable enzyme/substrate
combinations or alternative substrates (enzymes) for a

30
given enzyme (substrate). This table serves only to
illustrate useful enzymes and their substrates and is not
to be construed as limiting the scope and utility of the
present invention.
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bl lustrate useful enzynes and their substrates and is not to be construed
as |imtwaessesdricope and utility of the present invention. P&,Wg&t he

repl acenent sheet Date: L b These el ectroactive species are ei
consunmed or produced or both. ¢ BCI P - Bronochl oroi ndoxyl phosphate.
Al ternatively, an indoxyl ester (e.g., ind®8yl acetate) nmay be used in

conjunction with an esterase enzyne. Water is formed. It should be stressed
that the choige of inmmunoreactive 10 species to be i mobilized onto the
base sensor depBhe&seoslestrpartivel gpegies ke spither ¢onpumed LX REPIHER? s
wi thin the skil ropotlose know edgeable in the art. For instance, a first
menber (captuge_receptor; e.g., an antibo recept or r a particular
anti gen such SSBFﬁEnﬁgPEBEPF818F°&B§°E%PCd%%f@ﬂ??g'bou%ﬁt?fpék%yfkﬁe ARnsor
whil e a second anbkelyeshayi ig.g.bhi bridoxy}si acetatehenaytbegansetd ffrer ent
fromthat of thg &5&55 E?ﬁeﬁﬁgﬁ’akseéégf+§? g%%ih€.suitable enzyne. The
POIBHCFEPR, numogrl o

sanple to bg gna € presence o bulin C 2 (antigen) is

t hen i ncubat ed Waterthe formpder conjugate (enzyme-| abel ed anti body) and

t hen brought into contact with the ILR sensor as descri bed above. O

course, an antt i ' 1 A )

bi osensor where a particular antibody is the anal yte species 20 of

i nterest. The sequence of steps may be varied al so, and other nodifications

can be incorporated_into t ssa rocedure, as warranted py. the particul ar
anal ysi s tgobe perfE#nﬁB."uEgrﬁﬁﬁngs?? b BRe FRPiTe (b MmuUBOresrtives
perfornmed Dy ppepidesngoabsi immopiligedi shtg tihe bHasé semgdre dépendsibs ethe

S D%V, orophREIBUDE AhEreEl Snlhiby: o e HayHked Tl COF I hd e
senber' speci r B§ild ofethasegknowledgeable in the art. For instance, a

first member (capture receptor; e.g., an antibody) receptor

15 for a particular antigen such as Immunoglobulin G, may be

covalently bound to the base sensor while a second antibody,

having a binding site on the gntigen different from that of
- the first receptor, is labeled with a suitable enzyme. The
sample to be analyzed for the presence of Immunoglobulin G
{(antigen) is then incubated with the receptor conjugate
(enzyme-labeled antibody) and then brought into contact with
the LLR sensor as described above. Of course, an antigenic
substance may alsc be immobilized, instead, onto the
biosensor where a particular antibody is the analyte species
of interest. The sequence of steps may be varied also, and
other modifications can be incorporated into the assay
procedure as warranted by the particular analysis to be
performed.

Perhaps in its simplest form, the assay can be
performed by preparing a mixture comprising the test sample,
the labeled antibody, and the substrate. This mixture is
brought into contact with the LLR-based biosensor on which is
immobilized a first antibody member specific to the antigen
of interest. A quantitative measure of the amount of analyte

20

25

35 SPecies is made by comparing the signal output of the sensor

This Sheet Has Been RTllaced

M




FEB 21°'396 18:15 FR PENNIE & EDMOND i TO B116353378831 P.24

of interest. A quantitative neasure of the amount of analyte 36 species is
made by NS/ t he signal output of the sensor This is the_repl acenent
sheet Date: b";'%')IVAR | 7 with one nearby in which the i mtft/USsa 5227
anti body (first zenmber) is absent or unreactive towards the antigen. The
di fference between the two signal outputs cgs-be related to the
concentration of the antigen in the test sanple. Al so, whereas the
foregoi ng application of the invention has stressed that conplex formation
on the iul\/l\mosaﬂeﬁrohakﬁeaabycmat-nmhtueefmmmuimes& arite byl \(ifi/dstbel ed

second receptor ex_in t ai g
both | abel ed afit™ %Pgbéfeﬁbﬁﬁ%fy?e |‘lr;1&%£co %{@?#!\/ée&a?sh% ot er vaﬁyzﬁql ons
in the 10 assag$fferencecbetveencthentvaisignak quUtRisfan he sedated &

in a sandw ch é%oaéénéeseﬂénn@frb@ﬁe (&%ﬁféﬂ%r@f@me sagipllee placed in
contact with the i nunosensor fore or _after,the i e.nsorga cont act ed

with the sanple conté%ﬁ?ng“?ﬁﬁe%ﬁaFQ?ef?Fe§9&Q§eﬁﬁp 19
conpetitive asgaAyention! nael eﬁrcs@édtﬂlmmdmpm)a(mtmatmntoantth\dt h t he

i mmunosensor bef or e r d he sanple
cont ai ni ng t he™ &R ‘95%“%?5 %?%?gs?@ggogggép %ﬁ 61}8#1 e i nven S on, as
descri bed i nf ranpkyte/hsbededxanpind DECePtor STORILRX azmsp?etﬁamdéﬂ@p@%}'
anal yte det ectﬁﬂd%{'ﬁaaugaﬁ 1Q'é§ﬁefmlﬁé SR aéffeérms Rhlabeled

contenpl ated that_sim|ar as vari ety of anal Hyt es, are p033| bl e.
Possi bl e ang| y2RBalYke| &Be? B%P%Fbth\ﬁ? 4$ﬁ¥eo°t259’f Jayipgionsg, in, the o ¢

aci d phosph aaesapsospabeoeancafe Ccmtematedphaﬁtetmrmm therefore, .
ki nase b, andCRRE. HiE: sabivERh ARty “FE Fasrnd pediels IRtk n 71 2% e
havi ng anal yt eseceptor) acan bacphaced, mmmtao:m i hen smmesienssr wit h
e hn, "B ESEp, Lbeell e USA B 16 ORI 33 P e
containing the analyte of interest. ,In the case of a
15 competitive assay, the labeled-analyte can be placed in
contact with the immunosensor before or after the
- immunosensor is contacted with the sample containing the
analyte of interest.

Although the invention, as described infra pertains to
20 examples of an assay for a specific type of analyte detected
by measuring different electroactive species, it is
contemplated that similar assays for a variety of analytes
are possible. Possible analytes include, but are not limited
to, IgG, IgM, prostatic acid phosphatase, prostate specific
antigen, alphafetoproteinL carcinoembryonic antigen,
leutenizing hormone, choriogonadotrophin, creatine kinase MB,
and the like. Additionally, ligquid samples containing
material having analytes associated therewith, such as

25

antigens associated with bacteria, parasites, fungi, or
viruses including for example, Neisseria gonorrhea,
Gardnerelle vaginalis, Trichomonas vaginalis, Candida
albicans, Chlamydia trachomatis, hepatitis B, herpes,

rubella, acquired immunodeficiency virus (HIV or HTLV III),
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al bi cans, Chlaxydia trachomatis, hepatitis B, herpes, rubella, acquired

I munodef rus (Riv.or HTLV tlIl), 35 .is the repl ace sheet Date
t Ngg?39R% “%ytonegalovirus and aut oi snune anti bodi es E§ﬂ§ 222t ed
using a nenbrane that will trap the cells or a nenbrane to which a receptor
specific for the antigen is bound. Qher sagguich assay procedures are also
contenpl ated 5using a biosensor that selectlvely I mmobi |1 zes a first

menber. For exanple, a first nenber and a second menmber are added to a
sanpl e cont ai NkAEHhdka Fovi pils dHa ldﬁﬁfﬁﬁﬁuneﬂﬂrﬂ:m:k&ub&ncb& Het@cteldi r st
meuber / anal yt e/’second ne-ber |l ex t at sel |veI blnd ortigns of
the first nenR$iRG 3 RERRFAN fqﬁf 8 ﬁ’gt @b%ﬁé‘ t MPee
conponent adniwtiigle & aredeptmntspmdeir e tﬁou hrheblarm:almr iswbeoualdy t he first

Seaquent a1 *corpl ext ¥ e Yk e % 2o HYED Spriiingaces

anal yte) anq tumingexdriPsantan that selaat damebildgesr agddyet can
conpl ex Wit tfen b'f%ﬁ%&iﬁﬁﬁ EiYst In{énmai* falxﬂna aeohdonenber %%&
be sequentlally cont acte

W th first sensor analyte _cqntaining sa
and det ecti on 3eDHt¥R 3 SIMRAY GMFAINiNg \Fé?ﬂ)é‘?%?’ 8 o/ & Sﬁ'&sﬁenbgggs
conpl ex bound Fdmieuké QS SEYrm a Eh-steau&ﬂbe:g/aﬂmlm/wdcnmms are

analyte. I n o RERamat pehgilaty, Biide Wil kR ohh, X 8he, ine con

two nol ecul ar meekersofrtshdcanglier tad the IHdsengars oAdternatdvedlyr they be
| mmrobi 1§ zed© ORedd e GEGAORE IR AP UaiP eI Rirtadlton, wikd kuact ! onal
t er nos

groups present on the ayer |ch the silane Tayer or a

pr ot ei naceous Bigsenser) %hﬁFQhEa§ﬁ4uﬁiﬁﬁ%/Wﬁ?ﬁ€§béﬁe&e§GFF&UF}Y Thus, f or
exanpl e, the apfmdbPlidd® o GiE IKibdeisol?) M1aowea ubye@nwséqheﬁtxan enzyme
by bi nding thecéan? U2 rteé: eﬁ'}eorffx?sé r}\\e@. Ieorsecséorturé r%?:el gragtfl ggdy
agai nst the plexing P pt
analyte) and then second member, or "an analyte/second member
adduct can complex with the immobilized first member. 1In
addition, the biosensor can be sequentially contacted with
- the first sensor analyte containing sample and detection
receptor to yield the first member/analyte/second member
20 complex bound to the biosensors. The resulting sensor-bound
complexes are then treated with a substrate as previously
disclosed to assay for the analyte.

In this manner, any type of affinity binding
interaction between two molecular species may be exploited so
long as one of the pair may be immobilized onto the
electrochemical device (preferably, via functional groups
present on the outermost layer, which may be the silane layer
or a proteinaceous substance) and the other may be labeled
suitably. Thus, for example, the assay of the invention can
also be used to detect an enzyme by binding the enzyme’s
receptor to the biosensor. A labeled antibody against the
enzyme can be used to detect formation of a
receptor/enzyme/labeled antibody complex on the biosensor.
Monoclonal antibodies, may also be used in any of the assays

15
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enzyme can be used to detect formation of a receptor/enzyne/l abel ed

ant i body woglese1#n t he bi osensor. Monocl onal anti bodi es, used
in any of the assays 35 described herein. This is the repIQ@%ﬂ@hgggﬁggg

Dat e: --r -91- The assay of the invention can also be used to detect
nucleic acid oligomers. In these assays theghiosensor is functionalized
with (has bound on it) a nucleic acid oI|QOU|er as a probe-receptor for
nucleic acid nmaterial in a sanple. 6 The probe may. be an oligoner of DNA,

for exanple, coupl eﬁ?ﬂ&aaaésai afseﬂéeﬂﬁeeﬁﬂaéxhecmcém& peivked tolauasdt

and can be used to bind nucl eot i or s the ana
Det ecti on of tﬁgcéﬁ&Fyﬁﬁlﬁee gﬁ?eﬁﬁnpd€§ €E§F?) §ﬁﬂ§§%;i

nuc:elc aC|g obuPe&anamﬁEéenehthrYhag hoﬁﬁnrmmlitmeafnuclqpfeﬁpfﬂ1dﬁzgdnbr
nucl ei ¢ acid anal yte_o |nt e

pernit detecti 8f. APF@ nﬁsﬁﬂ%gca%ig?q§%5%§ﬁ¥§e§?i é%%ﬁ}e'
formed by tlge pbbypugbeomanebsequeqbwmtw‘e B¥ohcfomexampl e used as the

i mobi | i zed™ i gapg) epeRRALY- t&tal ée&@eﬁéaeinltm%dwﬁptﬁfd gy ik dysadul
such as DNA- blndlngé rotelns _ and t i ke. Eiﬁ? receptors for certain

drugs may be i @Bfa Bﬁd"?ﬁﬁnﬁ?lpiﬁﬁ 2 PRl X tiden, o D ashdhepe
i ncubat ed wi t hahhagytel- baaedcbioueﬁsothe WIMWtd cﬂ:ﬂnp]km:/tdui'x wwyne

16" the product afeotst SoReboRt, Bhcfefd A GTHMNGT Sl Ay €0 &°
i nteracti on W| panthptenfemingt hegpencefiuthe mlaicsca@ed \andlyte ofise a
| abel ot her! th%ﬁt@ e§€zy€‘ﬁe £880H3CoPig 6&&'@@?& Miedd QY% Wit

production of an el 6etfoactive Species or th Consunption of tan
el ectroactive 9g&ectiop;. eAltgﬁéatEYe%ﬁneaﬁn4ﬂﬁ1Q94XnWhﬁﬁR|Rﬁ9Qqﬂ&§%§ﬁthe

which are el echypelianeephed BPathé ol ysudl ot idersatnibrice Gl Wife Wrdes to
practice the nEthOdiso gougggufgcégéelégb %if%éé”f%%éiéﬁréégié¥¥¥“”3t111
other ligand receptors may be useful such as DNA-binding
proteins and the like.

Moreover, receptors for certain drugs may be isolated
- and immobilized, and so forth. The sample may then be
incubated with the LLR-based biosensor, and the amount of
bound enzyme may be determined by the addition of a suitable

20
substrate which gives rise to the production or the

15

consumption of an electroactive species upon interaction with
the enzyme. The procedures may also be varied to use-a label
other than an enzyme. The use of the label must allow the
production of an electroactive species or the consumption of
an electroactive species (i.e., gas, or some other
electroactive species) which are electrochemically measured.
As a further aid to one who wishes to practice the
methods or to manufacture the LIR sensors of the present
invention, Table III is provided herewith as a working guide.
It must be stressed, however, that appropriate combinations
of analyte, immobilized receptof, and the specific method
used are virtually unlimited. In addition, other types of
outer surfaces or solid phases may prove useful for the
25 immobilization .of ligand receptors or immunoreactive species.
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80 i‘nvention, Table Il is provided herewith as a working guide. It nust
be stresNQ /858 Wever, that appropriate combinations of anaPCyTPUSse/es227

i obilized receptor, and the specific nmethod used are virtually unlimted.
In addition, other types of outer surfaces or solid phases say prove useful
for the 35 i mobilization of |igand recept®®-or i munoreactive speci es.
This is the replacenent sheet Date: rS MAR -92- it is within the skill
of the ordi nar\:/ practitioner to determ ne which systens are pest suited for
the particul ar I§ppsi withdn shengkdll| AT: FRepQrdindTy PEACELBIORe M FRassay

t echni ques, - addieteeRdne@hiels spatensnaral bdstcoaitodstonythe pareiculat). S.
Pat ent Nos. 4, 366 241;t.4 37g, 5{11-0' 4, i86 30; a?d 4, 740a468 t eidi scAosures
of which pat enPBPAAEREALH A5 REDY - o FRByPPEFLFRIRE AX QR QY 1Rpozzgay,

No. 4, 184, 849 tdeshhdgaespaadditionadgmetbodsranggyeneral i discus=iais wiry be
pairs stay be i i ki z on r nt 4L based r d gegder  of
said pairs myfgggpaggl ggs K#Elg’r?ﬁl g??roﬁ'%&fﬁifmﬁﬁg’ %)?&’t h%a'hfsea'gent'
pairs, and subab8uén4Pnli6Bi thenddscinsugesi 9f 1 yhish (PRYERER|aXS0ul d t hen

be proporti OnahanerQa%Eauﬁbr&ﬁn( 9g radegahted e ofnddés presencpatdnt avsl yte

SPECMAR lan | 4TABBESHP) SAEFRRSPRTRILUE AAAEIAESTVR ERF ST LRt ERNERSIED one

AND/ OR MEASUREBEfUShENE palirs! MafDbeXiHhobREC2&d Ton BEh® fit ¢SSR R~based
sensor and the member of said pairs may be labeled. Aan
inhibition of the binding of the reagent pairs, and
subseqgquent inhibition of the activity of the label, would
then be proportional to the amount of (or indicative of the

presence of) analyte species in the sample.

10

-

15

20
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AND SUGGESTED MTHODS | nobilized EntrY  Anal yte Species

Receat or Wox994@5910 = Viruses Rubel l a, Parantyoviruses

e, d (Influenza Hunps, Measles, 10 Respiratory Syncytlé}yeapﬁg?
cytonegal ovi rus, Adenovuirus, Rota- virus, Retrovirus (Friend Leukem a
Virus, Radiation Leukem a Virus, Human |unwegeeficiency Virus), Hepatitis
A, Hepatitis B, Infectious Mnonucl eosis, Epstein-Sarr Virus,

Papi | | ouavirus 2 MYcoPl asma wycopl asua, pneunoni ae b

e 3 Par asites Toxoptasma, G ardia, Auebiasis b e 20 4
Bacteria includina Aexual ly- TransLtted BA8&Es&dIsal nonella, Streptococci

and b e ntl-Stre tolydit O Le |oneIIa St aphyl ococci
Renphi | us, Ielsserlax Bﬁﬁ ﬁﬁ?ﬁﬁég?%: APD/OR
Cannmde, 4i ema, M8 L =§Bo§§§§9 BIRIFVSARS
Al | er gy- Causi ng Agents 1gE Total @%96&9&?%%?%&) e, d

Al l ergens 3G 7 TIrounggIobullns and C-Reactlve Proteln | gor 1gm
| gAx 1gD, IgE (heavy and e light chains) 35 iﬁﬁébifiﬁgf
repl acenent Sh ggéteAnaljte sPec1eg Receptor Method

1 Viruses
Rubella, Paramyxoviruses b,c e,d
{Influenza Mumps, Measles,
10 Respiratory Syncytial Virus),
Cytomegalovirus, Adenovirus, Rota-
virus, Retrovirus (Friend Leukemia
Virus, Radiation Leukemia Virus,
Human Immunodeficiency Vvirus),
Hepatitis A, Hepatitis B, Infectious
Mononucleosis, Epstein-Barr Virus,
Papillomavirus -

15

2 Mycoplasma
Mycoplasma pneumoniae b e

3 Parasites
Toxoplasma, Giardia, Amebiasis b e

20 4 Bacteria including Aexually-
Transmitted Diseases

Salmonella, Streptococci and b e
Anti-Streptolysin O, Legionella, '
Staphylococci, Hemphilus, Neisseria,

Chlamydia, Treponema

5 Yeasts and Fungi
25 Candide, Histoplasma, Blastomycoses, b e
Crytococcus, Coccidia

6 Allergy-Causing Agents
IgE Total, Screens to Specific b,c e,d
Allergens

30 7 Immunoglobulins and C-Reactive Protein
IgG, IgM, IgA, IgD, IgQE (heavy and b e
light chains)
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=94- '8 Hor mones xieir--rlticotrophic hornone, Alpha- b

FP.88

e, f

Fet opr ot W(n90/B8910 ol , Estradi ol, Testosterone, Al dosterone, PC!'/ 589705227

Andr ost enedi one, Endocri ne Function hor mones (Cortisol, Prostaglandin,

Human Growt h hornone and Variants, thereof), Reproduptlve hornnnes (Hunan
Chori oni ¢ Gonadotropi n, Human Leutinizing kenwone, Follicle- Stinulating

hor none) 9 Anal vtes Useful in Gauging Thyroid Function 10

T4,

T Uptake, T3, Total Thyroxine, b e Thyroid-Stinmul ati ng hornone
10 Bl ood G o@oi na Hnnmmneg Human Leukocyte Antigen (ILA), and Pl atel et

Factors Factor VIII renocortigatyophic hormone, Alphé-Fﬂbrlnogen/
Fi bri n Degradation ProGBGPPrOEBGDd ‘essupodur Eskradiol, anti gens,

e,f
W A

anti gens, Pl atel et Facﬂ&ﬁtp$§;§ﬁbeotHé§°F&EFBP§laSSOC|ated with clotting

eay °¥$v Endacrips fRRSBHPR gens and
é‘%v g “dmr e, d 20

pat hways (extrinsic and
Ant i bodi es Double-StraﬁGE@°Bﬁ§,(
DNA, Rheunaigoi d Fact or Hugian,
| mmune Conpl exes, and
Avol i voDrot ei ns and 1 vi
e Apo G SSI, ApO E, |o |cs GEntaX|C|n
Tobranyci n, Amal acin Cari acd oosids Di goxin,
Digitoxin 9 Analyte8 Useful 1ﬁ Gauging Thyroid
Function
10 T4, T Uptake, T3, Total Thyroxine, b
Thyroid-Stimulating hormone

%# dies 12
Apo C-I1,

04035’1(

one)A”

10 Blood Grouping Factors, Human lLeukocyte

Antigen (H1A), and Platelet Factors
Factor VIII, von Willebrand’s, b
Fibrinogen/ Fibrin Degradation
Products, Blood Group surface

15 antigens, HLA antigens, Platelet
Factor IV, and other factors
associated with clotting pathways
{extrinsic and intrinsic)

11 Autcimmune Antigens and Antibodies
Double~Stranded DNA, Single-~Stranded b,c
20 DNA, Rheumatoid Factox, Smith
antigen, smith Antigen/Ribo-
- nucleoprotein, Immune Complexes,
and other asscciated antigens
and antibodies

12 Apolipoproteins and Lipoproteins
Apo A-1, Apo A-II, Apo B, Apo C-II, b
.25 apo C-III, Ape E, HDL, LDL, VIDL

13 Antibiotics
Gentamicin, Tobramycin, Amakacin - b

14 Cardiac Glycosides
Digoxin, Digitoxin b

15 Antiasthmatic and Antiepileptic Drugs
Theophylline, Phenytoin b
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30 15 Antiasthmatic and Antnic e.ic Drugs ' Theophylline, Phenytoin

b wO90ARR9{g'i S i S the replacement sheet Date: - .J 16 O her
s (in the course of a toY*Jicogical study, drug screeni ng, BCT4USIN05227
etc.) Procai ndm de, Phenobarbital, f Xet hotrexate,
salicylate, etc. 37 Tunor Mar ker s. CancegF and Gt her 5

M scel | aneous Anticens of Di agnostic Val ue pX 1 ILAId dycoprotein,
Acid b - e Phosphat se, CarC|noenbryon|c Anti gen, CPX BB, Al pha |
Antitrypsin, A pghp 2 Agthdradugs BihatheKcouegkobel 4n, Ferritin (anem a),
10 TransferriniEEEEEEGEEEQqIgtadibedgﬁgtgeiegﬁlﬁ@;s table is by no

means conprehensi ve w drugeapesle,t @tichg nunber, type, or scope of suitable
anal yte speci es, innobE&h&ednﬁmﬂdpnopbehpbarbmeahpds which ney be the ¢

wubj ect of an anal ysi s Medthoitréxede ,usaddcyhatei gehd( | i gand receptor-based
bi osensor of the present IS |nvent|on ThIS table serves only to
illustrate tg'ue Wi7de r adpm card: 8 BnghOel be neasured and/ or
detected by a virtuall ¥ § Eh84aTReS not to be
construed as |imting ut|I|t of the present i nvention. b

Anti body or receptor t Fg¥F°Pﬁﬂﬁ8 PobﬁF}ﬂ anti g&n, conportent,
or drug. 20 c speC|f

ROP 3 zven organi su. d Indirect
net hod i n which analys egé ﬁgtg g FEPEH s peci fi ¢
anti body. e Doubl e antﬂﬁ&ﬁ $9in (anemia),

10 Transferrln, Ceruloplasmln

2 fThe content of this table is by no means comprehensive

with respect to the number, type, or scope of suitable
analyte species, immobilized receptor(s), or methods which
may be the subject of an analysis carried out using the
lxgandjlxgand receptor-based biosensor of the present

15 " invention. This table serves only to illustrate the wide
range of molecular species which may be measured and/or
detected by a virtually unlimited number of methods and is
not to be construed as limiting the scope and/or utility
of the present invention.

Antibody or receptor to given organism, immunoglobulin,
antigen, component, or drug.

20 © Specific antigen associated with given organism.

a Indirect method in which analysis is performed for the
presence of specific antibody.

® Double antibody sandwich method.

e

Competitive method.
25

This Sheet Has Been Re laced

" lIIIII IIIIII IIH

35



FEB 21°96 18:17 FR PENNIE & EDMOND : TO 811653378631 P.t1!

f Conpetitive method. .25 3036 i ' iS; > e i;( ctiCrenrt sheet f)-~ue: -
6 MAR | WWWO 90205916 3. NOVEL ELECTROCHEI CAL DETECTI ON OF ENZ\%&%, 297
BREAXDOVY PRODUCTS OF BCI P MAD NATED NALOGS OR DPRI VATI VES oPn
connection with the enzymatic transformations described herein, it has been
di scovered, that 5-brozo-4- - chl oro- 3-i ntB®y| phosphate (BCIP), commonly
used as a chronogeni c substrate for al kaline phosphatase, functions quite
efficiently as a substrate for an enzyne-nedi at ed ocess which ultimately

| eads to the consunpti2erd-of NGVEL 5ﬁ§1 ﬁbdg Gﬁlﬁﬂlggdﬁ EMATIC
peroxide. |o Thus, in BRI ANALOGS
invention, BCIP, or a suitab¥a23m f ------ 2t :

connection with an elmwmm waﬂﬂ'ayt}m (mmimatz.d mrafs‘mmmai@
changes in the gonce t he _
assay procedure %cﬁﬁgﬁ%rﬁgﬁeﬁg’e\%gg@ﬁase rfo per ormd[ he anal yg\e‘mm%ré
chosen from § hechikorored—imdoxyh phaesphats (AT Mor cammandye nsed tal$eapr esent

met hod enpl oyi Ng, BG& Crogfﬂgﬁfﬁé‘ f’é}.ac#eﬁgc lflq-f@(ﬁhod Atse’0

particul arly because ectrodes ronetri’c éiew ce, may
be used to per fAHEe RESICIERELY 3% IR rfubS L%@?Tﬂ‘“ Enzy@Eemedia ey to

FﬁG ﬁ4t a recepd ﬁ?ﬁtxﬁnﬁﬁéﬁtm@qmdﬁﬁﬁfwﬂw;% g)ﬁ?li
phosphat ase, convert.s e ed i osphate supstrate 0 a
hydrol yzed spec?'ecg e PXY ‘i %%%4%%%? ®*The subsequent 25
aut o- oxi dat y@n react i Dmgpy o:ctmcaasparmb.gﬂam tammmmwnmmtpmmnpt I on
of di oxygen an 0 hy, o hang
A GRHEI E POLe (X YRR a1 B SREGRIAS el 0080

in the concentration b2 or 2 ect rochem ca
at a presel ect AEERE eniB Fonpeghian Sty @mqhewl @tssemprmdare.

for effectuating changes in the concentration of
electroactive species. Preferably, the assay procedure

15 and/or the devices used to perform the analyses are chosen
from the methods and sensors disclosed herein. However, the
present method employing BCIP, or a suitable analog thereof,
is not so limited particularly because macroelectrodes,
indeed, any amperometric device, may be used to perform the

20 ¢lectrochemical measurements.

Referring now to FIG. 14, a receptor or analyte labeled
with an enzyme, preferably alkaline phosphatase, converts the
added indoxyl phosphate substrate (ECIP) to a hydrolyzed
species that forms unstable intermediates. The subsequent

25 auto-oxidation reaction produces indigo with the concommitant

| consumption of dioxygen and production of hydrogen peroxide.
The corresponding change in the concentration of 0, or H 0,
can then be determined electrochemically at a preselected
potential as previously discussed in Section 5.1, supra.

30 These measurements, consequently, provide a means for
correlating the activity of the enzyme label, as deduced from
the electrochemical signal derived from the BCIP reagent
chenistry, with the concentration of the analyte of interest.

35 | This Sheet Has Been RT
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80 ThHese neasurenents, consequently, provide a neans for correlating the
activityvﬂjgﬁhﬁsﬁpzyne | abel , as deduced fromthe el ectrochen cal ﬁkﬁna
derived fromthe BCIP reagent chem stry, with the concent r ab ¢ /5227
analyte of interest. 35 This is the replacenent sheet Date: M AR
197 -97- Again, the electrocheni cal detggylon of the electroactive
speci es may be perforned using any anperonetric el ectrochem cal device, and
such neasurenent woul d not be hanpered by any turbidity or other condition

which may int erPf e][e \MglhlineXEabi BJceBrOEhERitAT @étePEldr aphaime tlri c ;
measur enent s. ef erably,. the_actian P & i in e
aci d phosphat a8&SC&T°8E ,"eofpgﬁfle?u‘nggbsﬁ g%gf%%ﬁ%i%ﬁ%%%ea e}?o%%ztlc
(e.q., other seisctrochemnicddxgieviptesphndcsych dpeasurenent t(workid|notl (pe
yielding (or c LNG) r i pggi LS h {44 | lyction
with the ni cro?@%g%%tg egglg?g’ge%ggir)éagﬁtﬁ% ﬁg?gn?éﬁ%iv%gn??cﬂ\ﬁf‘%pp% vi de an
assay procegyréhWFFﬁeFGtapﬁy EXaRbinE cHCLAHIRAERI T P IRRF VIR et ric

fﬁnSiti¥itya_aﬁﬂa%h%ﬁh%ﬁksappbbﬁ@h?ﬁb%y, {he acti?&toﬁfﬁnﬁubéphfﬁx§ﬁEﬁﬂ 50
ose of ordinary skill, however at . .CONviEl Se an xyl_ conmpoun
havi ng a funct ?E%XPegr &E?ﬁlilu\#if‘ﬁet%-epﬁgwiBlﬁ"gﬁ'??iﬁ\g?'s ?‘ic%%o'ze"cf B ¥an
enzyne (that ispitatdeyanadagenr derivativebthéweod| (gaal., ather R -
phosphat e, acy i Si edi) Lt Nyt of the
present el ectrog gﬁi}é&%&etiggtﬁlig%‘ﬂg?ﬁgﬁg?%segf@%%ﬂ t{%eqtlr%rreg sugbst rate

>

pairs exemy i f Yd@lidngafox cepsuming) electroactive species is mfilized in

a zvlOHL conjunction with the mictbBibricated bioserscks BOFRIREA

NTFCEN (U SRR LHSoBRaA bTBHEREaf I £k SRl Uit MLy

unexpected and unanticipated efficiency, sensitivity, and

clinical applicability.

1% It should be apparent to those of ordinary skill,
however, that, conversely, any indoxyl compound having a
functional group in the 3-position which is recognized by an
enzyme (that is, indoxyl reagent which may be hydrolyzed,
e.g., R = phosphate, acyl), is considered equivalent and
within the scope of the present electrochemical detection

20 method (See, also, the enzyme/substrate pairs exemplified in

Table II).
33 enzyme 3 + ROH'
25 . enzyne 12
. HZO N

5.3. BLOOD UREA NITROGEN (BUN) SENSOR
The potentiometric chemical sensor for urea can be
viewed as a system which is constructed from functionally
dissimilar components, as is the glucose sensor (supra). In
one embodiment of the blood urea nitrogen (BUN) sensor, the
ocutermost layer, the one in contact with the analyte

35
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qdissimla{{’o&%nponents, as is the glucose sensor (suvra). In one enbodi nent
of the bl 18980 ni t r ogen (BUN) sensor, the 35 outernpst sggﬁs I n
contact with the analyte This is the replacenent sheet Iiiateq‘tﬂ‘r,U 25
solution, permts the transport of urea while also serving to i mmbilize
the enzyne urease. This enzyne catal yzes th®8wdrolysis of urea to amoni a
and carbon dioxide, as follows: urea + H20 re~ase> 2NH3 +02

(10) At neutral pH values, the amoni a thus produced fromEq. |0 exists

pr edomi nant |l y eEPkH#ﬁﬁﬂmnﬂ#ﬁﬂk&s[ﬁPQrﬁﬁéﬂﬁﬁﬂrﬁg §§E§r8@élPa?éF8dserV1“9 to
structure, Wi GinfdBipizé e idpOreddd) 1Gni @hz?ﬁﬁsbhtllyie%ndhe
selectivity for_apaoni umions between the .eNnz cont ai ni.ng.l.ayer a
S|Iver-S|Iver(HXQﬁQ%X?*ﬁmﬁg ﬁf F%EF ﬁﬁ°gﬁ 80n3§nEP&iPBﬁ
at the electrode interface can be neasured In this type of neasurenent

the potential di fferqgkpeearbetwn tuzease| CM s ectrode and a r gyence
ed.

el ectrode. -ig record he "@al yti cal val ue™of "t € 2measur enent i s pved
fromthe fact that the nmagnitude of the potential difference is reIated by

the 11 col sky eouatieddtl-pi lvalRRlsWered dubiorian il 3ol epenaeglyis

in this case, urea:
(11) where E i §’Hﬁ¥§%ﬂ%"@’!&1ﬂr (?rﬁ)ﬁw é'°(‘§| gnQV) 1"‘ReFE°FF1€ggas | aw
const ant, 1‘|sssdparirnﬂI&ybﬁeﬂnsﬁrﬂutuze,nwmﬁcmheaaiaiabsahUEenuphueeO%zthe

h I ' [ Ls_th
Far aday cony anlbat e e ind 'derackivity! 162" TERBngh] 28hs, beligen®
activity of an tihe mzarnmg:mmmatg SyeEreand akmﬁvas—sliévent chlerédee
coeffi cient assopilad G %}M«!ﬁa@‘ [ Gfe Smddiiulll §581€8nebnElatiBAMhE e

species b on the en1ca| potentionetric determ nation
activity of thelashza rdace cawy beo measyrednst aft thigebERaenf of T.

A, or B. For adfaatsuzuﬁezﬁﬁ thd potentdnlla@dFrErende! between the indicator
electrode and a reference electrode. is recorded.
The analytical value of the measurement is derived from
the fact that the magnitude of the potential difference is
- related by the Nicolsky equation (Eg. 11, below) to the
concentration of the analyte, in this case, urea:

15

20
E + -—- log [A + =

kK B) (11)

a,b a,kb '
where E is the measured electromotive force (signal), R is
the gas law constant, T is the absolute tehperature, n is the

25 absolute value of the charge on analyte species a (e.g., n =
1 for the ammonium ion), F is the Faraday constant, A is the
activity of the analyte species a, B is the activity of an
interfering chemical species b, k 2, b is the interference
coefficient associated with the effect of the presence of

30 chemical species b on the electrochemical potentiometric
determination of the activity of the analyte species a, and
E, is a constant independent of T, A, or B. For additional

35 This Sheet Has Been Re laced
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pPate:™ -6 MAR 1997 di scussion of the N col sky equati on, please refer to
Amman, D.wOmesésecti ve M Croel eCirodes, Springer, Berlin y ng%
references cited therein. 5.3.,1. BUN BASE SENSOR I n a preferre I ment
of the present invention, the unit cell for the BUN sensor conprises a thin
filmsilver- silver chloride indicator el ectg%de operating in conbination
with a thin-filmsilver-Silver chloride reference el ectrode. 10

Referring nowto FIC 3, the substrate wafer, 20, is silicon, with an
overlaid i nsul adisguésjen of the iNigokskyieguation, TRl epses referato Apman,

10, is titani umangoRceypsct e MBrdanaitandd) (s Ridirgcneen ias (1age)ep.

gl ucose sensor are the silver and 15 'sil ver
chloride | ayer553oﬂn§h€ef%¥?“‘§?$je¢’cﬁe¢lﬁ§e@”’c he remai ning | ayers of the
i ndi cator electrode include (i) a sem perneable nmenbrane film 2S,

conprising an organic polymer Iayg%.:{%e.g. Mmori de) - PVQ) and
an ammoni um gon ionophore; and (ii e o r, P%, conpri si ng
in this particular sebsoa,preferred camboriinearnteof ¢hy priesientyiimviention, the
acet ate-co-viny o f éﬂﬁﬁg} & at n I3

The reference e+ i]#ro%ﬂ' %??P%h\éoﬂ hée%ﬁ% ce s e%&?r’p??’sqg‘ %1?%%’
overl ai d structﬁi@%eﬁsc§£kﬁwﬁ?r###%?a?PrIQ¥Qqﬁ§QQE5ﬂ@%ﬁﬁ:&@ﬂaﬂneﬁﬂﬂéﬂﬁéﬁﬂ°n

the nmetal and chieni i €rint+oyBs Sspivémsmiew m&:@a&cmm @Qeeiteddey
an electrolyte |ayer,

1 erial bleg to
hold a h|ghtgoncentré¥?€ﬁrfﬁngéﬁ I?'lgﬂy F%#E?ﬁﬁﬁf SFBfG?ﬁaﬁﬁe
In this respectsihiéonh grthﬂanldvnrﬁﬂxn|1nsuihtxng:ﬂaypmehﬁrsadzcwmerlaI

Slch 25 pot asst SHORRIST B Ae Hhe RO Tayerimat D18 slRh ety
be present whi cherees ckhe csaen fiingt idre droLheo fBUN Sensoryas dn Shet glucose
bul k anal yti cal sRgHEE biicde t é@'@éﬁﬁ 44D alde he B33VaECanly H O
or other smal | gageous ol eE s Moh 'the 12£ R TS ¥ 12"°S, the

15 ) ©
remaining layers of the indicator electrode include (i) a
semipermeable membrane £ilm, 25, comprising an organic
polymer layer (e.g., poly(vinyl chloride) -~ PVC) and an
ammonium ion ionophore; and (ii) the outermost biolayer, 11,
comprising in this particular sensor, a film~forming latex
(e.g., poly(vinyl acetate~-co-vinyl alcohel))} and a sufficient
amount of the enzyme urease.

The reference electrode portion of the unit cell may be
comprised of overlaid structures as shown in FIG. 3. In this
particular embodiment, the metal and chloridized layers of
the reference electrode are covered by an electrolyte layer,
12, which may comprise any material which is able to hold a
high concentration of salt but which is, preferably,
photoformable. 1In this respect, a fish gelatin formulation
is the preferred material and may first be photopatterned and
subsequently saturated with a salt, such as potassium
chloride. A separate gas permeable membrane, 87/, may also be
present which serves to diminish the loss of electrolyte or
salt to the bulk analytical sample but allows the rapid wet-
as UP (i.e., passage of Hzo or other small gaseous molecules) of

20
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Jbate* ﬁ@%i -100- the reference el ectrode prior to comencing the
sanpl e any Orhe phot oresi st cap, 9 which nmay be a remZGH/US8Y0E227

patterning process need not be renoved if it does not bar the free passage
of solvent, solute, or ions. In a pref erredl%) enbodi ment, the reference

el ectrode structure described in co-pending S. Application No.

07/ 156, 262, fil ed February 16, 1988, the disclosures of which are

i ncor por at ed hehid dPerddicd ‘ﬂl%tx‘o%él%‘i‘iorAltBeEBﬂchéHéhMg ehéeaeﬁ fee
el ectrode structure |n I ch the-di stgnce between_t, unction an

u
the surface of anmdY&isser /e ROCANEF ST AP/ s ?’F‘&F@nPPg *’Sréere’éﬁﬁﬁ t Rat
the concentr at itge Qatdieaaiimy )ﬁz&das heed et becremovedt yfoltt doedghéyChar

t t stantially. const r uf f Lgi
per form & moas Ao PAAREGR SVt EPRALS "8k B8RS hethnl BEEOPTTES
el ectrode an té:e:udafnamcd:h& mﬁmcmluelclturgtieaswucnuseedespnbed in
super i nposed® over i ory I .2 egg9r t m
amEDnr Hﬁr i on- seﬁbsrpte!%\?elﬂgjr‘ﬁ? tur c;:lg'(rir:rpartrc%?’ng a 8(??@?% E%? cllg?'léﬁdgkﬁﬁ%/é'

bi nder, tris(2-1/hagaBey thehshisednsures, of sbich aze, {ngoxRarAbRAChEReD by

the i onophor €. rHfRrdHEd ALY Wl T Qﬁ%éi@i&tﬁ@e@qeas ebeekbneef E!’Leétfﬁ&ée nt

o e ke £ i, SHE A e, ELERR B, RS, D3l Bumet son
(et hyl) xonensramd the reuckeiesy Icﬁfn’ctmw mlﬂm/édlhereehéeuxdeecﬂst suffkeiently
gﬂlgfs: lcJ)nmophor es(}ﬁay i nc R ﬁﬂa‘i{)tﬁx are r?zt%lt?%%lt\ég'dngQEQ‘gqgalY%SSEﬁc&hgel g
trial kyl am nes 1meqmm)mmamm¢ tixedArgwa«zmkstrnctumaasveupstanh@ally

pol ymeric bi ndioniRlakit ifet 'Ha)béi%.dﬁs%ﬁf l%%.%ﬂed%%f@YGmenIhﬁée?Q%ME‘ﬁr§ may
I nclude, for exanple, 30 silicon rub pal,ytetrafl uoroe | ene pl astics,

or derivatives NSAsSuyenRank A ﬁ1§ﬂf|9$ﬁ§ﬂ¥&§é'F&ﬁ@ﬁFGﬁ&P BFGUﬁ§“(§h§ indicator
car boxyl ateﬂ&/. eladterodzi aftid ghie refedidndlel @lketrage.i n the present
i nvention |ncludaﬁ ﬁér are d'fﬂ“ﬁf&@ So g&bg %mggg khgé r)gﬁosphate
nitrocynene, 2-nitro

indicator electrode of a BUN sensor is a thick film ammonium

ion-sensitive structure comprising a poly(vinyl chloride)

(PVC) binder, tris(2—-ethylhexyl)phosphate as a plasticizer,

20 and nonactin as the jonophore. The indicator electrode can

be made selective for different ions by using the same binder
and plasticizer composition but with different ionophores.
For example, valinomycin, monensin and (methyl)monensin, or
tridodecylammoniur chloride have been used to make potassium,
sodium, or chloride-ion selective electrodes, respectively.
Other ionophores may include, but are not limited to crown
ethers, trialkylamines, or phosphate esters, and the like.
Alternatively, other polymeric binder materials may be used
besides PVC. These polymers may include, for example,
silicon rubber, polytetrafluoroethylene plastics, or
derivatives of PVC containing ionizable functional groups
(e.g., carboxylates). Other plasticizers suitable for use in
the present invention may include, but are not limited to
tris(2-ethylhexyl)phosphate, nitrocymene, 2-nitrophenyloctyl
a5 ether, dibutyl sebacete, diethyl adipate, phthalates,

25
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3S et*her, N?I§Wbél sebacate di et hyl adi pate, phthalates, Th is is the
replacene A 997 propyl ene car bonaper/uss9/05227
5- phenyl pent anol , or n1xtures thereof. Still other binders and ionophore
conbi nati ons may occur to those skilled in the art which are within the
scope of the present invention. The resultid§lsen pernmeabl e ion-selective 5
filmmay have a thickness in the range of about 2 pmto about 200 pm
preferably about 10 to about. 30 : eferr now to FIG_ 4, indigator
el ectrode, 30, BROPY¥ E“&dfﬁﬁ?ﬁf’agﬁf eg ’F%‘él T BiXres, C{'S’cﬁﬁ?é’cfted
by an overpassi satidd stgaalbhndersZand01ancphbnstc¢mbhnamxdﬂsamaytounuﬂ tics
confined w thi negocGCLRRGYLE 1AM Ee 4O Unich 'SPEAUFLIN the Wit UF Th

I CO particu I ment s

several hundred tTinmes on a single's
of the instant Pﬁ?éﬂﬂtoﬁ"VGFﬁéﬁﬂr nd'matﬁesvel%m mmﬁbl@ deanms€leative

bi osensor for t | t gaeeu | G
or d) in ad8it ?gﬁﬁt gugn’ma)nl u§1 ?Eﬁéldﬁ@@é ﬁB%%B%%EIg,?t&?ﬁsz p‘)‘(@? §° '&Bout

is inportant to28Ps#mngBFeherRPlEAPYe 1 SR ARME F0 wirticle | atices and
their filmformng 20R&ﬁ&ﬁi‘ﬁh§aﬂbﬁ té\ mt | £) einhdiCat e gId A odh,SP0,d and

Do oot 15" e b paSHEHng: pRRLYENE SEfectObal |97 Sl hengcia by

Particle |atex nateveapssaaveteéealmneh lineadR t itmaa Igontadtnpad,| ilze qhe

manner of bi ol Oﬁhié' E&lECRsVEoREJ.H&&e\Giﬁan(aQ'%céS e ! wilich \%ﬂ :
Pat ent 4, 710825 However, an | nportant prope artlc ‘at’i ces
i s unsuitabl e i RePRBEERIBNR iﬁB?F%d?Wl%e‘f?Eg éwf%ﬁq é?”ﬁﬁa@ r?atsélﬂgd-les

havte beten dri } efis;?heonawhrei-es rﬁrpbptjlz@ahiﬁeéma?@n&y o thd gtrnst%‘ht
contras a Tiigxrior cO SO Ion C ri se
nobi | e pol yneri &"T’Fﬂgﬁﬂgm?thegu{:’ﬁgﬁ a%t"’(/l%@?c"a%%‘feﬁ R 1Y qﬁ: 9‘?5?6&0% ke

outer coating. Bmoseasbrlﬁatothenglmu&taneausmmhadnrenent of ionic species
o oy eZ8L1 RP] SREE Sk 1)l S B8 Sl 8. T
5.3.2. BUN BIOLAYER

At this point, it is important to distinguish between
the properties of particle latices and their film~forming
counterparts. A particle latex comprises a solid polymeric
structure, such as polystyrene, which is coated with a
hydrophilic material that allows the polymer particle to be
waterborn. Particle latex materials have been used
traditionally to immobilize all manner of biologically active
materials (See, Kraemer, D. et al., U.S. Patent 4,710,825).
However, an important property of particle latices which is
unsuitable in the present application is that even after
these materials have been dried, the particles can be
redispersed easily in water. By contrast, a film-forming
latex is a colloidal solution comprised of a mobile polymeric
ligquid core, such as a vinyl acetate, with a hydrophilic
outer coating. Such a film-forming latex is made by an
emulsion~polymerization process in which a water-immiscible
organic monomer or a mixture of monomers is added to an
95 aqueous medium containing a free radical catalyst. The

30
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K ueous nedium containing a free radical catalyst. The Date;:i r6
"I ARnert We30/080Mte .- e Mget -102- pol yneri zati.on may }qééﬂﬁﬁﬁﬁh
for exanple, by mechanical agitation (See, for exanple, Vanderho

J. Pol W Sci. Polyner SLNposium 1985, 72, 161-198). Wen this material is
dried the particles coalesce to forma fil mlgg-€h cannot be redi 5ersed in
wat er. Because filmformng |atices are water-based and contain both

hydrophi lic and hydrophobi c conponents, one may specul ate that these
conposi tions ar @olymenigation mayabs: Anitiated, c£0¥r eXARRLe; oPY LReFhanigaly

active speci es aiaff todidn tc& ,2F o b&ehp\ze modnierhees he. . W0, J. Poly. Sei.
alt 1 Q

i mobi |i zation qr i ncor por n_of It the bee foun
1l for ming. | aBolimes Symposion. 1988 124 1877Hel) ¢ 'BopBcEn LS ererial s

si gni fi cant Lnlldﬁgea Emm gm&mﬂbagstheaﬂebbewmngfsymthef&lmnvhhuhreanthIbe

o make a1 lgm 58 i A3 Byl B iPLES RS PRELCRY BEp\ PP

to make a filgn et
acid, styrene, ﬂanahaaadeaﬁahgoataun Doth owﬂepph&1é¢|ahd kydrephobibose

skilled in the ggo Rifertl] 15 §aGOUIRCEN Ry chROTEABAY SOHEOETLLBALUALD0

Rei chhol d; Air Chem cal’, -or em ca
Conpany. Nat ur al2Bigfopravidec 3 EGPP#&#?l&ﬂee§V§6°ﬂ§SFEIfﬁﬁd”b?b??bﬁFely

g} om | n})ego al A(ﬂtﬂ:ﬁlv&%pﬁﬁfﬂ”lhmc&bﬁsth&&teaaﬂdétfﬁa?ﬁtﬂﬂeriédi.\?hefo?ndgg
em ca rp. e ese materials
retain thein%fl|§%é§ﬁ¥i °8b%%t §§gg§g§%$§gh ﬁgns Bfex water-sol ubl e
conponents (e.g., protld surghes, beeny fauvdathatsfilmhforningr babices
synthetic po'y”ﬁ&imﬁ%&&h@%a&%&&&Vhﬂﬁ|s%b%ﬁgﬁhé sBQ#¥éﬁ'§¥e ngéfghgffS%nt

and the |ike) conprlse up to about ZS% E
In this respect ™ 1§ﬁ§h|f?@5hﬁxévﬂiﬁdeﬁaﬁlSﬁl evingdsynthetie rnonomers:io

process for themeq&uaimce&w-aaaaﬂba aaahagheéheceﬁa%éfaedofli.ﬂaetures
adher es effeCtl%%égeof may be used to make a film~forming latex: vinyl
15

acetate, ethylene, acrylate or acrylic acid, styrene, or
butadiene. These and many other materials known to those
skilled in the art are available commercially from many
sources including Reichhold,; Air Products, DuPont, Dow
Chemical, or Imperial Chemical Company. Natural isoprene-
based polymers are also useful and available from Imperial
Adhesives and Chemicals, Inc. and from General Latex and
Chemical Corp.

Moreover, it has been discovered that these materials
retain their film-forming properties even when non-latex
water-soluble components (e.g., proteins, enzymes,
polysaccharides such as agarose, or synthetic polymers such
as poly(vinyl alcohol), poly(vinyl pyrrolidone), and the
like) comprise up to about 25% by weight of the solids
content. In this respect, a significant consideration
related L& & microfabrication process for the production of
biosensors is that the established film adheres effectively
to a planar 's'ubstrate even in the presence of large amounts
of additives (i.e., enzymes).

.25
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to,a planar substrate even in the presence of |arge anmounts of aggltlves

(1.e., enORIPS9I8> - 6 MAp 1997 -103- various nethods Cgﬂ&é’ ed to
define a layer on a planar substrate.- If a thick layer (ab

200 unm) is required, mcrodispensing of a viscous filmform ng |at ex
conmposi tion (<500 Centi poise as neasured orleaBrookefield RV S visconeter)
is preferred. However, if a thin layer (about 0.2 to I ess than about 5 pm
is required, a corrp05|t|on with a |lower viscosity is used which can be

- m crodi spensed di r ectVYarvous mekhodsli can dre alard teddefdmenia dayexi val ¢,

ei ther mcrodi £ ShbSOrdes0al £ DNk P RPRE ¥ P uPoute z%o, um)
Shipley AZ 1370 SP) whjch_has, been, patterned 16 | eave the area over th

i ndi cat or el ecti®dEe@PHAd. RICTOALTRENFING AF &V ISFENST |fr+31“h‘§°§|mtmgs&éﬁ'e¥s
A-butyl acetate @éﬁbwﬂiahe«mntduﬁnpﬁisé Qg mfdasuired th 2 Brviokediend RV

th th |ate t t h
2l 50 be useds SprereRecash B Bt Erefral. iniid 30 S By Dakkull
are given in the. Exeorpless Shan cabouthfy am)Ads we@udkiedn 8. toBpebitépon with
control of the suideer $1eLgyy yﬁé)%@c?%tme asa% Hel 1ol H el

spreadi ng of 20_the m.crodi spen reagent t hus, 1 nionality,

such as t hi ckned¥yectly (PRER ckhe HIRAXGALPT eleatrgdeyn pdierdatiyely.

, EOl yld n: dte Ia%/erestrfﬁ%@wmﬁ@ai nfsh tcﬁ&r ia{-es‘dart@aeow&esﬁd&qtqwgee%;std
ase aEXOXII a_hi ac, mi ni_nizes s i ng .an
maxi ni zi ng 2§ t %%’ﬁegi)g"rg&?’rﬁ% %(aeﬂngPe s((;lr) wien, has o& S'FPgQ

species in a | adleave dywe area smpasstmé eird idatiort @lectrivde sxposed.wi Rhyt he

latex prior to 1 0% eﬁmmsﬁa i laQMEr s%fc@er d%%%'t&h%%ﬂ% and

stability of the bi ol ogi ca active speci es,” par
enhenced by addify hikeosh® i thempsapitio diifteofifottec rmsmeﬁlaagoynthonhe

These excess latex. A separate technique using a photoresist cap
may also be used. Specific examples of the "lift-—off® and
resist cap techniques are given in the Examples Section,
infra.
as in Sectien 5.1.3 above, contrel of the surface
energy may be used beneficjally to control the spreading of
the microdispensed reagent (and, thus, its dimeniocnality,
such as thickness). A fluorocarbon (e.g., cF4) plasma
treatment of a polyimide layer surrounding the indicator
electrode causes the aqueous based latex to exhibit a high'
contact angle (i.e., minimizes spreading and maximizing
thickness) . |
To immobilize one or more biologically active species

in a latex layer it is possible either to mix the species
with the latex prior to deposition or impregnate the layer
after deposition. The stability of the biologically active
30 species, particularly enzymes, is enhanced by adding a

crosslinking agent either before or after deposition. These

crosslinking agents are well-known in the art and may include

such compounds as glyoxal, glutaraldehyde, melamine

formaldehyde, urea formaldehyde, and phenol formaldehyde.
a5 Other suitable crosslinking agents'may possess at least two

- 18
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crossllnghégm és are well-known in the art and may include such
conmpounds ﬁ gl ut ar al dehyde, nel am ne for mal dehyde, PGR/E889/05227

f or mal dehyde, and phenol f ormal dehyde. 35 Qther suitable crosslinking
agents nmay possess at |least two This is the..gplacement sheet Date: e.
-104- functional groups which may include vi'nyl, carboxyl, anhydride,

am ne, am de, epoxy, hydroxyl, cyano, isocyanato, thio, halo, in addition

to fornyl, and %hﬂ?hg ﬁgﬂbeghPQnﬁhQEhtHﬁfelﬁéﬂ&ié Opfhy O] ESbd a
chloroalkylepOX| ? tives _can S|gn|f|cantl enhance t
wet - strengt h of anh¥dyigeayvarinfd E%P@ﬁd EREXX nehyd ??*%1of°¥?RPcoMﬁﬂ%X%RFt°'

bi OsenSer : n akp®at dﬁhhol nihaaeasgzaneterffelmyl pfammesvbamggu:?mbinamny&:f
macr onol ecul es ste I N ecedl n r (0] e S O |

di scl osur e oy bhebed et ienRiceeding P8e5 0 RoEhbororirolepdtidd) o, hrse

as El vace or EIa&ditxﬁbsecahnssqnnfmaantlyaenhanceethenwewfstzﬁugtnrnﬁrthe

resul t when S'Bgoia&b. ”gkar gyganha&ﬁé segffr-fefw 59 eﬂsg&% deddrebl e

protelnaceous ucose sensor. ar enmbodi nent -
of . the presentbinsensptn, 2Inf aﬂmssrﬂhgmaﬁweé' u%’é%i D ToFRRE ithe t he

enzyne urease. axbuea%azmiryH&theeaﬁatybfmeéuaeaI EY6€led Nif hilse C;ﬁ%bedlng or
conpared to a u sensor s _manufactured fro

ShoLof or tabl & { FORIBHARG, Recsions of "this, AEYELPESTE HAY dF0 SFIcreRS
bi ol ayer can belmmbbdmﬁbed usingsagfilmefiorming ehatdy sumhw;swmuvagpcnrtaln

additives, al.t g u or r
manni t ol , eryt hr ?@é? gora:"glgr bi nI ?8{11; ?Ag%ué +q§%§8n¥§ es%%‘lggé%ém( %é&
deposi ti on. Porresuhslshenhusaua|auﬁﬁlmsfoumxaGrkntex QQNP¢!94&HI§h the

formation (1 9/ghoﬁﬁfﬁﬁgﬂblQ”brétﬂﬂhﬁé&@ﬂ%'ﬂaﬂffiaaééﬁ iheché rPLaEsged for

wet -up of the dessicated urea sensor orter wet-up period provides, in
turn, for a fasE@PSPEsponse. 5.3.3. PERFORVANCE OF THE BUN SENSCR

In a particular embodiment of the present invention, a
film~-forming latex is used to immobilize the enzyme urease.

A higher enzymatic activity is achieved in this case compared
to a urea sensor in which the biolayer is manufactured from a
photoformable fish gelatin.

Furthermore, the porosity of the biolayer can be
controlled to a significant extent by incorporating certain
additives, such as salts (e.g., sodium chloride) or sugar
alcohols (e.g., mannitol, erythritel, or sorbitel), into the
latex mixture prior to deposition. For example, the addition
of sorbitol to the latex formation (1 g/dL of solution)
significantly decreases the time needed for wet-up of the

15

20

25

dessicated urea sensor. A shorter wet-up period provides, in
turn, for a faster response.

"~ 5.3.3. PERFORMANCE OF THE BUN SENSOR
FIG. 9 shows the response of the ammonium ion sensor as
a function of time measured against the on~chip reference
electrode. The measurements are done on a sensor starting in
the dry state. The initial slow increase is due to wetting
of the_sénsor by the solution. At the moment that the
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30 FIG 9 shows the response of the amoniumion sensor as a function of
time nead¥PAY/ 989 nst the on-chip reference el ectrode. The PECTPUSSIIOSIZT are
done on a sensor starting in the dry state. The initial slow increase is
due to wetting 36 of the sensor by the solution. At the nonment that the
This is the replacenent sheet DatW " 8 MERO2 D97 unknown solution is
injected the sensor responds very quickly so that Measurenents can be done

: t hi f The, t gst | ut f

SM amoni um. THESERRER BLSREeR oy A RHRE e SRS eRbols' YRTY dulcKly
and show the unsé othatymeasut‘masmm herr@neegpm 8f fieWe SBOVNSSHsoTheo
aqueous urea SO{&{;OQ&%E;Q}\V&% &5'&&&:3@@@&4 2degy Q@swrad,%mm.

subsequent incréase 1s e wettlng of the sensor. After Zbout
seconds the corteetthreendrapks fmdhe r@eﬁ“qu A¥e from GtesentTHEeS over

response, in COLPRESHPENaAA éﬂrewsa{@qsnﬁoﬂ&y Pt ithedy@sponsae out er
filmform ngdl atex | ayer throu %é{}}es trans ort is necessary and

where al so the catal yThe F%%B? ti O FIUEINS, BXER t he
underyi ng i ndi cebmtbbnstiﬂdngeﬂ'fm Hr Xl sioy. sanmctunum.pll decrefhkieciatwdt are

taken into acco dete ws the
response of a ﬂ‘éor ix%vmif' {%b oo‘ﬁ;vvm&ch a?%eéh%golfiggkwé'%ﬁ‘%lg%ea to
el evate the | evéftell’héb@é"j pbhseesands khecansentealion é&cbﬁéQEdTlfé@BUN to

sensor has a ||I‘@aﬁnfﬁ£€£ be'm@eénéuémi-e?ébdﬁ!éﬂ &% mpazaeoﬁeasutml @ensor
range up tol@0 a

n 0 I S| NG S STEM
i nportant aspec? O#I§ 9 E?o‘i‘é%r‘?%a‘i% Cﬁ”d‘ R Ia ¥ aB'FEsent
i nvention is antnnbmtemeysmm Xrafsport S lnadssaryc andi wpemeansecits:e

Tterest: The niRPOEYELS Srattion adrith hefite rhe dond 3F 3830 tne
(Paci fic Vst erundexying, is®icator islextmmdeed Tfe aumdls&m sleaelctawdta(
syringe, ea%l Obodbt£Bi8RE @fé%tﬂt@pﬁé&\ﬁ}t in determining the urea
concentration. FIG. 11 shows the response of a BUN sensor to
whole blood which has been spiked with urea to elevate the
level. The response is similar to the previocus one. The BUN
sensor has a linear range between 1 and 20 mM urea and a
measurable range up to 40 nmM in blood.

5.4. AUTOMATED MICRODISPENSING SYSTEM

An important aspect of the microfabricating process
described in the present invention is an automated systenm
which is able to microdispense precise and programmable
amounts of the materials used in the biosensors of interest.
The microdispensing system, which is based on a wafer prober
(Pacific Western Systems, SP1-C), is comprised of a vacuum
chuck and a syringe, each of which are attached to separate
means for altering the vertical, horizontal, lateral, or
rotational displacement of these key elements of the systen.
For the sake of economy, it is sufficient to have means for
changing the vertical displacement of the syringe so long as
one can change the position of the vacuum chuck
multidirectionally. The movements of both elements may be

25
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30, neans for altering the vertical, horizontal, lateral, or rotational

di spl acem¥f Y0SMes e key el enments of the system For the saReTAiSs9zes22Ty,
it is sufficient to have nmeans for changing the vertical displacenent of
the syringe so |ong as one can change the position of the vacuum chuck 35
nul tidirectionally. The novenents of both &%fents may be This is the

repl acenent Sfiset | D w Mi PAR 1997 controlled via a single

I t ' t, d ft th .
Pachi nory. The. GGBEEPORCH! ViR, SeNANFCHAEROAD BOrPORPoAEHIT SiFTTmIzed 5
- mcrons or bettsnftwatbtmenrhoeC)ytdldecveohbe nhehdm6p95|25hﬁvm¢%htqu o
di spensed reprot.d_ugogh&usﬁt eﬂdéko%asg Be"‘%@ﬁr&éﬁgfmgo&lmwﬁzﬁl féﬂ&?é vgen

about 5 to abou nanol r'ters drops can be applTed wt
preci sion of abbgttey in e3tbeEi ¥ ﬁEvYn§1599t199ﬁreC|S|on rating is

sufficient for this p‘!‘hﬂoaﬁoﬁTbﬁzEQ' inicﬁfcﬁhebél&1§§en£$dtf\@p§ddﬂé‘ﬂﬂy
needl e abovebt he bi osensor be between abou { o about

dependi ng on t hext&nAReoVETrHR WidpekaBge- gcReFar? “m?h%lﬁﬁﬁu?%ﬁw??ﬁe%Rﬁ?ﬁm?
of the drop, theol aveatt Beocharnoliearsf (hma,nendlerépgmamaaeeﬁmnéfheme a

refer to Secti og gcig#bét 8geLB%t %Qe pi\egbiSnS‘iagﬂ;E@I&g% é}hf% %}Féggglon

needle with the rese area of fhe biosensor can
optically, if nzs&ivgris Syfﬁbahsntffarcﬁhﬁ$apﬂnn°%efetTh#ehe§!R#lQﬁ\the tip

operation can b@prhEO&Sf?ﬁ!n&ﬁ”HéEh!ebXbSGeoﬁﬁéaﬁ%sé’ﬁsé‘f'tQ‘i@ﬁi&%é Ybdttveen
means of a WPsua cognltlo stem 2 |ncorgorat|n ‘gects of

artificial |nteFLP§ nlel aPGﬁFsé the ERERALRI R ¢ ety YaPoe
di spensed onto 8hepdasedes genérallyd buetbﬁasbetdtMetﬁbltmeﬂbffthéﬂ&rﬁﬁﬁS

2Vt nge. sont | guEhe; SREEF.Fh S5 ERER o, EnBoARtREr ) ruaR e (aafltd  fp fease
further bel ow RefexrtpgSeowitn 5.&.112, hekaw}able n1crodispen5|ng system
‘é"‘n'd' . ngy? nggg' egenhofng ﬁi‘eéé%&u“HHQHﬁKnt logOtndhighi AdE Helde With Sedif! d
preselected area of the biosensor can be achieved opt:cally,
if necessary, by means of a camera and a reticle. Such an
operation can be performed manually by an operator or
automatically by means of a visual recognition system
incorporating aspects of artificial intelligence. Of course,
the rate at which material can be dispensed onto the devices
is limited by the speed with which the elements of the systen
can arrive at their specified positions. However, multiple
syringe configurations may be operated advantageously as
described further below. | '

Referring now to FIG. 12, a suitable microdispensing
system will have the elements of a vacuum chuck, 1, on which
the wafer, 2, is held and the syringe, 5, holding the
material to be microdispensed. The licquid material is
applied through a needle, 6, with the aid of pressurized
nitrogen or other suitable gas supplied at 10. The flow of
the pressurized gas is controlled by a solenoid valve, 9,
which provides precise pulses of gas to dispense
predeterrined volumes of material. The support arm, 7, may
be connected to a means 8 for adjusting the vertical

Sheet Has Been Replaced

T I




? H 4
rEe 21736 18:21 FR PENNIE & EDMOND TO 811653376031 .22

material to be m crodi spensed. The liquid material is 30 applied through a
needl e, 6WQ9PSIME aid of pressurized ni trogen or other swi,etli)d

supplied at 1C. The flow of the pressurized gas is controlled y%zghoi d
val ve, 9, which provides precise pulses of gas to di spense predeterm ned
vol unmes of material. The support arm 7, neyd® - be connected to a neans S

for adjusting the vertical '. i; L CrilLenent skeet L>ae> ~P mal7
-107- position, of, the syrln%e and needle. The filmformng |atex
material s cont alﬂﬂﬁif—‘t% he SYXipge: AP Reediat e Fag Félurfpmming on

t he b|OSﬁnsEr_cmﬁteﬁlmaﬁenidmsaadnﬁﬂwwdn ﬂhenapﬁroﬁﬁﬁdtgCyifﬂdtﬂbévﬂo}ééﬁle
vacuum chuck is al s o) aor _varying.the_displacenent_ of t
waf er mul ti di re(!'ﬁyoﬁ’eﬁ %t;‘éﬂ’g‘se? l?ﬁ’dng?‘?t 8&85"’8?‘%058%3’ ?ha? t RePRESALeched
may al so be var izegizn,t i4di r st iddsziusged; hbdval,reue Yacalh echatkvis also
enbodi nent of t SRe [ d

which O con&i E’?dﬁgqaural | f[:‘n;e gilfs In epe%& gﬁ%oé%gg*#é%’ﬁgﬁe °k e g'et
ntcrod|spen5|ngmﬁﬁ'ﬁi;fﬂﬁﬁiaﬁﬁﬂﬂyb Iheds H§§9F§FP@§.aP§ peurse abthatotine ed

on a circular swdad, 8, ma?a\&'l% 8@ QReHeAImuiliabebeviyhitlly OPERi 891 P&
waf er and vacuum chucg“‘rrra |t|on d aﬁgroprl ately, 15 Usi ng such
a nultiple assenbly ¢ ogi Bn@fc%oh%ﬁ?a!"ﬁyer may be

est abl i shed on mismdaspmngt danylcgl isnillustrétedoim SEIGI he3 plwigismwnt

consi derati ons rs%scgnpll%aig &hb\? g]{‘%’%hglag“-ﬁéf)egﬁt%ﬁﬁ#gﬁr ation,

the i ndividudl needl es need to'b Osi OVE ¥ eas of
the chip. mmwr%sye@éﬁnggammﬁ assemblies. nuBhese cxssenbliesiare

respect to V\hergr@ﬁr%uydﬁomﬁeheoﬁ' §p851§8€1a9'§@p;?&£'ﬁﬁpii SMM%%J. an L

uni form m crof abri cation roce:ises h are part e primary

of the present PRFEHEsn1225b819w) WhicRTepen Eag/Pakamy /TS ) FEGRIS TR0
FOR may be posxt:.oned appropriately. -

Using such a multiple assembly configuration, more than
one component layer may be established on the biosensor at
any given time. Of course, the alignment considerations are
more complex in this multiple assembly configuration, the
individual needles needing to be positioned over particular
areas of the chip. However, this configuration allows the

15

20
most flexibility with respect to where the fluids may be
dispensed while accomplishing the uniform microfabrication
processes which are part of the primary objectives of the
present invention.

25

5.4.1. FURTHER COMPOSITIONS AND METHODS USEFUL FOR
MICRODISPENSING LOCALIZED DISCRETE FILM
LAYERS OF CONTROLLABLE BUT UNIFORM DIMENSIONS

As mentioned briefly in Section 5.1.3, the dimension of
a microdispensed layer (especially its thickness) are
30 governed by a variety of factors. More specifically, the
inventors have found that these factors involve, among other
things, the volume of and the manner in which a fluid is
dispensed, the composition and surface tension of the fluiaq,
and the free energy characteristics of the surface onto which

35
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HI CRODXSPEWS| KG WOCALI ZED DI SCRETE FI LM LAYERS OF LONTOL1ABH BUT UNI FORM
DI MENSI ONBOA9/9894@i oned briefly in Section S. 1.3, the di nensperyushoAs227

m crodi spensed | ayer (especially its thickness) are 30 governed by a
variety of factors. Mdire specifically, the inventors have found that these
factors involve, anong other things, the voll®% of and the manner in which
a fluid is dispensed, the conposition and surface tension of the fluid, and
the free energy characteri,sti¢cs of the syrface ontpo which 35 This .is_the-
repl acenent sheEPeDgiﬂ?g is élﬁﬁﬁnfgg‘ ¥£EO§91 RELRY FETLONT FRHE P The
foll owi ng secti erplerekmbrecfpldyether éntuitatehintexrplaptketvren these

b " e . o +eytenent .
offects can be HaikEbZe,tRERpRsr e R0y Bhelx DHatyfulin Mifa SEOLEEeite
manuf act uri ng peffests &an belhavoessettC pProvide SPERSrOIGEFrdugilsl e tbyk

useful , at thisypRokRkilkOmaRGeheehring S¥Hagkss i nvol ved when a single drop
of fluid s Sorxgg atléhdm%? expearedef?0n1a needl e needle. As nore fluid

is expelled fromthe needle tip, the drop will growin size until the

gravitational force actgng. D i heroBUMETRIC MICRODISPENGING OFe psi ng
forces maintaining cogfagt, w.t he_pe EE LD, . TNhESE _0DPOSI N gor S .
include |Is the adhesigg ﬁgrgksgﬂéfmégng g %32&?9 ? c%ﬁ%?$%59#9?né§%ﬁmlcs
li quid, and surfinvelvedsiwbenod shvglieqdrdpi ofefluid|isiformed agtandi shed
that at |ow |iqui e?hQW E%Bﬁﬁa“@@&ﬁlﬁiﬁE& {g_.drop formation is conplete,

| xed. However, t

the drop voltane | e volunme _may be changed by varying any

of the fluid related A8 Barenfibid dssexpatledpbyen the meedie finy the drop

di aneter of theyizedheowt iR Ehke GRGRYI BHe! §Lavytat DOhE] SEGFSE act iy (G the
fluid adhesi on. The B%e%ﬁnt i nventors _ have al so denonstrated th
e

h t th
exterior surfacB2gf £8P, £Y¥CEEAE o EPR (ORPPRIRG, ?Eﬁ??cﬁﬁﬂéﬁiﬁﬁfh%f a

materi al that nodntret whehfkhedneedle tip. These opposing forces include
the adhesive forces between the needle tip and the fluid or.
ligquid, and surface tension of the liquid itself. It is well
established that at low liquid flow rates where discrete drop
formation is complete, the drop volume is fixed. However,
the volume may be changed by varying any of the fluid related
parameters discussed above, or by changing the diameter of
the needle. tip thus changing the available surface area for
fluid adhesion. The present inventors have also demonstrated
that the exterior surface of the needle may be coated with an
additional layer of a material that modifies the fluid
adhesion. For example, a hydrophopic polytetrafluorocethylene
(PTFE) ccating applied to the needle tip reduces the natural
drop size of an aqueous based latex material by reducing the
adhesive forces between the drop and the needle tip.
Conversely, the needle tip can be coated with a hydrophilic
material (e.g., crosslinked poly(vinyl alcohol) (PVA) to
enlarge the volume of the emerging drop before gravity pulls
it away from the needle tip. Doubtless, other variations can
be readily conceived by those of ordinary skill, which
variations are considered part of this invention..

15
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25 adhesion. - For exanple, a hydrophopic polyt etraf | uor oet hyl ene (PTFE)
coating api) 90708810 t he needl e tip reduces the natural drop

aqueous based |atex material by reducing the adhresive forces et Ween %
drop and the needle tip. Conversely, the needle tip can be coated with a
hydrophilic 30 material (e.g., crosslinked po®3<vinyl alcohol) (PVA) to
enl arge the volune of the energing drop before gravity pulls it away from

the needl e tip. Doubtless, other variations can be re di | foncel ve€ EZ
those of ordinary ski§P SHRGIRSEANCES Yhers: a EBH‘%"FB% {53 g PRH
invention.. 35 Hi&d&n.éﬁa\sfaeplommtsuxlfeeb Ddtehas- alsol\HBej\%fscoveﬂ:QQ-

In ci rcumstance ere a ntr l.ed,vo t rodi sSp.

surface, it hass*?s’f\l{}o i(é"e &Fe&° h‘gt lEH?s p§§§‘F§Fé"?§ ﬁ§§ ?gg{:?oned

ni crosyringe ti mhooss tﬁrmq:daﬂam/surtfecpl aMaa beightewhich fieeghnothathodothe

not allow the 5 &rng&g@l qhY n | #0 €g r

the influence& ofﬂo%;w t t{ ut the ti z&?‘ %‘%?’mgéig tb g%gua %5%%?}\1%@?2

the surface and ﬁ% ‘%ﬁﬂ?@sl%Q’F'Gf"ééy)be%eﬁhFhEaFFé]ﬁHYaﬁﬂmﬁ@ dEPPace

gegl n t? spr eacci) édiﬁzfeififl ccirftdatdt%t %mdls&rtfhfeel Sntaﬁ%éehéﬁchaﬂesméhﬁorces '
irection a i.Cl i S ce a ro e, surfa

cohesi ve forces }Qﬁ%“[ ?'tfu §H5¥1§°90Pﬁﬁéno§°l Fﬂﬁ?ﬁdl ggg 2FeR-

the fixed drop s‘ﬂﬁd:hmmﬂek&]mﬁ:up MES mwtarettmtbdt he thef Zedirdction a

techni que can be,ysad dt%%fd%ﬁ‘?& e %’ %d‘ﬁ-'oﬂ Y:h%”)éu%?kEBE Qfxet GHédcéaﬁ?Eive

about one-om® t housan |xe Size ofr ng
the present invdnnaes mﬁ/mmmtlanvsrﬂpmer épdoa gp}emeopfcbyml eless

di spensed repr oQu D eha\had f&o%afslirzal wd@B $eh8iNOihdchA¥ScReotR the
254.4.1.2. FLU D COVPOSI TI ONS W TH PREDETERM

SURFACE TENSIONﬁq:qQF%MﬂImmﬁﬁbﬁﬁcpﬁ&ﬂuﬁhgaguPFaE@egeﬁglGﬁsPﬁ“sﬁeFﬁBEﬂdﬁclbly
pure liquid and arys woioe pddqudd feomhabget bpeaddenghousandth of the

fixed drop size or greater. For example, the present
inventors have shown that an 8 nL drop of glycerol could be
dispensed reproducibly where the natural drop size would have
been 8 uL.

15

5.4.1.2. FLUID COMPOSITIONS WITH PREDETERMINED
20 . SURFACE TENSION

It is well kxnown that the surface tension, «, between a
pure liguid and its vapor phase can be changed by adding
reagents. For example, if a fatty acid is added to water the
hydrophilic portion of the molecule is cohesive, whereas the

25 hydrophobic portion is not, i.e., it resides in a high energy
solvated state. Minimal work is required to bring the
solvated portion of the molecule to the surface, and thus,
the surface layer becomes enriched in the non-cohesive
portion of the fatty acid, reducing the surface tension.

30 Conversely, solutes such as ionic salts added to
aqueous systems increase cohesion (ion-dipole interactions)
between water molecules in the bulk of the fluid, increasing
the work required to introduce them to the surface. The

- surface tension of the fluid is thus increased.
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reagents. Fﬁg exa If a fatty acid is added to water the hydrophilic
portion o cuIe I s cohesive, whereas the 25 hydropheleTPussysesan | s
not, i.e., re5|des in a high energy solvated state. Mnimal work is

reqU|red to brlng the sol vated portion of the nolecule to the surface, and
t hus, the surface | ayer becones enrlched||1%*ﬂenon cohesive portion of the
fatty acid, reducing the surface t ensi on. Conversely, solutes

such as ionic salts aqu ﬁecu so&y%ﬁgggrggﬁéeaiﬁ¥%ggféu?n ($993Q|p0|e

i nteractions) between mater ¢ I'ncreasi ng
t he work reqU|rééﬂﬂ9ﬁiﬁ@ﬂb@ﬁb@hﬁh§9FFGPFh9fsGr¢a§§a°¢h§n§h¢fh%eaPEngpehaee-

the fluid is thyg ijecKewedthi® hhen'ﬁeshﬁﬂhaﬁﬂgﬁﬂﬁ ?i €is 1§c d%n a
| 997 In the c ntext of the resent bnventl r|e |scu55| ?

t he. concept of & SelidgEn f§°§ppF r Lafuad 9°F§ RﬁBWHthﬁkemﬁBﬁf%¢e
smal | anount of dm:uatel? gbamdnna goPkpRaads thdfﬁﬂif:g ?; bh€ réfalifsd9€Sa
e

ol ao”a | oddeardrl Brohe i Ag . AbRabRecRhaERct el S U (s

- USL,)/ % where asv is the surface tension between the surface and the

yapor, OSL is the surface tensigggbgtueep the sunfgce and the Iiquid, and
aLV invol ves the |iquid/vapor surface tgrﬁ‘?on Sﬁlr%ﬁéﬂgorretry of the drop and
its associ ated contact angle reflect a bal ance between the cohesive forces

between 15 mol eehlete ap, ! hs théuédrﬂadeadbﬁﬁidﬂ b&Ewssn bawwrﬁwelaﬁwi&e
and the surffce, Were gohe5|ﬁ§?forc nat e the contact e is m(¥he

and when adhesi V&PPSrc8srddfi es?ﬁgaﬁﬁn eRF10n Jperyeen fhe ghrfacs ana
exanpl e, FIG 15)qu¢ﬂeaahﬂ hydvobheélthélhﬂquhdy&dpdungnmfddyvt&ﬁﬁiﬁﬁ

T o ontacr 44 Syl 058, oM 58 £ ERRIPRLEY LMY ot
surface is sai d¥ 1B§tn§nbéiﬁnﬂg betwpen thei cohesive rioxcesithetween

avai | abl e f?g NRa3etuNesCeft 8k 20GLEa- and adhesive forces between the
liquid and the surface. Where cohesive forces dominate, the
contact angle is high and when adhesive forces dominate the
contact angle is low (See, for example, FIG. 15). Clearly, a
hydrophilic liquid will have a low contact angle on a
hydrophilic surface, whereas a hydrophobic ligquid will have a
high contact angle. If the contact angle, @ is greater than
90° the surface is said to be nonwetting. Simple optical
instrumentation is available for measuring contact angles.

The microdispensable fluid compositions of the present
invention are prepared to have a controlled optimized surface
tension. Suitable additives are used when necessary. The
hydrophobicity or hydrophilicity of the fluid is controlled
in the same manner. Where a cured membrane is required as
the end product, the solids content and volatile solvents
content are carefully adjusted. Moreover, the ratio of these
components is also used to control the viscosity.

The preferred microdispensable compositions for
application onto a given surface are described further in the
Example Section. In particular, examples for formulations
a5 are provided for establishing layers which are sensitive to
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Tae m crodi spensable fluid conpositions of the present 25 invention are

pr epar ed, WORSNSI control | ed optimized surface tension. Sui Pairyessydes22? ves
are used when necessary. The hydrophobicity or hydrophilicity of the fluid
is controlled in the sane manner. Were a curged nmenbrane is required as the
end product, the solids content and vol atile %0l vents 30 content are
carefully adjusted. Horeover, the ratio of these conponents is also used

to control the \(@IZ-C Ii{?te-?/f Sm]ceg%ef]ﬁrréd g Qgr’%pggﬁgbl IeTﬁegBoébﬁbsﬁftiQﬁs

appl i cation ont déscribed furt gng
Section. In par taomnzarse SVmrcdymes, PIARHiSiZeRS  35CRPRNPFEYi ARA FolVents

establishing la % ‘Vlé&bsgiﬁe%e@%ﬂézﬁltyoﬂ.bh&rl ghahethoskaasa@nfoshpbanar
Date: . M 6MA

conposi ti ons cxnﬁiﬁ?%?imﬁf[ﬁﬂqnﬁﬂlnﬂﬂgiﬁﬁng%z8Fsmew8ggﬂﬁ8rggisna soﬁgsﬂt§°“nd
Wi th viscositiesanaiise/ Hiighe viszostiitys eonpeditarnpl aure oxsdrygvwithgut

spi n- coat i ng)b of nbr gn u at cogi
conp05|t|ons curd® IE%’W#%} Q#lﬂi n&brn& %62 X%chehgiﬁge g9§£1¥h§ éfgyéd
probl ens, e.g., thw=dt of &nsnmwnmgt&helwawny@ﬁéﬁyy°§ftbﬁemﬁﬁrixxa t highh
viscosity and tWiSsdH tad g ﬂﬁ@%ﬁ@{ﬁ&@%n&%ar@bgar@tsoﬂf be'mht&Pials
(i.e., considerations lated to shelf-llggé are eb g % ﬁ g 9 Esse
novel conpositi(ﬁﬁ?ellqiﬂeziiﬁﬁ%mu§94§%§%¥ onSefer 8 ﬁae 8nf Fg ¥5? are
degradati on §£ timsdﬁﬂﬁlévﬁﬁteéﬁuyﬂﬁnesdInbvyﬂ weuposyttenSLs eehetteddiblves
provi de the p e surfage NH +,

pH and Cat + sen aliﬁ?e st ‘fg}" tcpez[%%e?{{)c ?%q’g?\t/twg% hﬁaﬁraﬁ §| g(%l? El”‘E>VC

pol ymer, . and |onuaﬂnﬁﬂuasferﬁxﬁaidabl$ﬂ60$809$n$55¥§@§ana5055199$ed to

f ﬁnggf Ig\ég/l yong}fwe e aéad;fl%ge&%gga%i éﬂﬁs%ﬁsml §€§bﬁ§&§5% Fye
SURFACE 20 a’, 4 , miERod @2 'A PEMRRSSTRBETIREIPE gaatepsn to

the factors desc vbt.beﬁb M@iﬁﬁzmtmwwm AU iBhbphottespeesi ng of
fluids haVIrQFE”breterably 60-80%, 15-40% and 0.5-3%, respectively. For the
cl 'sansor, ratios of 25-40% plasticizer, 25-45% PVC, and

25-35% ionophore are preferred.

5.4.1.3. METHODS FOR TAILORING THE SURFACE
20 : ENERCY OF A PLANAR STRUCTURE

In addition to the factors described above relating to
controlled volumetric dispensing of fluids having an _
cptimized surface tension associated with a prescribed

composition, the present inventors have discovered that

25 tajloring the surface free energy of the substrate, or
surface onto which the fluid is dispensed, provides an
unexpected degree of control over the final dimensions,
especially the thickness, of the resulting layer. Even more
surprising, it has been discovered that a process which

30 combines these techniques gives predictable and reproducible
results. Furthermore, the resulting process is highly
versatile, .allowing the deposition of arrays of biolayers of
varied composition and utility.
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optim zed rface tensi on associated with a prescribed conposition, the
Cesent | WO0M

pr esent $ave discovered that 25 tailoring the sur f geErAUS8s/o8EST 9y
of the substrate, or surface onto which the fluid is dispensed, provides an

unexpect ed degree of control over the final glnen3|ons especially the
t hi ckness, of the resulting | ayer. Even nore %arpr|5|ng, It has been
di scovered that a process which 30 conbines these techni ques gives

predi ctabl e and reprodygible r ﬁ@lg ¥ ess is
hi ghly versatile, all o#vlgn%t ;‘E’g%i 05i :%%f&% agr)r%sgc“}e ﬂ? FHfP\%a“ ed
conposi tion and silver(si ell'h%’-‘?%—“i%éﬂ%‘iﬂmﬂs rke@lYlﬂ}ﬁ\éieaﬁ-aé’)@&'rrpl e,
consi der a SenSOéx@@ﬂ&iﬁc’jl pffﬁoﬁliw@réﬂéﬁﬁdéiﬂéﬂm& ECIIOGE dlnfthra

I de | di d t | f t.r ol
P g e EXRERe 8795008 JFREHES o FOblineRol g Agh Yk Tonts t he
surface, a cont adism!sedoénﬁ@"tns suxtaced.a chmtm lamgYeheaf HO*fdee Vith
a tetrafluoro S I e
I f the sane cont%*?%‘?dnfg{‘%%?gﬁﬁgg% %"%/ée#%%kgﬁ% r"Ieg’a]"tr (#1 sur’%g%%a%e
contact angl es oPlBEnAtEENIeUs skhe pokyimide Funface mcmg/ hydrqnlmqw yi difde
surface is firstehéesdné &bﬁt\:ém mmm&lm;ém thd®9e DR ted

hydrophili ¢ and contact an les o are ttalned thth 4sanme
cgnt rgl f1 ui-d. F%'f’é#??ﬁg A ?%tt?fégolf?@lﬁég\& e 429 jare afé:a:.n ed.
representati on of the Xktermarivelya &f |thoe /rsolydowideh s feec|jac thiqade
circunmscri be®d®b

el evati onal vi ez\}:é?ge%d ‘D}ggt%lgé/&y%{ﬁ? e’d%ﬁé]%‘%ar%&%%?% T e15e
the contact anglydxophilkie and &°T$4ﬁ%rwlﬁfer%fed%y(¥r%§m | jagef IathIHEd

resting on a 20 @p&ylmdesmfmm Cﬂdﬁﬂ been exposed to an 2 plasna.
The contact angle is he surface ‘#}s unt r eat ed and i,ncreases

further if the surfaceé?gelf’r"r’ﬁ e Lo FRG (Hmresy Fit&ndSardd 2 t he
configurati 0?5 of repcesistetnibot 4t whk Perimeter of a silver/silver chloride

electrode circumscribed by a polyimide layer. FIG. 15b is
the corresponding elevational view of the electrode. As
depicted in FIGS. 15c, 154, and 15e, the contact angle o, is
small for a microdispensed hydrophilic fluid resting on a
po;yimide surface which had been exposed to an 02 plasma.
The contact angle is larger if the surface is untreated and
increases further if the surface is first treated with a CF,
plasma. Thus, the configuration of the dispensed fluid over
a given surface is manageable to a large extent by a careful
choice of the conditions to which the given surface is (or is
not) subjected.

_ During plasma treatment two net processes may occur:
either the surface is etched, e.g., surface material reacts
with the plasma and is removed, or material is deposited from
the plasma onto the surface. Therefore, the nature of the
surface is as important as that of the plasma. The following
table can be constructed summafizing the effect of different
plasmas on different surfaces.

20
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a given surface is manageable to a | arge extent by a careful choice of the
conditions to which the given surface is (or is not) subjected. During

pl asma treatnment two net processes may occur: either the surface is etched,
e.g., surface material reacts with the plasma and is renoved, or nmaterial
S deposNﬂiﬂWﬂ%ﬂﬂSO the plasma onto the surface. TherEforePtﬂbﬁs@ﬂB#ﬁﬁ of
the surface is as inportant as that of the plasma. The followng e’ can
be constructed summarizing the effect of dlfferent pl asmas on di fferent

surfaces. 35 .3 is thste repsacenent sfisel 1t3te. . & "Ah W 02,' 2
H20' SURFACE CF4 CFAr Silicon et chi ng/

deposi tion/ etching/ 5 Dioxide hydr @RRisMaC gaghydr ophobi ¢

hydr ophi I i ¢ Pol yi ni de deposition gdepost I on/ erchrmy

hydr ophobi.c hydr ophobi c hydrophilic Silver etchiog/, RH,,
deposition/ et ching/ hydrophilic hydr ophobi c hydr ophi |'i 10%Such
processes have SUREACRar advantad@F of podifyjing &B4rface, inAxgonnt Nol | ed

wi anner, fromonge which is highly wettable to one whlch i's non-wettable
The effectlvga ShiEeN angl e of %‘%Fé‘ t.r.ol g@:ﬂ ndet er BERBANGY the is

conposi tion of RHFH®R and t he PSES® %ﬁﬁ%tlo §sureh89rPﬁglﬁFﬁsna.
Prior to mcrodi &Hﬁﬂiﬂ t he pr I d L.Qns de above,
the silicon wafers W|t m cr ot aﬁﬁgﬁd@se g& %ﬁk—_&oﬁa po I%ﬁ%iggghl ic

passivation |layers 20 my be plasna treated er "any of thea I st ed

condi tions. Herg¥lvdie argon plexsrinegs the eﬁ%i@,ﬁoaychl ngtthengyr f ace
(hydrophilic), vher**a the CF4 htdxmphildlces t hydrophabdcnor ehpagophbidhec.
Utimatel y,10a tail ored surface energy affords control over the spreading of

t he :
Such processes have the clear advantage of modifying a

su;face, in a controlled manner, from one which is highly
wettable to one which is non-wettable. The effective contact
angle of the control material is determined by the
composition of the gas and the power, duration, and pressure
of the plasma. |

Prior to microdispensing the preferred fluid
compositions described above, the silicon wafers with
microfabricated base sensors and polyimide passivation layers
20 may be plasma treated under any of the above listed

conditions. Hence, the argon plasma has the effect of
etching the surface (hydrophilic), whereas the CF, plasma
makes the surface more hydrophobic. Ultimately, a tailored
surface energy affords control over the spreading of the
25 paterial of a microdispensed fluid or membrane material.
' Control over the spreading affords control over the membrane
thickness. Control over the membrane thickness leads, in
turn, to highly reproducible membrane response
characteristics.

For establishing thick membranes, (e.g., 40-60 um
thick), the surface is preferably tailored so that the
contect angle which the microdispensed fluid makes with the
surface is large. For example, before an aqueous latex
membrane is microdispensed, the surface is first plasma

15
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25 ‘material of a aicrodispensed fluid or nenbrane material. Control over
the spre¥NQAYOS8or ds control over the nenmbrane thickness. @errussososmey the
menbr ane t hickness leads, in turn, to highly reproduci bl e menbrane response
characteristics. 30 For establishing%%pick menbr anes, (e.g., 40-60

go thick), the surface is preferably tail or so that the contact angl e

whi ch the microdispensed fluid makes with the surface is |arge. For

exanpl e, befor s RRIHR: ' ' ' Sedonktleiseti; K8
first plasma 3?%%%‘??&‘?‘5%%@#?%#%1%3@m@%‘N&ﬁ et iy
treated to yielther zange @0 aff’e  FRIFTBAIN It r‘gll“FFEF-‘&Fdi n FZGr offa for

500-70.. Thi s PGicterits dndtibicy ambniudlicn Bemsoer, a potentiometrio
amoni um i on sensor. _For .thin ranes the e :i_S ' d.to e.a,

| ow contact angle foﬁ%&%%ﬂ%&&qﬂ%ﬁ%‘e’( esillg&fa%% of l‘sat%géhgthténkz‘?/@rré a

| ayer microdi sprevambretsactn angleo forsdhet idispensedc fAuadt (enghe fay Bellsm30
(See, Fig. Toblyod NufySRECIddr URAYdRYered B2 @hCagllkobiB! 884 ueHon! NEne

surface energy of the“periméter of an electrode syrface |s tailored in such
a fashion to creantacto gl ey Re 10 %h ($88:0535i-n26Phe desired nenbrane
t hi ckness upon di spertr ) spfedi fiicy @mbod inentoiofa thleopeesentbliaivention, the

pr ot ei naceous g xtAlre. | S d fl L I i || et .and
produces a fil %‘Eﬁ%%(ﬁ-ﬂ% ea?e %%cl?ﬁe%ig‘%gfsroﬁl l?g[ ?é% ggklsgeF%grgﬁgg 5'|ss
subsequent expdailonsd tie sushula ifaghidnmtco creaitee condisiros, upder Which
presel ected ar 963?9 CHb‘EJanﬂicﬁ)r&%ﬁtecf inlefbragied @13 ciknhess ﬁﬁBﬂsa(is?Eﬂéinﬁ of
evel opi ne e

I nsoluble to a n lum A patterned_|ayer .is obtained after t
devel opnent st &b IEMAR d«q%é-m &fs pPRaRefarMale, DXL eI nASREUS  REXENERY, The
therefore, in aispgeediivicyflowsotininl idontidl cdomanned ahgopgbduces a

spi n-coating. Adil ol o 'EahaNGTG e lroliats.| S AN 3110 eEARLA 1AIFIRS 16c,
18 subsequent exposure of the resulting film to active
radiation, at preselected areas of the photoresist film,
renders those exposed areas insoluble to a developing medium.
A patterned layer is obtained after the development step.
The dimensions of the resulting layer are controlled,
therefore, in a2 manner and degree not unlike that obtained
through spin-coating. A major difference, of course, is that
by employing the methods of the present process, numerous
types of membranes, bearing a variety of bioactive molecules,
can be established in a single wafer without compromising the
25 control and reproductibility of an ideal microfabrication
process. Hence, a multiple syringe assembly, such as that
illustrated in FIG. 13, may be employed to dispense several
types of biolayers. All the resulting layers may then be
localized further to preselected areas of the electrode by
exposure to a single photopatterning step.

5.5. CREATININE AND CREATINE SENSORS
Preferred embodiments for a creatinine sensor. and a
creatine sensor are also described in the Examples section of
a5 the disclosure. To attain the maximum activity of the
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types of menbranes, bearing a variety of bioactive nolecules, can be

est abl i spghel SI ngl e wafer w thout conpromsing the 25 control and
reproduct i bi (I ty of an ideal mcrofabrication process. Henc?&,'r’ysmsuﬂl e
syringe assenbly, such as that illustrated in FIG 13, may be enployed to
di spense several types of biolayers. Al thgscesulting | ayers say then be

| ocalized further to preselected areas of the electrode by 30 exposure to a
singl e photopatterning step. s.s. cfEaTlrl1nE AND cREATItS SEKSORS
Preferred embodimwebiliked eneymesi fonetbensoeatbmihe assmt, neresbisuiner e

al so described_in,t | e e 3 [ T t the
ot rum act i vi PAAPAFAESTRRE ndrEAFS0s Phe Sidifed 6 N1 g A

i mobi | i zed enphatoformedhgetatini hnyier assthe ereakinase HitheR dr ol ase and
sarcosi ne oxi diﬁﬂoﬁ&?zh%&“@h' gzﬁlhﬂfférﬁbﬁé of Dk &5 Cayei) £dd Mad aa/refoveﬂiﬁ.d

creatinase is then imobilized in a, filmformn Iate!a%f%p

overl ai d S t r GEFUFEUTene TRE,FFRATIRAASTPNFIT LH FINTY ?fi a"%ﬁn?"é?nar

Irmmner , ht hanpeeat wlitﬂeﬁnél dpagdinine ammmmlam Be iy tdmmdammm
ayer As the exa oW _str S

phot of or mabl e Fagfﬂgjt il AYRE- fl#gn#‘lﬁgm ng ’géfgcsgsa%%%ﬁ%ﬁﬂ%t al n

10 5. 6. OTHER m&z&eswnscnheounserthemtmg MQ}#M|W tltﬁ be

conpatible wt d I n F osabl e sensing
devi ce for useE| %mr gg?ﬂ?ﬁ%i#g?géﬁ;ﬂ%{gg&ig ass’éﬁiﬁéc%ppendl ng U. S.

Appl i catlo Serial No. 07/245,102, the entire disclosures of which is
|ncorporat eg herei n by referencs)s_Thmgzneqmmsxiusefore have t he.

CapRDI |1 Y of et g Baneteec e BTt TeEdA TEel QIS Yp FETISY,
enough, homeve_cpmpaﬂ_thbu.bawi_tht augispabablatsmslmoﬁwxmsurmm of an
analyte in a bioladlLeahel buhdifgNadkicloeBE {08 BN dai ind | fFuid AR Y
15 (See, co-pending U.S. Application Serial No. 07/245,102, the
entire disclosures of which is incorporated herein by
reference). These sensors must therefore have the capability
- of retaining an excess amount of enzyme to ensure an extended
shelf-life when stored dry. The layers must be thin enough
and permeable encugh, however, such that wet-up, calibration,
and a wmeasurement of an analyte in a bioclogical fluid can all
be performed in real time, preferably within a total of about
one minute. With respect to the amperometric sensor for
glucose, electrical pulsing of the electrocatalyst prior to
the calibration and measurement steps, is advised to activate
the electrocatalyst surface and help ensure the highest
possible hydrogen peroxide currents. These sensors are also
designed to be compatible with a static-free interrogating
(SMART) connector for electrical components (See, co-pending
U.S. Application Serial No. 187,665, the complete disclosure
of which is incorporated herein by reference). The following
examples serve to illustrate the general aspects of the
present invention and are not to be construed as limiting, in
any way, its scope and utility. Other embodiments may become

20

25
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one mnute. Wth respect to the anperonetric sensor for glucose, e ectrlca1
pul si ng YO ®MOSBIctrocatal yst prior to 25 the calibration PCT/0889798 R ENt
steps, is advised to activate the el ectrocatalyst surface and hel p ensure
t he hi ghest possi bl e hydrogen peroxide currgq These sensors are al so
designed to be conpatible with a static-fre |nterrogat|ng ( SMART)
connector for electrical conponents (See, co-pending 30 U. S. Application

Serial No. 187g$§ga¥épﬁoggnghsgg F58£8§H£fy°§k¥¥*q@hiéh'&EXK$¥”55 erein

by reference) exanpl es sServe to usirate the genera
aspects of the plesbﬁtcﬂnﬁéﬂtf§ﬁmaﬁbea?§°ﬂﬁta¥% RITHR 2 Jhe 2XeseR% i ng,

in any way, 'tslﬁGﬂﬂﬁléﬂdaﬂalhhyy tﬂéhéfo?éboﬂén@éﬁﬁéd“&@ﬁ&*&l&hﬁﬂiﬁezﬁﬂkﬂ
Pe repi acernenm sheet b2-~ate: - apparent to those of ordinary

skill which do not depart S|gn|f|cantly fromthe scope and spirit of tie
present invention and may, therefore, be&.de®@XAMPERY val ent thereto. 6.
EXAVMPLES 5 68%1. GLUCOSE SENSOR 6.1.1. BASE SENSOR FABRI CATI ON W TH SXGNAL

LI NE PASSI VATI ON 10 The preferred design for a glucose sensor is a
unit cell which conprises two identiG®di- iﬁ&MREEHEQ% c el ectrodes both
surrounded by a single S|Iver-5|lver chl ori de conblned ref erence and
counter electrode (See, Figs, and rodes is
connected by an over- 15 pa§§ﬂv§ted' th&@g cont act

pads. The unit cell is confined wi tR#F~3 LWL AL -eh i s repeated
in a squarel@rray sevwhelphaﬁdr:ddtaesignnfarsargﬂucanﬁmﬁenﬁqn.151arunnt

case. 3 i |1 conusl el fn' Quhal 160 LOTPLSENELLAL N IBI S AidL A SOP! o2l

| ayer 20 of sifT¢o egreV|ous een cl eane
scrupul ously wi ehegtrodesnbpihegurraund oY st| §ingke #ikverns e dnloride

peroxide, is pl8efHih880ratBranbR 4RAOSLEAEEr S¥BEEFRode (See, Figs. 1 and
2). Each of the three electrodes is connected by an over-

15 passjivated signal line to one of three contact pads. The
unit cell is confined within a rectangular area which is
repeated in a square array several hundred times on a single
substrate, in this case, a silicon wafer.

A four~inch diameter silicon wafer with a topical layer

20 of silicon dioxide, which had previously been cleaned
scrupulously with a concentrated mixture of sulfuric acid and
hydrogen peroxide, is placed into a plasma deposition system.
Layers of titanium (0.1 um). and silver (0.5 um) are sputtered
consecutively onto the vafer surface. The silver is then

25 processed to localize it to a region which in the final
device acts as the combined reference and counter electrode.
This step is achieved by a standard lithographic technique in
which the wafer is spin-coated with positive resist (Shipley,
AZ 1370 SF). After UV exposure of the photoresist through a

30 mask and development (Shipley, AZ 351), the exposed silver is
removed by using a 0.9 M aqueous solution of ferric nitrate
as the etchant. XN-methylpyrrolidone solvent is used to
remove the remaining photoresist, thus exposing the required
silver structure. The underlying titanium layer is then

This Sheet Has Been Reilaced

AR




FES 21736 18:27 FR PENNIE & EDMOND 4 T
Layers of titanium (0.1 pE). and silver (0.5 gdu) are s?pt?t]tlciasrsgg?"w31 P.83
consecut iWeI99/e581® t he wafer surface. The silver is then 25pch@ 'ﬁgg,to

|l ocalize it to a region which in the final device acts as the conbine
reference and counter electrode. This step is achieved by a standard

l'i t hographi ¢ technique in which the wafer r31dpin-coated with positive

resist (Shipley, AZ 1370 SF). After UV exposure of the photoresist through

a 30 nmask and devel oprent . (Shipley, AS 351). the exposed silver is r.egove

by using a b.9 Rraﬁagﬁﬁé §§|£‘P$‘6ﬁ 'B?éT’é’rerslrl AhiTTHES ?’Fﬁ’z‘ &Cn & .e‘e‘%%" %
N- net hyl pyrrol i §ontast! pedt ot sa usighdD Iimeye This rpriessnd splachdeyeds by

t hus exposing the reguire [ . VA j '

T hen 95 Thi sPereffihgcEng sdfe PN BrqtiiE, ﬁi%ﬁ%?g??é‘ Ve

| eave material forrsilves,wiith the exceptinn thatom o9 Phaqiechss ure
[ine. This procggsnieraenheIgdaiio ' EhPEiMnG NP, FRTE df IR IR AES%H is

as descri bedSaboveni'or sd’ver, W th the exception that a 3.9 M aqueous
m xture S of niveed agi he| ¢8Ryt ai ning 0. 76 M of hydrofluoric acid is

used as the etchant. ¥Fe passivate the signsl limes = phodo-défiinadiles

pol yi ai de (DuPon 703) 1 S.SRLN:C onto the : ce.th er

been exposed top%}/;?‘?bﬁ? Zﬂﬂgﬂ’&e%@g W t Jaml%g%ﬁed\"/eorﬁ%m xeur%é&%;r'_ %@;%e

butyrol act one atblexyafer hasibeén)exposeddty i Jighte anst dewelopeddiwiddr' a n

an oven at abou = 1o ' ‘%le AN 1Ud @ -HOKRAT € e

left to COOIIOtOgg og?glégﬁzébg%$ﬁ%ﬁc 0 %’Bri cyate th(é%ti ridiuh "

catal ytic el ectPed¥meposstheated amdt'binidigeq S any oven pfy@bout (350°C

patterned as degsri §BgutboyemindtésVigidéF dr i Théte (dkmospHeres Ari®left to

sputtered onto the V\?f er. Eﬁcgﬁ.ﬁtho@t%rﬁey st a% excess nmetal on the resist

are then rermovef®BY FPcaPRBh: 1ot hEAY1i done to | eave an

oct agonal (w dth 200 'Sanf¥abricaten the ciridium aratasl yicidlesttrade,t positive

chl oridi zed by g QRpi ; f j 12 | s

P ont o O EhBRLPE:1DE PShlpfey?RE 1946 SF) %{%f&%&a 2 Wels¥t itfea
above. A layer of iridium (0.1 zm) is then sputtered onto
the wafer. Excess photoresist and excess metal on the resist
are then removed by treatment with N-methylpyrrolidone to
leave an octagonal (width 200 um) iridium layer. The areas

of silver are then chloridized by dipping the entire wafer

20
into a 12 mM aqueous solution of potassium dichromate also
containing 60 mM hydrochloric acid.
To sensitize the catalytic electrode specifically to
glucose, additional layers are established on the base
s .
25 ensor
6,1.2., PERMSELECTIVE SIIANE LAYER
An alcoholic solution of the silane compound, N-{(2-
aminoethyl)-3-aminopropyltrimethoxysilane, is prepared as
30 follows: 10 g of a mixture comprising the silane (2 ml),
water (9 mL), and ethanol (90 mL) is wmixed with 50 g of
ethanol. A sufficient amount of this alcoholic silane
solution is spin-coated onto a wafer. The wafer is then
baked in an oven at about 90-250°C for about 5-30 minutes.
35
T
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containi'n \% 60 vM hydrochloric acid. To sensitize the catalytic electrode
speci fica Pucose additional |ayers are established grCT/USSPAB22L5
sensa. 6. 1. 2 MELEcTm  SXLMRE LI YER An al coholic solution of the

sil ane compound, N-(2- azinoethyl)-3-am nogrﬁgyl triuethoxysilane, is
prepared as 30 follows,- 10 g of a m xture“Conprising the silane (2 niL),
water (9 nlL), and et hanol (90 hL) is mxed with 50 q of ethanol. A

sufficient anount of %enéﬁﬁiegh?iy C Sid aDEL A UWdyx 'd%nslfﬂé“ -¢HalRd SHED oh

wafer. The wafer is t an oven at abodt 90Q-250-C for, about 5-30
mnutes. 35 Thiereselected aEeaseht-ehcAVehihe Fatalylice f1aqa9e the

’si ltalnet | ayelr C?&xﬁﬁa@éf a@k'ﬁﬁ@%ﬂ]ﬁ}hﬁﬁsﬁw afavirmfthe ibash Slam!b ox him
catal ytic el ectrode surface e Sil
pl ace. Hence, f%?%r o%e’ﬁ?) ft?v}e AYFot %ﬁ% %&%&%&% @‘?@éﬁf
spi n- coat ed gcrbstt)tan) waé esp imecoated W%tﬂ’@aﬂf@owﬁ Gof3v-haked
1t is then atéﬁ&ﬂédgéscdféfri@%rﬁhf‘éﬁ OUStyY iled drfé@nV%att%r%re%aa%V%resdebed

cat al ytic el ectrode_exposed /dL sol ution of F- ){E noet

am nopropyl tri rrB?ﬁ‘é%?‘é?i&n%"l %eﬂ‘é? %eﬁi"ﬁ%t%‘fe’f She SR l‘i:cﬁa]t%g
the wafer and bakpésad.abrub. QOgé Orsdbutisnites ummamoewl)a{msphere

Excess pol yneri zed silane &?fja‘b%%lt E,‘;]?ﬁn%’fj a/e%ﬁb fﬁgﬁwg{ spin-

ul trasoni cati onoPH™ °Pﬁﬂ?¥?'gfﬁ'§
phot or esi st |s ceabeddobte thé cvafer pand -haked at &i:tm-m ABET cdrorlslmlilwtes

mnutes. Thi® Ghdbz Oh Ok peeéém#@tkro 2 2 V@ &ded b *éﬁh%z | e

I's | ocalized over e cat a tic e one pr fers e silane [ayer
may al so be est%PFQﬁ@ﬁJ-?Bcaﬂ?h%‘?/ FeReMed by BaRNS Rk wktragericatiqn 4n

procedure is ouslbiegileeedte 2for about’ 55 |himptemf erp.md:h the PHotorekist

array of amper Ofgt Ll Cabhd the WeFLE s SESE Suxdd 'S GRP e G5
minutes. This 7lift-off” process yields a wafer in which the

silane layer is localized over the catalytic electrode.

If one prefers, the silane layer may also be
established locally by means of a photoresist cap. A typical
procedure is outlined below:

A silicon wafer with a patterned array of amperometric
electrochemical sensors, in which the catalytic working
electrode is a thin-film of iridium metal and the reference
electrode is silver-silver chloride, is spin-coated with a
0.5 g/dL solution of N-(2-aminoethyl)-3-aminopropyl
trimethoxysilane in deionized water. The wafer is then
heated to about 160°C for about 15 minutes. The wafer is
then spin-coated with positive photoresist (Shipley, AZ 1370
SF), soft-baked at about 100°C for about 60 seconds, and then
patterned by means of exposure to ultraviolet light through a
mask. The resist is then developed (Shipley, AZ 351) to
leave a resist cap over the catalytic iridium working
electrode. The wafer is then etched in a 1/500 fold dilution
of hydrofluoric acid (10 M) in deionized water to remove
excess polymerized N-(2~-aminoethyl)-3-

35 aminopropyltrimethoxysilane. Other protic solvents, such as

15
20
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electrode la a-thin-filmof iridiumnetal and the reference electrode is

sil ver - sy oride, is spin-coated with a 0.5 g/dL sol yt/

E-(2-am ‘rﬂ%ﬁ{y bS- am noproopyl 25 trimnmethoxysilane in dei ot#%%@é?” The
wafer is then heated to about 160' C for about 15 m nutes. The wafer is then
spin-coated with positive photoresist (Shrpl®y, AZ 1370 SF), soft-baked at
about 1300C for about 60 seconds, and then patterned by neans of exposure

to ultraviolet light through a 30 nask. The resist .is then dgvel oped
(Shipl ey, AZ dwer alkanals, may e dFedhAs %SGAFQF’&I £OT; P& um wor ki ng

| de. Th | h ' / i ' ' 1 b
el ectrode }ﬁﬁ]&%{?%ﬁéﬁ M sithresl /F0Priotid didlvente mhy also be

hydr of | uoric .In I.oni zed water t.0 re e £ S I I zed

a- (2- am noet hyyged. YRR FRA t?qr}fﬁmq“aﬁgkgtdﬁé&ia?’ggfgcggcrgiavéﬁt s,
such as T; Sl Taee reRdetenestvéres 1 cin the mange AfOaboutoRe00d] kenabsut
may be used as_t 0 t 6|a§§ | 11 thinXtrémeveal bprotic
sol vents ney a3 bee%%%.p%,épelé% |y ceg‘%:é(ﬁ:ﬂe(rﬁ atli on qQf h rgfl uorpi c acid
in the protic expasure | ¢Bsthe W&@Fa?@eﬂ‘(ﬁ“%&ﬁe"ﬁtﬁof%°ffégu ¥00. 01

wei ght percenty) dhgséRsestismPres iamimamsyed mne aboveuprodedure lehwest 0
_-butylacetate foll owed by ultrasonication fqr 0 nyt above
procedure | eaveRe FElaRe ail%y?’éy%ql%rﬁ’?/ B (G ﬁiﬁ@y%ﬁ@%&t@ﬁé&dqes' In an
alternative method? theanciltériatsive nethxd, rihe) wety dteh shepe 1aviod vilag
replaced by a dry_e LN y%%%@ N %] I‘HW.
6.1.3. meﬁ%ﬁ%{f_@#% &’?‘2\1‘% ‘ P et Beflndlan

Phot of or mabl e plasmye| achieving o$ HEAY el %hmoni um 15 citrate as
photoinitiator may be purchased from Norland Products, Inc., New Brunswi ck,

%5 VPR Tol | owed by an i nt chets maySHOLOFORAS ?&gﬁéﬁ@' 258 X ng aqueous
solutions of fish gelatin (cold L 5% aqueous
sol ution by Signma chPhbtafofmabheyfishtgelatin coqtaining ferric ammonium
15 citrate as photoinitiator may be purchased from Norland
Products, Inc., New Brunswick, N.J. These negative
photoresists (the commercial materials are referred to as NFR
followed by an integer) may also be prepared fresh by mixing
aqueous solutions of fish gelatin (cold water fish skin sold
20 a5 a 45% aqueous solution by Sigma Chemical Company, Cat. No.
G 7765), metal complex, and a crosslinking agent.

A sugar alcohol, such as sorbitol or mannitol, may also
be included in the formulation to alter the porosity of the
photoformed matrix. As noted previously, a commercial

25 formulation known as NPR 6, which contains a chromium~based

photoinitiator, may also be used.
The enzyme biocatalyst, glucose oxidase (in the present

example), may be mixed into the NPR or freshly prepared fish

gel mixture and spin-coated across the base sensor wafer. A
30 typical formulation may comprise about 2 to about 35 g/dL
fish gelatin, about 2 to about 100 mM metal complex, about 2
to about 100 mM crosslinking agent, and about 1 to about 25
ng/mlL enzyme. The formulation may also contain about 0.1 to
about 10 g/4dL sugar alcchol and about 0.001 to about 1 g/dL
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G 7765); netal conplex, and a crosslinking agent. A sugar al cohol, such as
sorbitol , Wer9a/@s#tbt ol , may al so be included in the formul at'l‘@ﬂlﬁiﬂﬁdﬁi‘l t he
porosity of the photoformed matrix. As noted previously, a comerci al
formul ati on known as KPR 6, which contains hr om um based phot0|n|t|ator
may al so be used. The enzyne bi ocatal yst, Qﬁﬁﬁhse oxi dase (in the present
exanple), nmay be mxed into the NPR or freshly prepared fish gel m xture

Comr s anour 9% b AR5RESREY RoPREReLERE! rofmilatybh Conp Pl Sk LT (B
metal conpl ex, gbmatlﬁ. 13. ébnﬁthUUiANF§t§%§¢tnk?nb B Ml ‘and about 1 to

about 25 ig/nm n @l?Qm 20 Tadbes! ofidage. about
10 g/ dL sugar oPoch enlﬂisEGE?whﬁiag and ofi

t bout 1 /dL T
repl acenent sheANOLREE: suztghg fgg@ulgg gﬁg%?@?ﬁgﬂfs iﬁ% g#ef# i with
fOFnULaflOnbEONEéh&ﬁizie%wEt&b gelatf?naISpBouéiﬁecmmtenttaﬂiko%Jﬁ&fbeiéhﬁwﬂ
- met hyl enebBsacr, 0 a S
formil ati on conBF, S88 kprazouixfufeld Yryfiods BRASHLITE, 1 MIE], SRS
protein content (&f g/8L) by andi Friton Khd0@of @t 03 A dk)) EP%CB%e°6X$@%s%15h
(6.7 ug/n), soghihe n(grgbﬂh)fOERQIZEiBHB #ayO0fe (RaP3seédLlditd Neadss of the

fish gelatin or "NPR fornul ati on added carbonate or

sodlun1hydrOX|dEarPP“BE§|P€ds°§iuﬁ Yﬁﬁﬁﬁ% egolghg%?lﬁe%efB?eaaﬂﬁlﬁ YL of
the enzyme. Moshbpuef @r Baifvret bad@theﬁ bbetﬁereuifmon nb@ulﬂréﬁegmnyerthe

o1 e ot ocat ol JE SErpbeaReRRBLhr ohOpBhEN B SrabERt LHAER pbARE | Pl Toes

waf er can be vathes aboaalestOtpeevahtknessqnith@ntuha#CEn!ﬁtgqm of ‘the
Preferably, thig;bRh¢dR§y §§|s about 0.1 gm More economcally, the

formul ati ons say be niciodi spensed dlrectlg over the |ndicatQ{ e ectrqges
of the base sensors. The amount of proteinaceous material applie t

15 wafer can be varied to adjust the thickness of the final
biolayer. Preferably, this thickness is about 0.1 ym. More
economically, the formulations may be microdispensed directly
over the indicator electrodes of the base sensors. The
wafers are then exposed to UV light (& mW/cmz, 30 seconds)
through an appropriate mask and developed-in 1 g/dL agueous
hydrogen peroxide for about 20 seconds.

Alternatively, the protein matrix may be established
and patterned on the wafer without the enzyme present. The
entire wafer may then be immersed in an aqueocus solution of
the enzyme glucose oxidase (Sigma type VII: 150 IU/mg) at a
concentration of 20 mg/mL for 2 minutes. This procedure is
effective to impregnate the gelatin layer with a sufficient
amount of enzyme. Excess enzyme can be removed by washing
the wafer with water.

25

6.1.4. GLUCOSE SENSOR WITHOUT SIGNAL LINE PASSIVATION
AND USE OF CHROMIUM-BASED NPR MATRIX

An alternative design for a glucose sensor is a unit
cell which comprises two identical iridium catalytic
electrodes both surrounded by a single silver-silver chloride
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wafers are then exposed to UV |ight (6 Wen, 30 seconds) BE['%S gGH F.a7
appr opri aWO M{8f918nd devel oped in 1 g/'dL aqueous hydrogen pepgwmgimn

about 20 seconds. Alternatively, the protein matrix may be established and
patterned on the wafer w thout the enzyne gr@ sent. The entire wafer nmay

then be i mersed in an aqueous sol ution of t he enzyne gl ucose oxi dase
(Sigma type VII: 150 IU ng) at a concentration of 20 ng/EL for 2 m nutes.

Thi s procedure bémﬁ}ﬁéat k&?ei-enwmﬁar@é@nﬁ&@ EEdddud aYRie WHIESA 1 and
sufficient anount of _enzy Excess enzyne ca be, rem)ved"ﬁ%}E shing the

wafer with watef)- SOEB"& Qf ehecEREee INE8} VAT ON
AND USE OF mR%b%B&ﬁE@eap&?g’ﬂé’H Xire wtme\a&f Vehxes iggmtfazrt pagisucose

' el | h
o oot otes. bot nESSRIDARGRR BE ERE] AEPs LYRLSR Uil rddydld B iinflds’ or
the repl ace ntmatméacmr-'enq stepa- Tee b sence G rtdr passd vasuanelayer
el ectrode (s eafﬁ@re&ué&ﬁ Zhe E%Bs%of:&%éﬂfeoﬁ'ﬁ@ hfRs iaha ¥INRKIsEd

by an unpaSS| vat e i ne to one of

ee contact pads. Ellmnat|on of
t he passivation §F§ﬁrr eontEel AL Fﬁ?rbg‘lw g %’ 15(
absence of the gabsegténtlyl epen—ebsmde@bmssttm QVafeY 1 oI anhyt @remhels

water and allo t ey
subsequent |y s\[;\?ﬁgg é’ﬁgd&gﬁ%gs t%%cgg?é&i&?% hl 12 A %l%’o% ted hi n
a rectangul ar .asguavhi snray sepeaabdhum:aeéqtmss annaa,' mlsmﬁcﬁ, in

times on a Png{;ﬂlgugggéatg siﬂ;&@ntﬁéfefase a silicon wafer. A four-inch
diameter silicon water with a t opi cal silicon dioxide, which had

previously been cl eanédeBFUbBFBug}?’“%?ﬁ %lkb?%rﬂﬁ%ﬁ"ed'ﬁlkﬂjrté’ﬂﬂfcal layer
sulfuric acid asd éillny:dhoeeaxmeépxwﬂﬁcnlﬁa@lpmech.ausnr DeEMITRAIRFISI ti on

system Layers gf fhb2BLETY(Q1tn®l) c8ifestia€la (il &F SdMLY Slid ana
hydrogen peroxide, is placed into a plasma deposition system.
Layers of titanium (0.1 ym) and silver (0.5 um) are sputtered
consecutively onto the wafer surface. The silver is then
processed to localize it te a region which in the final
device acts as the combined reference and counter electrode
and the contact pads. This step is achieved by a standard
lithographic technique in which the wafer is spin-coated with
positive resist (Shipley, AZ 1370 SF). After UV exposure of
the photoresist through a mask and development (Shipley, AZ
351), the exposed silver is removed by using a 0.9 M aqueous
solution of ferric nitrate as the etchant. N-
methylpyrrolidone solvent is used to remove the remaining
photoresist, thus exposing the reguired silver structure.

To fabricate the iridium catalytic electrode, positive
photoresist (Shipley, AZ 1370 SF) is patterned as described
above on the wafer and then a layer of iridium (0.1 um) is
sputtered ontoc the wafer. Excess photoresist is then removed
by treatment with N-methylpyrrolidone to leave an octagonal
(width 200 um) iridium layer. The underlying titanium layer
is then processed to leave material in regions which act as.
either a contact pad or a signal line. this process is

15
20
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consecuti vel onto the wafer surfaoe. The silver is then processe

| ocal i ze VP egl on which in the final device acts as tl‘lzcriussg/eszn
conbi ned. reference and counter electrode and the contact pads. This step is
achi eved by a standard |ithographic technig ;‘gzl n which the wafer is
spin-coated with positive resist (Shipley, 1370 SF). After UV exposure
of the photoresi st t hrough a sasl and devel opfrent ( Shi pl ey ~AZ 351), " the

exposed silver- lﬁlqh% f iC
nitrate as the Ae anta%weﬁ%%ﬁg}ld%@so verﬁgél S use e‘y;sem%\r/sre t he
remai ni ng phot cﬁ%%q‘-%%be@h%h"\é?(p%/ﬁﬁ REYYRE r SRR ddhas igXreptdnn afy78 M

L;brlisggt §F§ he iééﬁawg Caa&m«i(;jmc &fQQidﬂiﬁso udaict tacmit mwmraas asd (;:}&Iewcﬂmnt.

is patterped as_ desc on e

| ayer of iridium (0. 2&‘?@ $2S S A5 o?ftaeq%‘h i ﬁé&’?ﬁé‘? 1:[he
is then reno edebylreeaaﬁentimﬂ:q mxmyaq;wm |mm I#amfalssawagonal

(W dth 200 P2) 4ishtofibtaVeiso ddifcaiiinig Yad\dni MyHHtRIAAY dcid.NCime

processed to | eave erral 1n regions =act “as_ el t her contact pad or
a signal line. rmelmmee%ot%r%s'etriewmﬂmm 1&!&&- -122-
achi eved by repgeéhylpyReobedéne t hographi ¢ process, as described above for

silver, with the excetlon hat 0. 07, x&g? 3& Qludnon of drofl oric
acid is used as the e 'ﬁﬁaﬁ‘} yer iy © hEYEE )Y

di ppi ng the nte:tecfméée with m&kmmm&dhﬁgmmic Ft(ﬁdlnﬂlms

di chromat e T [
phot oresist is t%e%?%gn% fﬁ#w 'ﬁ;&‘f*’rfi}ﬁgﬁ: §ﬁe%f’%n§| P‘% I gheer is
then | ocal i zed %%@n?h'é"ﬂ'#@lmi@ 1%”&?@# At \AkanY HE05Cq fer about

phot ol i t hogr apmfnﬁeébplmamswa Rfft e B30 OWE Dutidd BRLH.GN gfal, &onla@vend
After the sil ane+coat ed, waf er f(s)hbaked at %a]d?ut 1600 for (%bout m nut es,
t

Nor | and NPR mat2FFQI SORFRIRLRE (Hhe ehdyme LIRS 8% § the
enzynme gl uc%e vkl dpse IWmyp 4ty = concentration of 20 mg/mL, is spin-coated

onte the wafer to provide a coating about 0.1 um in
thickness. After UV exposure through the appropriate mask,
the enzyme-containing negative photoresist is developed in
water providing a self-~aligned biolayer positioned directly
over the iridium indicator electrode.

6.1.5. ANALYTE ATTENUATION (AA) LAYER

Dimethylsiloxane~-bisphenol A carbonate copolymer (3
g/dL solution) dissoclved in a solvent mixture of phenetole
and dichloromethane (4:1 v/v) is spin-coated onto the wafer.
Subsequently, the wafer is etched for 10 seconds in an argon
plasma. A layer (0.2 ym) of NPR (diluted to 15 g/dL solids)
is then spin-coated over the siloxane copolymer. The gelatin
layer is exposed to UV light through a mask and developed in
water to provide a protective octagonal cap 450 um in width,
centered over the catalytic iridium electrode and above the
uqderlying siloxane copolymer. The excess unprotected
siloxane is then removed by a wet etching agent (a 17 g/dL
solution of tetramethylammonium hydroxide in a solvent
a5 Mixture of methanol and isopropylalcpho; (2:1 v/v)). The

25
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VI I 150" XU (leg) at a concentration of 20 ng/nL, is spin-coated onto the

vaf er t oWPO0/0S8IGk coating about 0.1 ga, in thickness. Aftepcpruess)osssse

t hrough t he appropriate Bask, the enzyme-containing negative photoresist is
devel oped in water providing a self-aligned, biolayer positioned directly
over the iridiumindicator electrode. 20 6T44%7 ANALYTE ATTENULTZON (a}
LAYER Di net hyl si | oxan&- bi sphe”ol A carbonate copolyner (3 qg/dL sol ution)

di ssolved in a _solvent_ rXxtur f tal e 2 n kG (

Vv 1 o spi n- cORARE ot e “aaed Wb BeReniny S tnd 1 anap 2  EugERs, 4l
10 seconds in storgbressantimlly Idxypyeun@er? 2aagpnstokieddhhaiddtyo 15 g/ dL
solids) is theﬂﬁﬁq§£§1 d over the siloxane copolyner. The gelatin |ayer
I s exposed to I'g rough a mask and devel oped in 30 water to,E(ovide
a protective octagondts QigFes®axhiay \Tneroys, eBzyRes, BaYt e dnpgpiiizged

i ridium el ectrase agkodeae did lardad tnag delsexibedcapobyier pekbongxcess
SoTuet oo T eteriaed IS B oo Far Sy BhESn HER nR, o BHE o
met hanol and i spenpaitathian @ DetepnineTtheTlfeasibithtyr ofl dnmobil ishret
Dat e: - 0. i ooy - %?f P d dirgcedakt L NG Vi
sensors and st oa?e%f'veesnsée%% a f%r’dyﬁfun er o\ga%%%#%?l'edtﬁu%dglgtk§°gn€'{°r gggrrgnt .
As noted earl i @elatibr athesh materiads bsuckoBs| Pe¥dngy ox PRBARSSCTHRM | ar

to that descri hEnaiidy S BSRYOMBAIK IdaRmhal-G10R01aN, BEEEIiAN BrCath¥rOdhiRal
m ni rum anobht of  experinmentation to dest&[(_a&g ne the feail bi #tx of

i mobi | i zing a RAAS AA¥ SEXVG ALPS £, FRBECeR 0L (RFPFBAD Breyiged
gel atin, other thtterd ajivers teinbdhatdonm e foprottedn, sexrosslinkahguagent BSA or
HSA), gamua- gl | [k 4 ' Pt her i : at.n r Seryd
possi bl e sourc?sﬂgo Ji;?rlgt?‘e%gré}ﬁr %\ﬂdggﬁeﬁg?dggnl&%&%% é‘én’g?nagi gﬁ '%%v%r% %F%),ale
crosslinki ng agwgative photoresist characteristics.

15 ' - o-
6.2. PREPARATION OF LLR-BASED BIOSENSORS
AND METHODS_FOR THE USE THEREOF

6.2.1. BASE SENSOR FABRICATION
A four inch diameter silicon wafer with a topical layer
20 of silicon dioxide which had previously been unscrupulously
cleaned with a concentrated mixture of sulfuric acid and
hydrogen peroxide is placed into a plasma deﬁosition system
and layers of titanium (about 0.1 gm) and silver (about 0.5
um) are sputtered onto the wafer surface. The silver is then
25  processed by standard lithographic techniques to localize it
to a region which in the final device acts as the combined
reference and counter electrode (See, e.g., Level 4, FIG.
172A). The wafer is spin-coated with positive resist (Az 1370
SF), subjected to UV exposure of the photoresist through a
30 mask, and then developed (AZ 35l1). The exposed silver is
removed by using an aqueous solution of ferric nitrate (0.9
M) as the etchant. Removal of the remaining photoresist to
expose the required silver structure is done with N-
methylpyrrolidone. The underlying titanium layer is then

as Been RTlaced
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photoinitiator, and other additives is found to have suitable negative

phot or esWQx9a/Msgtact eri stics. 16 6.2. PREPARATI ON OF | AR- BASER) SORS
AND | METHOS FOR TH - USE %GREF 6. 2. 1. BASE SENSOR FABRI CATI ON A four 1 nch

di anmeter silicon wafer with a topical |ayer. 20 of silicon dioxide which had
previ ously been unscrupul ously cleaned w tH2#=concentrated ni xture of

sul furic acid and hydrogen peroxide is placed into a plasna deposi tion

t d | f tit b 0
o7e cputter ed’ Brossened, IR Adayer Bterinl I r@500n2 piEly (800 45 bboigl
standar d | it hogoaghict- padheirqaesigsalodapeze TblﬁosﬁePeg$oﬁcﬁh?%ﬁdlHYthe
fial device aCEEP%?tE§§>Qﬂﬁbb%ﬁQ &QESB@EﬁﬁhiadpﬁeéQQQr eéeeégeﬁﬁbéaee

e.g., Level waf er I n- coat ed posi % ve i g é
1370 SF), subj@€F€&°P§18Vf€%b6§&V@¢bf“PE Bh8t8F€§P§f°Fﬁrﬁﬁﬁ a %b HESRt
and then devel gagk @ézuﬁiﬁ)anﬁhth@xpueadnSIhseanlaqueausedihyunelngmpnzs;ng
aqueous sol i oné:og__fsc1tc rc(r}ldc)! ? g)heag‘rgegg%‘e’giuBch’eag &n&?u vaI f t he

remaj ni ng phot&ﬁ ver S done W th
V- nethyl pyrr opaetsaeratm@hmamgmlngmeﬁam phptayéefnaabhenpgsyxm@eu s the

repl acement sheeh,pldaiee 2703 zsRs in-caaué oﬂ{-.ecexaaedaterl eauﬁcaaesya&féf
regi ons which act _as eithe tact pad or a signal |ine, |

s ste
achi eved by re&éap”hgxpﬁﬁegaﬁPq ﬁFﬁ@&P&BﬁlHiﬁpoéegéxtgged@chFE¥H°lagt°“e
previously for apid w§lend t(6:4h&/cerheopslivher wadi Lhtdtpeaniakansovendat

and the etdRBan S aqueo xtur ng C (

hydr of | uoric aé58 ng?glé? %%S 5 SR a%gn?h3§gl ﬁﬁ?éﬁ*%ﬁg Ag%hcg)}go‘bd%?lnable
pol yi m de (DuP@nDlzt©3ﬁ50§CBpﬁﬁozvatcuOUﬂﬁofrhm theecevennce the wafer is W
exposed and devel opegg fa&,ﬁasw ¥he EBtQES/H&' 88beELoA8Y pULEESVE6: 4 VIV),
t he pol yner was |a|d|re n_an _ove

photoresist (AZ 1370 SF) is patterned on the wafer and then a
layer of the electrocatalyst metal js sputtered onto the
wafer. For iridium such deposition is preferably carried out
at a rate of about 0.4 nm/sec to a thickness of about 20 nm;
for gold, the preferred rate of deposition is about the same
but tec a thickness of about 100-120 nm. Excess photoresist
is removed by treatment with N-methylpyrrolidone to leave an
octagonal (width 200 um) catalytic layer (See, Level 5, FIG.

).

18

20

The areas of silver were then chloridized by dipping
the entire wafer into an agueous solution comprising
25 potassium dichromate (12 mM) and hydrochloric acid (60 gﬂ)j

6.2.2. DPOST-PROCESSING OF BASE SENSOR

After processing, the wafers are scribed. For example,
wafers which are about 0.46 mm thick, are scribed (partially
diced) along both the X and Y axes defined by the rectangular
unit cell of the sensor such that about 0.18 mm of the
silicon substrate remains. This technique provides the
necessary structural integrity for the steps which follow,
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10 "3500C for 30 minutes in an inert atnosphere and allowed to cooP %o 1506¢!
before r ENOPHOI9®m t he oven. To fabricate the catal ytic el ROI/US89/05227
positive photoresist (AZ 1370 SF) is patterned on the wafer and then a
| ayer of the electrocatal yst netal as sput tg,gd onto the wafer. For iridium
such deposition is preferably carried out at” a rate of about 0.4 nnisec to
a thickness of about 20 na; for gold, the preferred rate of deposition is

about the sane Eég to aﬁgﬁgggggﬁsogftggoygoigpeggp Pt pEERESs PEE A6} St

20 is renoved r éat t wth #-nethgég rroli o | eave an octagonal

. dpne

(wi dth 200 gm) €8paratien gfcFhesgatere 5in +‘G‘g‘13i. SERSUELIPY sil ver
were then chl or ceinpedtiRpyndogpthg pbecessire wafer into an aqueous sol ution
conpri sing potassiumgich t ' | , 25
622 " B ReresoxntroAReSepRArR, \pPaipLYELOE WA B brcteded
scri bed. For _ex&nptbernahtes LiRrbasedcbipsensors coymestakkishing adddeipnal
(partially 38 ﬂiﬁg@):sabﬁ%nbﬂkbet bR Lrpdityares €réidesirys tdigatyrad angul ar

e Se

unit cell of t nsor such that _about, 0. 18 nm of g silicon suhstrate
remains. This t 8PRAiBe pMethads fRE ﬁ%ﬁ%§§é§§1§?r?éé%ﬁ%ﬁ“?*ﬂiﬂﬁﬁtﬁ;?i}aXQE§
steps which fol hee, déscribed ffaethekerei cenetshe -125- (eqg,, deposition
of the biolayers) but permts the easy separation of the water into

i ndi vi dual sensors upon conpletion of the process. The base sensors,

exenpl i fied gbove are. pr ocessetr B LAYERS FOR FHE RETESCTION NPnsors by
establ i shind~additional |ayers which | L sires

anal yte speci es. Mt hegs sf Ehr&iemksahﬂedfﬂdhtiewrss@fé abhe 4R orEe

descri bed furth?QYegszhgbveAg §Si§E§£l§ EEZEggﬁégkfmmﬁ silane layer which
permits dioxygen and hydrogen peroxide transport and also
serves as an anchor to which the second layer of an

5  jmmunologically reactive first member is covalently bound.

To establish the silane layer ontoc the wafer, a 0.05
g/dL solution of N-(2-aminoethyl)-3-
aminopropyltrimethoxysilane in a mixture of isopropancl:water
(92:8, v/v) is spin-coated onto the scribed wafer and baked

20 in an oven at 90°C for 20 minutes. The wafer is allowed to
cool te ambient temperature. Subsequently, the layer is
patterned in the manner described previously in Section
6.1.2. The wafer is then soaked in a 1 g/dL agueous solution
of glutaraldehyde for 1 hour at ambient temperature and,

26 afterwards, air-dried at ambient temperature.

A solution (100 nL) containing 2.65 mg/mL of goat
anti-human IgG antibody (first member) in 0.01 M sodium
phosphate buffer with 0.25 M Naél, pH 7.6, is then
microdispensed automatically onto individual iridium

30  clectrodes on the wafer. During microdispensing, the wafer
is placed in a controlled humidity chamber, to prevent
drying, at ambient temperature for 20 minutes. Unbound
Teceptor is then removed by washing the wafer with deionized
water. The sensor may then be stored dry.
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10 ° ) MEASURE OF HUM 1aG This particul ar enbodi nent ©-
conpri sesVOWe/e8980t i onal |.ayers above the iridium base sens@er/gisgo/os

| ayer which permts di oxygen and hydrogen peroxi de transport angsg?som
serves as an anchor to which the second |layer_of an 15 ium nologically -
reactive first uneher is covalently bound. ~P#&stablish the silane | ayer
onto the wafer, a 0.05 gfdL sol ution of X-(2-azinoethyl)-3-

am nopropyl tri net hoxysilane in 2 giiturg ) Y. o] LUBhE" (92:8, v/v)
is spin-coated onto the scribed vwafer a ¢ T en at 90-C for
20 m nutes. The waf er N waferoha¥ing base senandscatuirPedeith cgold
subsequently, thachayRic aikatte8a8adikNptBeedBeAcin U8Rs¢t PP leié yANEEY 1 N
Section 6.1.2. The wafer, i,s then,soaked in a.é gédL agueous Sso utéon of
gl ut ar al dehyde B8SSKIREG 1n: SEALALR: 6rénfer ¥itPe %ﬁd?géﬁpE&?%r *hs,
a}r-dried atsﬁﬁhﬁe&bdﬁeﬁﬁﬁhghgreffehaotﬂrﬁgnmfﬁﬁérnu&irbméégmhngnﬁi€5h=9/%L
of goat anti =hugan I body.(first zenber) in 0.01 X sodi um phosphate
Eigeeiaithe 3R 1bbay

buffer with 0.2 fhen m crodi spensed automatically onto
i ndi vidual iridium30 electrodes on the water. During xicrodi spensing, the

wafer is placed in a congrplded A ickIpaSER HIVSENSOR FORE Rl iTg%  at
anbi ent tenperature for 20 m nut gpuIPPROURETHEORBERLYING { BEFCTRODYES by
washi ng the wafer with dei-oni zedawpt eAs PERMERBEE' LNPERS hen be stored dry.

TG Ll NETR it or i PRGBS tcRES R catATERLE SHEREERASF f HGRTEibed
el ectrodes i s pabovesds S@i@xaoapydthé;haannixﬁusertﬁemeiatfwgtp@ngﬁpeist
e oneer! R €k yesatd RE0SRAANELIERE i Sto BRI jaide
EQ TPPZD W TH UhBERPERE thickness of about 1 um. The coated wafer is then
introduced to an oxygen plasma for 10 seconds, before a
15 Solution of siloxane-nonsjiloxane copolymer, dimethylsiloxane
bisphenol A carbonate available from Petrarch, PA (6 ¢/4L in
chlorobenzene), is spin-~coated onto the wafer to provide a
layer having a thickness of about 0.7 sxm. The wafer is again
exposed to an oxygen plasma for 10 seconds. Finally a secohd
20 layer of negative photoresist, NPR 6, is established on the
wafer at a thickness of about 0.7 um.
The wafer is then exposed to UV radiation through a
mask corresponding to the area over the electrode structures.
The topmost layer of negative resist is developed in '
25 deionized water for 5 seconds to provide a cap for etching
' the underlying siloxane-nonsiloxane copolymer layer (gas
permeable). Etching of the copolymer layer is achieved with
a 0.2 M solution of potassium hydroxide in a mixture of
methanol and isopropanol (1:5 parts by volume). Finally the
30 bottom (first) layer of negative photoresist is developed in
deionized water. ’
After the wafer is washed and scribed, goat anti-human
IgG antibody is immobilized onto the sensor surface in the
manner described previously in Section 6.2.3., preferably

35
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AND GAS YERS 10 A wafer with gold catalytic el ectrod‘es asF-13

described above is spin-coated with a mxture of negative pHEIUSBYOSAIR 6
(by Norland, | ew Norunswi ck, KJT) to provide a | ayer having a thickness of
about 1 pm The coated wafer is then introdgeed to an oxygen plasma for 10
seconds, before a 15 solution of siloxane-nonsil oxane copol yner,

di net hyl si | oxane bi sphenol A carbonate available from Petrarch, PA (6 g/dL
i n Chl orobenzengithia gDﬁﬂamMebﬂy@e\tcmbsmlma t e asoel ta righ sdruicduiney
a thickness of about

T, f a ,@%15
pl asma for 10 sﬁ%ﬁﬁﬂg&%l y%oﬁcgé\d*% gﬁ er ﬁfgxatgfl% q“h?gorem st,
NXPR 6, is estabecehbdronrtmm&a%ﬁlwtﬁ%‘k%%siﬁ)falﬁﬂ)ﬂre(?eﬂtpé’verhéhe

wafer is then eéﬂgﬁggaggséAﬁ&?g*atgon t hrough a nask corresponding to the

area over the e e structures. The topnost |ayer of negative resist is
devel oped |nﬁ25 dei oni zed water for 5 seconds to provide a cap for etching

the underlying sil oxane- Rsig.oX ANLTERNATIWEE THEOPHY LUINE DYOSENSOR) .

Et ching of the copoly a i S"achreve a 0. Ql Ut Lo .

pot assi um hydr oxi de |gE§eJFn %Eu’f"ér%? ?\5?10?3%?1% M4 tz“%(ﬁ &‘%feﬁérstts a&?
vol une). Fi nal hysihex8febnonesiléxane ) copglymat mg}gsmqﬁmtim Ssiafiians
devel oped in degogi edai“@t ?&brf%&ﬁ Zéx@ftﬂ"aéﬁé érfaxg] dé?fsd Q%Ter

anti-human 1gG anti I's” I o ont o surface in

nmanner descggbeﬂpﬁ’ﬂé@?éﬁéﬂ? of the(fiysh BPR 6 11)‘!%4'&% WAEST S q"?"tsﬁ@
repl acement "Shsep at ?adxatzoﬂZEhr&u h & Bhsk o respoiing XD itheer . The

resulting structure rese es that sho FIG JA ex t t he |Jj gand
receptor or i m’rﬁﬁﬁ?ﬁiﬁ??gg §5%3§ eQVEE %ﬁ%on]p chRaie o%‘f % %t&e °é’sﬁdstq%
layer, 9. 6.2.6deichidld\katiefoPHibsEquentkys Alsetadditiorad |silenanen Sem-
on negative pha&gig§£§£ éggolymer and NPR 6 layers are deposited and
patterned in a manner corresponding to the enclosed structure

o T tEreE bR FRNNIE & EDMOND &
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of FIG, 7B.

After washing and scribing, the wafer is further
processed to establish the immobilized ligand receptor layer,
in this case an anti~theophylline antibody layer. fThe final

20 structure resembles that illustrated in FIG. 8B.

6.2.7. ASSAY PROCEDURE FOR THE
ANALYSIS OF HUMAN IqG

Affinity purified goat anti-human IgG is immobilized on
a microfabricated LLR-based biosensors as described in
2%  gections 6.2.1 to 6.2.3. An equal volume of a test serum
containing human IgG (analyte) and enzyme-labeled antibody
(goat anti-human IgG-enzyme) are pre-mixed and 5 gL of the
resulting mixture are added to the immunosensor. Samples of
Phosphate Buffered Saline (2.5 mM Sodium Phosphate Monobasic,
30 7.5 mM Sodium Phosphate Dibasic, and 0.145 M Sodium Chloride,
pPH 7.2), or whole blood containing human Immunoglobulin G,
mixed with an equal volume of goat anti-human Immunoglobulin
G labeled with alkaline phosphatase can be used instead of

is Sheet Has Been Reilaced

T



PoRo el g dersl PR OPENNIE &% EDMOND 4
T0 GIISSSS?BBSI
13 P.14

§i|oxaqgmﬁﬁgﬁflloxane copol ymer as described in Section 6. 2.

fabricate e change in the. process. After 10 spin- chTﬂUSQ?MSZ:?he
first MPR 6 layer, the wafer is exposed to UV radiation through a mask
corresponding to the presel ected areas over_y el ectrode and then

devel oped in deionized water. Subsequently, the additional siloxane non-
sil oxane copolyner and NPR 6 | ayers are deposited and 15 patterned in a
manner COfreSpO&ﬂbnﬁeEthEﬁm@n6|OSﬁd SLRuUphSEd DPlofefsorp. adf descnibéd nin

d bi ng, t f t.h [ | bili
[ gand T ecept or SPEFAPR Sn2erirs ieaeassn SHREREYhe EROPRR BPekeFab Il b Fhe
The final strucpresentsmetthed.that illustrated in FIG 88. 20 6.2.7. ASSAY
PROCEDUSE FOR THE ANArkel Suiding ensb&}ga%f kﬁétﬁxﬁﬂﬁf&' séegeﬁenamaenbaeaa Jfor

IgG is i mobilized on ni Cro rlca based bi osensors as dese¢r
in 25 SectlﬁnsaGOEtllﬁomﬁnﬂtss A% akouk 93r8n5°oF1¥9Ye§?rsEPEn?%ﬁﬂ%%ﬁn?ﬁg

human 19G (a a'kh@)h%ﬂ@neﬁét”&n|%B&'%@s%nkbeQYtégﬂﬁé g6at- anaﬁnhuman IgG
ZgG enzyne) are pre.aixe mxture are_added to

t he i mmanosensort¢3 §§H5Pe§eﬁFpFﬁ5§pﬁgﬁgbBEFFﬁgeanSgﬂgn%mTﬁng SERSSHyi unite
Phosphate Monobdsimunozeénsor ikl Sadhed Birdefbyt toDrbmeve, anyidnOn4dpeddi Sbdalihy

Chlorid H 7. 1.8kl ' i xed
Lo Lde, (P 7. Bhunt piflatpld o0 ehY0RUE LEVUOREROGULAG £ eiiaE
al kal i ne phq phy?&§ewaan Sésﬁééaeﬁnspéaaeépnsseﬁ vater goptaippnac@rbht (v/V)

sheet ! are; wabﬁ Q@rQ§bagaﬁy@th9meh¥vBasaﬂtbnOﬁSﬂepauraﬁeﬂessﬁabsdseeona
Section 6.2.5, is ﬁdgg sul t abl

a S ﬁre%grab# n?ﬂ %$nethod
The i munosensoM2& BP MEIPG, @ndYcdpRoRizad Bateh-1 o ?s 5SHERUPRY at
about 37-C to abuaurhatlvh&ybbedangonhlthhe&ubgntug(intrbductmen eframto

the goat anti-huz3feidh containing 3.0 mM indexyl phosphate, a substrate for
alkaline phosphatase. This addition results, eventually, in
the production of hydrogen peroxide and the consumption of
dioxygen. The amount of electroactive species produced or
consumed is directly proportional to the amount of human IgG
in the serum. In assays consuming dioxygen, the presence of
10 ng/mL immpunoglobulin G can be detected. The entire assay
is accomplished in less than twenty minutes. However, it
will be appreciated that the sensitivity of the assay may be
adjusted by varying the concentrations or incubation times.

Standard curves can be stored preferably as a linear
function in the electronics memory of the overall device
(See, for example, prior co-pending U.S. Application Serial
No. 245,102). It is understood that change in hydrogen
peroxide may also be detected, using, preferably, an iridium
metal electrocatalyst.

15

20

2

6.2.8. ASSAY PROCEDURE FOR THE
ANALYSIS OF THEOPHYLLINE

An affinity purified mouse anti-theophylline antibody
is immobilized onto an LLR-based biosensor as described in
Sections 6.2.4 and 6.2.6, supra. An equal volume of a test
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(capture receptor) inmmobilized on the i munosensor. The i munosensor is
washed br ?“2 %398 enove any non-specifically bound protei nPCIVRISSNVES2ETQ
can be effected using a first 10 wash with distilled and dei oni zed wat er
containing 0.1# (v/v) Tween 20 (pol yoxyethylgne sorbitan nonol aurate); and
a second wash step using only deionized water. This wash step may
alternatively be acconplished by the introduction of a solution containing

3.0 nK i ndoxyl é&¥ﬁﬁ”€3ﬂ%afh 5¥Hé3ﬁ&jﬁg&n5 &hhabhﬂ hmﬁﬁéﬁédsﬁheabhﬁlllne
addition results, eventuall |n pr od c%bpn of §marog gerOX|gegg£

t he consunpti orA%& RE Sy Eﬁﬁ%&ﬁ?‘ EcTPEY F BLXERER § et
or consuned i S fiderTitdd/ e mitinusEnsior.t hghammixture hsnthexgincubabed
serum In assays, congumn | 0 pr, e 10.ngq/

i umunogl obul i n "@*&13‘3’(’% *ﬁ‘gtqs%&’%é‘%nﬁ rfg'ig%%ayig‘s gtsga?‘éorrpl i shed in

| ess than tventtempexstamre Rfoay ensaniplesi it BS mipusesaatd3?heés theallow for
sensi tivity Bf ghe ¥eiiind R R, A ANy 10 % ne2 AN B8 e.t an %Cﬁat Eﬁé' ons or

i ncubation tines. andard curves. can"bé stored preferab as a linear 25

function in thdmichikized ankikady @0 the JPBURCEENSOTS. (@Eﬁ 1PPRNeRSRPPE,
prior co-pendi ng Yhen dREH&ER BRI it réhovidanyORpn-speciticdrlgt podnd

B L d et ARG o0 AR RN LRG Fab pe° eXZarteirunlinid £EFEL hARbY o
OF THRODRYLLXNEIJAIh a&:fstmuaq)mn& ided omiized aatert conphihingeOak¥i bvdy)i s

bi |
50 inralih VO RRIR B el s bekp SeShoan] defofpiea
Dat e: 6 NARwaterseerﬁm%war)rg ehEo3rrion, sonkainingnad. P ouM| dndoxyl

theophyl I'i ne arghdiphdteeth dubitirate) fr falmall&w phegpRhkhbacisStHbn i S
added to the | m?duendo's esnésglngTr]aes rEhxet ldrraeshI %o u 1o|nncu regultlng in the
production of hydrogen peroxide and .consumption of dioxygen.
The amount of electroactive species produced or consumed
gives rise to a change in the contentration of the
electroactive species of interest, which change is inversely
proportional to the amount of theophylline in the sample. 1In
assays consuming dioxygen, the presence of less than 2.5
ug/mL theophylline can be detected. The entire assay is
accomplished in less than about twenty minutes. It will be
appreciated that the sensitivity of the assay may be adjusted
by varying the concentrations or incubation times.

15

25
‘ 6.3. URIC ACID SENSOR

The preferred embodiment for a uric acid sensor
utilizes the base sensor described previously for a glucose
sensor. Also, although the design of the biolayers is the
same as for the glucose sensor, the fabrication of the
biolayers is slightly different.

A 0.3 g/dL solution of N-(2~aminoethyl)-3-
aminopropyltrimethoxysilane in a solvent mixture of ethanol
and water (92:8 v/v) is spin-coated onto the base sensor
a5 wafer and baked in an oven at 170°C for 15 minutes.

30
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W th thew &}qﬂsor for afinite tine at a fixed tenperature, for
a

exanpl e, utes at 370C, to allow for the binding of RGEUS8EY/05227

t heophylline in the sanple to the iwrobilized anti body on the inunosensors.
The | unaunosensor is then washed briefly te13@sve any non-specifically
bound proteins. The washing can be effected using a first wash 10 with
distilled and dei oni zed water containing 0.1% (v/v) Tween 20, followed by a
second wash st ephotbfigraabyedfishi getlatan efNowrlard R s then guixed ol 4

containing 3. 0 gtidOfoxybnPROSBIGEEondof WIPIEAEE [Poyad Als iy NS 8RS
is then added, B&FVFng as the wash sol uti on and resd*%ln inthe 15
producti on of hytymginapdr autemathgadby sHAGY PRESRENES ﬁ%é?ﬁtlphe"‘éﬁfbtﬁﬁe of
el ectroactive s§§§h§§tﬂeogyseduﬁreIeBﬁﬁﬁﬂésg?ﬂEEhéiﬂifétLe;sﬂtmtniéﬁtthe
concentration of the,electroagtive, specie tere change. i

i nversely. pr gpoF‘FFSFéPHt gapﬁgsénﬁght Eﬁfa?ﬁgg‘bﬁéﬁgl H%eélsjhs \tlgée&’sr}élrﬁ%%eq nas’z‘cf""
assays consum ngotti thggeoverhgepofsancares. aboutthare® Gings -the [bianuegter mf
can be detected h ' a ' hshedy i n

mnutes. 1t w | FiBocabiiyEEcPIsRiILR BEEOERuS P Inttor BRI G Uadol s
adj ust ed by varanxpngeéoﬁbgﬁwbtaonSSBranﬂc%‘é?%e%ﬂ?i%sﬁ Sz%l‘@/%‘?n g ©-6%
ACI D SEQSCR TBGQQHQBQEHGQFrB?dHGntOT9ieﬁduiiﬁeﬁﬁ*dlféﬁﬁu"C*ﬁééif?ﬂkéd“3 base
sensor described preyiously for_a glucose_sens SO t hou esi gn
of the bi ol gger getatipduritase 1axer BRving ﬁlﬁéﬁg‘g“ %%s%,ar}?%‘gtfaagéra iCat i on
of the biol ayer posttibnglt Qyrectliyr ever £hé. Gatiliyticl iridiumfielectrode.

N- (2-am noet hyl ) -3- agi gopr,qpy | OX¥S| ' 5 40 f

et hanol and wat er (92:K‘8av§6?ai éagﬁﬁagoé eg%)g%te%y?%gliﬁés%%%i%&qwa e;? and
baked i n an ovesaxbopate poiymsrnfiigseivednhin assehvent rixenes 1ok Rhgnetole

Date: _ MU agna aitBloromethane (2:1 v/v) is spin-coated onto the wafer.
Subsequently the wafer is etched for 10 seconds in an argon
plasma. A layer (1.0 um) of photofhrmable gelatin (Norland
NPR) is then spin-coated over the siloxane copolymer. Once
the gelatin layer is UV exposed and developed in water to
provide a protective cap self-aligned above the catalytic
iridium electrode and over the underlying siloxane copolymer,
excess siloxane is removed by a wet etching agent (a 17 g/dL
solution of tetramethylammonium hydroxide in a mixture of
methanol and isopropylalcohol tz:l v/v)). The wafer is then

- washed and diced into individual sensors; these sensors are
stored essentially dry in a controlled humiditg environment.

15
20
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6.4, CO-PROCESSED GLUCOSE AND CHOLESTEROL SENSOR
The preferred embodiment for a dual-analyte combined

sensor that is processed with a single development step for
the enzyme layers is described for glucose and cholesterol.

A silicon wafer, processed by standard microfabrication
techniques described above, in the preferred embodiment for
the single glucose sensor, is used. The wafer which is 0.46
mm thick is partially diced or scribed along beth the X and ¥

35' axes defined by the rectangular unit cell of the sensor, such
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Phot of or ' gelatin (Norland NPR) is then m xed (1: arts) with a
sol ution”gf‘ag?@?:&al?e (Toyobo 15 ng/aL: 6.63 1U/ ng) and automsFF 05227

m crodi spensed directly over the catalytic iridiumelectrodes of the wafer.
sufficient s material (10-100 nL) is deposti®l~in this technique to allow
for the coverage of an area about three tines the dianeter of the catalytic
i ridiumelectrode. After, drying, the wafer is UV exposed through a %ask and
devel oped in a BeA%tORHY ADME R AfiMy&f theosidices subsBratecremaingned
cr OSf ||n5eg geh@is w“aﬁeat ; | Lda@nﬁwe azehbselhwssteﬁceheﬂ ?nfe@?lz.tt
positione irectly over e y i ri m ec g sol utign
of dinethyl sil oﬁ%‘ﬁ (i'&& &ﬁ'ﬁ S’é#y gﬁﬁeA‘%ﬁ 89381'9%& 4
m xt ure of pherﬂwlimfmd mtﬂllmdmatdmie sensors/ a): thespnd ofathd prbcesse
waf er. Subsequently t 1Q586CQN ggN. P

A layer (X 0Ogsa) of %\%ﬁﬁatﬁ% %’ agmr?%% or fx%ﬁ 4 Q%hﬂ;éﬁhgﬁ gp? n&%‘gg?ed
over the S|Ioxdﬁe(%xﬁﬂﬂ%ﬁﬂﬁhYkhn%?qm%&qya%nylﬁ’F&?§P°¥¥sE*aﬁﬁposed and

deve: oped |2 8 W@%hé:ﬁb]pzlrﬁ&téie BRNNQ &)V andaghesl heatecneﬁaebom mert
catal ytic i ridi el ect.r ade yer o n Xa r,
excess sil oxand Y% ? q’f"\%e 7& ghifﬁg gggﬁg % ?Lg"‘g#%l% so Lﬁ'l

t et r anet hyl anmof@ (t5 ryldr cnonm:lmm 191 -00U Me soﬂmnt parbtnate, | aoﬁrméﬂ-ral cohol
(2:10/v)). Thesyaifiol S 4 hph \@?aﬁi'e% ndw-%o' rabgsl nﬂbﬁhduag BERSP! S6.7

t hese sensore are stored essent ry In cont

envi ronnent . 6-19/3L Myagse eANﬁ’-IW‘G IV‘EB?EF@E SERBOQU)f'Hg)prEPQrPeBS
embodi ment for mg dygla améwt 161N NabraendoNPRNab)i $spappiieddtwi thea

| e devel te t 4Hh bed_f |
and chol o6t er ol CHERA [T he, HabaL YAGL AEded By “aPshaara tFards ap, rSpRERse
t echni ques descml¢mnﬂxﬂnnn§1ng1dﬂvaqunefdhﬁe&odnbeduseadjﬂstedhélﬂrmgoenL)

gl ucose sensor, gy dsS o¥etOafis EE&CK FoRimbtat Ve

di ced or sct§ besd on both tlhe X \Eg‘g&axeg ef |an & ﬁte, ?e%t angu arhree
unit cell of tﬂ'e"%%“h e djanste &heo FRYRYRdRt ’-§|‘1€é\"“lﬁ%§° rode.(: <
.97 A second mzxture of the same composition as above but

containing 6.7 mg/mlL of cholesterol oxidase (Toyobo type A;
261 1U/mg) is then applied by the same technique to the
20 adjacent ecatalytic iridium electrode on each sensor.

After drying under ambient conditions, the wafer is
exposed to UV light through a mask so that only the region
above each catalytic iridium electrode receives light. Then
the wafer is developed by immersion and gentle agitation for

25 20 seconds in freshly prepared 0.1 g/dL aqueous hydrogen
peroxide to yield crosslinked gelatin/enzyme layers about 0.5
sm in thickness self-aligned over the catalytic iridium
-electrodes. .

Alternatively, a fish gelatin formulation comprising S
g/dL fish gelatin from Sigma, 4 g/dlL, ferric ammonium
citrate, 6.7 mM N,N/-methylenebisacrylamide, 2 g/dL sorbitol,
0.033 g/dL Triton X-100, and 6.7 mg/mlL enzyme (glucose
oxidase or cholesterol oxidase or both) can be microdispensed

—
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-131- t hatvapedsgsegout 0*. 15 m of the silicon substrate rena|8§. ﬁ@ﬁﬁ
procedure provides the necessary structural integrity for t t Tch

follow, but permts the easy cl eavage of the wafer into individual sensors
at the end of the process. The wafer is spimkXoated with a solution of 0.3
g/dL N- (2-am neethyl) -3-am nopropyltriuoethoxyrilane (ethanol:water,
99:1, v/v) and then heated under an inert atnosphere at about 1706C for

about 15 ni nut esnte the dndicater elpctzrasy nPXBOSed 7ty 19 JFe@PRIF bbhat e, -

2.0 g/dL 10 sor hiw/e?)0. Q%A @evlelbpedofoxX- 4B0utPES sBebRasnin Hoas) g/ 8L 7
ng/ mL gl ucose oxi dase 3%g§ type VIl 150 11U ng), and 0.05 m of a fish
gel atin (hbrlan&qNPR“EQ; oo, PEFOX39Brc center of the catalytic iridium
el ectrode using dn auosailationcofdidipetbyiigilovane-bisphendlink carbopatke ed
(10-100 nL) suc o QUi S@AR a I OXy. e
16 tines thesdigﬁ%?@&”%geﬁﬁéchﬁé|9#?§Q?F?§?Eﬁ?§Fe§§?%3§P'A?%gé%éégéégﬁﬁre
of the sane comiddi-O &) .adnshAiphsnyleshesi Pnf 8) 7183EReD Bickedisrensed

fﬁi dgge (goyobotdtz.\e@e:' ttiiiyt er! _léln):rb;ssnthaneapgéleéiﬁxeﬁméiare;iﬁ@@r%d’ KEvéP
e adj acent catalytic iridiumelectrode Qn eagch sepsgr. rying
under anbi ent cBRIAFEEHSPMY F@r%#§‘§XE8§e§1?B°€ﬁrl?ghgh?h?ﬁﬁﬁgysﬁ%ask
so that only theleegrodeaboFinaddly,czhel yaferi isdclenvedcto ogiive ccamvirsed
light. Then the fer . | [ L.an n sagQltatlo 26
20 seconds 1o OLUEE o A0e, Chg 18 ety SHBRELRY PRflefE MLE1OM She BoRia
crosslinked gel asi &suadyndriyayers about 0.5 smin thickness self-aligned
over the catalytic iridiumelectrodes. Alternatively, a fish gelatin

fornmul ation conprising 5 30 g/dL fish gelatin fromSigma, 4 g/dlL, ferric
anmonium citrate, 6.7 ng NvE-fet hARENGBINZS 238508 S2¥Pitol, 0.033
g/dL Triton X-0100, armietpreferziedcenpodinghtiCoor arvi sldénosine+®Ht est er ol

oxi dase o bot ). 2 dapled irpheUanlooul bl 2-La LRE keBk WEHERE 2beet

described previously for the glucose sensor. However, the
wafer is scribed before the biolayers are applied as
described previously for the preferred embodiment of the
combined glucose and cholesterol sensor.

A 0.3 g/dL solution of N-{2-aminocethyl)-3-
aninopropyltrimethoxysilane in a solvent mixture of ethanol
and water (92:8 v/v) is spin-coated onto the base sensor
wafer and baked in an oven at 170°C for 15 minutes,
Photoformable fish gelatin (Norland NPFR 29) is then mixed
(1:4 v/v) with an agueous solution containing glycerol kinase
(Toyobo 15 mg/mL; 28 IU/mg) and glycerol-3-phosphate oxidase
(Toyobo 15 mg/mL:; 84.4 IU/mg). The resulting mixture is then
automatically microdispensed directly over the catalytic
iridium electrodes on the wafer. Sufficient material {10-100
nL) is deposited by this technigue to allow for the coverage
of an area approximately three times the diameter of the
catalytic iridium electrode. After drying at ambient
conditions, the wafer is UV exposed through a mask and
developed in a solution of 0.6 g/dL hydrogen peroxide to
s yield a self-aligned crosslinked gelatin/bienzyme layer of

i
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-132- ont QY%BGQ%E i cator el ectrode, exposed for 30 seconds (6 UWcU ), and
devel oped 20 seconds in 0.3 gVvdL aqueous hydrogen PETHIS83c1S22v
sol uti on of dinethyl sil oKane-bi sphenol A carbonate copolynmer (0.1 g),

di chl oronet hane (0.9 g), chlorobenzene (17.0y43. and di phenylether (3.0 Q)
I's then m crodi spensed directly over the crosslinked gelatin/enzyme | ayers
to cover an area about three tines the diianeter of the catal ytic el ectrode.
Final ly, the waf@rsimm citielaedso pg:s\m'.xmmﬂl adeetOlygbuepsthendatabyeit er ol

sensors. These dgviges a §

| ACSI KE- 5- TRI PK séﬁ‘&%f‘ﬁ‘ﬁ’d e Uiler Lo/ erlrdvashed and clesved into
i s triphosphate iﬁﬂl@@kcﬁenﬁmrs-zes‘ﬂteﬁ@ Mé-%néé‘ﬁ s&ogedcAryed
previously for the glucose sensor. However, the wafer is scrbed before the
bi ol ayers are applied as descri bed ' S BEef (red enmbodi nent
of the combi ned gl ucose and cﬁoﬁest )
sol ution of E-(2-aM noethyl)-3- anmS¥sres 2

m xture of ethanol andetatanotflpsx &anmmemtspfn%heaaéénosuoethetbapbcsphsm

waf er and baked tw %%ﬁ%fb@t 4 fed ?’nzegbr&f@ %h%%r QOHQEQEEBQhep{'éw?Eously

gelatin (Norl and en m xe h <an aqueous
sol uti on cont ai nko% € FIFO3E rﬁﬁﬂ?"(’l’oy&ﬁ‘)’%rugﬁipﬁl “ESQZUFFrg?aEﬁHanY

gl ytcerol 3- thSME?ﬁ%m '&@mtuc}a m/althd a%'itx.édUékﬁﬂhscrIb&?r les?bi- ng
i um el ecl odes. on & i el QMR RE A arentheRERYa o T

deposi ted by thlmimﬂrmmﬂetrimaﬁums‘mnd]e.m@vsDagen&f mixtareacf ethanol
appr oxi matel y t Mﬁ wates { s %fp :;J;-r%o%%real Bhics ltﬁb.dwmaﬁl saaredﬁea

After drying at I ent con t|o hr ough maS|

and devel oped i it %‘bl%ﬁ?’brﬁ%fl@'ﬁ §P€L 1ﬁy&n’-8§}§ﬁsperbxga\§mt §°BE’-We4
sel f-al i gned oromivd&eohm:a-toov Reacthm d)ayer thlenThixeds (Lbhe vgp) aﬁﬁﬁﬁnin

sheet Date: 15 -aqueous égiutlon of glycerol kinas€ (Toyobo 15 mg/mL; 28

IU/mg), glycerol-3-phosphate oxidase (Toyobo 15 mg/mL; 84.4
IU/mg), and glutaraldehyde {2 mM). The resultant mixture is
microdispensed directly over the catalytic iridium electrodes
on the wafer. sSufficient material (10-100 nlL) is deposited

20 by this technique to allow for the coverage of an area about
twice the diameter of the catalytic iridium electrode. After
drying, the partially diced wafer is then washed and cleaved
into individual sensors. These devices are stored dry.

% 6.7. CREATININE SENSOR

' The preferred embodiment of a creatinine sensor
utilizes the base sensor described previously for the glucose
sensor. The fabrication of the biolayers is different,
however.

30 A 0.3 g/dL solution of N~(2-aminoethyl)-3-
aninopropyltrimethoxysilane in a solvent mixture of ethanol
and water (92:8 v/v) is spine-coated on the wafer and baked in
an oven at 170°C for 15 minutes. Photoformable fish gelatin
(Norland NPR 29) is then mixed (1:4 v/v) with an agueous
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-133- 0 QM8$N@&vg¢ness positioned directly over the catalytic iridium
el ectr ode is then washed and cl eaved i nto indi vi ®IVUSErosz2s.

These devices are stored dry. 6.6. ALTVRNATI VE EHDODI XENT OF AN 5

EADNCSI N-S-. M FOSPMATE SENSCOR Yet anot her -gnaedi nent of the

adenosi ne-5-tri phosphate (ATP) sensor utilizes the base sensor aS descri bed
previously for the glucose sensor. However, the wafer is partially diced
bef ore the biol spduntiancofpprestiinindcanidbbydrelase. (Tayobo 15 mgyrdiq/2xRS

sol ution of N-(2g ?ggzogkgyar%gsmn?%aﬁlét (TIPEBE VS I dFA ] s B SR MY .

m xture of ethano d wat er IS S |£coated onto the wafer and

baked in an oveFhgt mixtuzer ip EScﬁPﬁhﬁeg“sﬁ@f? FeeHl i ONpT dihe qaRalytic
40711- 00, Rei chhelid}iums elleetroduedonlthe WaFeni t hS@ff Beiwet madria o 1-100

(Toyobo 15 g bt 538 axepngfed hy Ept Fartnsdud F5 Sas Y IS Ve
mxture is mcrofi apeased dbputtthreectimee thedianeteriaff MQI@&W on
the water. SUff}Eiﬂ?.gP”tBE%h%délo &Q?ePL& §n§'ep€r’§étv%k &0 1y ﬁ\*"é:r?etsed

techni que to al e covera ea about tw ce the di er of
the catal ytic i FPEPHEPePeBPFKdE“ﬁAﬁﬁ‘éﬁleP?‘?nbn ROHIFITNIE, Uik H Water is

then washed andngheayed b&i:@xh.adl !bdyﬂéléeﬂsgéﬁf-i'h Jl et s Xlrfkeed OF ed

dry. 25 EL. SENS referr. d. e di ment
of a creati qbneg%ﬁ&’ﬂ‘/ BP‘FPFY@? }ﬂgeﬁsgg ée% C@&‘Qﬂ% for
t he gl ucose sSenddrectiy bweri thei catalytie brbdamrsle@tx:bdéerent however .

30 A 0.3 g/dL %Fu‘flﬁﬂ—%gh&f; fﬁ%&ﬂegﬁé{i}g@‘xg%ano tate-co-vinyl

anm nopropyl trinethoxysilane T'n -a and water °(92:8
viv) is spin- coaﬂ-éehei)t:hB%PEPlﬁ)ldlﬁaR&!eﬁn(hnl NAR HittyRrC Fgpreous

m nutes. Phot of genakien b&hceehaiha amQainoRydbRl¥9¢ (Toydl 18 »Rfy/ Il 42.8
viv) with an aqygous:3S 7ni3 hikBurE®i8°SiE0hat Ef 1y nicrodispensed

18 directly over the patterned gelatin layers already present on
the wafer. Sufficient material (10-100 nlL) is deposited to '
ensure complete coverage of an area about twice the diameter
of the gelatin layers.

After drying the previously scribed wafer is then

washed and cleaved into individual sensers. These devices
are stored dry.

6.8. CREATINE SENSOR
The preferred embodiment of a creatine sensor is
exactly the same as that for the creatinine sensor except
that the enzyme creatinine amidohydrolase is omitted from the
initial gelatin layer.

25

6.9. BLOOD UREA NITROGEN (BUN) SENSOR

A silicon wafer with a topical layer of silicon dioxide
which had previously been cleaned scrupulously with a mixture
of concentrated sulfuric acid and hydrogen peroxide is placed
into a plasma deposition system and layers of titanium (0.1
sm) and silver (0.5 um) are sputtered consecutively onto the

—_— .
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-134- soblution of creatinine am dobydrol ase (Toyobo 15 n‘g} —E:SS%?%)S'TU/ rrg)':"21
and sar c3¥090/6510lase (Toyabo 15 sqg/uL; 4.9 | U ng). The. m perrnesgoreszs

m crodi spensed directly over the catalytic iridium el ectrodes on t he waf er.
Sufficient material (10-100 nL) is deposit ﬂaeg this technique to allow for
the coverage of an area about three tings 1 di aneter of the catalytic
iridiumel ectrode. After drying, the wafer is UV exposed through a mask and

devel oped in a ¢ Ség g{{;e@ . 6 e dexﬁm&%aaehﬁxﬁgageryw'éhén processed

self-aligned cros gel at'i n/ bienzyne | a am t hi ckness

positioned di r & |hpcnidize Hé'- &R & pesd oy WBiGH énctheofiinak deyiee, ackFiag
| atex (pol y(vi nstle W{M&-@ﬂ Rénsdrcohahlis Peoebbel dx behbioved b d v/ V)

with an aqueous_ sol .ne 0 ( 0,

128 15 20 mg) =CadRrd L bnegabnily saThRsdRa) A" RTEn SRECDGeqR I Fhing .,

t he patterned rattéch W@}emﬂlﬁw&drq&iﬁedﬁhénlﬁheﬁﬁaléﬂ Sﬁ)flcléner uv

material (10" 1%55% i &erﬁ% tioeR1Se Qn%ﬁaheaemsexeaﬁaeae&ewp
e diane

about twice th ter of elatin |layers, "After r rewouslg/

scri bed wafer i|Shirke Wééldnd eem&sieﬁtéll‘lﬂﬁFvP'ﬁu'a'P g@o?% N 3Feecu
devi ces are st @Qdittion oF 3ez@1@ﬂ1NEaﬁEN$®?92ﬁ) as thdhetohshe! r eThe

nbodi f f h
creatinine sendfMRRye YRR IRVSR, ¥, Hier PREcHRstdnby, Brade pg tne
omtted fr om t rsammlnhq;lolge:llmtgmplhay:este@sg bBEOGB1nREAN Na TROGES| pixt)re of
SENSCR A sil t‘[’ﬂanraé’!& hl:’.ast ‘iﬁ' “a%'d h?lﬁ%f‘iﬁo%&b' QB?ddeX#QGHY‘hiQhuQ@Q as

previ ously been ed scrupul ousl m xture o ncentTat ed
sul furic acid e BFRGEy pd-aetdy Pé’rﬁlc’&ééﬂnf-nﬁe ¥epF aifiathencused ofe
system and | ay efemcdie ttiHeayeudining Photoresistd tbl expoéd. thentequiired

sputtered conseguiyglat Wiler'Seblictuds' 61688 BB6IE" s3NG8). Dte: O
To passivate the signal lines a photo-definable
polyimide (DuPont 2703) is'spin-coaéed onto the wafer. Once
the wafer is UV exposed and developed with a solvent mixture
of butyrolactone and xylene (6:4 v/v), the polymer is baked
in an oven at 350°C for 30 minutes under an inert atmosphere .
and left to cool to 150°C before removal.
20 The silver is then chleridized by dipping the entire
wafer into an aqueous solution of potassium dichromate (12
mM) and hydrochloric acid (60 mM). Over these patterned
silver chloride electrodes is placed an ammonium ion
sensitive membrane. The membrane material is made by
dissolving low molecular weight PVC (Sigma) and high
molecular weight carboxylated PVC (Type Geon, Goodrich) (1:1
w/Ww) in a solvent system of cycldhexanone, propiophenone, and
. N-methylpyrrolidone (1:1:1 v/v/v) to a total solids content
of 10 g/dL of solution. Dissolution is accomplished by
heating the mixture at 70°C for 30 minutes. To this mixture
the plasticizer tris(2-ethylhexyl)phosphate (Fluka) is added,
to provide a total solids content of 35 g/dL. The resulting
mixture is then allowed to cool to 45°C and nonactine (Fluka)
25 is added in the amount equivalent to 2 percent of the total

15

25
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waf er sdrﬁ&ygb silver-titaniumbilayer is then processed to I'oca

to a region ??filsl n the final device acts as the ammoni um iRGF/USRS/OF227Thi s
process is achieved by a standard lithographic technique in which the wafer
is spin- coated with positive resist (Shipley3e 1370 SF). After W
exposure of the photoresi st through a mask and devel opment (Shipley AZ
351), the exposed silver. is renoved by an aqueous solution of ferric
nitrate (0.9 m )scisdsherettiieamixtiire undér kpoRgtemparatureay3p~90t Abnot

processed by ”Bae?,g&fntrtsq Qa&@ﬁuph@t %b%&&i&ﬁ@hb&d%ﬁ% eaeh i eseagmer
agueous m Xture

n|tr|c uor| aci :
used as the etcifike ﬁ%%ﬁwﬂlg%ﬁﬁg §5I9€n Fs"?ﬁﬁﬁ'ugg r%BPPg%SVE“
t he remai ni ng- pmltlorsa:aeﬁ atleast aboutqGor gu. octagingl isi éueompl;shed by

ohot o- def T nal & TAAH 25%?3& B3, g, 007 s ' BoRRRLLTEE: 36 lideLs, PR .
the wafer is Uvniﬁﬁwﬁéﬂ @eﬁGﬂ@dem FH983§0F§§HFtH¥§tEF818§ a thickness

but yrol act one ang >aHctite 155,4h.V/ The hheeiwhynﬁnehwbaised 4hd 9pa %
350-C for 30 m nut es. under an |nert atng gﬁi Snd left to cool to 1501 C
PaFz¥d2

before renoval . SHR8%i AfCeserihed FVEi fRFnEhenBreferFedwar er
into an agueous enbodimentofofpal 2embined glucorbeand2chblestdrbldsensbelic

cc14 (60,59 Over Pl 5ol S5l ShahiETveg, th oo o
di ssol vi ng | ow Welioniized waitgnt (BYCm@di.gnBp Shdshsghutbbacisaaddedghto mg of
carboxyl at ed PVedrbiR®1Gada 15006y o) p@iy%v%&i hBeﬁaEQJ-EBﬂ&tﬁyf%ﬁgl ofatex

cycl ohexanone, propi ophenane, .and rfolidone
total solids corft @FIEGOHF&E°BP §6Fﬁpgéﬁd ExSQSFG§|BHXF§9ac%Bﬁ$$|%ﬁeﬂ

by heating the nixaguscas gduCairaldéhydensbiatidn ihladdedtuandthne

Foral sol | duscod®Sit arasBkehRe I8 Tedrnpn: Capis, AF8€Rre; PPEBRCTD ¢

cool to 45-C an@h@NQQmﬁpm@S@HIdlarIDQ aljledvern eachaafuthecauionivmt ion 2

percent of the igandlitiNeS nlehbrafnes®Rn3aeiRg! thl8Cthe 1atex mixture
overlapped on all sides by at least 30 gm. The final
membrane has a thickness of about 50 um. The wafer is then
cleaved to yield individual sensors and stored dry.

6.10. MICRODISPENSABLE MEMBRANE FORMULATIONS

The following formulations can be loaded into a
microsyringe assembly for the purpose of establishing ion-
sensitive layerz in a controllable manner. The microsyringe
assembly is preferably equipped with 25 to 30 gauge needles
(EFD Inc.) having an internmal diameter of 150 gm and an
external diameter of 300 um. Typically, the microsyringe
needle, which includes an elongated member and a needle tip,
is made of a metallic material, like stainless steel. As
mentioned elsewhere in this specification, additional layers
may be coated onto the needle to change its surface
properties. Additionally, other materials such as synthetic
polymers may also be employed in manufacturing the main body
a5 Of the needle, itself. The inventors have found that,
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Date: - ?87 -136- solids in the m xture. roonttenBe?% ure, P.23
10- 100 nL of 'S final material is aicrodispensed onto eacPCIYUSIUO822Ty er

chl oride indicator el ectrodes on the wafer, overlapping on all sides by at

| east about 30 pro Curing is acconplished-§x7placing the wafer on a 600C
hotplate for 30 mnutes. This process yields a stable, rugged structure
havi ng a thickness of about 15 pm The wafer is then washed and partially
di frte)d gs flescr abpégariﬁ\g: onsklieappetréstnene of eézgé reXeciald nmnitazfe and
conbi ned gl ucosg,an ol e n U S
di ssol ved in dei ﬁlyg §%8%§% §§ ffu%% %ﬁﬁfﬁﬁi18¥ éﬁ?ea é?f%] :
sorbitol and 15ﬁhufgknhs§olr9mnngl fuont abeutol etmama} 300 oom (qimbeELVACE
40711- 00, Relchgghg éfhghsqk%éﬁgl 30 ng of a 1% aqueous gl utaral dehyde
solution is adde t e 15 resul¥|ng m xture is stirred. This mxture is
then m crodi gpensed (1l-100 nL) over each of the ammoniumion sensitive
menbr anes ensuri ng that the | agegouixt UPETASSTUN TGN NEMBRANES| des by at

| east 30 Sm Th rg e h a 50 pm The wafer
is then cleaved |eId [ lel sor§£§§§?£% §¥§?ﬁﬁy' 20 6. 10.

M CRODI SPEMSAMLZ NENBRANE BCRM%@IPrQFEbEhem¢n$Iomnng formul ati ons can be

| oaded into a S|crosyr|ngezaggegbbycigﬁeigﬁbﬂyrpose of establishing ion-
sensitive layers in a controll abl e manner. The nicros rlnge assenbly is

preferably ggui pped with 28-P8 90 Big(gretRethexy I \MFeRRCE Y] 1avi ng an

internal di amet combinéSeneseaidgredeEhts nh dlw@é:erbéatkeiecarmnszpl cally,
te 30 e mdngFetaRaya pERaRRRLY R A, SRR He K HiEngtIC 30GRAS
el sewhere in t hAddsdedBf gc®VCen, Haatii sobubion Ao koo and deaved lomogxt.he
needl e to changﬁdat i5§“§u§a9?ll%g 9&lhe§nd'°9€|ﬁ'f’5‘ad&iﬁhté§ herAl‘W@@l&o}u%

as synthetlc po yners ma I'n manufacturing the main bo
0°C and transfer to storage vessel.

6.10.2. CHLORIDE JON MEMERANE
Weigh: 0.95 g Cyclohexanone
1.77 g Propiophenone
0.47 g 5-Phenyl-l-pentanone

20 Combine these ingredients. in a pyrex beaker and mix
thoroughly, preferably with the aid of a magnetic stirrer.
Add 0.47 g PVC Sigma P-9401 and stir slowly. Heat solution
to 100°C and leave for 30 min. Add 0.20 g Triodecylméthyl
25 ammonium chloride and 0.20 g Kemamine BQ-9702C fatty amine.
i Stir for 15 mins with heating. Allow to cool to 40°C and
transfer to storage vessel.
6.10.3. SODIUM MEMBRANE
20 Weigh: 3.81 g NMP
2.86 g Propiophenone
2.86 g Cyclohexanone
4.00 g Tris (2-ethylhexyl) phosphate
35
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35°0of the needle, itself. The inventors have found that, Tnis Is~ he

r eol acendY® 99405810 Dat e: S* A . - depen@CToUS8Y/08827
pretreatnment of the electrode surface and the vol unme anmount of fluid
applied, nenbrane |ayers of a thickness raggkgq fromabout | to about 200

PM can be obtained consistently. 6.10.1. P S| UM XOV MNEMHANE Wei gh:
3.55 g NKP (I-Methylpyrrolidone) 2.67 g.Propiophenone 2.67 g Cycl ohexanone

10 o kéoﬁﬁ;ﬂeStﬁége eihdi'é&%dixﬁs s?,baé; aﬁﬁﬁr&@ rﬂ&?ﬁ;zt hsee nusgr edi en{ s
in a pyrex beaker an era e netic
sti rrg)r/ Add 1. 5’3"5"”@’(8«33 gﬁg&@%n (,A/‘é\%naogeaa\féa &Mﬁﬂ
mg val i nomyci n R4d 3t71 §gSofii RViPetGedn | .‘oWIo HRATt tSOIU g GcaricﬁQ‘tCanszdd
to storage vessgée ﬁglﬁegh 1 Mone r“hx&@%@*ﬁﬁ*iﬂ“ﬁSﬂ‘g cyclbhtkadhone.

Cycl ohexanone 1 Propi 2 enone

5- Phenyl -1 -p nt&hbﬁ! EsnﬁPﬁ tRete” ¢n§?@d?€#ﬂ%fe¥rFQiﬁSﬂ%BQﬁuﬁﬁ&ﬁeﬁand i X

t horoughly, Preferably with the aid of a nagnetic stirrer. Add 0.47 q PVC

Sigma P-9401 and stir slowy. Beat _soluti 0* keave for 30 mn.
Add 0.20 g Triodecyluetbyl 26 a ‘¥ c X mauire

SQ 9702C fatty Weigh: Stiriiss QSNKPns W th heating. A||OMItO cool to 40*C
and transfer to storag. vess 6, YEM | AN 30 Wei gh- 3.81
g NWP 2*86 ¢ Proplophenone§2656 ?hﬁgégﬁ%ne 4.00 g Tris (2-ethyl hexyl)

phosphate 3p,This is the répP&chBﬁ?PéﬂE%$"°"e
1.65 g Tris (2-ethylhexyl) phosphate

Combine these ingredients in a pyrex beaker and mix
thoroughly, preferably with the aid of a magnetic stirrer.
Add 0.281 g PVC Geon 137 and 0.545 g of PVC Sigma P-9401.
Heat solution to 100°C and leave 1 hour. Add 50 mg of

' nonactin and stir 15 mins. Allow to cool to 40°C and
transfer to storage vessel,
6.10.5. UREASE MEMERANE
20 A urease solution is prepared by combining:
0.29 g of 10% ambergum solution
0.30 g of 10% BSA solution
0.11 g of urease.
The ingredients are mixed in a glass vial and sw1rled
2 gently for 15 mins. The solution is allowed to stand for 24
_ h. After this period, the solution is centrifuged. The
supernatant urease solution is decanted and saved.
The urease membrane formulation is then obtained by
combining:
30 ' 0.028 g of the urease solution prepared above.

0.2851 g Elvace
0.0384 g deionized water.
The ingredients are mixed and swirled gently in a glass
vial for several minutes. Then, ambergum solution (0.03 g)
s is added, followed by 1% glutaraldehyde solution (0.01l1 g).
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Dat’e: @ -138- Conbine these ingredients in a pyrex gea er and 25
&?%Fos’dpefe

Zi X thoro rably with the aid of a magnetic stirr @®CI/HN889/45227
of PVP (Geon 137). Heat Solution to 100'C. Add 100 ng Met hyl Hi onensin,
di ssolved in 1.0 g cycl ohexanone. 6 Al low tg | to 40-C and transfer to
storage vessel. 6.10.4. Anplx  MEt BRANE Wei'gh: 1.3B g qlMP 1.04 q

Cycl ohexanone 1.04 g Propi ophenonet 0 1.65 q Tris (2-ethyl heXyl) phosphate
Conbi ne these | ng{@dbaiirtiny hibtude agabeﬁraad ﬁbi& smiﬂyghl'mepfemﬁp@won

PVC'S| g P 94015% PN &3] (B £5% 8808 ol B RORB Po° AdTE EeBES.

nonactin and st inenliranensis Ahenyvestapddished 00 caandftaanemommnsxm age

vessel . 6.10.5. JBEASE JENRRRRRe? Urease solution is prepared by
conbi ni ng: 20 . IX%ZQ g of |ot %abergum solution 0.30 g of 10% BSA

solution 0.1% g of urease. The ingredients are m xed in a glass vial and
swrled gently for 5 sai ns. The sol usim,ss aéﬂqmmmrstand for 24 h

After this period, Iutlo |s cen uged. at ant rease'

solution is decanted d? é é ﬁﬁr§ﬁ§a$g$%6$3 i%np#ss?ﬂ%htlve

obt ai ned by commenbaxgne. I‘erzgpzaﬁ'eldhbyucembensnbuequalpve.bmesl above.

0.2851 g El vace %&féﬁ m@@r@e? ne?;'ase' n%edteata afetm;egowém
a g The

swirled gently i ass Vi al m nut es

sol ution (0 ;D3 RP*BEFe |i& AAfeE, M ﬁ&érﬁ}nﬂwﬁﬁﬁugﬁPSFHeﬁ?ﬂ@‘ggFu??@h“m
(0.011 q)- T%IS tétéiﬁhéﬁyﬂh%riﬁanussh@gt tridodecyl amine (75 mg), dibutyl

sebacate (620 mg), and, lastly, 300 mg of high-molecular
weight HMW PVC. Also, o-nitrophenyloctylether (620 mg) may
be used in place of the dibutyl sebacate. The resulting
composition is mixed thoroughly before use.

15

6.10.7. CALCIUM ION MEMBRANE
To 2.75 g of a 50/50 cyclohexanone/propiophenone

solvent mixture is added p-tetraoctylphenylphosphate d;ester,
20 calcium salt (110 mg). The mixture is stirred and warmed
gently to help dissolve the calcium salt. The mixture is
then filtered through a 0.45 um PTFE filter. To the warm
filtrate is then added, with stirring, 580 mg of HMW PVC (or,
alternatively, 200 mg COO carboxylated PVC and 380 mg HMW
PVC). After a solution is obtained, n-
dioctylphenylphosphonate (1300 mg) is added. The mixture is
stirred and warmed gently, as needed, until a solution is

ohtain_ed .

25

6.11. PRETREATMENT OF WAFER SURFACE AND
30 DEPOSITION OF SELECTED MEMBRANES

The following conditions are used to pretreat a wafer
containing several hundred base sensors with a patterned
polyimide passivation layer. The wafer is first etched with
an argon plasma, followed by a CF, plasma. As described

This Sheet Has Been Replaced
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Date: '6 MAR m The resulting mxture is swirled for 5 Zing. The
f or mul at Wh99/85M0 owed to stand for about 0.5 h before use. PENASSIGEILT
menbrane is then established on top of an ami oniumion sensitive nmenbrane.
5 6.10.6. PR NM XRANB A fornul ation suitaQIgoLor establishing a pH
sensitive nenbrane is prepared by conbining™equal vol unes of cycl ohexanone
and propi ophenone. To 1.5 g of this solvent mxture is added, with stirring
and gently war gy 8@diyN thet @bgPolcay ! RpisdndSidity dJr iiRsespt 1 188y
(75 ng), dibutg? sebacatgf%QZO n%g agd, %%%tl 300 g of gé_h-nnle uﬁzf
wei ght NMW PVC. PaYsBe Yaried BRAGIBIEIPT HRE RYRF AR AR5 el P¥l ace
of the dibutyl sréngihg. thectimeubfi agposupesi tImrthis rpacticdiam exddnple,
before use. 6. 10, *7 I TOL2 o) ﬁgh.
cycl ohexanone/ p %ﬁi%ﬁ%ﬁ%ﬁéggso v§%t9ﬁ1§§g$e #i?é&éﬁg

0

p-tetraoctylghenylphosphate di ester, 2 calciumsalt (110 ng). The

m xture is stirred angqﬁg?ﬂggtgently to hed i we dttthexal cium malt. The
mxture is then filteréd through a 045 pS _PIFh filter. To the warmfiltrate

i s then added, with sTEPREFEtUE8H ag of MAVPVC (or, alternatively, 200 ny
CQO car boxyl at ed PVC mpdoR88lgskdM 25 PVC). After a soution is obtained

- dioctylphenylphosphggg&e (1300 nmg) is aggeg.s%' m xture is stirred and
war med gently, as need&d, ‘until a solution is obfained. 6.11. PRETRUTMENT
OF WAVER SUREAVE AND BPEPCESS| PRRSFUBROr EDLAMENBRANES The fol | owi ng

condi ti ons e used tpophBracpbwarvafl er coppagni ng several hundred base

sensors with a patterped polylLnide passivation |ayer. The wafer is first
etched with an argon ngégﬁngT’oP?Bﬁgd by 3%?4*'%%5’2%. As described 35

Time: 30 secs

g§4 plasma

CF‘ supply ‘at 17 PSIG

Flow: 66 scem
Process pressure: 800 mT
Forward power: 30 W
Reflected power: less than 10 W
Time: 30 secs.

15

After treatment, the wafer is washed with deionized
water and is baked over a hot plate to ensure sufficient
surface dehydration. The wafer is then mounted on a film
frame with dicing tape backing and diced as described
previously to provide properly aligned individual sensors.

The microdispensing system is then used to deposit
membranes, with 1 or more drops being deposited to form each
membrane. The urea layer is dispensed over the previously
dispensead NH4+ membrane. Preferably, the microdispensing
process is carried out under a controlled low humidity
environment.
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This is t gﬁﬁkﬁﬁﬁnentssheet DOW ga MA} 1997 - 140- DFEVIOUS|¥ t he
degree of hydrophobicity or hydrophilicity may be varied by 0522% he

power and gas flow, or by changing the time of exposure. In thls parti cul ar
exauple, the treated surface is quite- -hydrophbrc. Equi pnent:

Tregal plasma etcher Tenperature: 164C argon Pl asma Fl ow.

14. 4 seca tO Process pressure: 100 nil Forward power: 200 W
Refl ect ed power:Menmbranethan | \Rrgferred Thickness 30 Mipimum e

Cl 4 supply at 1E(PSIG Fl ow. 40 + 2@6pﬁecs Process pregeume: 800 UT

Forward power: + 30 WReflected p ss than 10 WTi

30 secs. 20 Aftél®t eatnent, t he mafgﬂp+ 30 g ed with delonlzgg f&ter and

i s baked over arﬂb{ plate to ensure shﬁmcﬁem surface dehydrafism. Tlhe
wafer is then ed on a film25 fgane &Q di cing tape bag blgﬂ and
diced as descgibéed previously to prOV|de'properIy al i gned i ndi vi dua
sensors. The m @Wdi spensing system 4P ¢h@® #¥ed to deposit nBRb¥Bnes, Wth
| or nore drops @gthg dep05|ted to f onie2oh menbrane. The urea Layer is

di spensed over the i)rew ouslé/ di spensed'l + menbrane. Pref era?ly, t he
ni cr odi spensi ng 4opase enzym r Pt h crdpeln pP8c#Bs is
carried out under a controlled Iom/hun1d|ty envi ronnment .

It should be noted that other.methods, known to those
skilled in the art, exist for changing the surface free
energy of a planar struture (See, for example, Wolf, S. and
Tauber, R.N, in Processing Technology, Vol. 1, Lattice Press
(1986) or Mess, S.J. and ledwith, A. in The Chemistry of the
Semiconductor Industry, Blackie (1987)). These methods

_include, but are not limited teo, wét etehing, dry (plasma)
etching, plasma polymerization and deposition, particle beam
bombardment, reactive jon etching, corona treatment,
microwave, ultraviolet, Langmuir-Blodgett film coating, and
covalent chemical modifiction. Also, any suitable
combination of these technigues may be utilized to obtain the
desired surface free energy.

Generally, the information gained from measuring the
contact angle is used to assess the gquality of the surface
treatment. The membrane thickness measurements provide an
indication of the expected performance of the finished sensor
(i.e., wet-up behavior and Nernstian respense).

It is apparent to those skilled in the art that
variations and modifications in the microfabrication
processes disclosed herein and in the biosensors, themselves,
can be readily conceived in view ¢of the present invention.
Accordingly, while a number of preferred embodiments of the
invention have been described, the invention is not limited
thereby but only by the following claims.

10
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40 + 20 nu 20 pa Ca+ 40 FhipBhegt Has Been Replaced
20 jpm Urease enzyne ) 45 + 15 pit 30 '
noted that ot heWHMNBtF®JISLAKMERNI$o t hose skilled in the aﬂ IIﬁMNHMWIrIm :

changing the surface free energy of a planar struture (See, for exanple,

Wl f, S. and Tauber, R N. _in, Processjngq Teg hnol My, Vol. 1, .Lattice Press
(1986) or Mss, S.3. #nd Ee’ﬂﬁ?’f‘?\fa .l‘f%ﬁi}’(ﬁ?eﬁﬁ%dﬁ Yy OBPTRA" 88 ni conduct or
| ndustry, Blackie (1987)). (ajlhesecbases hestssomc| ude, but are not limted to,

LD g5 BT e AU Tl R o

particle beaﬁn bormbar dment , T | ng, “corona treatne
m crowave, ultrheastea, peuhioni of Bakhdase sensott iMyingh@ fhigkagss

chemical nmodi figiEPllciedtSPo SRY1EE a3t GANY Rlicdulds WieRe a
techniques may be utilized to o t he desired surfac

bt ai n fr energ
Gonerally, the TOYSFIREF OHeLBRRE (RN Trebad Tm YR Fohie Al 12NgPe° ooy Szge
to assess the peiméatdéntde molécgkes nepthirantmol skl arenizight off aboats 50
measur enent s prgviijesgnméndi cation of the expected performance of the
finished sefgor ’Ei - podd ?-up behavi or and Nernstian response). It is
apparent to those skilled (@)t he hiolayas superimipnsed ayerodit! leastons in

the m crof abri gahiPfloR Vs PLLEE SSErmEl B ORRS 1 LN ik inge (Rhogensors,
t hensel ves, can be Irexgd?Fy concel ve%é]f%\r# VI ew (r)]#ejﬁ'e pr eésent %v(er)lt I on.
Accor di ngly, wWHFSELHCHeREameNnt f & RiPaghi RHAFWR CAPADISREi on have
been described,séi@ctiveryi DAtérac®ing iwitieh ARGRBOIAH anallytly sheeies,
foll owi ng cl ai ns. 3?.. . . . . . .
18 and (ii) a support matrix in which. said biocactive molecule is
incorporated, which matrix is derived from the group
consisting of a photoformable proteinaceous mixture, a film-
forming latex, and combinations thereof and through which
matrix said analyte species may freely permeate and interact
20 with said bioactive molecule.
2. The microfabricated biosensor of claim 1 in which

said permselective layer comprises a polymer film.

3. The microfabricated biosensor of claim 1 in which
said permselective layer comprises a heat-treated film of a
silane compound having the formula R'nSi(OR) 4-n’ in which n
is an integer selected from the group consisting of 0, 1, and
2: R’ is a hydrocarbon radical comprising 3-12 carbon atoms:
and R is a hydrogen radical or a lower alkyl radical
comprising 1-4 carbon atoms. -

235

4. The microfabricated biosensor of claim 1 which
further comprises an electrolyte layer interposed between
35 said base sensor and said permselective layer.
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This is. tlw ?usgﬁerrent shset Dat e: 6 | MAR 1997 -142- MMI IS CLi ED
IS 1. Am cro cated bi osensor conprising: (a) a base seRECEUS8INS227
pernsel ective | ayer, superinposed over at |east a portion of said. base
sensor, having a thickness sufficient to exck#@e substantially nol ecul es
wi th a nol ecul ar wei ght of about 120 or nore while allowng the free
perneation of nolecules wth a pol ecul ar wei ght, of about 50_or, | ess to
(c) a biolayer superi?fposEe FAFE a%%‘fs’c %’i’gme&ﬁ"ﬁf °§aF&aﬁE‘rﬁsépeﬂgﬁ'9€
| ayer, conprisi ngaid)pérmsélectiond ayemisubdstantialddly eaclosesuksaidapabl e
of selectively i racty ] particul ar anal yte species, and (ii) a
support matrix i#%ﬁ%%%pg%},#ﬂ?%’act I ve nol ecule is incorporated, which
matrix is derived fromthe group consisting of a photof ornable

prot ei naceous m xture,ga f't‘ﬁé”mi&‘é?ﬂ&i@éé’é& ﬁ%é&'&‘ 03! cRIn! Ee&ﬁ%ha”d

t hrough whicls matri x said ana)J yte speci es jmay free pereate and i nteract
with said bi oactTWEEReT e‘E‘Eﬂ‘%n%?F ’P ?ﬁ&%ﬂ‘@é"@ geé?é'ns&FPSF*E‘PQFﬁF

1in vvhi)ch sai g mmlaﬁsmﬁm&erpmﬂrn B @ igo bimdaylkerl, Tha¥ingha

wi crotabricate 0, [ r r

conprises a heatplbreat %s ;'f&f#ﬂa'{tm% Wé&h&‘uﬁ% %5’\% %%F‘%éo%é% k:ﬁ%;eﬁf*ough
ta8i. (OR)4 -t in ofiameivre QPPCF#R%Q@;“B&# mlaﬁlm'mw@nshgr ofpabensi 3gPngrof
0, 1, and 2: |' peré. hydrocarbon radical conprising 3-12 carbon atoms; 130
and Ris a hygdrogen radical or a |lower alkyl radical conprising 1-4 carbon
atons. 4. The mcrofabricated biosensor of claim1l which further conprises
an electrolyte layer 7! erTios asidessabyicitetbibd dsensorenfocladn said which

permsel ective l'ayery JOUR4S ISR A% TlYer® Wiprises a polymer f£ilm.

8. The microfabricated biosensor of claim 6 which
further comprises a photoresist cap' superimposed over said
analyte attentuation layer.

15

9. The microfabricated biosensor of claim 2 in which a
sufficient amount of an ionophore is incorporated in said
polymer n.lm.

10. The microfabricated biocsensor of claim 1 in which
said base sensor comprises an electrochemical transducer.
25 C, ] . . .
11. The microfabricated biosensor of claim 10 in which
said electrochemical transducer is amperometric.

12. The microfabricated biosensor of claim 10 in which
said electrochemical transducer is potentiometric.

30
13. The microfabricated biosensor of claim 10 in which
said electrochemical transducer comprises a noble late
transition metal electrode.
s _
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*CLM § * Date: fi MAQ 997 -143- S. The
m cr of abr VORUMP osensor of claim4 in which sai d per nsel e RCI/ESEINS2Y7
substantially encloses said electrolyte layer. 6. The m crofabricat.ed
bi osensor of claim1 which further conprisey4ar anal yte attenuation | ayer,
Superi nposed over a substantial portion of said biolayier, having a
t hi ckness sufficient to attenuate the transport therethrough of analyte
species with a uol eculdy vEheghnicrofabuicated drigoaansori @7 Clpdd 1 in which

ni crof abri cat edg Qigngggr ?ﬁf&a&&\%ﬂbm&fhﬂ&nﬂwﬁ@ R 1¥dt Y3 kal

| ayer conprises_a crofabricated biosensor of claim®6
which is furt heFr%WFQESWWHQSQQtl% R &iertgaste shich dnFludes
anal yte attentughi enebﬁwéatalysheselséeé@bﬂmtmb g ongiisting B2 i n
which a sufficient annun% g{ an iong hore is_in ‘gﬁrated J Saliﬁ¥%ﬁﬁ

pol ymer filng 18% Then. PLAGIA0R I9 EHsorT q%frﬁ?ﬂ Tymy
base sensor connersusyanpelhudxwmhemmda¢smxummducer 25 11. The

ai crof abri cated biosensor of claim 10 in which said el ectrochem cal

transducer is axperonetric. 12. The m crofabricated bi osensor of claim 10
in which said el ectrotheni The ricrefaReicatedRinasnaan L clgin Ifhdr which

l\/l cr 01(‘]I abri cat edsbiésené@ﬁf)?éhléﬂlfd:ﬂ 1@:&:&%&*&&&1 stiﬁilrtdxé’r Qfduft d fﬁa5<aalx-le8ference
ransaucer conpr a.no al e NnsiIti o a ctrode i M
111111 ul | 1§y a11®c rode whic i %E,"é??&ﬁel tﬂét

?997 from the group conszst1ng of sxlver, gold, and platznum

16. The microfabricated biosensor of claim 13 in which
said electrochemical transducer further comprises a
15 silver/silver halide reference elec;rcde.

17. The microfabricated biosensor of claim 3 in which
said silane compound is selected from the group consisting of
3-aminopropyltriethoxysilane, N-(2-aminoethyl)-3-
aminopropyltriethoxysilane, 3-aminopropyltrimethoxysilane,
N-(2-aminoethyl)-3-aminopropyltrimethoxysilane, 3-
isocyanatopropyltriethoxysilane, 10-
aminodecyltrimethoxysilane, ll-aminoundecyltrimethoxysilane,
2-{p—-{N~-(2~-
aminoethyl)aminomethyl)phenyl]ethyltrimethoxysilane, n-
propyltrimethoxysilane, phenyltrimethoxysilane,
diethylphosphatoethyltriethoxysilane,- N,N-bis(2-
hydroxyethyl)aminopropyltriethoxysilane, 3~
chloropropyltriethoxysilane, and mixtures thereof.

20

25

18. 'The microfabricated biosensor of claim 3 in which
said silane compound is selected from the group consisting of
tetramethyl orthosilicate, tetraethyl orthosilicate,
tetrapropyl orthosilicate, tetrabutyl orthosilicate, and
35 mixtures thereof. e
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-144- 12, rof abri cated biosensor of claim1 in which said base
sensor con{)’r Z%@ n anperometric el ectrochem cal transducer PgﬁH?”é?-’ﬂé"an
i ndi cat or el ectrode which includes an el ect rocat al yst selected fromthe
group consisting of carbon, platinum gold, 14%Tver, rhodium iridium

rut henium S nercury, pall adi um and osm' um 15. the si crof abri cated

bi f clai 1 ch d c f -
ooy o0t o v i or ono " i i deAB U BToLBabE R UE G R 2T bE%Y  in
sel ected 10 frvmd.dahesgxd)mm sﬁllmg asmpgliisesr 3 pollymezAg FH {51:%!3% 16

The mi.crofabricg Vf‘ﬁ?&ru&& Séfﬂﬂ“éb%éx%t%bcthfsgbiyﬁkéﬁhﬁﬁéhem cal

transducer furt er corrprlses verlﬁ:I ver_“hal i ference el ectrode.

17. The nmicrof mxt@twhmm Ry q;ra,flweﬁtggﬁ&ng r afi€l LBLBSEnd
is selected frcuaémg} Qe DESd & trl i atie ,3-sdliieajpieo pbberst Bexyea’cmes, and

N- ( 2- azi noethyi ni nopt opyl tri et hoxysi | ane,
3-am nopropyl t r’%"r?éf ﬁf c?f

N- ( 2- am noet hyl ) - 3- aai nopropyl trimet hoxysil ane, 3-

I socyanat opropyl tri ethoxysp é%cé%amd&%%cﬂibﬂsieﬁ%@&sEiﬁ@ﬂ 9 in which

Il - am noundecyl tri met Oxysi | ang
ami t noet hyl ) ani t#ﬂﬂQMﬁ/H%tﬁﬁﬂ%ﬁ%tﬁ?&W%ﬁE°“ﬁ- consisting of crown

gr OFKI It r Ih negoi@aﬁ@,le t:pftr?wuuz o dpwt,e esters, valinomycin,
I e ouphat oe et NOXys.
hydr oxyet hyl ) amRAR S %mfsme&%eﬂ °§*ene=ﬁﬁ*or 8PP LT 8ELB%, BPPERELn

and m xtures thatdeaietm:ﬂ:ﬂ-xerﬁh.m crof abricated biosensor of claim3 in
whi ch said silane conpound is selected fromthe group consisting of
tetramethyl orthosilicate, tetraethyl orthosilicate, tetrapropyl
orthosilicate, tetra®R&yl ‘The minnatahricated biosersarc9Lt oraBf9 in|vhieh|

NE IIT 1[I 1Jsdid T{droprord Gid @'Wkr&hﬁﬁomﬁﬂ—hél&le.
D late: MR 1
22. The microfabricated biosensor of claim 2 or 7 in
which said polymer film comprises a copolymer of a siloxane
compound and a nonsiloxane compound.

2 . 23. The microfabricated biosensor of claim 22 in which
said copolymer is selected from the group consisting of
dimethylsiloxane~alkene oxide, tetramethyldisiloxane-
divinylbenzene, tetramethyldisiloxane-ethylene,
dimethylsiloxdne~silphenylene, dimethylsiloxane-silphenylene
oxide, dimethylsiloxane-methylstyrene, and dimethylsiloxane-
bisphencl A carbonate, and mixtures thereof.

24. The microfabricated bicosensor of claim 22 in which

30 said copolymer is dimethylsiloxane-bisphenol A carbonate.
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-145- 19. The microfabricated biosensor of claim2 or 7 in which said
polyner1ﬂ"Wﬂ%%ﬂ$9ises a polymeric substance sel ected from tpT/US89/05227
consi sting of polyurethane, poly(vinyl chloride),
poly(tetrafluoroethylene), cellulose acetatgqggcel | ulose nitrate, silicone
rubber, derivatives, and m xtures thereof. 20. The m crofabricated

bi osensor of claim9 in which said ionophore is selected fromthe group
consi sting of crovvn enbersmérhhékqfshfﬂatetpmmmm:eﬁErc&amlli niow Wwhiish

10 nonacti n, nnnen 53“%?3
nethylsonen5|n 8€§%8¥%$QEEP§*€ %f@?dggﬁ%géfﬁ? Tarmeg in $ai d
i-onophore is a gnateunacgou#n%“bmnaﬂ déii) sap &ff%‘fﬁ AR |szat3ed

bi osensor of C'ghgkgsgﬁ Eeﬂhhﬁhféfmﬂyp&i§ﬁ@%sé¢|i&(§HEH'gﬁﬁtéiﬁaﬁaadﬁﬂer

of a siloxane ¢ ngoun a_nops| | oxane conpound 23. The
ni cr of abri cat edsB §§éH§Br BchKéFHQZQaFﬁrmhlch sai d copolyner i s sel ected
fromthe group consisting of disethylsilexane-al kene oxi de,

O i uct hyl 31 1 or axe- o1 | fieny PRCALaFRERtyt St FEThECadtSn BF et o 1 wnicn
dinethylsiIoxansaﬁétpybte;nane¢uanduush@mnglt$IS§&#E£eQnﬁqﬂnﬂnheAQTOUP
carbonate, and ﬁ%%gﬁ-x%thGQibuﬁfh “d: mcr.?é;ﬂ).{i f&l@%h'tﬂ O g

claim?22 in mhl sal I's di zet hyl SiT oxane- bi enol A carbonate
30 35 !!1,10111der;\va1:¢ves11ex14 mixgures jtherxeofqhis s tffe reQ acenent
sheet O Le "R 1997 25. The m crofabricated biosensor of claiml

I n which said photofornabl~e pr ot ei pacepus ure co
prot ei naceous substan€é: (TP® BLCEPE F*%t%?s?ﬂ g‘Pp‘T%t%sae‘ﬁ% “ﬁaz’é} which
uni formy di spesagd proseinapeotsi substance is fish gelatin.

28. The microfabricated biosensor of claim 25 in which
said photosensitizer is selected from the group consisting of
ferric chloeride, ferric ammonium citrate, ferric potassium
citrate, ferrric ammonium oxalate, ferric sodium oxalate,
ferric potassium oxalate, ferric oxalate, potassium
dichromate, and ammonium dichromate.

15

20

29. The microfabricated biosensor of claim 25 in which
said photoformable proteinaceous mixture further comprises a
porosity-altering substance selected from the group
25 consisting of polyhydroxylated compounds, salts, and mixtures
. thereotf.
30. The nmicrofabricated bicsensor of claim 1 in which
said film-forming latex comprises an agqueous emulsion of a
polymer or copolymer derived from synthetic or natural
sources.
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subst ance; and (|||) water. 5 26. The nicrofabricated bi osensor of cIa|n125

in which ‘!‘Q”lﬁﬁmel ﬂ‘hssmddsﬂzﬁlﬂbaﬁ grdi s selected fromthe 96225t i ng
of al bum n, casein, g collagen derivatives, and m xtures
thereof. tO 27. The vn| bi osengg4-of claim 25 in which said
prot ei naceous substance |s t|n 28. The sicrofabricated bi osensor

of claim25 in which said photosen5|t|zer Is selected fromthe group
consisting of ferric gl orrre, mi@fdtdbrAiGaiEd! B ivskendbs, offeerlhampo.t ansvHAth

citrate, .ferrric a m xalate ferrl di um oxal.ate, ferr ota

oxal at e, ferrlcs%igngftm g df qgmaiﬁﬁeﬁnﬁoﬁfﬁﬁ% gﬁﬁfé"q
29. The nmi crof a@bseandebsamm tn‘omlthenmu;n coimsdistdaigd ofhot oformabl e
proteinaceous i t I u

selected fromt éigﬁgu%yg% conS|s&?ng 5? Qﬂpgﬁéd¥%§§?%te Sgwgg%%%g%
salts, and rg xtures thereof. 30. The aicrofabricated biosensor of claim1l
in which said filmfogs ngrﬁéitﬁbmirf‘&?cﬁl M Ysansore ol &naamoi §n30h1ch

pol ymer or copol derived fro nat ur.al sgQurces his is
Phe’ fepl acenoncsdiBaet fhdGining Taten Hrrthet: Filirtipes" 3" ERS2s1 Rxi g

m cr of abri cat edadpewsensor of claim1 in which said filmformng.|atex
further conprises a porosity-altering substance selected fromthe group

consi sting of polyhydroxyl ated conmpounds, salts, and m xtures thereof. 5
32. The microfabrica3®d bA onigragahyticatzdnbiosensorc ROBpEdSERgM f or i ng

| at ex furt htd conprises a H})S%Ig‘&gé’l%m 33. A mcrofabricated
bi osensor conpri si ng: .

(b) a permselective layer, superimposed over at
least a portion of said base sensor, having a thickness
sufficient to ex¢lude substantially molecules with a
molecular weight of about 120 or more while aliowing the free
permeation of molecules with a molecular weight of about 50
or less; and '

{(c) a biolayer superimposed over at least a
portion of said permselective layer and said base sensor,
comprising (i) a sufficient amount of a bioactive molecule
cabable of selectively interacting with a particular analyte
species, and (ii) a support matrix derived from a
photoformable proteinaceous mixture, in which said biocactive
molecule is incorporated, and through which matrix said
analyte species may freely permeate and interact with said
bicactive molecule.

15

20

25

34. A mnicrofabricated biosensor comprising:

(a) a base sensor; '

(b) a permselective layer, superimposed over at
least a portion of said base sensor, having a thickness
sufficient to exclude substantially molecules with a
molecular weight of about 120 or more while allowing the free
permeation of molecules with a molecular wezght of about 50
35 OF less; and

A

33
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10° ) ‘%éﬁy ‘a base sensor; (b) a pernselective |ayer, superinposed
over at MY/ ortion of said base sensor, having a thi ckPRETAUSAIF¥522T ent

to exclude substantially nol ecules with a nol ecul ar wei ght of about 120 or
nore while allowing the free perneation of-k#®8ecules with a nol ecul ar
wei ght of about 50 or less; and (c) a biolayer superinposed over at |east a

portion of said pernselective |ayer and said base sensor, conprising (i) a
sufficient anount of a bi okt i \ae bistlaver suparimpogeds svert aFeflpast a

nteracting w il A Qal d€ la¥a Petnde R/ Jayehd ablel badds BaAReS beRBOE, X
derived from a “phot of or nab

T O] £ protelnaceous m xture, in which.said bioactive
nol ecul e is i nCANRFIERINY Q&kj%tﬁﬂﬂ&ﬁ?%ﬁﬂ%ﬂ?ﬁﬁﬁﬁﬁAffsai818H§F§F8 @ﬁgflg ®may
freely perneat ezpublidter adledtivery dirteruatdciy withohepareéicddarAanalyte
m cr of abri cat ed bi osensor_.conpri si ng: L c1me (D)
a permsel ecty vERHRS ﬂfﬁgr%osaem&tat q'%g'?t %gq'g%reﬁ %%ogf ?’sgﬁ'&mbase
sensor, having foxarinck fessmeufin orheith tsa isk dieastdives medecailiey imol ecul es
with a nol ecul afq&ﬁtffgga@éd abgig t?l'?ﬂa h WHinViate i saWdnankii9tle’ 8ecies
nol ecul es wth a nol ec

per neati on of ular wei ght qf ~aboyt go or . l.ess; and
This is the reaxfReRly mesmeate @nd jpterpcr pathy said bioactive

Dat e: 6 MARWJ¥tle. (C) a biolayer superinposed over at |east a portion
of said perlselective |layer and said base sensor, conprising (i) a
sufficient ‘qw)unt of a bioactive nol ecul € capabl e .of selectively
interacting wWith a pagicuitse mitvatyfabrizatet bimsengor) of <lpdor &L, mét r 6x

"ncor porat od. e (3F AP Fa1d HU4FR A Goledild 43 U e °
perneat e and i rsekegted) from Ahe reup iGanTiEtdng ©f gucpse X3iAdFLari cat ed
bi osensor of clgyfedse 4ekyarogenase, NADH oxidase, uricase, urease,

' | creatininase, sarcosine oxidase, creatinase, creatine kinase,
creatine amidohydrolase, chclestero.l esterase, cholesterol
oxidase, gl}i'cerol kinase, hexokinase, glycerol-3-phosphate
oxidase, lactate dehydrogenase, alkaline phosphatase, alanine
transaminase, aspartate transaminase, amylase, lipase,
esterase, gamma-glutamyl transpeptidase, L-glutamate oxidase,
pyruvate oxidase, diaphorase, bilirubin oxidase, and their

15

20

mixtures.

36. The microfabricated biosensor of claim 1, 4, 6,
33, or 34 in which said biocactive molecule is selected from
the group consisting of ionophores, cofactors, polypeptides,
proteins, glycoproteins, enzymes, immunoglobulins,
antibeodies, antigens, lectins, neurochemical receptors,
oligonucleotides, polynucleotides, molecules of DNA,
molecules of RNA, active fragments or subunits or single
strands of the preceding molecules, and mixtures thereof.

25

37. The microfabricated biosensor of claim 1, 4, 6,
33, or 34 in which said biocactive molecule is glucose

oxidase.
s - as

10N

L]
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33, or 34 in which said bioactive nolecule is an enzyme sel ected ?ron1the

group con™QP/BEP18f gl ucose oxi dase, gl ucose dehydr ogenase, P&PUSsIsEOSE,

urecase,. urease, 15 creatininase, sarcosine oxidase, creatinase, creatine
ki nase, creatine am dohydr ol ase, chol est erehs@st erase, chol esterol oxi dase,
glicerol kinase, hexokinase, glycerol-3-phosphate oxidase, |actate

dehydr ogenase, al kal i ne phosphat ase, al anine transam nase, aspartate

t ransan nase, anylaseaaLlpﬂbeemxesbfahmmnagﬁﬂnbxpsﬁnsqﬁ dﬁ%ﬂthnmhdaseé

L- gl ut amat e oxi 20, p 0, and
their m xtures. ggﬁ mI"hg"mx{c'r rl%%gé?’b?%%éeﬂ%ﬁﬁlfﬁ lé q_tg Q‘ s%a

34 in which said bioactive nDIecuIe Is selected tronlthe group conS|st|ng

of tanophores, cofactgss, ROhYELPEANEScaPED IS difensdlyy caiptiiaiing: enzynes,

I munonygl obul i ns, antlbodlez antigens, |ectins, neurochem cal receptors,

ol i gonucl eotgdes, pol ynucl 811 RsP29% BRAX of DRA, 30 nol ecul es of RRA,

active fragnents or subuni(b)oraspe@mseknatnuh;lﬁy&ﬂu&qnpanampq;edobueale$

and mixtures th r 6,
33, or 34 in wh?%ﬁgsa d Fggg Irq\,/g Q;?&) %éé '%ucose 35 “oxI c@se %ﬁlés S
t he replacenentsﬁﬁééﬁlﬁﬂtltplexF%Eﬁelﬂghﬁﬁipﬁﬁa lJy molecules with a |p 5 te

em  -149- 38. m'orbscanswbabgheaéﬁdam@sermroxofm&ﬁ@wnme Allowiny thie Itee
in which said bloactlve uol

bi osensor cggpr?gmﬁa ter 9 b‘&gieg‘é%é%reas%b)a é“?}e?‘ﬂéér"gmfixaﬂg'# [,g?era%out 50
0

superi npose ver deskeasnda portion of said base sensor, having a

wei gt of about 120 or _mor Kb PoLoRPayy rErYen SR d BArAREE R oo

with a nDIeculaﬁmﬁﬁnghPfOFnabUB?bE%l€ﬁdI¥$&?n¢uﬁﬁcept°r-

-35

40. The microfabricated biosensor of claim 39 in which
said permselective layer comprises a polymer film with
available reactive functional groups on its outer surface.

15

41. The microfabricated biosensor of claim 39 in which
said permselective layer comprises a heat~treated film of a
silane compound having the formula R’ Si(OR),_,, in vhich n
is an integer with a value of 1 or 2; R’ is a hydrocarbon
radical, comprising 3-12 carbon atoms, having a terminal
reactive functional group; and R is a hy&rogen radical or a
lower alkyl radical comprising 1-4 carbon atonms.

20

25

42. A microfabpricated biosensor comprising:

(a) a base sensor;

(b) an adhesion promoting layer, localized over
preselected areas of said base sensor, which layer comprises
a film of a silane compound having the formula R'nSi(OR)q_n,
in which n is an integer with a value of 1 or 2; R’ is a
hydrocarbon radical, comprising 3-12 carboen atoms, having a

35 heet Has Been Reflaced

e T
O



PeEoER LR 0 xJd(0 PR OPFENNIE & 8
EDMOND TO g116853378931

(cf a t°8ﬁ3§60¢ﬁéFr conprising a sufficient anount of an inmobilized Ilgand
recept or / ai crof abricated bi osensor of claim39 in mrwsmsm

pernsel eative | ayer conprises a polyner filmw th avail abl e reactive
functional groups on its outer surface. 4l-.15¢e sicrofabricated biosensor

of claim39 in which said perusel ective |ayer conprises a heat-treated film
of a silane conpound having the fornul a. R~ USi (OR)4n in which ni an
i'nteger with atexmimalf rieantive Hv itisnaldgrosptoandaRi dal 8 bydpegenng
3-12 carbon al digss AVid £ IidE Mly1e3aliXas! Lag E&:@Q%h‘ggiﬂﬂpéai‘ﬂgn' btbgs?
hydrogen radica s 1Ower Kyl cal conpri si carbon atons

A ai crof abri cat®@ bi osensor conpri SI ng: (a) a base sensor; (b) an adhesion

pronoting | ayer, locali zed(a;vera %pmsqbge&edoapeasmi; aasdfbpegenensor,
whi ch | ayer co m_of .a.sil ondhvmgtheforrrula

R NS (OR 4 AT 8, 4, afporidgel 1 46APE TRESERHF ) or 2 R i a
hydr ocar bon radl cal , corrprl sing 3-12 carbon atons, having a 35 This is the

repl acenent sheet * s i fe:
| MAP 197 -1 SO term néﬁ re%c?tfla\?glfc 1:zetd (l))r)fgﬁeargapcomﬁﬁ E%l a hydrogen

radical or a lower alkyl réic® Ra@epSeNSAFi1-4 carbon atoms; and (c) a

topnost |ayer conprising gpyuffa ?e&ﬂfse&%‘!‘ﬂbeoﬁ.aﬁarl EBﬁBtisIﬁS al ﬁél]f'mer
receptor. 43. crof abr i cat ed

i osensor riSi ig ? Sensor;
(b) a perygel aveE Athies rafF’P%t Bp8 |ﬁﬁb chBasGer at
| east a por i ora;etﬁsda:alahd)awusmaolthdb&nbsw sgffichienknessesulitdei ent to

excl ude. subst Al aniohiaGH ) o2 186U b s kB D! RERDOUE d80u€" 120

nore while all owng ermeation
wei ght of aboutrsmoxe [vBxicle allow:mq the free permeat;on of molecules with

a molecular weight of about SO0 or less:

(c) a photoresist layer comprising a
photoformable proteinaceous mixture, superimposed over a
substantial portion of said permselective layer; and

(d) a topmost layer comprising a sufficient
amount of an immobilized ligand receptor.

15

20 44. The microfabricated biosensor of claim 43 which

further comprises an electrolyte layer interposed between
said base sensor and said permselective layer.

45. The microfabricated biosensor of claim 39, 42 or
43 which said ligand receptor is selected from the group
consisting of ionophores, cofactors, polypeptides, proteins,
glycoproteins, enzymes, immunoglobulins, antibodies,
antigens, lectins, neurochemical receptors, oligonucleotides,
polynucleotides, molecules of DNA, molecules of RNA, active
- fragments or subunits or single strands of the preceding
melecules, and mixtures thereof. i

25
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15 g (c) a photoresist layer conprising a photoformable

pr ot ei nacewE WipsH1y €, superinposed over a substantial port|o§#1?q§¥y
pernsel ective | ayer; and (d) a topnost |ayer conprising a suf

of an imobilized ligand receptor. 44. The mg otabricated bi osensor

cl ai m 43 which further conprises an el ectrol é’layer I nt er posed betmeen
sai d base sensor and said pernsel ective |ayer. 25 45. The

m crof abri cat ed bi osengqr of 43 which said |igand receptor
is selected fromthe g?%hp conggégligmgégfgﬁg hores, cofactors,

pol ypeptides, proteins, gl yd@ﬁrotﬂeisi%’“éni%% Y Ph%@gl%b‘iﬁ??%tearﬂﬂ%odl es,
anlt i genls Legtl ns, lneurfcherqbqal aheﬁelskyr of thGOBéIPiQQ%a@ &Qlfolt-m

pol ynucl eoti des, .ol ecuyl es o ecul es ctive fra an S .Qr
subunits or si ngPIPENSIORS GﬁtggAlﬁgggeBPnﬁahgl§€%$%§ GBIt cefi

t hereof. 35 Thi suomptrlismgplaamntahhiehtedlﬁidﬁéﬂédﬁldﬂ]dnﬂﬂmwne:, 6, [,
11111 46. & wqferag WQ&I 1930y (a) a substantially planar substrate; and

0
(b) an array of unlt cél1I's’h aV|ng “uni f or m di mensi ons established on said
substrate, each unit cell conprising a mcrofabricated bi osensor of claim

1, 4, 6, 33, 34, 39, 434 Ora4%mﬂyeé Eaﬁlsﬁﬁfoeseasat¢y&£&1aapaﬁawwr

anal yte speci es conprisi ng: a sufficlent amount “of
bi oacti ve nDIechEeeéﬁﬁbF@m§F1§éPSctlver interacting with a particul ar
anal yte species; and (b) a Jappoat sGEficient sboGht SGf ta biewdt e Md BeddXe

i's incorporaﬂ@d, whi matr i x.i rived fro Nnsisiing of
photofornable.prSFgPﬁggbgﬁgsﬁﬁf%ﬁgg?i fP?ﬁ¥$%§§$% 5#E§’ Lgé?§}é§§%ﬁ éﬁé%?é?
t hereof and t hr ospecieschasdi d anal yte species may freely perneate and
interact with said bioactivqpyol gCehPport matrix in which said biocactive

molecule is incorporated, which matrix is derived from the

unt

group consisting of a photoformable.proteinaceous mixture, a
film-forming latex, and combinations thereof and through
which said analyte species may freely permeate and interact
with said biocactive molecule.

15

48. A solid object having an outer surface, an inner
surface, or both, over at least a portion of which surface is
established a biolayer sensitive to a particular analyte
species comprising: (i) a sufficient amount of a biocactive
molecule capable of selectively interacting with a particular
analyte species; and (ii) a support matrix in which said
bicactive molecule is incorporated, which matrix is derived
from the group consisting of a photoformable proteinaceous
mixture, a film-forming latex,.and combinations thereof and
through which said analyte species may freely permeate and
interact with said bioactive molecule.

20

25

49. The solid object of claim 48 which comprises part
of a diagnostic systen. e

heet Has Been RTlaced
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20° *  48. A solid object having an outer surface, an inner surface, or

both, overwex9o/eseap a portion of which surface is establi shecb@nb_gg;,qgﬁ,
sensitive to a particular analyte species conprising: (i) a sufficient
amount of a bioactive nol ecul e capabl e of seb gg_l vely interacting with a
particular 25 analyte Species7 and (ii) a su g rt matrix In which said

bi cactive nolecule is |ncorporated which matrix is derived fro the group
consisting of a photof e profei nace f onpd t

and conbi nations there h%o% 41 %'cﬁeo#séa?i q‘ry@ef‘}s#ﬁe@a g:'rs maysfb? %rt
per neate and 30>ofrﬂebacreut¢u:sal d bi oacti ve rml ecule. 49. The solid

obj ect of claim48 which conprises part of a di agnostic system 35 11111

H Il 1i i 14s trie repl acement shset * Ijr\/I > ag'.%t O't 'Icihe
solid object of claim8%8 \/\MCPP’&"E?&A‘?%%’S"?) 3Yes Wm& easT -rRate
pernsel ective | ag£ImCOPPai §iDan& dsaqboﬁxﬁceatawlixfg € iformilaa K| Sa.r(@mq ouiand

h f or nlul | S 4

G o consi st | ngBieR A1Tk 3 LRedfly s gSedd (Huf e tEA Sondidhing® of
3-12 carbon atons; hndaﬁdlz,a ROVES a|mr¢mlm rasinals i GRPPELS ing Boit 2
atoms, said 'ayaéangﬁwgggm%g:gﬁ@eﬁsiétafiﬁéﬂtaiﬁﬂ%ﬁféﬂd%ﬁw@m al-lgy

nol ecul es with ecu of about 120 or "nore while all'ow ng the
free perneati on cérkhonhecatoms, with a nol ecul ar wei ght of about 50 or |ess.

52. An anal yte attenuation Laygri rh@ aafttlm)&iess sufficient to

si | oxane- nonsg | oxang copol r_ap thic ff| c t
attenuate the trﬁﬁEgBﬁi? ?Héﬁﬁ?m: o?é]‘aﬁ%‘%% |%?‘?§h ﬁﬁga%l hgl

wei ght of about 4Béutrizorer ﬁﬂté&vhlll'éueamm#mge the cfnest |mmmfofcl al m
S2in which * polecules with a molecular weight of about 50 or less.

52. Aan analyte attenuation layer comprising a film of
a siloxane-nensiloxane copolymer and which film has a
thickness sufficient to attenuate the transport therethrough
of analyte species having a molecular weight of about 120 or

15

more.
20 . . . s

53. The analyte attenuation layer of claim 52in which
said copolymer is selected from the group consisting of
dimethylsiloxane-alkene oxide, tetramethyldisiloxane-
divinylbenzene, tetramethyldisiloxane-ethylene,
dimethylsiloxane-silphenylene, dimethylsiloxane-silphenylene
oxide, dimethylsiloxane-methylstyrene, dimethylsiloxane-
bisphenol A carbonate, and mixtures thereof.

25

S4. A method of manufacturing a plurality of uniform
microfabricated sensing devices which comprises:
(a) establishing a plurality of base sensors on 2
suitable substrate wafer;
(b) establishing a permselective layer,
superimposed over at least a portion of each base sensor,
as having a thickness sufficient to exclude substantially
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T “"'I "“" I




FEB 21’96 18:38 FR PENNIE & EDMOND : TO 211653370831 P.39
sai d cdpol ymer is selected fromthe group consisting of

di net hyl siWe29/5949 kene oxi de, tetramethyl disil oxane- di vi nyPEES89408227

t et ramet hyl di si | oxane- et hyl ene, di net hyl si | axane-si | phenyl ene,

di mat hyl si | oxane-si | phenyl ene oxi de, di net hyhsgloxane-net hyl styrene,

di met hyl si | oxane- bi sphenol A carbonate, and m xtures thereof. 54. A nethod
of manufacturing a plurality of uniform 30 m crofabricated sensing devices
whi ch conpri ses: népactiédbiri i 2 onsl edulsd iveigift fsaboatsd29 o noge while

substrate wafer; esta N e I r
at least a porti 5%‘{)%1"'@30%% gﬁege%?gmé@rﬁgﬁ \4&1 [ ck?ggg ?ﬁﬁ%ﬁggﬁ%{ o]
excl ude substantwaigytlefj&bOﬁ@lSOiQI]ﬂﬁﬁﬁﬂJanﬂ 11 1 This is

the replacement sheet *DC tabli sh;n a support matrlx skpeir ifpogedot
MLAR 1997 - 153- nnleculeg %n ?F 1 7 pp 4

nol ecul ar, wei hout ,120 _or
whil e al | owi ng t a¥erT at, lpé?%eatp%t%ﬁﬂrﬁﬁeﬁﬁ ?%%‘H‘Fq& V& JRYRY, gﬁﬁaﬁ‘
about 50 or SSofaadxactagstgbhss:hsngwmeum:tmws |de,rw1e|de|ﬂrwom gxoup

at least a portion o ec ve | se -
sensors, which rrﬁPP?i‘siénﬂegg ?5 @/ LPp Const ;Jtél NG 0 i?h&u a tilm
photofornable prﬁbemﬂnqebutenwxaudecombimAtaoﬂswtheq;dﬁn<§nd ahdch is capable

combi nations thep °§&=§99°%t§§3b$ Qﬁ? &fm ém@wxldﬁg zinbltqﬁg V(Y

mol ecul e which, © ectl I nteractin

particul ar anal ycapapaei of, sebecbiviely p!-&!ﬁ%tﬁfffyl’!ﬁ Wik & Malﬁ':gw"b‘fléﬁr ahalyye
sensi ng devi ¢&s. specieshe method of claim54 wich further conprlses
contacting said natrix wWith a suffic

b
56. A method of manufacturi kg §°H‘u?;§£?§aaﬁg%niﬁ£ IF‘H%%%I@II"EV |1(?§t g§

sensi ng devi ces wanghingogevieas. (a) establishing a plurality of base
sensors on a '

55, The method of claim 54 which further comprises
contacting said matrix with a sufficient amount of said
bicactive molecule.

15

56. A method of manufacturing a plurality of uniform
microfabricated sensing devices which comprises:
(a) establishing a plurality of base sensors on a
. suitable substrate wafer;
(b) establishing a permselective layer
superimposed over at least a portion of each base sensor; and
(c) establishing a biolayer, superimposed over at
least a portion of said permselective layer and each of said
base sensors, said biolayer comprising (i) a sufficient
amount of a bioactive molecule, and (ii) a support matrix in
which said bicactive molecule is incorporated, which matrix
is derived frcm'the group consisting of a photoformable
proteinaceous mixture, a film-forming latex, and combinations
thereof to form a plurality of uniform microfabricated

sensing devices. S
is Sheet Has Been Rej 1aced
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‘'suftabl® substrate wafer; .(b) establishing a pernsel ective |ayer

superi nposWO O5918t | east a portion of each base sensor; andp@E/usse/05227
(c) establishing a biolayer, superinposed over at |east a portion of said
perzsel ective | ayer and each of said base seaﬁgLs, sai d. biol ater conprising
(1) a sufficient anount of a bioactive nolecule, and (ii) a support matrix

i n which said bioactive nolecule is incorporated, which matrix is derived-
fromthe group consistgag ﬁé flePRBHOLE! HBAL L2 BE8E DG AE goLIErall dtyiref wniform
filmformng |atex, and cqnbinations,thereof to for zaéﬁérfgééy of uniform
microf abri cat ed B4REPEAPTACALES SSBSHIRTSIPYICRR YREFD GHRIIIGRYt «+ C L

M S *Date: - 1 liAR 1997 (a) - &5tabhishingeahpliuodl ity dficdease eensors on a
plurality of unifong%g?§r%LQ%EEg@Eega§SQ§ing devi ces which conprises: (a)

establishing a pPH? ase sensors on a suitable supstrate wafer: (b)
establ i shing a pernsel ecti vdb)ayestabiishingodcBeHIERlEETI¥ERst2¥horti on of

each base sensor o davigedellicoest 1ubbkchopbrt qoRx6t Lskals usdantamos,
nol ecules with a u '

| ecular wej ght of Qut, 1 or e . whi|.e | OW t he
free perneation bﬁvﬁﬂﬂééuF@éc%PFﬁsaSH%EéEGFQ% ﬁgrﬁﬂgiﬁﬁeexYﬁﬁéiﬁg¥gf£%ssg
and (c) establishiolacaleisokdtty a moleculprswdightr ofitabeutt120 por there dfhile
sai d pernsel ective.l ayer d f Ld:hasees | o] JF=3V2
conprising (i) aag&PPﬁ@Féﬁﬁea%%%%t%gfaghgﬂggc Fvggﬁg?é%ﬁf2+§%£d9(??§§iflar
support matrix, weightwoifclaboutdSoi oxciless:n8hdcul e is i ncorporated, which

matrix is delPved froma PhQSf OERRLE iBheHE! HABEEYay L X siSerimpoSedn ver at
plurality of uniform m crofabricated sensi '

d . 20 : 8. A ,
net hod of nanuf ade@sthg PoFtieR ofy sad %Fﬁi&gsg?ag?Y%ﬁt%ﬁds%ﬁgﬁ’ gt said

devi ces whi ch coljades@ensors, said bioclayer comprising (i) a sufficient
amount of a biocactive molecule, and (ii) a support watrix, in
which said bioactive molecule is incorporated, which matrix
is derived from a photoformable proteinaceous mixture,

to form a plurality of uniform microfabricated
sensing devices.

.48

15

s8. A method of manufacturing a plurality of uniform
microfabricated sensing devices which comprises:
(a) establishing a plurality of base sensors on a
suitable substrate wafer;

) (b) establishing a permselective layer,
superimposed over at least a portion of each base sensor,
having a thickness sufficient to exclude substantially
molecules with a molecular weight of about 120 or more while
allowing the free permeation of molecules with a molecular
weight of about 50 or less; and
30 (c)‘ establishing a biolayer, superimposed over at

least a portion of said permselective layer and each of said
base sensors, said biolayer comprising (i) a sufficient
amount of a bioactive molecule, and (ii) a support matrix, in
which said biocactive molecule is incorporated, which matrix
35 is derived from a film-forming latex, [ —

20

25
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(a) mstabllshlng a plurality of base sensors on a suitable subst & wat ef;

(b) establl QE@QEQ earsel ective layer, 25 superinposed over at |east a
portion of 1% sensor, havi ng a thi ckness sufficient toPETUSRILS227

substantially nolecules with a nol ecul ar wei ght of about 120 or nore while
allowing the free perneation of nol ecul es w +b5%-nol ecul ar wei ght of about
So or less; and (c) establishing a biolayer, superinposed over at |east a
portion of said permsel eotive |ayer and each of said base sensors, said

bi ol ayer conprising (i) a su¥®ifeEmta dHsEAL iﬂY'be“@&€FFFemﬁEF8§Bb51°aﬁﬂd

(ii) a support negéh¥indgaedisedssai d bioactive nolecule is incorporated,
which matrix 35 is derived froma filmformng latex, Irlis is the

repl acenenti shet to forma plurality of uni form mi cr of abri cat ed sensi ng
devi ces. - 59. A nethod 99 namLmémnad|dt;manuﬁauﬁunmngoh piufrality of uniform

m crof abri cated s e ng a

plurality of bgaseggé#] %ggé%%ﬁ%r??% Jt%r%a e vva aﬁ?gj‘gg&t ablishing a

- permsel ective | ayer, superl mpoks edestakl ishinga s rduraldityn off bagehssnsers on a
sensor, having a {(hig %gféss‘;%g{fﬂgruafg&.excl ude subst ant | all'y nol ecul es

wi th a nol ecul ar wei ght or, nore mhlle aIIo the free
perneation of nolecul es with(® mAskahkishing @ perrssd: eoFaV8§s, and
(c) establishing supepimpbsedysver Aprlieasty aapwtfum oift eaEEhubhsef sefisor,

bor el ect 1 verq ay iV ERFTE i Eknedd ndF AL ey UOrvde BuBULARLIS Ty
functi onal gr oupsmehesw %uwx£h53uuqig;ux§x wexght (74 3bAuﬁeﬂB§d°§fm°re while
manufacturing a péy:gl Iixfuy eﬁe%%ura |ty L f&%zﬁ%&%&%&l Qﬁtﬂeé('ﬁSfe&ﬁiiP

conprises: (a) est shin ase sensors on sul tab
substrat e waf er: weight of about 50 or less:

(c) establishing a topmost layer comprising a
1= sufficient amount of an immobilized ligand receptor.

60. The method of claim 59 in which said permselective
layer comprises a polymer film with available reactive
functional groups on its outer surface.

20 .
61. A method of manufacturing a plurality of uniform
microfabricated sensing devices which comprises:
(a) establishing a plurality of base sensors on a
suitable substrate wafer;

' (b) establishing an adhesion promoting layer,
localized over preselected areas of said base sensor, which
layer comprises a film of a silane compound having the
formula R’nSi(OR)A_n, in which n is an integer with a value
of 1 or 2; R’ is a hydrocarbon radical, comprising 3-12
20 carbon atoms, having a terminal reactive functional group;

and R is a hydrogen radical or a lower alkyl radical
comprising 1-4 carbon atoms; and

(c) establishing a topmost layer cemprising a
sufficient amount of an immobilized ligand receptor.

.28
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(b) est’ablj shing an adhesi on pronoting |layer, .25 localized over

presel ect &YO é@ %t said base sensor, which |ayer conprisesPEIVUS$8/05223
silane compound having the formula R ~Si(OR)4_nWin which n is an integer
with a value of 1 or 21 R is a hydrocarbonXx%58k cal, conprising 3-12 30
carbon atons, having a term nal reactive functional group; and Ris a

hydr ogen radlcal or a lower allcyl radical conprising 14 carbon atons, and

(c) establishing a toffost A mashodomsr maRHEagYELRIcReRIVERDLTY OF upiform
i mobi |ized |1 gafiddeeiittiUatedd éen%jﬂaﬁlaéilrlééélilhi&ﬁ tbhprisest!| |~ |

This is the repI acerrent sheet

Dat e: S MAR 97 tﬁ&&abﬂ'%&pa& Eﬂ-“ﬁalé%l AF PRES EENBATE P 2
m crof abri cat ed ssﬂnﬂul@ (hmsmt&menprl ses: (a) establi Shl ng a

plurality of base sensors o }(‘#J&?@ﬁhﬁﬁﬁg te?m‘é@fl.@f:tl(rg) 1§g&ﬁbl i shing a

pernsel ectivg | ayer, superi portion
sensor, having zsupamlmsedsu:foanzlaé:ntleBste)acm&langtfaﬁPFhl P?Sﬁfo#ﬁ’éﬁPEs

with a nol ecul ap zﬂaawssl%%ﬁ&c%% Wi Eﬁcihhgwsﬁﬂsﬁbﬁtiéf

per neati on of mﬂecu es W t

ec | ar we out . 5
(o) " ost abl | shi MPMEGHRRIEET @ MAECUAR MBS REpRBPUE oLRRLPE HoFe While

pr ot ei naceous mea.tll&ﬁn btnféIﬁmqﬁ:@a\e@tmnsu&sm&uallesowttnnaohoncdlar

pernsel ective Ia nd ( stabl i shing . a topnost |ayer conprising a
sufficient rf“q r%%r e |Iri d receptor. 1s 63. The nethod of

cl ai m 62 whi'ch furt her conp(rc)seﬁmtﬂ.hlsitﬂ.Mng phosoresistylayprnyeconpyising a

| east a portion iﬁmr X bl

pernsel ective 2(?%:7 ayeJr}'-“P%:L e meit q Q‘;s 9.5{?% gﬁ?b?ﬁlmgagﬂg %leghasal d
| i gand receptor s@mnwmm@fsE@éﬁe?e%ﬂ%ﬁfﬁ"%laxeﬁet aBd o

form ng a pernsel ective | ayg) WMistaplishing a topmest layer compr:.sxng a

sufficient amount of an immobilized ligand receptor.

63. The method of claim 62 which further comprises
establishing an electrolyte layer over at least a portion of
each base sensor, prior to establishing said permselective
layer.

20 y

64. The method of claim 59, 61 or 62 in which said

ligand receptor is an immunoreactive species.

65. A method of forming a permselective layer which
comprises:

(a). establishing at least one film comprising a
silane compound mixed with a suitable solvent, said compound
having the formula R'nsi(OR)4_n, in which n is an integer
selected from the group consisting of 0, 1, and 2; R’ is a
hydrocarbon radical comprising 3-12 carbon atoms; and R is a
hydrogen radical or a lower alkyl radical comprising 1-4
carbon atoms; and

25
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26conpf'ses éo establishing at | east one filmconprising a silane
conpound W@ ¥ a suitable sol'vent, said conpound havi ng RPCE/USSS/05227
R Si ( inwich nis an integer 30 selected fromthe group
consisting of 0, 1, and 2; Rl is a hydrocarbkgs?eadi cal conprising 3-12
carbon atons; and Ris a hydrogen radical or a | ower alkyl radical
conpr|5|ng 1-4 carbon atons; and 35 This is the replacenent sheet * C L N
S Dat ¢b) - haxiNg7said -8k fh) Femperdtaredofi % t o
aoetperature of 13hgtoaBbueORib¢0ff L BoPiblIdO ke |dMMAIVG bl Toirh o

forma pernsel ec POET ayer

ness suff|C|en ro e sald
per msel ecti ve IapermﬁPiHCPhﬁedb§Y¢§d B@“%%%r%n é¥9%§§ﬂegiﬁg prgvide
met hod of claln1Qﬁlanpu@hgalégtgveeIQ%e*e@ituetﬁéuﬁﬁsizeé(:Bmmpanmeable
substantially planar s%n5|ng devi ce 7. A nethod for formng a
per msel ecti ve,| afEPPBR iBs'preseIected areas of a substantially planar
sensi ng devrcg whi ch conprises: (a) establishing a photoreS|st | ayer on a

substantially planar s§?5|nghge¥é€ d(gf cP£ e§§lﬂg€ﬁ?!establlshl ﬂé@ﬁyve

to expose preselected eas” 0 sa| sensi ng devi ce; %%
| east, one fil m d8¥pKi $En§ormed| aneca cowbstRIt Rl RIFIRG SERSINT A5FSRent

on the sensing device of step (b), said conpound having the fornul a

Re' Si (OR i n which [ ted f
Consi StiNg ofg0. 1. anha: K methadifir cFaFRuiS a pinsisive daee SH OF
carbon at ons: anﬂr@se&e&tbﬂdangas ofidacstbstantialky pﬂ&qﬂr15£ﬂ3iﬂ9 device

conprising 1-4 c d (d). heating said filmto a tenperature of
c 95328 ToRPR: s8R _

P.43

(a) establishing a photoresist layer on a
substantially planar sensing device;

(b) processing said photoresist .layer to expose
preselected areas of said sensing device;

(c) establishing at least. one film comprising a
silane compound mixed with a suitable solvent on the sensing
device of step (b), said compound having the formula
R’ Si(OR},_ ., in which n is an integer selected from the
group consisting of 0, 1, and 2: R’ is a hydrocarbon radical
comprising 3-12 carbon atoms; and R is a hydrogen radical or
a lower alkyl radical comprising 1-4 carbon atoms; and

(d) he;ting said film to a temperature of at
least about 100°C for a period of time effective to form a
permselective layer, having a thickness sufficient to provide
said permselective layer with the desired semipermeable
properties; and

(e) removing éaid photoresist layer and the
overlaid peimselective layer from all except the preselected
areas of said sensing device.

15
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68. A method of forming a permselective layer on
preselected areas of a substantially planar sensing device

- which comprises:
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| east é%ou%, C for a period of tinme effective to forma pernsel ective

| ayer, hav ﬁ’g Pckness sufficient to provide said pernsel ep¢TASS0ASSS7
with the desired sem perneable properties: and (e) renoving said

phot oresi st | ayer and the 30 overlaid pernsehgngve | ayer fromall except
the preselected areas of said sensing device 8. A nethod of formng a
pernsel ective | ayer an presel ected areas of a substantially planar sensing

devi clzg 35 vv?i )ch c?nglr! Sﬁ_S: |(a) est?blﬁsfh?n? hdte Iﬂﬁ%@@l]ﬂ?@ﬂﬂﬁl@ln@g
m * a) e | shin east .ong, f1 n1co n Il a onpoun

T xed with & sui EAbRBSBPRERRNG BExeS SEFER 7 S oAy it e Fehsing
conpound havi ng ubeiberaﬂl stéR () ( A id rmmpnuﬂd dhwnngs the i farmada
selected fromt p consj st 0 on
radi cal conpri'si gn§ géggambn %t%*rg&’g’ﬁldli? I's a ﬁ%g%eer%er%ﬁdg QQP%H&

| ower al kyl radlgabupoaqmsxsnmq -df cOu bbn andrts, RN D W@eﬁqqﬁbﬂ! arar%q%l
to a tenperat¥re.ghpaisifg Si ﬁ@%ﬁ:ﬂ&@la&éxﬁ%. aarmern ok of ﬂymg@‘d qeidieal or
forma 10 perusef ?lve L a thi ck uffl t rgﬂdka

sai d pernsel ect | ¥elPU§ES2 Y:h ’E?é"ﬁggl?w %psgﬁe ahd (c)
establ i shing a photoresi st [(hyerheating dsaid ﬁhiennla/e‘.ém&na;tum of at

() or Pr0oeSSI N9 $8A8EPHBLRE TG Lc) 4T a BRI Ahe 3 HPRAAdMN dfForm o

underlying pernse beécones ed an Ject to further
processi ng, v@ I pemsebeptégel bayer, dpaveingfa ttﬁfel%ﬁﬁ?e sufifdigienty t& arowide

cap of phot ol S'§£1§B§;S£-h ielPive layer witH dhe [qu@itdd) suiliheraain®
perasel ective | ayer renovi ng said protective photoresist |ayer to

| eave a pernBeIeEF?Bﬁth?Er %V@r presel ected areas of.the device.
(c) establishing a photoresist layer on said

permselective layer;

(@) processing said photoresist layer such that a
proportion of the underlying permselective layer becomes
exposed and subject to further processing, while those
preselected areas of the device retain a protective cap of
photoresist material;

(e) removing said exposed permselective layer:;

15

and
(f) removing said protective photoresist layer to

leave a permselective layer over preselected areas of .the
device.
25

69. The method of claim 66, 67 or 68 in which the
thickness of said permselective layer is such that said
permselective layer is permeable to molecules having a
molecular weight of about 50 or less, yet substantially
impermeable to molecules having a molecular weight of about .
120 or more.

70. The methed of claim 66, 67 or 68 in which said
permselective layer is further characterized as: (i) having a
35 thickness in the range of about 50 to about 100 A: (11) being
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25 69.* The nethod of claim66, 67 or 68 in which the thickness of said
per msel eclpvgi/eeye’ | S such that said pernselective layer is perneable to
nmol ecul es having a nol ecul ar wei ght of about so-or |ess, ye (US89405227 | | y
30 inpernmeable to nol ecul es having a nol ecul ar wei ght of about 120 or
nore. 70. The method of claim66, 67 or 68~RA%Vhi ch said pernsel ective
| ayer is further characterized as: (i) having a 35 thickness in the range

f about 50 t bout 0 [r (i) _bei 11111 11 111 11111111.111

This is the reppSEBRBRLe hacholqpnfesadlddted srom the' grehblstbtigting or

mol ecul es sel ecdkdxygem ahé hydrpgennsexdxide ofardl dMiyigdn beimghsubsgentially
' de: d (iii il , . Lect

From the group SuReTaFaBie LUChEILER oy JORKICEY Trbel i lSolp" 20N 1CLA

2-(2- isobutyl pREnyrierapidni aseerkic Beidi falicylde atidopRei®- and

physi ol ogi cal Sﬁé&ﬁu_tyfﬁseﬁylYézoﬁ@ni@tm,ofcﬁt@jﬂﬁe@fiA-QZ:thm%gobne%mh

sai d sensingdevige is an (:éﬂectr chem cal sensor.
[

t
72.  The met hod®® B‘P&?ﬁ%%jgg%;/fon;agﬁs' &Rt said filmis established by

a nmeans sel ected fromthe group consisting of spin-coating, dip-coating,

spray-coating, and m‘i;?“éﬂ&&ﬁé{‘ﬂoﬂ& ééﬁ%%d % W:e%‘é”&'h.”%kgheé €4 N9
el ectroactive Specl es romun ergol ng a redox _réactlon at t _e I nNdl cat or
el ectrode of anseppingndeyice ciscan anpgrongtria edectyochepdcailt SPR§OYhe

free interaction of desired el ectroactive species with said sensor which
conprises: 10) establ]shi a 20 filmconpr,isi Il ane co und m xed
with a suitable sol veht’ov ,‘aﬂ‘gkgé.ﬁﬁi :ﬂ%é%%pggzgg'?ﬁel'nggéﬁ oFalg

el ectrode of safillml Estestablished deynsomeans Gelegtedndrioayvithg geupor nul a
RI' Si(OR)4-. ] ' ' i L EDE s € B .0 t Q i st.IRO
of 0, .1, and Z;éfﬁig\%?gnﬂyg?o%;}%g‘% ra&i’alﬁ%%ﬁﬁlggﬁgggﬁg ggraggﬁaét %)'ir}g:
and Ris a microdispensing.

5 73. A method of preventing interfering electroactive
species from undergoing a redox reaction at the indicator
electrode of an amperometric electrochemical sensor while
pexmitting the free interaction of desired electroactive
species with said sensor which comprises: (i) establishing a
film comprising a silane compound mixed with a suitable
solvent over an area which encompasses the indicator
electrode of said electrochemical sensor, said compound
having the formula R'nsi(on)4_n, in which n is an integer
selected from the group consisting of 0, 1, and 2; R’ is a
hydrocarbeon radical comprising 3-12 carbon atoms; and R is a
hydrogen radical or a lower alkyl radical comprisihg 1-4
carbon atoms; and (ii) heating said film to a temperature of
at least about 100°C for a period of time effective to form a
permselective layer

said permselective layer further characterized as
having a thickness such that said permselective layer is
permeable to molecules having a molecular weight of about 50
or less, yet substantially impermeable to molecules having a
as molecular weight of about 120 or more.

20 -
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hydrogen radical or a | ower al kyl radical conprising 1-4 carbon atons; and

(Li) heawiOwgo/e891@d fil mto a tenperature of at |east-about r
period of tinme effective to forma 30 peraselective IayerlgghEE&&Méh7

pernsel ective |ayer further characterizedngI haV|ng a thickness such that
said pernsel ective layer is perneable to AUl es havi ng a nol ecul ar
wei ght of about 50 or less, yet substantially |nperneable to nol ecul es

havi ng a nDIecuIar ht 1 r Jhi {H§§#§gt
sheethate - Rw?gg Tﬁg ?%8“89 6 ﬁiaﬂﬂ ﬁ3d i) éh aJn1 dfﬁg I C sal
per msel ecti ve layer is further characterized as: (% Qﬁ%ﬁg)qﬁﬁﬂﬂﬁﬂiﬂatﬁb
dloxygendor hya&gﬁ9§eaebﬁxh§?ro§?ﬂ ﬁétéxﬂ&éﬂg?ﬁ@b§iivﬂbéﬂﬂd’s%fgﬁgﬁiﬂﬂfi yo
uric aci ascorbic _ac alicylic steine opheno] , or
physi ol ogi cal éQPFWﬁéigo cAaﬁ‘é%hoﬁsf# s e%ﬂ‘?ug ??er'te1 ]Eis‘g Ja(nd
guantity of atchaeﬁnene4aaabyamlépphensl;noa.phypuoﬂqgmqakasdmt§1thereof

conprises: ¥a) contacting a nicrofabricated bi osensor with a 10 Iliquid

sanpl e, said biosensor conprisin él a base sensor, (ii) a permnsel ective
| ayer, superinposed 3%er Atmethed afpdeteching the PIRSende ansd quankity of

thickness suff agi g@stoon¥Chrd abs étiésl iy @0l bgui@ssample anidecul ar
wei ght of about_120.or _nore while ow ng thp free perneation of nol ecul es

with a nol ecul §PRREF aﬁF of about 50 or less, and (iii) a biolayer
superi nposed over at Ieaswaa pontacting sam:bxniamgieatédwbiasansarukrnﬂ(i

base sensolq ' | fj of C
nol ecul e capab %g%?l Ve §P‘|En g%i&ﬁ% &ﬁﬂ{s é ar %agngaﬁ ;als[eé\soer
speci es, and a(%@bperPeHES#igcthVth%ﬁeEaJ%ﬂ!ﬁxmﬂﬂ¢%&§rﬂﬂexnﬂﬁahaast a

i ncorporat ed, phehofbE $akd Qééévﬁénééfmﬁé‘ﬁﬂé oalpm&af&sstsmz%ém to
photofdorable ei_naceous ni | at ex,

conbi nati ons tEﬁF BF%ﬁBWHPBESﬂdh%Hﬁ‘HH ‘%-{a \2r| %%ﬁ@%ﬁ%hﬁaff

freely per neat abeut 1atecovachore while allowing the free permeation of
molecules with a molecular weight of about 50 or less, and
(iii) a biolayer superzmposed over at least a portion of said
permselective layer and said base sensor, which bielayer
comprises a sufficient amount of a biocactive molecule capable
of selectively interacting with a particular analyte species,
and a support matrix in which said bioactive molecule is
incorporated, which matrix is derived from the group
consisting of a photoformable proteinaceous mixture, a film-
forming latex, and combinations thereof and through which
matrix said analyte species may freely permeate and interact
with said bicactive molecule,

' to obtain a measured signal output from which the
presence and gquantity of an analyte species may be deduced.

20
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76. The method of claim 75 which further comprises
contacting said biosensor with a suitable calibrant solution
to obtain a reference signal output to which said measured
signal output may be compared. e
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wi‘th said bioactive nolecule, to obtain a neasured signal output from which
the preseM@98/989uantity of an anal yte species may be deducggr/usiesosisy
nmet hod of claim 75 which further conprises contacting said biosensor wmth a
suitable calibrant solution to obtain a rekgggace signal output to which
sai d neasured signal output may be conpared. 36 Tlnis is the replacenent
sheet 1111111111 LI 1R 18111 Da : 77. The

met hod of claim 75 or776 |TheWneﬁthuafIal;nmjﬁﬁampl66|snaanGhogaaélliQuLd

78. The net hod éﬁ %aignngfg%éq}édl\gydi sai d anal yte species is selected

froat he group cOnSy ing of so mi-on,” potassiumion, protons, chloride
ion, ionized calcium dissolved carbon dioxi de, total carbon di oxi de,

di ssol ved oxygen, hydj@genmpenmeunta o hanglm 78 45098 mhahs&he.rsaha th@yte
acid, ascorbic acid, bi|lirubin, creatinine, creatine, tri écerl , lactate
r

dehydrogenasg, ReIThelkiTRkectes LHImANS, STAWRs GRRELSEING, RS Ppdium ion,
ki nase-tm a arpm“ﬂmatnmasprommr iailoidendamn, ndsaizedytaseiunnd

cihle 11 quid SbRreLvRe Ak W Al Adcah, arlh WifxtadhraiEsolPed,

single liquid sanple rrses acting
a calibrated mh@*Y@e@uch&#%ﬂgﬁnxﬂﬁipxﬂdﬁaeﬁ&&@ngénp94§Fﬁ§eancbpl&§ter°l:

overlaid structyres £E4d, Sé‘él?dxtﬂi\é? 461@ Fb%!lt;'z‘ix‘ﬂﬁar %E!%laﬂﬁxﬁ@ecbééa%héh
structures are coqgilsed of a base sensor, (I ernsek}ctlve Iayer

superlnposeﬂhOVEF Y?%Eéﬁea. §4§ﬁ1QﬂhKQ£Q$Q&&§§'s€ﬁ§BFlnﬁa Rgs&.
figlleal ine® m@épmﬁd;smaﬁlﬂey KimagewMB; wilahimenol ecul ar

W th s mol eoul S SRIEHIRHE alnases Yodthain =Rl BBV IERR, "Bpd, 1 TBa8E! O
superinposed over at |east a portlon of sald pernsel etive |ayer and said
vorcarochna e o o2} 10K AU B A BBk e s gL
speci es, s species in a sxngle lxquld sample whzch comprises (a
contacting said liquid sample with a calibrated wholly
microfabricated biosensor comprising an array of overlaid
structures each sensitive to a particular analyte species
which structures are comprised of (i) a base sensor, (ii) a
pernselective layer, superimposed over at least a portion of
said base sensor, having a thickness sufficient to exclude
substantially molecules with a molecular weight of about 120
or more while allowing the free permeation of molecules with
a molecular weight of about 50 or less, and (iii) a biolayer
superimposed over at least a portion of said permseletive
layer and said base sensor, which biolayer comprises a
sufficient amount of a bicactive molecule capable of
selectively interacting with a particular analyte species,
and a support matrix in which said biocactive molecule is
incorporated, which matrix is derived from the group
consistiné of a photoformable proteinaceous mixture, a film-
forming latex, and combinations thereof and through which
matrix said analyte species may freely permeate and interact
with said biocactive molecule to obtain a plurality of signal

20
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and a *support matrix in which said bioactive nolecule is 3 I ncor por at ed,
whi ch meWQ 90/p81geri ved from the group consisting of  a photydfisabledzsy
prot ei naceous m xture, a film formng |atex, and conbi nations thereof and
t hrough which matrix said anal yte species_{®y_freely perneate and interact
wi th said bioactive nolecule to obtain a pfurality of signal 35

11111111111111111111111111d JfIJ IillThis is the replaceient see * C L M
S * Q38" - e BedieC Rnlh CSfaad Huaﬂéi Ye Of
each anal yte spe |esd %mbgr%l%ﬁ?h} and (b) %Pocgggfiﬁiegalg 5 ite
ooutputs. 5 Speciesm may he qeg ahsh\(Big 5°§5ﬁﬁﬁ€ vj PP%uIar

| i gand (anal yteytmpadi es mhlch conprises: (a) providing reagents capabl e of
interacting with-a sanple suspected of containing a particular |igand
species to produce a change in the concentration of a detectable species,
whi ch changg is pr o;&ﬂ-t i mmetﬂWQ hfaanassaydngs ai dappiei araa pagtihdular

species in mquﬁﬁg) SO wha! d said reagents with a
m crof abri cat ed |osensor corrpr|5|m!gg Cﬁbgge ggﬁggr sensitive to the
concentration of said detl@dt aR¥®% §‘a€PﬂFsacﬁBFh%EIEStFUEeFESE%HQ

super i nposed Q¥&ih & slaafgﬂe FuPdtEn &t Tentaliaia Sﬂ“ﬁﬁi‘txbﬁ!ai‘glﬂqand
conposi tion and thickness ficient to exclude substag ﬁ ¥ gglecules
h

with a nol eculSHeSAESy o(gr & S ATE e Ry FENSPPR ffee

per neati on of daﬂenhdhie\spdtxasqnMmamhachamgghtsobrabonti&ﬁamrtbethe and
(i11) ardfeptoiodiyee i gﬁm%ﬁﬂa%var 3Rl sBISTe8 RAOLa R adhp 5! 2
portion of sai pernse ayer, coul Icl ent BHE” of an
i mobi | i zed |igand recept )caﬁ@@ﬁ@qﬁiﬂs Saiidgsampdepand; saidr reagengs with

speci es’ or amh‘ﬁlaﬂdiaﬂﬂﬁaiﬁﬂa bidsensor compristh ”?ﬂ?ué'ﬂﬂséhgeﬁgaﬂge in
the concentratlgn ot &1L eSS TR b B0ih ke ELELATY S5diElEn0e
to the amount S
(ii) a pernselective layer, superimposed over at least a '
portion of said base sensor, having a composition and
thickness sufficient to exclude substantially molecules with
a molecular weight of about 120 or more while allowing the
free permeation of molecules with a molecular weight of about
50 or less; and (iii) a receptor layer, superimposed over
said base sensor and at least a portion of said permselective
layer, comprising a sufficient amount of an immobilized
ligand receptor capable of binding said particular ligand
species or any complex thereof;

(¢) measuring the change in the concentration of
said detectable species:; and

(d) relating said change to the amount of said
particular ligand species in said sample.

15
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8l. A method for assaying a sample for a particular
ligand (analyte) species, which method comprises:
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particular ligand species in said sanple. 81. A nmethod for assaying a

sanpl e fOVODOMREMBcul ar |igand (anal yte) species, which et peq/ GR35 S

35 Vi NG Ll 222 reerr it el This is the reéﬁaoeﬁ%@?

sheet * C L M S * Dat e: Aenlh -163- (a) providing a
: : : 163 L

reagent capable of interacting with a sanpl e suspected of containing a

particular |igand species, which reagent conprises a | abeled |ligand or a

| abel ed I'igand receptor capapl Speévimm_;_rw redgurtl @apible of Sdtdracting
particular |igan peci sai

substrate to prggﬁ eaasgﬁgﬁﬁes\’ﬁé’?agé%ggltg‘gﬁ’ggfjla'%lﬁ‘e%g é’aﬂ%% qg%ggieceis
and whi ch changspesigsopehichneéayent heomprises o Iatiel edhiltigaridaor agand

o o of abr | cat ed A abed. 1 1hna SREBRELP LCaBIRLE UT oAl Y HaBA ety "
concentrati og ofaigi pagticular| bigpediwWwecies,) a pernsel ective |ayer
super i nposed”over at |eastsaif0LaboN Kéivd shpdNe I FFtinP ¥ &nfadded
conposition and_j thickpess sufficient to exclyde substantiglly nol ecul es
with a nnlecula?uéﬁFﬁﬂ#eo °a55ﬁ$“ﬁ§03d$h§ﬂﬁiaRﬂﬂﬁh?zﬁqqﬁﬁQHfaFﬁeangea
permeati on of ndetectablei shecies| #ndiwhicieigiangsd izhgriopdPtiona¢sse zhe
bor t1on of oai dReRHECOEORRER BRFERCLENE1 Sl INEREIN B0 BamplRR) O
an innnbiliﬁid ligand recefebr coptagting snidiianppise andaiseliddrepgentcwish
oo are | o TSt S Standt colitba ) R SEagt
gfi particul ar PPRSRHYPe ?ég?ed?° ?ﬁﬁﬁﬂqg<qquﬁﬁé&f%eéfftPg&ﬁvﬁﬁﬁ.gﬁﬁ;
mat eri al whi ch (&ihi aspersebect ive dayemnzhigerimpdsegaovercaepieastokl oned
by the additionpQfe $6h ofUBS1d Adse sensor, having a composition and
thickness sufficient to exclude substantially molecules with
a molecular weight of about 120 or more while allowing the
free permeation of molecules with a molecular weight of about
50 or less, and (iii) a receptor layer, superimposed over
said base sensor and at least a portion of said permselective
layer, comprising a sufficient amount of an immobilized
ligand receptor capable of binding said labeled, particular
ligand species or any complex thereof,

for a period of time sufficient to allow said
immobilized ligand receptor to bind with said labeled ligand,
particular ligand species, or any complex thereof:

{c) removing any material which remains unbound
to said immobilized ligand receptor followed by the addition
of said substrate;

* {(d) measuring the change in the concentration of
said detectable species; and

(e) relating said chénqe to the amount of said
particular ligand species in said sample.

15
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82. A method for assaying a sample for a particular
35 ligand (analyte) species which comprises: .
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(d) measuring the change in the concentration of 30 said detectable
speci es; m&plﬂel ating said change to the anmount of said ggafi 27
ligand species in said sanple. 82. A nethod for assaying a sanple for
particular 35 ligand (analyte) species whlfg4 conprises: This is the

repl acenent she * CL Xl s * ate: e GM y
-164- (a) providing a re_agent capabl e of interacting with a sanple
suspected of contai ning a priviidingdane %np%'l@hofeiﬁﬁai-actxng

conprises a |abel ed and rec tor capabl e o fqrmng a
particular |i gaﬁ’d"t;ﬁ %%Pl%aﬁ'{; g B‘fpaé%f"%g ol %gﬁﬂaed

substrate to prepgkeies, oitpige xréngéra: mtpa:msut laonabfelcdd&ngandbteceptaores
and whi ch chan o] of [ a nd
apeci 65 1n sal FAAFE UF e f oV e e3R8, BRI ELENEC sopR"
with a ni crglabﬂ?m% bi osensor corrprl sing: (i) a base sensor sensiti ve

to the concehtration of saghdleldisdiel P eaipablel e) aRtBAGTBR! 8R! biflea

| ayer, superlnposed over at |least a portion Qf said base séns havi ng

conposi tion and®% s‘i?ﬂ%n%spwq‘?‘tlaerﬁhameem e %B&FQFFF%SW Rl écul es
with a nol ecul aiewﬁtil@fsm&s T ahisy en\adnglee :.&I bmogtﬁ.bnairee the

perneation of nple e lecul a t 5 and
(iii) a recept i 9@4 éfvg rﬁr?‘: Sﬂ rllggg’g se s gagé ggﬁﬁégét a
portion of said per rrsel ect(h/)e Xpntagtdng @oﬁpmé-lengnd §aﬁ-ﬂ| reagentinwihh  of
an i nmobi | i¥ed J4gand § ﬁr:ﬁ?&&l& ©i%s 5@:‘1-' RempRidi g"-t gyl aral pggad

speci es of any conpl ex thereof, for a perio tinme sufficient to allow

sai d | mobi | | zE&LNSFaReNENe ta $he Gengertrasigny ot Fé&f’aiieEB‘:tFPbﬁnd
speci es or any spumies, tfEied ,pdﬁ)sel@mwﬁglawrrfatsepeahmpbsea oe&ei at

unbound to sai q.eian%@ba'. lﬁoz&ion ¥ sa:.%c R sfeglslo%",vegag.VLn%hg Qggb&ggmn and
thickness sufficient to exclude substantially molecules with
a molecular weight of about 120 or more while allowing the
free permeation of molecules with a molecular weight of about
50 or less, and (iii) a receptor layer, superimposed over
said base sensor and at least a portion of said permselective
layer, comprising a sufficient amount of an immobilized

20 ligand receptor capable of binding said particular ligand

species of any complex thereof,

for a periocd of time sufficient to allow said
immobilized ligand receptor to bind with said particular
ligand specjes or any complex thereof:

(c) removing any material which remains unbound
to said immobilized ligand receptor followed by the addition
of said substrate;

(d) measuring the change in the concentration of
said detectable species; and

(e) relating said change to the amount of said
particular ligand species in said sample.

15
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83. A method for assaying a sample for a particular
%5 ligand (analyte) species which comprises: _. _ e _
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of* sai d substrate; (d) 'neasuring the change in the concentration of said
det ect abl WQPMVOSES and (e) relating said change to the anouptrAisssasshy
particular ligand species in said sanple. 83. A nethod for assaying a
sanple for a particular 35 ligand (anal yte).jgaeci es which conprises: *!I11J
1l 111,12 Tiitd W i ! This is the replacenent sQet DCatc BS
MAR 10 -165- (a) providing a reagent capable of interacting with a
sanpl e suspected of contai Ra)g pre®ilifyg! & réagentl SHFahXs of\iinteraRad

o
[ | abel, | i d I f tipg.wth ' i_cul i d
Speci es Tor avaMiih & SARBLE| PagRerFad ae seabfipiad & BereRLa Waapd ™"
l-abel bei ng capsbeeiek,awhich reagentddempriibes ratlabeled ddigand, capabje iof

t he concentrati e a S | whi ch_change is prpportional to
t he anount of sgf@a‘g‘&?{‘ gcuﬁ%% Pﬁgnﬁg%géygri 1%%?% %‘r’ﬁff , TRy
sai d sanple and¥x iddggéniligrpA gecephPESof abri cated bi osensor conprising

(i) a base s&nsor sensitivgaia 1hBefOBEERY’ 84haB1& o Mk %) & WY Qadea
|"east -a portion

species, (ii) a rusel ective | gyer, superinposed over at

oF el d bass soRSBRLERSE §§ BTEANEssR: FORMIR LT SEhe CUMANE AR R 1 o
excl ude subst antlieziecfahdec speeies) t Whichothanger iseprpgportienaluttal 2heor
nore while all oy he ¢f p | of . C. |t r..

wei ght of about W@%ﬁg&: ?efssg,sggngsglg?ﬁ‘?grrie% pt&(;r %éieér{g, Jls]’lu%éa;}}lanp%o%g‘lgg'edve_r
sai d base sigsor and at | ed®) acpBEaFbINGfsald ssampln Andsaid reagent with

c]g)rrE_r i 3! ng _sgfa}‘ ing.biﬁafgalﬁﬁﬁateefb§6ib€n'$6fm@61}|§£§£ﬁaﬁé gend & %g@ %rexfs%‘i?‘b:je
of by ndi 19, 021 d o RE el b e L oRREFHL Bon SO ML R seh e
said | abel ed |i daid a6permselectiverlaygepdsuperimmysed Qvere ALy ilegsin\a
material which pepRlg YPQURE pase sensor, having a composition and
thickness sufficient to exclude substantially molecules with
a molecular weight of about 120 or more while allowing the
free permeation of molecules with a moleculaf weight of about
50 or less, and (iiii a receptor layer, superimposed over
said base sensor and at least a portion of said permselective
layer, comprising a sufficient amount of said immobilized
ligand receptor capable of binding said labeled ligand or
particular ligand species,

for a period of time sufficient to allow said
immokbilized ligand receptor to bind with said labeled ligand
or particular ligand species;

(c) removing any material which remains unbound
to said immobilized ligand receptor followed by the addition
of said substrate; ,

' {d) measuring the change in the concentration of
said detectable species; and

(e} relating said change to the amount of said
particular ligand species in said sample.
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to said i mobilized Ilgand receptor followed by the addition of said '

substratéWD@@ﬂHB%&surlng the change in the concentration of b
FtSibitany

det ect abl e species; and (e) relating said change to the ano

particular lIigand species in said sanple. f his is the replacenent sheet
Date: - 6 MAR )99? | 111X LINVE 111 | THEET 111 84. The nethod of
claia 80, 81, 82 or 83 in which seid mcrofabricated biosensor further
conprises a photoresigd. | Se metBY ¥ T4.a2uP'88, 009! "8Y! £rPEY! Ih185I8H sa1a
m xture, interposed between said permsel ective I'ayef and said fece

| ayer. 85. The MATRMARKIAAMRISSansor3 fugithey CAUREAERS 8 Bhotoresist

ni crof abri cat edidyersersowprisintea GHE dﬁﬁ:&a&leeF%tbﬁhxbeohamixtﬁi-&r posed
bet ween sai d bg]\} éf!ﬁ%oﬁ% sal d el ective e . The net hod’ of

cl ai m 80, 8S, (ﬁ?Qs |ﬂﬁﬁ&ﬁqlf§&1 gafdere2Bp: SRipsreceptor
sel ected fr%mt1&¥§Foup consi sting of ionephores, cofactors pol ypept i des,
prc-ains, gl ycoprotei ns, enzynes, innnnnglobuins antibodies anti gens,

| ectins, neurochenical receptors, oligonucleotides, polynucleotldes
mol ecul es of ON, nol s eThef MRGROA O wdafmagﬂenﬁs oB2sabufiBt $nowhichgbaid

. strands of the nﬁ!&%ﬁﬁd&ﬂé@lﬂﬁ%en%r Eﬁ%tﬂ%&hedmghgbé' %118&!3@ 8§%Fgr

83 in which saldypernselectlve | ayer hot odef I ne

cl ai m 80, 81, (ol i ??Rﬁﬂ%ﬂ1h§5“§e?65§&9tPEEPaFeFFQEanngEFQS i s

sel ected front lpemsalective Jayey.of | onophores, cofactors, pol ypeptides,
proteins, dPycoproteins, enzymes, immunoglobulins, antibodies, anti gens,

| ectins, neurochem cal receptors, oligonuol eotides. nol ecul es of DNA

mol ecul es of RNA,. vi Bfses Ther gethods of3clafimng§d, 8laghRnos 83 inbuhiclh said

singl e strands jqindi3 ized ligand receptor is selected from the group
consisting of ionophores, cofactors, polypeptides, prc-=zins,
glycoproteins, enzymes, immunoglobulins, antibodies,
antigens, lectins, neurochemical receptors, oligonucleotides,
polynucleotides, molecules of DNA, molecules of RNA, active
fragments or subunits or single strands of the preceding
molecules.

15

87. The method of claim 80, 81, 82 or 83 in which said
permselective layer is photodefined.

88. The method of claim 80, 81, 82 or 83 in which said
particular ligand species is selected fromthe group
consisting of ionophores, cofactors, polypeptides, proteins,
glycoproteins, enzymes, immunoglobulins, antibodies,
antigens, lectins, neurochemical receptors, oligenucleotides.
molecules of DNA, molecules of RNA, viruses, organisms,
fungi, fragments or subunits or single strands of the
preceding entities.

25
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82. The method of claim 82 which further comprises
removing any material which remains unbound to said
35 immobilized ligand receptor between steps (b) and (c).
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preced| ngwewo/0s9e. 89. The nethod of claim 82 which furthepép
a%aﬁw

renmovi ng any material which renmains unbound to said i mmobili

receptor between steps (b) and (c). This is_the replacenent sheet | MAR
Mw*C L M S* 90. The nethod SA€%Tai m 81, 82 or 83|nwh|ch

the operation of step (c) S accorrpl | shed by addi ng a substrate with the

conconitant renoval %%d/i \rgﬁ%f;&;,? Ing HnQ?UEQ IR éﬁ‘%gh the

i mobi lized |igand recepto 'asSa sanpl e for
particul ar ant |@l¢ﬂt€mc¢fé§m ole)c dispraicsenplishedr byi aﬁﬁgna ?e%'gbﬁtrate

.capabl e of int gy vt\}?&c Ve drit i ENS retovaq! %‘i Qﬁycﬁlﬂtékﬂéﬂﬂ whies

t
anti geni c speci es, h reagent corrprl ses _a | ed ant | body capabif.e of
formng a corrpl‘@}?’%}% @5 thrinmahiddzed 1deand speepEer-said | abel being
capabl e of act| ng on an added substrate to produce a change in the

trat f d h_ch t
o Ly o 2o ! B R o, R Y06 BRAT e o LS RrE
contacting a sanfligenikt ﬁp&!:lr&aagémcmmmlmnof abri cated bi osensor
conprising (i) a base sens@y s \?tg;ﬁ gﬁgcggﬁ,ggﬁo‘g Oinééi-
e ectl aye? 5 st

detect abl e speC|es (i) a per supe osed over a
a 20 portion. Mitdhidy SHRRIe SusRected, c&”&éﬁﬁé§9t Poaaaﬁacvhatkm%%qemc

sgf fi ciggt d;[OO espe adces , suhilsiltdntzle’ﬂ ahﬁ’r@oﬁ@urhe&s%t DaBel®d st Body I&ﬁﬁ%}@ie
about oy Q ee_pear gcules wit

nol ecul ar wei grﬁte t}lg%%lﬁa f\g&rﬁ S"tZ‘n ("ﬁ ﬁg ?3%%5t%9£+%%?° species,
superi nposed over said basﬁals’eri@&lela#&m ceprsble pbractingfonan added
perusel ective |daferaARd ?M&es'éf fchﬁh Qt yatca céReEDH 14 1[Z| | ar

l'igand receptor, conprising dn antibod bi ndi ng sajd par

anti geni ¢ specidstestabie &pasies and, F!Bﬁc (E"aﬁﬁﬁoﬁﬁnar%?rﬁ%@%ﬂ o #Hieh

remai ns unqgunémnunt of said particular antigenic species in said sample;

" (b) contacting a sample’and said reagent with a
microfabricated biosensor comprising (i) a base sensor
sensitive to the concentration of said detectable species,
(ii) a permselective layer, superimposed over at least a

20 portion of said base sensor, having a composition and
thickness sufficient to exclude substantially moclecules with
a molecular weight of about 120 or more while allowing the
free permeation of molecules with a molecular weight of about
S0 or less, and (iii) a receptor layer, superimposed over
said base sensor and at least a portion of said permselective
layer, comprising a sufficient amount of an immobilized
ligand receptor comprising an antibody capable of binding
said particular antigenic species or any complex thereof,

(¢) removing any material which remains unbound
to said immobilized ligand receptor followed by the addition
of said substrate;

(d) measuring the change in the concentration of
said detectable species; and

(e) relating said change to the amount of said
a5 partlcular antigenic species in said sample.

25
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30°to §a|qw ¢%3I|zed |l i gand receptor foll owed by the addition of said
substrat e; {)W 8 uring the change in the concentration of PCRUSENesITbI e
species; and (e) relating said change to the anmount of said 35 particular
antigenic species in said sanmple. This is tdygg-epl acenent sheet | 1111111
11 111 I'lhlj 1111 12 Dat e: 92. A nethod for assaying a
sanple for a particular antigenic species, which nethod conprises: (a)
provi di ng a Reagent capabl & ﬁbthbﬂefaetasgaynnb a sanple sospacpaxitidular

containing a pa,| . a e c conprises a
| abel ed antlgen|§t§é§§4 Q&"sal Eﬁﬁggeiﬁtﬂ@h g #éﬁggg%ctlng on an added
substrate to produce a chaﬁgé |§rPHéd60§cénFFa§95ﬁ ¢apablete th%$%5%$kkn§5

and whi ch chang@iith ar @a leogabpbet&heoaneaﬂtaﬂﬁlﬁel g ﬁaf{:ieuiéf
species in said s e and

reagent withga &Fﬁbrl erﬁP8§9ﬁ58$mé5ﬁﬁF?s % 53}35 ﬁﬁgég h%ofpe°1es'
sensitive to t he concentrasadu dbbedi Bedngccapabiespecaetingi onaan added

| ect | |
ensor, havi ng SUBELrRLRC e BIRANCR R clbnuith PaBOLLnOOnEratibs BF S
subst anti al | y ndetegtablei spesies| andl whighi ghange isopropovtionabreo e e

al lowing the frsﬂoaa&”B%tbaaaobageheﬁmhfSaﬂtiaeﬂlav dias fﬁlsﬁﬂacgaﬁﬁgw

SO or less, and (iil) receptor | ayer, supert S { over sajd base sensor
g%’PP%

and at Ieasgoa portion of $&)d BQP§§€FEE?|§§19 oﬁ%§|§$ﬂﬁ TeageRt v Eh
anount of an” i maphikcrogdbkigarddr BiogensoeooPphbrisingb( inta hodye coanddre of

binding sai d | aghededOul 98Nk haSBEREEALrRRE bh ok 4o 18! SOEDLE PE UES £La AT

conpl ex t her eof of a perro I'me sufricien 0 al T ow sal
| i gand receptor (dd)Bi psrwsteneg&mel iarerd supeyimpesedcever apakeastiar

gg;;gﬁglﬁnggﬁﬁlsare&oanﬁfces&hesasaeaaﬂéorﬁCﬂaefﬁavansoaﬁwsfﬁﬁéa'éﬂawmlch
thickness sufficient to exclude substantxally molecules with

15 a molecular weight of about 120 or more while allowing the
free permeafion of molecules with a molecular weight of about
S0 or less, and (iii) a receptor layer, superimposed over
said base sensor and at least a portion of said permselective
layer, comprising a sufficient amount of an immobilized
ligand receptor comprising ab antibody capable of binding
said labeled antigenic species, particular antigenic species
or any complex thereof,

for a period of time sufficient to allow said
immoblized ligand receptor to bind with said labeled
antigenic species, particular antigenic species or any
complex thereof:

(c) removing any material which remains unbound
to said immobilized ligand receptor to bind with said labelea
antigenic species, particular antigenic species or any
complex thereof: .

(d) measuring the change in the concentration of
said detectable species; and

(e) relating said change t¢ the amount of said
g5 Particular antigenic species in said sample.
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to said i Sg(ss%,éed ligand receptor to bind with said |abeled antigenic

speci es, antigenic species or any 30 conpl ex therpef/uss9)0s227
measuring the change in the concentration of said detectable species; and

(e) relating said change to the ampunt of galsg 35 parti-cul ar antigenic
species in said sanple. This is the repl acerrent sh~eet | ~J H!IIL iiilll
LETfl Hill 1 fill Aftsé MAR He? C S * -169- 93. A nethod

for assaying a sanpl eshor A mathbgUkss ae%a;agﬁ Mﬁm;@rﬁw %ei::[arga)cular
W a sanpl e suspected of

providing a rea C interacting

containing a pagPE Bf’gg ‘é{hllf"‘goﬁﬁm PLAFER: r eagent conprises a | abel ed
antigenic. species or a | abéh@zd providing bmdyemrmleapa‘blfa)raﬁ rign te racringx
with said parti r a y b ﬁiﬁ’

added substrat eg%ﬁ ggg sﬂé%gt%% ?%e‘?%%{n%ént r% S’ wl eaglt%’%%dy'
speci es and whi YRi€ aﬁ@é‘!ﬁgf-pﬁeﬁw‘ﬁ%ﬁaﬁ lapbelrd Antigendc ﬂ%lﬁ&r orcd ar

antibody in Sai ﬂaﬁéﬂ!&hean(:il)-aﬁeﬂbééi" FbEE Pt efvish il dompae! withhsaid
xi crof abri cat ed bi gsenior coggﬁeal ng a base sensor sensitive to the

concentration oP3EatHUYRFBP %pem es (ii) a pernselective |ayer,
superi nposed over at | eastsai@olabel béxngiichﬁmm mm;ﬂga\dmgnaadded

it d t t |
W th e ol ecul arasEERER FO pELIAER a Ehiiide I, P YA rat TR, BE. 1S
per meat’i on néetegtablei spegies| and | whickighangs Je?ocnmmtlmadr tl°e§§e
and (iii) reaRBLAEL bRYSA{dSPRLE ] SRPEE W Biodi th RS le;and at

|l east a portion of said peruselective sufficient .agount .

i sing a
of an inmobilized |igand r&8bpt 6PNERGHIH él?}gsaa‘wr%}ﬁ't?e%aéds 208D With A
anti body capabl sietofabgicgtedi Hiosénssy conprisimyly(i)r apase sensor

sensitive to the concentration of said detectable species;
(ii) a permselective layer, superimposed over at least a
portion of said base sensor,.having'a composition and
thickness sufficient to exclude substantially molecules with
a molecular weight of about 120 or more while allowing the
free permeation of molecules with a molecular weight of about
50 or less, and (iii) a receptor layer, superimposed over
said base sensor and at least a portion of said permselective
layer, comprising a sufficient amount of an immobilized
ligand receptor comprising an antigenic species or anti-
antibody capable of binding said particuiar antibody or any
complex thereof,

for a period of time sufficient to allow said
immobilized ligand receptor to bind with said particular
antibody or any complex thereof;

(¢} removing any material which remains unbound
to said immobilized ligand receptor followed by the addition
of said substrate;

(&) measuring the change in the concentration of
said detectable species; and

(e} relating said change to the amount of said
a5 particular antibody in said sample. e
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28 Conpl ex thereof, for a period of time sufficient to allow said

I mobi | i ze‘UQM@ﬁﬂ!Orecept or to bind with said particular ant 'ﬁ@ﬂsﬁ%‘oﬁﬁv‘}

conpl ex thereof; (c) renobving any material which renains unbound 30

. said i mmobi i zed Ii gand receptor followed b¥ he addi tion of said
substrate; (d) neasuring the change in the oncentration of sai d detectable

species; and (e) relating said change to the amount of said 35 particul ar

anti body in said sanpyg;” TR setfod "For o4 ta Sdﬂfihel for a art:.cular
111111111111111111¢ 0 -170- A met hod

for assaying a %’éﬁﬂ’%"?or"‘é‘%‘ér’?ﬁ‘?&ﬁ%r"%ﬁq lﬁ?ﬂprmsch net hod V\:hl ch
conprises:. (a) providing gayeapeowidingpd eredgent eapabley of tinteraoving

beled ant 1 bodiehah cEraREE fufneded Tt b%?taa”*@ % oAk AT 24'5%@?%2%
to produce g chuhgehmeamtoﬂmnaesom l#b%tlﬁtmmda'.spem es and which
change i's proportional to s46a A ﬁﬂlﬁé'@aﬁﬁﬂé (‘dﬂ %Tct"ﬁg e gl

sampl e; (b) cont ctln% said sanple and sald rea

ni crof abri cat edSHPHEERER LR PELTUEH 2 (Fhange M&%W%ﬁtﬁ% ofo & he
concentrati on odesed:ﬁamespebias sad | visicl | charge eilsTitiopiritionaly &o the

superi nposed ov, S - S e

conposition andﬂo‘gﬁ?hl gk%%&%£#¢|%€% %@W&é’ %%gdt é%% 1'|I%g'y nol ecul es
with a nol ecul ar wei ght of (Rborentactingnsaidinanpls land sgidhaeagent with
perneation ¥ ”Q'ﬁf&&faﬁ%i&@e&%f&é&ﬁéo%cﬂ?zﬁir@bq% SQ Pade®Sensdhd

(iii) a receptor layer, superinposed over sa base ‘sensor ang at | egst a

- portion of sai CFWHEEY%C?‘P VEN® (FONGRRLTALIAR, (9L S
an immobi | i zed [ijpndarpeaiselecoins lﬁm,arsmnmsedsmzesmaaﬁu a

antibody capabl g, of ; Bt Nk " £ K £ ddifdd? BV Y Hmposition and
thickness sufficient to exclude substantially molecules with
a molecular weight of about 120 or more while allowing the
free permeation of molecules with a molecular weight of about
50 or less, and (iii) a receptor layer, superimposed over
sald base sensor and at least a portion of said permselective
layer, comprising a sufficient amount of an immobilized
ligand receptor comprising an antigenic species or anti-
antibody capable of binding said particular antibody or
1abe1ed antibody,

for a period of time sufficient to allow said
immobilized ligand receptor to bind with said particular
antibody or labeled antibody:

(e) removing any material which remains unbound
to said immobilized ligand receptor followed by the addition
of said substrate: '

(d) measuring the change in the concentration of
said detectable species; and

(e} relating said change to the amount of said
particular antibody in said sample.

SRAGHES /of
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| abel et anti body, for a period of time sufficient to allow sdid inmobriTzed

ligand receptor to binggw th said particular anti y or | abel ed anti body;
(c) rewoisgessyy nater whi ch renmai ns unbound t aid inmmobilized Iigqgad
receptor followed by the addition of said substrate; (d) F<ILUSB¥GS22Te
change in the concentration of said detegﬁgble species; and (e) relating
said change to the amunt of said partic anti body in said sanple. 35
This is the. replacenent sheet | L MS 11111

Dae: - 172- fLee RELNEaLhoR BF SMDRSES 9L R SBIRLURleh ing'

about 50 or |ess, LT rece tor %X su d over .sai ase

sensor and a?PPE&§%°ﬁ éﬁr? 8R. 6F) siF TR n%eg'%lﬁ#)&éy r’%ﬁ’r" %’f‘?gted suf

f icient anowpthothenconwommitast temvnil ref egny matemid s ngxmh ardmagiani c

speci es or ﬁéﬁﬁ?t£90§¥i&aﬂﬁﬁ$ﬁifﬁz$ﬁrEﬁéEh&*EéL dgonucl eoti de sequence
I 1

or conpl ex hybr her for eriod time surtficient to allow said
I mobi |1 zed |igand receptor to b|nd with said oligonucl eoti de sequence or

conpl ex Hybrid theggof i PhE) metRNI@ Vb Bdliim &G £T8 0] 84 B J B g5 Undpugd to
said i mmbilized |i d re p@ﬂaﬁgollomed by ‘the addition of 'said
substrate; (%) ﬁ%a et PR P DGMtentrati on of said detectable

speci es; and (e) relatlng said change to the anount of sald ollgonucleotlde

sequence in said té*g& d

i rmobi i zed |i gana ecep}tl&oggfggwpé%se ec d&pr ojg]eg%aw n aﬁHase sequeonce
whi ch i s,gconpt éH%dﬁ%+§ht§P%ﬂ Jetertapln r???ﬁf%ﬁ 15 H VNIRRT drdrggen
sequence andrewexidéi nds said ollqonucleotlde .

98. The method of claim 80, 81, B2, 83, 91, 92, 93 or
194 in which said substrate is an indoxyl phosphate, analog,
15 or derivative thereof. : )
99. A method for assaying a sample for a particular.
oligonucleotide sequence, which method comprises:

(a) providing a reagent capable of interacting
with a sample suspected of containing a particular
oligonucleotide sequence, which reagent comprises a labeled
probe having a base sequence which is complementary to at
least a portion of said oligonucleotide seguence and. capable
of forming a hybrid complex therewith,

said label being capable of acting on an added
substrate to produce a change in the concentration of a
detectable species and which change is prOpditional to the
amount of said oligonucleotide sequence in said sample;

{b) contacting said sample and said reagent with
a microfabricated bjosensor comprising (i) a base sensor
sensitive to the concentration of said detectable species,
(ii) a permselective layer, superimposed over at least a
portion of said base sensor, having a composition and
thickness sufficient to exclude substantially molecules with
3¢ @ molecular weight of about 120 or more while allowing the

20
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sequence or brid conplex thereof at a site other than that engaged by
sai d | aW® °éﬂﬂbe 25 201. The nethod of claim99 in whi chePARi q?

i rmobilized |ligand receptor is an anti body which recogni zes sal hy%rld
Conpl ex. 102. The nethod of claim80, Si 2 83, 91, 92, 93, 94 or 99 in
whi ch said base sensor is an electrochen1% sensor. 103. A nethod for
-assaying a sanple for a particular analyte species which conprises: 'This

s the I epl acprg! paliiEitidn 92 LidldddldDU iy o IR veighteel Bbout
provi ding a reagen ? capable,of  |pteracti e suspéected of
contai ni ng a PArP¥ chess. By {Lid) é%l¥§Feé&ﬂ¥ﬂ}qxﬁﬁy;giﬂﬁﬁﬁmﬂa§§9 SVedbel ed
analhyte Zpemﬁzwrb@séabehsdrlamr&h resEst o mb:lredﬁ gﬁdTWﬂ@ﬁ(?f»:
with said an £ adde
substrate Lo HESnecCohERLs iRy SREHCELI0 SRRRR, O arf Ui Z30 U

speci es agg mhiqmnéhaﬁgepterp¢@mnwx$xnsuan<nnﬁmgqnmnnapeﬂie§am¢ pmmurcular
anal yte s

and sai d regéﬁ?iﬁbﬁ'gﬁ%ﬂf’é% Pindain ng said d13) orﬁfalte%‘ﬁ(ﬂ? s%%%%mre

crof abricate evice C rrprl S ng ase sensor

conpri si ng arCEnREe¥ daylerid sthexeedr sensitive.to the concentration of said -

el ectroactive species, af@r(alﬁeﬁibd rao it ine i A Mrit e AN Gl e of
bi ndi ng said |

conpl ex there’cﬁ"“ekf’(:];j ?%‘?ﬂ) %ﬁ:ﬁ?ﬁ&%ﬁﬁ%ana%t Sﬁg‘%ltc eg%li&e

-1 mobi | i z’reqd Mmeeﬁeptmpleﬂlwmmymmwdl tion of said substrate;
b e 4 o Pt HAGEng P ety W gt Woun
to ‘said immobilized ligand receptor followed by the addition

of said substrate;

(d) measuring the change in the concentration of
said detectable species; and i

(e) relating said change to the amount of said
oligonucleotide sequence in said sample..

15

100. The methed of claim 99 in which said immobilized
ligand receptor is a preselected probe having a base sequence
which is complementary te at least a portion of said
ocligonucleotide sequence and which binds said oligonucleotide
sequence or hybrid complex thereof at a site other than that
engaged by said labeled probe.

20

25
101. The method of claim 99 in which said immobilized

ligand receptor is an antibody which recognizes said hybrid
complex.

102. The method of claim 80, 81, 82, 83, 91, 92, 93,

94 or 99 in which said base sensor is an electrochemical
sensor.

103. A method for assaying a sample for a particular |
35 analyte species which comprises:
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parficular anal yte species in said sanple 104. The nethod of clai-m 80, $1,

82, 83W@90/08%10 93, 94, 99 or 103 in' vhich said base sen 05227

el ectrocheni cal sensor conpri sing an anperonetrlc el ectrode and a reference
el ectrode. 30 3.05. A nethod for_ gaying'a sanple for a particular
enzynme whi ch conprises: (a) providing a ré gent capable of interacting with
a particular enzyme suspected of being present in a given sanple, which

reagent conpri ses a subghy at&g@&{hg’ﬁa URERJ RS Taihat 1 @30 i nitezash 19;, t| on
nmedi ated by said ----- | acenment sh'eet 1111111
11111 liii A‘&“ﬁlﬁ 6SMR1&9§“/5P3‘55=°-‘1 ° %’“mlmﬂmmﬁ' ‘G&F’a?“érh!}ﬁe and

whi ch transfspeeiesn ghieh tesqeﬁf)cbﬁﬁm&gps|a1ndhayzmmaumny&blepeeﬁeanor

hyar ogen per SxAEe-6) ERRIA Fad ey IRl SEHRRGE) CleokpTRkR R

devi ce cggpr$@idgaamlﬁtecspﬁchmmacaI sensor sensitive to the concentration

of said el ectroactive s faefabéf)bem@%wmgﬁ GG R Wioaaaea
concentration of said electroactive species ( Iatlng sal d change
to the ampunfubstxate E@ PEAIVCES | 1 rchandseln |Q?Qﬁﬁﬁ&n§t iepsofTRE net hod
of cl a; m 10%1&@?@5&5? ds?@éié@tﬁxﬁih 'rﬁﬂ'l.zdﬂ'ﬁ:ﬂﬁlc?'é | o 7 taaga.ia'tl@ the
reagen COITpI’l ses an_Il ndp o) avl rqQ Z4d e Nnctl ona group.
6o o T amoRRE C8E PR T ot LR A Al R o1 said, sAmPALT,

planar surface conpri si (g} (eﬁnﬁxcﬁmﬂqrg;tﬂfdanpdecmmﬂosahEOWeagehabhethor

o oot o e PRUBILE IR P WSS o422k, daRRBRCST 1 "
| oadi ng sald°¢mEW%F%EE¢EE|QlQﬁFIQEQ?!%QRi sensor sensitive to the
concentration of said electrocactive species, and (ii) an
immobilized analyte receptor capable of binding said labeled
5 analyte species, particular analyte.?pecies or complex
thereof;
(c) removing any material which remains unbound
to said immobilized analyte receptor followed by the addition
- of said substrate; '

(d) measuring the change in the concentration of

20

said electroactive species; and
‘(e) relating said change to the amount of said
particular analyte species in said sample.

25 104. The method of claim 80, 81, 82, 83, 91, 92, 93,

_ 94, 99 or 103 in which said base sensor is an electrochemical
sensor comprising an amperometric electrode and a reference
electrode.

20 105. A method for assaying a sample for a particular

enzyme which comprises:
(a) providing a reagent capable of interacting
with a particular enzyme suspected of being present in a
given sample, which reagent comprises a substrate which
35 undergoes a chemical transformation mediated by said
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novabl e xi crosyringe assenbly, which assenbly conprises (i) a 2S reservoir
for hoM@AGOSAEd fluid conposition, (ii) a mcrosyringe nﬁﬂyﬁ%‘ '@%zzdi ng
an el ongated nenber and a needle tip, (iii) means for delTlver gf fluid
conposition fromsaid reservoir to said sicrosyringe needle, if said ,
reservoir is displaced apart fromsaid mxgﬂdéyringe needle, 30 (V}) neans
for forcing controlled amunts of said fluid conposition through said

| t ed 10 f i ngs -
cai d-necd o PRECSHYaF, PhaPnd Ehd Ui Ch Erfha forfulll MM Pty R41E O
movenment of shangesisnbhe soprentmationdofirapleleshroantiNe APRCiesR o _

contact 35 %Eﬁ]eét@&eig%:ﬂgg{ig_&i—&ﬁpgépﬁs(f)b@ﬁ?gf %41 eyt dnd Wy dsger N S

i's the replacenent she optionally pretreatlng
sai d surfacePBRE¥19®énditions sufficient to bring its surface tree energy

within adgesired range; (bj) eofitacting said sumpletarah s=id remgdrer twithvi th
a presel exte [ f said. ace: . etracti sai d
assenbly amag ??gﬁsgafamég%ﬁgéé gﬁcﬁfgggfaggﬁ%ﬁ%ﬁ%mﬁ%ﬁéé?sﬁa?ﬁ&ﬁﬁyﬁr said
needl e tip i bhe gangentwahtibnpobveaid electpeactivée sspecidssaid fluid
conposition having predigtab : UG 'ﬁmgﬁgcggﬁ | s
surface., 10 108. The né?%ogkg?éggéfﬁfﬁggu?%#%ﬁ?g% sald SLléﬁéﬁﬁgéh??'Of

pl anar surfagdil@opprriroagtivecepaaiesy addarray of unit cells of uniform

di mensi ons. 109. The neyfpd pdi1stdhg $88d i éhakde e airk Wdupelds d4id ude a
base sentbr selected fromthe ro;gicon5|st|ng of anperonetric and

pot ent i onet r PREELAULAT. engyme . ®oBPLE4 ai m 108 in which said unit

cells 20 include a base sensor selected fromthe group consisting of

acousti c wave sensi deyi. ce roks ﬁ@;- ' Ci T X

field-effect trans?'gﬁérs*h%p@?gé$gmg§eéf%% es, fer\?/aq":lﬂe‘i’rsl'sche%ﬁf‘% sie%%loarrs,

and conduct i enzyne isnaohydrolase and said reagent comprises an indoxyl
moiety having a hydrolyzable functional group.

107.. A method of establishing a dispensed layer onto a
substantially planar surface comprising:

(a) preparing a fluid composition suitable for
loading into a movable microsyringe assembly, said fluid
composition having optimized surface tension and viscosity
characteristics; _

(b} 1loading said fluid composition into said
movable microsyringe assembly, which assembly comprises (i) a
reservoir for holding said fluid composition, (ii) a
microesyringe needle, including an elongated member and a

20

P
needle tip, (iii) means for delivering said fluid composition
from said reserveir to said microsyringe needle, if said
reservoir is displaced apart from said microsyringe needle,
(iv) means for forcing controlled amounts of said fluid
composition through said elongated member te form an emerging
droplet of a predetermined volume on said needle tip, and (v}
means for controlling the multidirectional movement of said
assembly such that said droplet may be brought into contact
35 with a preselected area of a substantially planar surface;

30
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25 111. The nethod of claim 107 in which said fluid conposition |ncludes a
filmf OIS ex. 112. The method of claim 107 in whi chpepj t%?”#%
conposition includes a photoforzabl e protei nhaceous m xture. e nethod

of claimlll or 112 in which said fluid osition further includes one or
nore bLoactive nmolecules. 35 1 ilili 11111)1 11111 1111 HO n liltThis is
the replacenent sheet C L M 5 D ate - 6
MR 1 - 176 114, The (gt h%ﬁt@.ﬁnﬁhi&”}:i—'@iréﬂtmc&ﬁﬁlﬁffwél wRpgesi ¢ on
| ncl udes a pos& ti@ggfsuffxczen%tICI g&hq 1gs sur? f%ee éhééb;f%fgk

30 35
a desired range;

(d) contacting said droplet on said needle tip
with a preselected area of said surface; and
(e} retracting said assembly away from said
surface such that said droplet disengages from said needle
tip in a manner which provides a dispensed layer of said
fluid composition having predictable and reproducible
10 dimensions on said surface.
108. The method of claim 107 in which said
substantially planar surface comprises a wafer having an
array of unit cells of uniform dimensions. '

15 109. The method of claim 10€'in which said unit cells

include a base sensor selected from the group consisting of
amperometric and potentiometric sensors.

110. The method of claim 108 in which said unit cells
include a base sensor selected from the group consisting of
acoustic wave sensing devices, thermistors, gas-sensing
electrodes, field-effect transistors, optical waver guides,
evanescent field sensors, and conductimetric sensors.

25
111. The method of claim 107 in which said fluid

composition includes a film-forming latex.

112. The method of claim 107 in which said fluid
composition includes a photoformable proteinaceous mixture.

_ 113. The method of claim 111 or 112 in which said
fluid composition further includes one or more biocactive
molecules. R i

25 . This Sheet Has Been Reﬂ

T
A



FeB <1°36 19:54 FR FENNIE % EDMOND h TO 811653378831 P.@s

' WO 90/05910
PCT/USB89/05227

-176-

114. The method of claim 107 in which said fluig

composition includes a pPolymer matrix, a plasticizer,
ionophore.

and an

10
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