;ede@<=>4>0@6@ @Il 2SOLUTI ON DRYI NG SYSTEM This invention relates to
“approaches for drying chem cal conpositions deposited on 5 substrate in
solution form The invention is particularly suited for drying solution to
produce reagent test strips for use in analyte determ nation W\l
especially for electrochem cal &iarmoNIDRIIN®@KSYBIrepd anal yt MMW D
OF THE | NVENTI ON Anal yte detection assays find use in a variety kg sor
applications including clinical 1CFHD O&abdERMVENYIONest i ng, hone testing,

etc., where the.results aof such testin | a rom nent role in. the

di agnosi s andTﬁﬁriﬁ&éh'BHtr&B'FS&O W‘?f’éb‘;ﬁ fg’é’H?'/&ﬁ?‘F 74 comppesitigfslep RN

anal yt es.j 13 ; : am 1 erol,
ol ot 0o B O R, e o B B e T MRS G Eh o s

| act i £ acdagentltestsiripe formmk iilc azedytel detpyminwtian @sayd, espediallyafor dleatnochetrirabi ds,

etc. Anal %te ,detectti qn S often performed in connection with physiol ogi cal
fluids sHetrrmaigaigneibloedanaldes. whol e bl ood and bl ood- deri ved products. In

response to the grow ng inport apcsiouRBdie: fekRebon, a variety of
anal yte detection protocols and devices for both clinical and home use have

been devel opednalngetettiveassagniipd osedo @l wirietyplf @applicatieagi@ntudingstingtl i p t o
detect apalyte in a mle..As t he denﬁnd f@réeagent. t est StriE‘SF haf
grown, t FRPORIY FHPBRAEGIGHE S fi i ST G TV D0 SUER f95HRE RgN aPAplFnigle
appr pgce hﬁ?th'&%a%qﬂ% P Rdnagetrieht df d VarfelyEofl BRAIAYRIEHe HBR BEBRONRAR M th
respect to the handling of reagent mat'erial incorporated into test strips.

I n plr quggmgier%@@emd taLQObglt, lf@maib_ lqybydeach_ianami@a@d, gbyag_miggat};'p:lt?speglgml d whi ch
usual l'y i.ncl udes. hea ile or.noisture sensjti.ve biol ogjcal co nent s
(af ter dPISIES Figing: R asghrofield Mefle SRARlbrits eyt SemndRabn <
typi cal | vriaR#idiagd sfefbids, e AMafte dets&idnti® oREPPUIERMRA S &8nnBBGh With | PS. Many
exi sting systens designed to dry such blologlcal reagents use high-velocity

ai r i npi phwiglagicaldbhids wgk 9s tegrsgdsaliveouialp §loge phd blpodrderiyedpiedudtor M t o a
subsijgsate, Wiile effectiv riain ent . there.ar i vant ages
assocl at éeép%qsteﬁgf}}?egggwg rlfg]@%ﬁ?@ego%ﬁaﬁ tgélg{%tg(fqniad'&g t,y 0tf %zﬁggldl‘%%g%% to | ow
heat t haproiyblPendafeRices tbravach dlingdal ahd hdPuRIRITE Beer dvelopsE CORA R tdtedtivh
drying in a reasonabl e amount of time. As such, there is great interest in

the devePuerokt eraployaveagertiftt ipsordsiecRnp¥gyins Sonls-qui d reagent _
conmposi tion wihyd ﬁ’é%éﬂdsfﬁpfe'agéﬁt f’e@gstﬁg{ fl%ﬁ?%\gﬁ,pﬁé ﬂ&dttﬁﬁé\ge?ﬁﬁrebe?ﬁglcﬁt%h' ed to

a substrate. e present Invéntion s I's need by providing an
i mpr ovedflayipteoaetufacurig/appgoaahds lpsiintreased. i $tijl, dittle mmproedmend haspgehinedet 0 a
substrate. \/S(Eecifi cally, .the present inyention ayvoids problenms comonly

assotd at ¥hvERscHP Jhe RAndg P&gég‘?m MaAsrRGEceReraied infpyest stlseh as poor

efficiency, skpPyoHEShsE FAkiMMest SBpld Datiflk 8t BIERBRGEredstat Which dshhifv. Vari ous
features of the invention offer increased manufacturing efficierncy, a

concomi t includes Heas fabile or maistwigfsarsitive biglogiset comminents (after duydng fasshelst ri p

qual ity. Further possihble advanta of the present inventiaon al so be
appar eni BT a P TirCeliv PR R ARap s BRI RN The
present pivdasd oo héle YEHS. AeatyeRistAS yskabh@dfznb@to @y %ucobidRigital RAgents
typically having a viscosity less than 100 centi poises (cP), nost often

ar oudtl 1usp kigh-velesity pig impineeraent teshniquesiordry ceating apphied iaraqueousfommissa r at e,
especi al i . Cl t AN i nLsk made
iang + niesydle, RIG SPUOOHPL OhalFARER mbRSke BhidWimets LaRRE BIANEE TV
t he pr odowientlyl eémpdeyednedhhiubgypicdllycinam kiveheae dge niay be appliddrandhigh air
Alternately, test strip ;)rec rsors includi a)gi at | east, substrate materi al
with cheHRIRECTEEN GREHRFCEIRBUOr ARINEIR AF3sOBRYls aRarRted -t he product of the

present i nventisQQch, there is great interest in the development of new techniques for drying a
30 liquid reagent composition with low viscosity and surface tension that has been applied to a
substrate. The present invention satisfies this need by providing an improved approach to
drying a liquid coating or composition applied to a substrate. Specifically, the present

invention avoids problems commonly associated with high-velocity air impingement drying

1 IR
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The .i nvention enpl oys radi ant energy to dry solution applied to a
"substrate. A nondisturbing airflow nmay be provided to enhance dryi ng speed.
Substrate with a chem cal 15 coating dried thereon according to the present
i nvention may be used in a variety of types of test strips. Preferably,
subst r at gugt acm®s efficiancorstiwdedieratibe, spheiveistirbaesiduoro pirfdver datiyus ncl udes
a netallic surface. Such a _coating dramatically increases the potential for
energy appitieae! be inyenpemeffeppercased raanyfacturing ctiigienay. & sencomiwpbeduciioa | s

easily i ROF [ | Gl .k : t LRSS

bEscR priio e AR AR o sut B osilel pRS e Il har 1
i 11 ust r atpeesasiaedmionimdyndsoieapphient toRode voith skvidird @kiagtn of the invention
fromthat shown in the figures is contenplated. Figure 1 shows an overview
of thé inventive system from t heSPMYMRYGHBIE ISVENFIEN? shows a top view of
material bein : : 1. | ' r ing in an
| R dryer sect %g%%gésgﬁﬂgyﬁrﬁeggﬁ‘g%s %Elﬁg%s(r)%d%étg%%qh’é&@ﬁ%%éfqg}b%yg ([30%11“ nd side
Vi ews, r ¢apiagtawsbyity lefs thah #60 cengippies(cP)seubt dftert sreundrl SrePethasBabplivd to
Figure 4 shows a bottom view of a heati ngf panel assenbly used in the IR
dryer sedhs gifacgof rmgierial o suhsiipde, sspackdlyTopussin praduging aeagent ESHIRSN fr om

t he backsd: Fj : i Y .nan

i nter madi%‘é gnegtde{gdeucgfn ag? gg%egkg%?gﬁ?@8$§%domm n eogﬁﬁ%%ggmpdgfspecti ve

vi ewlof & yprally,she prodoedallbeiimthetform pf esrapletel roagent tesistripgs, AlREriAélyHest

DESCRI PTI ON OF THE | NVENTI ON I n descri bi ng tg@ [ nvenLi on in greater detail
than pr oﬂrabwewfsqrhalcmdﬁ\gﬁaweaab stratg materipb viigchemigahsplayen difddheresit hods
for its r i i i ail, followed by a review of
reagent te t&slﬁg#géﬁsetgﬁﬁgofg%ﬁtfHgétqplggeﬁ@%@(e?%i cated with using the subject
5 system and Mhxehodatiomsmpllyb radsant beerge st dryisolutien pppltdaed shibstratet he nentbj ect

et ect i of MIBTECIRSES B PovER fo cliatEim et S srat witlronsBi n such
det aij s, RkexEdrieditherbsn i&ohﬁn%&%@ﬁé ple@ad idveafiod Mia§ bk DYRNKIaVArikS JTfpek b t ed

to particular variations set rth and nmay, of course, vary. Various
changes esy stvigs.nBreéerakly: substrate processed areordingodheprgseny invweatiempesferalyly 10 be

hvent | o RS SBAE, SORL LA LSRR e PERRR S %
parti cul applsdatioit Fertherfdtes b inftalli€ 6peGL-toREY Sbsti@e {edasil PIR6Hdsateddin0CESS

step or steps, to the objective, spirit and scope of the present invention.
Al | such elestpeheangal dyps taftstripst ended to be within the scope of the clains

made,fer ein. r s@&’ r?’@?ﬁﬁa ®RRg of values is provided, it is
underzgt ood tha%tﬁngeg\)gﬁfy gml n ervelﬁlldﬁg val ue, between the upper and | ower
limt of that Baalngftharfiellewivg figtnes dagzeinedataally iitustrate s tsvefl thepiesent hat

stated range .is enconpassed within the inventjion. The upper and | ower
limts of"ERAHR §’ﬁ%4t1°@r°sfr‘%cn@§%“twa f‘?%ﬁ@ﬁ@?ﬂi@h&"ltg" fgures s coaksgrnided-ne smal | er

ranges is al s@;£0cPRRGATSAFoWk-ib of tRENVENRE SR FoRPIne Gont SidBNY
specifically excluded iTmt in the stated range. Were the stated range

i ncl udes one d&iguwo? shofs 2 top Vi¢wrdf materiahring evatddinli nepald se¢tionewithsaltiaf
thosg in Iucge.d i mi gare ahso #tncl.udeg in the invention. Also, it is

cont &fpl AVEGYPRAT a%h?/ St $5HAT ok WEAMNEDUGY- t he i nventive variations

descri bed her sﬁ%}xrmx an@ 388howe & bBttamcing Isitie VRslvs, RABREIVEENbE ¥ hedbing iplinel

conbi nation with any one or nore of the features described herern. Unless
defined osaddnihesR deyenseckemni cal and scientific terns used herein have the
sanme 25 neani f I nan Kidhl, in the art:
to which this’i u@éﬁg ?%%é%&oﬁggﬁ%ﬁhq%lﬁgﬁg g‘%}%l ﬁr;sgfnﬁég)su%g%ﬁ) %ﬁtﬂérdir)ée?s simlar
or equi vaéatidh. t 0 t hose described herein can also be used in the practice or
testing of the present invention, the preferred nmethods and materials are
now #&scri bed Figare 5 hqves 7 lgsestmpletbe IRWryes sectiondioshihg baeksden (e. g. ,

publ i cati ons, E i: . _har: 1S r por at ed by
ref erence 30 ﬁ?@ﬁsﬁg ?Tr?“{gﬁjtsr&{ehtﬁ% ?@g%glmff{r’]‘gé@é@g?‘ grﬁh@elgll %aﬁ%tlegtragggfovi ded

sol el y f erodubgén. di scl osure prior to the filing date of the present

appl i cation. thing herein is to be construed as an adm ssion that the
present i nventige ¥ $hoyst ansipiqded BersBechive et of aligstsiimmans asinghapresene of
pri or inYrﬁ@Eﬂi&ﬂ- It is noted that as used herein and in the appended
clainms, the singular fornms "a", 5



"and", "said" and "the" include plural referents unless the context clearly
"diectates otherwi se. Conversely, it is contenplated that the clainms may be
so-drafted to exclude a; 'y optional elenment. This statenent is intended to
servé as antecedent basis for use of such exclusive 5 term nol ogy as
"solely," "only" and the |i kédDimneEpiecriroon®r THE ha/Ene©int at i on of cl aim

el ements or by use of a "negative" limtation Turning nowto figure 1

el enents of th& geseding theipXeRtionrn greates Hekai than nravidedisy e SHEMATE tkaye (Y |
The syste ] r.od: ' - _{o.
Lrd (Rar a DGR sRuRaR, mollCrr LA RE QMER Arcly Beb@PARIERRGRI |
10 i ncl udeg ageriéw 96 rdapérnnest sripi precusbad thaecanibe fabrivagdd with s€fg thersubjédt as
described 1n U S, Patent Application, titled "Solution Striping System" to
t he i n¥ensyitem and mgehogs,ais avpll agyiag teph staips rpdussd &ipanthg suldicpides Wirtprprequrspis e 2

shows a t ' f he: C ' - ferably used in
connecti ogg%mﬁe%\gfj ﬁgorrugﬁkgﬁﬁéé%&tg ?gtﬁ)f/??lh’é@%e}}é%@hﬁ%bﬁéa@g |£'on (6). In figure
2, a substr at e Beford thewsésehnigvemionris déscfiBgd insuble térgil, toaierer, Wi edbesol ut i on

(10) fed to a die (12) by one or npre punps. (14) to be deposited in the
form of supdgsEgodhahiiidaVvenionds R?‘Hgmrt%f toParticyiy varatipns getiferth gadimayiafe
webbi ng as.i (W= i i1 l.Rdi . old
rrows. ALCLRY SAF (VR Bfingehabf e e SO Bilo AN £ i il o2
web byo wape siibsstypgal with@eldepdrBhg frooh theibae sgitieand dchpaof tha greventiomaln additioher eon
is accunul ated on a take-up real (20) 20 after passing various guide
rollers aHH‘“fzSMfFF@“PFﬁWﬁ&EC HF’@%FO adapt 3 patipys S‘&%"‘brmfﬁ?ﬂ% COBROSIIAR Of dr yer

sections [ igfk | At i - j 1. These
oy | not ugeer Bt B PR R G e LBl GRS SR i e Rt

ai r - i npi ngemetidn. dAl isnch medifinatipns sire iRteatied iieywithih¢hevsope afthd cladms madt i ons
are provi ded, behind a cover or within a 25 housj ng as, shown. Doors) may be
el bded PEFiTdauemauih N R B TByES T HUES P RaN. s BhoeSa0ed Bt SEhe
strucjgre iMérlvEniHé QM:ulglebeﬂvééﬂ' tBé Hpplek aHA LWL HRREET tMat%rng%Séﬁg%nSr %tlfe?%égtor ener gy

and act like the"walls of an oven, re-radiating absorbed energy an

speedi ng irstiverjngivalle in thansiated ramige jscancpmpasssd withinthe inventiere cTheouppeniand i zi ng

or ovi dea. M P reS SRER Rnastim VSR BERHEBE Dol MR M R o

conpr i ses aRo $AdEmpasPddvitfilh eid il eritidaf subfect amblspedifically @k clbdedimitrit eteur al
support to a test strip in which it gnzé be incorporated. The substrate nmay
conpri se &iatedaenge. Yihese the statpdeange Pickisles eng e hoth ofthe inptsTangesoixgludinge

pol yes4 b OBt both of those included limits are also included in the invention. Also, it is
contemplated that any optional feature of the inventive variations described herein may be
set forth and claimed independently, or in combination with any one or more of the features
described herein.
Unless defined otherwise, all technical and scientific terms used herein have the same

25  meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Although any methods and materials similar or equivalent to those described
herein can also be used in the practice or testing of the present invention, the preferred
methods and materials are now described. All existing subject matter mentioned herein
(e.g., publications, patents, patent applicaiions and hardware) is incorporated by reference

30  herein in its entirety. The referenced items are provided solely for their disclosure prior to
the filing date of the present application. Nothing herein is to be construed as an admission
that the present invention is not entitled to antedate such material by virtue of prior

invention.



pol ystyrene or silicon), ceramc, glass, paper, or plastic-paper |amnate.
"4 - For use in an electrochem cal .test' strip, at |east the surface of the
substrate that faces a reaction area in the strip will conprise a netal
where nmetals of interest include palladium gold, platinum silver,

iridium car bory isdepRdhindiused hér&n@hﬂ@&the&b?&ﬂﬂb&%ﬁnmﬁ apd 51aglﬁar\/f@Fm§)U§’ al | oys
of these netals. In nan¥ enbodi nents, a nob metal such as gold, platinum
or 5 pal | a@ndim ‘iseidiiged theningBide Dlyrak rafesenss urtlﬁ%s theientex clearly ditateneipemdsenade
of netal, | ] o I e A red,
however, (E&B'%fsﬁ? gf},?e éla{eg?ﬁaﬁlt%ect@%g’? 05|StO &%#tgd% Qg%@?f‘y}ég%f é‘é‘r W t h a
nmetal |ic afehett. cmmckuﬁ;émm 1§madndl@tc(@u\€é‘asalﬁtebeddnaﬂastﬁ1ﬂor 9¢d 6, suph 8%dliive
silver, iridium carbon conductive carbon i nk doped tin oxide or stainless
st eel ) 5 Foermpinplogy as ‘isolely.s comy| 6!#1@9? like seqnaeetiony wish Bisaecitatian of Fim t hat

find use i I ubj ect invention, see U S. Patent
Nos 4, 935‘@4ﬁ8ﬁéﬁpggﬁggﬁq nﬁ%& roce %ﬁgFSystenlfor the Determ nation of
Anal yt es" i ssueThrding@o®o filg@ag01 ted)en‘Rogeasf tRbplekérp$n'ehtioh areahdwh iB04, 468
titled "Reagent Test Strugiand aratus for Determnation of Blood

G ucose" imayertugg Jystem (2).00he §X§ ﬁwnﬁhamqq@&m M3 sysenvpredueed by

nmet al - coat terial
(8) it o RS G L oRa TR SR Aot USe BUREbERE sRentBh bR St T
356 Vilo), mcsluaésl syich saloti@banating feddded in zﬂ:o@ﬁﬂg sd&tlbﬂ,% ds dedcfiBedinJ,S. \Phtehe t he
t hi ckness of the netalu§a¥er Wil é&lcajly range from about 10 to 300 nm
and usual |4PRlica#em kYee tion ABIPINE SVsEEN.d ththe qu&m phihe pEasEMgYstam, Bled
preferred e. For ease of manufacture, it may be 20 preferred
that the é&%ﬁ?@gg%;@g@gggf substrate (8) is coated with nmetal. Watever the
t ype substrat e Rigwd 2 shbes audp eew of fettwnsofahel cozﬁtdgcsgistemmefembhnmﬁedyred to dry
a variety of differ, t s of cqatin ositio lied to . the surface
of a substPRpgetiopyy ‘%ﬁfh? 81“?‘?5%39’1“5’058' F&Z% SECUQ 68i‘o 15U S HIHPSEREREr &
reagens mWéHB’ir% rﬁﬁteﬁals(wﬁ%eld%r &Q&ﬁ'wﬂﬂctﬁﬁﬁt{%ﬂ‘( 16) feﬁ'ngﬂﬁie (FIQ Sﬁé“& myret ent

is one in whi one or nore reagents 25 work in conbination to provide a
det ect abl eusipgi{id) to e dbpositee srethe dorf ofatripasair jamlst h°abaakarg todeid6dlistused to

or oauci ng 'eg1s By Baa e nce® DR Bl it o e P HiBarst Bo TG gy

that can be relfd 2dwnan figaredr, R66uIRE (8) isGROGEEE ihahé pcnnpcif BReBARYY Bf &
may be a S|qnal pr oduci ng s%stenlthat produces an el ectrical current Fhat

can be r elraglddB)andishbstigfecyth @ seagentconirgithereon dhacspmalatethen 4 take-uprerd (2Qypes
of 30, ystg f o nal

pr oduc?ng sﬁ?%ggﬁb%r% idero e}sragg@%ég[% t\f}l;&é Rdo)% Irgéc(a()ﬁ%)pgdé)cfu%rﬂﬁ%lgsyst ens
of inter esmxﬂm}l digler @mmst(@zmayib& promidsd gnkihe pithdiydr sertiong6ramwelAThaaaal yt e
oxi dation sign pr.oduci [ stenf is one ihat generates, a detectable

col ori met P lgs?‘gﬁ feafureshkahess ip Eyes feqtign O Y HE1BRNEEMEHSEAEpI e i s
derived, thg Lyte being oxidized by a suitable enzyme to produce an
OX|d|zed forn1 f the analyte and a correspondi ng or proportional anmount of
hydr ogen per oxiRiefefidbty, thedvasigandyer ssciioks dre proveleddehindpadyer or withima t o

ener e .det ect abl r ct .fro 0 ndi ¢ tor CO
aher e 20 he N RES S1ovb BT Ry S BT irs R BhoN ST oTHE S B BIoRg
system (iseiont tHe stuetlfd will sroliaen shlBfr&d unfedebRrpemddtire@b rafial ¥hérg) Bnd he
initial sanple. As such, the anal yte oxidation signal producing systens

useabl e i ract ke thamae of mb@Yenswtaé@tlﬁa?bS@rt@d epergy@nd épaedingadizing otitvin.zed as
hyd
yr ogen REPESeBoRaERG ARl BB 2 RERE pSon ML R IRE St e

oxi di zes tfbme@a@j Wesstavthrpraidesa cante@ffeas@nmdnAgnanount  of hydrogen
per oxi de, where by correspondi ng amount is neant that the amunt of

hydr o88n per ox.%stﬂfﬁa@r W§bt§%bﬁ)&’é‘ifelia§1)’m06’f?6'ﬁ@ﬁ pyeani-figd pteriphighis copableal yt e
present ig [ z sarily
Geponds on? TR At Gl iifeRRERGs: rfBih Wl mhbd o B TP IRGRES

oxi dase. Asaysdomiprise hmrfelrtrmhteaalzlmm pimyiclie ., BEUCBEEGOpolgiside, (poih@athonhe, 15
anal yte is glucose); chol esterol oxidase (where the analyte is

chol est er ®° Styaffr@cﬂﬁa}hcssa > GEHSBIG, ST é’aP‘HeoralH&ﬁ“yctFé‘PFrslaﬁlF%%ol) | act at e

oxi dase (where the analyte is lactate) and the |ike. O her oxidizing
enzynes for use with these and other analytes of interest are known to
those of skill in the art and may be enplof%d In those enbodi nents where
the reagent test strip is designed for the detection of glucose
concentration, the first enzynme is glucose oxi dase. The 20 gl ucose oxi dase
may be obtained from any convenient source (e. g., a naturally occurring
source such as Asperglllus nlger or Penicillun) or be reconblnantly

—— - Y b1

e o



general ly a peroxi dase, where suitable peroxidases include: horseradish
"peroxi dase (HRP), soy peroxi dase, reconbinantly produced peroxi dase and
synt heti c anal ogs havi ng peroxidative activity and the like. See e.g., Y.
C, F. Wang; Analytica Chimca Acta, 233 ( 1990), 299-302. 30 The indicator

conmpound or COrfeuREh ar deqrvekerhital tearneaipsat lean thosurade of thd ecxtmeapat fiest he
hydrogen peroxide in the presence of the peroxidase to produce an indicator

dye that &SIy amagntthfr #irip Wil se@peped metrlwehese Eﬁ@ﬂﬁ’rﬁfrlanfét inpluge pridasiiym, t he

i ndi cator d f.ferent at_.at _which
the sanpl &0 FERESL ST MeRnt oo AR RGN A TR Do L e s Bl of
the indi caflleys sbthedtamétiR. tohRneembedimehai NMhbbie ﬁiﬂt&l’s@ﬂw ascg'ol@cpﬂmirnhﬁﬁ& final

product that evidences a change in color. That is to say, the testing
reagenf canllpdisindapecd he presence of analyte (e.g., glucose) in a sanple by

a col ored area IR%;I[}E dﬂt:ﬁ?‘é?‘?}% QlbsirA 1t&d] %1& K«?Hﬁd?)ﬁ Refaf Ie écirc]:?aﬁlg ot B rhose

devel opi ng col or or “conpounds t are use res

i nvent i on riofed dbdee. bmmgmm{lymdeﬁed \Wowe adrprhiaetht: s@letx@fel dm’i;frise a30Bpbdi Rl TS
One- conponent systens, jnclude aromati c am nes, aromatic al cohols, azines,

and benzi dPPRAY Captedwhl atﬂé@ctfrlaﬁéwgﬂl copanetigicralnadsuchs Ralladism, gpldophsanent
t T
eYStee 1Pk bl W0 AR TRR G o BT AT ISl

titledo" idiwosser of estnae of su;ipyrtmftmaémmat) ﬁmcblnse4n aantamambbmyrremrs&)fam t he

ot her conponent, is an lol?ronatl §§ ég l.c al cohol, conjugated

am ne, corPPgeiBYEHIoB oIS érP%{?rH ‘&9 3 tMelllaPab?ryer@ur @?Fﬂ Egrythe

t wo- conpo 2 | r :

hydr ochl o%%ﬁﬁ%&gﬁ)r@co |t§s P’[]un% 1?? ?r%ﬁt& @23‘3&?%’?3@? gg?m%)n;ﬂe?\/BTH
conbi ned WRehgeht FestiSetip anabA@pmmis mmmnammffmod)chhmbmb”(iBﬁHBSpril and

3net hyl nzof hi a one hydrazone N-sul fonyl benzenesul fonate
nDnosodluHB§ k@ﬁ@éﬁﬂﬁwﬁﬂﬂﬂned wi th 8-anilino-1 naphthal ene sul fonic acid

ammonijgm ( ANS) Whé‘n & et AicBaBdbgHorE § tbe érﬁﬁo?é(ﬁaSQHé’mlﬁtrB@-Bﬁ%bﬁh‘g naerial
preferred. Signal producing systens that produce a fluorescent détectable
product ( dB), detlackress wilhtypicafly camge SroemaboutiO02 @ 014im(S1ite 356 fundarsesléyent

background) may al so be enpl.o he invention, such as thaqse descrlbed
in: Ki yosHfonyabqu . 004 e il ip ?ﬁkﬂ%éoqﬁémiw Sihemekness of he mesgl dayer yill

Hor ser adi oSER de and
t he Per ox?gpagér h%f@??cag B?%?r@m st r%)l/(tl ?&ggg?&%@o‘aﬁ%@yﬁ{@ggsﬁ %ﬁgﬁ)&

pr odlum ?g paymdlemmouhm {[rqay :)d preferead fot Mpurp?aeu ﬂ::oenasc(ofngmuf[aa?lrea{itﬁnwmﬁ oy e;j
in e roc est .stri rticular. interes o the presen

i nventton Pr% ﬁf&@& ?}Fé‘f‘g?f% fang?t é%l‘&?‘ide‘%‘&éﬂ’F aiyst ems, which
reagent syst err&vaatever@ﬁe fyBE sﬁH%&at%Rﬁ‘é‘d efe @B{%u $yRtedRs FBIRUAGH n@éé/ Eehﬁn loyed

el ectrode and therefore i's used to derive 1he ‘concentration of anal yte in a
physi ol ogitedty m\mﬂtseof dlfféreﬂbU’GRS @fe:@gtemﬁ caypasiiang pplipditoithe stunf@cer efxction area
the. enzyme hateryaiy FREU BN, Pake AP ol Bl mb R RERBES R
of enzynesj gtnhﬁif] roddikg i system@ naeﬁignhlcpr@duodngzgsﬁehe’ ia6nd ytvehioh ohélélerhﬁﬁtreageﬂts

ot her _words)_ the enzy conponent of the redox reagent 30 systemis nade up
of a %ﬁngwr&ﬁfapw@nmwwﬂg %ﬁfisftﬁ@ta‘alfs Shgnaldmt%me@mwemf @wa&fte gt eandbez y nes
t hat moH<| r

ncer oot 10 SRR B BRicE anlbf Al Bhthitn s shily ' I s BFHEREIR sveem

qui nopr ot enaysbe adigndl peoducing sy§ﬂ5m tisgp @eaduices asmgmthatpraesserrélaaed td the pmanctei @n
area depends on the particul ar anal yte, fOL mglch t he electrochenlc test
strip is @§eusegHaton of Yearedie onihary b Féﬁ}é’é‘é PrOdqI0RSwstery akpreduces ga e B‘Ca

gl ucose O%hf}bﬁqhat@a%mae&hyme AREAS csmln&ﬁw&ﬂa Gt @S@mﬁ@@é@éﬁ er ol
oxi di se, Lipoprotein |ipase, glycerol kinase, ycero - 3- phosp e oxidi se,
| act aB@ oxysierveinaybetaedasdetlldr ogenase) pyruvate oxi di se, al cohol oxidise,

bil'irubin oxidigse ri nd the like erred enbodi ments
wher e the analj%¥m3#yPﬁ?@éggfcﬁgrﬁgﬁ%ngmCPﬁég§ﬂ§§%§%@°&8 REREYHVS he
redox reaggpk syal SBllcingsylehzdFenterestdheluddaRilY BRidafordsigml gkoeemg oxi di se
or glucose dehydrogenase. "The second conponent™ of the reéox reagent system

i s a nedi ayssemsoAponrsiyte ontdaten signatpdedugmesystoms ivonerthategenendicaaieteagblet s. A
variety of different nediator agents are known in the art and incl ude:
ferricyani de, phenazine ethosul phate, phengiine met hosul fate, 10

phenyl enedi am ne, 1-nethoxy-phenazi ne net hosul fate, 2, 6-di nethyl -

4- benzoqui none, 2,5-dichloro-1, 4-benzoqui none, ferrocene derivatives,

osm um bi pyri dyl conpl exes, ruthenium conplexes, and the like. In those
enbodi ments where glucose in the analyte of interest and gl ucose oxidise or
glucose dehydrogenase are the enzyne conponents nedlators of partlcular

o, A o~ 1 T 2 1.



citraconate, citrate, malic, malefic, phosphate, "Good" buffers and the
"l'ike. Yet other agents that may be present include: divalent cations such
as cal cium chl oride, and nagnesi um chl ori de; pyrrol oquinoline quinone;
types of surfactants such as Triton, Macol, Tetronic, Silwet, Zonyl, and

Pl uroni ¢; colcrmdiie biggaldean twhiciubl aﬁﬁytalcbmnatlcﬁuartm@,mmé &h&h@s@,,thmwté ol,
20 and Iact ose. For use in E}rodum ng el ectrochemcal test strips) a redox

syst em i ndleingi oxddiaed byasuitahle edyato pioduee aneridizest fosy of dhecanabidiandove i s

preferably ed f .. 3:he refera

conprises 8 %’7 1?"3 gg)%aﬁ@%?n(ﬂég}}’%lﬁ%{& gﬁg&rgg%oﬁic’éﬁ%z% rﬁf &pa?ﬁ%(?e %Ala/en

wat er. Thenidl ed f0Gin, p§ gdrefaadiny demstaBleir6diRsitbit Bk of angb indichtdr cORpoBids! |

it is to be 25 understood that numerous kinds of sol ution may be dried vvlth

the i nventWhese theamawnt albdatecirbls riodwit prodqused Byihgisieanl profying estasdperike t ype
sol uti on. E%‘ﬂf}‘?ﬁgueh?aaé ?ﬂ'{e%%%n%f V@Q@ﬁe"m‘%ﬁmﬁn @ %{sesu!?ﬁ@ %ﬁ?ﬁée”t 'n

connecti on 1 on hem C

mai nt ai necbxamdoﬁvsighall BdudinSoeKmsIotdbld ke sybjéct tssuétapé mayalsuibbeaﬁecht h a
vi scosity bel ow 100 . 30 As for hardware to be used in the inventive

system Ficfaietsrized %ﬁn‘wdmegrﬁswxaiema&ﬁdeﬁig@chpwéa@magys&r@mnt used to deliver
di ant |
or heat er hoar dt(oficel able, Heybffich Blrox KiaSRRGA) HbdHf Chiém] foaplr e

each hoar dm(eaﬁ))me that esidives the ahalgtecand pféifhiesa eormspmdﬁ%ﬂammmtmm hAedrbpgan Wth a

ceram c thermpwel | (28) and assom ated, el ectrical connections (30). The
heat ers arRSTaxide, phere RygarresRanding amAHar isdgeant (hat thseawushedhygrogen pemaifleot

using one (Rl By % ﬁFoRBﬁﬂﬁ"xhlsto tﬁéamomw?#ﬂqyte@ies%ﬁ &&ts%gfbgétﬂ{ess Bgyicbe

provi ded in sutcessio sui tabl e 1 ndustr pe infrare rylng PORIE is
al so pr oduaade b@thM@smﬂzyﬁamﬁwsaﬂyﬁ tlependaen thedwturaofithe anBiAa-ti2ihg assayed but

Al t tely, heat d di ant
(espech al I LRI Bnizge o sty Mg Ayt 78 e B HE R G e Hy o (e
presens i %%:%e' 19§}uc3*se§%ows{e?aﬂwxm%§é Gﬁheﬁ@%lanﬂy@??&hdi@fér%ﬂ)zﬁc&ﬁ)l Gerbh&y | a

( Const ock proved effective in this regard. Figuré 4 ows a nost
preferred (vzhclarttﬁam&ute fsoalcahelt kctatd axidase Swherh theeaniakyéa mrladwa)rami thelke.ar e

shown in i es. ,..Screens are OVId n fr.ont heat er el enents.
20 Ven enihe R ReER oL eGP RE St shPRS oD tnccsrg e Ristin G40
screens Widfkkiftay ehesit Mel xTn@y b@yﬁploz@] diath @de g badindidwRére tttkbere@g&t EB¥t strip is
application nore even. gure 5 shows the apparatus in figure in place

within drﬁeﬁgn%bf@r ﬂ@rdemwn vhglugossicengeatiation, Misfirgsenzymy ing C@q@@ma%n gy

| 20 e Hhie e Blitasbffiey S buttinfd RO cARfot AR TS Dol Gecifing
positi onedoa:tcemdh@lsmpekgémumegler&bwmcﬂlum)doﬁ)eimcxhebinﬁrﬁ@ p@odmdd.lZ? mm) above

the substrate \l,ﬁén whi ch a co % een deposj ted. MNbr Preferabl , the
spacing is bet ﬁe%fB’SLﬁ"ZW%H 251 edycing FySIGRYIS #D EngYHha t of

ener gy apRbhedsigh Bf‘Sné’\@rt’erz@gmﬂEat&L%?ﬁﬂo%@s i) a Hétecﬁé gfcﬁl'%%nl?ﬁé %cé‘@PUt

3.5 and 8 watts per square inch I's especl al Ible to app such
hi gh anourhtydrogén perexig, whvn@qmmbbdmg:talﬂe Imdnctttha; mpttmlducmgl bmisud@@oa
surfage that refl ect srrucho e. | npi ngi ng. in Lectiv coatlng
ot agS . ebronfioBilR g et ok Pl diok ik walis Rkt CCEoR ek
ener gy | e\g@h&angoa ﬁ%xﬂﬁ&t Wr&dﬂﬁaﬁabéﬂoﬁcﬁh@es 1hﬂu§@mrsbﬁaisﬂ%ﬁ§uddsé (HRP), be
possible to use a substrate that transmits or is transparent to the ener gy

and achi e¥ey perexislases respmbinantly pragueqdaperexidase and synihetisranglogohaving | typically
easily ab%%fo@uc?a?% gé(tivdy and the ff'l?e\./%'eg e.r}'.,gp. Ci, F. Wang; Analytica Chimica Acta, 233

(1990), 299-302.

30 The indicator compound or compounds are ones that are either formed or
decomposed by the hydrogen peroxide in the presence of the peroxidase to produce an
indicator dye that absorbs light in a predetermined wavelength range. Preferably, the
indicator dye absorbs strongly at a wavelength different from that at which the sample or the

testing reagent absorbs strongly. The oxidized form of the indicator may be the colored,
6



25 em ssiviy (about 0.9). Accordingly, the IR energy applied has an effect
‘where needed for drying, but not el sewhere. Even under high-intensity
drying conditions according to the present invention, it is possible to dry
reagent coating w thout significantly affecting reagent activity. For

i nstance, faheyeolral, of bolbassdinaPpGndtShakeideieh ddaandern thlor.CPRAtI NG, say he
drying conditions enployed are 30 set so as not to denature the protein
reagent s Bbgadngiepgsnt gan ivgicatehe presencaef gnalyipéng+ Blaces) ina sinplppy Red t o

the surface,of ,the, su I i.n S _an. enz tivity of the enzymatic
boat i ng coRlsme B REHE Pleael frAl R e b e PBess AR dshbinRe cblif B

si gni ficant | ogadiehtoRedrhyounds &t BetuREml mafe Presddeh ekt RV dRIPaL- addie | ow
absorptivity of the water in the 9 coating and the effect of evaporative

cool i n§ ortwptrempeNeAticolPrmrinc siEsptey: oPae-FPMpenenbsysstiaelnde mematoasiines. f rom
denat uri ng, L I er c1 Ji bl MNeOr Yi wth
heat ed ai %r%?l%hée?qcélﬂzs’gghésf a’é‘ﬁ@%’ﬁf‘%&%‘gm&gﬁp ?e‘é%ﬁ@%gk‘@ @P%\é{% ?WE%:JAC i"ant
ener gy ar eoffpon@it@seérhs indlude mindse iy whithi e 2ompynen® isIVMBAIH, ah MIBTHRIFERAtive
techniques in effort to obtain the performance available with the present

syst em woubes fo1 exmpleitiose disclospd inéégefﬁtte%eﬁ&piiﬁfgioa&/N\n%D?oWSnﬁﬂ@d t he

webbi ng. L.p.t AN i 0 . rat s. (34) may
be. pr ovi adiePARE FRRILLY BT CBinGindIDA e bETRE WL EEuERAE %

enpl oyed. afbraytiovyinbearometic dloohddonfugated @andng)icenjugaed alcohdl @rpnaitidlog Wi t hi n
drying section or the tenperature of the 10 webbing. Even with reflective
coating orfliphaticldivde BxgmplgrydWerpRnogentsysieme areq-metyl-driaenzgthingglinopge

pl astic u i t i : i : - ROy web)
oy be.af A ABGRR ASTHEpAGRE BRPS Felh R AGHBMER) B
t enper at urMBYEhsomatsinetayith 8, Sudieltl ote2-hgdropybead¢nesdul fonigewcid @GHEBAY; and3t o avoi d
damagi ng t he i ng . or reagent, material,.  coated thepeon. 15 With the

br esent Ui VR BReTEHEEO GO DR SeRf Deprenesu TR TPaRaEODE i ch

sol utijgn mmsﬂiécﬁﬂbm&?ﬂitﬁ\Sba?xfil'irﬁ)tPhaﬁﬁhdé@rﬂ@uﬁéniégggfag%rg&gum ANsy. TRy be

achi eved. Mre typically, processing speeds between 5-50 feéet of
subst r at e cegainembodiments theedyeicouple MBEHRBgANStis prefattedt i on speeds are

avai lable in cqunection with a set i.n_ which the a el ts) are. used
T connect i on e prourdedhiEng B Bronlee D hEr . RRSH Bl i irpesisbi

ai rflow t gofit Aadresdefit 3udRAAc)BIE! intd fldiredcb@ takgtbhl) iy Al 8 dr@sloyddtiRitine

radi ant dryer section (6). As noted above, one or nore optional auxiliary

dryer sectingmsion.zpyh antpopredasedlped in: KiyeshhraitantY ospkeQhkera, Naw lueeagenic each

conpr hges LI o ] Fo Ut L7 i | Ly ar

Com B0ES s PhRBSIRA I Yl IR Sty OREESALhortl o
once t he shaPe&oridaiehAixdaitabBioshdmisirg(1988) 809)d0H-188. t he substrate is

substantially set 25 by radiant-enerqgy drying.  Normally, air inpjngenment
dryi ng intrpduc%gna_ipm%fl_n51sysg?re%§@he§d% PRSI G CYTPNGG8 e TP BEDH 1 y
sol ution. eﬁc%b}?enﬁbél?téé?@dﬂ%@ﬁ&@ﬂ? Fﬁ[iwlﬂxginte%si Rﬂtﬂ@??es@ﬂﬁﬁ'véﬁ'ﬁ%ﬁ.s SHEHPreBEht

down-web reagent stripe inconsistency as conpared to the processes of the
present i sysems includgOedix reagenhsystentsawhich|reageht systemisprexidé foy thaspeciss thatlishow

hi ahovel 0ci tv aic il ngi Luti q : (ting |
never dr R by PSR arR e bRa BBEES aonBBi gt Shahls B ot
on the cr gh§sisPgicaPianifle. dTheRdoeRAM: st BEREntUR kitdeddtioniakgdl thgieaNt dryi ng
al one i s, however, |ess obvious. Solution coating dried nerely b

ai r - i npi ndeghedes al ast engyhelshanslsa Beipter+ I manyesralkpyémentadhe erdyaearember(s)

Feagent oA e e bt BB By B oS Bl PP BERRRS:

i nproved RSt a6Yylerdf ifa@entin bert watds| M8 enBgte YdrhfonefEEfané redorkdagentdr i ed
according to the present invention, a nore uniformcross section results 5

uti | i 20ng sysiemanmadnip gia singlejagalyin oxidigiag enatme ped FallsFéomipfyMarpenrent i al
of f ered blép%ﬂgesl%&%s&& ih PYRARL9 Bxﬁkéegg{és é’r[agyﬁ% §f2181?er9§f.' Eflz e iftEREGASILAY the

avai l abl e for mgration by osno
oxidases, dehydrogenases, lipases, kinases, diphorases, quinoproteins, and the like.

The specific enzyme present in the reaction area depends on the particular analyte for

which the electrochemical test strip is designed to detect, where representative enzymes
7



Al so, down-web consistency is inproved since solution is not disturbed when
itis prone to novenent. Even when auxiliary air-inpingenent dryers (22)
are used in system 10 (2), ripples or disturbances are not evident in dried
reagent coating since the radiant section (6) applies sufficient energy to
ef fecti veliyclagd: diiessbapssepilutdre dehpirbgi@aseRetilehiabigdeerase] tHolgtarblitdxidaeli ant
energy al so hel ps produce consi stent product in another regard. Wen

enpl oyi ng irswraieiadipase; glyserol binass, eyaerel-3-Phaspbae SBidase, dartale ohidesshiackdr e t hat

is hydrophilie or incl hydronhi | i 1.0Q. may of ten referred
o 15 e elbin@nmahree R A AL oo i fo R R

09/ 497, 269ntrhdrlygiiefeirEd @absOmBRRIvIRYe ieahalfielof prté@st iMERichS, AR@nyjrhe

Determ nation" and U S Patent Application, titled "Solution Striping

Syst en) , qomwogentaf itknrerisreagans AYre8 s 2 glucere OXishizing envymeu bt ¢ hueoseayxidiisg .
Solution wll ¢t f across and coat nore area than desired, rather
t han nai nméi%‘n‘.‘cr?gggc@??".ggﬁﬂ%w a bead upon application. The i mredi ate drying
ef f ect achi evedriwsedéhd Jognpohenaithd rRUGNfdagent Bystad B 4/ nediatordbmpbnadaenigyh at
sufficient levels halts this, setting the boundaries of the reagent.

Accor di ngliy made yp of oneeijente mediyer ageptst Aoyarietpldifferent madigtospgende®B of fer s
significang . e | deed ] |

or eci si on CipART A hibufle: Bt cShid andiaghnd REMPARY A MPREIB M, o
W t hout r eshenylemagliathingLl-ehory-pheartzimefmehbsuifaen2, 6ldimethyi-antbenzoheihend,t i s
not feasible to alter the surface tension of reagent or the surface energy
of subst r ab-erdichlase-lo ddemepauineas depesne deari vatives 9amiupa Sinyg ddloniexess r i pe

wi dth and & hi i thi kel B hERI d gﬁ% i tings
makes thei@mgg%ﬁfg(g??lg%‘gfg?stlhﬂle? I'n g%ﬁ%c??@éi@%% tgés?{n tts‘??ﬁgytg? ﬁe

dri ed reagetetestaat glngpss exdess arglarvsadthydegemase ard the 8fizynimecomipentnte,chemi cal

cell. Sufficjent concentrations of the reagen nponents are required to
achi eve sdPeUsigrsgmricy mtgr_estlage% CYamidsy %’gﬁﬁ%ﬁ?eat ed by the inventors

hereofyst hat | O%ﬁepﬁﬁgénmhhtqmyépkeﬁgme Péaeﬁl&pgre@%uude%%?feﬁﬁg Whdn®s, The
ability to apply relatively thicker reagent coating on substrate for

i ncl usi on ditnacoeatt, gtrategpalidy omleé,.ipbosphatst 8Goed| bufffers andgholikel Yetsithertagens
accuracy. Various, forms qf product may be produced.in utilizin

eat uron datmay Sarrgstar bRE: GyeBRECan ARt o subht Highur dndiagp&lt]) |
card for ronkdie; pYreslbgaRdlRRIgudlont StFbesSIfishfisctarltd sueBRB TirBGH Matos MedbRicOr
webbing material (8) as shown in figure 4 cut in two between the reagent
stripes t®istndenyb and Plgonip; stapilizipgpgsptarick ay dbumin. suerpsariahalpsegmanpifol,
notch% (3@”%%% shown. The precursor may further conprise an opposing
webbi ng ( and a spacer (60) therebetween. Each are shown as cut,
punched, or st gigpese ingpraducinpeelé@sichahicalxestButips( HRPox Aystem inohuding atdee es S
(e.g., one in which various rolls.of materjal ~are brought together to
produce twezm%ewf émeﬁwgqs@ﬁ degerippd abqyg it Prﬁf?aft?éymsfmf@@gg,(ﬂgr Iysolution,

di scont | nuQusy P 6RATallI§ cOmpri®R & tANAE bE Abdull6nShrbifh, RO LI307SsaRS fnd kst CUt
and then joired to each”other) nmay 10 be enployed working with the

precur sor @i%werr. Thd8nidmeke greférablylbps piviscasitpnpd naghlyst.p iGp. fSaibl; itdato en may

o 5,58 TR 05 ARG RS SOERY oS TRARER R b b e

repr esent gréféRbNBHRY JolltionicofipHske rEkpEnt-Fpd Soluiéd. Yinde e theR@viifagdl @h dice and
the like. Webbing (8) is preferably plastic with sputtered-on 15 pall adi um
and funct ipsersnlasystem gie Mmosheppacenk it dopaectionnihedryiagisphvgop 58 hich chewmicat abl y
gol d coat %dtiﬁ[;@ hgtcbeanﬁ‘gmfa%%ﬁtah&’Qﬁtha}éss%iscaﬁsf SIGNES, parti QP Futidn® Gl P! ng
portion ne

viscosity below 100 Cp.

30 As for hardware to be used in the inventive system, Figures 3A and 3B show a
preferred heating element used to deliver radiant energy within dryer section (6). The
apparatus depicted is a panel or heater board (24) produced by Radiant Energy Systems
(Wayne, NY). For each board (24), 8 resistive heaters (26) are provided in connection with

a ceramic thermowell (28) and associated electrical connections (30). The heaters are set to
8



t hi ckness ranging fromabout 0.00S to 0.010 in (127 umto 254 um The test
"strip precursor may be in the formof a continuous tape or be in the form
of a basic card (e.g., a parallelogramor anal ogous shape of shorter

| ength) prior to the production 20 stage shown in figure 6. As such, the

I ength of dnfiemkeisim Whvdlghghi BEMF&OdeBY [Nadad of ABiRidaE abmbre lﬁ*samrpdmgmm a
whether it is in the formof a tape or has a shorter shape (i.e., in the
formof a Tt}mh@) of dineseigihgatgrsopay breprodisied &n sucgessicac iy ssiabledydustrsad-tyner y

d di t f th t b f d. |1
gonor al | NG ArinepE e el B RB by Rio Bt bEGRy Biperh bt mate bR A P one)
may range Ak@maioste & rhore Quartdtubs heatdd nidy behded T protide 2&1125@3(@3})@51611159%59

be wi der, especially to acconmodate additional strl pes of solution.
al | uded t enatgyer drying saluion caryebbinggiceordingde the presentinaenting. a°p§Uil-Mlt€tT5

bstrat h t
oroduct t dep Tedbuite EER e R IR OVE o K g e
wi Il typi gagdry. range from about 0.05 to 0.5 in (1.3 to 13 my) and its

t hi ckness range fromabout 5 to 50 mcrons. Especially for use in 30
el ect rochemi caIFlg‘Lf@;t4 SBQWF ﬁémséplicf%g agiangrapans fythealquelssnise dgesthentar er i al

i de e Pl i el oottt BROb QRO af RealPebhiieng cui

into agcarwhed mhployingtmafmmavelehggunﬁa&d emrgywplefen(ea%els&eatsr\ﬁw}ﬁb@d to
produce individual test strips Li ke the precursor, test strips may be
cut manualSPLrede rayy Tfﬂomlémg&?ﬁt%‘%@ﬁ@?éy gpplicgfiemmarg ASBr si ngul ation

nmeans, a rotar I

ot ages as showy g SHet i Bas iF ok« hifacB LAY ind Bk RE(G W i o,
cutting nmingateebsads (2¢) arepshogn,aamrgyus gdeeferatelp onlymapgled by elembets atlb veewdhibiny
nmeans that _directs or,  indjca ow the test stri ur sor uld be cut
into the K%’@‘@H‘Pg@é&d“‘é’f# st EHI*h NGariows- W&é/e%%tﬁé??gﬁ@tprﬁfémgﬁ'sual on the
test g&ri ﬁm@i‘u@ﬂéﬂ Rl gtk Betwideh bBEUI MEY iakHeR s Yhed g2 Hl%)pd%&@{h@ shb‘strate

vi sible, the 1 nmge may be apparent froma conplete outline, a partial
outline, dpsh gwhmheajcqaung\hss b&enrdapdmmqgslvﬁfre prefarablp,. tthpacfngrls hetwedetlziut 8 as

to h t est US P t SI'N

00/ 137, 17 dn FunetS TBY w1 OF MR therimauREShetaiu pooheliionf Peh§R 020 2 qur e
7 shows a@u@s}sﬁt@@@@k PrERYALIY baweem gt B SRing SaMtRtder Suatemer.ochem cal t est
strip (62). The subject test trip conprising a reference el ectrode (64) and
wor ki ng el ect r dulie egBBiallydensitde edanpy sish high amevps ofecaengywhinglih¢ webhing away t o
def 0
o i ned by BRhEREBARE | Rfude &8k DeARITHAGCA O Mfibbille D1 ROty L0

formed fr eoatinghiavag @memnvﬁy suqheas plz’E)miEm orspallsdiaﬂn (atvous bammgn&mw al test
strip, an aq eous |i is placed jnto the reaction

uid s d)
zone. Thel& nqsideg hsﬁvr%fre'gr ?%gwm @SEaH%&S 1@@%@3&1@@&0 i HSubpigate
reaction nges from about
071 1o 10 Tl Faft mic i Fatemicnt ) (KRR Ml R R e B ey be
i nt roduced i nt dn titkeresev: sabuticr @8) wil Wyglcahyeasdmwbsmrb:nm::rgy,oteodnavcahaigbr e the

I b ' 0 ' h
Feact Pn EPESIVIBIRRUrGoheh okt e, PEdb caety RBigHeS e cperudersietebfi onent
to be analdy%qﬁ:g Bub ndd digevweedrd, 0 react wth the redox reagent coating to form

an oxi di zab &?r reduci bl e) substance in an anmount corresponding to the
concentration diven Héd@mwltr gnrybeg eonditippe acqordiag to tha presewt)invenkenglignt i ty

ol ect roonehraar kRl RL SRl AR PR B e e RN BT P bR

dependi ng wierd protedibhded ézpentd afdlllheludéu inhie a@mg B drifecsRitiche ewipldyedMaech
the el ectrochemcal test strip is enp tﬁgg &@( dependi ng on whet her the

assay3¥s EOURORNEPRE iocdenalisihe REALRIN deagen rM@)e pavbeirte R the t h t he
strip (62)5 fuﬁot? E\ﬁélﬁégqglt% s%?ﬁgfm)’tl nt}'lg%%@&txg iea fan%n?ﬁé cm;]ggec éS.{E@FHa ic
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surf aces. cbﬂmgi doynposizias dolésveing diin@by thelpesseniuizies AotHxhebit Jgiificaht <Ilfss bf ne
foll owi ng sanpl e introduction the r actlon area. Methods for naking

el ect r och@ff Wgﬂ asrﬁ?&%@%@ﬁ?&{t@ ?f@’l%d??th‘éqfo eRYs cihiedey absprpfidty ¢idhewatengithe
4,224,125; 4,545,382; and 5, 266,179; as well as WO 97/18465 and WD 99/ 49307
publ i cati ons. 9



13 . Follow ng detection of the el ectrochem cal signal generated in the
‘reaction zone, the anount of the analyte present in the sanple is typically
determ ned by relating the el ectrochem cal signal generated froma series
of previously obtained control or standard values. In nmany enbodi ments, the
el ect r ochesghg@d arfil (90 affedT@A S UIpRIRIVE coblafsonathe slaaby hgorbwseneand iAatiben
derivation steps) are perfornmed automatically by a device designed to work
with the trseecighe pipteins BP@digeauEngal ue of anal yte concentration in a sanple

applied to the Sk aStriR. r tative. readi i f,or

automatical ly p\{rvgb’f ftgéil%%&teﬁ@%tﬁ@{@gg& S?Jl(? h&g‘rtl)gﬁ’ %@@g%ﬁg{e@e‘%&%ay %{B'bq’yles anpl e
to the reaghdrabvaipes apslidabenod whie rddidi en@gfhiet ot pRBERN WtRhipBg Fasa | t
fromthe device, is fpiri?her des??ﬁ)_ed in copeng?ng u. g Appl i cat ipgngsﬁil

09/ 3335793lrying by lkisdmpingement te¢rgugues Thefferetpcatitin theoprsformangsi avhilade mithithe

about o 3 e Patd by Teato fhe iR AR scuy YR HE ek Bleone  mmy

be as |arge as hGheipresent Irveaesn, oldrer mb@&emfaemee Z6n06Ys ((34) Indydsd provige@r m ned
by the characteristics of spacer (60). Wile the spacer |ayer is shown to
define a regtindger &) Therreropplsh and/ @R senggss EﬁYtbﬁéWQYF@nEK@X HArke yeaditgi t y
occurs, ot : fi ti i : . r i r)
cirout ar . s A ArAIER Qe b taBRe Sl Byib g sbysbn SHR Empl AUPLOLRET )
spacenol ayesbbggndveh lwith @flgabefcoatingadiotie webbiig havin@ aliZgh sefledtcetor 1600 un ,
usually fromabout 0.003 to 0.005 in (76 .to 127 um . The manner in which

t he spacercnissivity, the plestigapep whirdisthe reating iy oftancanptied fyefsrabbopal¥ester gyeb) The
Cross-secty f i t s long as
it is suf ﬁ%n%f%éﬁé’& 5%‘*‘?%*‘%‘?433%"82@%5’95?‘?‘2‘2‘1 (SOPCL PeclBRIRIN R 21, 2
fromthe neaptrmor sneas may bdeped tossdt ort dugusndrykr egnperature &b evaid demaging theodes
are general ly.configured in the formof elongate strips. Typically, the

| engt h of W§vENg ¥t B‘é‘?atreaﬁ]g‘?é’gepﬁw(%out 0.75to 2 in (1.9 to 5.1 cm,
usual iy from abgih f grdsehPinvertidr] weBbiflg gfbc_gss?h eds(8, WeGhiB aPivhiche 25

el ectrodes ranges fromabout 0.15 to 0.30 in (0.38 to 0.76 cm, usually

f r om aboutsoiti20 may t@.dziediupori utBtrateh ashigly ag MO ftipar memutainay berbahdéevednMoret he

| engt h of one,of the electrodes is shar an t t her,. erein.i

cor tai n_eOUEHReRieEE e g EB IR 232 el B E PringlB eie Rl
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preferred enbodi nent, electrode (64) is 1.365 in (35 cm long, electrode

(66) is 1ekmant(Eparg ussl iapPnnestign one ar warefany So6pthrepioyidea. nonrdijtuling at

their Xi ; i i . L 1) : td e
(o8) 200 HBLADSpguctE vy beee Bhe BhlfodtbethBlta il Rifnt 6 coOnf R0
an area of abowts kbté&D&bbve,Ghe(dd nixtd optiral auktiléarg ldeyer saxtiens (22 hmaglbe yisdibivie a

t hi ckness rangi ng, fromabgut 10 to, 100 nm preferably be%ween, _aboq}%? 18 to
22 nm  Théhejpresenk gyegtion. ¥afach CORPHRS 28 @ ippingeRient drygnatdizeg heaed, o
mm) fromt I , [ ' r odes
That 1o 0 IBETHe FyREPNGeIED o, SRMITORIARERT Bt BRLSTR b SRl e

i nvent i on.dryfag obee the ohvipd @d therbepd ok setibnclaidsdavat dmthewwubsiratesia ssbstantiabpseti ni ng
a phy%ol g)gll c(?l sanpl e, and/ or a neter or reading instrunent such as noted
above: ga ‘ﬁ‘é'%‘ﬁ%i%?"%i cal sanple to be tested by a strip is blood, the
subj ect kits mayortmall,ushei iﬁ%ﬂien?ﬂﬁihgﬂﬁtr@ddc@@ﬁﬂoit@f pfdblléiid, Bebeially NDGyingd

| ance actuation means, and the like. Further, test strip kits may include a
control sdbwtvissasibrsoditiond Mmpleaigimpizgegientdymedoeduses bath grassrwebratd

ncl ude 1 ReDP ARt et bR TARREBhoy B Bpdel g RrmitsPd otlbe Fhh et on i n

t he det er mveatiopn of an anal yte concentration in a physiol ogi cal sanple.
These instructions may be present on one or nore of container(s),.
packadPng, a | dddhe mestdapicdevalHeisicnly uderstaodthed highyelopidy ait bppiagingaipen
strips. ' i | | r ipeX
cingl e exaaston PARHIE Alfer BUGbE Mal AnR Bed FREDL e de LBLR AR, o
i s not t o sbetibh.nihedffém ot hiee @ois-septiotesfadriedeechgeitygrodued nisingnir-ignphigdenient t ed
to the uses noted or by way of the exenplary description provided herein.

1t i to BEYBAENobeOVE YR leF VIS o Te? C%/%’é‘g&”égél?ﬂfelvméﬁtlmﬁ‘&e@eﬁb be

limted only
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by the literal or equitable scope of the followi ng clains. That being said,
we claim 15 CLAIMS 1. A nethod of produci ng reagent coated substrate
conprising: coating substrate with reagent in solution and exposing said
solution to radiant energy provided by at |east one radiant energy 5

heater. 2.tecHagqueBtXiaitoin elagperated Unktesped broad-sdction SudH i piogifd devdlops Hge r eak
a vapor barrier of the solutlon Is directed at said solution while exposed
to radi antMigrsiogypy csmosif reeger)@ Vet time iawaid edgss that dineioes WPiSlY- d substrate

| provided in & (e 8005l RRNGnRR A EARE AY, 30U Gsc 1 epcyr e200N

coat ed substrate rocCeéss o ried

reagent h&\onn% @naimmn’cg talthcypmunft Orventidi, @lones anifernpieedieedon fesullhe
reagent coat substrate of claim4, wherein sai d substrate conmprises an
i nert BacKititgingeedipniancegyed Tis pgligierithat shsaepidgirying PWéU?lé)éfjéﬁﬁltb)'c g pesgent
substrate [ t
coat ed subst erngl'%) g 0 léltle%%% be 1l§rlﬂ>5t§)ﬁo$efcre§§1ﬁ%gqge%/tﬁ ﬁ{d{asﬁ F“s‘?tfg’ﬁsrB.Fgr @1 sygg)%ir% for
use in detteosdudi ng the concentration of an analyte in a physiol ogical

sanple, conprising: a reagent test strip conprising substrate as descri bed
in clains 4, 5Algglown-wpb E%?t?f‘%ﬁﬂsdﬂmﬁﬁ"feﬁ Sﬁlcﬁéﬂ]élhﬁystf‘(’f‘rét%f?e%@?f@lths sai d

reagent tgﬁ&ﬁﬁf?&veﬂ%ﬂt SRl Fuxflafy @ﬁiﬂgéxﬁgmt éré‘f sgsf% £

anot her . for use in term e conce yte in

a phyd40ol @@j, @@bles @rrriismrbmemmmbngnd@t rredtmnbageastoasfmglsmcedﬁpadlsmrbgcnon
substrate as scri ged in clai rr? 4. e? 6 or 7 in packaged conbination with
at | east (59193 ies, suffpiept engrgydecffgrivefiotet theshars ofithe ¢Ralinga neans f or

Rapid shape setting with radiant energy also helps produce consistent product in
another regard. When employing low viscosity or low surface tension solution with
substrate that is hydrophilic or includes a hydrophilic coating (as may often be preferred in

15  an electrochemical test strip, see U.S. Patent Application S/N 09/497,269 titled,
“Electrochemical Test Strip for Use in Analyte Determination” and U.S. Patent Application,
titled “Solution Striping System”), the solution has a tendency to “wet-out” the substrate
rapidly. Solution will tend to flow across and coat more area than desired, rather than
maintaining a stripe or a bead upon application. The immediate drying effect achieved by

20 the present invention by applying radiant energy at sufficient levels halts this, setting the
boundaries of the reagent. Accordingly, costly reagent is not lost by migration. This
approach offers significant improvement in dried stripe width accuracy and placement
precision.

Furthermore, thicker coating regions of reagent may be achieved without requiring

25  multiple coats of solution. In instances where it is not feasible to alter the surface tension of
reagent or the surface energy of substrate to be coated, there are few alternatives to control
stripe width and thickness. The ability to rapidly set the shape of thick coatings makes their
application feasible.

In an electrochemical test strip, the dried reagent coating serves as an active layer in

30 the electrochemical cell. Sufficient concentrations of the reagent components are required to
achieve satisfactory results. It has been appreciated by the inventors hereof that low
concentrations of reagent produce poor test results. The ability to apply relatively thicker
reagent coating on substrate for inclusion in test strips thus offers potential for improved test

strip accuracy.
11



25 obtai ning a physiol ogi cal sanple, and an anal yte standard. 10. A nethod
‘for determi ning the concentration of an analyte in a sanple, said nethod
conprising: applying a fluid sanple to a reagent test strip conprising a
reagént coated substrate as described in clains 4, 5, 6 or 7; 30 detecting

a signal from sairfbus eaaanif prédict ﬁlhyb@proﬂﬂdedlﬂhﬂﬂllzmg feinds Oetheciedtin, gnal to
the concentration of analyte in said sanple to determ ne the concentration

of said arﬁggxp@ sihﬁwg aitept ﬁqulmpdecygg%(iél) in gard for making electrochemical test stnps It

For e SR dPuaf b o S8 0y CHHmAR AP PP o o

a] ca] cal] qalgenl aa @ﬁb(f@ﬂn@ﬁﬂ/@allﬂ&hﬂ](ﬁﬂ c)wide bl AP SMYTIEHSES notches (56)
(sé( (| whc”Y] ca] ca] ca] ca] IJé‘]@ca] cal ca] ca] ca] ca] ca] cag cal ca] ca] cag cal ca]

ca] ca] éa] capbeyea bgp@aqlréarupaaﬁ PGRREjse an eppesing webbing (38) anda spacer (60)
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a] caV] ca] caV] cad eaﬂtﬁﬁlbﬁ@bméﬁaq} gabsainoahichatous rolls of material are brought

@\~BBC: DEJMVRO¥QRUeWK1ZZZ5[ [ [ 1\ \\ 5]

Anng ) xdpgedher\g prasipeaine PYECH SO S@ﬁ% ]E%p@aﬂqaapwsmbday@ég ©spciscerfirgpea) cal

I
ceret 4 YD Ea P SEpaRridat oy cu MRS  CRONELNLY oY
ca] call0a] dejengilcpkiondrkimgoalicil pedcoabr pikea)] Grharahddels bZ piuttPte-compokent Siipt 2zt o
jd_ZU ca]c %@ﬂa\/} cal ca a\/] cal.caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV]ca]ca

] ca] caV] cdprigatian sy @ I%Fcal zCINYqg/ / ~Z{vgl gb] X] c] ca] ca] ca] ca] ca] ca]
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(1: Sl /d([:) Z] ca] cfal}m}adet}m]anﬁ]:mlzgzt])e/gmhm]mﬂilcwhexa]rem]am}ama}: aakeralif inklutld BEOSPETG,
10%& E 3 fwblmlff& %‘a%&owe ?@1@%&? %ﬁ‘n %d%l&P(%ferﬁ‘b%ﬂmc Pjith sputtered-on

| 10%§5() Op@lﬁ)c?{@f% Anll-THRHIHD & 59‘woﬁémg” electrode, while webbing (58) is preferably gold
i K- L4ni 10%0&' () - 4109%& () - &3 10%&' () - L' "10%& () -

y, 10%& ()coated phdstic and fuoghareos & “teferents” |eledtrnde. DEaphiwisbbing! portioneayhiave &' () -

\
94 0% Oc 0s: iFkngse saa8ine) fromabey 8L 00)t0 O dp (P2 1038510 Pud) [ of DL4! DS10%00%
C() - yS109KKE (Die$d ¥HipSprédurddr T e lif o) forth o Q¥ERubds {affe br be in the form of a

basic card (e.g., a parallelogram or analogous shape of shorter length) prior to the production
20  stage shown in figure 6. As such, the length of the test strip precursor may vary

considerably, depending on whether it is in the form of a tape or has a shorter shape (i.e., in

the form of a card). The width of the test strip precursor may also vary depending on the

nature of the particular test strip to be manufactured. In general, the width of the test strip

precursor (or coated substrate alone) may range from about 0.5 to 4.5 in (13 to 114 mm). It
25  may, of course, be wider, especially to accommodate additional stripes of solution.

As alluded to above, the width and depth of solution coating applied to substrate or
webbing (8) may also vary depending on the nature of the product to be manufactured. For
test strip production, the striping width will typically range from about 0.05 to 0.5 in (1.3 to
13 mm) and its thickness range from about 5 to 50 microns. Especially for use in

30 electrochemical test strips, stripes or bands of aqueous reagent material are most preferably
laid down in widths about 0.065 to 0.200 in (1.7 to 5.1 mm) wide and between about 15 anEl
25 microns deep when wet.
After being cut into a card, like that shown in figure 6, precursor (54) is singulated to

produce individual test strips (62). Like the precursor, test strips may be cut manually or by
12
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$10%& () -! @ Jl%e su Jeét)test 38:?(51-'1\5% ag ferencoe elelc?r%d%jl) Ian ‘\]err)r ng cl%ectrode (66)
separated by spacer member (60) which is cut away to define a reaction zone or area (68) in
communication with side ports (70) defined by a break in the spacer’s coverage adjacent
reagent patch (72) formed from a dried solution stripe.

15 To use such an electrochemical test strip, an aqueous liquid sample (e.g., blood) is
placed into the reaction zone. The amount of physiological sample that is introduced into
the reaction area of the test strip may vary, but generally ranges from about 0.1 to 10 pl,
usually from about 0.3 to 0.6 pl. The sample may be introduced into the reaction area using
any convenient protocol, where the sample may be injected into the reaction area, allowed to

20  wick into the reaction area, or be otherwise introduced through the ports.

The component to be analyzed is allowed to react with the redox reagent coating to
form an oxidizable (or reducible) substance in an amount corresponding to the concentration
of the component to be analysed (i.e., analyte). The quantity of the oxidizable (or reducible)
substance present is then estimated by an electrochemical measurement.

25 The measurement that is made may vary depending on the particular nature of the
assay and the device with which the electrochemical test strip is employed (e.g., depending
on whether the assay is coulometric, amperometric or potentiometric). Measurement with
the strip (62) is preferably accomplished by way of a meter probe element inserted between
the electrode members to contact their respective interior surfaces. Usually, measurement is

30 taken over a given period of time following sample introduction into the reaction area.
Methods for making electrochemical measurements are further described in U.S. Patent
Nos.: 4,224,125; 4,545,382; and 5,266,179; as well as WO 97/18465 and WO 99/49307

publications.
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109%&& () - &%ﬁk@ Y& Rmban 0/% rﬂch%Z&eﬁt)s the %Q%@&lkhcﬁl@?ﬁ.& rﬁéasm%menﬁété’;i%%ﬁ@"'ﬁélyﬂe
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& () - mab 1 OVBBE et Vit GRS b Vg et %«3“%%%%}30@0%@%%%@ oRh s o] pe:
10Z 10Z  strip. A representative reading device for automatically practicing these steps, such that user
10Z<10%Z& () -!k3%40%& ()-!k3%0%&' () - 3%40%Z& % E ‘%i%%(k&' g nnVop- gxqyr wJ
3PE: !N, $ 101;1/@d1&n](y)app]s sgm@l% to the reaction zone and then read the final analytc concentration
result from the device, is further described in copending U.S. Application S/N 09/333,793
10 filed June 15, 1999.

The reaction zone in which activity occurs preferably has a volume of at least about
0.1ul, usually at least about 0.3 pl and more usually at least about 0.6 ul, where the volume
may be as large as 10 pl or larger. The size of the zone is largely determined by the
characteristics of spacer (60). While the spacer layer is shown to define a rectangular

15 reaction area in which the aforementioned activity occurs, other configurations are possible,
(e.g., square, triangular, circular, irregular-shaped reaction areas, etc.). The thickness of the
spacer layer generally ranges from about 0.001 to 0.020 in (25 to 500 pm), usually from
about 0.003 to 0.005 in (76 to 127 um). The manner in which the spacer is cut also
determines the characteristics of ports (70). The cross-sectional area of the inlet and outlet

20  ports may vary as long as it is sufficiently large to provide an effective entrance or exit of
fluid from the reaction area.

As depicted, the working and reference electrodes are generally configured in the
form of elongate strips. Typically, the length of the electrodes ranges from about 0.75 to 2
in (1.9 to 5.1 cm), usually from about 0.79 to 1.1 in (2.0 to 2.8 cm). The width of the

25  electrodes ranges from about 0.15 to 0.30 in (0.38 to 0.76 cm), usually from about 0.20 to
0.27 in (0.51 to 0.67 cm). In certain embodiments, the length of one of the electrodes is
shorter than the other, wherein in certain embodiments it is about 0.135 in (3.5 mm) shorter.
Preferably, electrode and spacer width is matched where the ;elements overlap. In a most
preferred embodiment, electrode (64) is 1.365 in (35 cm) long, electrode (66) is 1.5 in (3.8

30 cm) long, and each are 0.25 in (6.4 mm) wide at their maximum and 0.103 in (2.6 mm) wide
at their minimum, reaction zone (68) and ports (70) are 0.065 in (1.65 mm) wide and the
reaction zone has an area of about 0.0064 in”(0.041 cm?). The electrodes typically have a

thickness ranging from about 10 to 100 nm, preferably between about 18 to 22 nm. The
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blood, the subject kits may include a tool such as a lance for sticking a finger, a lance
actuation means, and the like. Further, test strip kits may include a control solution or
standard (e.g., a glucose control solution that contains a standardized concentration of
glucose). Finally, a kit may include instructions for using test strips according to the

10 invention in the determination of an analyte concentration in a physiological sample. These
instructions may be present on one or more of container(s), packaging, a label insert or the
like associated with the subject test strips.

CLAMS
Though the invention has been described in reference to a single example, optionally

15 incorporating various features, the invention is not to be limited to the set-up described. The
invention is not limited to the uses noted or by way of the exemplary description provided
herein. It is to be understood that the breadth of the present invention is to be limited only

by the literal or equitable scope of the following claims. That being said, we claim:
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10 4. A reagent coated substrate made by the process of claims 1, 2 or 3, whereby

dried reagent having a substantially uniform thickness is produced.
5. The reagent coated substrate of claim 4, wherein said substrate comprises an

inert backing material and a metallic coating.

6. The reagent coated substrate of claims 4 or 5, in a test strip precursor.
15 7. The reagent coated substrate of claims 4 or 5, in a reagent test strip.
8. A system for use in determining the concentration of an analyte in a

physiological sample, comprising:
a reagent test strip comprising substrate as described in claims 4, 5, 6 or 7 in
combination with a hand-held meter, wherein said reagent test strip and said meter are
20  adapted to interface with one another.
9. A kit for use in determining the concentration of an analyte in a physiological
sample, comprising:
a reagent test strip comprising substrate as described in claims 4, 5, 6 or 7 in
packaged combination with at least one of a set of directions for test strip use, a means for
25  obtaining a physiological sample, and an analyte standard.
10. A method for determining the concentration of an analyte in a sample, said
method comprising:
applying a fluid sample to a reagent test strip comprising a reagent coated substrate
as described in claims 4, 5,6 or 7,
30 detecting a signal from said reagent test strip; and
relating said detected signal to the concentration of analyte in said sample to

determine the concentration of said analyte in said fluid sample.
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