SCRATCH- RESI STANT METAL FI LMS AND METALLI ZED SURFACES AND METHODS OF

FABRI CATI NG THEM TECHNI CAL FI ELD [ 0001] The present invention is generally
related to textured netal filnms and netallized surfaces. BACKGROUND OF THE
| NVENTI ON [ 0002] Metallized surfaces or thin netal filns or |layers, such as
those nmade by netal sputtering or thermal evaporation techniques, are
comonly used in the fabrication of electraqnics, food packaging materials,
wi ndow cOVRCRAJECH-RESISTART Wy\IOFILMés%‘HMTAé—M?EPeSpW% Sor films are
on the order of 100 APMETHEDS ORTABRICETENY T3HEMI tive to scratches that
can easily occur during normal processing and handling. To avoid
scratches, the netal layer is typically covered wth an additional |ayer
of a polyner material which hafeeHVIGAGKTIEER on t he order of 250,000 A,

maki ng the netal |ayer orders. of. magni.tud scr at I OS] nt.
HowevefQ0Ohher e t hERSEHP INYGRIONGF SF qf?'tlﬁﬁ ??ad[%@fﬂ)ettegug%nrgét}%ltﬁﬁszd%tari cal
signal s, such S i i conductors and other electrical conponents, e.g.,
el ectrocheninbeéarlﬁ%:eecq éi,%g&;t is not feasible to cover the netal with a

pol ymer layer. As a result, conductive netal filnms are extrenely
susceptible to scratches. Even sl i ght gérﬁs g@,@hsuch as those caused by
dust, can effectively eli Q way through the netal

| ayer. Wgﬁ’f”] A BALLIGH alrfRPOb GRlheAl Bfnd & IByerstsath is thow madeiby the fiel d
of el ed¥T6] chenical ana yte concentration_determ nation. gﬁ.ec' fically, the
metal filns padtel spusethg or théreaf enmpprasipn serhafques. ¢t FUBBERNAFEhEF ST m an

el ectrochem cal cell . often i the for A SLr| n&l get rochem cal
strips are Lf%léf&aflﬂnPﬂ%le‘éfé‘fnéﬁsnfoﬁgtﬂag%a%?g%g%g Ii‘t gv[dggﬁc%ﬁg%%%i %E's in

physi ol ogi C%IA&%J i 615 SHGH Rsradd 1B9sks of Aitres Steidni tht ofdetpfl] 00 Arddyshuset .  Cormon
anal ytes i nclude glucose, henogl obin, cholesterol, etc. [0004] The strip's
metal | ayer sraesrdnygy saisitivefosaretahesrihal canisatyaRSuh i i S ™ hhi ch

processing and handling. To avoid scratches, the metal layer is typically covered

with an additional layer of a polymer material which has a thickness on the order
of 250,000 A, making the metal layer orders of magpitude more scratch resistant.
However, where the metal layer or film is used to conduct electrical signals, such
as in semiconductors and other electrical components, .8, electrochemical cells,
it is not feasible to cover the metal with a polymer layer. As a result, conductive
metal films are extremely susceptible to scratches. Even slight scratches, such as
those caused by dust, can efféctively eliminate a conductive pathway through the
metal layer.

[0003] A particular application of thin metal films 1s in the field of electro-
chemical analyte concentration determination. Specifically, the metal films are
used in the fabrication of electrodes which form an electrochemical cell, often in
the form of a strip. Such electrochemical strips are used in the determination of
analyte concentrations in physiological fluids such as blood, interstitial fluid,
urine, etc. Common analytes include glucose, hemoglobin, cholesterol, ete.

[0004) The strip’s metal layers are typically formed on a substrate material which

is flat and planar without any surface texturing. As such, a scratch having the



is flat and planar w thout any surface texturing. As such, a scratch having
the | sane order of nagnitude, e.g., 100 A as the thickness of the netal

| ayer can affect the accuracy and precision of the anal yze neasurenent or
altogether elimnate a conductive pathway through the netal layer. This
problemis exa ~ icidnaby ofahé inenal pyecessécimhi ch

i nvol ve wéwﬁgledéf)g%ﬁgaﬂg%dﬁ\e@%t ??Efédass{gég by web- advalr?]g ng rollers,

t her eby i nexeeRsLMAGy hﬂrtbpdeclkleh|olﬁdmchnal‘yt%m€aaué¢ﬂlm of pltogedfier £ Tover, a

defect in such a fabrication oce I S Ilkelyto
cause repePP@dW@V%E‘i“té Eﬁfqﬁﬁugk’tth Eaj’lﬂ’a?ﬁ‘anrhm% %EH %E%?s){ag%rb%te?}) ;y)s and

resulting i, b%éfeé&ﬁgglfédmm ol fhieRahotve BusH hapalting of e saipd, t he | i ke
can also cause random scratc ing of the netal

il urin
manuf act ur ielpg, tarweeadvaandg relleey, elereter mC{@@ﬂBSi eAske%lHB?aj s @?@‘?%thﬁ need for

a neans of nmking thin a er stant, and
thereby i rrﬁ]‘rl’mnM@ratoF‘i%r aggff‘??}flﬁé‘f C%U‘ij gﬁgﬁg‘ﬁﬁﬁ{ﬁwg}{;rﬁ? or filns:

i mproving t. fp(gl \AH{;QC}X @ﬂﬁde pgf%hﬁlbomembytdlamagmglbeeﬁes & strips angl ect r ocheni cal
test strips, In oyed; and incr t he cost-

are (g eag gl\lﬂ?ﬁ

ef f ecti venessitidfe mbbhaseu«:mmu% tl@rraﬂmgdlﬁﬁi parisles and SRS &0 THE

| NVENTI ON 10006] vi ces, havi e Sl tHE b herabQFin € prdbGLnA g

el ectrical C8p¥riaPk faﬁ%ia“’ﬁl&%r?éﬁ% eta r&éa?ltgg theasublj egt structures are
provi ded by,ihespresent inventi on The subj ect devices are | ayered

structur es ich include at |east one ed condugt,i V. , filmor
sur f aqeoaisi gnedAs snctle@ﬁ@tls ¢ Reedefor éﬁ@nﬁ)fj%‘(mé'%?latt@ﬁl%el{cn ye?%&afggl\r?i ce,

thereby maintainin ddhe. mdmturmmylmemh mbfat e
speci fi cal IGoreshgt 8818 b %ﬁ%}e&é%n P{Jvde thin metal filnms or metallized

surfaces hayjdgoPaRksS 1rapt<évmglthaeyc$ufanmmd prévesien of thadevitsiaf8a scratch within

the filmor surface does not. exten Iet t 1,9 thdhgnshot t om
surface of ¢1¢;érocbenuce&/testtf’ﬁ§>rselﬁ>}”%1i‘ﬂ{%aﬁ Fl‘apl%y%:/%n ﬂg#?é\}é pat vvasy t hr ough

the film Oref?ec{w@tﬁe@s offweb-based manufacturing processes.

SUMMARY OF THE INVENTION

[0006] Devices having a layered structure for conducting electrical signals and
methods for fabricating the subject structures are provided by the present

invention. The subject devices are layered structures which include at least one

textured conductive layer, film or surface designed to resist the effects of

scratching of the device, thereby maintaining the conductivity of the conductive

layer. More specifically, the subject devices include thin metal films or metallized

surfaces having peaks and valleys formed therein such that a scratch within the

film or surface does not extend completely through to the bottom surface of the

valley, thereby maintaining a conductive pathway through the film or surface.

B8]



BRI EF DESCRI PTION OF THE - FI GURES [00071 To facilitate understanding, the
sanme reference nuneral s have been used (where practical) to designate.
simlar elements that are common to the Figures. Sone such nunbering has,
however, been omtted for the sake of drawing clarity. [00081 Fig, |

illustrates a magai Lfied side view of a | ayel gstructure of the present
i nvention. [00091 Fi gs.wgg(—%—é—gﬁgnla FE$CRRTI 1 ar and cross-secti onal
views, respectively .. of | BN, 0f roflerBRcaNIicza hawsrHeac esedr et al
filmdPO®%He pr esﬁ%%‘acflﬁ%&@l orﬁtgpiﬁg%’i ng a geonetric pattern. £0010] Figs. 3A
and 3B il | ysipeat gractilafnardedaahtesisiar slesenoribit a5 BYRTOR e EIgNSt y,  of

anot her enbodi ment of a netallized surface, .o I 4 hepresent
i nvention a$wue BuﬁﬂiW@b&f@ééﬁ%w?‘“&veﬁa}ﬁe&Pﬁ?lttf%&%ﬁea%—aikéI(s)? E?ﬁ'%ﬁna‘hé(}@% '

illustrate plan wie e di T8t s oPh laRteal stuzeee ofgbe presed or net al
filns mefe]he pr eglgn }u%%g%%?g%aﬁ%?ng frosted zggtter ns. [0012] Fig 5

i I Iustrat es,agrenpl ary enbodi nent of an el ectrochem cal test which may
enpl oy the netallized surfaces and nmetal ,fil m J BS8&kivelynvent i on.
DF, TAr 0B09] DESCREIEs Gt au%-2H Sﬁﬁéﬁ%ﬁéﬁ@%ﬁfﬁﬁ?\?&kﬁ% 00131 Befofe t he

present invention i i bediib i Si6Re detital filt of shetpredoet inmerdiost ood t hat
this invent? W?@b%%?gﬁﬁateﬁ tlo particular variations set forth if i. |

invention HQengs B gasmuaicipaugnchanges or nod' cations may be made to the |

descri bed and equival ents be sybstit M tyiglePagshe@efyr om t he
true HEWIPY and Etﬁﬁp%A&PSt’ﬁgH‘?Wﬁerﬁq?%aﬁ.an#%%ga |({t{i%g!;‘\l,wmatr’ly.Stprr[)diefyir cations

may be made fo adaph aiRak b & Heddllifidtsughéeon, memt Bioi of the pospBsi ti on of
matter, pro8g§ns, process act(s) or step(s) to the objective(s), spirit or

scope of thgpeheseako havient geemetAr pattgach nodifications are intended to be
within the scope of the gl ai. d i RO L4 Matdhads nmadiitad herein
may be [@Hdlied odtSS ﬁAzfﬁ@ DRl &Pﬂg{er%esgft%d_
surfaces or metal films of the present invention having frosted patterns.
[0012] Fig. 5 illustrates an exemplary embodiment of an electrochemical test

which may employ the metallized surfaces and metal films of the present

invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0013] Before the present invention 18 described in such detail, it 1s to be
understood that this invention is not limited 10 particular variations set forth

herein as various changes or modifications may be made to the invention

described and equivalents may be substituted without departing from the true

spirit and scope of the invention. In addition, many modifications may be made

to adapt a particular situation, material, composition of matter, process, process

act(s) or step(s) to the objective(s), spirit or scope of the present invention. All

such modifications are intended to be within the scope of the claims made herein.

[0014] Methods recited herein may be carried out in any order of the recited

events which is logically possible, as well as the recited order of events.

Furthermore, where a range of values is provided, it 1s understood that every



events which is logically possible, as well as the recited order of events.
Furthernore, where a range of values is provided, it is understood that
every ZP 3 intervening value, between the upper and lower limt of that
range and any other stated or intervening value in that stat egler ange is
enconpassed W i ' i SDlowek lilst sfahitempeanddny hdier any

opti onal fe'&t,g ¥J§H%$it}ﬁ%b:e%e§ﬂ§}%e\(}g)pe%ri ations descri?b]ed may be set forth
and cl ai medstitad ependeatiiyyaloe in that taedia9&e FoFCRPPRASSE V"%We%’f)r more of the
features described herein. [001 |, exi st j {Li®Rement i oned
herein (e. ginyemifs | ?=ilbﬁ§?l‘tﬁﬁltp§#etd§{hat aﬁlgtozjtrt\lf) H%p%#?{:egﬁt%{% éand hardware) is
i ncor por at ed, hy; r efaLARGERREbELA fbih hidclaiendd inédpendentiyper innsof ar as the
subj ect matter nmay conflict with that of the present .invention (in which
case what i sorsiestort whierey meswgmegfélgeaﬁeptyr%ﬂ?gcfﬁ@(ﬁlﬁgih%ed itens are

provided solely for their discl re nprior he biblidagosabgest, the
pr esent0013ppl i cat‘s‘&oﬁ‘snﬂeﬁﬂmﬁ %agfégfnﬁnﬁéﬁe@ohe (gntéo%éPr ued as gn admi ssi on

that the prﬁg@ﬁlttapgwmm h@hdrawhe) isaRtdrbbrtkd tyoefontnsddeginsinds materi al by
Inv

virtue of prror ention. [0016] Reference to a singular.jte i ncl udes
the possi bi kitirytstdxaeptiiefa aathe bipchmattgfmaeo VY @*ﬁ‘s"fﬁbeegrg% " Vbr e

specifically, as used.herein d.i eingh £ ares refédagcedi ngul ar
forms "a," MWHFIUHOR ﬁiw&“&acﬁae wﬁ%elﬁ b&ﬁ%ﬁég‘ﬁ& urgﬁie‘r’ e?erents unl ess the
context cl eaphy a6 godides seltlpdomirsie disclosie pirigr thehe fHggedtatbe PR¥IEl ai ms

may be drafted to exclude any optional el enent. %Ssﬁﬁctgattfl%};&s@nttaterrent IS

i nt ended t o apmlications NatirgRateiRns 198 ©npigyed At SIS EXURIVE ter mi nol ogy
as "solely," "only" - | i #68atk BuGORRRERI BNvinit bf pfie inesmitibat i on of
cl ai m el eneft'$t 1°%¥S ntfgggt(l)%erago'ﬁhegaati ve" linitati.on. i reci at ed

on. It is to b
that unpemg def i rederentetemnwingelar abi, nsbldes thel posHLLE fhehibers &ge P@Fﬁgpused

herei n "have the sane neani CcOo nl 94 1 BYinGRe asdi nary
SKi 11 in t hef & s WdRe i VPR BRLLGHD ggp%ﬁ?g Fonal |y, efyendecli haly

noted that t%?mgeﬂh%m'ig‘fnia} PBrims “h BYEK " “aidl dmiitbaiCietludnpluraseforsety

i nt er changeabl'y herei n. _ _ .
unless the context clearly dictates otherwise. Itis further noted that the claims

may be drafted to exclude any optional element. As such, this statement is

intended to serve as antecedent basis for use of such exclusive terminology as

» and the like in connection with the recitation of claim elements,

3 &K

“solely,” “only

or use of a “negative” limitation. It is to be appreciated that unless defined

otherwise, all technical and scientific terms used herein have the same meaning as

commonly understood by one of ordinary skill in the art to which this invention

[43 7 32 (34 21
belongs. Finally, it is to be noted that the terms “film,” “layer” and “surface” may

be used interchangeably herein.
[0017] In further describing the invention, the subject devices, i.e, the layered

structures including metallized surfaces or metal films or layers, are described

first. followed by a description of the methods of fabricating the subject devices.




[00171 In further describing the invention, the subject devices, i.e., the
| ayered structures including netallized surfaces or netal filnms or |ayers,
are described first, followed by a description of the methods of

fabricating the subject devices. 4 Subject Devices [00181 Referring now to

t he Fi gur es$uba&qgegiclggg. | in particular, there is illustrated a magnified
si de vi ew ic representation of an exenpl ar%ﬁl agﬁ&ed gt ructure
1a7c SUH

50 of fgoespr esenRefeiringemtvi trthe Emyesseandtor st uFePasery e trate

| ayer 52 and a cqnductive filmor J.ayer 54. . 1 OB SN ey | ayered
structure SomagRgictgss eré’ﬁ('PrlLﬁ%c e’ﬁ‘a{l rflesg%t.anébilsgext ur dﬁl%t%' i s neant that

such filns, s&&%_ﬁ‘;%%o%?thefd%ésfeﬁﬁﬁsed%@ﬁe [ay6edtsauear Stihcledes-adiubrensi onal
configuration.” The layered structures of the presenft invlfﬂélircurrle%y be

described amybesd ag peaksctBs fdmdr o 56y ShePPrYFaRL YT

m cro-recesses therein,or m tru es. t Navedtigh
m cr o- r ecesHERdgHEFIES B@'&e%g.ﬁ%gex%éﬁ, %si&ngingﬁir&te%lfcihcfgﬁﬁ,nay or uniform

geometric pg}F;Tfa%Eé‘h@Je BednBReQIMhred O GLIeL cdnfigupsive.eilhs lagereh as a frosting
n Iwili-1) or the like. The recesses or,strugt ur es ?masyé_sha e an
=di

or nni - di r ecttirgorades of the praseitrievention Faydwriesgihedias 67 B "8Et i onal

patterns are particul arly useful In. . resisiiiGsGFRteh®sedtettbhiong in
random di r e¢eHERSY Weide%ueﬁt?l iifmecé% ?%‘"‘ﬁéﬁé@étrt‘er ns . art. . particularly useful
i N resisting,sCrashasollcassiandnticistrectiiesmayelefine 2 atRMseHANY | ength of a
web in a web-based manufacturing process. [00191 The t &at ures have
peak- t 0- vat heifouth gePRIBS PEfiERPEE TAORGRY Pﬂ%’gL?rHFtélﬁrggggmb&% lrelgeg?rﬁget a film

| ayer or surface. 54 | SLANESS hhANgeohhioirecabadltor5 ti mes the
t hi ckness oi"rﬁ}‘?:miehifr%gésct%ssr%fgtggfﬂﬁm'to§about 250 tines Lﬂh]g t hi ckness of

the netal fiyhmireSsoticdnfigiteioheCmmiatirektonal pateras & eFrgEr S g S Muni t ude

deeper at their deepest points .than conventi - - Blechibh ®@&né ayers,
and thus, exeendgisArEHet ATUEFR AP gggfécrtlogg’%leﬁﬁgye%celd g’??ucture. [ 00201

The peak-t o0-peal; At 1, YRkhGY rdsRuiakbaichel stadage sirestip, be., alwpe dad tabl e

length of 2 web in a web-based manufacturing process.

[0019] The textured features have peak-to-valley distances greater than the
thickness of the metal film, layer or surface 54 where such distances range from
about 5 times the thickness of the thinnest metal film to about 250 times the
thickness of the metal film. As such, the textured features are orders of
magnitude deeper at their deepest points than conventional metal films or layers,
and thus, extend in to the substrate layer of the layered structure.

[0020] The peak-to-peak or valley-to-valley distance(s) may be any suitable
distance for the application at hand but typically ranges from about 10,000 A to

about 1,000,000 A, and more typically from about 50,000 A to about 250,000 A.

The vertical peak-to-valiey distanee, 7.¢€., the depth of the recesses or the height of

the micro-structures, typically ranges from about 500 A to about 500,000 A, and

more typically from about 10,000 A to about 25,000 A and is no less than about

100 A.



' di stance for the application at hand but typically ranges from about 10,
| 000 Ato about 1,000,000 A, and nore typically from about 50,000 A to.

about 250,000 A The vertical peak-to-valley distance, i.e., the depth of
the recesses or the height of the mcro-structures, typically ra-n,,ces
from 500 At 00903 A4 ANGerePE Bk Re€ 8kdnyplddyom about 10, 000
Ato 35@%{] 25,096efg”%3%i§”sé%g"ﬁogti t?]a’n grt?out ioc) A 5 [00211 Referring
now t o Fi 0Ssmbodimant@nfitetturtd)eomiuaties filthust lapere @r axeahved syfagpBbtienent s of

textured, conductive filps or |layers. or t iz pr esent
i nventi on. AVRIEAl IVERYEPTS M?%}Eéedlsé}/fg‘f‘e k@aéﬁ%ﬁ?‘gﬁ%‘?gﬁﬁ%%ﬁaﬁ %Jtﬁegrg pattern

or a pluralit - ' fnlBih QEIMORRMREKS oPRCSEsT frmeeaesses 2
formed in aF %qlg{lagﬁ}e?ﬂoﬂgﬁlg%%aadggnga%%EE(E%Vi ngE)vvaI | s 6 which taper downward
fromtop suslimeaoBsurfae Bant bavipg ants 6lvanch tpesderutad FOMHEpsedes © are
preferably, but not required to i dent.i cal : ing the
same di nensmmoma%ii{@wrﬁmfﬂ%x‘ﬁﬁ%‘ﬂ ,Ssestrzeaéggrsez%a@?’%lf/ghg\%mé%atgpsi de down
pyrami d or t%er #@%H@ISLB%,Q&P otH@WEM B g theR¥me Sithé@idrs aabalppe Mlyr bampipl oyed
including, but not ITmted to, upside down dianond-shaped, triangul ar,
rect angul arreafidecd miag dlaye ahegsedetdvav pysameber Pusiy) Shapst ﬁ‘ﬁ‘@e"éﬁ &bl i que or

ni ght configuration. [00221 Figs,. 3A and il r.at r enbodi nent
of a netal I?‘%@Hleégﬁﬁea'&léy ?emﬁfﬁgﬁdakﬂcﬁléi mgg, P ggrtuhtrdélgﬁgatte t rsﬁiragi%bﬁll urality of
replicated gn WRifQiIBINIHRASuISE FdéedndhRs and2oniddlcwinst theokurses 2xpanr e
preferably, but not required to be, identical to each other, having the
sane di nensicfite amblighapetigitepnistashil®, micro structures 22 may have a

pyram d or frustum shape Vi Losk 9880 @meabf 8 mGiliet ghrfaxteend from a
pl anar [%9¢ebr or ﬁst%‘%alsl%r élcl:%gfﬂ O%ﬁﬂé%ggle? tIanewar ds to a flat, planar |and

or top surfaggadds atoueeepatanyr sluidlapbbrephiaped anyniEEmapsIEESic| udi ng,

but not limted to, di anpbnd-shape ri anqul ar,,.rect. [ coni cal ,
where the BA2.cMICIOBHURAPIGH &4 ngoa@g{ynbuhﬁ&%m lﬁegetog(ré’ l?%}gﬁ'%ﬂatg(?%??gurati on. D

other, having the same dimensions and shape. For example, microstructures 22

may have a pyramid or frustum shape having four sides or walls 26 which extend
from a planar floor or boftom surface 28 and taper upwards to a flat, planar land
or top surface 24. However, any suitable shape may be employed including, but
not limited to, diamond-shaped, triangular, rectangular and conical, where the
microstructures may define an oblique or right configuration.

[0023] Fig. ZA shows “down-web” scratches 12 and 14 within the metallized film
10 which run substantialty parallel to the direction of motion 16 of the webbing
comprising the metal film 10. On the other hand, Fig. 3A shows “cross-web”
scratches 26 which run substantially perpendicular to the direction of moticn 30
of the webbing comprising metal film 20. Of course, scratches may occur at any
angle with respect to the direction of motion of the metal film,

[0024] Scratches 12 are superficial scratches on top surface 8 of film 10, having a
minimal depth relative to the depth of recesses 2, for example, less that about 100
A As such, these scratches will not interfere with the electrical continuity of film

10, Scraiches 14 are relatively deeper than scratches 12 having a depth in the



‘ ’ [00231 Fig. 2A shows "down-web" scratches 12 and 14 within the netallized

| film 10 which run substantially parallel to the direction of notion 16 of
t he webbing conprising the netal film10. On the other hand, Fig, 3A shows
"cross-web" scratches 26 which run substantially perpendicular- to the
direction of notion 30 h [(aa I SieNBa®odd 2§ 0d0R20. O
cour se, scr%ﬁggwubé@%a(b%gglﬁg&bgﬁéaglavr%%trh fespect to the direction of

motion of tbgoswe%lsciajtéﬂ% 26 Q24 Sptiatighiesp haviag e depthevifhiethelsamer at ches on
top surface 8 of film 10, having a_mnimal d ive to the depth of

i pth.rela
recesses 2, rdnge apdowpineb scssbes Frht Wabotie twegﬁetq&_\fﬁg@&ﬁ}e FRE%, scratches

wll not interfere with the el ectrical [N fonfridapily @reaSer at ches 14
are rel ati vEVGLESL SEF ttbﬁﬁnd%gg?rﬁfré%égggi% ﬁavm%{m;ﬁbéglﬁﬁ hinIhe 6 range from

about 100 Aylg.abgutle RnORAfRAJORY stpatehdshbal eatpodto PBI@OSIRCES § i n, in
Cross-web scratches 26 are also relatively dee%. havi ng-aérn?t‘?lfem h with' the
same  range ambs28lofumelskBlme Fherds raspectiielh BAETEEIYLY BEERRIA i1 m of the

present invention, .even th I 6 Stallfim. 28oWwkddr, sichldeepnot
si gni fi cant I°9ntﬂ¥ét?é’:§§§e ¢ h‘é&%gl’q%ﬁ%@ﬁég&%ﬁ%&gﬁn& al film. Gl y scratches

that extendto el irommEM{ acecudwhantheZBbrifatine padeess if A80CLE 2ofepnzrd
respectively, may effectively interrupt the continuity of the conductive
pat hway t hr cogfrolisdeenmg@»hedti | m However, such deep scratches are unlikely

to occyr when t he.fabi catiof, BFACEXRrtS meaN &im Rudodingars Fnahd 4%nt rol | ed
envi ro:ﬂ?@%. [oo%éas' Ig‘la‘gasai'ﬁ alrllg AB T ustrate textured netal film

embodi ment s ;§QeantlyBaving espattlipaety, orifvistigs a The BYREEYYWAELY 8 a
frosting. The m crostructures of Fi 4A and .th IGeeddBerdbe randonty
di spersed, i4Aeand thﬁ%ﬁofeF\}%n“lBya%ﬁﬁoéga‘,qY 46p5R0E (e BBEeithlipdeetBrte Mandor

may have varyj %’Lﬁfaf&‘é‘iogﬂfe%m-rﬁ@ ENEVE Walfing heghis c Toe densitg ofithes may al so vary
a

across the surface are of the fi'lm Film40 of F{.% f'141§ﬂ f& % npl e, has
a denser fr asictasgruttosms mdyaiscofary prass3hy guiggcemrgof WADUR: &1 F Pz

4B. for example, has a denser frosting than that of film 30 of Fig. 44, i.e,, film 40

has a greater number of microstructures which are closer to each other while film

30 has fewer microstructures which are farther apart from each other. The
microstructures for these embodiments have peak-to-valley heights and peak-to-

peak distances within the ranges stated above for the metal films having

geometric patterns.
[0026]) While the embodiments illustrated in the Figures illustrate replicating

geometric patterns and random frosted patterns, these embodiments are intended

to be exemplary and are no way intended to limit the present invention.

Fabrication of the Subject Devices
[0027] As mentioned above, the textured metallized surfaces or metal fiims of the

present invention are highly suitable for use in fabricating conductive layers used

1 . I 1 strip used
in electronic and electrochemical devices, e.g., an electrochemical test strip

for analyte measurement analysis, For purposes of illustration, fabrication of the

textured metallized surfaces and metal fitms will be described in the context of



has a greater nunber of mcrostructures which are closer to each other
while film 30 has fewer mcrostructures which are farther apart from each
other. The mcrostructures for these enbodi nents have peak-to-valley
hei ghts and peak-to- peak distances within the ranae stated above for the

metal fi | e Raving cQeOE! gL RALLBENSy 1ADRALWN kel Refesbodi ment s

i |1 ustrat ed®PHcat gures 1llustrate replicati na}e eonetri.c patterns and
random f r osgedh eahtagionson ¢fBs eleatrdiied Lpeitosoastaidt gchamjcdécxenpl ary

and are no way intended to Ijmt the present in i j Lon of the
Subj ecto0DB)i ces Immf%mﬁ‘éhﬁf{i‘ﬁ%soanél ,m?}h{%e a:%g%tgélgﬁgﬁdg@aﬁﬁ%ed

surfaces or el al, LhligP,ofs ieconREesfiterlieotdania, eubigliiieuot abl e for

use in fabPi®¥ u-con ayers used pr in electronjc and
el ect r ochenjGabreg@vitdasecheiques inchding] evtrosemeiis sMOPERS, 841G Flked 1>

for anal yte neasurenent an Si For purpos. i) i

fabri cat %/onp@rcessn% B%C@R%q}géglfhg%?éﬁ P?é&‘%ﬁ%@@géﬂgﬁﬂcf th%?g{peﬁkﬁ%s will be

described i gL e 20Nl faths Afe firfARE prRAt-0R fbricueantion sall atcessetieni cal t est
et a

strip where surfaces and  films forma portiaon of the el ectrodes
used to conghs gciotdects| Rets oc Hesisadisuigalle matpbgpuchiee ¥stdr ed net al

surfaces and filnms may be fabricated cor di f ent invention
usi ng any cWéf@F%kﬂgtt%%HﬁPﬁ%%@vgﬁéﬁg&gfﬁcﬁa{ g‘%ﬂ? d%agl%a:’lgﬁﬁr%g{%to,

m croreplicatlonutes Mg WARhURE Rgtal flas, esd ampis agd terbesss ng, and
casting processes. Because the filnms of the present invention and the test
strips whi chrodubedoficoatmtame pl anar, the filnms are preferably fabricated

fromand processeg, on, oe Of, BLE BT QX edbicaitaphanods i bl o

mat er i 40029%uch uring techni ques provide significant cost
advant age OV§f.RDSEwelCORYE RlhoRakring thedshiiquahdististddeniiealsd b 14efs, test

strips and ttg ?nalké Isn%ta.ia rﬁ?ms gvoigglrj g:? greg ggly%ﬁ;itgbltelfglp 4 single test strip or the like.
Additionally, while only certain fabrication techniques are emphasized, those
skilled in the art will recognize that other known fabrication techniques may also
be used which enable low cost manufacturing when desiring to form small
structures having intricate features.

[0030] In fabricating the electrodes of an electrochemical test strip, an inert
substrate material is provided which is sufficiently rigid to provide structural -
support for the glectrodes. The conductive layer of the electrodes may then be
sputtered onto a surface of the inert support material, thereby producing a metal

film. Collectively, the substrate and metal film define a layered structure which

may have one or more additional layers of material. Metal films suitable for use

with the present invention are max;ufactured by Techni-Met, Inc, of Windsor, CT,

and include, for example, palladiﬁm sputtered onto 125 microas of polyester with

5 mi f
a resistance of less than 7 ohms per square and gold sputtered onto 125 microns o

polyester with a resistance of less than 7 ohms per square.
[0031}] A detailed description of a fabrication process for making electrochemical

test strips is disclosed in U.S. Patent Application No. 10/013,835, entitled



[0029] While the follow ng discussion of the subject fabrication nethods is
in the context of web-based manufacturing, the techniques discussed may .
al so be used to make netal films having an area only suitable for a single
test strip or the like. Additionally, while only certain fabrication

techni ques gf,gioaRRASieTRMectibh@smitigkiTihen dfantAmsadrandfiled on Beergleze t hat
ot her known fabrication techni ques may, al ?o be usgag Y\'hi o gn&@%lﬁ | ow cost
manuf act ur | iy 28A&rweRseinthniguedastallizpd fyriaces ARt Eimseh RGE I ALY cat e

features. [00301 In fabri i- Q4R Sr Hmabisehbestiheghen cal test
strip, an i‘i‘i‘@?‘i‘“o“slﬁ%ﬁ?%%eg%rrg e?é@?‘%ﬁ%%vi ded which is sufficiently rigid

to provi de skgugdlnalth réfeened th Figrs, ahbeiebiectippoest suthen exmRlatwi ve | ayer of
t he el ectrodes may then be. sgut tered onto @?ﬁ”facxen %Le&t[&ﬁié nert support
material, ttestebapepicdiesi vgp A0haraple tof PR WEBFIRE Vel Y e’ substrate and
metal filmdefi a |layered structure which nmay have one or nore

addi ti onal P%Vé&g' of material. Metal filns suitable for use wth the

pr esenjggipy ent i OlfearseipTEOWis antienpdf bpoFentayer NBR ¢ AER laps™ Wfndsor, CT,

and include, for exanple, pal]l adi tiered. onto i f pol yester
with a resbmaa&ﬁ@%bbgﬁ}l%%‘cﬁﬂéﬁr f%g]ﬁﬁgé&b%?s LAYy sg%ﬁ?ng%ﬂaﬁ&ég%%% tg ered onto

125 microns_of . et Befeh B9 IcRRCM©Obp 828 1Mlaand 108ns per square.
[0031] A def® ﬁl%tgg%-}eégoz%%t%h@gf a tabricati onpprocess fokﬂmﬁki

el ect r ochenietigurédistths farinpsf eicpgatied ceaseraylar stapssacipatvang 2 KBB4 on No.

101013, 856, entitled 8 "Passive Sanple t.| N, tiahHe ifiigd ng of an
Assay" and ﬁqgé(ffoé‘hatﬁé](’:@ﬁ%grcm’ Tﬁ‘aﬁ%ﬂn %@?e@%ﬁuﬁiga#%%tau‘?ggl Tetallized

surfaces and, meteal fid® 306 11@n Alsasenirotn abouhd $ to Divemtindheviag 2be used in

lieu of the métal surfaces or filns disclosed in i | ps ference. Wth
reference t ehiBkmpss B thardnge Somdessut 9 3ttp 42 B 468 HS%ﬂYé&Pp&Tﬁ-Pg%SGQ

el ectrochem cal test strip 100 suitable for use with the present invention
is provi ded
[0033] Bottom layers 102 and 104 each define a substrate base, 110 and 112,

respectively, made of an inert support of backing material on which has been
deposited, typically by sputtering, a conductive material which form the reference
and working electrodes, 114 and 116, respectively. The mert backing material is
typically rigid material and capable of providing structural support to each of the
electrodes 114 and 116 and, in turn, the electrochemical test strip as a whole.
Such suitable materials include plastics (e.g., PET, PETG, polyimide,
polycarbonate, polystyrene, and polyester), silicon, cerarnic, glass, and the like.
The conductive material is preferably a metal, where metals of interest include
palladium, gold, platinum, iridium, doped indium tin oxide, stainless steel, carbon
and the like. For example, a palladium coating may form working electrode 116

while a gold coating forms reference electrode 114.

[0034] Spacer layer 106 is positioned or sandwiched between electrodes 114 and
116 The thickness of spacer layer 106 generally ranges from about 1 to 500 pm,
and usually from about 50 to 150 pm. Spacer layer 106 may be fabricated from

any convenient material, where representative suitable materials include PET,




[ 00321 Test strip 100 is made up of a bottomlayer 102 and a top |ayer 104
separated by a thin spacer |ayer 106 which has a cutaway section that
defines a reaction zone or area 108. Generally, bottomand top |ayers 102
and 104 are confiored in the formof elongated rectangular strips each
having a le ' MR ik T firfasds dfspadet jayér 106 about 3 to
4 cm havi nggga\’/\k@%ﬁ?ﬁ’l{he rog?]g?n??% about 0.3 to 1?0 cmy ?ﬁsﬁﬁal ly from
about 0.5 tmaQbé tremedands trehei adgenve withakepessve sigrtiodes Fird ¥P&Rfabout 0- 2
to 1.2 mm and usually fromQ.3 to.0. 6 ottom | ayers 102 and
104 each deﬁeﬁ@yam%‘ﬁtﬁétghﬁtgté“%‘ér'gég&ielﬂe%{ﬁoc?ﬁi@al L[e%%es ecl:[?i vely, nmade of an

i nert fqb%r” or sBACKIAG 6 8 Lhido Ao pRIGd: desctheerwnedepeailOdavihgpi cal |y
by sputtering, a conductive material which formthe reference and working
el ect r odes, adyldpraophiatd shape expulong vieqwar, THare, HFEANCUREIRIAPIALYrial is
typically rigid material and capabl e of providi port to
each of theifFe?g‘IaréF‘%D(?fIrr%a&ggn ﬁﬂggﬁ%e ?%6‘“1 gr?g?ﬁb%n&g}%iieﬁé{qﬂh%ﬁ%ﬂg%? rochemni cal
test strip aspAdMohe facinduehfasds dfaicerotied B4, al S while bpader lpyasitlbcs (e. g.,

PET, PETO, polyi'm de, polycarbonate ol ystyrene, ,and pol yester),

si i con, ceudaﬁms,thgisia@sqﬂsaﬁdhqn@@cuan%@a1Gr£eT YAURTBE Py C REAHPT B3] o

preferably a meigl,. where et gl 5. 26 il LoNPRbal BELUTE . palAGiIUR-00! o

pl ati num i F3H inToxXI stainless steel, carbon and the

| i ke. For eéml &rof abdltloaditgmeent i ng nay form working el ectrode 116
while a gol At

ting fornms reference el ectroge 114, 1(8??81111 i?gacgr | ayer 106
i s posije03shed or Psemuvindhrogatomasen! O, depewaeca A SR T S HECt hi ckness
of spacer | r. 106, gener r 2hPitash sthabBBdacikgbystaand usual |y
from about g(yﬁtlaaf Eef-‘rﬁ%{ %gg@%@ﬁ%ﬁi PéllQ%G rrayasbe ?a_bé}igcat ed 31Cr_om any
conveni ent RRLEH habvidewhange spepifiesenieat compaentsabit shermically mresastvéfhude PET, 9

PETG polyimde , polycarbonate and the.like. The rfaces cer |ayer
106 may be the wageegnalipe e dergreghe a%ﬂ?@gﬁf%té’wkffaﬁa‘rﬁfges%gffﬁ b‘OP"%lﬁaggat‘é"%

ctive-el'ectrodes 114 and
116 and The redox reagent system or signal producing system typically includes at least
one enzyme component and a mediator component.
[0037] In many embodiments, the enzyme component of the redox reagent

system includes one or more enzymes that work in concert to oxidize/reduce the
analyte of interest. In other words, the enzyme component of the redox reagent
system is made up of a single analyte oxidizing/reducing enzyme oI 2 collection
of two or more enzymes that work in concert to oxidize/reduce the analyte of
interest. Typical enzymes of interest include oxidoreductases, hydrolases,
transferases, dehydrogenases, esterases, and the like, however, the specific
enzyme present in the reaction area depends on the particular analyte for which
the electrochemical test strip is designed to detect. The second component of the
redox reagent system is a mediator component, which is made up of one or more
mediator agents. In those embodiments where ghucose is the analyte of interest
and glucose oxidase or glucose dehydrogenase is the enzyme component, a
mediator of particular interest is ferricyanide. Other reagents that may be present

:q the reaction area include buffering agents, e.g., citraconate, citrate, phosphate,

10




t hereby maintain the structure of the electrochem cal test strip 10. [00351
Spacer |ayer 106 is cut so as to provide a reaction zone or area 108 havi ng
any appropriate shape including circular, square, triangular, rectangular,
or irregular shaped reaction areas. The top and bottom of the reaction
zone 108 i s, defi Lo 2860 Syekmak eederdiesesehttin dr§ 6 whi |l e
spacer Iayepﬂf365ﬂgg??%%gnt g'gkg%gg%riaof ghe regction area 108. The

vol ume of tisen r Fae hinonntabtie vaange®HposamamaysRsy, vdrsuthe@mPugilio | |

usually fromabout 0.2 to 5.0 L and_.nor I Wa apout 0.05 to 1.6
tL. (OOB%ZFFI%@WPO?‘W‘fyﬁ’é“ﬁéé@tgie%ﬁogﬂ'ag’é’uﬁgg%&}gp/)oogs‘i teldmr')lear one end 118

of el de 114, o fon3MS bedn dgenisdah byme déteribed to as a
signaﬁ8%$§ducingﬁgygggﬁ?éﬁ€%¥g%§%9§€ides for the specific¢ reagent
conponent s wigasf itinenitoalany ekamme &rtpurpasks of Harlt A yaterdABIPEd Fo derive the
concentration _of analyte in the. biol ogi-: Pl ent
system or SEyHE apmﬁ{f-‘&ﬁﬁq tﬁ@“s‘if?f‘@ﬂﬂf%ﬁc%ﬁb@Eﬁ%lléﬁ%gsfﬁgﬁe%%gﬁ%? &gﬁg enzyme
conponent qggIﬁﬁﬁﬁﬂ&%ﬁﬁ&nQﬁﬂﬂﬁpﬁﬂiHmﬁﬁﬁﬁﬁdmﬂmawhmymémﬁmdﬂwmnhgﬁ t he enzyme
conmponent o ¥he redox reagent systemincludes one or nore enzynes that
work in contgaitingofran it spefirasdeape of Wee 2pRRBISA Y205f i nterest. In ot her
words, the enzyne conponent of the redox reagent systemis nade up of a
si ngl e anal yte oxidi zi ng/ reduci ng enzyne or a collection of two or nore
enzynmes that work in concert to oxidize/reduce, the analyte of interest.
Typi cal enzynmes of interest include oxidoreductases, hydrol ases,
transferases , dehydrogenases , esterases, and the |ike; however, the
specific enzyne present in the reaction area depends on the particul ar
anal yte for which the electrochem cal test strip is designed to detect.
The second conponent of the redox reagent systemis a nedi ator conponent,
which is nade up of one or nore nediator agents. In those enbodi nents
where glucose is the analyze of interest and gl ucose oxidase or glucose
dehydrogenase is the enzyne conponent, a nmnediator of particular interest
is ferricyanid e. Other reagents that nmay be present 1in the reaction area
i nclude buffering agents, e.g., citraconate, citrate, phosphate,

11



10 ,, Good" buffers and the |like, The redox reagent systemis generally
present in dry 1-1 form The anounts of the various conponents nmay vary,
where the anount of enzyme conponent typically ranges fromabout 0-1 to
20% by wei ght. [00381 Although the foregoing invention has been descri bed
in sonme detail by way of illustrgigysand exanple for purposes of clarity
of understanding, it is |IP readi pparent to those of ordinary skill in
the art in Hight of the teachings of this invention that certain chanaes
and nodifications nay he made thereto without | departing fromthe spirit
or scope of Wha15HAMESdY ¢l ains. 11 CLAIMS What is clained is: 1. A |ayered
structure cqnpri %%%redétrﬁé{{?r%tcroﬁip%ingz conductive filmcovering a surface of
said substrate; and“a textured pattern of recesses within said |ayered
structure wheukitratsai d recesses have a depth greater than the thickness of
the conductive film 2. A layered.strpctur ising: a substrate; a
conduct i ve fi%RIEHVENHGOKE U%%E@C%Pygaééjs ssgr%{gf)%fe; and a textured
pattern of @t%tﬁ%&ﬂ%ﬂﬁ&ﬁ%edéﬁebmhﬁﬁéaﬁh laﬁyﬁﬂ&dusmrmhmeim saideeeEssessai d

mcro structures have a height greater than the thickness of said
conducthavea eptmgrater Then thaghackadsssafithe eandecdye 8% m | or 2 wherein said
textured pattern is geonetric. The |layered structure of claiml1 or 2
wherein said textured pattern is

2. A layered structure comprising:

a substrate;

a conductive film covering a surface of said substrate; and

a textured pattern of microstructures within said layered structure wherein said

microstructures have a height greater than the thickness of said conductive film.

3. The layered structure of claim 1 or 2 wherein said textured pattern is
geometric.

4. The layered structure of claim 1 or 2 wherein said textured pattern is
random.

5. The layered structure of claim 1 or 2 wherein said textured pattern

comprises a frosting.

6. A layered structure comprising:

a substrate;
a conductive film covering a surface of said substrate and having a thickness; and

a textured pattern of peaks and valleys within said layered structure wherein the

vertical distance between said peaks and said valleys is no less than about 5 times greater

than said conductive film thickness.

12



random 5_ The layered structure of claiml or 2 wherein said textured
pattern conprises a frosting. 6. A layered structure conprising- a
substrate; a conductive filmcovering a surface of said substrate and
having a thickness; and a textured pattern of peaks and valleys within
said | ayered structure wherein the vertical distance between said peaks
and said valleys is no |l ess than about 5 tinmes greater than said
conductive il m trhi GBREStrudidrelof (il d aiefearihs pralctopeakalistaicaiangss wher ei n

t he peak-to-peak di stance ranges .from about 10,000 A to about 1,000,000 A
8. Theﬁbawémed1&99®6ﬁ®ﬂ@n%ﬁiﬁﬁﬁpﬁ¢6 wherein the vall ey-to-peak distance is
no |ess than about 100 A A device conprising: a netallized surface having
a thickness; and a textured pattern of recesses wherein said recesses have
a depth at keast TheldyeRd strgtead efcldinadhwhaieth theiveleretrspeak distanae gfeid ce
conprising: a netalljized surface having a thickness; and a textured pattern
of m cleosthroebowteldOdher ei n sai d recesses have a hei ght at least 5 tines
greater than said thickness. 1 1 . The device of claimqg or 10 wherein said
device is an electrochemcal test strip and said netallized surface is an
el ectrode. ¥2. Theddéydwenpofsingl ai m 9 or | n wherein said textured pattern

is formed by one or nore nicrorealicatign techni ques. 13
a metallized surface having a thickness; an

a textured pattern of recesses wherein said recesses have a depth at least 5 times

greater than said thickness.

10. A device comprising:
a metallized surface having a thickness; and

a textured pattern of microstructures wherein sald recesses have a height at least 5

times greater than said thickness.

1. The device of claim 9 or |0 wherein said device is an electrochemical

test strip and said metallized surface is an electrode.

12. The device of claim 9 or | 0 wherein said textured pattern is formed by

one or more microreplication techniques.
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