-1  Test elenent analysis systemw th contact surfaces coated with hard
material Held of the invention The invention concerns a test el enent

anal ytical systemfor the analytical ram’ nation of a sanple and in
particular a body fluid of humans or animals. The system conprises at |east
two conponents i.e. a test elenment which has a neasuring zone into which
the sanple to be exanmined is noved in order to carry out an analysis in
order to neasure a neasurable variable that is characteristic for the

anal ysis and an eval uatl on devi ce With a test eI enent holder in order to
position the tlestelemhentanalysis sys Pt Ayt guTSACe g i fal atepak ry out the
measur enent and a neasuri ng devi ce for measur i ng the characteristic

measur abl e paRiRRlSnvaltiine Of the art Test elenent analytical systens are
comonl y use%_e‘s‘pe‘c_a‘té‘y—l n medi cal diagnostics for analysing body fluids
such as bl ood or urine. The sanple to be examned is firstl applied to a
test el emenkhe ipgangionisengaroeetest demnpy anhlyticad systene fpritheandlgicdet ect the anal yte
whi ch are al
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det er m nes inloedes hanwsasiae asmeawrahlawgmhﬁ thHahs cheattesktnfonthesdlysispnodages it in
t he form of neas redv u t her.. processing. Test

el enents ar eﬁgtttloéh &S ﬂ'e%l&ﬁt e??%%lttshpkcf% Vi‘?f éqﬂp%ftlté&)%tglgg?f? Flgﬂ%ﬂ}t 'Céposed of
an el ongatxﬁ:easuump)g)p<t>31ﬂ1@ymrordetsm&b}ry onathe r@éasﬂreﬁieashmdla mrbarrimgldeviead a
measuring zone w t.h etectian cont ai ni ng detection reagents and, if
necessary, Brtlﬂgztsuéﬂﬁﬁitﬁei%#ﬁ?gfg’eaéﬁﬁweﬁgl :lqtratl on layers. The test

el ements of the present invention additionally contain contact areas which
can be usedtitoofithkartan el ectrical contact between the test elenment and the
eval uati on devi ce. In the case of el ectrochem cal assay methods conductor
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p&led to a test element. Here the process steps that are required to detect the analyte
which are usually chemical, biochemical, biological or immunological detection
reactions or physical interactions take place which result in a characteristic and
measurable change of the test element cspecially in the arca of the measuring zone. In
order to determine this characteristic change the test element is inserted into an
evaluation device which determines the characteristic change of the test element and

provides it in the form of a measured value for display or further processing.

Test elements are often designed as test strips which are essentially composed of an
elongate support layer, usually made of a plastic material, and a measuring zone with
a detection layer containing detection reagents and, if necessary, other auxiliary layers
such as filtration layers. The test elements of the present invention additionally
contain contact areas which can be used to make an electrical contact between the
test element and the evaluation device. In the case of electrochemical assay methods
conductor paths and electrodes are mounted on the test element. Even test elements

which do not use methods of electrochemical analysis can have electrically



information that are stored on the test elenent to the eval uation

i nstrunent . * The acconpanyi ng eval uati on devi ces have test el enent hol ders

wi th special contact elenents which nake an electrically conducting contact
bet ween the test elenment and the neasuﬁrng and eval uation el ectronics of

t he eval uation instrunment. These contact elenents are usually in the form
of electrical plug connections with netallic spring elenents which are
often provided with a noble netal surface usually of gold or platinum The

test stripscaidactingeritad atdat forteR@mpRh oflee (RRanAG dBbration dhfa®r baRASUr enent
during which_the .conéact aﬁ ofh t he contact. el egﬁnts_are noved across the
el ect rodes Bforatiopdhst axe dppedran the estelerapnf tg ths ¢vabtiopdnstdimerét area of t he
contact elenments of the evaluation instrument are then in contact with the
contact ar€hke akofpeniifg tvablatizardevicdhagt a6t dlérbed t holde@§aith spétial eomaact i on i s

made between the est el enment and eval uati on instrunmeni by pressing force
that is in %%fpfr?téﬁ’lth m ar“rfgfft%ﬁ/’ﬂf’ﬁ%n &B%C%Ctz’ﬁf?‘?’eﬁ’@ t#‘%"eéteg?i’?‘erttﬁédcont act
el ement . Thihg nsdaoutlinh 4l evaRiatib dlerorREsSafitie vaRfatibh Snstrudiait I THGe ERftAGT ance
bet ween the contact area of . the cofni act _elenent of the eval uation
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i nst runent dementhareusuellicin the boamyf eleqaricakrlug eonngstions with metalligspaing const ant

as possi bl ecléReMOMIR KB oRUAFIovRIME Wit REHICHTRLE s@rifR /budll Qﬂ'g@c)l%rqr A constant
and reproduci ble transition resistance is especially i rtant in order to

still  obt aPlatieacthesststripsrsninseeedintathe eshelamert helderdor thel enent  has
previously Reafrenhddi 998 WhidTPRY c&ﬁﬁ&%r&@gffﬂg%\?mn{a%t Qbhghe ofe Iﬂbﬁg and

reproduci bl e measurenment © accuracy especially wth regard to t fact that
such test eiceoethe deritoges efthe septelements.dnanghd positisn thed eomtastaseapéthres or many

tens of tho f, Rl j pLrd is.ls of nmgjor
i nportance éé’?g%g?lé erﬁgiolri:&?éhég’glg? ?ﬁlﬁ g%trgﬁll%relfidﬁ \}\?1%?12\1 dgﬁgaﬁp{t?&etgtt ngéso%%czrrs of ten
have to haretkaofghhteghelementdnplactricall yregnoluctingy eonnagiéorois mdedgtiden thont act
devices is iLi B | Qi he el ectrjcal

connecti on ttgg%{eﬁgetnlt? ﬁ%e{a@gﬁ%@lléﬁéﬁnﬁéﬁﬂq J%%ﬁ’g? Ji;%%%aaté\ﬁ e agtggﬁlurbe stored and
used i ndepedefiend by thaf shepearahspringforcSofithe cohtactoaberh et This slasuld ioul d, on t he
one hand, ens t ha trical ,current is

r t the transf.er of.ele opt.imal as
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exanpl e by dohstahghdorepaatueibid Zandtion lesistgmdeds espedividy impraink fHivader to still

obtain exact measurement results even after a test element has previously been
plugged in many times and thus to obtain a high and reproducible measurement
accuracy especially with regard to the fact that such test element analytical systems
are often used for many years or many tens of thousands of plugging operations are

carried out. This is of major importance especially in the clinical field where such test

systems often have to handle a high throughput.

A major advantage of pluggable contact devices is the ability to easily join and
separate the electrical connection so that the test element and evaluation device can
be stored and used independently of one another. Since the contact areas should, on
the one hand, ensure that the transfer of electrical current is as optimal as possible
which requires a certain contact pressure, but, on the other hand, joining the contact
conncction and in particular repeated joining and separating the contact connection
puts a great strain on the connection, the contact areas are often provided with a layer

of noble metal for example by plating or galvanizing with gold, silver, platinum or



-3- palladium The often high nechanical strain on the contact areas

especi ally due to abrasion, deposition or scratching of the contact areas
is thus also a problem because a certain contact pressure has to be ensured
for areliable electrical contact and a3-certain insertion path of the test
el ement is necessary for nechanical reasons and in particular to ensure

gui dance when plugging in and nechanical stability in the plugged state. It
is very inportant that the contact areas are as resistant as possible to

ext ernal i npdlludinee Thiebften tégh xhet}maicel sraitegrytheeeHtaet aediapicidiptdoeen t he
contact aregs .of .an electrical éﬁCt connectlo% ad wth regard to having
the T ovest BEihAEPOSTiAN SctrAidiepLiE seitartdramithug e £ PTRETE AEaSq or nal

i nfl uenlcles ﬁ&lﬁtahﬁcdm{t]ac&pﬁéﬁﬁffb tad to befhyised &ihr a%lu(ﬁi@élééth@zﬂkoht\é@&ndﬂ”lgs
especially during the g cess, the t contact areas r agai nst
one anotheﬂxFé§UﬁF¥HﬁnBﬁ%é%y&%§ﬁﬁ$ Iﬁﬁ%ﬁﬁﬁ?ﬁﬁl‘§?? apical 1eaons AN ef f ect s

and especi aédrﬁcmﬁﬁuleﬁalregﬁrd@ﬁtmahai Sie é]ﬁg/ﬁh arna Aébhanzel seitiggtn @k the contact
security ancl tact resistance. AnOt%I bl em of such test el enent

anal yti cal BIReHeA st itds yervimgertepidhat ih 56@1&%&@? RER asgesistand a6 @eesitle nent s
that are usgtrndfitfne@Naiotds t@fma'fk@ a%@ssulﬁe ama&%eakéevﬁhyc&%& aRJa@st ic foil
on which the contact, areas and electrodes are nounted so that_this
structure oif a8 elegirical qpatact sopnection andyyith regard todpavingthe IW@amMeages for an
exact cont %hldlgresretaﬂgésofn HisSRRUERAIRe BlterABhAulRefla R Fefla),pai rs for
contact areas of such plug-in _connections is that, even i rrespective of
their geonﬂﬂwvadﬁﬁﬂUKh@Héﬂﬁﬂé%?hh@eﬂﬁ@ﬁ@kdumﬂﬁihﬁ@h&EUQUﬂpé@ééh%ﬁ@)very often
damaged wheR the. AN BGhaALERS } ont act
probl ens OCClIJl ra aSuégshrl-tuc ogztuacgzt aﬁ%fhe Pés{ﬂ?‘iﬂé H?Mer}'?‘ l@\t I%ai tggrésagf{%/agg in that the
transiti on Gasisinegfteets abétemmlly keevisk aorresieh demha@tan@ldmemffecbendwe very
high or in | contact
bet ween thé%ggﬁ%%ﬁg aﬁﬁ 8?%29%§ﬁ aéigggﬁﬁééﬁmm§ﬁ Gﬂ%h%L g%%%gg under the
m cr oscope anhlytipl mstmm«mfts i dima glee stdppbrtoﬁattemlroéﬁwl teqt elemsecthat dry used t he case
of flat ondyct.o, ctr d aracterized by
a nmaj or chanl%ttﬁg PESISS[ Par{ "fiasg Cr?(’al%sisrd%?v B’hsé) ﬁr?é%séf ?(f g b‘?’stpﬁ rtlatacgo Shtact ar eas
after the iandelecirodes aThnﬁ)uhtael sortedtahis sayetnreadn 4 feéatezlebr(sbftdxdesma&rls]tdanngl y
def ornmed i rhas iriﬂe E:l) & sbt¥ 5 g d gontact area t hat noves across it, in
particul ar 1°h° PREFBPET &?85& ?ﬁ@ﬁes and scratches. This pattern of
damage occurs especially when the el ectrodes are nounted on

A major disadvantage of noble metal-noble metal pairs for contact areas of such

plug-in connections is that, even irrespective of their geometry and/or the pressing
force, the metal surfaces are very often damaged when the contact areas are joined
and thus electrical contact problems occur. Such contact problems often manifest
themselves in that the transition resistances between the plug and contact element
become very high or in an extreme case there may be no longer any electrical contact
between the components of the contact connection. When observed under the
microscope the picture of damage that often results, especially in the case of flat
contacts such as conductor paths or electrodes, is characterized by a major change in
the thickness of the metal layer of these contact areas after the insertion. Thus the
metal layer of the electrodes is strongly deformed in some areas by the second contact
area that moves across it, in particular in the form of grooves, ridges and scratches.
This pattern of damage occurs especially when the electrodes are mounted on
relatively soft base materials. These deformations may become so large that the metal

layer is completely stripped away in some areas by the second contact area moving



relatively soft base materials. These deformations nay becone so | arge that
the netal layer is conpletely stripped away in sone areas by the second
contact area noving -4- across it. In this case electrical contact between
the test element and evaluation instrufféent is no | onger possible. Such
deformati ons of netal |ayers which serve as contact areas manifest

t hensel ves as non-defined and considerably increased transition resistances
or in the conplete lack of an electrical contact. Such contact elenents are
t her ef or e uavsess itabl thisfcase ¢la@rical camattetwazh thyitasl@navtiant easlaatioit ended to

ensure a repr.oducible determ natign.,of .analyte pve | ong .peri od of use.
Hence in ordaFupgntay, ap go rP%Ség)ie' SP‘-sha‘%f\;%rﬂilaé a8 0?“’5{311 %nyrc? ¥b%#i ons have
been gi vencontact rgagibnifesatiemskivedsdoh -defined and eordideeably iredakel cont act of

pl ug-in connections .especially under hjgh . nmechanical and/or chemn cal
stress, DE JYBPILH rssisfanges Bégb%eﬁgglpkt#égh%fc?“f%‘?cm‘? onad; M RaBck chani cal

and/ or chengleaénts azithérafoeeundui@bledbeddelin eddlytkaldydeins vt aetihtendddeoween t wo
contact parts by coatiggggi | egst ,one. of the co tact,pgrés with the aid of
a thermal sEPEFiaTgPoyebledeternption ofgnalyteayer tlangReriodofdss: The aim of this
application is to mnimze the wear of the contact area by this coating. It

mentions pHegelim ofleh ReStdredifie tHesediSvaages thOfSHeWa Y sl iemR hate eaduct or
boards and printed circuit boards, or sliding contacts for exanple in
nmotors as fgngndgt PI¥AFcati ons for such contact connections. Such contact
connections are especially characterized in that after the invol ved contact

areas have Jpegderaohsift 8 defNecure cBRa&Tphftin cOANARIDIG espetitllpuhdetigd to a

conti nuously high ne%han%paL traiqg%or exanpl e vibraéégag or fonginual
r mount of wear

by,
grindi ng t dgedbaBicalgnd{arechemigal stress D 102 22371 A L dpscribes aymgt

_Of t he i nV_Clhé’I%Qkiﬁ?thNe%?échﬁﬁi@ﬂ%nhfbrfchérﬁicalr R&stadde®fahkjeRetric@l cdritdc® appl i cation
is in particular, to mnimze the wear on the contact areas thensel ves
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Hard-wearing netal alloys _Su as bronze are nentioned as coating materials

whi ch are a@pplisatignivtoonmizrzerbe wearceftheeantast axeg by this corting: & mentionseduce t he
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using thermal™ spraying processes. S processes wh use_hi
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such contact connections. Such contact connections are especially characterized in
that after the involved contact areas have been contacted once, the contact
connection is subjected to a continuously high mechanical strain for example by
vibrations or continual grinding together of the contact areas resulting in a large
amount of wear of the involved contact areas in this area. The object of this
application is in particular to minimize the wear on the contact areas themselves
rather than to ensure a reliable electrical contact of the contact areas even after
multiple joining and separation of the contact connection. Hard-wearing metal alloys
such as bronze are mentioned as coating materials which are applied to one or both
contact areas in order to thus reduce the wear on these contact areas themselves. The
coating itself is carried out using thermal spraying processes. Such processes which
use high temperatures are unsuitable for test elements whose test supports are very
often composed of thin plastic foils since such plastic foils do not have the necessary
heat resistance. The layer thickness of the coating layer has to be relatively large at

10 um to 200 pum in order to enable a durable connection even under high strain and



of ten conposed of thin plastic foils since such plastic foils do not have
the necessary heat resistance. The |ayer thickness of the coating |ayer has
to be relatively large at 10 mto 200 min order to enable a durable
connection even under high strain and =58- to enable the still unavoidable
wear. Such increased wear phenonena occur in particular when both contact
areas are provided with such a hard-wearing coating. The European Patent
Application EP 0 082 070 al so describes a process for protecting electrical

conlt act con@eghbletis sﬁ?lﬂﬁﬂﬁl'@(ﬂhb‘lle w&aﬁ‘ghé}ﬁheﬁzas%ﬂdveﬁﬁ Héfﬁ)mem%c&hﬁh?f this
application is rotec netal s and es i, & t contacts from wear by
coating. LR¥BC thllﬂ'_-’ qflta?ifl e IRV ejwéth?éﬂgg ﬁé‘l&'éwf’arféngc@ﬁfl%t ar eas
nore resistant to mear For this purpose a layer of titaniumnitride is

applied to THeESpein MigerTRipplicatkANERG S mm deScriHé@ﬁ@%&Ed tae rdWctinge
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ur? an adhesi on of re th 3 /fgﬂ
resi st ance, eﬁ? SHHad connscHens espAcialy; ﬁdWH apdl relays %P§% B of ca. 500

d2*cm Al soyp llceIthnSs ﬁﬁﬁ%t&h&e@ﬂﬁ&dd@ étallySRdallcBn i RIFFI R Yeh PGy corBias. of the
cont act area han to ensure a reliable el'ectrical contact
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of the contldﬁ% D§r18&§2 87/bﬁ1 élet @atlﬁﬁ PRyl Baxe thei ptaghireaePareepdANGP t he
contact  CopReGidr s plpole BYeSotitdEaaT ﬁlﬁ?d% iSRPPIRA t6 MY SGsking|nRdRNt S

especial ly for electrlcall contactlnq@ el ectroni c conponent’s which are

Coat ed wi | PoRtastirthistu shPaFter b baollowis feafairesyan edhesionct{antre fhampr oper ti es
of the contRplkekalighRinkY BRafA2higAAbPichRERAA anliBppdial - Thi s s

especially 1nt nde o Inprove the elastic properties of the contact

el ement . neilhamcecﬁse Sﬂﬁewomt Alse inthis cese thepohting is luged © madoiz th¢1e wear of

t he contact S or re, contact t rath

the elastic ‘BF 8 PR S afreasl%ﬁﬁmg%ﬁsﬁ ?&H?%EO[ Qnsueq re] l?ﬁqg elﬁ%l"ﬁgl faﬁgos pring
contacts rr&dehexfonrta&k afeay®leyt aftef multgsejoining efid &lparasios of dse @alkatt ar e coat ed
with a material which has a higher yield strength than the base material at
| east in tHEBFL8 that are shaped in such a manner that they allow a
spring action of the contact elenment. Exanples of such materials that are
ment i oned a7$6,029 p@rddsmﬂearspmg adtag leheat egpaiotly forcadgpcall Qoﬁ)lal:tﬁng i ron,
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al | oys t hertbomecHamese @%ﬁ[ds @k theddoRtact &frkettesh BythaSodtaiglofihé Riddal s in the
sense of USmaGteg %QT}%?ﬁ e%}?gl I;f?nt%gfielz g)qm%iovﬁhg E:llewatllcspropertles of the contact

element. In this case the coat is not used primarily to reduce the wear of the contact

areas or to make a more secure contact, but rather to modify the elastic properties of

the spring contacts. For this purpose the spring contacts made of relatively soft base

materials such as gold are coated with a material which has a higher yield strength

than the base material at least in the areas that are shaped in such a manner that they

allow a spring action of the contact element. Examples of such materials that are

mentioned are in particular metals such as nickel, copper, cobalt, iron, gold, silver,

elements of the platinum group and other noble metals, semi-noble metals, tungsten,

molybdenum, tin, lead, bismuth and indium and alloys thercof. These materials are

referred to as hard materials in the sense of US 6,029,344 and are defined as materials

which have a yield strength of greater than 80,000 psi. Hard materials are defined

completely differently in the sense of the present application. Such hard materials

according to US 6,029,344 are not suitable for ensuring the requirements with regard

to a very high abrasion resistance and high contact reliability even for multiple



whi ch have a yield strength of greater than 80,000 psi. Hard materials are
defined conpletely differently in the sense of the present application.
Such hard materials according to US 6,029,344 are not suitable for ensuring
the requirenents with regard to a very6high abr asi on resistance and high
contact reliability even for nultiple -6- insertions but rather serve to

i nprove the elastic properties of the spring contact. The |ayer thicknesses
of the hard material coating have to be between ca. 6 and 125 m and have to
be at | eastinsertiorts Buit ather deivweao fimpebvichRe tlagytepropurtdsndshe Hiridghteonbrs gheat eri al
of the spring,caontacts.according to US 6,029,344 in order tp jnprove the
nmechani cal la%fgam?lﬂ’eﬁsﬁ? f’f@ﬁl%ﬁfcg?lﬁ%r‘ér%@flf‘% hbW&BiFPF%CBFaTGLFé‘diHEEt el enent .
The documening les oy b teastomediftte®civelfoldthe tResthsckheds of eatbas@ntatdrfabees of

el ectrical hcontact eIenentg.whiﬁghgiigéérserge t0 reduce thg}abr sion and
the wear oftNf FRIINEORIACEACHQIINS oM Igoree tp FPPERYE theymeehaniqal ¢
properties M ih perticank ded elRtie PesPertiesAf thndatRntlameRt. obl em whi ch cannot be
satisfactorily solved by the aforenenti oned processes and devices is to

ensure a rel.iaple and defjned, el ectrical connecti on between he. cont act
areas of ae'bwr@_&weavéﬁ%#e@a‘é9ve§emb§ HW%S%&HCB@FH&%@% qu;}eﬁmfé‘r_ hi gh
nmechani cal htat dembits Wh@th dfhleferUicheMus thOHrakdn Al ARefAt bPhe. bj ect of
the invention An obj ?f the present invention s tqQ elimnate or at |east

ct
reduce the %Pgaawé%ﬂtgaege ves T yunpioVe theglastic propgtties ot thegontaskelemertat i on i s

to provi de AfilraieftaEpRIMendRichidafiabt beSHEIEMAINASIvES b tHENSrehRntS e AN
ensures an analyte determ nation that is as free of  errors as _possible even
after a tedirogsesapd daaces bdernrweareliableandydefinpdelectricy coppectipdietrgenon

i nstrunment .¢hd Borad bt QYDA cdrifetieMdnd ot @ BAYIIRE riG@BAACHIIF ARG SAPN for a
test el enent anal ytical system which ensures a 8ef| ned and reproduci bl e

t ransi t i on mechsnisalstrein aneexer afterrumereus ednsaesing operdtiensl uat i on i nst runent
and thus an exact and reproducible signal transfer and anal yte

det er m nat i)e Q¥etheliM6ergidhi re life tine of such a systemfor nmany thousand
insertions.” This IS achieved by the subject matter of the invention as
characterized in the patent  clains and description. Inventive solution The

i nvention dohelieqief thetrresenkinyeriian is ke phminaty oray lepdtredusge thedisagvaniagec al

of the prior art. In particular the intention is to provide a test element analytical

system that is simple to use and ensures an analyte determination that is as free of
errors as possible even after a test element has been inserted many times into the
evaluation instrument. In particular the aim is to provide a contact connection for a
test element analytical system which ensures a defined and reproducible transition
resistance between the test element and evaluation instrument and thus an exact and
reproducible signal transfer and analyte determination over the entire life time of

such a system for many thousand insertions.

This is achieved by the subject matter of the invention as characterized in the patent

claims and description.

Inventive solution

The invention concerns a test element analytical system for the analytical
examination of a sample in particular a body fluid at least comprising a test element
with one or more measuring zones and contact areas located on the test element in

particular electrodes or conductor paths, the sample to be examined being brought



exam nation of a sanple in particular a body fluid at |east conprising a
test .elenent wth one or nore neasuring zones and contact areas |ocated on
the test elenent in particular electrodes or conductor paths, the sanple to
be exam ned bei ng brought -7- into the-feasuring zone in order to carry out
an analysis in order to determne a nmneasurable variable that is
characteristic for the analysis, and an evaluation instrunent wwth a test

el enent hol der to position the test elenent in a nmeasuring position and a
neasuring dgvé gR thakufiBasdHelingrddd €o EA1ey GGl dnakykis it HAeHR Jhandnt he test

el ement holder o ntaln nt.act el epents th contact ar as whi ch enabl e an
el ectri cal F&l@é atiip ghargsteristic f %frtgaén%’f’s‘ Pr'é‘f?‘éé‘f al@tioRent and t he

contact ar %&ruﬁ%nm@hsee%t elemEAERYId R Qb PeSitiofk B Bk RMeAeth 4 hebfiRingone of
these contact areas is provided wth an electrically conductive hard

mat eri al suP9siian anprpemedyEAg dedceior meaghingthe gharectenigtischargpvhesethecoat i ng a

contact ar eRsQlentdh® hoRIRE 85iitain® oG R s ith @éﬁtacteall'@amri lﬁé}ﬁ\)héta'ncal
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hard material layers are described as contact areas. The properties and fields of
application described in the present invention for these hard material layers can,
however, also be applied to surfaces of elements which are composed wholly or in

large parts of a hard material.

It surprisingly turned out that a defined and reproducible electrical contact between
the test element and evaluation instrument is ensured especially even after many
insertions by coating a contact area with an electrically conductive hard material.
Surprisingly the coating of a contact area with an electrically conductive hard
material exhibits considerably improved contact properties compared to the
previously widely used contact connections which often have contact areas made of a
noble metal on both sides or in which both contact areas are often coated with
materials which are intended to reduce the wear of the contact areas. The former are
often used for test elements which are intended to be used only once and the latter
are used mainly for contact connections which are designed for continual contacting

operations and/or are subject to high mechanical stress.



nobl e, metal ,on both sides or in which both contact areas are often coated
with materials which are intended to reduce the wear of the contact areas.
The former are often used for test el egents which are intended to be used
only once and the latter are used mainly for contact connections which are
designed for continual contacting operations and/or are subject to high
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metals such as chromium, zirconium, titanium, tantalum, tungsten or molybdenum

including mixed crystals and complex compounds thereof. In particular they also
include modifications of the above-mentioned hard materials which contain further
additions of other metallic or non-metallic substances to further optimize their
physical and chemical properties which are often in low concentrations. Such more
complex hard material compounds can in particular be aluminium nitrides,
carbonitrides or carbide carbons of the above-mentioned metals. This definitior of
hard materials largely corresponds to the definition from the “Rompp Lexikon
Chemie” (Thieme Publisher Stuttgart, 10th Edition 1996). The hard material used for
coating within the scope of the present invention should have electrically conducting
properties to ensure a low transition resistance between the contact areas of the test
element holder of the evaluation instrument and the test element which enables an

exact and reproducible signal transfer. In particular the transition resistance between



Chem e" (Thieme Publisher Stuttgart, 10th Edition 1996). The hard materi al
used for coating within the scope of the present invention should have

el ectrically conducting properties to ensure a low transition resistance
bet ween the contact areas of the test _e¢l.enent hol der of the eval uation
instrunment and the test el enent which enables an exact and reproducible
signal transfer. In particular the transition resistance between -9- the
contact areas of the test elenent and the contact areas of the test el enent
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anal yti cal tesfslesmnier of diesgniast gl¢raent which are directly contacted in order to make
an electrical contact between the test element and evaluation instrument. In the case

of the test carrier they are preferably electrodes and conductor paths mounted
thereon and especially areas of these electrodes or conductor paths which have a
specially formed, for example flat, structure to make the electrical contact. The
contact areas of the contact element can also be specially shaped for examplc as flat
elements to generate the largest possible contact areas and thus a very secure contact
and low transition resistance. These contact areas can also have curved shapes so that
the test element can be inserted as simply and gently as possible for example in the

case of spring or plug-in contacts.

In a preferred embodiment of a test element analytical system according to the
invention the contact areas of the contact elements of the test element holder are

provided with an electrically conductive hard material surface.

The contact elements which are components of the test element holder of the
evaluation instrument can have a very wide variety of designs. They can for example

be designed as sliding contacts, roller contacts, plug-in contacts, spring contacts, clip



invention the contact areas of the contact elenents of the test el enent

hol der are provided with an electrically conductive hard materi al surface.

The contact el enents which are conponent(- of the test el enent hol der of the
eval uation instrunment can have a very w de variety of designs. They can for

exanpl e be designed as sliding contacts, roller contacts, plug-in contacts,
spring contacts, clip -10- contacts or zero force contacts. The i nventive
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substances. PVD sputtering processes can be Partr cularly preferably used
A coating of hard material can in principle be applied to the base material using a

variety of coating processes known to a person skilled in the art. Such processes are
for example processes in which substances are deposited on surfaces trom liquid
solutions, electrochemical metallization or galvanizing processes, non-electro-
chemical metallization processes, chemical deposition processes such as chemical
vapour deposition (CVD), physical deposition processes such as physical vapour
deposition (PVD) especially by evaporation processcs, sputtering processes or laser
ablation processes or processes which are based on the decomposition of solid, liquid
or gaseous substances. PVD sputtering processes can be particularly preferably used

for hard material coating.

When applying a layer of hard material to the base material of the contact element, it
may be advantageous to firstly apply one or more intermediate layers, in particular
germ or protective layers, to the base material and subsequently apply the hard
material layer to these layers. Application of such intermediate layers can in

particular result in a good adhesion and a durable bonding between the different
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turned out ptrgperges but, on the other hand, also have good electrical properties and in

particular a low electrical resistance. The hard materials that have previously been
used for coating surfaces are usually applied to the base material in much larger layer
thicknesses. Thus DE 102 22 271 Al describes layer thicknesses of the coating layer of
10 pm to 200 pm, US 6,029,344 describes layer thicknesses of the coating layer
between ca. 6 ym and 125 pm.

In contrast very thin hard material layers of metallic nitrides have turned out to be
particularly preferred within the scope of the present invention. In this connection
layers of titanium nitride, titanium aluminium nitride, chromium nitride or
zirconium nitride are particularly preferred, layers of titanium aluminium nitride or
chromium nitride are very specially preferred. These layers preferably have a layer
thickness of less than 2 pm, preferably of less than 1 pm particularly preferably of less
than 500 nm.



particularly preferred within the scope of the present invention. In this
connection. |layers of titaniumnitride, titaniumalumniumnitride, chrom um
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can avoid the disadvantages of such contact connections with noble metal-noble

metal contact areas.

With regard to a high and reproducible contact reliability, especially after many
contacting processes, it has surprisingly turned out that the contact reliability can be
further improved when only one contact area is provided with a hard material surface

and the second contact area is composed of another material.

In particular it has turned out to be particularly advantageous when the contact arca
opposite to the contact area provided with a hard material surface consists of a
material which has a lower hardness than the material of the hard material surface of
the other contact area. Melals are prelerably suitable [or this and especially noble
mietals such as gold, palladium or platinum. Such materials are already widely used
for contact areas especially of electrodes and conductor paths on test elements.
Consequently it is in many cases sufficient to provide the evaluation instrument with
contact elements having hard material surfaces according to the invention, in which

such conventional test elements can then be inserted. The combination of a contact
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Such test

t hi cknesses_of . .such el ectrodes. ;cqnductor pa or .cont act .areas.

el enent s arr{alatf:%?lo fg?‘rriﬁe%()%tgf g@ﬁ glé EHVEEL EQ‘E%CHCSSP% rﬁﬁulﬁrzﬁ/e very thin
met al | ayereontihosusaxetaldhyer iopreserveet arl theeleotraddsandicohdhayepathd)iThknesses in
t he nanoneter .to m croneter range on an .electrjcally insyatin | astic
foi | Such STallest pPaylF darosise taRe contnct dgeatollesistye dapbrancederanegbr (s by
|'i t hogr aphiadirepdaddéblelaayigte ddwrﬁﬁﬂﬁscﬁﬁe%gécyalng@atﬂ Yeryt thin lab@Pthidknesses bfaser

abl ation (layer, thicknesses typjcally 1 .. In the case of such very
thin el ectSPFle;le¢tgPd§arfaa ¥stoBPHtht ar anégféﬁge%%uahnzfaq egmeRfs AFfoBPREHIE

surfaces, al&tloehdmieil @&t Stips WhidHhave vay@hinGAsalOnSs, 46 &lahipld Asbleasal t he
transition resistance or conpletely interrupt the

ip an extrene case )

el ectri cal CBRERC R thiskiastoss i tiepaaomstea s BCIOTIetercaRges an
electrically insulating plastic foil. Such metal layers can for example be produced on
such supports by lithographic methods (layer thicknesses typically 10 — 100 pm) or
laser ablation (layer thickncsscs typically 10 ~ 100 nm). In the case of such very thin
electrically conductive metal layers on insulating and elastic surfaces, a slight erosion
of this layer can considerably increase the transition resistance or in an extreme case
completely interrupt the electrical contact. The inventive hard material surfaces of
the opposing contact areas result in much less damage to such metal layers thus

enabling an exact and reproducible analyte determination in test element analyzers.

There are still technical problems associated with coating the contact areas of
conventional test elements with hard materials since for example the application of a
relatively brittle hard material layer to an elastic and flexible plastic foil of a test
element has an adverse effect on the mechanical properties of the test element with
regard to a simple and error-free handling or the process conditions of the coating

process are unsuitable for conventional test elements. Hence in a particularly



t he opposing contact areas result in nuch | ess damage to such netal |ayers
thus = enabling an exact and reproducible analyte determ nation in test

el ement anal yzers. There are still technical problens associated with
coating the contact areas of conventi-agal test elements with hard naterials
since for exanple the application of a relatively brittle hard materi al

| ayer to an elastic and flexible plastic foil of a test elenent has an
adverse effect on the mechani cal properties of the test element with regard
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preferred &MBBE 8%t of a conbination of a hard material -coated contact

area of the evaluation instrument and a contact area of the test el enent
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surface and the contact. area of the contact elenent of the eval uation
i nst rument CEPinalpas af ahardapaterial surfage and aseeandgonact pspLPMRLSIARAss.  Such

conbi nat i ongatbAM@f IdWer hardhebsir€ Pbdsibie. 26l paiicaldethe coBftt AefBPINe téspal Yt i cal
systens are preferaply us(g in anal ytical and nedical . | aborat ?I‘I es.
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whi ch the MM yShRiatidn ﬁﬁfrhhﬁﬁt@iﬂhé% afsﬁﬁad%%:id%rﬂfﬁ b {16478 @ ¥fwer hardlesier tO
cont i nuousl nonjtor their state of alth (honme nonitoring). This is of

particul ar F@ablnarlﬁ@ﬁracvameesamsrmmWP@vamgemm toring di abetics who have
to determine the concentration of glucose in their blood several tines

daily or paieh&irietttifal gﬁ&?s}%{&ﬁs arGB?&&hﬁg Qf 1H91§1a1?29a1598‘i€€d?{a? have to

determ ne their coaqul ation status at re rval s For such pur poses
t he eval uat¢hematories: Mers thelipyangiopds also ure;,md tawdrdsifiglds of applgretien b e, and be
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monitor their state of health (home monitoring). This is of particular medical
importance for example for monitoring diabetics who have to determine the
concentration of glucose in their blood several times daily or patients who take anti-
coagulant drugs and therefore have to determine their coagulation status at regular
intervals. For such purposes the evaluation instruments should be as light and small
as possible, and be battery operated and robust. Such test element analytical systems
are described for example in DE 43 05 058.

Test elements are frequently in the form of test strips which are essentially composed
of an elongate support layer usually consisting of a plastic material and a measuring
zone with a detection layer containing the detection reagents and possibly other
auxiliary layers such as filtration layers. In addition test elements can contain other
structural elements, for example dosing and transport devices for the sample such as
channels or fleeces, positioning devices such as cut-outs to ensure an exact
positioning of the test element and thus an exact measurement in the evaluation

instrument or coding elements for example in the form of a bar code or an electronic



are described for exanple in DE 43 05 058. Test elements are frequently in
the formof. test strips which are essentially conposed of an elongate
support |ayer usually consisting of a plastic material and a neasuring zone
with a detection |ayer containing t he -dét-ecti on reagents and possi bly ot her
auxiliary layers such as filtration layers. In addition test elenents can
contain other structural elenents, for exanple dosing and transport devices
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with the described test element such as electrochemical sensors or chemical,

biochemical, molecular biological, inununological, physical, fluorimetric or
spectroscopic detection methods. The subject matter of the present invention can be
used in all these detection methods. This applies particularly to electrochemical
analytical methods in which, as a result of an analyte-specific detection reaction, a
change in the measuring zone occurs that can be measured electrochemically usually

as a voltage or current flow.

In addition to such analytical systems that use reagents, the subject matter of the
present invention can also be used in reagent-free analytical systems in which, after
the test element has been contacted with the sample, a characteristic property of the
sample (for example its ion composition by means of ion selective electrodes) is
measured directly without further reagents. The invention can also be fundamentally

used for such analytical systems.



anal ytical nethods in which, as a result of an anal yte-specific detection
reaction, a change in the measuring zone occurs that can be neasured

el ectrochem cally usually as a voltagelgr current flow In addition to such
anal ytical systens that use reagents, the subject matter of the present

I nvention can also be used in reagent-free analytical systens in which,
after the test elenent has been cont acted wth the sarrpl e, a characteristic

roperty of its i on
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on the teste 5o ‘HPIC ¥S§S "p"gF tostelPmenG grouia RREAIATR dhe MERNTIBE ween
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special l'y d@?h_@d‘%@ thd &&Mu@fo@%&th‘é’”l‘lfe@e EQIdRcER PadslcoRfafPspetinly dGsidhede used to
make an el ectrical contact et ween the test el enent and eval uati on

i nst r unent .flataeag whishdegn corteriarens that cam b sseddp anpke gn gleciricakeomdacst of nobl e
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can al so have electrically con ctlve contact areas. For exanple it maybe
advant ageouontast mamtnsueﬂ)ecqnstshoblqup@ﬁbnif@t@hmntse'shlch do antwse which are

used {0 'St Q& SPRGhIhrARNIRAR S n LIS KGR liEHS Mbndiifle ESnia0al i br ati on

data or bat ata an er t emto e eva i on |ns runent. For this
pur pose t heseassheiiinpledtimay he edwintigecusin mdimttelestroricenmponents eha@destoni c
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eval uati on Fead process y speci al
readi ng el eelibtipsdawfortbateh dateadndatrarsfer ithnegn tmderwaluhwwemetrunknt Fohis it is

necessary ttﬁis%lu(raf):cgsre It}(fe%le lsﬁ’ecﬁf%rga? Clre Eto?ecf i the test element in electronic
components or circuits. When the test element is introduced into the evaluation
instrument, these data can be read and processed by special reading electronics of the
evaluation instrument. However, for this it is necessary to electrically contact the test
element which is why again the aforementioned electrically conductive contact areas

of the test element are indispensable,.

The evaluation instrument contains a test element holder in order to position a test
element in a measuring position for carrying out the measurement. This test clement
holder additionally contains the previously described contact elements with special
contact areas. In order to determine the analyte, the test element is placed in an
evaluation instrument which determines the characteristic change ol the test element
that is caused by the analyte and provides it in the form of a measured value for
display or further processing. The analyte can be determined with a variety of
detection methods known to a person skilled in the field of instrument analytics. In

particular optical and electrochemical detection methods can be used. Optical



el ement which is why again the aforenentioned electrically conductive
contdct areas of the test elenent are indispensable. The eval uation

i nstrunment contains a test elenment holder.in order to position a test
elenent in a nmeasuring pusitiuu for carrying out the measurenent. This test
el ement hol der additionally contains the previously described contact

el ements with special contact areas. In order to determ ne the analyte, the
test elenent is aced in an evaluation.instr nt whi ch determ nes the
characteri stf Oéﬁgﬁﬁéa%f’ﬂteﬂéo?%sﬁ thy deferptination gt charagteristicchaeesia theal yt e and
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characteri sﬁqtent@ﬁahagéentr\nﬁwe%agg.m?g zone by neasuring absorpti on,
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the sense of the present application, all particles that are of interest in
anal ytics i @npytel eaedmpaspes akamapiiensl malesglenand wacromplesatesi inpeagticuldie t er m
"anal yte" gf L i I qul-es, in

parti cul ar g]?g?pgﬁgczfﬁtﬁa%gﬁgﬂo%?aP{elgblgggﬁg’iseﬁﬂng%@iggqgﬁrg’swlg%pti des and
proteins, |mepbdlites, pellsabdicell fagmentbl s and cel | fragnents. In the sense of
the present application the sanple used for the anal ytical examnation is
under st ood I i.ni I . . an
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det ecti on reacti ons. s are S can ure
| i qui ds andn hioneignadonelion daetie pagienleobscartizd outes osdedtto e tht spplsitons,

enul sions qr suspensions. .In particular the.liqul can _cqgntaip at.ons,
Cons., ol edtPes BRa AR bruRtpul e Hopareriatt HrEre Burtd FrhaRor ecul s
such as Liquids can be pure liquids and homogeneous or heterogeneous mixtures such as

dispersions, emulsions or suspensions. In particular the liquids can contain atoms,
ions, molecules and macromolecules, in particular biological macromolecules such as
nucleic acids, peptides and proteins, lipids, metabolites or also biological cells or cell
fragments. Preferred liquids to be examined are body fluids such as blood, plasma,
serum, urine, cerebrospinal fluid, lachrymal fluid, cell suspensions, cell supernatants,
cell extracts, tissue lysates or such like. Liquids can, however, also be calibration
solutions, reference solutions, reagent solutions or solutions containing standardized

analytc concentrations, so-called standards.

In the present application an analytical examination or determination of analytes is
understood as a qualitative as well as a quantitative detection of the analyte. In
particular it is understood as a determination of the concentration or amount of the
respective analyte where the sole determination of the absence or presence of the

analyte is also regarded as an analytical examination.



nucl ei ¢ acids, peptides and proteins, lipids, netabolites or al so biological

cells or cell fragnents. Preferred liquids to be exam ned are body fluids
such-as bl dod, plasma, serum urine, cerebrospinal fluid, lachrymal fluid,
cell suspensions, cell supernatants, cgll extracts, tissue |ysates or such

|'i ke. Liquids can, however, also be calibration solutions, reference
sol utions, reagent solutions or solutions containing standardi zed analyte
concentrations, so-called standards. In the present application an

anal ytical exam nation_or de]ermnaliuu of ana i,;s _understood as a
qual i t at i velREsinygntionds furthey 51%}435@14 loéh%@ll@mgm tbﬁ Begino fihe figures and,

particul ar érﬁbdﬁnﬂéﬂﬂé[aﬁiﬂ&dTﬁéd&cﬂl%d%rﬂbaﬂEdQ{H&Iaratc&?nsﬁ%ﬁﬂieﬂﬁéd on or
amount of the respective analyte mhere the sole determ nation_ of the
absence or ipdiidRliEopm ¢aebinglicn i @dpitosraste pretared emnbedimentanbibyt i cal

exam nat i ongvenkfn. The invention is further elucidated in the follow ng on
the basis of the figures and enbodi nent exanpl es. The descri bed properties
and characteristics can be used. individuall in combination in order to
create prefligued epvh npaitial segtiangbview gle Hest %llﬁnermaglal’y@cql sEtieacRrdiast i al
sectional Vi,eMe Rfvestid£St el ement anal ytical systemaccording to the

i nvention. Figure 2 shows an exenplary view of a test elenent for

el ectrochem cal analytical methods. Figure 3 shows a detailed view of a
contact el efigre 2acehsiven anexemplane view\pé atesbelement fgn elscodieauignl andluical | ed vi ew
of a crosslﬁgﬁgapn of a contact elenment coated with a hard material in the
region of the contact area. Figure 5 shows frequency distributions of
experinmental Iy determned transition resistances between contact el enents
wi t h non- hdfighmat eshaats acdesailed viewhofacrontaceelement acepmsling topbt invlerdopal | adi um
(fig. 5a), between contact elenents with chromum nitride-coated contact

ar eas (11 9-righba, Oth AN kI8 vRAPH Sertlsl el Y LSRNk MR Ry i le- coat ed
contact area c) and 1 n each case new test ements wth contact

ar eas consdgwdngﬁmhlBDﬂmn?g@mdfﬂREQHBWMEﬂhunbers in the figures denote:

Figure 5 shows frequency distributions of experimentally determined transition
resistances between contact elements with non-hard material coated contact areas of
electropolished palladium (fig. 5a), between contact elements with chromium
nitride-coated contact areas (fig. 5b), or contact elements with titanium aluminium
nitride-coated contact areas (fig. 5¢) and in each case new test elements with contact

areas consisting of 50 nm gold.



1 anal ytical system 2 evaluation instrunment 3 test elenent 4 electrodes 5
test elenent holder 6 spring elenment 7 nmeasuring zone 8 liquid drop of
sanple 9 sanple application zone 10 transport zone 11 contact area of the
test elenent 12 contact area of the contact elenment 13 conductor path 14
contact el enment 15 neasuring and eval uation electronics 16 printed circuit
board 17 special 1C 18 base material 19 internediate |layer 20 hard materi al
| ayer 21 reagent |ayer The test elenent analytical system 1l shown in figure
1 consists of an evaluation instrunent 2 and a test elenent 3. The

eval uat i on Thesnumbanin thelfigare deeste: el enent hol der 5 which positions a test
element 3 in the neasuring position shown in figure 1. The test elenent 3 is
fixed in the neasgringmﬂgikf%g@npy sui tabl e means for exanple by a spring
elenment 6. In order to catry out a neasurenment, sanple liquid is brought
into the neasuring2 zoewlvatioh indteurhagt el enent 3. In the enbodi ment shown
this occurs by appéying: dgrgﬂ of liquid 8 to the sanple application zone 9
provi ded at the end o Phe 165t el enent 3 -20- and transporting it fromthis
position through a4traelsgesdeszone 10, for exanple a

5  test element holder
spring element
measuring zone

liquid drop of sample

O 00 N N

sample application zone

10  transport zone

11  contact area of the test element

12 contact area of the contact element
13 conductor path

14 contact element

15 measuring and evaluation electronics
16  printed circuit board

17 special IC

18 base material

19  intermediate layer

20  hard material layer

21 reagent layer

The test element analytical system 1 shown in figure 1 consists of an evaluation

instrument 2 and a test element 3.

The evaluation instrument 2 has a test element holder 5 which positions a test
element 3 in the measuring position shown in figure 1. The test element 3 is fixed in

the measuring position by suitable means for example by a spring element 6.

In order to carry out a measurement, sample liquid is brought into the measuring
zone 7 of the test element 3. In the embodiment shown this occurs by applying a drop

of liquid 8 to the sample application zone 9 provided at the end of the test element 3



caplllary gap, to the neasuring zone 7. A reagent layer 21 is located in the
measuring zone 7 which is dissolved by the sanple liquid and reacts with
its conmponents. The reaction results i420a det ectabl e change in the nmeasuring
zone 7. In the case of an electrochem cal test el enment the neasured

el ectrical quantity is determ ned by neans of the el ectrodes shown in
figure 2 that are provided in the nmeasuring zone. In the nmeasuring position
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applicati oranlr?Batt‘ﬁ‘fhnsport zones or special reaction areas can also be used
within the scope of the present invention. Figure 3 shows a detail ed view of

a contact efiaenishansPpsktADvieR otbﬁexéﬁvﬁﬂglt&@eleﬂalaﬁts estlelRtrBBRMica | S
introduced into the test elenent hol der by insertion. Electrical contact

i s made betaR@bHcalmethedst act areas of the contact elenment 12 and the contact
-21 area of the test elenent 11. In this case the contact elenent 14 is

especi al | y gegldnedpecific change is detected as part of the analyte determination within the
measuring zone 7. In the case shown of an electrochemical test element a measured
electrical quanlily is measured by mieans of electrodes 4 provided in the measuring
zone. The electrical signal is passed onto the contact areas 11 via the conductor paths
13. These contact arcas make direct contact with the contact areas of the contact
element 12 when the test element 3 is plugged into the test element holder 5 and thus
make an electrical contact between test element and evaluation instrument. The test
element that is shown here is only an exemplary and minimalized embodiment of a
test strip. Test elements with other arrangements of electrodes and conductor paths
and with several electrodes, for example reference electrodes, and additional
structures such as sample application and transport zones or special reaction areas

can also be used within the scope of the present invention.
Figure 3 shows a detailed view of a contact element according to the invention.

The test element 3 is introduced into the test element holder 5 by insertion. Electrical

contact is made between the contact areas of the contact element 12 and the contact



such that it has elastic properties and thus exerts a defined contact
pressure on the test elenent 3. This is exhibited by a particularly
preferred enbodi nent in which the contact elenment 14 ensures the electrical
contacting as well as the positioning gﬁq fixing of the test elenent. In
contrast the functions of electrical contacting and positioning/fixing are
di vi ded between two different conponents in figure 1, nanely the spring
el enent 6 and the contact elenment 14. Figure 4 shows a detailed view of a
cross-section of a contact elenent coated with a hard material in the
r eg: ondof thﬁa cfgjhé &t elament 1|1Theﬂﬁ?df£e thicentaal elaﬂail tilags Qs@e&disll)i desightd g ase
applied to t as erial 18. o e contact .el enent and an internedi ate
oyer 10" wif e s opgiied and s St Rlene T Fofest P emPEon W par ¢ cul ar
ggnf be desi gftleedemaﬁ 3ﬁfflli)i©fb(cjﬁxhﬂ)it@6 bpagagidul irly prefefed erhbedinadnd irﬂ‘ﬁrhﬁlhitbé coc'iltz i ng
uncti ona orresponds to the contact area of the contact elenent :
Exanpl es: Ffﬂnt%é emgnt E“s‘f“séﬁéﬁ%"n‘geﬁﬂ%l §‘Ef?t6%ﬂng§§é‘tegﬁﬁﬁletpq5§“ﬁ%‘ldant t hat
the cont actfiGegofht t@neembrt. e eshtiRetheFohctiohe BRé drigd doading dnaal i nstrument
still guarantee defjined %gﬂ,lo transition resistances, even after nunerous
Unsert fons PaptEIeRH1Xias 8 ed hetusesn oy erenbETBRRRANSY 18 fighag {xnamely
det er m nat i (@ spring d1@nERY arfl tAERHAtad YR 14, Exanpl e 1: Contact elements with
chromumnitride-coated contact areas a) mcroscopic exam nation of the
surface In grder to denonstrate the advantageous effect of hard nateri al
surfaces acBBHIGIHHOW & UFRic] HoWf A SFpstcseciBn Ohe omRE Slemant spatesl wid cal

contact CconpRgiiAdtilin thelrE8bn 6 @RRBhtacPdl. Yhe hald SYyRHENoatiRg 20 ANhAGE ar eas
of such plug-in connections were coated with chromumnitrrde. A 480 nm

thi ck chr orsasnplied faidebaseamatgpial Hfitheepntast elemeabindian intefmasiatelayeme
Pl ug-in CONREEHIREht s 1P Re Bitwebh BEARD layel m%gr?%ﬁﬁclglﬁi’%afn%de@ﬂlgﬁéﬁ?m S Were

pl ugged 480 times into plug-in connections coat e IS manner. These test
el enent s haad adondingoy Preteefaveilaner al hethasd masesiabgoating Bhhferctionallact ar eas which

were —appligg Lo, R ﬁl%;éoflhagp%llea of YHe@bntaB1dAGR"NE! ONS the picture of damage

to the contact = areas o ug-1n connection as well as to the individual
contact areas of the test 22 elenents were evaluated mcroscopically. As a
conpari son Bx@mplesst el enents were inserted into conventional, non-hard

mat eri al - coated plug-in connections with

For use in test element analytical systems it is important that the contact connections
between the test elements and analytical instrument still guarantee defined and low
transition resistances even after numerous insertions in order to ensure an exact and

reproducible analyte determination by the test element analyzer.

Example 1: Contact elements with chromium nitride-coated contact areas

a) microscopic examination of the surface

In order to demonstrate the advantageous effect of hard material surfaces according
to the invention as contact areas in an electrical contact conncection of a test element
analytical system, the contact areas of such plug-in connections were coated with
chromium nitride. A 480 nm thick chromium nitride layer was applied to the contact
areas of the plug-in connection using a PVD process. In each case new test elements
were plugged 480 times into plug-in connections coated in this manner. These test
elements had gold layers having a thickness of 50 nm as contact areas which were
applied to a plastic foil. After 480 insertions the picture of damage to the contact

areas of the plug-in connection as well as to the individual contact areas of the test



contact areas nade of el ectropolished pall adi um under otherw se identical
conditions and also mcroscopically evaluated. The picture of damage to the
contact areas of the test elenents which were inserted into conventional

pl ug-in connections having contact areasg, made of electropolished palladium
exhi bited a great anount of material erosion and deformations of the gold

| ayer of the test elenents. These were the result of the relative novenent
of the test elenent across the plug-in connection. Thus the gold |ayer on
the contact areas and conductor paths of the test elenent are highly

def or ned byelements eeoneyabetedavicracepicaly. As heompparipon 486 tasheemients wehat noves

relatively SS.. 11 I f ti n suc Ak, that in
sone areas ‘%f%ger?eélsolpg) ‘foél}g#tﬁngﬁé'%%é é%?rgf‘(gév:\rnflal'tcgﬁf %gluﬁlqgscp fl%&fug)lé% g,(;}he to the
second cont asttacieeeas sedavtdleaup pabisledpalladiudursler ethatwise ldentidad comditiahs cont act
is interr ug)tdeﬁsoi n.ctrgsese.cclfls%gl ag}% hence an anal yte determination is

i npossi bl e. 1% colﬁlfras?f)Pltﬁé'epl cture of damage to the contact areas of the
test elenents which were inserted into plug-in connections according to the
i nvent i on whbspiconabbdimage dathe avatat areat afdhavesteldBtnwhichrvoare insemed ri de

exhi bi ted consi der abl | ess. damage. croscopi.c_obsernvation of ,.t;he cont act
o o of (it MRS LR fota RRSn R ER e Eions MRS HOR: GrefS By B UR o, CoMener
wer e def or npallatiimnaexhibifed gastrantoiing of niakeaial svobibn tahé defokmgtibins efahageldi ons

that were t coated with rd materi al I articular |a terial
Lot onsoratgran Bsesetlenbo®s 105G VRt BlerButitr N e I msl 8be s L he. ool
| ayer of th&elzrﬁ@rﬂtaaﬁisrs tHeqg-aNEbrHRBGLILE This ﬂ@tgf@&ldlﬁ%f&inrtﬁﬁcbﬁ’tgd dre3an@s afs a
cont | nuous er. e Crosc | C I ctyre sSNno a npre unirrorm
def or mat i onco&?%ftﬁéPaﬁgéPgh‘leé%Flgﬁﬁnf $1 ighiydedprmed byathe SeroRACORC 414 @ at | vel y
const ant ange pidlin BaRédton thatevds relativiy /lross @l THis Aefod@tiyn @in BY &N

P
conpletely erpoded at particular sites. The m crqscqpic pictyre qf, damage of
convent | onaluch aReReRt BabiasoTe e thegold fayps paraded 8%‘1"%0 the RlEstifaRil | ons whi ch

were not coffead tMé delofd Skt ARdaQEFa®dhisy {B88ss 8Qs a tAIAR khd ARGV S0RMa8Ms MUCh
wor se than the microscopic picture of damage of correspondi ng contact areas

with a har dnfaruptedin thesefcates and bencgiangnelyterdsterminasionjipimpessibiest i ng of 480 nm
chromiumnitride. -23- The non-hard naterial -coated contact areas of the

contact el eERh&a&ithd PerfzOBE dfhageRth Wk ddhtAPRAECSH 1A BesCARhBA & ShiGOR&, der abl e
wear of the netal |ayer when observed
inserted into plug-in connections according to the invention whose contact areas

were coated with 480 nm chromium nitride exhibited considerably less damage.
Microscopic observation of the contact areas of the test element showed that the
contact areas of the test element were deformed to a much lesser extent than with the
plug-in connections that were not coated with a hard material. In particular larger
material erosions or changes in the layer thicknesses were not observed and the gold
layer of the contact areas and conductor paths remained in all cases as a continuous
layer. The microscopic picture of damage showed a more uniform deformation of the
gold layer in the form of a flat channel with relatively constant and small depths

without material being strongly or even completely eroded at particular sites.

The microscopic picture of damage of conventional contact areas of contact elements
of plug-in connections which were not coated with a hard material after 480
insertions was also much worse than the microscopic picture of damage of
corresponding contact areas with a hard material surface according to the invention

consisting of 480 nm chromium nitride.



under the m croscope which resulted in a conpl ete abrasion of the netal

| ayer. at sone sites. In sone cases deposits of surface materials of the
inserted test elements were also observed on the contact areas of the

pl ug-in connections. In contrast the chyom umnitride-coated contact areas
of the contact elenents according to tfe invention exhibited no significant
signs of wear even after such frequent insertions. In particular the
chromumnitride | ayer was observed to have an intact and continuous
surface and there was a reduced deposition of the electrode material of the
t est stri p. Thdnai-baddratatial-coatesdi dointuat aresd sftthnaesad\blemenbe feheatntiod al

transition resi.st ance sure t ween ment, and, contact

el enent of Q H%'m %Ibnefﬁo%so%ﬁe%tte SRS EW(%ISG,tl t@%ﬁleﬁitﬂ'cr elgeﬁle%]? 4] Fgl after
many i nsermndmshe thiveoscopd which eésairedirsa conpled ahrdsimna)flnl@dfﬁ;efﬁMaeén al enable
consi derably nore epr oduci rd cal can con ions that are | ess
suscept i bl egl £ 15t é?ﬁ(g%ﬁ%?ss ‘??PQFI‘%%% (fé?ﬁrfl?)tﬁ%l? g téﬁ%ﬁ%ﬂf@e%st hout such
a hard mat ewérallss bbéereal o cbhiast fredsRISle pluglnea&{heeﬁ@e 480 new test

el enents of the type described above which had a 50 nmthick gold layer as
nat er wer.e eit i n_connections whose

the el ectr her inserted into_plu

contact ar g@s‘ \%‘F‘gt %%hrgﬂu’\’/\ﬁntqﬂtrﬁgtfoﬁﬁﬁéwﬁﬁ'i Eﬁﬁqsrﬂfﬁl“? wtast Clemept $ol ug-in
connect i onsaccyvdiny taahe hﬁeﬂldiﬁé)@ﬁbleeld oA aB 0§ RCAf waea«&nrmdimmh

el ectropol i hed aI | adi u n\tﬂéaﬁs% and in egcp case the | tion

resi st ance ’8@&%??& Ba’lS’éP rorgjuse pitHde layerasas eré’te a"él*‘%rrent and
the plug-i ﬂnﬁa@ﬂﬂﬁ%dn@ﬂu&@s durfake Akl ﬂﬁféwé?saasr%d@&ﬂ@e YR MEST BE eleb@B& L1 0N

resi stances were obt ained for hard materi al - coat ed contact areas and

non- har d renaterighof theteddtddnt rol contact areas. Figure 5a shows a frequency
distribution of the transition resistances determned in this manner for

contact el eyyRUEIM frinsitil Rgdno@t eri al -coated contact areas made of
el ectropol i shed pal 'adium The neasured transition resistance Ris plotted

on the abscissa in 0.1 Chmranges and the frequency f of the neasured
transition When thesglactrical Hansiion sesigtaneesirae mieatvsed batvern ide agst lamest (a1 00) ar e

pl otted on ctoﬂﬁacp 16BRE & -the %]lﬂé-l;“&bﬁne%hgi’l\@t Wi dbs o T%thgf el %latj Qﬁé"r{qélgnan 4 10

resi stances in t ese contr areinth | ow value ra et ween
Ohm but a ribsertignsptheicdataahtlemenisiseatedwithedard material ambietqomdﬁ@bwsmaﬁces

reach an ” -r%llo'a'uﬁg le éf'&%a} y(qﬁact %Uﬁ&chf)ﬁ'{lﬁl'a{ 4@ ffest ﬁﬁkéﬁﬂ%ﬁct%sinterference than

conventional contact elements without such a hard material surface. For this purpose
in each case 480 new test elements of the type described above which had a 50 nm thick
gold layer as the electrode material were either inserted into plug-in connections whose
contact areas were coated with 480 nm chromium nitride or into plug-in connections
with non-hard material coated contact areas made of electropolished palladium
(controls) and in each case the transition resistances were determined between 8
clectrode areas of a test element and the plug-in connection so that in each case 3840
values of transition resistances were obtained for hard material-coated contact areas

and non-hard material-coated control contact areas.

Figure 5a shows a frequency distribution of the transition resistances determined in
this manner for contact elements with non-hard material-coated contact areas made
of electropolished palladium. The measured transition resistance R is plotted on the
abscissa in 0.1 Ohm ranges and the frequency f of the measured transition resistances

normalized to the highest frequency value (=100) are plotted on the ordinate.



measured as "infinite" nmean that there is no electrical contact between the
respective contact elenent of the plug-in connection and the contact area
of the test elenent and no resistance can be neasured. These val ues are

mar ked by the arrow on the right sidegf figure 5a. The evaluation of the

i ndividually nmeasured transition resistances showed that 32 of the measured
transition resistances were larger than 50 Chm A transition value of 50 Chm
is regarded as a threshold value in test elenment analytical systens
constructed in this manner bel ow which a neasurenent can still be regarded
as reliabl efhisghoys thaianesk ahihedranaigion resistansewimghese conoleveerin thaldwat | east one

Lransi t1 on v;RRISHAERy Rl Em A OB inlBhS44 83U hLAe] O Aty error rate

of 3.3 % h asured test elenments so that such contact elenents are of

only |initdtnsitigntrediitinceyreach am “ipéniteioagnitudd. Sushrtoaeitiobresistaeces n t est

el ement an%é’a&ﬁféﬁlas SYEhfPBmear {lﬁr{h%resilg nar}fé\éﬁ'icgll Jorn‘?é%&‘ﬁ&%er?{ .trreéd)l%?ﬁ\;eon of the

measured transition resistances Tor contact elenments accordin 0 the

i nvent i on whh@ht elementindithe plag-én cennection ead thetchntadBfenof thatestelement t ri de. |t

can be clegtl t val [ t han 5 were observed in the

det er m nat %%ﬁ%g?r gﬁﬁgﬁggﬂﬁgg Pz aeﬁ%ll}jr? ?‘C;Ilr?%?%gllﬁus 5%0%%8“%3%\%%&5 Ownﬁrrlgher esi stance

val ues werghbstewtfigur® 5arthe®PalGhtion ofthe individindlymresureddrad8ifionval ues wer e

above the gskilrtaenschol %anldiqﬁf ﬁ(l) dlarp agic{ nolge of .tthe transition resistance

val ues wer &HTIET o L 3Fiof I REHE FP IO e Bt Ges ¥5H 88t WaPact ~ ar eas.

Thus such cOMlantA tiansities valoasf 3bOhhEs vpatiedas h tlresiodd valeni testeldmeitgnal s

reproduci bl y ;and,exactly for ny.plug-in operations. The use of..such

contact co ﬁﬁ%‘&@% FVS?%&?:SC‘%/?P&F 'ﬁﬁe‘fﬁl %ﬁéna‘%}ﬂ} B FJP?’&‘P‘F‘M msasuremenkn st §F yzers

; hus has t_hegaaﬁbdaaatrggablet hebf the egatfithed 180 &:ﬁ!lselerﬁaitléﬁﬁ?)@iv@, RaditdeRKagd anal yte
eterm nations .can be carrijed out especjally even after nunerou

i nserti ons F2RYHAPresissancexalug abovg 59 th%F f‘}‘iu}ﬁ‘?qe‘é‘rﬁ%ﬂ&]i‘ RETOT T%‘-’&)if/‘éd cont act

areas AnabpgRUfeA¥RAtENERIenWROEhAINER EshtdeleMehts 426 BonlpligffRAECt i ONS Wit h
contact el enents whose contact areas d a hard_materi ;llmsairface accordi ng
\1

h
to the invewfabay fom pEaREERYEINdgeprO mgbfaerwm testrAlemsn{jan SISEH™®S | de whi ch
was al so applied by neans of a PVD process. a) m croscopi c exam nation of

the surfacegigure 5b shows a frequency distribution of the measured transition resistances for
contact elements according to the invention which were hard material-coated with

480 nm chromium nitride.

It can be clearly seen that no values larger than 50 Ohm were observed in the
determination of the 3840 transition resistances. Although more resistance values
were between 10 and 50 Olhum, none of the measured 3840 values were above the
threshold value of 50 Ohm and none of the transition resistance values were
“Infinite” as with the non-hard malerial-coated conlact areas. Thus such contact
connections can be used to transfer electrical signals reproducibly and exactly for
many plug-in operations. The use of such contact connections according to the
invention in test element analyzers thus has the advantage that in such systems
reproducible and exact analyte determinations can be carried out especially even after

numerous insertions.

Example 2: Contact elements with titanium nitride-coated contact areas

Analogous experiments were carried out with plug-in connections with contact

elements whose contact areas had a hard material surface according to the invention



Also in this case it turned out that a hard material -coating of the contact
areas of the plug-in connection with titaniumalum niumnitride according
to the invention considerably inproves the picture of damage to the contact
areas of the test elements. M croscopin observation of the respective
contact areas of the test elenent showed that the contact area of the test
el ement was defornmed but to a nmuch |l esser extent than with the controls
that were not coated with a hard material. In particular larger naterial
erosions or changes in the | ayer thicknesses were not observed and the gold
| ayer of t HeNgishingef!2qnaytitaghim ebyeiniine pitpde whicherasialse appkiedbycmensious
llayer. The , py5LP8&ePI ¢ picture of damage showed, simlar to a chromum
nitride-coated contact area, a nore uniformdeformation of the gold | ayer
in the formof, a flat channel with a relatively constant and smal| depth
wi t hout matde MigioseRpineragipging of the swfash  conpl etel y eroded at particul ar
sites. Also the damage to the titaniumalum niumnitride coating itself was

much | ess afi§®m thA®9se inAfhEd %&h&%r&ﬁn{ﬁeﬁﬂ%ommwgﬁwrale%k ofat ed
control plug-in connections. The titaniumalum mum nitride-coated contact

areas of t HuginepungctiaInwisk titaniem alprainiuh mifride acdesding ye theiigyensiehi bi t ed no

si gni fi cant 558056196 mpRies e eﬁ&apéaftdﬁnﬁg@fb thgch o rEAE e 'a%&;ﬁegw& n
particular the surfac of't titaniumAitride &%er was observed to still
be intact aviigresoriic nbeenwation)of ghexsspectvd contaxhaiens afithe test dementebowed t he

Teas ur eenty, iy | LIRSS RS ol HEGHIFL IERSURGLPRL] Bugganpl e 1b),
it turned out at contact areas of plug-in connections coated Wth
titani um althar withithe uintrolckbatewereinot cwmtesi with abhyd meteeiak &ppaticalablaegeel ect ri cal

contact connections. bet n the ug-hh,connection, and test ,al e t that
e o o QDB HPRicIR o et (bR e HGRPRNEirk 30 Al b RISl
connect i ondayer vfthecostactareashad dondiaesr piths retafredas a Aopttidus ldyar. Thdvant age of
this enbodi nent is th

t ip.,addition to.a,ver igh contact reliability (no
bl ee o povBeRcsy Rl s BhtHehoRed Sinfiatto chicPhuat S ECt el ikt Let
areas fr omgeeaag}aioeT tiniféine dsfal mesorodf tgla goIHE@?ufMeﬁém gf i ﬂﬂl’ttl)lalli@d iw&ﬂh?nCﬁS are
even consi dera ower. Figure.,5c, shows a freguenc istribution of the
reasur od t AAFETYSbsPnSint apd el dehih witop @efer@f‘%%M/%O@e%%ﬂg to the
i nvention %ﬁl@l&&ﬁkﬁﬂ%d@fﬁﬁﬁaﬂ@ﬁdﬁi@@! with a hard

Also the damage to the titanium aluminium nitride coating itself was much less after
480 insertions than with the non-hard material coated control plug-in connections.
The titanium aluminium nitride-coated contact areas of the plug-in connections
according to the invention exhibited no signiticant signs of wear or deposits even
after frequent insertions. In particular the surface of the titanium nitride layer was

observed to still be intact and continuous.
b) electrical transition resistances

In the measurement of transition resistances, like the measurement in example 1b), it
turned out that contact areas of plug-in connections coated with titanium aluminium
nitride enable considerably more reproducible electrical contact connections between
the plug-in connection and test element that are considerably less susceptible to
interference than conventional plug-in connections without such a hard material
surface. A particular advantage of this embodiment is that in addition to a very high

contact reliability (no values ahove 50 Ohm) compared to the chromium nitride-



material conprising 120 nmtitaniumalumniumnitride. The determ nation of
transition resistances clearly showed that no values were observed that are
| arger than 50 Ghm Also alnost all neasured resistance values were between
1 and 3 Ohm and thus even consi derably b%ower than with the non-hard

mat eri al - coated contact areas of exanple 1 (fig. 5a). Thus such contact
connections can be used to transfer electrical signals reproducibly and
exactly for many plug-in operations. The use of such contact connections
accor di ng t®atédeohfavedreastrornRxiraple 1, Blankbl ofthaheaalred thnsti@s t he advant age
that in such .systens reprodu q)ée and exact analyte determ nations can be
carried outreﬂé%’e‘i??éfele)}'e‘gﬁ%‘?f“g?‘f ¥ OMsher ous insertions. The very |ow
transition resistances in the case of contact elenments with titanium

al um ni um r¥igure de sked Lleqrntpdistrivueias oNthéendabereddelinkition absiashtasfoage t hat

t he act ual surenment si nal i.s .har dl affected by the ti
resi st ance YRS fﬂﬁ’?e‘i’tls a1 lﬂgé‘%f}lﬂlﬂv‘?’doﬁ Ctﬁ%?%f f%ﬁ?‘%‘f’l\a{}] bﬁ‘?gt anal yte

det er mi nat i a@rig\OmpMst 1lzonmauﬁemIﬁhuﬁhﬁﬁﬁH§ Exanpl e 3: Change in the
transition resistances fromexanple 1 and 2 after nurrerous pI ug-in

processes: reproduci bl e use in. test B;eg a Ei{ tic stenms over a
long tine pﬁfeiq? tlol‘nd? Ao RE e ISR ?ar yapwed fhat pg v; f-‘% f¥port ant t hat
the transi timéave®eabhN4gsr A SAOhn NS AMbostad] ROSEFA BsightkedanRet exhi bit
an extrenme runping-in or wear behaviour which is characterized by initially

hi gh and t Heste betweend inAd 3/ Qup apd Heus eyen ennsidgrably lawer diapyvithothe aea-hardn

| ncr easi ng hashAl@RARA KAliPiealSTakBbleR! g %R THAARGE] iRt tbhikcAGR] act areas
made of el ectropolished g:a adium e d scattered contact failures

char act er i @@ bpysed taftramistee elegtaisalsiennls sepraduslly eud exactlyiforagany plggin i ons of a
new test eI ond. r’l"h%%@o?ﬁt%ﬁ cBNfakt %‘ﬁﬁe&’i’&h’s E&O}dlgg tdfHe! 1{?%t1§ﬂ91t[' est andom y

scattered céntact failures are di sadvantageous especi al
r epr oduci blelqmejlt enalyzess thuabey theadvantags Ltllllétt 1% purheystenns aepap bhe apd clcﬁct rrust

al vays be  SXRECLuhItbR LGP L Al RbOPABLL I Yyl kG T SORDSEALRS i L

contact ar eas Were coa ed Wt hromum nitri ited an
i ncrease i rTlterverytlowrtsartsumm regsatesincths case o cartadtreteneads wigh titanven  of

![ Ezert I ons alunr1]1n§lyn%rr]uttr%%tcoa%ﬁ COIquCtI e}reacs%ra]lve[ eragdl(%lro%af)a%vgr(;t\égen%hagﬁx%%%tutaf) repl ace

measurement signal is hardly affected by the transition resistance and thus it is
possible to carry out particularly exact analyte determinations even with low

measurement signals.

Example 3: Change in the transition resistances from example 1 and 2 after numerous

plug-in processes:

For reproducible use in test element analytical systems over a long time period and
for many measurement cycles it is also important that the transition resistances are as
constant as possible and do not exhibit an extreme running-in or wear behaviour
which is characterized by initially high and then decreasing resistance values or

initially low and then increasing resistance values.

Control plug-in connections with contact areas made of electropolished palladium
exhibited scattered contact failures characterized by “infinite” resistance valucs over
the 480 insertions of a new test element in each case over the entire time period. Such

randomly scattered contact failures are disadvantageous especially for the



contact elenments coated wth the hard nmaterial after a certain nunber of
measurenents in order to ensure a constant high accuracy of neasurenent. For
this reason the present invention al sg,enconpasses such hard

material -coated contact elenents and ¢drtact connections as wel |l as

eval uation instrunments which contain such contact el enents and cont act
connections coated with the hard material. Plug-in connections wth contact
areas which were coated with 120 nmtitanium alumniumnitride initially
exhi bi ted hieghucibilapsf theQheds@ehieha e als sinkd zﬁﬁeﬁs%@érﬁa&%ﬂrdr%usﬁamgybd ow

resi stance | evel , W an i ncreasing nunber of insertions. This observation
shows t hat , PFctebhith aseripig Péoﬁ?aﬂﬂﬂ% umnitride coating, very reproducible and
low transition resistances can be achi eved especially even after nany

i Pserti ons Mygmeomfecﬁonst\in‘_ﬂaala?mmtawwgldhrv?dﬂé t:ddtéﬂ?wﬁ?a'sd) Agh c&ﬂdrln&m_fih foati ngs
of contact areas are especia sultahle for test. el enent anal ytica
systons. vhiBHERBIbdeE AR B hss I he SEPLPR e tanGFy Witk e SHEeas e IRAE r y | ong
period of usfenRAbnéEinysudR st SBAREIIEARITh&refolObSadiAAWSGedddab régladeth@l so

possi bl e to adapt. the test el_rg\rrgng5 anal yti cal systemto_the. requirenents of
the respect§optact slemgniscoated withdne bardausfensl aftesa Gariapn pegRetck o the life- tine
and exact neags@fentdn®s iBRHA B AL RbARAt MM SRLEEE ek upémédterdrahRr i al for
the hard material surface. -28- Clainms: 1. Test elenent analytical system
for the andejpondhs Presentinvention alsp eacosmppsses suchdorg mat¢rind-coafed cantaest el enent

having at |4&asdnt AR TRARY bRk GOREsAM 8 bRl dtionahityuh O Whidh@ntdaent act
areas, the sanple to be exam ned being brought into the neasuring zone for

t he anal yt istgh cantagtielemensnandagoatachcanngriiensiconpted mithrthahard materiay a t est
el enent hol der for positioning the test elenent containing the sanple and a

measuring ggy, '-ﬁPcd(n%ctﬁFﬁf&%Fﬂ QshtZet GRARERIch eré&a&%ggﬁﬁmaﬁﬁﬂ? that is

characteristit for the ana ﬁ/te, the test elenent | cont al ni ng cont act
el ement s wialymipdmadtridgrieisiellynhilritedrhighce transidbr casistanaks which decreasgétaveen t he

contact areag %M#@Sg&ﬁ%tlfﬁgt%ﬁ% if0East Y5 Q8 3F InsBHEAS. Alis bh&rTfSh € ement

hol der, characterize
shows that, in contrast to a chromium nitride coating, very reproducible and low

transition resistances can be achieved especially even after many insertions by use of a
titanium aluminium nitride coating and such coatings of contact areas are especially
suitable for test element analytical systems which should enable exact analyte

determinations over a very long period of use and very many measurements.

This shows that it is also possible to adapt the test element analytical system to the
requirements of the respective field of application especially with regard to the life-
time and exactness of the analyte determination by selection of the material for the

hard material surface.



15 the contact area of the contact elenents of the |est el enent hol der are
provided with an electrically conductive hard material surface. 2. Test

el enent anal ytical systemas clainmed in one of the previous clains,
characterized in that 20 the contact area opposite to the hard materi al
surface consists of a material which is difference to the material of the
hard material surface. 3. Test elenent analytical systemas clainmed in one
of the previous clainms, characterized rR28that 25 the contact area opposite
to the hard material surface consists of a material which has a | ower

har dness than the material of the hard material surface. 4. Test el enent
anal ytical sygl#ig:as clained in one of the previous clains, characterized
in that the contact elenents of the test elenment holder are in the form of
plug-in contacts, 30 spring contacts or clip contacts. 5. Test el enent

anal ytical sygtem@g efenthiB@diytitnl 9R&nPor the traPiieM ieRdiSinflloniod sampidiar act eri zed
in that -29- the hard material surface consists of a netallic nitride, in

particul ar titani SAMBIIYME: de, titaniumaluniniumnitride, chromumnitride

or 21 reoni ym nit 1l deeg; Gemdkt hhvifd AR oneREAHiECAhe SR TRy Chlclipd 11 one of
the previous clainms, 5 characterized in that” the hard mat'erial surface is
produced by coat i rfgntact Beess thesemple & bagxaminghbeingdueughtialol the measuingensfer har d
material. 7, Test ¢ VARIe systemas clained in claim7, 10
characterized in {ﬁ%@mgﬁdﬁggﬁﬁﬁﬁbﬁ% %rnediate | ayers, in particular bonding
or protecting | ayemsecwlustipn msteument havingadest ¢leraenth helderfort positiahingithel testhe  har d

mat eri al surface. e el a z%h i .S i i 0. qne of the
e L L T R
mat eri al déati ng itle theswinglzame Batriy charaeterdstia fbrythd anglyte, thb gast dlermgnt fpader i cul ar | y
preferably less t Q@Haléﬁg contact elements with contact areas which enablc an electrical contact

between the contact areas of the test clement and the contact areas of the test

element holder,

characterized in that

15 the contact area of the contact elements of the test element holder are provided with

an electrically conductive hard material surface.

2. Test element analytical system as claimed in one of the previous claims,
characterized in that
20 the contact area opposite to the hard material surface consists of a material which is

difference to the material of the hard material surface.

3. Test element analytical system as claimed in one of the previous claims,
characterized in that
25 the contact area opposite to the hard material surface consists of a material which
has a Jower hardness than the material of the hard material surface.
4, Test element analytical system as claimed in one of the previous claims,
characterized in that
the contact elements of the test element holder are in the form of plug-in contacts,

30 spring contacts or clip contacts.

5. Test element analytical system as claimed in one of the previous claims,

characterized in that



9. Test elenment analytical systemas clainmed in one of the previous clains,
20 characterized in that the electrical transition resistance between the
contact areas of the test elenent and the contact areas of the test el enent
hol der is Il ess than 50 Chm 10. Test elenent analytical systemas clained in
one of the previous clainms, 25 characterized in that the analyte is
determ ned using electrical and in particular electrochem cal nethods.

-29.

the hard material surface consists of a metallic nitride, in particular titanium nitride,

titanium aluminium nitride, chromium nitride or zirconium nitride,

6. Test element analytical system as claimed in one of the previous claims,
S characterized in that
the hard material surface is produced by coating a base material with an electrically

conductive hard material,

7. Test element analytical system as claimed in claim 7,
10 characterized in that
additional intermediate layers, in particular bonding or protecting layers are present

between the base material and the hard material surface.

8. Test element analytical system as claimed in one of the claims 7 to 8, characterized
15 in that
the layer thicknéss of the hard material coating is less than 2 um, preferably less

than 1 um, particularly preferably less than 500 nm,

9. Test element analytical system as claimed in one of the previous claims,
20 characterized in that
the electrical transition resistance between the contact areas of the test element and

the contact areas of the test element holder is less than 50 Ohm.

10.  Test element analytical system as claimed in one of the previous claims,
25 characterized in that
the analyte is determined using electrical and in particular electrochemical

methods.





