-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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even after houltdfRlRerhfi Eﬂrgﬁn E?oc%%ﬁﬁ'ﬂ?&t irofhe ORI EOMERCThCARNGGhIsON.
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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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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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.
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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
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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 conponents of the test el enent hol der of the
eval uation instrunment can have a very yﬂ&p vari ety 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 inventive
design of the contact areas can be particularly advantageous for contact
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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 tfrom 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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pm Surprlslngly it turned out that particularly very thin layers of metallic hard materials

have very good mechanical properties especially a high hardness and good sliding
properties 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 A1 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 um 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.
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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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preserved on el’'ectrodes and con possi bl e
damage to tdreascathoagh tterceatdcsaeh oflidwitest vlemenpwas deficrenddp targendeposittof and

reproduci bl e_anal yt e det erm nati gn .especi al | jth ve thin | ayer

t hi cknesseslg%tfngls 5ﬁar@e?a8{t?‘]8 St é%%&?‘g?reﬁéfﬂ Seor C%%Ef‘ﬂ%ﬁeas. Such test

el enent s arenfinnowexaepl leyer éd petarochanmhealectredds aat copduatbs gdthhrdwe very thin
metal cant s.W.th | ayer. thi cknesses in

netal |ayers, ,for e | e nobl t

the nanometBialles PRRIE Hpase ARG EORIAC aFFa ep et IVE SPPOFHEPER FGCDI ast | ¢
foil. Such amdtraprodayiblesngigte deddrnfiatioy &pasallpvadieestan lafﬂﬂiﬂcléluﬁﬁﬂﬁﬂ s by

| it hographic malt hOddz: (layer thi ﬁknesses typi cal | 1? - Ooﬁg{j or |aser

abl ation (IS4geflegtrdeprordudos phear ‘F%Pt%af-ei%%uﬂh;éf’tqﬁnfﬁéa seeBMRlech very
thin el ectddcerathemieslNeby Stripy hid IRdve vy @hin étal 15, 361 63anPpln sl @fdetad
surfaces, a sllght erosion of this |layer can considerably increase the

transiti on PBECEMHLIayes thicknessesdy thegmgiopgtes to micrometer range on 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



conpletely interrupt the electrical contact. The inventive hard materi al
surfaces of the opposing contact areas result in nuch | ess damage to such
netal |ayers thus enabling an exact and reproduci bl e anal yte determ nation
in test elenent analyzers. There are-gi-l|l technical problens associ ated
with coating the contact areas of conventional test elenents with hard
materials since for exanple the application of a relatively brittle hard
material layer to an elastic and flexible plastic foil of a test elenent

has an adver ffect .on e nechani cal . propernties of the test. element with
regard to & rgf%ﬁrg & §ﬁgméernr gl?e-cfolngaec ﬁ%eﬁ?j?ﬁtﬁﬁ%g'i'el?[ﬁgﬁﬁf%@éggOé‘bf‘ﬂﬂti ons of the
coating progess aadeheicmuadt atdagof the contavteaidnen af theesiluati@nintramehearee in a
particul arly -.14+ efierred, enbodinent the coptact areas of the test el enent
are nade Ofp}'rgwélgq Vﬂhr?e{lta 4Fgfergﬁﬂntaﬁgslg8%%é?ec gracal requirements e gB{Cﬁel ement of
t he eval uatmore suitstile forartardnmteral coatidgdn WetdaseofRactdrigidtpbud-8d  surf ace since
the mechani cal requirenents are nuch nore suitable for a hard materi al
coating in ‘PHE‘-‘%‘&@% of such rigid plug-in connections. In addition to the
preferred enbodi nent of a conbination of a hard material -coated contact

area of thdnedditisatts tie profetded RRibodanehtaf 6 @oibitatiah 88 hhrd Metetigb toatdde ment
which consists of a terial of a | ower jhardness an es%egf'ﬁallkl E]‘ a nobl e
the dest ¥

metal , al | GPRRSHareagiibE salnalinn 1pstrymentapd aroptactqrea ment which g

contact ar ednSiwpf4 fab@iabof AMBweF hadned ah@vpecibily shassblametadadidthére. | n
particul ar the.contac ﬁll’ﬁa of .the test —elenent can have a hard materi al
surface andoPvénaligRt at2 hapf daatgtial sHEFaceARd AceandHoBHCt 216 COMBrigPERyat i on

i nstrunent maeridldY Rveer hefdmsardPERiHK. IR pimicelat Ble BhtacOMRE ohiedaiess.  Such

conmbi nati ons have the sane inventive advantages. Test_el enment anal yti cal
systens ar éfeﬁi“'élit €314 Wﬁ@é@mafﬁrainwr%ﬁe therantretrrenef thﬁa%ﬁaart@?m@g.

Hovever, tRghdwamhionidstuflenPcdl] KA heEARWRIdDF b ingd telSal & I ARR hafdebON 1 N
which the analysis is carried out by the patients thenselves in order to

cont i nuousISyich geyabingtonshave tha same ipyentivapdvantagese nonitoring). This is of
particul ar medical inportance for exanple for nonitoring diabetics who have

to determ Resf diénedt QAAGHLA SsteRth ﬁgggf&ﬁﬂzgséd}n%ﬁlﬂ iéﬂBHQ%eﬂ?&Prm tines

daily or patients who take ‘anti- coagulant drugs and therefore have to
det ermi ne déhsirztovieniiaweyerothedneantionds alpedingcied towardshighdsof applicatioe fn pur poses

the eval uatyis, {hd %Bﬁlyﬁ?ﬂtﬁrrEa%'ﬁlt Gy S Iﬁﬁieh{s HMm AR S B dkr to continuously
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



as possible, and be battery operated and robust. Such t est elenent
anal ytical systens are described for exanple in DE 43 05 058. Test elenents
are frequently in the formof test strips which are essentially conposed of
an el ongate support |ayer usually congH%[jng of a plastic material and a
measuring zone with a detection |ayer containing the detection reagents and
possi bly other auxiliary layers such as filtration layers. In addition test
el enents can contain other structural elenments, for exanple dosing and
transport devices for the sanple such as channels or fleeces, positioning
devi ces suciemponent whigh 9retttse@trstxmesfmpeo@tparaxpotsrstqf@m teet dfmertisuctess el enent

and Lhus an,g¥a6hn MR LEIRMMokAalille R LALLRA inldFhEWTENt or coding

el enents for exanple int orm o ar co e or an tronic 15-
conponent mhlch are used to transfer speC|f|c paranmeters of the test el enment
such as calasbelemensp uaially contaizareagenisinshermersyming gonhwheseakacsionorith thet r unent .

Test o1 e mplialih baARMIA M BRGRIFS, Lihchiiey [PAS UADE g yhose react | on

with the sa I'n partlc e ana ytes alned in the sanple
resul t in aharteriati¢ ard measurableichapgeof thb kest dbmempeviuth tanebe dtermshedbnt whi ch

can be det %B%\Qi?lgaﬁ%}é 1n§tﬂ§n§1\f%»lhlil t1's%::1rt o?%ﬁers';’s at Tﬁ\'hmea u,ri?l ané f the system

The neasuring zone arn er auxi 11 ary subSt ances. " The
measuri ng z:(ymenalmosmltan odmmtiaxlhary(snbgtarp“as ﬂ&lemrﬂeaslkmgz&mgemm slsocomtaini | i ary
subst ances.

cases sihbl e t det.ect i tions to
ot or i o L Rtk IR A3EG or AR PO pSteRe A ot IS Phiste UER ey n
rat her the detmgemeamlmubeletesmmd the andpeidernoedcdue difethynmake rieagirigne f or
neasur enent af e detect on reactlfq %Efﬁgng}eted .An eﬁﬂgrt famliar
with the t88?1 ISBV T the rﬁ?‘%ﬂ“yﬂ"ééffe’f%y Y e THFASYHBE E9M€ PBst carriers
is very famhdasaremuint lifter&hd: Hab&tﬁ)nrte@cgtblﬁb Sreadaﬁlp%wd |Arﬁéx¥)eﬂgﬁﬂilﬁrfvﬁlﬂhtﬁar rying
out anal yte rlflf ion, reacti I.Ln the case ofég teg that are
det ect ed aﬁ%ﬁi‘ﬁp Og¥ [ §A1a XtH: et glamenigor ?‘@OSE%WSWCGF“‘%%?%TV E@l‘%&?l enzynes,
enzyme subshital€ feagértslakPd Bilfary RetntSfor Satifig ohtWialyte-fpdclfRIdeterfidnsuch | ke.
In addition to detection reactlons whi ¢ch T esul col our changes, a person
ski |l ed i nreasdons. dn hecgsqofApalytss fhat ag %@ﬁ?waiyﬁwi%i HhedueatHring Zent be

realized \hj rbrtelsaﬁngr%sc@htab@&lztyﬁ&s e%&ﬁﬁ@mbs&a&b lﬁ&c&bﬁsct)ﬁ@m@m %?ért sensors or
chenmical, biochem cal, nolecular biological, inmunol ogi hysi cal ,

f1 uor i net r ifllexsrand speelikes b aslionita dateqtion reactinpaiwhicirpesultip Jcekwr ngeh of the
present I nyeidoaRk®ed iPfhe art also knows other detection principles which can be realized

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.

TR



used in all these detection nethods. This applies particularly to

el ectrochem cal analytical nmethods in which, as a result of an

anal yt e-specific detection reaction, a change in the neasuring zone occurs
that can be neasured el ectrochemcally ually as a voltage or current
flow In addition to such analytical systens that use reagents, the subject
matter of the present invention can also be used in reagent-free anal yti cal
systens in which, after the test elenent has been contacted with the
sanple, a characteristic property of the sanple (for exanple its ion
conposi t i onThntesteetansenss ofi tha pestrgdnvention ladditiooallysjonitsin comtastared thlitraect | y
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whi ch do ndetwesa the testelepeniand Xaluation ipstremenkdhp serductor patksanday e
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el ectronics
this purpose these specific data are stored on 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



eval uation instrunment. However, for this it is necessary to electrically
contact the test elenent which is why again the aforenentioned electrically
conductive s«contact areas of the test elenent are indispensable. The

eval uation instrunment contains a test e]enment holder in order to position a
test elenent in a neasuring position Tor carrying out the neasurenent. This
test elenent holder additionally contains the previously described contact
el enents with special contact areas. In order to determ ne the analyte, the
test elenent is placed in an evaluation instrunment which determ nes the
characteri smiethodhﬁnggampleteheompsds tled deterAtinatiomadf chSraetaﬁsmkHayigéshﬁ tlenal yt e and
provides it _in the ured value far dis or. furthe

processi ng. "ﬁﬁgﬂgga?gﬁ%y@5#%@8&@10@?%%ganmSﬂoa’ Q}%ﬁur"é?ﬁ}h&?lsmd‘él?técé i on

met hodsI k nonitation cﬁsmﬁ’léﬁmeﬁ‘si@tdnhﬁtdy bﬂﬂl]lid}escfzril@l Eleafrodhraﬁﬁ%allmtﬁodgmaﬁm :j cs. In
particu ar en ca ectian ods can be use
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char acterl spdtentfaﬂlaﬂggseﬂtﬁntmnemﬁﬁgmﬂ@g zone by neasuring absorptl on,
transm ssion, circular dichroism optical rotation dispersion,

refract onet or fluor nce. roc cal tho s can.in art| cul ar be
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met hod accor dl ng to thﬁfl nvention or correspondi ng devices are, in

the sense difRtgEeshingdalyticsigpariclardn CE%‘F*FI diagnostios J& pagtigulagithe tesm  nt erest i n

anal ytics | Qnpigfet efithrApassdl afdrhé) iR mBledalePstd ﬁﬁcroh[bl&%[ets' 1ﬁ'-fJ|a?t'icutlJI‘e term
"anal yte" enconpasses atons, ions, nol ecul es and macr onol ecul es, in

particul ar bigogicglgneapmelesnishinches nueleis asids, psptidesiaad praieingglipidept i des and

proteins, Hhahgﬁneaﬁak%ﬂﬁkuﬁﬁﬁ m&ft! s and cell fragnents. In the sense of

the present application the sa %p used for the analytical examnation is

under st ood as an unchanged nedlun1conta|n|ng the analyte as well as an
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process the analyte or to carry out detection reactlons Preferred samples are 11qu1ds

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.



ions, nolecules and nmacronol ecul es, in particular biological macronol ecul es
such as nucleic acids, peptides and proteins, lipids, netabolites or also
bi ol ogi cal ‘cells or cell fragnments. Preferred liquids to be exani ned are
body fluids such as blood, plasma, sergm urine, cerebrospinal fluid,

| achrymal fluid, cell suspensions, cell supernatants, cell extracts, tissue
| ysates or such l|ike. Liquids can, however, also be calibration solutions,
ref erence sol utions, reagent solutions or solutions containing standardi zed

anal yte congentratijons, so-called standards. In the present application an
anal yti cal Lheinveniiangsfythese Ué}d#qﬁiaflitbﬁﬁavwmmﬁbebasl%of theHavst vl as a

qual i tati veerAlSodiMleht SBanplGURRE ddsalibedtpradpértied it cHtaddiRtia@nhWeSised N
particular it is understood as a determ nation_ of the concentration or
anount of tiRdividuallperin cambination @ GAerte create prsfearedembodiments ehthef t he
absence or pu&sgmce of the analyte is also regarded as an anal yti cal

exam nation. -18- The invention is further elucidated in the follow ng on
the basis of the figures and enbodi nent exanples. The described properties
and char act&guretli c shavp prstiglseetionahvipw ofiuest sleroentianabysigtlisysiemn @fcordingr der t o
create prefgrpedvemigadi mnents of the invention. Figure 1 shows a parti al
sectional view of a test elenent anal ytical systemaccording to the
invention. Figure 2 shows an exenplary view of a test elenent for

el ect r ochenfigdie 2anshas angxemplarvigy of Eitestielemenisies alsctiochemusal avplyticaly of a
contact el egpgpgaccording to the invention. Figure 4 shows a detailed view
of a cross-section of a contact elenent coated with a hard material in the
region of the contact area. Figure 5 shows frequency distributions of

exper i ment digyredet granwsraedetailedysiv pforcongast tlemanicassorskngiodthe bventen. el enent s
wi th non-hard material coated contact areas of electropolished palladium

(fig. 5a), ﬁé{)%e”slfo%taa&étaiﬁliw&ﬁ é%gsrke&n{noépa%tﬁr Lt GRRIRHFQNT act

areas (fig. 5, or contact elenents wth titaniumalumnium nitride-coated
cont act ar dwed ffateyial Brtheagegion nf hgchnigalszemew t est el ements with cont act
areas consisting of 50 nmgold. -19-

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.



The nunbers in the figures denote: 1 analytical system 2 eval uation
instrument 3 test elenent 4 electrodes 5 test elenent holder 6 spring

el enent 7 neasuring zone 8 liquid drop of sanple 9 sanple application zone
10 transport zone 11 contact area of t test elenent 12 contact area of the
contact elenment 13 conductor path 14 contact el ement 15 neasuring and

eval uation electronics 16 printed circuit board 17 special 1C 18 base
material 19 internmediate layer 20 hard material |layer 21 reagent |ayer The
test el enent anal ytical system 1 shown in figure 1 consists of an eval uation
i nstrunment Phemumbers esthedigemslendte: The eval uation i nstrunent 2 has a test

el ement hol der 5 which positions a test elenent 3 in the nmeasuring position
shown in figure 1.1Theaﬁ$2ﬁapgggﬁpt 3is fixed in the neasuring position by
sui t abl e nmeans for “exanp <by a spring elenent 6. In order to carry out a
measur enent, sanpl @ | i epalwhtion ibstaugéditt i nt o t he neasuring zone 7 of the test
elenment 3. In the gnboggpgg%a%homn this occurs by applying a drop of liquid
8 to the sanple applicaflon zone 9 provided at the end of the test elenment 3
- 20- electrodes

'

5  test element holder

6  spring element

7  measuring zone

8  liquid drop of sample

9  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



and transporting it fromthis position through a transport zone 10, for
exanple a capillary gap, to the neasuring zone 7. A reagent |ayer 21 is
| ocated in the neasuring zone 7 which is dissolved by the sanple liquid and
reacts wth its conponents. The reactiojresults in a detectable change in

t he measuring zone 7. In the case of an  electrochemcal test elenent the
neasured electrical 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 an electrical contact is made between the test elenment 3 and the
cont act el ewshiransporingtihzomebis poisisionrihrovgh d érangporTiameddnfoacrameplenent 14 is
connect ed meyag#r q]l;l%; i I [.C Eghly
i nt egrated %a%ﬂord ’%d(;gleac |§IX %&%gﬁgrg%?}%géﬁgg%s@) ?al}c %no{r%eglﬁlegsﬁ degree
of reliabil%ang7 which lsalisselyed b thersamplediquad sndessanwithlitsyconpopested of a
printed circuit board 16 and a special 1C 17. To this extent the anal yti cal

Syst em has EIUERLLAIA'in G QRLLHE! AN thRESrAP - A I 1R kne SXPLARAT T ON.

Figure 2 shows a partial view of an exenplary test”elenent r

el ect r ochenglecfochemighlytestclement thronsasupad edactricpt quagipiticis detsrmiizaddy eandet ect ed
as part of } I Lt J: In the
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guant ity i smessasogedsitign ae alestrwél cehtact is anhels bétween vhedest eleménitd amddbair i ng

zone. The el ectrical sj L S, Rasse t he contact a s 11 viag the
Conduct oy petract i Bentl £he (R AARRT MM TREHHORY Heingfl TR foskit e

cont act ar emsnekutifgarabevahation eleetrenics 1I¥whidk aretHighly éstegratedirokded to s pl ugged
into the test.elenent holder 5 and thus. ke a | egtri.cal] cont,act between
tost el enerdcighE XA CRRPRE FoPSEPCipRaARE Pishdrerast reliabii R thASEE FO"Mhown her
i's only an th¥peamelessentidlytormpuisethdf Zmintedboeliittinatd 06 ard a bp&ial BCN7. Lo Test

el enents w ilh ot herh arrlangajrrents of el ectr.odags and conduct or patfhs and with
several el d0Pextsattheagalytical system has a posyentional eanstgelion andinesslsineifuiihsr
struct ures &phkhatasn.sanpl e application and transport zones or speci al
reaction areas can also be used within the scope of the present invention.

Fi gure 3 shows etailed view of a contact el ement .according tq the

i nventi on. %egégﬁ’wﬁ‘l‘ B?félﬁf“sww ap RYERIfY dept ?lﬁmsnii@rte&frogh%%ﬂt hol der 5
by inserti amalytit86hdth6édl. contact is made between the contact areas of the
contact elenent 12 and the contact -21

An analyte-specific 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 means 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



area of the test elenent 11. In this case the contact elenent 14 is
especially designed 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 whjch the contact el enent 14 ensures
the electrical contacting as well as t Ppositioning and fixing of the test
elenment. In contrast the functions of electrical contacting and
positioning/fixing are divided between two different conmponents in figure 1,
nanely the spring element 6 and the contact elenment 14. Figure 4 shows a
det ai | efl Vi ma@ﬁthatesf dsm;melr:]lt immloéasatlﬁ@ahaettelaharfﬁgtls @pa&ﬂ@i ddsighed hard
material in t egi on, of the conta ar ea material coating 20 is
B Chi e oot Bsrha i HrEPpEeh e ruf BTt palened FRMBGAT RS Lo OBt and an
i nt er medi at @stlebangdnt 31Phik & dxhitsa bylapattivutarlygeefehied Wabodinhet inwhichykd s whi ch
in particular caq be dﬁgi%ned aﬁ a.ggndiqg,or R%ﬂ @E ve. | ayer. The hard
material cottrgelsmentkberBres the cledriral soppadingas ROStOREARdf ¢t he

cont act el efiing ofltRe tesEeqaxmiEhtesn chritfastifhR fhmctions bf @éBNtoaadingdmeal systens it
is inportant that t nnection ... between the te t el enments and

E¥ cont

anal yti cal PISHANRRAKING Afq "‘5 %%%&ﬁﬁ@&t%ﬁap?%ﬁ“%%?hwe

resi st ancesthe\¥iinadléBent VRS B SontAsEldh&aii34i N order to ensure an exact and
reproduci bl e anal'yte determ nation by the test el ement analyzer Exanple 1

Cont act el egents th chrgqlun1n|tr|de coated contact areas m croscopi c
exani nat i onfigfreditBows dgladed Heyofarrasysesinp it cemtactie %&aﬁség@ﬁb@s ef f ect

of hard matieri dlatsil (PERSAES BF dieQGntat:parE;hq*hh 'ﬁ%(%h@ﬂa%aﬁﬁ@?@%tm@il@as in an
el ectrical contact connection of a test element analytical system the

cont act ar e%#se 3P lgqh%ﬂqglba@emﬁte&@hw&ftth@wtmﬁ@n@ab@rwawmﬁm @lmrm
nitride. A 1@819?&@&&“15 BHs CRE BOIEY EHétWo%‘yelr?M’ﬁEh gﬁ&!ﬂhf &t e% flefoOnt act

areas of the 8 in connection using a roce I'n eac e new test
el enents éDOp g Prargeriveilaes. Thﬁt}t&r@)mgﬁl C@@ngéeﬁM@neB)at ed inthis

manner . ThQ%%f&ﬁ?%%ﬂ?hﬁQ%ﬂ&ét%%QagﬁonhﬁFﬁﬁ ¥2”9 a thickness of 50 nm as

contact areas were appli astic foil. After 480 insertions
the picture of danage to the contact areas of the plug-in connection as
wel | as to Examplesdi vi dual contact areas of the test 22 elenents were
eval uated m croscopically. As a conparison 480 test elenents were

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



inserted into conventional, non-hard material -coated plug-in connections
with contact areas nmade of el ectropolished palladi umunder otherw se

i dentical conditions and also mcroscopically evaluated. The picture of
damage to the contact areas of the test 2el enents which were inserted into
conventional plug-in connections haV|ng contact areas nade of

el ectropolished palladiumexhibited a great anmount of material erosion and
deformations of the gold |layer of the test el enents. These were the result
of the relative novenent of the test elenent across the plug-in connection.
Thus t he gotlemkmty eercgvaluatedonivtesctpieallyads anemparod 460 tast gembstsofere he t est

el ement ar eltnEér llXtodc%ngglﬁ?% a\g%lohrh 13 Aot ?ag—cg%%a%fugaign%gng%ctlohpgmﬂl ug-in

connection noves re across ion can be to such
an extent tdmitadt aresomadaoédecttdpehgimldqbaﬂadmm urglenbthadeise diemticd conditomd asti c
foil due to tcp seg:cgcr)lsocloco éga scratching across it. As a result the

el ectrical & TS in these cases and hence an anal yte
determ nati on | S i rrp055| bI e. I n contrast the picture of damage to the

cont act ar efhke pitturéief dlaansztgeeb dresnonsaciiiegofibe test dlersents wilichiere pisaged n

connecti ons, ccordl n‘?‘?fi nvertlil OE oset (t)nt act g % e %at ed with
580 m b SRS FAEbOhal Bulerf s PR Brdie &y St prsasmgdh gf decolisids o7
obser vat i onpalfadiueexiilitelct grastemsoundt of hatdriabérosibe ard defolmatongd dfahe gl

cont act ar s of. .t St nt wer.e defor r extent than
R K i e N A R G R e g B
particul ar él&h@&l’acrdwt}fél’ph@é HEdfcﬁﬁie@tlfkﬁl (Ilhu@ﬂ@rwﬁislayeﬁ otnhhe taytect dréisalkdesses
wer e not observed at?l E@ég | | ayer of th areas and conduct or

pat hs reni adurtqr paths @ esk elemenpareihighly, %ﬁ;’? the §eco 6P8§66‘HF%0‘§i cture
of damage sthephfp- i@c@ﬁﬁ&ti@ﬂltﬁwrﬁbd@fraaﬁ&uy&@o@ﬁt Thi deﬂﬁhﬁtlbami béty the form
of a flat chapnel with relatively cons% nt an depths . wth

material belUsl 2B eFERibgt Brsompaseds shogd Yyrléabraégf dewn ¢ theqiasiic f@ft es. The

M cr oscopi ¢y t6tth’é fcOid ERAarQfsc AN ASPREAR thadeaaRofmBtiaCt
el enents of pgm%-l n connections which were not coated with_a hard materi al
¢

after 480 ipHsEmMiedindhesssases and hergs apgnalyterdstasminationiigipressiblee pi ct ure of
damage of correspondi ng contact areas with a hard material surface

according tg croﬂﬁaét'm@?ﬁchf?@of:@zﬂﬁé ttb@ﬂe wnt&@%eﬂ%ﬁﬂé Q3 415 BA s WHEG wen2.3 The
non-hard materi al -coated contact™ areas of the contact el enments of the
control 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.



pl ug-in connections exhi bited considerable wear of the netal |ayer when
observed under the m croscope which resulted in a conplete abrasion of the
netal |ayer at sone sites. In sone cases deposits of surface materials of
the inserted test elenents were also ﬁﬁferved on the contact areas of the
pl ug-in connections. In contrast the chrom umnitride-coated contact areas
of the contact elenents according to the invention exhibited no significant
signs of wear even after such frequent insertions. In particular the
chromumnitride |layer was observed to have an intact and conti nuous

surf ace andThdmorehawsnateridduwatd aaposateasof thd cdntact eleaehtsadehe coitenli al of t he

test strip. ib).electrical transition resistances the el gctrical
transition }?lgéiu% ANEELoWe lbﬁtﬁgézﬁrrlsé@er%@f Wé%rnor}ﬁﬁ%mtevggﬁygl‘@ begW(ﬁg cont act

el ement of tider theugiaroscopnwbich resnlted insoropisenbediontdthe mepéhyed dty aft er
many insertions he contact el. ts.coated with a har terial enable
Consi der bl Prifgyes. T Sorfe e d9esE GourreanaEat at e AL RRHETERS: “are | ess
suscept i bl ewére alsoobsdreddedicehelcbatact sren\ftid gloglin ésieaidnsel ement s wi t hout such
a hard material surface. For this purpose in each case 480 new test

el ements of, the typge descr.i bed ove ich had a 50 nmthick old | ayer as
the el ect rolﬂleCOH'Hf‘éFE%&“RB?%‘“&‘?%FCOFW&PP@& qreas of Bag pnitast Elﬁﬁ‘r‘?gg‘ti ons whose
contact ar eagord@igetotR@in®en tiért ExhAtSiEdrHD SFiHEInYSTERY dfived e dftet Sudbl ug- i n
connections. W th non- haiﬁ? rratﬁ]%igll oated contact areas made of

el ect r opol i E¢ENHATHANS, bR PRILiGRIaF eﬁ*f%{ﬁa@ Ritade lyeraeas observed torhave pbn

resi st ancesin¥Rf shd@neintbaeshried ieehet whl AeliRdUepb£@cn of the cleegbd€! ement and
the plug-in connection so that in each case 3840 "values of transition

r esi st ancesneral Afpheteststril-or hard materi al - coated contact areas and
non- hard material -coated control contact areas. Figure 5a shows a frequency

di stributi of) eRlctridAPiridsANsH febi9AnégSi stances determned in this manner for
contact elenments with non-hard materi al -coated contact areas made of

el ectropolished palladium The nmeasured transition resistance Ris plotted
on the abs¥herthejelectrical ppsitiomessistaners Ware mepsigerbbriyedn ihe teshelepaentanded
transition Jaei-eliamesSof tROPIBlih 258n 3 [ L€ ~100) are
plotted on f!tbhgd.co% di nat ef.t glgg lT.;lci S icﬁgmsmﬁ%é? Q&&% h(E)lf qﬁgﬁ%{}‘ gﬁé#’??oyr;

r esi st ancegnsentiensethe coptict dements coated with alhavd matgrigbenableronbiderebbrmoreand 10

Chm but a r}%roidﬁgigﬂz%-lézﬁ'ﬁ&p&ﬁltw TfhecBbn{TAHE Bs susceptible to interference 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.



transition resistances reach an "infinite" magnitude. Such transition

resi stances neasured as "infinite" nean that there is no electrical contact
bet ween the respective contact elenment of the plug-in connection and the
contact area of the test elenent and_ng resistance can be neasured. These
val ues are marked by the arrow on the "right side of figure 5a. The

eval uation of the individually neasured transition resistances showed that
32 of the neasured transition resistances were |arger than 50 Ghm A
transition value of 50 Chmis regarded as a threshold value in test elenent
anal yti cal Hyjsthems thasmeest gEthedransitiph iresistansasin these santapls ete in thelwur enent can

still be Iy Bbwdel0 Al 19 O ok 2 WBEIneY AR Se ?igglbteﬁéftmggg@t S

however, had at I®ast one transition resistance value above m This
resul t ed i riraasitioghresistanyes reatleanmfingnieYmagfitudacSurhdsamsigigniresttarskeement s so

t hat such k 8 y i ' L f . per manent
and reprodgg%ﬁlghggeﬁ?{ﬁn% erélt% 5@%&@%& %Rgleﬁcﬁr%g'l COZ‘;&;ASC% g%ekﬁ ﬁedg{pee@g% shows a
f requency dbstact dementrof dlie plhg-imeasectan anditigicontant aresofthatsteement cont act

el ements a rdin t he i nvent. whi wer e har terial-coated with
T80 ohe R et el bk eIk TR iR A bR B8 R "t | han
50 Onm wer eighbside uffiigure 54.1the estdtigtion ofzthé ordividudllyen&8dditraasisioni on

resi stances, .Al t hough esi st ance val ues. wer.e between 10 and 50 Chm
none of |t hACHISE Tl a2 o] H eriredbmstiondesiamees fstedowst Mo s0 chm
and none of50t0temtA anasitivomaluest 30 @hoes veghtdd age tiereshdldialoe iretestabenvérith t he
non- hard nat elrxﬁéia:l-c?al ed cont aé:t reas. Thus LS}‘Ltj?Cgchont act conneclhi ons can
he used t o3¢ ystempssopstracted Wy tisanannes BeIgy rehiph § MeARHTERERE 5P SH P hany
pl ug-in opeéfirdedns relibbte. Us 6f ik egatfithed @B a6t cleRamts,HowrRéer, ReCalelishgnd 0 t he
invention in test elenent an

| yzers thus, .has {he advantage that_in such
systems r SFPYHARFHsEAnGR yalisa veéﬁé?%ﬁ%f?@?fﬁﬁ&ﬁ% CBERIAROICH] 1 od out
especi al | y oeiRimedshRd test élBIeAtSoItRRYLEN &iftact BlepTvBtsSire of SMPligfifede! ements wi th
titaniumnitride-coated contact areas _ Anal pgous_ experi nen were carried

: ( !
out with peYigabilky dermemagart apdirProgHERictuse B epteslaraentanalticad SYSEERS. ar eas had
a hard material surface according to the invention -25- consisting of 120 nm

titani um alpprrOsBIRIWsta fedftiehéy GiktribatoR bEthe 3dakiRd tRNsifBA RSsistincedfolr VD
rocess.
P 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



a) mcroscopic exam nation of the surface 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

i mproves the picture of damage to the cegntact areas of the test elenents.

M croscopi ¢ observation of the respective contact areas of the test el enent
showed that the contact area of the test el enent was defornmed but to a nuch
| esser extent than with the controls that were not coated with a hard
material. In particular larger pmaterial_ erosions or changes in the |ayer

t hi cknessesCOREpENgRft128 per HipBE M Alemipiigy pitgde wa;férwaﬁalsmepg@hmearmoéas and
conduct or papWns pr&dFRd. ned as a continuous |ayer. The mcroscopic picture of
damage showed, Simlar to a chromumnitride-coated contact area, a nore
uni form deformation of the gold layer in the formof a flat channel with a
rel ativel y % &HStosFPiaeeminaian ofdhe firfice hout naterial being strongly or even
conpletely eroded at particular sites. Also the danage to the titanium

al umi ni um UJEd indRiscastit Ainéd S& thatPva reRe P2 8aRid SiTthe 483HadtRRGE bf @RS t han
with the non-hard material_ coated control plug-in connections. The titanium
al uni ni um g inenegeieEwith titaniemalwainiyn nitride proegding te thedavantions  accor di ng

to the inveBhliaitaby HiBtoRE HRbiGhEN(daiABl 1PhIRSnAL: BRI He PARRRIE, CVen
after frequent Insertions. In particulaf the surface of the titaniumnitride
| ayer was Mistescopid obsereation|of tthee espestive comtact aneas ofitbe test dymentsbowed al
transition i jti i es, like
t he measur éféﬁ%@%cﬁﬂ%c&%%{bﬁlﬁseﬁeeﬁ%&f% Eg%‘ggﬂ%d ?%WZ‘IP acrgﬁ?lglg?segé)@%g of plug-in
connect i onshaowitk theradnitrals thatwenennat covteti with a hatd mdterieh fbpaticaasiadger abl y nor e
reproduci bl e .el.ectrical contact econnections between, the plug-in nnecti on
tnd test orset ot gr SRR BPIRFC SREs ST RR ah Rl MR idd  once
t han conveidyeoofthe pbntgeti aresandeochdwtesr paithidreniairedal a aohtmwbusddyer.iThle surf ace.
A particul ar. advantage of .this enbodinent is that .in dition to ery high
Contact r el MBIt PEse of i aBoved aumis if » chiib B AT Heed sl m
nitride -2Greaconiopelusidrinadéfonmhenien 6 thegelddayet i the fétne oV aflatehamiel iwith nmeasur ed
ower. Figure 5c shows a

transition resiei"hances ar& ev]ﬁa cgnsi derabl vy. I Fi

frequency ArSERYPUETSHRNSANY praalhdenth Mathont Bkl biing HEOLAREN  or
completely eroded at particular sites.
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-



contact elenments according to the invention with contact areas coated with a
hard material conprising 120 nmtitaniumalumniumnitride. The

determ nati-on of transition resistances clearly showed that no val ues were
observed that are |arger than 50 Chm Ao alnost all measured resistance
values were between 1 and 3 Chm and thus even considerably | ower than with
the non-hard naterial-coated contact areas of exanple 1 (fig. 5a). Thus
such contact connections can be used to transfer electrical signals
reproduci bly and exactly for many plug-in operations. The use of such

cont act congatedicontactaresrftnmgxaropleHethevelons ofdhe measured tranfidomnt anal yzers
thus has thgadyaohadget Podsid aafm,eﬁystems reproduci bl e and exact analyte
determ nations can be carried out especially even after nunerous insertions.
The very low transition resistances in the case of contact elenments with
titani um dfigureAr shaws a frpqrenepdisedution ohthe rgasured lizansition gesidatices fonal
advantage that,t H€mefds ld@é(?rdﬁg% H{eQH?é?lttioﬁ'vgﬂﬂt%on'tastt hevadlonedd $ kb adi Py the
transition resistance and thiis it 1s possible to carry out particularly
exact anal ynetedetcomprising I2Anne titaniwh alunpipivm ngeider enent  si gnal s. Exanpl e 3:
Change in the transition resistances fromexanple 1 and 2 after numerous

bl UG- I ORRSRESmiFRlon GREAUEh bSiRE: Aeh SRbued BIPAD ARl Yeoa! system

over a long time perio measurement cycles 1t I's also
i mport ant tdbaervedthat ardaiges than 5@ ihan. ddsedmastallaseasordgesistanasabes si bl e and

do not exhi_ i Xtr unni. RG-i N or r avi Our icgh i
Char ot oni kst Bl RENS St AhA b ol ReradRBNEPHan i (8 pof-hard .
initially |Imatedaecoatedrrontact srasi afgxampledt(fipca) VEHussach Ganiat abnpctigns n

connections_with ntact . areas. nade of el ectropolished_ pall adi,um. exhi bited
soat tered CaRPaA R AL e iegef seonyFiny ARt Ry (HALPY D al ues
over the 4f@rationsMheaiss obfuch costact @dheionsrdtbrding eathe inwvstioavetest he entire
time period, Such .randomy scattered tact .failures are.di sadvant ageous
espect al | y I ARAITE s Bpohe er Gntiee i bt S FaETLciE a0t POt noe. a
measur enentanglytetetdftfihatddnd@ys boarried pecdspetiallyteherbafed mudhdtoty @batibhd. t y.

Pl ug-in conpecti gns W t h, cont act a}rngtgs i?h wer e coat ed, l\(\“ h.480 nm

chromi um riReVREdOWtFAMsItioadesisiansss eths gase of coptagtielgmasnty With fitaiumances with

an i ncr easiaifnuiAitride-coated contact areas have the additional advantage that the actual
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



of insertions. In such test systens it can therefore be advantageous to

repl ace the contact elenents coated with the hard nmaterial after a certain
nunber of neasurenents in order to ensure a constant high accuracy of
nmeasurenent. For this reason the presept invention also enconpasses such
hard material -coated contact elenents and contact connections as well as
eval uation instrunments which contain such contact el enents and cont act
connections coated with the hard material. Plug-in connections with contact
areas which were coated with 120 nmtitanium alumniumnitride initially
exhi bi t ed hiegtasiucibilign of theaneasersmenareselt singd meafweernensedror gnush akwaysbd ow

resi stance 4x?¥&éd%@th'ﬁc@ﬁai5’}ﬁ6§ liitzig number of insertions. This observation
shows that, n contrast to a chromumnitride coating, very reproducible and
low transition resistances can be achi eved especially even after many

i nserti ons Pyg-imeorgtecionswithygentnstaraasivhichrvene eqatefbwith 480 pm dvemiweh coat i ngs
of contact Iﬁﬁrﬁﬁ%xﬂ{bﬁeg SR GGdr&dsk Yn the Wa‘hﬁﬂbﬁ résg'iantcgss\&itﬁ L& W?Easﬂ'lgq}uﬂﬂe? al

systens whi ch shoul d enabl e exact analyte eterm nations over a very |ong
peri od of udfénsgritbnsemsugh test systemsritcaprtbereforhbsadshantageausdo replajeshel so
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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.



contact areas of the test elenent hol der, characterized in that one of these
contact areas has an electrically conductive hard material surface. 2. Test
el enent anal ytical systemas clainmed in claim1, characterized in that the
contact areas of the contact elements ofg the test el ement holder are
provided with an electrically conductive hard material surface. 3. Test

el enrent anal ytical systemas clainmed in one of the previous clains,
characterized in that the contact area opposite to the hard material surface
consists of a material which is different to the material of the hard
material sUeRER%e. 4. Test el enent anal ytical systemas clained in one of the
previous clains, characterized in that the contact area opposite to the
hard materipl surdademepimiafkicalQfstén 1B RE hidlytidalexaRRhitdib @l saffplifiobl e
metal or an alloy containing a noble netal ich has a |ower hardness than
the material of Ralﬁ@ﬁqli%l'raob(?@é(&@‘ila?mﬁmlﬂﬁce. -29- 5. Test element anal ytical
system as cl ai ned, { : ' i -en i pothat the
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contacts, springontsgt aieess imparticilpr degirogles and @nduetor patherthasamplaitey bé cal
system as cl ai i : YA i pzed in that the
hard materi al gﬁe??%lglggc%gggbsr%ggggﬁg t}ﬁg%hg?ﬂrglg@?er fogglf% i?r(rflatbggéraltzi cular titanium
nitride, titani wxeminationiand nitride, chromumnitride or zirconiumnitride.
7. Test el ement Lgal - . i i t.he..prevj.ous clainms,
characterized i naag ?\eg%ﬂh%ﬁ%l‘ hngﬁgh%g} g%l% ﬂgu&f ea{{]:%t?lgladﬁ?g%ﬁﬁc}%ﬁgggn tggti ng a
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element anal yti %ﬁé\ngse%rslttﬁemm%assu?%n%izggg thia{I is%La?riaE?erEétic fgp ﬁ{e%%%ﬁé, %}?edteétn that
element holder containing contact elements with contact areas which enable
an electrical contact between the contact areas of the test element and the
contact areas of the test element holder,
characterized in that

one of these contact areas has an electrically conductive hard material surface.

(o]

Test element analytical system as claimed in claim 1,
charactetized in that
the contact areas of the contact elements of the test element holder are

provided with an electrically conductive hard material surface.

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

which is different to 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 area opposite to the hard material surface consists of a material, in
particular of a noble mctal or an alloy containing a noble metal which has a

lower hardness than the material of the hard material surface.



additional internediate |layers, in particular bonding or protecting |ayers
are 'present between the base material and the hard material surface. 9.
Test- el enent anal ytical systemas clainmed in one of the clains 7 to 8,
characterized in that the |layer thicknegs of the hard nmaterial coating is

| ess than 2 pm preferably Iless than 1 pm particularly preferably |ess
than 500 nm 10. Test elenent analytical systemas clainmed in one of the
previous clainms, characterized in that the electrical transition resistance

bet ween t he cont ctlareas of,%ﬂe t est elegent an? the contact areas of the
test el ememt hol derel¢raentanalytical system epclpimedin one of the pagwdons dHESyt i cal system
as clai med i n onfagktetihed Ardyd ous clains, characterized in that the anal yte
is determ ned usjng el ec} rical fath in_parti CiJ| ar el ectrochem cal rmethods.

the Contact elements of the test element holder are in the form of plug-in

contacts, spring contacts or clip contacts.

6. Test element analytical system as claimed in one of the previous claims,
characterized in that
the hard material surface consists of a metallic nitride, in particular titanium

nitride, titanium aluminium nitride, chromium nitride or zirconium nitride.

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

electrically conductive hard material.

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

present between the base material and the hard material surface.

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

less than 1 pm, particularly preferably less than 500 nm.

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

11.  Test element analytical system as claimed in one of the previous claims,
characterized in that

the analyte is determined using electrical and in particular electrochemical

methods.





