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The, jpfiventi on concerns a process for the production of analytical devicgsg%iyﬁ

with a capillary-active zone, pref emhyetﬁﬁsmMﬁqeéal test elements fort-

exam ning liquid sanples. In particul 3\ j ONn concerns a process
for the production of analytical devi th
.the invention concerns anal ytical devVi I'Ch ' have been produced by the

material. In addition
- process according to the invention. So-called carrier-bound tests (test
carriers, test elenents) are often used_jqr_the gqualitative or quantitative
anal ytical determ nation of conponents of "liquid sanples e.g. body fluids

such as bl ood, ﬁgéﬂﬂlﬂ§efrﬁ9§h%%fhtéﬁﬁf tests the reagents aggqniegeed in
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~cerresponding layers o which is contacted with the liquid
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process for the production of analytical devices from

tape material. In addition the invention concerns

analytical devices which have been produced by the

process according to the invention.

So-called carrier-bound tests (test carriers, test
elements) are often used for the qualitative or
quantitative analytical determination of components of
liquid samples e.g. body fluids such as blood, serum or
urine. In these tests the reagents are embedded in
corresponding layers of a solid carrier which is
contacted with the liquid sample. If a target analyte is
present, the reaction of the liquid sample and reagents
leads to a detectable signal, which is usually a colour
transition, which can be evaluated visually or with the
aid of an instrument e.g. by reflection photometry.

Test elements or test carriers are often in the form of
test strips which are essentially composed of an
elongate support layer made of plastic material and
detection layers as test zones that are attached
thereto. However, test carriers are also known which are

designed as quadratic wafers.

Test elements for clinical diagnostics that are



another- in a vertical #«s so that for exanple the sanple is applied from
above onto a sanple application zone and a change of colour is observed
frof bel ow.' This node of construction is problematic. Wien the test strip
| oaded with sanple has to be inserted into an instrunent for exanple a
reflection photoneter, for neasurenent, potentially infectious sanple
material can cone into contact with parts2of the instrunent and nay
contam nate them- Furthernore volunetric dosing can only be achieved with
difficulty especially in cases in which the test strips are used by

unt r ai ned: perso | n the self-control o | ood_sugar. by
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“the void space bgntaatlngthhpanmﬁIQi(ﬂhanﬂnﬁﬂnnmmnﬁgamﬁemngagentsmlnate
them. Furthermore volumetric dosing can only be achieved
with difficulty especially in cases in which the test

strips are used by untrained persons for example in the
self-contrcl of blood sugar by diabetics. Moreover
conventional test elements often require relatively

large sample volumes due to their construction in order

s

to enable reliable measurements, The more sample volume
is required, the more painful the sample collection may
be for the patient whose blood is to be examined. The
goal is therefore to provide test strips which require
as little sample material as possible.

The use of analytical test elements with capillary-
active zones is one method of reliably deosing small
amounts, typically a few microlitres, of sample volume
and transporting it within the test element. Such test
elements are described in the prior art.

EP-B 0 138 152 concerns a disposable cuvette which is
suitable for almost simultaneously taking up sample
liquid into a sample chamber with the aid of a capillary
gap and measuring it. Reagents can be provided inside
the void space of the capillary. The void space is at
least partially bordered by a semi-permeable membrane.



in a sem -perneabl e nenbrane. EP-A-0 287 883 describes a test el enent which
utilizes a capillary interstitial space between a detection |ayer and an
inert carrier for the volumetric dosing. In order to fill the capillary
space, the test elenent is dipped into the sanple to be exam ned which
requires | arge sanple volunes and is why this type of volunetric dosing is
preferably used for exam ning sanple netegial that is present in excess
such as urine. An analytical test element with a capillary-active zone is
al so known fromEP-A 0 212 314. In order to manufacture this test elenent
it-is proposed that an internediate | ayer which contains a cut-out
correspondi ng tHR¢ Heeaggnts fan fan wxappie be preeemodateseint e pyosdi c
| ayers. Accordigpade® BP-dodt @ik thid wiaha sC ok gyt e_ﬁB@&BQﬁ' tRédyebgeRf£SCNt
in the internedjate | ayer before assenbly. Especially en using flexible
internmedi ate | aard SHCH REERSAP L Aiepor bl e- si ded adhesive tapes, it is
difficult to assenble the anal ytical elenent since an exact, reproducible
positioning of the intermedi ate | ayer which already contains a cut-out is
difficult and ERMA+CR8H 883 sesomibesha TestobjlenéntfwhibehiuwviEhizes as to
elimnate the a%?ﬁ\ﬁlt\ﬁ ri r t : | ect of
the present i n\c/gent 1 on | sqtqg:e%];sg/i:%ggaaLsgraggeggtémg?ﬂaéym‘?%ﬁé‘g%%#&yﬁ'&+ﬁdevi ces
can be produced®thadplinente gagaiervifpratihecyatupetric dasinge Buguder of
the invention ito &0 dapjihaeyPEpdee!l | fReOtedPabVéh&t HAeVdfiSedv th a
capil lary-active zone A n whi_ch _ . ]

into e sample to be examined which requires large

sample volumes and is why this type of volumetric dosing

is preferably used for examining sample material that is
present in excess such as urine.

An analytical test element with a capillary-active zone
is also known from EP-A 0 212 314. In order to
manufacture this test element it is proposed that an
intermgdiate layer which contains a cut-out corresponding
to the capillary-active zone is placed between two
plastic layers. According to EP-A 0 212 314 the cut-out
should already be present in the intermediate layer
before assembly. Especially when using flexible
intermediate layers such as for example double-sided
adhesive“tapes, it is difficult to assemble the
analytical element since an exact, reproducible
positioning of the intermediate layer which already
contains a cut-out is difficult and complicated to
accomplish.

The object of the invention is to eliminate the
disadvantages of the prior art. In particular the object
of the present invention is to prbvide a process with
which analytical devices can be produced cheaply,
reproducibly and exactly.



(a) a-~carrier layer is prepared; (b) a spacer layer is lamnated onto the
carrier layer; (c) a contour which determ nes the shape of the
capillary-active zone is punched, cut or stanped through the spacer |ayer
| am nated onto the carrier layer; (d) those parts of the spacer |ayer are
renoved fromthe carrier |layer which are not required for shaping the
capill ary-active zone; and (e) a cover 1d&yeéer is placed on the spacer |ayer
so that a capillary-active zone is fornmed as well as anal ytical devices
produced accordingly. Analytical devices in the sense of the invention are
under stood as vi ces whi.ch can autona%hcang t ake qg sapple Jiquids with
the aid of thei T %aHAAEHY Ofcffife 1PYFBELPI1S LY REQE ?%r‘gg’f th%s, and can
make t hem avai lptddudtdrora ofi mmallytdcad devieésrwitial y scapilllery-active

capil | ary-acti\%rgeo q}%qé%e present as a capillary gap or can be generated
by using capillary-active porous materials such as e.g. fleeces, papers or

mermbr anes. Anal{@)i c@ ceaviieys leyerpisf prapryede anal ytical test elenents in
whi ch suitable ggteg Is%ae%aqta?@@ iwamaaulaw Sh€o R &1 &A1 d10M Hferd he

presence or ampunt of an analyfe in _the sanple proceed al ready during or
after the uptak€lof &&antour wiigh Ashevvines theshape Rt in the
i nventive sense can cdpiQ1agycdcelives zehepifephinshad) chubdrndy stdngea® t he

el e Bick-up by UieaSRi () SERUEeE L I FLRd0E SRR Gl S RNEL
subsequent reactionday®rg anal yti cal devices can of -5- course al so be
used t? store %Qﬂ k%ﬁ%s%agﬁkﬁslB%ukﬂé'spacer layer are removed from
) the carrier layer which are not required for
shaping the capillary-active zone; and
(e) a cover layer is placed on the spacer layer so that
a capillary-active zone is formed
as well as analytical devices produced accordingly.

Analytical devices in the sense of the invention are
understood as devices which can automatically take up
sample liquids with the aid of their capillary-active
zone, i.e. by capillary forces, and can make them
available for a simultaneous or later analysis. The
capillary-active zone can be present as a capillary gap
or can be generated by using capillary-active porous
materials such as e.g. fleeces, papers or membranes.

Analytical devices can preferably be analytical test
elements in which suitable detection reactions which
allow the determination of the presence or amount of an
analyte in the sample proceed already during or after
the uptake of sample liquid. However, analytical devices
in the inventive sense can also be cuvettes or pipettes
which only utilize the sample pick-up by the capillary
zone and in which the sample is either released again
for the analysis or in which the analysis occurs without
subsequent reactions. The analytical devices can of



The presence of a capillary-active zone in the anal ytical devices produced
according to the invention enables an automatic uptake of a defined sanple
vol time if the capillary-active zone is manufactured accurately and
reproduci bly enough. The capillary-active zone can have any desired shape
provided capillarity is ensured in at |east one di nension. The
capillary-active zone can for exanple havé a triangul ar, rectangul ar or
sem - circular ground plan and the corners of the outlined areas are
preferably rounded as a precaution against the risk of remants of adhesive
in.the capillary-active_zone. Capil]ary-active zones are preferr,
accordlngpto thé°Pﬁ§8n?Fﬁﬂ Retwsed E%s% FRTe3RA KA5R Fagedte : ﬁﬁﬂ“ﬁgéf with an
essentially rectangul ar ground plan. Many materials that are conventionally
used to manufacture anal ytical devices can be enployed as the carrier |ayer
to produce an amhéypteaéndevbteaacapilﬁamy{actiueizmnenﬁmomhsuch as test

el ement s e 0. TELA),01c8) AL Folo! boaa ORl otk AARY U0 CAIIARLR 200

al t hough | ess prere ana vice IS Use 0 exani ne
nonpol ar | i qui dsnah&eadequanbomapm I@ptalye o:'rf tthalefdgied sappienyodumehe

anal ytical devigg Eﬁedaﬁgﬂ}i‘&f?@éf‘ﬂvé 048 iRk tutedl heatdratelyeved

by using nonpolar carrie %ers e plastic faoils. In qrder to achieve an

adequat e capi | | 8Rflt YeRReAuEk %Yn??@P%Ruuﬁﬂﬁ;QQHﬁiL§§Y§@€W13§ éoge Gater

sanpl es or bi ol paveaknyi Qs ifed USHaps ﬂ&ﬂi&eo’ﬁ&f&#ﬂll@ﬁ:ﬁ&? isakbnwaren sweat,
it is advantageous?kf t he carrlgr mat eri al__t hat used _h h dro hilic
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surface on at |&Bs®tt hgasE @n¢ +?EP§*RPtxﬁH?I9%3} YECrINE. zbhe. an
t hi s connecti onfbyderaiplé chawe f acasiangulat erectangular or semi-

circular ground plan and the corners of the outlined
areas are preferably rounded as a precaution against the
risk of remnants of adhesive in the capillary-active
zone. Capillary-active zones are preferred according to
the invention with an essentially cuboid geometry i.e.
with an essentially rectangular ground plan.

Many méterials that are conventionally used to
manufacture analytical devices can be employed as the
carrier layer to produce an analytical device according
to the invention such as test elements e.g. metal or
plastic foils, coated papers or cardboards and, although
less preferred, glass. If the analytical device is used
to examine nonpolar liquids, an adequate capillarity of
the capillary zone of the analytical device produced
according to the invention is already achieved by using
nonpolar carrier layers e.g. plastic foils. In order to
achieve an adequate capillarity when examining agueous
samples such as e.g. water samples or biclogical liquids
such as blood, serum, urine, saliva or sweat, it is
advantageous if the carrier material that is used has a
hydrophilic surface on at least the side facing the

capillary-active zone.



attractd ng surfaces. Agueous sanples, also including blood, spread well on
such surfaces. Such surfaces are characterized anong others in that a water
drop placed on'it forns an acute rimangle or contact angle at the
interface (cf. for exanple details under the heading "Benetzung" in "CD
Ronpp Cheni e Lexi kon", Version 1.0, 1995). In contrast an obtuse rimangle
Is forned at the |nterface between a wateg drop and surface on hydrophobic
i.e. water repellent surfaces. The rimangle which is a result of the
surface tensions of the test liquid and of the surface to be examned is a
measure .of the hydrophilicity of a surface. Water for exanple has a surface
tension of 72 rMNinthils ¢¢mnaaﬁlﬂn(hydn@phsdnmaéurfenssoarefwaherebserved

surface is muchabel QUL SyAldied. Squldis HAR10 T ELDEheYLARg val ue,

t hen t he mettlng¥|s poor~ an ting rimangfe i's obtuse
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referred to as 1%Rﬁkxﬂﬁnlqpntnﬂ§tabmlpbyuéﬁ yimapnylerystformedrat etkel i qui d

depends on the Matdddd thetRfed & gngFIan sgﬁ aggl(:a n%%u%ﬁe liquid. This

means for aquequs_sanples that a capil actured froma
mat er i al ~ whose hfHoRhORIG -6 HRFSET rPB& 8§t72uﬁ$@ﬂ?%f exceeds this
val ue.

The rim angle which is a result of the surface tensions
of the test liquid and of the surface to be examined is
a measure of the hydrophilicity of a surface. Water for
example has a surface tension of 72 mN/m. If the value
of the surface tension of the observed surface is much
below this value i.e. more than 20 mN/m below this
value, then the wetting is poor and the resulting rim
angle is obtuse. Such a surface is referred to as
hydrophobic. If the surface tension approximates the
value which is found for water then the wetting is good
and the rim angle is acute. If, in contrast, the surface
tension is the same as or higher than that of the value
found for water, then the drop runs and there is a total
spreading of the liquid. It is then no longer possible
to measure a rim angle. Surfaces which form an acute rim
angle with water drops or on which a total spreading of
a water drop is observed, are referred to as
hydrophilic.

The ability of a capillary to aspirate a liquid depends
on the wettability of the capillary surface with the
liquid. This means for aqueous samples that a capillary
should be manufactured from a material whose surface
tension almost reaches 72 mN/m or exceeds this wvalue.



Sufficicently hydrophilic materials for the construction of a capillary
whi ch rapidly aspirates aqueous sanples are for exanple glass, netal or
ceranics. However, these materials are often unsuitable for use in

anal yti cal devices such as test carriers since they have sonme di sadvant ages
such as risk of breaking in the case of glass or ceram cs or change in the
surface properties with tine in the case &f —nunerous netals. Therefore
plastic foils or noul ded parts are usually used to nanufacture anal ytical
devices. As a rule the plastlcs used hardly exceed a surface tension of 45

mMYm Even with_t | ve, sepse, nost h hilic plastics such as
polynethylnetha§P?$§FéeP 5Y5F°BB$ ?nTﬁF??*Sl%/ IP A FopssEIstdon i f at
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such as polymethylmethacrylate (PMMA) or polyamide (PA)
it is only possible - if at all - to construct
capillaries that aspirate very slowly. Capillaries made
of hydrophobic plastics such as for example polystyrene
(PS), polypropylene (PP) or polyethylene (PE) essentially
do not. aspirate aqueous samples. Consequently it is
necessary to endow the plastics used as a construction
material for analytical devices with a capillary-active
zone, such as e.g. test elements with a capillary gap,
with hydrophilic properties i.e. to hydrophilize them.

In a preferred embodiment of the analytical devices
produced according to the invention at least one, but
preferably two and especially preferably two opposite
surfaces which form the inner surface of the channel
capable of capillary liquid transport, are
hydrophilized. If more than one surface is hydrophilized
then the surfaces can either be made hydrophilic using
the same or different methods. Hydrophilization is
particularly necessary when the materials that form the
capillary-active channel, in particular the carrier
layer, are themselves hydrophobic or only very slightly
hydrophilic because they are for example composed of



-8- nonpol ar plastics. Nonpol ar plastics such as for exanple polystyrene

(PS), polyethylene (PE), polyethylene terephthalate (PET) or polyvinyl

chl oride (PVC) are advantageous as carrier materials because they do not

absorb and are not attacked by the aqueous |iquids to be exam ned. The

hydr ophi l i zati on of the surface of the capillary zone enables a pol ar,

preferably aqueous, sanple liquid to read8ly enter the capillary-active

zone. If-the analytical device is a test elenent, the aqueous sanple is

additionally rapidly transported to the detection element or to the site of

the detection el enent where the detection takes ,pl ace. Ideall¥ t he
s
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In the German Patent Applicatipon .,P19753848. 7.. .Thesge re either
applied-dLrectI?QY%P?%eéémgféeﬁF s frFﬁédlgsgrgbgé§%??gf§? exanpl e
the detection element or to the site of the detection
element where the detection takes place.

Ideally the hydrophilization of the surface of the
capillary-active zone is achieved by using a hydrophilic
material in its manufacture which, however, cannot
itself absorb the sample liquid or only to a negligible
extent. In cases where this is not possible a
hydrophobic or only very slightly hydrophilic surface
can be hydrophilized by suitable coating with a stable
hydrophilic layer that is inert towards the sample
material, for example by covalently binding
photoreactive hydrophilic polymers onto a plastic
surface by applying layers containing wetting agents or
by coating surfaces with nanocomposites by means of sol-
gel technology. Furthermore, it is also possible to
increase the hydrophilicity by thermal, physical or .
chemical treatment of the surface.

The hydrophilization is quite especially preferably
achieved by using thin layers of oxidized aluminium as
described in the German Patent Application No.
P19753848.7. These layers are either applied directly to
the desired components of the test element, for example
by vacuum coating the work pieces with metallic



by vacuum coating the work pieces with netallic -9- alum ni um and
subsequent|ly oxidizing the netal, or by using nmetal foils or netal-coated
pl astics for the construction of the test carriers which al so have to be
oxi dized to achieve the desired hydrophilicity. In this case netal |ayer

t hi cknesses of 1 to 500 nm are adequate. The netal |ayer is subsequently
oxidized to formthe oxidized formin whigh-case above all oxidation in the
presence of water vapour or by boiling in water have proven to be
especially suitable nethods in addition to el ectrochem cal, anodic
oxidation. The oxide layers formed in this manner are between 0.1 and 500
nm preferably BREREBAURORAISUWRBLEMRR LY LOBIDZIAG Fhen mefkd Lne CRo®Y Lar ger

l'ayer thicknessgsgifg ﬁeeaﬂer@iléaaﬁrm@@ay\eida@sa Qflats't@.c@“f@% lkawer can in
principle be achievéed in 8rac ut do not, exhi an i tional
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and a cover |ayer. The ose_ of. t acer yer pref bly to define
the di mensi on WAPgH nggrt Y?Ft?&}%kﬂﬁé)%ﬁ|?<fi %'tﬁéo éﬁ gg%he t hi ckness
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fromthe spacer resulting in a zone a ca - -active di mension
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layers formed in this manner are between 0.1 and 500 nm,
preferably between 10 and 100 nm thick depending on the
nethod. Larger layer thicknesses of the metal layer as
well as of the oxide layer can in principle be achieved
in practice but do not exhibit any additional
advantageous effects.

The capillary zone of the analytical device produced
according to the invention is formed from the carrier
layer, a spacer layer and a cover layer. The purpose of
the spacer layer is preferably to define the dimension
which results in the capillarity of the zone. The
thickness of the spacer layer is preferably used to
define this dimension. However, it is also possible to
cut out or punch out a piece of appropriate width from
the spacer layer resulting in a zone of a capillary-
active dimension. At least one dimension of the zone is
defined by the physical limits of capillary activity. In
the case of aqueous liquids this dimension is of the
order of magnitude of 10 to 500 um, preferably between
20 and 300 pm and most preferably between 50 and 200 um
since otherwise no capillary activity would be observed.

Although the spacer layer can in principle be
manufactured from all materials that are inert towards



since otherw se no capillary activity would be observed. Al though the
spacer layer can in principle be manufactured fromall nmaterials that are
ineft towards =~ - 10 - the sanple liquid to be anal ysed, doubl e-si ded
adhesi ve tape has proven to be preferable since this sinply solves the
probl em of attaching the spacer |ayer on the carrier |ayer on the one hand
and of the cover |ayer on the other hardl10TRis avoids tine consum ng and
costly bondi ng or adhesive processes in the manufacture of the anal yti cal
device. However, if this advantage is not utilized, the analytical device
can al so. be produced according to the inventiaon usiggﬁadditional bondi ng

processes e.g. WP EAER IRy, LIk $eabengrrdysedanprebheraiged yadhes tve,
tglh.uei ng withI C%éi:?&iéé f}ﬂré\ﬁﬂ?ﬁfdd/%eobrlégﬁram@ siﬁ{i@stﬂf? Q:Enhﬁ)l/yd I pp: ng

e carrier layer, to a . spacer. |ayer or .Sspacer |layer to the cover |ayer.
In this connectsr%]nv?ﬁéﬁé%%blleﬂijlé’rf g3 ﬁlﬁgi ﬁB?pFBXB%rnJeﬁ'XFF’éC‘P%r%Pf rom
the material s wimhier dateao auithebloaef hanﬁhendabfLenelemr Tayee éme
spacer | ayer taqge | the rrier .l.ayer_and the cover layer, determ nes
t he geonetry o%%&e{cha% hh%’ré; élg'téiisvgg'zo%ﬁg, %'atmgoﬁ?gﬁym}ggi ‘#o te]gvi nto the
spacer |ayer irbaning sueselhesdoed prgcessese inntbat hanufdcture hef stlecer
ayer has been JIRHetbal ddiA e iofeviedy el e Bhel dabaHEaddone ALLS OF the

0 g 0 e ca

spacer l|ayer that, are not required, orm the geonetry (gillary-
active zone to Wd¥anhedhgganylytisrindevirei ean| alee beyproduged is that
part of the spatRioddiy tehithe fioehtiba GaRhYy! 2ayit PERED BEnd 1Ry anal yti cal
devi ce after detachnent from t{he carrier Laggr. T?e contour can in

é ig}ng, eat-sealin

princi pl.e. be i RYSHRRAEF Fyr d-hSYs & g for example with
- polyethylene, glueing with cold-setting adhesive or hot-

melt adhesive, or by clipping the carrier layer to a
spacer layer or the spacer layer to the cover layer. In
this connection the spacer layer can in principle be
manufactured from the materials which are also suitable
for the carrier layer.

Since the spacer layer together with the carrier layer
and the cover layer determines the geometry of the
capillary-active zone, a contour is introduced into the
spacer layer in the process according to the invention
after the spacer layer has been mounted on the carrier
layer which allows those parts of the spacer layer that
are not required to form the geometry of the capillary-
active zone to be removed again from the carrier layer.
An example is that part of the spacer layer which forms
the capillary region of the analytical device after
detachment from the carrier layer.

The contour can in principle be introduced by the spacer
layer using all methods which enable a clean separation
of the parts of the spacer layer that remain on the
carrier layer from those parts that are to be removed
from the carrier layer. Examples are punching, cutting
or stamping, of which punching or cutting are preferred



| ayer using all nethods which enable a clean separation of the parts of the
spacer layer that remain on the carrier layer fromthose parts that are to
be rempved fromthe carrier |layer. Exanples are punching, cutting or

st anpi ng, of which punching or cutting are preferred according to the

I nvention. It has turned out to be particularly advantageous for a cl ean
separation of the parts of the spacer fayer~renmaining on the carrier |ayer
fromthe parts that are to be renoved fromthe carrier layer, if the
contour is cut through the spacer layer and thus slightly cuts into the
carrier layer, care being taken that the cut in the carrier layer is not
deep enough toari?é?@qi‘tn%%é’t dhee invensiean Bt hesi tBryedveitete Bye suit abl y

precise cutti n@dxﬂﬁdixldiqry Ta@a@l&%f;@bﬁgdféﬂdebI@ﬁ 9&%%%'%%;}% ve

device in which t fﬂ%a(%glr iforrredfro m a doub

tape,it has tuflie So 5&\?% 3YEe5uECPRLIPLRY AR tRP LA Ja¥Rn on
the carri ?r Iha)fe:rom nmajl ipalredsy thaftoaeepﬂgcbenﬁem&‘%dlfh\@wrtrﬁé d:EEﬁﬁf‘EhxF] he
contour of the ry-acti zone.and to renpbve those parts of the
spacer |ayer thcaas%étjr e% t%% e 0] rt@&rt 6sf8}1{:n FREough, the, SR é:l \S/]ea

i medi atel y af aad mlnmhlsagqh(ttlwt cagsointoatipe mgami'memom}ce.n' G:Eaztehe
capi | I ary-acti g iz@n %ak@@?%h%%etﬁ@'gueaiﬁst éf%g&flar q¥q4q§ probl ens

such as e.g. adhési've residues remaining in 7 ve zone or
bondi ng of t he 982Pt £neughnEos Baker 1Fa9§$t%?éb%w a?ﬂ!afeﬁ b»}arpmﬁzmeig-ah:lm ting or

stamping. In adeidiigea bP BRI LAV Pr pPLAgLY EQtthd Nadoldlie edges. of the cut
out area in the spacer [ayer are particularly snboth conpared to using

pre- punched adhesi ve tapes and are thus favourable for the capillarity.
Wth the prefe%roed Lhse of double S]

e preferred e dggmgg{] St Vﬁxet aanealay:Stical device in
which the spacer layer is formed from a double-sided
adhesive tape,. it has turned out to be advantageous to

 laminate the spacer iayer on the carrier layer
immediately before punching, cutting or stamping the
contour of the capillary-active zone and to remove those
parts of the spacer layer that are not required to form
the capillary-active zone immediately after punching,
cutting or stamping the contour of the capillary-active
zone. When the said parts are removed this avoids
problems such as e.g. adhesive residues remaining in the
capillary-active zone or bonding of the parts of the
spacer layer separated by punching, cutting or stamping.
In addition it was surprisingly found that the edges. of
the cut out area in the spacer layer are particularly
smooth compared to using pre-punched adhesive tapes and
are thus favourable for the capillarity.

With the preferred use of double-sided adhesive tape as
the spacer layer it is necessary, after removing the
parts of the adhesive tape that are not required and
before applying the cover layer, to remove the cover
foil (interliner) of the adhesive tape that is generally
present to enable bonding of the cover layer.



the spacer layer it is necessary, after renoving the parts of the adhesive
tape that are not required and before applying the cover |layer, to renove
the cover foil (interliner) of the adhesive tape that is generally present
to enabl e bondi ng of the cover |ayer. - 12 - Al materials that are al so
suitable for the carrier layer are suitable as the cover layer for the
capillary- active zone of the anal ytical 1@devi ce produced according to the

i nvention. Consequently the analytical device can be essentially conposed
of identical materials for the carrier |ayer, spacer |layer and cover | ayer,
but any conbinations of materials are al so possible. For the preferred case
in which the andlythaterimls dddts aredlser sadtepiiec fbrekhei carrbarof the

sampl e mter | al 1aydr | o WANAROUS AT NaGREN bEE LAYLaRE 1 e cOVer

| ayer or both are conplete partially manu tur froma rent
mat eri al , prefe?%&&%ﬁe?qn%uﬁﬁxﬁhﬁnaQﬂkxﬁﬁQ§l Bevicperprdneed caccas@ingat t he

process accordrmg thatiﬁwdﬂﬁﬁﬁﬁl(Ubﬂs%qwaﬁilyotﬁéogﬁﬁﬁyﬁﬂcéﬂaé¥$i8ﬁ-céﬁSt
e cover

el enent, a one ece | used a rei,er ereas t

| ayer can be colrgéposesae'b leblnlé( §° “?&F&%ap &&F&‘tl‘?ﬂ% E%G%Flﬂaﬁef“”éaﬂ‘%e
conpl etely or peaxyisy ylayemosphosr ellayeurahyxtil cabeﬂel&pérpnbﬁtlm s

descri bed for q?ﬁpﬁ e C 29 656. 0.
Thi s detection mxfaselc%gfné]p%ﬁa@r} 2k g%mAﬁggée)r ?'raﬁ qé?\t foil

and the film aPreigraed caseiins thIlJChr &agennalnhﬂcallxdévmq mhssemces t hat
are required fafor@mRRtidad2lexd@litaki8h Bfaﬁﬁéoga%faig' xﬁg‘@efﬂ’fg,l &4 df%]n fhe

Such reagents and auxiliary substances are known a person s
art in nuneroudd@antageous,if at least carrier layer or the cover

layer or both are completely or partially manufactured
from a transparent material, preferably a transparent
plastic.

For the preferred case that the process according to the
invention is used to produce an analytical test element,
a one-piece layer is used as the carrier layer whereas
the cover layer can be composed of one or several parts.
The cover layer can be completely or partially composed
of an analytical detection film as described for example
in the German Patent Application No. P 196 29 656.0.

This detection film is composed of two film layers on a
transparent foil and the film as a whole contains all
reagents and auxiliary substances that are required for
an analytical detection reaction with the sample liquid.
Such reagents and auxiliary substances are known to a
person skilled in the art in numerous variants for
numerous analytes for example from the German Patent
Application No. P 196 29 656.0. The reagents and
auxiliary substances contained in the detection film
preferably lead to a qualitative or quantitative signal
that can be detected visually or optically by means of
an apparatus when the target analyte is present in the
liguid sample to be examined.



nunerous analytes for exanple fromthe German Patent Application No. P 196
29 656.0. The reagents and auxiliary substances contained in the detection
f|In1preferany lead to a qualitative or quantitative signal that can be
detected visually or optically by neans of an apparatus when the target
analyte is present in the [iquid sanple to be exam ned. - 13 - An
inmportant feature of the detection filmthat-is preferred here for the
preferred enbodi nent of an analytical test element is that the first layer
l ying on the transparent foil scatters |light considerably |ess than the
overlying:second | ayer. Wereas the first layer contains a swelling agent
such as net hyl vty AiRGFEantflesturgc pg Ebpofighecthon Hln diat yis weakly
li ght- scatteri prdfiddrerd Here sr.eeonﬁel pYetetrPadi éMSodimeyet ldpgent and in

2t 1 onal 1y oty TR o aRS s SLEPFRES LankARbr R F117 e BXaR LIPS on
ki esel guhr in srie tanmmewtt fiodll beabhteng biagmtsad:ﬂmifdura]ﬂry iXagsat e
Sanp! o componenkhatt theSvREAVERECKEESNa ™ A8 | N dFAd Yold HHrRC 9,1 O

fillers and the strong y I erin Sare e
responsi bl e forcpﬁéaéﬁﬁléaﬁwﬁﬂépagtﬁﬁsnbfsuhb aslmnthﬁ&yxnyk+uthhrﬁst and

the second fil mpaakae a@&aabapen%&eaﬁafbﬁéf&ﬁ?ﬁ[fer S‘&\rﬁl@é : g.first

filmlayer shoul d ers_or ractlve

her cantai n” no
index is close F&agﬁérﬂégrgéiiﬁﬁrlFB%XS%?OW%I%#YQQNTQSH%ﬁﬁﬁeQyﬁﬂaiiing
di oxi de, sili cahgen&ndnal ifi Bhymtasei £8t Bsast] f&:@\@dxﬂﬁ%l@arﬂﬂg@ﬂt& si ze of

particularly pr rred filler tickes is rr]m” The second
| ayer shoul d adggﬁ 555409 138g9é 4 °an *a f58 dadt €lonail contain

non-porous flllers and porous fillers such as kieselguhr
in small amounts without becoming permeable for
particulate sample components such as erythrocytes.

Since the weakly light-scattering fillers and the
strongly light-scattering pigments are essentially
resbonsible for the optical properties of the film
layers, the first and the second film layer contain
different fillers and pigments. The first film layer
should either contain no fillers or fillers whose
refractive index is close to the refractive index of
water for example silicon dioxide, silicates and
aluminium silicates. The average particle size of
particularly preferred filler particles is about

0.06 pm. The second layer should advantageously be very
strongly light-scattering. The refractive index of the
pigments of the second film layer is ideally at least
2.5. Hence titanium dioxide is preferably used.
Particles with an average diameter of about 0.2 to

0.8 pm have proven to be particularly advantageous.

Furthermore it has proven to be preferable that, when
using a detection film, the cover layer is additionally
formed by an additional cover foil which preferably lies
next to the detection film and, 1like this, is on the



strongly light-scattering. The refractive index of the pignents of the
second filmlayer is ideally at least 2.5. Hence titaniumdioxide is
preferably used. Particles with an average di aneter of about 0.2 to 0.8
[err] have proven to be particularly advantageous. Furthernore it has
proven to be preferable that, when using a detection film the cover |ayer
Is additionally fornmed by an additional-cpyer foil which preferably lies
next to the detection filmand, like this, is on the - 14 - side of the
carrier layer that is opposite to the capillary zone. The cover foi

repl aces..the detection element on part of the capillary zone. Since the
detection el emrefidgs@dl lthecsarzins Yaveunbibat ebgeoprosifeth s e ynes and,

due to its ofte&agqmlagy FohnkCt Bhe, cb¥eFUEHI IDF Ep BARENSENE dekdBgpct ure
than a sinple coyer foil, this neasure consjderably reduces the materi al

and production EIERENTTRNSPAFE PESTRE ERRULLRTY e hes 1R Wie | ong
capi | | ary zones qelftiecit iahe el@tenst a8dadiy zeoRta Diis M Rudiian reagants | engt h.

Mbreover in tes enqents _in _whi t detection.tfeacti i ected in
t he detection f%fl% i ?gaegﬁ Cal F)’C?Qéxg‘g?l gédgﬁ ne er"eg‘faom(r)élefx(s)rsq%xtuéz%ree in
the case of optisamugdt @orieorxpanahve nto roapwtactuxe ithathiacls inplies
desirable to SeRRuaYe bl SBRRLCnBRBLLE LoD JORRBNG i ke Zone, for
exanpl e for reasons of | nétrunment ygi ene, this neasure enables an

accel erat ed sanppréeriadspbdt preguctihensaeste-. afipls ArRLies pantigulaniye
test el ement torbhendetaski 8% 3bh§ &dpilfafplLsiddNEl@Re WdARIRe
transport of the sanple in the capillary chanpel fromthe samle :
appl i cat.i on zon@stéggﬁé HthBFFoﬁﬁ%Pe%.¥§ ) {éﬁﬂqptlﬂﬂxqueﬁbé§ &S5 nmpose
any time I'imtaeienents tihewhiiehythé detection reaction is detected in

the detection film in a spatially exactly defined

region, for example in the case of optical detection in

an instrument, and in which it is desirable to separate

the sample application zone and detection zone, for

example for reasons of instrument hygiene, this measure

enables an accelerated sample transport from the sample

application opening in the test element to the detection

site in the detection element so that the transport of

the sample in the capillary channel from the sample

application zone to the detection area is so rapid that

it does not impose any time limitations on the analysis

of a sample. In addition such an arrangement makes it

more convenient to use for the user.

The cover foil and detection film must be assembled such
that they abut each other in the final test element so
that the liquid transport is not interrupted in the
capillary at the site of contact of the cover foil and
detection film by for example an unfavourable change in
the capillary cross-section which is also understood to
include an interruption of a continuous boundary surface
of the capillary. For this purpose the dimensions of the
detection film and cover foil should be matched
appropriately. If it is not possible to assemble the two



of a sanple. In addition such an arrangenent nmakes it nore convenient to
use for the user. The cover foil and detection filmnust be assenbl ed such
that they ‘abut each other in the final test elenent so that the liquid
transport is not interrupted in the capillary at the site of contact of the
cover foil and detection filmby for exanple an unfavourable change in the
capillary cross-section which is al so-understood to include an interruption
of a continuous boundary surface of the capillary. For this purpose the

di mensi ons of the detection filmand cover foil should be natched

appropriately. it is not possible to assenble the two .conponent s
cl ose enough tS@EPHBP“tﬁnCFﬁFQr?H%??QwFQﬁeﬁnﬁ¥mxﬂﬂINQ%%FQ%&FLQQ 2én&bean be

avoi ded by subaa?m@m*arf;eabtmge SORE! Edn NEB Yavdidds Hyosubsdd@lenttor a
partlcularly pLe ﬁrred enbodi mrent of the test el enent produced according to

the invention %Pr&R¥pble inert foil can additionally be nounted on the side
of the cover foil facing the channel capable of capillary liquid transport,
whi ch extends over the entire length of the cover, covers the capillary
zone over its 8Surpréstndgly dhdvas ﬁmundxﬁhaQMﬁaﬁ & paréricdezdybet ween t he

opposed edge S?géfﬁffeafe{nﬂgdfﬂ&% rea ’\ﬂaé’cﬁteel%ﬁdeﬁ& %‘r‘nﬁh%% gt hat the

capillary liqu transport does not own at tact site of the
det ecti on fllnﬁﬁﬁﬁr@bV§rtPo¥he ineeniian i flaxdds iieeaty fodlecan

hydr ophi | i zi nga&&ﬁ;iﬂﬁa?iytﬂé ﬁ@mﬁtg@%&wtglaié %fCeheC eRoRs trgifhat

al ready descri hed,above for the, carri.er | g er In this
espeC|gIIy pre?@??ﬁﬁ the; ghenpad %ﬁ??ﬂﬁ?(ﬂquqﬂﬁ ngﬁ oitFaBFRORE s o

mount ed. as cl osRight egeéhds asepotise bdret irEhd engite of &meondw&g,teovbes

Invention is péﬁéeéggi¥lary zone over its entire width and is at least
partially enclosed between the opposed edge surfaces of
the cover foil and detection film so that the capillary
liquid transport does not break down at the contact site
of the detection film and cover foil. The material and
optionally the hydrophilizing coating of the foil can
essentially correspond to that already described above
for the carrier layer and cover layer. In this especially
preferred variant the detection film and cover foil are
also mounted as closely together as possible.

The process according to the invention is preferably
used to produce analytical devices in large numbers so
that the process can be substantially automated. For
this purpose the materials for the analytical devices
such as the carrier layer, the spacer layer and the
cover layer are provided in the form of tape material
similar to a roll of film. The contour which determines
the shape of the capillary-active zone is preferably cut
through the spacer layer which is laminated onto the
carrier layer by using a rotating cutting tool which
preferably contains a cutting roller and a counter-
pressure cylinder. This advantageously results in a
continuous cut in or through the spacer layer which has
a precise and reproducible relative position on the



used to produce anal ytical devices in large nunbers so that the process can
be substantially automated. For this purpose the nmaterials for the

anal ytical devices such as the carrier |ayer, the spacer layer and the
cover layer are provided in the formof tape material simlar to a roll of
film The contour which determ nes the shape of the capillary-active zone
Is preferably cut through the spacer | ayams which is |am nated onto the
carrier layer by using a rotating cutting tool which preferably contains a
cutting roller and a counter- pressure cylinder. This advantageously
results in a continuous cut in or through the spacer |ayer which has a
preci se and repFeRbENBPES reaRe | AR RANISPIETYHA Y (0@ the apglytdgAdi nuous tape

and consequent | ye9cbsenanat ¥Et@Pda dddRei Py apkuiadenedondi ng to the
invention. In this particularly preferred process according to the

I nvention the anal ytical devices, for exanple the anal ytical test elenents,

are separated te pount | over cut.t chi.n
separated from ﬂe f%v??ﬁé&%%ihf#in@ﬁ gﬁgﬁﬁ nagfg%ggggsgﬁtggﬁl
rectangul ar str1psentb@neth@eamalyhmnalndeumnasdlﬁgrtexahplbntbﬁtlon can be

carried out | n gfigi 9BELEL | OLL e'e Pl PAYISaaTatahe Aot HbTRRIE 7. 50

m mn). The advan €s 0 e i nventiorf can be sunmmari [err]
An extensive autbercover otayéer b cenkhinsh qn queehing 9@§3|§P§a§ﬁ§eﬁence t he

production COStfr&Qrtﬁﬁ wmw@a Sl 'acs"llpr‘i%\ékﬁﬁiyr AEBEBw, OW. * The
position and size of e capi | Iary-actlve zone on the analgtlcal device are

accurately and ggﬁggﬁﬁ%}%yyrectangular strips. Hence the production
according to the invention can be carried out in one

operation at a high production rate (0.1 m/min to ca.
50 m/min).

The advantages of the invention can be summarized as

follows:

¢ An extensive automation of the production process is
possible and hence the production costs for the
individual analytical devices remain low.

¢ The position and size of the capillary-active zone on
the analytical device are accurately and reproducibly
maintained; its position relative to other functional
components of the analytical device can be readily

adjusted and is reproducible.

¢ The capillary-active zone has exact and cleanly
defined borders with the spacer layer which enables
the capillary properties to be precisely adjusted.

The invention is further elucidated by the following
examples and figures.



mai ntairned; its position relative to other functional conponents of the
anal ytical device can be readily adjusted and is reproducible. [err] The
capi |l l ary-active zone has exact and cleanly defined borders with the spacer
| ayer which enables the capillary properties to be precisely adjusted. The
i nvention is further elucidated by the follow ng exanpl es and fi gures. -
17 - Figure 1 shows schematically a part+ pf 4+he automati c manufacture of an
anal ytical device according to a preferred enbodi nrent of the process
according to the invention. Figure 2 shows schematically six stages (Ato
F) .of the.manufacture of an anal ytical device according to a preferred
embodi nent of t Fdguwrecdsshavsosghagatbcahdyiaveart Rt leﬂf‘é'—%aé’rm a

schematic expl Oﬁ%gu%' LRl 9% ﬁnpéﬁéﬂzﬁﬁéaﬁn@@@ié@fﬁcdﬁr&ﬁ@ﬂﬁi Wi cal
devi ce which can be pro uce [ 0Cess accordlqg to . the .inyention. The

numbers in the PFG@@§§e@eﬁBP8dlﬁe“tc Frike proeess a %8/ & spacer)

3 cutting rol lighehtionQunt er pressure cylinder 5 remai nder of the spacer
| ayer that has to be pulled off the carrier layer 6 wthdrawal roller 7
remmant of the spacer layer remaining on the carrier |ayer 8

Capillary-activ%ié%gg % sh%%gegéhgﬂaEBSaffﬁréfi ééﬁ&gs (A to F) of the
manufacture of an analytical device according to a
preferred embodiment of the process according to the

invention.

Figure 3 shows a schematic exploded diagram of a
preferred embodiment of an analytical device which can
be produced by the process according to the invention.

The numbers in the figures denote:

carrier layer

spacer layer (spacer)

cutting roller

counterpressure cylinder

remainder of the spacer layer that has to be pulled
off the carrier layer

withdrawal roller

remnant of the spacer layer remaining on the carrier

M od W N R

layer
8 capillary-active zone
9 recess in the carrier layer
10 detection film
11 cover foil
12 protective foil

Part of an automatic production plant for analytical
devices and in particular for analytical test elements
is shown schematically in figure 1 which operates



10 detection film 11 cover foil 12 protective foil Part of an automatic
production plant for analytical devices and in particular for analytical
test elements is shown schematically in figure 1 which operates

according to a particularly preferred variant of the process according to
the invention. In figure 1 a carrier layer 1 on which a spacer |ayer 2 has
al ready been lamnated in the form of -aidoubl e-si ded adhesive tape in an

i mmedi ately precedi ng production step, is nade avail able as tape materi al
on the left and is automatically transported to the right. In this process
t he | am.nate conposed of carrier layer 1 and spacer |ayer 2 passes through
a rotary cuttiagcerdingore st rpanticwlanlinpredlerged3 vandaatcofintbepr essure

cylinder 4 whighobLs OJLES @GP O Wnd N dvimtsioahe 1af sagueasengially
rect angul ar nmeander through the spacer layer 2 using the cutting_roller 3

whi ch det er ni nERTYHRL ghRYEE 1y It WHER HiShagey. Ja¥PYe2-BA8 8LreRaYfina

anal ytical tespeghel@iinatédrerh aid ol &Ff RAGDUBIet-BEdedt haREsi el

containing a Qgttin roller 3 aq%aa count er.pressur.e gélindgr 4, .the
remai nder 5 of “iFR PR IS LY, RrGeeding, RrogRGhaan §T6Rr 148 of f t he
carrier |ayer addhevaildblaved tagd erat@enilailcloni $thpadeftl ahdoigh in this

o ocess Snsut SOl 0P ROrlr halosbl, SARGR, LaNEE Zoil o boptBcen Pyl
capi | l ary geontheylaminrate corpesadiofdearsiesalpigrdyr AR EPRCETri ppi ng.
ooty o LEEL s s ddanag o Bk catcbng eaeS AN |
remai ns on thed cutting roller 3 and a counterpressure cylinder
which introduce a contour in the shape of an essentially
rectangular meander through the spacer layer 2 using the
cutting roller 3 which determines the geometry of the
capillary-active zone of the final analytical test
element. Immediately after passing the cutting tool
containing a cutting roller 3 and a counterpressure
cylinder 4, the remainder 5 of the spacer layer 2 that
is to be removed is pulled off the carrier layer 1. The
withdrawal roller 6 which is passed through in this
process ensures that the part 5 of the spacer layer 2
that is to be pulled off is pulled off cleanly and free
of remnants in the direction of the cut capillary
gecmetry without the remainder 5 .tearing during the
stripping. Very narrow remnants 5 of the spacer layer 2
can be reproducibly and reliably removed in this manner.
The remnant 7 of the spacer layer 2 that remains on the
carrier layer essentially determines the geometry of the
capillary-active zone 8 which is formed by subsequent
covering of the spacer layer 2 with a cover foil which
is not shown in this figure, during which the interliner
of the adhesive tape is removed immediately before
mounting the cover foil. Individual test elements which

each have a capillary-active zone 8 are obtained at the
end of the manufacturing process from the continuous
tape generated in this manner composed of carrier layer



carrier |layer essentially determ nes the geonetry of the capillary-active
zone 8 which is forned by subsequent covering of the spacer layer 2 with a
cover foil which is not shown in this figure, during which the interliner
of the adhesive tape is renoved i medi ately before nmounting the cover foil.
I ndi vi dual test elenments which each have a capillary-active zone 8 are
obtained at the end of the manufacturimgifrdcess fromthe continuous tape
generated in this manner conposed of carrier |ayer - 19 - 1, spacer

| ayer 2 and a cover foil by cutting or punching. Six manufacturing stages

(A'to F). of the analytic t est. el epent t hat d_according to a
preferred enbod]r'me%?g%?rt %Y?ﬁvzenqx}(ge ;ﬁ°ge§fh(§\%ﬁasgﬁe%??g§ I?gi n figure 2.
In.stage A a capunehih@yer 1 is prepared in which a notch 9 is punched
which in the final analytical test elenent can serve anong others as an

orientation aid for sanple application and to facilitate sanple uptake into

the capillary (§igofak)ract@dtnd S t@E tAF) | 8F LA¥CAnA198ivAL Chestf t er
i ntroduci ng the notch 9, a spacer |ayer 2 has been apgkl d he form of a

ed in_the
doubl e- si ded adPERNSRE (ERRt 430 the Producad,@cconting fhRTeLEFFedry zone

8 has al ready beffodithert)&fGhd hihvedion ladyeshdwnt Behenatieqliyedn

remmants of the_spacer_|ayer_ 2 have been stripped_off.and the cqver foi
(interliner) haSt9&&h "p)u?f Fge hé 5&%&1%95385. EsstBﬁﬁBHFﬁg 8t age D)
an anal ytical oettibechiamdtdmalis purrhnedawbdchntio the &ppadpanalyticak of

t he spacer | aye r | O carrl e W) .
previ ously unco‘g/%%tédg‘g%%@o%%qﬁeé%gﬁ %l“‘?r“%r gcglg\?%égngRSO%g%g*é?g% %L(tlh a
cover foil to réswlsanple: appkicaidien aad toafpcidditetezspuphpi vptake

into the capillary (stage B). Stage C shows the carrier
layer 1 on which, after introducing the notch 9, a spacer
layer 2 has been applied in the form of a double-sided
adhesive tabe. In this case the contour of the capillary
zone 8 has already been cut through the spacer layer 2,
the non-required remnants of the spacer layer 2 have been
stripped off and the cover foil (interliner) has been
pulled off the adhesive tape. Subsequently (stage D) an
analytical detection film 10 is laminated onto the
appropriate site of the spacer layer 2 remaining on the
carrier layer 1. The remaining, previously uncovered area
of the capillary-active zone 8 is covered with a cover
foil to result in a continuous capillary-active zone which
includes the cover foil 11 as well as the detection film
10 (stage E). For manufacturing reasons remaining exposed
areas of adhesive tape are subsequently provided with a
protective foil 12 which is intended to prevent an
undesired adhesion of analytical test elements
manufactured according to the invention (stage F). Hence a
small gap usually of a few millimeters in size usually
remains in this process between the protective foil 12 and
detection film 10 which allows air to escape from the
capillary-active zone when it is filled with sample
liquid. For the same reason zone 8 is not completely
covered by the cover foil 11 and the detection element 10



i ncludes the cover foil 11 as well as the detection film 10 (stage E). For
manuf acturi ng reasons renai ni ng exposed areas of adhesive tape are
subsequently provided with a protective foil 12 which is intended to
prevent an undesired adhesi on of analytical test elenents nanufactured
according to the invention (stage F). Hence a small gap usually of a few
mllimeters in size usually remains i+ 2GS process between the protective
foil 12 and detection film 10 which allows air to escape fromthe
capillary-active zone when it is filled with sanple liquid. For the sane

reason zone 8 is not conpletely covered by the cover foil 11 and the
det ecti on el efhthofp complekgly covasedcehpthe efide RAFRE dMe he side facing

the protectiverdtidetlide Feg1an2lytical test elenent of figure 2 produced
according to the invention is again shown schematically in figure 3 in an
expl oded di agram A spacer |ayer 2 which defines the contour and the height

(correspondi ng,to th hi ckness. of .t he spacer.|ayer) of the capillary-
active channelq'hles al“@?é’:té‘gaén%Fﬁg S&F’F‘Fgﬁ ?gyg‘g‘i § 1 vﬁ’"ﬁ%%ucae(flotch 9 has
been i ntroducedcordimgertof dthle itventdenetisi again |shawhn sschemdtiamldy
protective foil Le ianstu n ' T {?&/ fyq and
detection fil nJﬁnl.k%gr%g%ngurﬁneéﬂsgkgﬁgggﬁydtiggg?ﬁep?t at&’t[ eﬂc\}zfp%lja_ary- active
zone extends fihdeh defines thgecontens andekhe dieight | (garFesrandimg notch 9

up to the oppey ide tAIcRAGBsObE! BReU8pEEET) OTaydrtMIH. thid &dpilrIQiy-area i n
t he spacer layer 2 is_nmade_sl i er than the cover foil, 11 and

lightly. |on
det ecti on eIeﬁéﬁﬁvfoCPG&@FﬁeF538°Fg§?dugﬁafm? CAH AROVEYEF dapd™f a few
mllimeters i whiictht & wottehl ¢ hasabaanf introduedd Aix cmrere fedEpe vhen t he

detection film 10 as well as a protective foil 12 are in
turn placed on this. The cover foil 11 and detection
film 10 are mounted so closely together that the
capillary-active zone extends from the free edge of the
cover foil 11 lying over the notch 9 up to the opposite
free edge of the detection film 10. The cut-out area in
the spacer layer 2 is made slightly longer than the
cover foil 11 and detection element 10 together so that
usually an uncovered gap of a few millimeters in width
usually remains from which air can escape when the
capillary-active zone is filled with sample liquid. This
gap also remains uncovered by the protective foil 12 so
that its function remains ensured.

Exanple 1
Production of an analytical test element by the process
according to the invention

A double~-sided adhesive tape with a thickness of 100 um
is glued as a spacer layer onto a 350 upm thick foil of
polyethylene terephthalate (Melinex®, ICI, Frankfurt am
Main, éermany). The carrier layer has a length of 25 mm
and is 5 mm wide. A central notch-shaped recess of 1 mm
width and 2 mm length is located on one of the short



capil lary-active zone is filled with sanple liquid. This gap al so renains
uncovered by the protective foil 12 so that its function remains ensured.
Exanpl e 1 'Production of an anal ytical test el enent by the process according
to the invention A doubl e-sided adhesive tape with a thickness of 100
[err]mis glued as a spacer layer onto a 350 [err]mthick foil of

pol yet hyl ene terephthal ate (Melinex[ert]311-Cl, Frankfurt am Main, Gernany).
The carrier layer has a length of 25 mmand is 5 mm w de. A central

not ch- shaped recess of 1 mMmmwidth and 2 mmlength is |ocated on one of the

short . .- 21 - sides of the carrier layer as also described for exanple in
the German Pat &hfiegppfi thei GATRGST PLayer 53 grlr@ deprr ikad S eyampleyt - out

of 2 mMmwi dth andthe GﬁrinaﬁgPhtwhtCKpﬂEid:@ﬁ;‘oﬁ hveo g o st 3530f85toh@ .camiel | ary
channel is introduced ;hrough %ve tiﬁ%ﬁﬂ %de 0 e carrier
oo i th t hecaPdonr SAvopoPubrRuf s AR )  he
carrier |ayer which daflsesdEhplgeomemrytefrthp(hagakmatysmmhmheﬂylwould

uffer . The | eagkBofloberfibhagh tliasadRebfe Uit i kgl byl ar ger

than the desir eng e“caprTlary-active annel I'S determ ned
by its coveringarmierdéayes vnturéthmmﬁrefcﬁntanpnﬂmgnn@BIGUﬁhn@eﬂn|||ng

with sanple |i gykdindeaBl Nt eabkE Sthdadsr ir U RINGE clltPgoAl e pul l'ed

off the carrier layer imrediately, after introduci,ng the _contaour

|l ong and 5 nm #eER1¥etBRE & F5f¥}9ﬁ¢%ﬁ¥ﬂ%ﬁﬁi%ﬁﬂQ}%ﬂﬁy §“ﬂédoﬁuﬁﬁ€rreW§Pnlng
adhesi ve tape mehgathVtHQScﬁtleouemaglgx@tb@ gl 1ectiede tof b emibhenyt he end

gérhgﬁ gg:eﬁgtlarggklgh Eﬁe de51%£§3f§§é%tl(¥1thé g%%il&gr§ug@@ifron1the
channel which is determined by its covering in order to
ensure venting of the channel during £filling with sample
liquid. The non-required parts of the adhesive tape are
pulled off the carrier layer immediately after
introducing the contour. A 3 mm long and 5 mm wide
detection film is glued onto the side of the remaining
adhesive tape which provides the venting at a distance
cf 1 mm from the end of the cut-out. A film is used as
the detection film as is known from the German Patent
Application No. P 196 29 656.0. The detection film is
specific for the detection of glucose. A 12 mm long and
5 mm wide cover foil is glued onto the region of the
adhesive tape that is still open between the notch-
shaped recess and detection film so that the cover layer
and detection film abut one. another. The cover foil is
composed of a 150 um thick polyethylene terephthalate
foil provided on one side with adhesive ontc which a
6 um thick polyethylene terephthalate foil (both:
Hostaphan@ﬁ Hoechst, Frankfurt am Main, Germany) coated
with a 30 nm thick oxidized aluminium layer is glued on
the side facing the capillary channel. In this case the
thinner foil extends ca. 500 um beyond the thicker foil
on the side facing the detection film. When the cover
layer is mounted on the adhesive tape care must be taken
that the protruding end of the thinner foil comes to lie



Application No. P 196 29 656.0. The detection filmis specific for the
detection of glucose. A 12 nmlong and 5 mmw de cover foil is glued onto
the region of the adhesive tape that is still open between the notch-
shaped recess and detection filmso that the cover |ayer and detection film
abut one another. The cover foil is conposed of a 150 [err]mthick

pol yet hyl ene terephthalate foil provi de®@2or one side with adhesive onto
which a 6 [err]mthick polyethylene terephthalate foil (both:

Host aphan[err], Hoechst, Frankfurt am Main, Germany) coated with a 30 nm

t hi ck oxidized alum niumlayer is glued on the side facing the capillary
channel . I n thbstvgse the datarkior grlensitefd the §@GCF@%rFﬁ#Be?%nd t he
thicker foil ognhkhgogkderbati ngnt fLasietastédrer idrnBasWoen thize aghesiveayer is
nmount ed on the adheﬁgve t ape gare nust be t.aken that theE%hotngging end of
the thinner foffPEolB&%T:BTE| EL111l_exposeqy HE FEVEEE o 1ePefflent and

t he thicker foiz5ofimt bhickveelinex® Foidrdithowt cdvmrewarascofertiey adhesi ve
tape that are Ll S hese are covered with a 175 [err]mthick
Mel i nex foil m?%h%kﬁsﬁggmgg%?%'covering functi onal areas. The test el enent
obtained in this manner has a capillary channel of 15 mmlength, 2 mmw dth
and 0.1 nm hei ght. The channel can take up 3 [err]|l sanple liquid. An area
of 3 nmx 2 nmmthbe tastdelewenbrobtained iwtthkds mpnnexr daspRecapillagy

d ai s channel of 15 mm length, 2 mm width and 0.1 mm height.
The channel can take up 3 pl sample liquid. An area of
3 mm x 2 mm of the detection film is wetted by the

sample.



1. Process for the production of analytical devices with a
capillary-active zone in which (a) a carrier |ayer is-preparet:—{b)—a——
spacer layer is lamnated onto the carrier |layer; (c) a

determ nes the shape of the capillary-active zone is pu [m numm’mum
stanped through the spacer |ayer |amnated onto the carrierclayers;

those parts of the spacer |ayer are renased fromthe carrier |ayer which

are not required for shaping the capillary-active zone; and (e) a cover
| ayer is nounted on the spacer |ayer so that a capillary-active zone is

formed.. 2. Process as clained in claim1l, wherein the spacer layer is a
doubl e- si ded adhesi ve tape. 3. Process_as clainmed in claiml or 2,
wherein the cover layer is conposed of @B} several parts. 4. Process
as claimed in one of the clains 1 to 3, wherein the cover |ayer is conposed
at least partially of an analytical detection film 5. Process as cl ai ned
in one of the clains 1 to 4, wherein the anal ytical device is an anal yti cal
test el enent. 6. Process as clainmed in one of the clains 1 to 5,

wherein the spacer bageéssstoéantiatmrbdudtioldrhefcanalgt icajedeviiredi withy
bef ore punchi ng, cuttlng ta £{$Et aYf Qipf the capillary-active
SFhaRYT F

zone. 7. Process as°% one e clalns 1 to 6, wherein those
parts of the spacer (ahyea charierelaukrrkﬁnﬂﬁﬁﬁ?ﬂﬁ@:forn1the

capillary-active zopgyarg spacer layer is laminated onto the carrier
layer;

. (c) a contour which determines the shape of the
capillary-active zone is punched, cut or stamped
through the. spacer layer laminated onto the
carrier layer;

(d) those parfs of the spacer layer are removed from
the carrier layer which are not required for
shaping the capillary-active zone; and

(e) a cover layer is mounted on the spacer layer so
that a capillary-active zone is formed.

2. Process as claimed in claim 1, wherein the spacer

layer is a double-sided adhesive tape.

3. Process as claimed in claim 1 or 2, wherein the
cover layer is composed of one or several parts.

4. Process as claimed in one of the claims 1 to 3,
wherein the cover layer is composed at least
partially of an analytical detection film.

5. Process as claimed in one of the claims 1 to 4,
wherein the analytical device is an analytical test

element.



renoved inmedi ately after punching, cutting or stanping the contour of the
capill ary-active zone. 8. Process as clained in one of the clains 1 to 7,

wherein the carrier layer, the spacer |ayer and the cover yer are
provided in the formof tape nmaterial. 9. Process as jllﬂliﬁﬁ ’ "ﬂ l”“ ,
wherein the contour is introduced as a continuous cut b c " *
tool. 10. Process as clained in claim9,2&herein the rotary cutting tool
contains a cutti.ng roller and a counterpressure cylinder. 11. Process as
claimed in one of the clains 8 to 10, wherein the anal ytical devices are

separated by cutting or punchin? after.applyigg t he cover |ayer. 12.
Anal ytical device obEreca&El ashglaipedcinsons f fhfefliainshd H° the clains 1

to 11. wherein the spacer layer is laminated onto the
carrier layer immediately before punching, cutting
or stamping the contour of the capillary-active

aone.

7. Process as claimed in one of the claims 1 toc 6,
wherein those parts of the spacer layer that are
not required to form the capillary-active zone are
removed immediately after punching, cutting or
stamping the contour of the capillary-active zone.

8. Process as claimed in one of the claims 1 to 7,
wherein the carrier layer, the spacer layer and the
cover layer are provided in the form of tape

: material.

9. Process as claimed in claim 8, wherein the contour
is introduced as a continuous cut by a rotary

cutting tocol.

10. Process as claimed in claim 9, wherein the rotary
cutting tool contains a cutting roller and a

counterpressure cylinder.

11. Process as claimed in one of the claims 8 to 10,
wherein the analytical devices are separated by
cutting or punching after applying the cover layer.

12. 2Analytical device obtainable by a process as
claimed in one of the claims 1 to 11.



