0 3 MAY 2004 1 Test El enent Analysis System The invention relates to a test
el emrent analysis systemfor the analytical investigation of a sanple, the
system conprising test elenents and an eval uation instrunent.g Phobosmiric,
carrier-bound tests are used on a large scale to analyze the conponents in
a liquid sanple qualitatively and quaﬁtitatively, particularly in body
fluids of humans or animals. This inplies use of test el enents which
generally contain a reagent system conprising various reagents. To
performa reaction the test elenment is brought into contact wth the
sanpl e. The reaction of sanple and reagents leads to a change of the test
el ement which is characteristic for the analysis and can be neasured
optically. In the medical field, blood and urine are the nopst inportant
sanpl es. Hereafter reference is nade to bl ood analysis as an exanple and
wi thout limtation of the general applicability. A particularly inportant
field of application, for which the invention is npst suitable, is the
control of the blood gl ucosggrevel @ rdingha Sgg S fgarticular the self 0 3
MAY 200% 2 nonitoring of blood glucose ("ho toring"). The evaluation
i nstrunment provided for nmeasuring the change of the test elenent which is
characteristic for the analysis and thus for the evaluation of the result
of the ana i n pt.e fIC e of test elenents
of a certgyﬁ %%Eﬁ?gégﬁrgégg# ere o%ege%geg% eI%ﬁ%%%glgnﬁyFﬁSm For
evaIuat|onthﬁs@mahghicalelnmepbmgat$omhofhaaeempmeuath¢ sgdapked to each

other. As a whole, the re ner al | desi gnat ed as anal ysis system
comprlsing tgsg men£ Xd an egaluatlon 1nst¥umenty

Photometric, carrier-bound tests are used on a large scale
to analyze the components in a liquid sample qualitatively
and quantitatively, particularly in body fluids of humans or
animals. This implies use of test elements which generally
contain a reagent system comprising various reagents. To
perform a reaction the test element is brought into contact
with the sample. The reaction of sample and reagents leads
to a change of the test element which is characteristic for

the analysis and can be measured optically.

In the medical field, blood and urine are the most important
samples. Hereafter reference is made to blood analysis as an
example and without limitation of the general applicability.
A particularly important field of application, for which the
invention is most suitable, is the control of the blood

glucose level of diabetics, in particular the self-



The test elenments used for photonetrical tests have, in nost cases, the
shape of the known test strips, with at |least one test field fixed to a
flat side of a generally elongated carrier filmnade of plasti chiIm

cases, the test field consists of a plurality of test |ayers, arranged one
on top of the other and containing different conponents of the reagent
systemand/or fulfilling different functions. The sanple is applied to the
upper side of the test field. After the necessary reaction tine el apsed, a
col or change which is characteristic for the analysis can be neasured in
the detection zone of the test field with the evaluation instrunent by
refl ecti on bt SHeS et ghucorsy ( thers morkeoxiur@t) i ohheone is
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film and the carrier, filmcomrises a hole in the test field zone,
t hr ough V\/nitg}? q:te'rFet SHSSHER r“f‘i'b]ar@’ MEASTR TRt ST S pks ot Felthe Thealysis,

phot onet ri eald rEasuriErenthe guignet i of ¢Hetipnatasi Bt c'bflgﬁlﬁéld”&mélﬁ@g@,mi alhl y
consi sts of. i enj tt e, g..a lightz-emtting diode jrected to the
det ecti on zlosﬁe%ér%r?cf%@ A ctgeodr ?C%I%os Frected ¥R° t‘?11g R et TREIEREE An
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quality, antkdiepauss t4he Hhotmed rgfgg‘,em_rreasuri ng technique allows a very
exact evaluation of the color developnent in the detection zone. The
handl i ng dLHi wever, not optimal. In particular, there
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cases, the shape of the known test strips, with at least one
test field fixed to a flat side of a generally elongated
carrier film made of plastic. In many cases, the test field
consists of a plurality of test layers, arranged one on top
of the other and containing different components of the
reagent system and/or fulfilling different functions. The
sample is applied to the upper side of the test field. After
the necessary reaction time elapsed, a color change which is
characteristic for the analysis can be measured in the
detection zone of the test field with the evaluation
instrument by reflection-photometrical means. In many cases,
the detection zone is located on the bottom side of the test
field directed towards the carrier film, and the carrier
film comprises a hole in the test field zone, through which
the photometrical measurement is performed. The
photometrical measurement equipment of the analysis
instrument essentially consists of a light emitter (e.g. a
light-emitting diode) directed to the detection zone, and a
detector, also directed to the detection zone. An analysis
system of this type is described, for example, in US patents
5,281,395 and 5,424,035,



fact that the test field is - in view of the neasuring arrangenent
necessary for the photonetrical neasurenent |ocated directly above the
illum nating and nmeasuring optical system To avoid contam nat@ @rat b
sanple, e.g. a drop of blood, nmust be applied very accurately to the test
field. This-is however not always possible, in particular because

di abetics are a very inportant group of test elenent analysis system
users, and in many cases these patientg have, due to their advanced age
and their restricted eyesight, difficulties in bringing a blood drop,
generated by a puncture in their finger, onto the test field accurately
and wi t hout contam nation of the surrounding areas. Such contam nation can
lead to a dirt accunulation on the optical measuri ng system whi ch
drastlcally reduces, t accu %%%?of S uent neasurements. Furthernore,
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l'iquid of human bei ngs or
arrangemen necessary for the photometrical measurement

located directly above the illuminating and measuring
optical system. To avoid contamination, the sample, e.g. a
drop of blood, must be applied very accurately to the test
field. This is however not always possible, in particular
because diabetics are a very important group of test element
analysis system users, and in many cases these patients
have, due to their advanced age and their restricted
evesight, difficulties in bringing a blood drop, generated
by a puncture in their finger, onto the test field
acgurately and without contamination of the surrounding
areas. Such contamination can lead to a dirt accumulation on
the optical measuring system which drastically reduces the
accuracy of subsequent measurements. Furthermore, the
cleaning of contaminated device parxts is unpleasant. In some

application cases, such contamination may even cause a
danger of infection.

On this basis, the inveﬁtion attempts to address or
ameliorate the problem of providing a photometrical test
element analysis system which allows a high mneasurement
accuracy and simultaneously an easy handling, or to at least

provide a useful alternative to the prior art.



animal s, conprising nedicinal test strips with a carrier filmof plastic
material having two opposed flat sides and a test field secured to one of
the flat sides of the carrier film which test fieldis contacted in
order to performan analysis, wth the sanple in such a nanner 5Hﬁh’EWQU|d
sanpl e conponents penetrate into the test field, wherein the test field
conprises one or nore test field |layers and contains a reagent systemthe
reaction of which with conponents of the sanple causes an optically

measur eabl e change in a detection =zone |located on the side of the test
field directed towards the carrier film, _said change being characteristic
for the analysis and an evaluation instrument with a test strip holder for
positioning a test strip in a measuring position, and with a neasuring
evi ce 1 or AN g, LG B0 68l LriBBASH A SnysUBR0R IALARE ftRRLT ON
zone, wherei € neasurlng conpri'ses | Pgh trer

irradiating pavidreshpuldghtt bea takepr aspr gnl agiowlatignant et heydébectafon zone

d a detector  for.detecti d | i ff flected fromth
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MAY 2004 - 4Agatrlwraackeaswlzaﬁba dAnt Rhasttdieiacarrier fil m of the medi ci nal
conprises a light guide |layer, test strip the carrier filmconprises a
coupling out zone which is a part of the flat side of the carrier filmto
which the test fiTekd dresthxednaedtinbh hiptowhdeh aheedet@m&upnaaamgsni t he
test fieldis 'rkéﬂ“fd%akhﬁogkgf§t£§%f'ﬁ%ﬁ%@glggﬁléﬁlo a ligquid sample,
in particular of a body 1ligquid of human beings or of
animals, comprising
medicinal test strips with a carrier film of plastic
material having two opposed flat sides and a test field
secured to one of the flat sides of the carrier film, which
test field is contacted, in order to perform an analysis,
with the sample in such a manner that liquid sample
components penetrate into the test field, wherein the test
field comprises one or mors test field layers and contains a
reagent system the reaction of which with components of the

sample causes an optically measureable change in a detection

zone located on the side of the test field directed towards
the carrier film, said change being characteristic for the

analysis and

an evaluation instrument with a test strip holder for

positioning a test strip in a measuring position, and with a
measuring device for measuring the optically measurable
.change in the detection zone, wherein the measuring device
comprises a light emitter for irradiating primary light via
& primary light path ontd the detection zone and a detector
for detecting secondary light diffusely reflected from the

detection zone travelling via a secondary light path to the
detector,



such a manner that light is coupled out fromthe Iight guide |ayer into
the detection zone, the primary light of the light emtter is coupled into

the light guide layer via an entry surface, in such a rmanner gﬁh ﬂ hhght
gui de section of the light path of the primary light runs ins A @

interior of the light guide |ayer and the secondary |ight which is
diffusely reflected fromthe detection zone is reflected into the |ight
guide layer and a light guide section of the light path of the secondary
light runs inside the carrier film The present invention also provides a
medi cinal test strip for the analyticalinvestigation of a Iiquid sanple,
in particular of a body liquid of human beings or animals, with a carrier
filmof plastic material having two opposed flat sides and a test field
secured to one. of the flat sides of the carrier filmwhich test field is
contacted, in ordkaracrepdetdrin &hagnal ysis, with the sanple in such a
manner that |iquid sanple conponents penetrate into the test field,
wherein the test fi eltdleco#ﬁrr's@s onidmor offor Eheespredicdngl | byl s HAAP

contains a rgggﬁpiséy tqgg GQﬁ§H] Qrof which 0 3 MAY 2004 -4B with
conponents o e sanpl e aus®s an o tically measurable change in a

detection zone which Js @an{ér cglltmhgo{,nﬁﬂseg' 2lefly {/}91 %%ngsné)e‘n}ﬂgh

characteristic for the analysis, ereln prl ight I1rradiated onto
t he detectiortszan®airs ofi thestlat rdfdeecifedhehenefieomichar ot whictedhen t hat

the carrier fdelsi ¢fic§8€315€%G 847 LRa COMPI S & A gedUbffod e of
the test field is in optical contact to the carrier film in

such a manper that light is coupled out from the light guide
layer into the detection zone,

the primary light of the light emitter is coupled
into the light guide layer via an entry surface, in such a
manner that a light guide section of the light path of the

primary light runs inside the interior of the 1light guide

layer and

the secondary light which is diffusely refilected
frxom the detection zone is reflected into the light guide
layer and a light guide section of the light path of the

secondary light runs ingside the carrier film.

The present invention also provides a medicinal test strip
for the analytical investigation of a liquid sample, in

particular of a body liquid of human beings or animals,

with a carrier film of plastic material having two
opposed flat sides and a test field secured to one of the
flat sides of the carrier film which test field is
contacted, in order to perform an analysis, with the sample

in such a manner that ligquid sample components penetrate
into the test field,

wherein the test field comprises one or more test field

layers and contains a reagent system the reaction of which



the carrier filmconprises a coupling out zone which 1is a part of the flat
side of the carrier filmto which the test field is fixed and within which
the detection zone of the test field is in optical contact tongpﬁ gghhier
filmin such a manner that light is coupled out fromthe light g ﬁ

| ayer into the detection zone, the light guide |layer conprises an entry
surface for coupling in primary light in such a manner that a light qguide
section of the light path of primary light coupled into the |ight guide

| ayer runs inside the |ight guide |layer between the entry surface and the
detection zone, secondary light which is, diffusely reflected from the
detection zone is reflected into the light” guide layer, and a |ight guide
section of the light path of the secondary light to the detector runs
inside the carrier film 0 3 Y 2004 5 The invention also relates_to a

met hod for peffdr FoRGC SHaT e dPsPAGPT HecTESy 8N sORYAG Ay PRRSYFAGRE gui de
| ayer preferailangeonsi sks defteat i8h €izbak. whWBhChsi Sa agat¥ apspanenti<as
possible in the wavelength range of the primary lLight, thus having the

| owest - possibtstd-opfrcalards AP rRofM2Preiiigbly, fo¥ Sthee@acvibh i@Rdex n2

is higher thateddia peinasyi ofgindexJHigted Oitd NeadiaceRioMmmifid ak (e.g.

of air, or of a corresponding coating), so that total reflection takes

place in the ?%%ﬁﬂ?eéﬁiﬁ%ﬁ%%ﬁﬁﬁd.t#ﬁéefkiﬂn gui di ng mechanismin the |ight

gui de | ayer may al so be based .on npetallic reflection at the boundary

surfaces of the |iGREACHFE dJeFM@5he entry surface, through which the

light is coupled into_, the IL%ht ? i de i referably forned by a cut
& P

J | ayer, |stp
surface at an edge sfi@ G4 1o i Ge TPy -1 1Pn CPRRE 1585t r Rt
gulide layer,
the carrier film comprises a coupling out zone which
is a part of the flat side of the carrier film to which the
test field is fixed and within which the detection zone of
the test field is in optical contact to the carrier film in

such a manner that light is coupled out from the light guide
layer into the detection zone,

the light guide layer comprises an entry surface for
coupling in primary light in such a manner that a light
guide section of the light path of primary light coupled
into the light guide layer runs inside the light guide layer

between the entry surface and the detection zone,

secondary light which is diffusely reflected from
the detection zone is reflected into the light guide layer,
and a light guide section of the light path of the secondary

light to the detector runs inside the carrier film.



case of a test strip with a long, stripe-shaped carrier film the light is
coupled in through one of the end faces of the light guide |ayer.

Preferably the primary light is guided under total reflectlonéfggﬂgg P
fromthe entry surface to the coupling out zone, the latter b@ t

of one of the two flat sides of the carrier film In order to effect the
desired coupling out of the light fromthe |ight guide |layer into the
detection zone of the test field in the coupling out zone, different neans
can be used which will be explained further below. In particular, by
appropriate neans, the refraction index adjacent the 6 03 MAY 2004 boundary
surface of the light guide layer in the coupling out zone is adapted to be
not lower, or only a little lower, than the refraction index of the |ight
guide |l ayer, so that total reflection does not, or only to a very |ow
extent take place here. The coupling out can also be supported by

rougheni ng theg syniage;of thed i gtg%egégr » d ayer og[p%ljf%gmgu& zone.

Furthernore, the coupling out of %t Can %e e fec
appropri at e ¥ngnse§ubaane et anghgsis ghstiem.t he gui de | ayer, such t hat at

| east a large share of the primary light in the coupling out zone is

i ncident onto the boundary surface directed towards the test field with an

angl e which s | @{@.@({]I Lhaget fl"ay@:mﬂsé 5@@9%e oSG 0 tor}e total ref{ ection

(sin aC = nl/n2 S can achi eve articu by naklng the fl at
side of the Wi tng&ISdérﬁa%ﬂe@pp%ﬁsmC@Stl@thénc@hslWﬁgelm;{gtboﬁénge

inclined, atod eagk | proReh} 0N3gntN SUaly anIRRAGT Elﬂeat 1bR8st PrdJmEY1d i ght s
reflected into the detectlon zone The secondary [1ght which'is diffusely

reflected frithicad a9epeRtidm zoReeferamdy edited uefracthen | indax dui é® | ayer

and higher than the refraction index n, of the adjacent material

(e.g. of air, or of a corresponding coating), so that total
reflection takes piace in the light guide layer. The light
guiding mechanism in the light guide layer may also be based
on metallic reflection at the boundafy surfaces-of the light

guide layer.

The entry surface, through which the light is coupled into
the light guide layer, is preferably formed by a cut surface
at an edge side of the light guide layer. In the preferred
case of a test strip with a long, stripe-shaped carrier
film, the light is coupled-in through one of the end faces
of the light guide layer. Preferably the primary light is
guided under total reflection conditions from the entry
surface to the coupling out zone, the latter being a part of
one of the two flat sides of the carrier film.

In order to effect the desired coupling out of the light
from the light guide layer into the detection zone of the
test field in the coupling out zone, different means can be
used which will be explained further below. In particular,
by appropriate means, the refraction index adjacent the



is transported therein for at least a part of the way to the detector,
preferably under total reflection conditions. Basically, it is possible to

transport the primary light and the secondary light in a S|nghgl!gé$ﬁ%
carrier film i.e. in the sanme |ight guige |ayer. However nt
is preferred in which the carrier filmconprises two light guide |ayers
in order to transport the primary |ight and the secondary |ight

separately. By appropriate neasures, to be explained further below, it can
be achieved that the light captured by the detector is essentially free

from intergering rimary |ight 3roport|ons Thereby a very good
si gnal / noi sESMREREY] §u61§t3§len@§ toes limhtogodde ppyrEr ABI {het ReuBdirfer film

ﬁonS|stS eS&entz@hbﬁﬁQfadabYeEOBQ QE|EWQ|de@i ,gdirdenh ygri&ﬁh&ﬁ'iower
owever o] e_to.nake.a nmulti rier m whi ch coppri ses
addi ti onal %gﬁg EEFOF EgﬁFS}HPndngﬁﬁePft %ﬁ Tr-OR PE?ﬁecFotBHp
mechani ¢ charaefleriesfliecs ioh ﬁb&scabtlebr'bdnﬁ tol A ey Q@ﬂt@kteht pHRE be
taken into n at e |i ui de | ayer.s have a ver Cross
secti on. gﬁgggr%3%Q i Q § gﬁ&ngg 53 nﬁ %?SFBPEOFﬁ %?%Xr to save
mat eri al , m@pgﬁbean@gpabhagmmgawel@iethﬁnlangSQMMﬁelﬂagerv&myth&al

t hi ckness OEOEB |Fbg%htg o%% I%ﬁ§% Hdﬁgn 9#1Q%WP1§% r%uwh %h Lare a part

of the carrier m Preferably e|r oVera knéss i's Iess “than 3
nm particuldply cgretsr feééepé@é tbfYaﬁml apRropydiat enildoht( gpdsianee iof

transverse c&hﬁaeqtllg@r& t1@1 e Ttglugblb tlb%'é%porédd?ug tHateGkl QBh kS 2 AReGErably at
nmost 10 mm artlc preferr %@ nost Based on experi nént al
results, it C&N b WPElFﬁgﬁ ﬂﬁ16ﬁﬁé§§wGﬂlpﬁeOPFgﬁPnﬁuﬂﬁe | ayers

shoul d be aﬁnb&d&ht onto the boundary surface directed towards the test
field with an angle which is larger than the limiting angle
0. of the total reflection (sin o, = n;/n,). This can be
achieved, in particular, by making the flat side of the
light guide layer, opposite to the coupling out zone,
inclined, at least in sections, in such a manner that the

primary light is reflected into the detection =zone.

The secondary light which is diffusely reflected from the
detection zone is reflected into the light guide layer and
is transported therein for at least a part of the way to the
detector, preferably under total reflection conditions.
Basgically, it is possible to transport the primary light and
the secondary light in a single-layer carrier film, i.e. in
the same light guide layer. However, an embodiment is
preferred in which the carrier film comprises two light
guide layers in order to transport the primary light and the
secondary light separately. By appropriate measures, to be
explained further below, it can be achieved that the light
captured by the detector is essentially free from
interfering primary light proportions. Thereby a very good
signal/noise-ratio is obtained.



10 m The experinental evaluation of the invention has shown that in spite
of apparently unfavorable conditions (small entry and cross sq]cé PW&DN
surface, small primary light intensity in the detection zone)

measuring accuracy can be obtained. Accarding to the know edge of the
inventors, this can be attributed to the fact that, in conparison to
conventional neasurenments of diffuse reflection of the detection zone of
test elenents, an increased share of the detected secondary light is
captured as useful si gnal At the sane time, the invention al I ows a
significanty. Ilflcatlo artlcular with respect to the 0 3

MAY 2004 8 Soh am n 10 r%% %Jp%‘fl’gjalﬂ‘o% FEhH es%ﬁﬁﬂtela]’ﬁw é’nly
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however E ess accurate and nore cost an photo tens.
Furt hernore 1¥%Ey do not provide the p055|b|I|ty to check the anal ysis by
a visual observatlon of the col or devel opnent in the detection zone, as

phot onet r i coh slyss eosntlext The huyenbé onaléh! 1ﬁl@d5 eaé&@mtbetmlméleﬂl {Ht
det ai | % d‘g %p elqg‘ggl rrentrshown jnn t he flguEes e technj ca
features described Yherelf can her Ustt  hdfvPatafFy- P2 n %o%lffaeﬁ onin
order to créhim phetfibdred asbodineasspogsibke anencﬂenntolm\tré]e figures
Fig. 1 shovwg,@ePeLsPesll Y SR BLLEaLPREESENLAL! OPn oLl Alsuits in a
very small thickness of the light guide layer or llght guide
layers which are a part of the carrier film. Preferably,
their overall thickness is less than 3 mm, particularly
preferred less than 1 mm. Theilr width (measured in
transverse direction to the light transporting direction) is
preferably at most 10 mm, particularly preferred at most
6 mm. Based on experimental results, it can be assumed that .

the thickness of the light guide layers should be at least
10 pm.

The experiméntal evaluation of the invention has shown that
in spite of apparently unfavorable conditions (small entry
and cross sectional surface, small primary light intensity
in the detection zone) a high measuring accuracy can be
obtained. According to the knowledge of the inventors, this
can be attributed to the fact that, in comparison to
conventional measurements of diffuse reflection of the
detection zone of test elements, an increased share of the

detected secondary light is captured as useful signal.

At the same time, the invention allows a significant

handling simplification, in particular with respect to the



anal ysis system Fig. 2 shows a side view, partially sectional, of an
evaluation instrunent with a test elenent in the neasuring position. Fig.
3 shows a schematic representation in side view show ng the nﬁfg%h%p%n
light path in .an analysis system according to an enbodi nent t 4
invention, Fig. 4 shows a detail of a partial viewof Fig. 3, Fig. 5 shows
a sectional view of a preferred enbodinent of a carrier film Fig. 6 shows
measuring curves of the diffuse reflectign of the detection zone versus
time for three glucose concentrations, 0 3 MAY 2004 9 Fig. 7 shows a
graphi cal representation of a conparative neasurenent with pan anal ysis
system according to an enbodi nent of the invention and with a conventi onal
anal ysis system The analysis system shown in figures 1 and 2 consists of

test el enent =A% ti [ , st, el nt._ 2 is designed
as a test st?ﬁ%t%%\%ntg El%&yna%e#%nagﬁé%g%%{r%? t%ﬂE I %n%?ln%dggg? %ﬁ astic,
carrying a t&artiicalaryy viiruen fog asprefextiad emhedimpper il ghich ddwes of the

carrier fil mésstTaseiel eientene bIobaspehdtilbd 8it&sis elhepgpt hol der 12
t hrough an aperture 10 in, of, the eyal uatjon |[nstrunent 3,

the hqusjng 11 I

Lher eby bei nPBESEAENBE® T H The T nbaS T 15T SYFIERE T LPSIeWRUEALAR i 2. The
eval uati on i neta=wranyg 3nstomsmts eShas nebsawse reBb-aallay dlouatida el ectronics
13, in the shWmPagerapbtdteReichlcadl poar dyld.and 'dﬁgsgra{ circuitry
15. A light enittgﬁ 1? géfferabkgdafligﬁ?g'enyttlng J%o e (LQ% , and a
detector 17, %ﬁ%ﬁ; ﬁ&ﬁ ¥ Y ex1s or "electrochemical analysis

systems, which, however, are less accurate and more costly

than photometrical systems. Furthermore, they do not provide

the possibility to check the analysis by a visual

observation of the color development in the detection zone,

as photometrical gystems do.

The invention will hereafter be explained in detail by
means of an embodiment shown in the figures. The technical
features described therein can be used individually or in

combipation in order to create preferred embodiments of the
invention. In the figures

Fig. 1 shows a perspective schematic representation of an
analysis system,

Fig. 2 shows a side view, partially sectional, of an
evaluation instrument with a test element in the
measuring position.

Fig. 3 shows a schematic represéntation in side view
showing the measuring light path in an analysis
system according to an embodiﬁent of the invention,

Fig. 4 ghows a detail of a partial view of Fig. 3,

Fig. 5 shows a sectional view of a preferred embodiment
of a carrier film.

Fig. 6 shows measuring curves of the diffuse reflection
of the detection zone versus time for three
glucose concentrations,



phot odi ode, both being conponents of an optical nmeasuring device 18, are
connected to the neasurenent and evaluation electronics 13. In order to
performan analysis, a drop of sanple liquid 21 is applied to bge si de_ of
the test field 7 opposite to the <carrier filmb5 (upper side). eMgﬁﬁgMe
application is facilitated by the fact that only a first partial segment 22
of the test elenent 2 is |ocated inside the housing 11 when the test
elenment is positioned in the nmeasuring ppsition, whereas a second parti al
section 23 carrying the test field 7 protrudes fromthe housing 11, thus
being easily accessible. The liquid penetrates into the test field 7,

di ssolving the reagents contained in the test field 7, until it reaches

t he detection zone 24, located at the side of the 10 0 3 MAY 2004 test

field 7 direct t r h er f|In1 (Ne} de The ction of
the anal yte COE?%I %ﬁsﬁgﬁw g iﬂr‘%’l fﬁp]f%se(nt eéﬁ%n‘ff )c e%afaéld% to an
optically neasurable maﬁgéemwt wgaht@nuamlwwoswﬁt@mmerdMgtth:e

det ection zonen24emﬂam1meﬁbot@me&hbcainﬁgﬁglgat|gﬂjtQgtgeggcgbgge 244 is
illum nated mgah J yy |ight and the diffusely reflected secondary |ight
intensity is neas%r% RE€Brding to the invention this is achieved by a

speci al desi %eognyﬂ%f@ Stg}neém{] n 4n EdeHQI_PA; gr&sd&{s-tsl%l gpti cal

measuring system 18 coopératin e re nent i s nore
clearly showtfh FLETHES 2 3hd %n eﬁ?elueéﬁpne%nsqnwstuhcmﬁfése&?m%hst one
| i ght gui de I2ayier de@Bagnvid fast betexplsimied schtRcierdlshygSedviddiriegpect to

P A | L AN ACH AL ShOBELE Oy BV Tesch BT T 0n 1T Ot

gui de elenments, th q: rans
secure to he upper flat gide 6 of the carrier film 5,

Test element 2 is inserted into a test element holder 12
through an aperture 10 in the housing 11 of the evaluation
instrument 3, thereby being positioned in the measuring
position shown in figure 2. The evaluation instrument 3
comprises a measurement and evaluation electronics 13, in
the shown case a printed circuit board 14 and integrated
circuitxy 15. A light emitter 16, preferably a light
emitting diode (LED), and a detector 17, preferably a
photodicde, both being components of an optical measuring

device 18, are connected to the measurement and evaluation
electronics 13.

In order to perform an analysis, a drop of gample liquid 21
is applied to the side of the test .field 7 opposite to the
carrier film 5 (upper side). The sample application is
facilitated by the fact that only a first partial segment 22
of the test element 2 is located inside the housing 11 when
the test element is positioned in the measuring position,
whereas a second partial section 23 carrying the test field
7 protrudes from the housing 11, thus being easily
accessible. The liquid penetrates into the test field 7,
dissolving the reagents contained in the test field 7, until
it reaches the detection zone 24, located at the side of the



which is based on total reflection, can be taken fromthe relevant
literature. In analytical applications, light guides are particularly used
in cases where a nmeasurenent is to be performed at a place with glfflcult
access (for exanple, in the interior of 1@ tube or in a vessel “ MAY (2l
human body). For exanple, EP 0047094 shows such a measuring probe for
measuring different optical characteristics of matter "in situ". US
patents 5,452,716 and Re 33,064 are exanples for a type of analytical
sensors for analysis based on the attenuated total reflection (ATR) which
is observed within gui de. The .interaction between the |'i ght guide
and t he suF?%EnEFﬁgdsg FEeF§e€a§@HaéﬁStﬁbeeﬁaﬁéééénflimeﬁd WAVeH
surrounds asidght guide in which total reflection occurs. In 0 3 MAY 2034

11 anot her type publications gui de fi ber. gui de fiber reaction of
5,234, 839). u de i ber - i c_sensors .di,scuss i n_numer ous
reagent is g%%l %ophg & o?n§9§£8hFonﬁ§é§EP|ﬁG FBShFaWElGUWHEH Ep?hln

the |ight tpeagesteagstamdlebdsltghanlepchaageg deastieablle chhaganaliyte

with the re Al ter i wel .reagent tegmﬂed
into the ?g§eifﬁg§ %élgz iggﬁgg E%IﬁﬁgE%%§é5§§2§ %ﬁn a%iopFlcal
sensor for Phetemetyepg ﬁV§é§e§lps dhscdebeatlohawong at lLieast one
transparent ; gasmsgBsbhl %8 thapeimtli,ChibBt and the diffusely reflected

secondary light intensity is measured. According to the
invention this is achieved by a special design of the test
element 2 and of the parts of the optical measuring system
18 cooperating therewith. A preferred embodiment is more
clearly shown in figures 3 and 4.

The carrier film 5 includes at least one light guide layer
26 with the explained characteristics with respect to
optical transparency and refraction index. Further
information on light guide elements, the light transport of
which is based on total reflection, can be taken from the
relevant literature. In analytical applications, light
guides are particularly used in cases where a measurement is
to be performed at a place with difficult access (for

example, in the interior of a tube or in a vessel inside the
human body} .

For example, EP 0047094 shows such a measuring probe for
measuring different optical characteristics of matter "in
situ". US patents 5,452,716 and Re 33,064 are examples for a
type of analytical sensors for analysis based on the
attenuated total reflection (ATR) which is observed within a
light guide. The interaction between the light guide and the
surrounding sample is based on the evanescent field which

surrounds a light guide in which total reflection occurs. In



fixed in different positions to a light guide in such a manner that this

| ayer is passed by the light transported through the |ight guigdg\aynog@f der
to measure the absorption or the refraction index in the gas-sensitive

| ayer. Al though these previously knowniaethods relate to other fields of
application, and differ fundamentally fromthe present invention, the
know edge about |ight guide technology from the state of the art, for
exanpl e concerning appropriate |ight guide materials, coatings inproving
the total reflection, etc., can be useful here. The carrier filmof the

i nvention conprises preferably, as shown in the figures 3 and 4, two |ight
gui de | ayersiofhent fypPausiert ibegmopgdicd e enapars ééﬁﬁuﬁgeés iBr Pﬁﬁeyorlﬁght

gui de and ditg ilceBlorld GhtrGiged liay ef paqre\a G esleseeen@&erx trught gui de.
The primary light_ 29 is coupled bﬁ_the i ght e ter 1 bgns 30 into
the pri mar PN iBlfitte TEASHOSH HEE e itFance

surface 31 gfLﬁ.rdet rfeihmzupﬂd Nthid RndNGHds tdhHeansipit dd Idiiﬁiln(f_l]edl Beeptbmahy
l'i ght gurde 27 test fi-eld 7...Th art of the h at.h of .t.he
RO S TS (T g aanar ay 222 Tgesk

primary desr gnat ed
light gui dé seat,ienbd 32 AIltrmrrzadneraify teheragypart ifd armtsagiat@doflnfd@et[heght

gui de | ayery th i el 8 ty | hgast
partially, a \gﬂr}' i ng %ﬂ&%ﬁ %%@% odt%é%ﬁéew;?) 1%}13%: 1\9%%85%|3nary | i ght
29 is couplasd qnnlqﬁl 3ens9y dinr dlidlanabpsioof masashd ddesari®econe 24

of the t esfraJlrﬁj qat7 1ddkt snenbadidmntersh ééresmu@ i3geuUtwiafcH e
primary Erally effected by t aﬁ:t that the flat side 8 of
the carri er ]f’felém ‘%og L RRT N i o nJe’rﬂ ofIy Tt Film

shown, the dawesr fﬂ}Mt stlttes ofaydie i ipesyed ilghtthe light transported
through the light guide, in order to measure the absorption
or the refraction index in the gas-sensitive layer. Although
these previously known methods relate to other fields of
application, and differ fundamentally from the present
invention, the knowledge about light guide technology from
the state of the art, for example concerning appropriate
light guide materials, coatings improving the total

reflection, etc., can be useful here.

The carrier film of the invention comprises preferably, as
shown in the figures 3 and 4, two light guide layers 26, the
upper light guide layer serving as primary light guide and
.the lower light guide layer serving as secondary light
guide. The primary light 29 is coupled by the light emitter
16 and a lens 30 into the primary light guide 27 through its
rear face serving as entrance surface 31 for the coupling
in, and is transported inside the primary light guide 27 to
the test field 7. The part of the light path of the primary
light 29 which is inside the light guide layer 26, is
designated light guide section 32. The zone of the upper
flat side 6 of the light guide layer 26, which is in line

with the test field, serves, at least partially, as coupling



gui de 27) which is opposed to the coupling out zone 33 (thus, al so opposed
to the test field 7), is designed in such a manner that the primary |ight
is redirected towards the detection zone 24 of the test fielq¥g. Ih' A
change of the light propagation direction is effected by are 4@%'?@
surface 25, which is inclined at an angle of preferably about 450. In
order to inprove its reflecting characteristics, it should be polished
and/ or equipped with a netallically reflecting coating. Deviations from
the angle of 45 are possible, angles between 30 and 60 being preferred.

As an alternative, or_additionally, further neasures can be _taken in order
to i nprove $He F9tHIThy r%ft?%ePB}W%%Yyllﬁ?Eﬁﬁ92€5|?P¥9%?@ *ﬂ% out

zone 33. |ntmarligh&equld@elayeﬁtzﬁleﬁﬂo7tﬁéo@éﬂe@elémx56ne ioroexsaigl e

usi ng an i ndex ag% adhesive - in such a manner that in the coupling
out zone 3%5° %%e Tetfaction index adj acent the surface of the carrier film
5is not lower, or only insignificantly lower, than the refraction index
of the |ighinguhelectlag@in@st shgehi.tha emyphésg out shothd peitéxygher than
in the sect bef o . Ly ght LAG.QU o] 3 gﬂg!

is also adv%ﬁ agegésé??éﬂﬁéé%gg ? PE&& beFQédP?%é %Ecﬁ %ﬂ%&ﬁ%%? an
sufficientl§ absehdeparrhar £3lo 3 (Ayr2obg FWQU16Y§an9mbO@®m9@he%fst@@e

transportedcwriéﬁ fi?yrﬁl éHQwﬁUt th&0N8w33 EEQESQQ&éegftQhéhﬁrﬂnQ{* sigen6 of
the carrier fjl 1 the filmis wetted in e cou out zone 33.

The refrac?Fbﬂel%HEXWBFCBnlﬁqBBBB§e§aHﬁIEhﬁlﬁﬂPE F§gaBBEo§Pﬁﬁt%§y n =
1.33. This vahue, i alsbgopposadt by thae;esthﬂmenae7uefﬁacaesmgnedeXnof t he
plastic mlghbRl 2Rt cnbRecREOBUEHLED 2hohe1EALELELOELE outtash T
the detection zone 24 of the test field 7. This change of
the light propagation direction is effected by a reflecting
surface 25, which is inclined at an angle of preferably
about 45°. In order to improve its reflecting
characteristics, it should be polished and/or equipped with
a metallically reflecting coating. Deviations from the angle
of 45° are possible, angles between 30° and 60° being
preferred.

As an alternative, or additionally, further measures can be
taken in order to improve the coupling out of the primary
light 29 in the coupling out zone 33. In particular, the
test field 7 should be fixed - for example using an index
adapted adhesive - in such a manner that in the coupling out
zone 33 the refraction index adjacent the surface of the
carrier film 5 is not lower, or only insignificantly lower,
than the refraction index of the light guide layer 26
itself. In any case, it should be higher than in the section
before the light coupling out zone 33.

To the same end, it is also advantageous if the test field

is fixed in such a manner and is sufficiently absorbent that



and 1.7. Nevertheless, the coupling out of primary light 29 is inproved by
the wetting of the coupling out zone 33 with the sanple |iquid, because
the refraction index of water is significantly higher than the arghyaghi on
index of air (n = 1). Finally, the coupldng out in the coupling out zone
33 is inproved if the surface of the carrier film5 is roughened. In order
to achieve a very high neasuring accuracy, it is advantageous if the test
field contains at least in the detection zone conmponents which cause
strong optical scattering. Preferably, the scattering coefficient [L$ IS

hi gher than .th bsor t| on coefficient of the t
Particul ar Irly qﬁ)‘lr &t TR STPEHRT iFH% %O?an:qu; < ﬁ%ie CO,RPTI&QH B8t10
times as hiagne @3 emexnsm:ﬂ:ttedrﬂsa dhe Hilgt aside 6The dibfef userriefd édflmon of

the test fi 1 t o prent, caused by the
chem cal r e%cg:l oa”%a tg'([a ]lsﬂg Lgf qdéb%ﬁe{&)@%b %?Eh @4 ]‘r#l%u r%gl a%f}esu t of
the illum rafi@rv#arh Jtrkfb,ex [vid rmrwqueg:ms ZEQaMElejllfqu}St@l vigeflected fromthe

det ecti on FI& hac t t ier film
5 designed as | .’%ﬁ“a%‘%%? ayiér?§26 I'n th m%] @ Slﬁq ql&rﬁtqgfn%%&"{egnt a

secondary |Gt deemct Py indege O%ﬂfﬁtpj@gﬁﬁwlm%@éﬁd{ aeed ffiogm t he
primary |i giHe @huRT ion | SE pil@é“m:tfé% ﬂlhﬁntsr angbdy 1f ddiseddrght. 4 nsi de

the carrier th tector order to | rovethe 14 Q0 3 MAY
2004 sel ecﬁr{f{e Jt:ort{rpll\ﬁeﬁ ﬁ" 3 e tsté% n]y“F‘J gt £ rcl“iasry dgeous
if the sect1mmrﬁﬁr@fedmyslﬂm®ndau:tyuhggm tohe deouZBinvdi it izoran 33 ReEltkd th
the detecti e S sectio i n t he
si de oppose rg{]% ﬁge pr| )T{I\%h olé Z%Eﬁn&suc a%annog%r: etq:
light ref |%vcg@dfwmhﬁehze@h@tttmn ztdm vef yacy bbn edak f air (n =
1) . Finally, the coupling out in the coupling out zone 33 is
improved if the surface of the carrier film $ is roughened.

In order to achieve a very high measuring accuracy, it is
advantageous if the test field contains at least in the
detection zone components which cause strong optical
scattering. Preferably, the scattering coefficient pus is
higher than the absorption coefficient pu, of the test field
material. Particularly preferred, ps is a multiple of us. For
example, ps can be 10 times as high, or even 100 times as
high as p,. The diffuse reflection of the test field
material should (before the color development caused by the
chemical reaction) be at least about 50%.

The light which as a result of the illumination with the
primary light 29 is diffusely reflected from the detection
zone 24, falls back as secondary light 35 into the carrier
film 5 designed as light guide layer 26. In the shown two-
layer embodiment a secondary light guide 28, to a large
extent optically sgeparated from the primary light guide 27,
is provided for the transport of the light inside the

carrier film 5 to the detector 17. In order to improve the



reflecting surface to the direction of the secondary |ight guide 28 which
| eads towards the detector 17. The reflecting surface 37 is parallel to
the reflecting surface 25. Preferably, the inclination anglesogf &pg 4
reflecting surfaces 25 and 37 to the |ongi tudinal axis of the JW i W
film5 is in the vicinity of 45 (approxi mately between 300 and 600). Even
if the carrier filmb5 contains only one |ight guide |layer 26, it is
advant ageous if the section of the light guide layer 26 which is aligned
with the detection zone 24 is designed, on the side opposed to the test

field 7, at E in sections (in particular by at |east one reflecting
surface incff %FFhCPBE &0 48 Offe thengrcaardaaly AtobtoB5.tAé &arrier film

5), in Suchadvaanageoubatfthhe|B@htloQVGBaﬁittﬁﬁ dic-eatiaey Qﬁghbeﬁulde

i rradi at ed i . chan the di rection towar
det ecti on z%%eaﬁEthﬁ%rlph ehd Sg 5§§§ﬂp8nzepﬁe@ﬁléﬁroﬁstﬁéown

secondary Btgheadtfﬁusebytnehbedhed1hkdnbhhehéebqabl@@p@@bﬁﬁ%@ ke

directed to h ect i f the light guide |la dln to t he

det ector. &gég% gaghE ghl gr%fFe&Pe&“% oﬁlwﬁgnﬁéiégﬁFoﬁ oﬁé into

t he carr|errﬁﬁﬂﬁ?SGﬁsfﬁpmn§b@rﬂ@decanoa hpgbtzguudereiaetm@ﬂ 39 af its

light path i-asidecthg §ﬁ9@%@%r¥olE%Qtdigg'g§o%8b§ tp%'r%CEI 4P érHE the
e de OF |

detector 17. In the nbodi ment shown i n ure
posi ti oned @Bléesz&mvh26é418éﬂ§thWér§§c@h@adytbc@@a §di.d8he8 ref lectongt he

si de OppOSedurEacth7p&BW@é¥aﬂﬂ@httgut@% %Eklebﬂlﬁbd%hrk%c%0§§|e t he
secondary 'bgg%g onlthgﬁsecondary l.Li ght guid irection

t owar ds t he y17 Sndtfer "ehdrPs Red &ﬁdP&rthﬁeﬁéﬁﬂféﬁﬁngeflectlng
sur f ace, inehrﬁedemnﬂﬁ aﬂdpé@ttbOthbelongltudlnal axis of the carrier

film 5 is in the vicinity of 45° (approximately between 30°
and 60°) .

Even if the carrier film S contains only one light guide
layer 26, it is advantageous if the section of the light
guide layer 26 which is aligned with the detection zone 24
is designed, on the side opposed to the test field 7, at
least in sections (in particular by at least one reflecting
surface inclined with respect to the longitudinal axis of
the carrier film 5), in such a manner that the light
propagation direction of the irradiated primary light is
changed into the direction towards the detection zone,
and/or that the light propagation direction of the secondary
light diffusely reflected from the detection surface is

directed towards the direction of the light guide layer
leading to the detector.

The secondary light reflected from the detection zone 24
into the carrier film 5 is transported, on a light guide
section 34 of its light path inside the secondary light
guide 28, in direction towards the detector 17. In the

embodiment shown in figure 3, the detector is positioned



| ongi tudi nal axis of the carrier film is provided at the rear end of the
carrier film5 (the end opposed to the test field 7). The angl e of
inclination of this surface is also preferably in the vicinit¥]§f 45
(approxi mately between 300 and 600) w thsrespect to the |ongitu nglﬂ@&is
of the carrier film5. Instead of the reflecting surfaces 25, 37 and 38,
other neans can al so be used in order to achieve the desired change of
the light propagation direction. In particular, this can be obtained by
variations of the refraction index at the flat side of the respective

|'i ght guide_| r..Such_ refraction index variations can be generated, for
exanpl e, gtf/e?%/‘(?ati%t%% O'@\ﬁ??WVéJr%@%rg‘I”r EF}té.ﬁB Jcheré%rbetg}e t%ld?f'n FRASHTm
measuri ng ateurkeypritarg lighviangapdéeus7t o Bepardde tdhequplmrahd | ght gui de
27 optical | y- as _Jpossi bl fromthe secondary |jght. gquide
28. For thiés%{%%%%g}gn?%%ﬁeyssh%% %?%‘Pe‘%‘%dse‘é% il 90L|9¥“blrfiegtkaj’a8r Aher 39
is pyovidedib§¢®bp®nth@War@ﬁttbguddee¢Eger$727aﬁmmhéﬁh(pn&iﬁhedcundﬂu;
Sechion B0 bt ehibeq) ALLenede vhg Noliea et CERLPILZRNG: AF Aol 185tild ©f ¢
7. The light barrier may conprise one of a plurality of ers

Pref er abl y, 1eRel tighrabar¥i@roBothe crametern bhlni eks |pyeridddatnghe

refracti on ragexenli 6h t6el @aeridhan; 1hesr ef haclh@noppidex of dhe ddght
gui de Iayerf.ZZ %F. ﬁg even_ better 16, 03 MAY 2004 optical separation is
obtai ned i f- 1T R nél udblea?BatTi ®F 1raibnatieR of BhirtBrTaes |1 raki%ct i ng

gat erial. Appafdai"@bll?_riiy p]nefeliéfﬁiitjflraﬂ-ia?e(%ﬁﬁf@ﬂim_1 fhlaém@eromtdoca:
arrier is b gur .1t consjsts of .three . partia ers, namely
a first par%ﬁgr@?aCeVigg ﬁ%?%%%%r?%géh?of?ﬂ%lﬁ?éh%?§ PFYheohlitR 27, a
second partfarrieyefily 5.

Instead of the reflecting surfaces 25, 37 and 38, other
means can also be used in order to achieve the desired
change of the light propagation direction. In particular,
this can be obtained by variations of the refraction index
at the flat side of the respective light guide layer. Such

refraction index variations can be generated, for example,
by irradiation with UV laser light.

With respect to an optimum measuring accuracy, it is
advantageous to separate the primary light guide 27
optically, as completely as possible, from the secondary
light guide 28. For this purpose in the shown preferred
embodiment a light barrier 39 is provided between the light
guide layers 27 and 28, except for the section 36 which is
aligned with the detection zone 24 of the test field 7. The

light barrier may comprise one or a plurality of layers.

Preferably, the light barrier 39 includes a barrier layer
having a refraction index which is lower than the refraction

index of the light guide layers 27, 28. An even better



nei ghboring to the secondary light guide 27, and a netallically reflecting
third partial |ayer inbetween the partial |ayers 43 and 44. The refraction
i ndex of the material fromwhich the partial |ayers 43 and 4§£§h§vnﬁﬂe is
| oner than the refraction index of the nédiéghboring light gu

and 28, respectively. Preferably, these consist of an adhesive with a
corresponding refraction index. The enbodi nent of the optical barrier
shown in figure 5 allows, on one hand, a largely |oss-free optical
guidance in the primary light guide 27 and in the secondary |ight guide

28, and, ong thcgqhgépg§gqlo ragkkggégg g@ngkeégclgagicglbgﬁg@g@tlon As

nentloned before, the o tlca barrier doés no e Section 36
al i gned wi t h2¥RE Hé?@cpﬁoﬁ peneldscalAycoedilngtingamhgeriied .variant, it can
be advantageous if in this zone there is no separation between the |ayers

27 and 28. Alpa@a&bugahap p&@gegggal%%rgblqb§egagmggdg%gnknokmghelayers in
Iongltudlnal glre the I eft barder (i igure 4) of the zone 36,

forming the®8 b&?it b&rrfrlﬁﬁt 1§uiPgevy &%ﬁégﬂ?feaﬁd i@ CRRSLEES Ph EBKEEe36 it
is a one- p|paet1aﬂeﬁayér@vemamb&yeﬁtEﬁesthp@kﬁaaa 1b9e&ha35@aagh96rihg

par 1 cular , ShasoSoREifEre, LiEAt BResTG, S0 aaPobi, raree ThUEE fel d
enbodlnentsnekﬁbhﬁriﬂgot@ e 3@@¢nda¢grduggttguuﬂe Qﬁatendfathe art, can
be used. 'tmb§a1ﬁ9wﬁ‘i% ?‘c%%%tc'tal' [g”ﬂ?ﬁr%]” %Q‘i;'l%%' hyJIEasy e Ch g%

characteristic for the analysis, in theyegétectlo 24 on
t he side ofpﬁﬁélﬁés@aﬂﬁ§ﬁd4? GmﬂeéﬂedThﬁom@id§0th@ncamdam'df theS Furt her

desi gn feat waesrablkEowm amaly! it¢Rl phest 28! 8ARRLYS: 43 and 44 are made is
lower than the refraction index of the neighboring light
guide layers 27 and 28, respectively. Preferably, these
consist of an adhesive with a corresponding refraction
index. The embodiment of the optical barrier shown in figure
5 allows, on one hand, a largely loss-free optical guidance
in the primary light guide 27 and in the secondary light
guide 28, and, on the other hand, a practically complete
optical separation.

As mentioned before, the optical barrier 39 does not exist
in the section 36 aligned with the detection zone 24.
According to a further variant, it can be advantageous if in
this zone there is no separation between the layers 27 and
28. In particular, the carrier film 5 can be cut in two
layers in longitudinal direction ﬁp to the left border {(in
figure 4) of the zone 36, forming the separated light guide
layers 27 and 28, whereas in zone 36 it is a cne-plece
element over its entire thickness.

In the scope of the invention, the test field 7 can be
embodied in different ways. In particular, many one-layer or

multi-layer analysis element test field embodiments, known



can also be used in the invention. For exanple, the test strip 4 shown in
figures 2 to 4 is provided with a so-called spreading | ayer above the test
field 7, which itself can have a plurality of l|layers and may serve for
sanpl e preparation purposes. In particujar, it may serve for é@éﬁMNMéﬂMlng
of the upper side of the test field 7 with the sanple liquid 21, or in
order to separate the red blood cells fromthe whole bl ood or to W t hdr aw
excessive anmounts of sanple liquid. If such a spreading layer 40 - as in
the shown enbodi nent - extends beyond the surface area of the test field

7 and is also fixed to the carrier filmb5-, it is advantageous to provide
al so here aPCTVXFERT BRArthrersuatefoh thata¥tal canthe alsedy rkf rigeti on i ndex

and/ or net ahbweverrttentio, chiwsagl bpipasing ﬁbi&ﬁ%&ﬂdéféﬂﬁ derence with
the |ight gahde characteristics of the carrier. film$S. The eval uation of

the measur etPRFYREFTIFEEC BPT  HRe nemalyels i beesinlace ¥methecondary |ight
and the detéeveaatonnzohe zmeoﬂeehéeglaaabfttﬁelté@§Ufie1&orcﬁﬁ%mﬂéﬂcﬁ t he

gl ucose copﬁﬁg%égttﬂg r%fgrsgl b % is perforned by the neasurenent and
e | .

eval uati on ronics e in the same way as in conmon test
el ement anal ysi s systens and therefore does not need further expl anation.
Figure 6 shBﬂEth%as®¢%hﬁntf&@%ures obt kioen anshyaicahatysi selaysiem t he

essential desjom r f d Y. 2004 i igures 2
to 4. Here, the |%?2%§|ﬁsegflﬁﬂgﬁgeg§%%§?£8 &?r e§a@$%mh ?% a?% %rary

units versuSt¥HR ¢ ®Bown| insEigwrss 2 The %tlacpn®el@ﬁ@ whieh chespcedlled

conp03|t|onspfea@EngeE&yéreéﬂové @HérEéﬁenéléPdavcowﬂEéH'f%éalﬁvééﬂab'e
anal ysi s el enent u_$£uco tes The flgure shows nmeasuring curves with a

plurality of®head §t¥o? chBKEBF FRAfeRaY FeEYRnfor sample

preparation purposes. In particular, it may serve for even
wetting of the upper side of the test field 7 with the
sample liquid 21, or in order to separate the red blood
cells from the whole blood or to withdraw excessive amounts
of sample liquid. If such a spreading layer 40 - as in the
shown embodiment - extends beyond the surface area of the
test field 7 and is also fixed to the carrier film 5, it is
advantageoue to provide also here an optical barrier 41 of a
material with a low refraction index and/or metallic -
reflection, thus eliminating a possible interference with

the light guide characteristics of the carrier film 5.

The evaluation of the measured signal, i.e. of the measured
intensity of the secondary light and the determination of
the desired analytical result, for example of the glucose
concentration in the sample, is performed by the measurement
and evaluation electronics 13, in principle in the same way
as in common test element analysis systems, and therefore
does not need further explanation.

Figure 6 shows measurement results obtained with an analysis

system the essential design features of which correspond to



gl ucose concentrations, nanely Curve A 53ng/dl Curve B:101ng/dl Curve
C. 341ng/dl It can easily be seen that the nmeasurenent signal is very well

reproduci ble for a plurality of nmeasurenments, and that the dibfehin%ﬁi of
t he neasurenent curves in dependence on the glucose concentra

signal anplitude) allow an accurate evaluation. Figure 6 shows a system
conpari son wherein neasuring values of the glucose concentration C
according to the invention- related are,plotted on the ordinate marked with
LG, and neasuring val ues measured mﬁt% a conventional test el enent

anal ysis systemare plotted on the abscissa, marked with CON (for
"conventional"). The results show a practically conplete match. Throughout
this specification and-the clainms which follow, unless the context

requires oth rmnse "conqprise and variations such.a
"conpri ses" r‘ig 8% n% s:aﬁgﬂ,e %%é’ntEﬂﬁb‘?%t%&a"?os??ﬁﬂcf?rﬁ’h%lﬁﬁcI usi on of
a stated integeshown mapbgtrgrpumnfs varsgertheott iseepsitbuwieconds t he

excl usi on of guan v 0 0 t I r s. 03
VRY 2004 - 10 TEE B A ML PRI R TR OVERT R AR Ol g 5o ife;

strip anal ysi s°§§§?%5?ﬁ"fdol’:°t ﬁecﬁwﬁ‘ﬁﬂﬁ% ¥ aydidedlegappbreist edemeRfui d sarrpl e,
in particul aglefoaeboght . MhguEdgafe s heangsingr cakvemiwialhsa conpri sing

medi cinal { eghusbit oy i trdaa@ue%ﬁ Ll o] 0LoL Y ARG alPidlang! having o

opposed fl at es and a test secured to one o f"at sides of
the carrier '"FHPRFEWTRIENHEEELORF eI RPN Ycont acted, in order to perform an
anal ysi s,

Curve A: 53 mg/dl

Curve B: 101 mg/dl
Curve C: 341 wng/dl

It can easiiy be seen that the measurement signal is very
well reproducible for a plurality of measurements, and that
the differences of the measurement curves in dependence on

the glucose concentration {the signal amplitude) allow an
accurate evaluation.

Figure 6 shows a system comparison wherein measuring values
of the glucose concentration C according to the invention-
related are plotted on the ordinate marked with LGD, and
measuring values measured with a conventional test element
analysis system are plotted on the abscissa, marked with CON

(for “conventional“}. The results show a practically
complete match.

Throughout this specification and the claims which follow,
unless the context requires otherwise, the word "comprise',
and variations such as "comprises™ and "comprising™, will be
understood to imply the inclusion of a stated integer or
step or group of integers or steps but not the exclusion of

any other integer or step or group of integers or steps.



with the sanple in such a manner that liquid sanple conponents penetrate

into the test field, wherein the test field conprises one or nore test
reagent systemthe reaction of which with
sanpl e causes an optical |y nmeasureabl e chan@e® MAY a2004
zone | ocated on the side of the test field directed towards
carrier film said change being characteristic for the
eval uation instrument with a test strip hol der for

field layers and contains a
conponents of the

det ecti on

anal ysis and an
positioning a test

t he

strip in a measuring position, and with a neasuring device for measuring
the optically nmeasurable change in the detection zone, wherein the
nmeasuring device conprises a |light em-tiper for irradiating primary |ight
via a primary light path onto the detection zone and a detector for

detecting secondary light diffusely reflected fromthe
travel i ng visHE SATBHERNING THpaNkElDIdMeREdes eoLooys characteri zed in

det ecti on zone

that the carrier filmof the nedicinal test strip conprises a |light guide

| ayer, the carrier filmconprises a coupling out zone which is a part of

the flat sidelof tileetcargurep fidnmpeishi eistée 0£3r MA¥h2@004na2Pticest field

is fixed and wi thi

ich the detect

ne of the test field s in

10V Str:}. ng c}OQa z b
optical contatt to the Car?te? fHEMTn & dPnERAETCY i Fht*I¥ coupl ed
out fromthe lighid gii denard &yengs o ofhentieilect comprzenag the primary |ight

of the light emtter.] oupled _.into the light quide_layer_vi
in such %gdﬁ%%%%% %%éi PG “”%B 5% fb?

surface,

at ght"'gtli de T&EEETON

the primary naggriadunsvimgi devet hepposedr ifdratofsides langhta gueste field

secured to one of the flat sides of the carrier film, which
test field is contacted, in order to perform an analysis,
with the sample in such a manner that liguid sauwple
components penetrate into the test field, wherein the test
field comprises one or more test field layers and contains a
Yeagent system the reaction of which with components of the
sample causes an optically measureable change in a detection
zone located on the side of the test field directed towards
the carrier film, said change being characteristic for the
analysis and

an evaluation instrument with a test strip holder for
positioning a test strip in a measuring position, and with a

measuring device for measuring the optically measurable
change in the detection zone, wherein the measuring device
comprises a light emitter for irradiating primary light via
a primary light path onto the detection zone and a detector
for detecting secondary 1light diffusely reflected from the

detection zone travelling via a secondary light path to the
detector,

characterized in that

the carrier film of the medicinal test strip
comprises a light guide layer,

the carrier film comprises a coupling out zone which

is a part of the flat side of the carrier film to which the

n entry

tRE P?ﬁﬁlcpath of



| ayer and the secondary light which is diffusely reflected fromthe
detection zone is reflected into the |ight guide |layer and a |ight guide
section of the light path of the secondary light runs inside the carrier
film 2. Test strip analysis systemaccording to claim1, chaPdciaYi2B¥d in
that the test strip is positioned in the neasuring position in such a
manner that a first partial section of the test strip is |located inside

t he housing of the evaluation instrunent and a second partial section
protrudes fromthe housing of the evaluation instrunent to be easily
accessi ble, wherein the entry surface is |ocated in the first partial
section and the test field is located 1% the second partial section. 3.
Medicinal test strip for the analytical investigation of a liquid sanple,
in particular ofng,bggy_liguid of human . beings or animals, with a carrier
filmof plasticEmit8FFatShivisy 200 Yobpdsethithathg descahtPm 3986t fi el d
secured to onaeokebberiéldtisidesomfichheceatddercd idy@ Wakehet estid isgl d is
contacted, in order to performan analysis, with the sanple 0 3 MAY 200k
-21 in such &YanAeFaiMal YhaduildoBhndt ecuwrsenent st pahdtheatdaht v dehe t est

field, whereilayeheikhesttfd gdeeOP 2L, 0ne or nore test field layers and
contains a reagent systemthe reaction of which wth conponents of the

sanpl e causes an optiwgdl IpriRasunalhe oghamge 1iignd ARt eELs 0hs ZeHg A ch is
a part of the test field the change being characteristic for the
anal ysis, and™SRhéP&i hiBPFnEPYAS | JRYST riddian ahtent GUrhaceet Bet $UsH Zone i s

di ffusely refdaeekedchBer ef 10§ht guide section of the light path of the

primary light runs inside the interior of the light guide
layer and

the secondary 1light which is diffusely reflected
from the detection zone is reflected into the light guide
layer and a 1light guide section of the light path of the

secondary light runs inside the carrier film.

2. Test strip énalysis system according to c¢laim 1,
characterized in that the test strip is positioned -in the
measuring position in such a manner that a first partial
section of the test strip is located inside the housing of
the evaluation instrument and a second partial section
protrudes from the housing of the evaluation instrument to
be easily accessible, wherein thé entry surface is located
in the first partial section and the test field is located

in the second partial section.

3. Medicinal test strip for the analytical investigation

of a liquid sample, in particular of a body ligquid of human
beings or animals,

with a carrier film of plastic material having two
opposed flat sides and a test field secured to one of the

flat sides of the carrier film which test field
contacted,

is

in order to perform an analysis, with the sample



characterized in that the carrier filmof the test strip conprises a |ight
gui de layer, the carrier filmconprises a coupling out zone which is a
part of the flat side of the carrier filmto which the test fith@#PZ&ﬁxed
and within which the detection zone of the test field is in optic

contact to the carrier filmin such a manner that light is coupled out
fromthe light guide layer into the detection zone, the light guide |ayer
conprises an entry surface for coupling in primary light in such a manner
that a light guide section of the light path of primary |ight coupled
into the light guide layer runs inside the |light guide |ayer between the
entry surface and the detection zone, se%bndary light which is diffusely
reflected from the detection zone is reflected into the |ight guide |ayer,
and a light guide section of the light path of the secondary Ilight to the
detector runsiPnsUgl themHay ebhadl | hiquid Tezmolst r ¢oruenentd rgnetoratieai m 3,
characterizedihfiotdiat rekhesséde of the light guide |layer opposed to the
coupling 0 3 MAY 2004 -22 out zone is adapted, at |least in sections

thereof, to cause wdr@hangge of edth & ilch Nt oS CRAZALKAN A LG tRQ+ OF 5 die
primary |ight towards the detection zone.” 5. Test strip according to any

one of cl ai rrs}?,y%ﬁ‘s 43nd cERftRADS! Az E@3PANE havs ke Hidderagictine pf ghiqui de
layer which ust@PpasRmhehest be E&?éeé‘affdqula 29084 S, AdaRt edyy tme'a%%&bzfé o

sections thereof, to cause a change of the propagation diTection o
secondary |igfPaa?efdBeldyy Fefeddrad Fanem vwhivd dis eat iremtzorfe, the tedtnci de

with the diregtiod, ofnd Rankkobti gy dahayer: 483diAg toverds Jhe, dgiector.

wherein primary light irradiated onto the detection zone is

diffusely reflected therefrom

characterized in that

the carrier film of the test strip comprises a light
guide laver,

the carrier film comprises a coupling out zone which
s a part of the flat side of the carrier film to which the
test field is fixed and within which the detection zone of
the test field is in optical contact to the carrier film in

such a manner that light is coupled out from the light guide
layer into the detection zone,

the light guide layer comprises an entry surface for
coupling in primary light in such a manner that a 1light
guide section of the 1light path of primary light coupled
into the light gquide layer runs inside the light guide layer

between the entry surface and the detection zone,

secondary light which 1is diffusely reflected from
the detection zone is reflected into the light guide 1layer,
and a light guide section of the light path of the secondary
light to the detector runs inside the carrier film.
4, Test strip according to claim 3, characterized in that

the side of the 1light guide layer opposed to the coupling



6. Test strip according to any one of clains 3 to 5, characterized in that
the test field is sufficiently absorbent to transport liquid sanple
conponents in the coupling out zone to the flat side of the carrier film
to which the test field is secured in such a manner that the 03 diAvd2004
sanpl e conmponents wet the light guide layer in the coupling out zone. 7.
Test strip according to any one of clainms 3 to 6, characterized in that
the light guide layer in the coupling out zone is roughened in order to

i nprove the coupling out of the primary light. 8. Test strip according to
any one of clains 3 to 7, <characterized _in that the test field contains
conponents causing strong optical di ffiudon. 9. Test strip according to
any one of claims 3 to 8 characterized in that the carrier filmconprises
two light guide layers, the primary light is coupled into a first 0 3 MAY
2094 -23 |igftgficdE 1H8y éPaBe%i i ASa5Ei dir FerE4PRs dlicgeelantr tFadise
secondary |i ghtcifdr® tdie @GR! aGlghen p%g?ggééi&PL’tﬂ]ir%t'iBﬁooﬁ £ BECHPLn yght

gui de layer serving as secondary |ight guide. 10. Test strip accordi'ng to
claim9, charld@héritgedris theadetepllaresonkield is fixed to the flat side of
the primary |ight guide which is opposed to the secondary |ight guide. 11
Test strip according to any one of clains 9 or 10, characterized in that
the |ight guite | &peks shrdpsepencadddy tat hemstongn of pataimsf 3 heirr 4ength,

by an opti Calct‘k@ﬁ.{a@t@&izég: 1 heSth a3t rtl_laa agﬁgédioqu ttlpe C!L?%ﬂ 1 icﬁi‘aﬁ.g)géfri zed
inthat the optical barrier conprises three partial yers, a first
partial |ayervibéimgsadirecerd to tire driariipnl izghe §ai ddamed. haviagsta
refraction i nﬂ'?xs%&ﬁt}lé stl'té}‘@%rf,t Q%n ctari'ﬁer eaf r&gﬂg%n of the propagation
direction of the secondary light diffusely reflected from
the detection zone, to coincide with the direction of the

light guide layer leading towards the detector.

6. Test strip according to any one of claims 3 to §5,
characterized in that the test field is sufficiently
absorbent to transport 1liquid sample components in the
coupling out zone to the flat side of the carrier film to
which the test field is secured in such a manner that the

liquid sample components wet the light guide layer in the
coupling out zone.

7. Test strip according to any one of claims 3 to 6,
characterized in that the light gquide layer in the coupling

out zone is roughened in order to improve the coupling out
of the primary light.

8. Test strip according to any one of claims 3 to 7,

characterized in that the test field contains components

causing strong optical diffusion.

9. Test strip according to any one of claims 3 to 8,
characterized in that the carrier film comprises two light

guide layers, the primary light is coupled into a first



i ndex of the primary light guide, a second partial |ayer being adjacent to
the secondary |ight guide and having a refraction index which is |ower
than the refraction index of the secondary |light guide, and giigigﬁgm
partial layer running between the first partial |ayer and th A

partial layer and being netallically reflecting. 13. Method for the

anal ytical investigation of a sanple, in particular of a body liquid of
human beings or animals, wusing a test strip analysis systemaccording to
claiml, characterized in that the primary light emtted fromthe |ight
emtter is coupled into the Iight guidﬁ | ayer through the entry surface,
the coupled in primary light is guided"%éide the light guide |ayer to the
coupling out zone where it is coupled out 0 3 MAY 2004 -'24 in such a
manner that it illumnpates at |east a part of the  detection zone,
secondary | i tgefbidst P HRF ATHFUEE ¥ I RGN 14 e TVdECectdEn BSne i s

transported dsind@riNa ilgh@hterghi del avdlectlionarndact Re dRhpakar iard Ghe
secondary light is coupled out fromthe light guide I|ayer towards the

det ect or. 14e9hddahe cHitfindavsrchrar g, asuseagndaiediiobtr gpideccor di ng
to any one of clainms 3 to 11, characterized in that the primary light is
transported in the primary light guide fromthe coupling in surface to the
coupl i ng outlGur Tgsé, s&mdprt hreceedormary ¢lafim 9.s aheansperizer becowdary

light guide honapds: the.dgt egt afixdinsidlectfie siay AikeshStild APAYY S
system substantially as
light guide which is opposed to the secondary light guide.

11. Test strip according to any one of c¢laims 9 or 10,
characterized in that the light guide layers are separated,

at least on a part of their length, by an optical barrier.

12. Test strip according to claim 11, characterized in that
the optical barrier comprises three partial layers, a first
partial layer being adjacent to the primary light guide and
having a refraction index which is lower than the refraction
index of the primary light guide, a second partial layer
being adjacent to the secondary light guide and having a
refraction index which is lower than the refraction index of
the secondary light guide, and a third partial layer running
between the first partial layer and the second partial layer
and being metallically reflecting.

13. Method for the analytical investigation of a sample, in
particular of a body 1liquid of human beings or animals,
using a test strip analysis system according to claim 1,
characterized in that

the primary light emitted from the light emitter is
coupled into the 1light guide layer through the entry
surface,

the coupled in primary light is guided inside the light

guide layer to the coupling out zone where it is coupled out



her ei nbefore described with reference to the acconpanying draw ngs. 16. A
medi ci nal test strip substantially as herei nbefore described with

reference to the acconpanying drawi ngs. 17. A nethod for the an hypwpqm;
investigation of a sanple substantially as hereinbefore descri
reference to the acconpanying draw ngs.

“24-

in such a manner that it illuminategs at leagt a part of the

detection zone,

secondary light generated by diffuse reflection in the
detection zone 1is transported inside the 1light guide layer

towards the detector and

the secondary light is coupled ocut from the light guide
layer towards the detector.

14. Method according to claim 13, using a test strip
according to any one of claims 3 to 11, characterized in
that the primary light is transported in the primary Llight

guide from the coupling in surface to the coupling out

surface, and the secondary light is transported inside the

secondary light guide towards the detector.

15. A test strip analysis system  substantially as

hereinbefore described with reference to the accompanying
drawings.

16. A medicinal test strip substantially as hereinbefore

described with reference to the accompanying drawings.
17. A method for the analytical investigation of a sample

substantially as hereinbefore described with reference to
the accompanying drawings.



