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the anal ytical investigation of a sanple, the system conp

Anal ysis System The invention relates to a test el enent aqmm
r
el ements and an eval uation instrument. Photonetric; carrier-
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lfests are

used on a large scale to anal yze the conponents in a I|qU|d sanp e

gqualitatively and quantitatively, particularly in

animals. This inplies use of test el ements which generallyMMﬂmmwu WNMML
reagent syst Englishripnslafiogof/ari ous reagents. To performa r est
el enment i s bPOQUIMNEOQ/0M394contact with the sanple. The reacti on *oboganpl e and
reagents | eagsfile@ a change of the test elenment which is characteristic for
t he anal ysis and can be neasured optically. In the nedical field, blood and
urine are the nost inportant sanples. Hereafter reference is made to bl ood

analysis as an exanple and without limtation of the generaémgﬁséh?ﬁg}&éty.

A particularly inmportant field of application, for which th

nost suitable, is the control of the blood glucose | evel of diabetics, in

particul ar the self 2

Applicant: Roche Diagnostics GmbH, Mannheim, DE

Test Element Analysis System

The invention relates to a test element analysis system for

the analytical investigation of a sample, the system

comprising test elements and an evaluation instrument.

Photometric, carrier-bound tests are used on a large scale

to analyze the components in a liquid sample qualitatively

and quantita;ively, 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-



nonitoring of blood glucose ("home nonitoring”). The eval uation instrunent
provi ded for neasuring the change of the test elenent which is
characteristic for the analysis, and thus for the evaluation of the result
of the analysis, is generally adapted toZa specific type of test elenents
of a certain manufacturer. Therefore, the test elenents and the eval uation
instrunment are conponents which are nmutually adapted to each other. As a
whol e, they are generally designated as anal ysis system The test elenents
used for photonetrical tests have, in nost cases, the shape of the known

test stripgponiiddy gy |SRL1 08 g}ﬁ?&o éek clgﬁtée(ﬁoﬁ @riﬂ%‘) Sigfeof a

general ly eIongated carrler fil astic y cases, the test
field consi®fesUat %9&ﬂ¥ﬂ%ﬂq%®ﬁQﬁ R¥2N1¢%§ef@r Be R SWGEeD oflee ophange oo t he

other and cap aidHtnge Xindrar e,ml&s)ﬁi)@r@ﬁléfa@tefb@tieaﬂ@i‘ttﬁé(SéﬁalgE%Of
fulfilling d&%f rent_funcgtions. The sanple is applied he upper side of

the test fi%% g fox ?uﬁ%%%%ﬁ@l?%a i bhet rarutt p5cbhe sapelBeiehange
whi ch is chay a;;ér&mas]t]l}c dduptide wHad yspecLaic beyﬁea@ﬂreélst Nnelbgefebesti on

zone of the t fdel uat i pn_instrune
reflection- pgﬁ. %I@éiuéﬁi %Feﬁhat%% e 58S, t?ﬁetﬁ%?e%t?%ﬁnﬁﬁn@ngsthe
| ocat ed onaﬂﬁiuﬁnnqnnEnskrumenﬁmares¢ompehdndsrwhiem aowandsusbeycarrier

Lhi o 20d REfAld S ddnaaiBr: o, & BRbfe| nehlf dfelabhebdigne, hroush

whi ch the p measurenent is per
neasur enentdefgianResd a7 anwl vk y%Y%t¢mstrunent essentially consists of a
light emtter (e.g. a light-emtting diode) directed to the detection zone,

and a det eqiyy t@é@%ﬂérﬁéﬁi@%éé&tf@rdﬁﬁéﬁéhéﬂriéﬂf té@tenﬁwé' Slﬁyﬁéém of

~this type is described, for exa in US patents 5, 395 and 5, 424, 035.

3 Phot onet 93585 1 dt° fRaRM° ?/S’F%°§’95F% %F?bﬂ?an‘&?-?]%e%tv\nlﬁﬁsfﬁl ghe
accuracy attdsow friostd fhiecediso tdef 1@t s elienst & genebelpyodmcﬁgateal onal l'y
and i nexpensj | ent Y1 nd because th hot

measuri ng tec é/qu\eha]lr}? S <%fe]r ﬂ%%ic{: eVl ua?Yo‘ﬁa%?sthghgoESFgEé ?%prrent
in the det é&ﬂﬂjrﬁtszrﬂef arttellhlaanbﬂtmgmluteﬁg heysus en@ntangedhoneven, tapt
optimal. |hpaiHd iy érﬂ?r@oxtéafnl‘h hdiff%r&fltCBB&:@H%Q?ngngEhEhe

rreasurlng device. This is ueto IS - 1IN VIeW
of the meadifiddff ardEtgtetind rfét&e%%ﬁy 1 oot Aefpavephefnesiopsasfihenent

Iocatj ed di reanigle aub@vae%pheedIwnumtupgeﬂnglaeaéglrtne @Qétcﬁ%eiﬁﬂiﬁﬁtafo
avoi d cont natlon the sa ood, nust be a ed very
accuratelyqt TR | &Y tﬁ¢ﬁst£%eh%£%9§? not §P£B§s %ngﬁbwgg %
particul ar ddecmsiedistbet | Tor arlee aanalysiapoahahé geasprefl tasthel enent

anal ysis s &gég S e a n ue to their
advanced aéﬁét%{ted etszror?éeg?fr %@%y%%gsgfﬁig gf‘fg Eh? &thﬂlﬁég Plgngl ng a

bl ood dr op,infdiidmanty by reblectier- phOtﬁeﬁtricagemeanatoInhmanyspaseeLd

accurately tafféi d’étié’t%liox?%r?é” {'@tw@a@édtbﬁ éHéFBHEQbmgsi‘aSan tdeNtest
contam nati n | ead t a dlrg accunul ation on_the optical neasuring

syst em whi é%t?ﬁﬂ S t Hae agRuF Ay 8¥1§ub§€§u§hﬁ RBE¥GLENENt S.
Furthernoui11ﬁubdmpf&né$)aﬁh&b@tﬁm1ﬁhéededevfiélaaﬁbﬁelStﬁ@@h@ﬁS%ﬁhch'n

sone appli ontanlnat on_na ven a danger of -
|nfectPgn(ﬁgétghééﬁﬁéygfégﬂ ?%ﬁ%ﬁﬁ?ﬁﬂkaﬁﬁrgéggngﬁ igﬁlento? provi di ng
a photonetmhﬂﬂomaﬁxlQﬂleﬁnS@w@mqatseqyspmﬁnﬂhofhthEIamalyshsgh

measur enent; ARCUGRCYE Ak S $e98§£¥ség §ES¥ E@Bm::fﬂﬁﬂg.tte

photonetrlcal test el epent _ana is systemfor t |ca# |nvg%t|gat|on
of a sanplé19h$;ﬁﬂ%WE&ﬂgw ¥pde, H§e¢FQ@|EoothﬁuﬁﬁheﬁeiﬁgsZ@meanﬁmdl§

conpri si ng de&%c@ﬁmwovume@t@artbethé'agtéeélent%hef' d ghiz ﬂso a
flat side of the carrier film which test field fo ormn

anal ysis, BPGUIGHRE httPtontyRs t@tﬁe%ﬁ§1§aﬁp|éorne§a@ala wé? pﬁapaﬁﬁﬁﬁﬁd
conponent s pf2dihes sm® peretreds.the test field, the test field
containing a reagent system the reaction of mhich with the sanple |leads to
an optically nmeasurabl e change in a detection zone on the side of the test
field which faces the carrier filmwhich change is characteristic for the

‘anal ysi s, -and an evaluation instrunent with a test el enent hol der for

positioning a test elenent in a neasuring position and a nmeasuring device
for neasuring the optically neasurable change in the detection zone, the
measuring device conprising a light emtter for irradiating primary |ight
onto the detection zone and a detector for the detection of the secondary
light diffusely reflected fromthe detection zone, this problemis sol ved
by the fact that the carrier filmof the test el enent conprises a |ight
gui de layer which on its flat side to which the test field is fixed
conprlses a coupllng out zone, |n mhlch the detectlon zone of t he test

. a b o



5 the secondary light runs between the detection zone and the detector in
the interior of the carrier film The invention also refers to a test

el enent appropriate for such a test elenent analysis system as well as a
nmet hod for perform ng anal yses using the3anal ysis systemaccording to the
invention. The light guide |layer consists of a material which is as
transparent as possible in the wavel ength range of the primary light, thus
havi ng the | owest possible optical absorption.' Preferably, its refraction
i ndex nz is higher t han the refraction index nl of the adjacent mat eri al
(e. 0. or of. a rresp coat so _that t ref] ection

t akes pI ace q?tt?rheetlﬁ ][C g{:ﬁ’ﬁ SWW%Q"" ‘c%a?ﬁ% $%° t he

| i ght gui deﬂitdyetnlgtma@d:moadu)e thasbasMoa:bmt abédauseftieet t @t aélérh@ntb@undary

surfaces of 4 At C thro the
light is coup?ebdé %lt% %&iﬁéﬁl&{al%}z ?a e%ge%gé%%e er%tb l y % cut
surface at @pkblge siwrd bﬁcweewlgmplgqt@eetnay@al metasmrpgettecchledqtcase of

a test strigwid 2 ¢ Bt p@véi"@&’@ﬂoﬁa&f'ﬁ‘i fd t upl ed
in through one of thegggdafaces of the | 1 ght gu ? é?% é?gv &§%ra Igpthe

primary |ightei<ehRFr FrRs - tThal ?%@1h%$|@#F%%ﬁmﬁ?@%#@em¢%h1tﬁe entry

surface to ttdswe@@uplm@tg it igHne, Itﬁ"@af@ié@laf)e'ﬂﬁbﬁepﬁétaolfu@@eri)ékté‘@ two
flat sides of the,carrier % ilm In order t effect de5|red coupllng out

of the IightoFrIPEREIPE o ‘Zy]%l‘?cfee?%‘s‘/ﬁtngn BVife: dr’e]t”e%t}%n Y@nkC ofR® he t est
field in thﬁactouq:)hamgt}ms:ltte@mefldlcﬂfias enAt ieabew cah ﬂeeuﬁeﬁsu\btﬁ@ wll be

expl ai ned f rlat neans

refraction %E%%ﬁg @gggg%ﬁé%$§§¥§ f(goun §h§€$ ad%l% t%%a??EﬁTeﬁﬁlde | ayer
in the couplq“h@t%@lt Pepetly ablepe eelheolbbummatm@ran@rmeasyrangl ttle

| ower, thar uf@ﬁcéﬁéﬁ@ﬁérﬁn TH0RY¥o P é@ﬁtét‘ngﬁatgé‘hdetllné‘ygam $@ thag t ta'

reflection oes not,_or._only to a ver¥ ow extent take f ace here
coupl i ng out*An° | Rteed %@ rPe 2Bl i 8d ghery RCeweakety ake Bheth%stlght
?w ﬁe Iayerfi@ldherhbslgie Nigoweire £ ONGE Ell\rzaiﬂgrﬁ@éghblé?ﬁ g]g)ulp%te'gc@y&rof tﬂe
i ght can t an_appro rlate i ance of _the light in_ the
gui de Iaye?gég%%%g ﬁ bgtl?%agf IRAEN %ﬂg Bt ? t HECPR i ﬂErQeFFg%? SR he
coupl i ng ou@nabﬂél$sSYﬂt¢Mem$enﬂtoan&elbomadﬁrqasesfahesdlpetteﬂtsomards
the test figldoW apgl I er kh e angl e a~ of
t he total reerct?%%aggln agrYQ%G$n§§d %%9 fnd @ﬁ%igcﬁ%%g%%éggﬁ parti cul ar,
by meki ng t®#éeFight si dbfbicehelies ghe Eﬁiﬂﬁlﬂﬂy@rb1%©@o@¥@é tgeﬂﬁéaéeﬁpllng

out zone, llﬂszlarpdncatréeaﬁtthalﬁeﬁtngeﬁ, bﬁtéuet@eat@aﬂnﬂemat the primary
condar which is

light is reflecte nto ection_zone.

di ffusel y r%??%ﬁ?gﬁin% thegﬁg?ﬁc??ﬁhaQBHQttgnr% IEE?eﬂ 8néhﬁgllght

gui de | ayeraneasi sStchnspotarinatitori nafiotead teastdﬁrﬁaabcﬁﬁulaelmﬁyoho

t he detect p I o] f o] it
o possi bl o 1o OF ancaortoRRer cog EPuC PR WAL BERELLLAL S0S S HRREERERE |

si ngl e- Iaye?c%%¥?FEr°$|?h?sﬁqeenFnmeheugamentsghFuguhdemba?erthEbmever an

embodi ment: cﬁe@ﬁeﬁgrdsﬁdcbﬂta\!aiﬁatéaedéataéefaaité”léoaﬁﬁtéséahtéﬂ thUi de
| ayers in orde to trans ort the grlnar and t he secondary t

separatel y. @ﬁ PRFOPPi GEECfeallr s?OPBZBenngPalﬁéﬂ ?H?Ph@ﬁuﬁélam1 it can
be achi eveddahgertbf infbtttaptured by the detector is essentially free
frominterfering primary |light proportions. Thereby a very good

signal / noi sgarght @ §sPLt AL NEY i nvention addresses the problem of
providing a photometrical test element analysis system which

allows a high measurement accuracy and simultaneously an
easy handling.



Preferably, the carrier filmconsists essentially of only one or two |ight
guide layers. It is, however, also possible to nake a nmulti-Ilayer carrier
filmwhich conprises addi ti onal | ayers for performng other tasks (e. g.
with respect to the nechanic characteristfcs of tr.e carrier film . In
this context it nmust be taken into account that the |light guide |ayers have
a very small cross section. The carrier filmshould be as thin as possible
~in order to save material, weight and packaging volune. This results in a
very small thickness of the |light guide layer or |ight guide |layers which
are a part Pﬁ éh@h&@éﬁé@fl&hi”EeEEeEQEﬁQ gn %Qﬁ 1% Ehnﬁgkﬁk@§§§ is less

than 3 mm t%culai g preferred | ess wdth (nméasured in
transverse t15% nYﬁﬁthgﬁ%OFrQﬁsﬁoﬁﬁm@dedlﬂ@c@ﬁ@ﬁﬁcuéagréﬁéﬁably at
nmost 10 mnb@@ytlcqﬁaﬁlafphamaﬁrbdlagsrrg%t a1 sBasedi9a S ¥ReHJmNt al

Its, it b hi ck f ‘the Light gujde |
Choul 0 be ot ERBeREs IEATR Safkier SinRoandl sobamiatielcot iohd ovent | on

has shown tfbatisidei of bheapaareerlilmmfawmh@hlQe@QHGubu@nae(SEEﬂ entry

and cross u a Ll pri n it e det ction

zone) a hlaﬁgﬁgggﬁ%? ggécéﬁﬁéigﬁcang 8“8 @& % WétbotEWE Cedge

of the invehtosychtaiwagahhbt étqHRHUCempbnemme b&cthbhabmp1@ e@IpAriagen to

convent i onatLHEASYE CFE 0 e e cti,on._zone of
83, Ehﬁ EEH% f&%&h ebhea 19f é@on% %ﬁnt'% (%

test elemenfs an i ncreased ecte
captured aste¥eRcEigRaPt ﬂblﬁhewééhetbﬁnﬁampﬂe ﬁ@@é@tm@namIQpM;qally

S|gnlflCantm@@@ﬂfahgestﬁﬁhgélQﬂthoaetbﬁtﬁéhtb%%kabdmﬂﬂg Beeedrs thdhe 8
contanlnatlon frgfﬁzﬁ &hgn of t e sa Thiis i1s particularly true for

a pref err ed-8fbo i’:ﬁe?hE = |1€Ird f\?mlf‘hwthﬁéhblcé’@d‘%pmﬁ cation
siteis in ¢h@raeaenmsngcpﬁsrttha ahalbeikgstng emerivaloedtiesh out side the

i i tside d f
Dot oner £ cop Ghdithe HIER, 8 LOUR 818ReRl el dsd et By Ihithing & 6 For
eIectrochen?%%me%ﬁalysasmgysuemng phiE¢h iohowader, mepaurdsy aeiet &cand
more cost | ynidasr P! ORE! BEEﬁ’}EaEX?t B E%tl'éer S HDEY L0 0L iy de
n o

t he pOSSIbI|Itg anal ysi's bservatio e col or
devel opnent 2?% thE 8e?@€?P6hn90ﬁ§V18§ ﬁﬁwpéﬁﬁﬂpﬂbél1§$§¢emmuﬁierTm§r

i nventi on matta@baeaﬁgeprbaaeyphagnedohﬂodeh@lHé@dd%ﬂ@h'E%ﬂESé&iQP

enbodi nent P ug The_ technical features _descriped therein
can be usedégﬁ%@5¢gug ?yghg E@Sﬁﬁ?ﬁa?? €n S6CqDATY dig: ;Feq&@ﬁ%ﬁ% lyd
enbodlnentsr©flehéednﬁenmlbhe datbbelbnguba& Fmgaslpﬁmwmﬁmalge&&ﬂﬁﬁiiQ@r
schematic repsesgptathop pfe2 S Fi hows 2 si de vi ew,
partially sectlonaF ? v ?%%nkﬁ%ggiﬁnght ﬁ%ﬁﬁ §at Ce I CRTLSS? t he
measuring pdstighh. gulde 1ayer whlch on its flat side to whlch the test

field is fixed comprises a coupling out zone, in which the

detection zone of the test field is in optical contact to

the carrier film, this optical contact enabling the coupling

out of light 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 between the entry surface and the detection zone

in the interior of the light guide layer, the secondary

light is reflected from the detection zone into the light

guide layer, and a light guide section of the light path of



Fig. 3 shows a schematic representation in side view show ng the neasuring .-
light path in an analysis systemaccording to the invention; Fig. 4 shows a’
detail of a partial viewof Fig. 3, Fig.. 5 shows a sectional view of.a
preferred enbodi nent of a carrier film Fg. 6 shows nmeasuring curves of

the diffuse reflection of the detection zone versus tine for three glucose
concentrations, 9 Fig. 7 shows a graphical representation of a
conparati ve neasurenent with an anal ysis system according to the invention
and with a conventi onal analysis system The anal ysis system shown in
figures 1 ang 2 _consi.sts g t est elegents 2 apd an_eval uation instrument 3.
Test el ement?® PECARIFHH el GRE X 1RE{ PEFVEERALRE ASLRCEIORgAPRE 28R FR? film
5 made of plas¢ccorcanryhagiatéesdrf o€l dhé whkehersfstaured to t he upper
flat side 6 of the carrier filmb5. Test elenent 2 is inserted into a test

el ement hol ger iﬁv&H£9§gh ggoagSE%ygetéO | BebbeehotshpIadd, Of r&hﬁa £8%i i on

eval uation 1'nstrunent e ng positrong urd
shown in figuek 2 tghe ébamaat|@nalmsnSUﬁvﬁte@.ceﬁpweiésaa aemsuhedeﬁorand

eval uati on S t o] c g 14 and
i nt egrated %%?gé???hg aﬁélybgah?géﬁgt?gﬁ 3as1 SE ggpeﬁ %dgﬂ ??lng

di ode (LED)tR %anHeéE%%Etor 17, preferably a photodlode both bei ng
conponents of an opti cal neasuring device 18, are connected to the
neasurenentThedlEghtugﬁhdé Eh?étreﬁhéisia-oEnaOmdeérEQlpﬁhi@h”&énaana|ySiS,

d f pd_21 | th the t jeld 7
gppggﬁtg tzegﬁngga%gﬁ%ra?l égﬁaggsbgP @gangV$ &ng ﬁpF@ggﬁgg%cgbgon i's
facilitatedpbymahg Laghtt hbhusnhgvangi the pawesal psegibibe dptdtalhe test
el ement 2 '§bé8£§£§gni“§£QEe£QBl?OU§kgmﬁé%r&@EQohh?nﬁgit e'f@?ﬁi%h§lon 23

positioned [ n the measuring posi Second paftia
carrying thEh§BthF|§P§r§CgF@FrE§@§Xfﬂon?fh@h¢mﬁ@]¢@FHH.m@ﬁ@§l®blh@ ®asily

accessi bl e. cfhalquardoﬁeae&bafeé bﬂ&@nbh@obE§hgﬁlebé Zhaélﬁéehilng t he
reagents cont E g tesi fleld 7h k gacg t he getictlon zone
24, "1 ocat ed 3 ?ﬁ lgpd PS¢ Reace in the t gui ayer. T

guiding mechanism in the light guide layer may also be based

on metallic reflection at the boundary 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



10 test field 7 directed towards the carrier fi-lm5 (lower side) . The
reaction of the analyte contained in the sanple with the reagent system

| eads to an optically neasurable change, in particular a col or change, of
the detection zone 24. For photonetrical @valuation the detection zone 24
is illumnated with primary light and the diffusely reflected secondary
light intensity is nmeasured. According to the invention this is achieved by
a special design of the test elenent 2 and of the parts of the optical
measuring system 18 cooperating therewith. A preferred enbodinent is nore
clearly shoys,p Ir &M, a T rgh.ersfil i;nclwde | t one
| i-ght gui de I552?£g6#3?5%§?hggeﬁgﬁaggggﬁcﬁg?ggt&P&E?}é%’ﬁ%t %¥§%B@b to
optical tradshafFemtytanddreErdcEPokei REEX Lomgrther iomlyr Ratliid len Lowght,

gui de el enethsn the réghhctiaAspARExObrWRnGh 1igHRasRd N 169%6a, =ef legli on,
can be taken fr mﬁéff?rel. evaat literature. In &nal ytical _applications,

li ght gui desC%te chi-QPI §O68eBtn OsO8L¥h&Le 3a ViegXs et end takise
performed aplacel heeew Thedibhplihy aceessin( bl M pdIrtdd®y nterior of
a tube or i Lnsi he human. body) . .For .exanple, EP 0047094 shows
such a mas%??%%glg?%%etﬁgrgﬁgggﬁﬁ Ry &b i%g??[t (9391%{1%@’@&&& &tics of
matter "in sbeplingSopht eane . 5FdERhétboard Rhe33cMA iaie cenams ehd or a
type of ana i o] nal,ysi.s t he . enuated t ot

refl ection j(%éfﬂﬁia&mﬁlﬁgﬁél éi’g g{é’?éeglngkl hf‘g’?’%%%rg%tegﬁlﬁ%té‘% e IS &
bet ween t het¢ ghigti 48 BRE gHédsulpyendi sychabbad ias Hased en lehge

evanescent §hgrd ®hi @Hesgﬁﬁ\a@?s 13ghit9hh ,%ied%oiug)l‘&*?fgc%utto% g gfd ection
occurs. In , 11_another gge g fi ger-optlc sensors |scusse(§rl I N nuner ous
publ i cat i onSPG9eaGeRREPs L ABpPPERdarY: RETERGe iz aatat tauwadals ither test
lrrgars]ur! ng |h fib1di wighi dedanglbi whilka |i;'§9|lfﬁr@'éird$;1rfa@nb@het Qiﬁmtir@%ngq?%st he
ight is chan e e ction of the anal yt th. the reagent
5,127, 077, &Q?z%ge 8%§S%PA¥%€?%%{-’?‘9%I §Sénr%ag=erf¥1/ian§\ﬁ-n98@r°3af’€8 BEio the

| i ght gui dea¢hbevedy s_@'enf pausmusa;m 588) makn ngE thHe8 FA343 sAie @f apid cal
sensor for 1Ngnanghyats1alcgasepobsifestyl hed ARYNGALJCayone

transparent%gas; sensitive’l aﬁer. ch is fixe erent "posi‘tions to
al i ght gui dE"Fhikedn AtnaRASE ERafechiionsaydn issiqkagsa@nmen kdat gie

transport edpt hwaughlifgat! ighregliedeed Aneblehet ASRATYR tRgADSOr ption or
the refraction index 1n the gas-sensitive |layer. Al though these previously

known net ho ereI ate.to oé‘heh{;fi ﬁl}dﬁ‘t of %p])&l i cation, and differ
fundament al f y 7o ERBT Br &4ERE WRNER: t6n A1ty wredge chissutf 19y hegui de
t echnol ogy feberthenstate ¢f trkélarted dhtexadpl 4 ieticejulide) laRRORIHAt e
I'i ght gui de;gateLl at| JLmproving.the tatal refl ion,_ etc., .can
be useful h%ég. ghgﬁég}:gie%hﬁ%éﬁhg’ﬁ: hggi %\E%’ttifg_an pc?orrtr:prolfggsheprw@fyertéblﬁ}i,e as
shown in t @ FPELPEs Br&R&TaPlYwonPeght ofaild & efdypeitsi o6 carivd tupes. | i ght
gui de | ayerBaeivabUyasipr igBpyskithe @6 §9-aRaghde dHWeSr il ! er
- serving as condarﬁdl [ ghﬁl.gggde.l The ,pri T y%(ii)I i ght Zgﬁ{rsld(%}ywllgg;‘kgci altrﬁié
li ght enitter<18°5R88 ¥end it & CREIFE YR ighrign d& 1 throudhits
Irtear facet sehei aggas%éghta_gu&deu:lhqﬁfr.Sn_omd n;‘et;:hte amt)lﬁ@dbtdw_tméfht ?'_dryj7i STh
ransporte : i, ar [ ui . 0 the tes ield.7. e

part of thegf%gﬁ%ﬁ %gt Eﬁo%}htlgg‘ %Pﬁen%,ﬁg,frﬁfe&h?é@ W 4569 ﬁﬂ%glt% li ght
gui de | ayer9g2&Qe| éamegsgnat Qéfdbirghp guradepoett itdre 3fimbhey Zdrphtofaridhe hepper
ol dr servas ontary, SE6bE OBaratel 2 ooy AR it dibatlidh NG 01
primary Ii gﬁ%‘bk@lP%ScSHﬁEé&roé?@l@m A& [ciaghtoeg@icde avade tipt ithe kight
detection zoaptidfeaf biyhenkegetbictbd 15 essentially free from

~interfering primary light proportions. Thereby a very good

signal/noige-ratio is obtained.

i on



In the enbodi nent shown, the coupling out of the primary light is -
essentially effected by the fact that the flat side 8 of the carrier film5
(for the two-layer enbodi nent of the carrier filmshown, the |ower flat
side of the primary |ight guide 27) whiclvis opposed to the coupling out
zone 33 (thus, also opposed to the test field 7), is designed in such a
manner that the primary light is redirected towards the detection zone 24
of the test field 7. This change of the |ight propagation direction is
effected by a reflecting surface 25 which is inclined at an angle of
preferably abo In_order_to i ve its.reflectin racteristics, it
shoul d be g%%’%ﬂ/%?ee%’fﬁb%ﬁnﬁf %O%Jf%wlﬁﬁ?ﬁ}gjr%ff}éc?# ng*chat i ng.
Devi at i ons duenvt hewanblghiofgdbdar kapessi ble, ianghesever weahs@lpaseiltDe
bei ng prefe e Y ddi measures can
be taken |n6%5§%$é?%qﬂuf¢%v£ %% %%59 P gii Q?k%ﬁ CéHé%ggésll ht 29 in

t he coupl i neddif ioeak Qayerﬂ @@xtp@nfgxmlngeOtbgr taekd ?esgouwutbe fixed -
for exanpl ap | X u in the
coupl 1 g U e S P B e B B LT T a5 5t he
carrier filf5 s not lower, or only insignificantly | ower, than the
refraction i ndex of the Iight gui de layer 26 itself. In.any case, it should
be hi gher thanthbstbensezrti oo heéerbethgkéhgmhteouabbﬁgtouhaEOﬂne33igHe t he
sanme end, it é #so adv ﬁntageous i f hg ie ﬁ such a
manner and ?%l Tt FF¥FERL 9V bR oY BEHt SPRAL cr?§SIFaSFa°§an% g Eaﬁﬁbﬁﬁnts are
transport edfibmt fkogdbdpbéngsothinoas B8ssibhepint edden thesélvat side 6 of
the carrier 0 h [ t th upLi zgne 33.
The r ot actToreThaly SPROnE Nl pekdathl! POrtRe! Mgl PLLRBCR IR A" o5
This val ue V@rxl§ﬁﬁilc§hﬂp§nﬁ§ﬁe@ftﬁbﬁ Lthehteppidei dayrndex éﬁghhegpnégtuc
material usggdyéps mgcﬁr agecal paref othEheaE:ak%&eEI RN R mla@erlaglg}et ween
1.4 and 1.7, Kbvert e coupl, |n out pri mar S i nproved
byt he wet { FRGLE OYREA CoubhAGRGHE 38n0e88 GheR" BhBRs ARBFELFIAAFYY because
the refractppefended déswathani s singnThedantwliithi dheastrad tthe refraction

i ndex of ai ) h oupl i ng Ln.the c Li t szone
33 is |nproé£éﬂsyefﬁé gﬁ? acgoﬁft%hghgaﬁe hQ Fgghﬁbgfélgguéggﬁgggoﬁz 6%der
to achi eve preéeyahilyghamencati af mmeupacy1cuﬂar§ya@vaﬁeagedugtimoshe t est

field ContabnﬁmatBbgéatoh”ek?@r@ﬁEﬁEBEOBeéﬁﬂ%sCOqﬁo%ﬁﬂtBewﬁb% mEAUERaEL T ONg
optical scattering he scattering coefficient -,

than the ab§BPpEPeRKEGEFT PEi éﬁ? 4&98F sﬁédﬁeétaYﬁrf& §heuder gl atp&:eﬁsgm arly
preferred, xzpsums a nultiple of ~Ca. For exanple, ~,g can be 10 tinmes as
high, or even 100 tines as high as ~.a. The diffuse reflection of the test

field | i cal
(o, mter il DU GuERELS" EbORARLAT (B NRLONIPAL SRS DL, Shet o
|||un1natuomnwﬁphteh@fpap@aryntﬂghunZQVDgamlEfwgad}tm@mﬁedﬁ@@lﬂr@MUKWe
detection zgpg %ﬁos%a%E%tQ%ﬁﬁla%u§%%%%da%ﬁéﬂlg@&1%@rynﬁ9 e i Gy 11 M S

desi gned as i ayer ) t he shown "t wol ayer ment a

secondary IF@hghﬁugééefglopozﬁnﬁér@ehéﬁﬁemﬁﬁﬁ&ﬁkﬁﬂI%FQ§éﬁéﬂhF§ﬂlﬁﬁbn1the
primary |igbbtgiindd. 2icdo&dmh@vlt@e&hteOknbhﬂetdg@w%pfortmeoflﬂmadmt dHig de

the carrier c:falnI g‘eSattQ:rtitt") tga%t %Ct %'ine fact t%r q:e,r 1tn0 clor;rerracl):'\{Lesc}nh%:o 14
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



selective coupling in of the secondary light 35, it is advantageous if the
section 36 of the secondary |ight guide 28 which is in line wth the
detection zone 24 is, as shown, at least in sections inclined on the side
opposed to the primary |ight guide 27, ir®such a manner that the |ight
reflected fromthe detection zone 24 is reflected by a reflecting surface
to the direction of the secondary |light guide 28 which | eads towards the
detector 17. The reflecting surface 37 is parallel to the reflecting
surface 25. Preferably, the inclination angles of the reflecting surfaces

25 and 37 taoditnd 0ol uokpab 2sb3ieheiBR 621 ERET SbibTkS ihiknsthe vicinity

of 45 (apprOX|nater pbet ween 30 ) . BEven it"the carrier filmb5
cont ai ns orP3F oHEtaghy bﬁPﬁefPﬁyérP?GfeFFeﬁseQ89§hW§Q§oa§ whiche tiect i on

of the IIgﬂﬁeénuﬁ&eiayﬁitQthelsmoba abpanedtwbhhstibe dgt eqt k@R zone 24 is
designed, on the side o osed g FFe test field 7, .at least in sections (in
c

particul ar Tﬁﬁéﬁr+%%5?° El?ﬁf? RgtEGFf SLEMRRE| LREALRA: Rutedfsctheo t he
| ongi t udi naheasmsing ihstramener ThhﬂlElloW@ sueb- aaan&aemohh%hdbhe |i ght

propagatlon b t rigary |i i,nto the
di rection td%%é%é %g%dé¥ P%%gggﬁg & Eys&stﬁgﬁkgwg I%ﬁh?aﬁgoggdgtlon
direction d@0$$mbsbt©ﬂd@m¥YIeghstddffaseEﬂecetbehEmdchﬂoamhﬂgsdetect|on
surface is é@@ﬁ@d &H%@ﬁdshéwévgkreﬁEbo 8k %E?u&%ﬁ@ta% e J2¥s th%adlng
to the detec The secohda reflecte romthe detection zone 24
into the caﬁh?%rpk?¢9m%tFécﬁiaﬁ¥E ?Wéd Fyithermghe  gbhesy Secmiodn p3ovatiei t s

light path ¢M§lp&séh51§eeynear&hébﬁhthQUb631%§1sl ydhr%%%b%ﬂ towards the
detector 17.. In the, enbog ggnt shown .i n 5 gure he detector is

posi ti oned P VR 9t A BofiBaPY PRYRLCEEEAE 38 (heedefsctiensizgee,

- opposed to asmeplprtomeyricght sgatdms2dp. | n order to couple the secondary
light 35 out fromthe secondary light guide 38 in direction towards the

det ect or n I d i fI ti r

i nclined mn?%érgé@§%%£§g ?ET@ ggggégélnakg ei@géﬁkg e %aP%%@ fl|%% ¥
provi ded a1m$%%sr%%ra@nﬁmBPdFHQHEaﬁhpyn finl fphs Eiburesd Gposedhndcafie test

field 7). Th@a@@ﬁég QéstPehihatharedh EathéUhBaeelhal%h%%aﬁﬁ erally in
t he VICInIt¥ @§+%a5+o pr oxi tel¥P etween 30 and 60) w respect to the
[

| ongi t udi na heRcarepEr B FEPBLe| Rreésgrer FW@Q@%NQ&ﬁﬁlﬂfzﬁhﬁfaceS'
25, 37 and Bfivemthben.neansheafiglhgesbe used in order to achieve the desired
change of the light propagation direction. In particular, this can be

obt ai ned by VBigatlonshowstaepeefpactiva boHemaatct hepkkaensiaddonf ofthan
respective |ight gui efraction index variations can be
generated, for exanpﬁ%n$%§§lrr§%§g ﬁbn with Wlaser light. Wth respect to
an opti mum mekkdr i Ag BeRUF aRySife Viewdvharhiadly sectdpardteofhanpri mary
light guide 27 opticadvy1uaci&RTPhEESlNeRS QQEﬁ'Q'%esEr%ﬁth%tS%%O%%%ry

| ight guide 28. For this purpose in the shown preferred enbodi nent a |ight
barrier 39 is' prOV|déHe%%?ﬁkgﬂ Pﬂ@lFFBHt gui de layers 27 and 28, except for
t he section. 3Bighizh shoa$|gnedhumhblbhEeﬂeéeéhtaﬂlbﬁnQnZélab &ﬂ%wteSt

field 7. The light b onR |se one or allt er.s.
Preferably, the Ilghfé%%§%?§3¥aé |ncFu5% lb%P?l@P% 3 18
refraction i ndex whi c#iy$senoaeeoriangt he théranVennlpndex of the |ight
guide | ayers Riqg. 28. &HoRNel 8etLel ofl§ partial view of Fig. 3

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

7

of a carrier film.

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



optical separation is obtained if it includes a barrier |ayer nmade of a
metallically reflecting material. A particularly preferred three-|ayer
enbodi ment of the optical barrier is shown in figure 5. It consists of
three partial layers, nanely a first partdal |ayer 43 neighboring to the
primary |ight guide 27, a second partial |ayer 44 neighboring to the
secondary light guide 27, and a netallically reflecting third partial |ayer
i nbetween the partial l|ayers 43 and 44. The refraction index of the
material fromwhich the partial |ayers 43 and 44 are made is |ower than the

refraction in of t i gh h uj.de, | 7 ap .
respectively.gigeera Oﬂg §§£%% %igr%?g%%e%5%€¥$ éﬁ %mé%F?%gﬁ%nding
- refraction index. Them%@SQUememt @ithh@no@Mabﬂ$1@asyséemshommrdhngigmre 5
al l ows, on one hand, a S5 tic |nary
. light QUIde 27 and in t eigg%%% gﬁy %lg tBﬂu%d€$3thgf§ﬁ§ Q?% ? hand,
a practically conplet%Y%b@meal separation. As nentioned before, the optical
barrier 39 does not exist in the section 36 aligned with the detection zone
24. Accor di ket 8ral Yﬁi?h§V8§§Wl§HPWH|ﬂnc§h9H€e§d&aﬁP§géoG§nF#SFﬁ PRis zone
there is nOtégﬂaéaém@ﬁtbenmaﬁa hheebayaéelaﬁ andt28mehn partresul alembhe
carrier fiI n_be ca in tﬁn gaﬁgrs in | ongitudinal dirgftion.ug to the
| ef t border PHaPBS) 28t 2t hESLoRET 3B, %f Brhng™t ReCB8R5FPSt E8¥FIGht gui de
| ayers 27 aﬁdlﬁ85 wnadeeas phasohe,36artyingaaonespi €deld enmehtichves its
entire thic lp.t S (o] epti@n h f can be
enbodi ed inggsﬁiggeg? &ggsﬁﬁpﬁrpgg%g 8& 6 b% th% %ngg%rokgh% i-1layer
anal ysis elenent test field enbodlnents knomm 17 according to the state
of the art, Tégh Béensas. zlﬂslénﬁGW§@ér1§§§eﬁtﬁ§5ttﬁéﬁmﬁﬁtobpgéérl92

measur abl e ehaBggh ahaégékeﬁkétHQ Eﬁrthaehéﬂéhﬁ§|§1 b@k%hepéaa@ubelbhe
fiel ected towards the

detection zonet24 on 5 gbl % he test

carrier filnP8EYEEP Rer  d&8F§R Ve F&PgSPBFlﬁﬁ8ﬁﬁ ﬁ&l§ Cc BP3FYLEE| enent s
can al so beposeﬁ1on shewnnuentfignreFar. Ghanplveluthdonedthsstriimend shown in

]f' gures 2 tBOﬁpEcg_sB%;O\é' fed Wrteﬁle?ltsgn&a Kr%‘iu@&&%%d'e'i%ctg%%rlc%b‘i‘ée EP& test
ield 7, whichitself can Rave & pl ural i [Ffayers and nay sérve for

sanpl e prepﬁh&tﬁb@wpuﬂﬁ§§e§ pwnnﬁadtpgmbaﬂt bpamdyléeﬁmd fiotegratedet ti ng

of the uppeg;sidecet, the tz\.eitlgwteleq\lét\édrthst h%:%é‘%ma%w Quird g}, or in

order to separate t blood cells fromtheé | e bl'ood of to w thdraw
excessi ve aﬁﬁ&ﬁF%“@T%§8ﬁﬁléL@P U|&ndlﬁ é@&ﬁcéogbﬂgédpﬁﬁﬁ%ﬁﬁg'YAG as in
the shown ephodiodinie, ®oténte ibeyedthpbhenty biceniiopt iefalt healsestink el d 7
and is al so f t argier fidmb5 i s _advant ageo vi de al so
here an optlcgﬁ%%aﬁgleggfl 8PD%C§§FEFFéFhe'Pﬁ%EW%5W%n Pact i%0 W?q%%;&? Yand/ or
metal | i c reklectiromiceshds .eliminating a possible interference with the
l'ight guide characteristics of the carrier filmb5. The evaluation of the

measur ed si gRabyrdere t LR i asU LG 1hALENSIL ¥ sShEARAany; 'og@t and
t he determ nati gneqf thfgetﬁ@l red ar?al y;y:%cal raesﬁfgp thf)ﬁgr exarr%gl eyI + l

gl ucose condénfPRLIE it then demsy F@ Uy % pnaside é'—rﬁar?thednd
eval uati on el@etikanifddml3, (upger mﬂd@l e iThe RRAMGARE adP] ias dilbrc deoNn t est

el enent analf%sél S_Ll%)é% %nd lﬁwr e1; i cr%)o svﬁ)# Tfe dréﬂul{}:tsﬁag{ egl a atl on.

Figure 6 shows Teasurement Tes
essential dedi §ief &gl ed egfenthi hiscdocedpohd nsgdde e hou51ng 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



figures 2 to 4. Here, the intensity of the secondary light is shown in
arbitrary units versus the tine t in seconds. The structure and the

chem cal conposition of the test field 7_correspond to a comrercially
avai |l abl e anal ysis el ement gl ucose test.1%he figure shows neasuring curves
with a plurality of measurements for each of three different glucose
concentrations, nanely Curve A: 53 ng/dl Curve B: 101 ng/dl Curve C. 341
ng/dl It can easily be seen that the neasurenent signal is very well
reproduci ble for a plurality of neasurenents, and that the differences of

the Measur ey NS, | At SBNENTENSEa Pas t BB ULAELSE, CRNERNET QL b@a,(the

signal anplitude) allow an accurate evaluation. Figure 6 shows a system
conpari son ei n measuring val ues of the glucose concentration C
according to the inventionrelated are plotted on the ordinate marked with
LGDI and nensalrﬂdng:naadme:sf nﬁ@éwﬁﬂlyﬁé hcénegiieat ipnghet gsfpekefi®h the
anal ysi s system oLt on the absci

conventlcnﬁﬁa%eﬁkﬂﬁig gﬂ%ag% %r%BE ﬁ}?a @8ﬂﬁPE?EIﬁBFE%nge'1§nRD
5326/ O WO @i llar Taas¢ob¢lenrehnangeal gS§i ‘sheyée‘eerctmont henanakyt Foal

i nvestigati S i | C y u f. human bei ngs
or of anlnéﬁﬂ?, é%ﬁpr|5|ﬁav ?€{+h thsdgé ét??ﬁ ggégr?geg f|In1(5) and a
test field xb@umxnﬁnqﬁiwytb_pramasydélghy ahdt hbecdiEfureflyl mef3pcwkich

test 11l dcctriias Pilynd nuREGREI LD DB HBLELARAANALYSLE oW LB Lhe

sanpl e_ (21),|n such a npnner g e conmponents~penetrate into
the test flJef}‘ﬁPIztﬂanM&%tht%h%%@ fP¥l @ (SP?Cééﬂat drA3gn Péa@@ﬁt tepEt em

the reacti maﬁeﬂmlzmmt@fcen@opsﬁtﬁ 8f the épﬁmbgl(aéhsa@uﬁgs sPBtem
optically qﬁ$sungable£cha eina ctlo zong % % ocated on the side
of the test™Ti TP (7} Ui? ect&EYD Pﬁ% BLF PRePTPPAANSREi d5cAR%Ge bei ng
characteri stieafly shmwmnamyélguaﬂd anaedanuatlon instrument (3) with a
test el enent holder (12) for positioning a test elenment (2) in a neasuring

posi ti on, aﬂ?e%éﬁ:?efmﬁfl‘rﬁ'ﬂglﬂgYhﬁgs(é?) 1&951:”8?1&“&'1?%6 S 1Rt G g)gew ce

measur abl e change 1 n the detection zone ), Wwherein asurin
(18) conpridesWithipe ewpiatpedieharsetprigtiasi Wathr raePgcti § (29) onto
the detecti®pt 7ONE {24)s dpaﬂeﬁcﬁeAﬁat Peftdékibar 1elaéecct Fﬁ&tﬁ%&ondary l'i ght
(35) diffusge g reflecte % n% gtec i on zone hﬁ haracteri zed in
that the cat® m??+%?(%? 19thedtdCt & @WEHFS(ZF EorpPirse S TANSPGRE §di de
| ayer (26),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



20 the flat side ( 6 ) of the carrier film( 5.) to which the test field
(7) is fixed conprises a coupling out zone (33), within which the detection
zone (24) of the test field (7) is in optical contact to the carrier film
(5) in such>a manner that light is coupl®d out fromthe |ight guide |ayer
(26) into the detection zone (24), the primary light (29) of the |ight
emtter (16) is coupled into the light guide |layer (26) via an entry
surface' (31), in such a nmanner that a |light guide section (32) of the
light path of the primary light (29) between the entry surface (31) and the

detection zqn 24 ns_ dnside the interior of.t i ght, gul r (26
and 't hia Seiaghogaggeyr I)tlxé%t ?fr gf'rS]J;kf%re_c&é%%é;tlg%%s%%sned%%é%%rler?r%"gfeegcfﬁlysﬁt o(t hza

| i ght gui depulalyiera{izBls endrendenthtigapel settaortisondfof e ligt path of

t he secondat,y: 4d ohit tWﬁé%b i %?Eﬁi --@ﬁg&t or (17
runs insi d(aeét%ll.féeé g%rbr%&g’r I %{%&efzﬁﬁr&eg% € e_rreén%z%lna ysiéﬁs%%ﬂﬁl accgr di) ng
to clai m1,9wkig deikeay Al tis erd it mnd dshe o} krhtht 18 ghargedsius drredheh t he

nmeasuring pasidd h i stied andBpneryihateige fidsdedar tugls segtj em (27 of
the test elenent is |ocated ins|de the housin 11) of the eval uati.on
i nstrument Y@34MRPY S@OW%?%Y%WS%CWW? 53)8 ptRteIERESF r BRY? Hefousi ng

(11) of thelfyied uplidn fi5éx udesélf 3Jus Wheses fs4de. emi ryesusgageaf 3], is
| ocated in the first, partial Eect'gng&ZZ%%and tﬁg%test field 7% i$ | ocat ed
in the secold PArITH SETDNTTB3YIE SPOTHLT ) JhedtSF3r ¥ e Arat YTt cal
i nvest i gat ilmavioig eesabghet ome phransphrenofgas beehys it gue dlayehuwinibclel migs
21 or ani ' : i | T i ( red. to a
flat si den?%?"%cy %ﬁe&c’gﬁféelr%fﬁ’%n{r%{s@%a?‘ghétiegﬁ?i%\%‘q‘?sz%o%‘?g%tid in
order to pePiRReX afhahatyss slavprhisheasanpl by (2hg lhgéechranﬁﬁ%e@dt hat
l'i qui d sanptere@iporiedt Bigepesasde, | thootdert estméashfe (The ¥BS6EHPidMeE
test field (7)_contajLns a,reagegt sgsteﬂ1the reaction of_which m%th
conponents oF the E%%ﬁ@%tf?ﬁ) R edR ahe pP P e aPFYS HELYEr ABYET chahGROTFR a
det ecti on zohes¢ Zdrewhoudlyskaoparhethofiberébsateftel dehéy, fibddshafige being
CharaCter'Sébgligétigs,aggﬁyaifngaEQﬁ&Q&éﬁggliy EPQ& 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



the carrier film(5) of the test el enent (2) conprises a |light guide |ayer
(26), the l'ight guide-layer (26) conprises an entry surface (31:) for
coupling in primary light in such a manner that a |ight guide section (32)
of the light path of the primary |ight c%%pled into the Iight guide |ayer
(26) runs inside the light guide |ayer (26) between the entry surface (31)
and the detection zone (24) , the secondary light is reflected fromthe
detection zone (24) into the light guide |layer (26), and a |light guide
section (34) of the light path of the secondary light runs between the
detection zeme 4R2A) nd ‘Jl'fé?réjettkf‘&tﬁln(a@%) 11shdexd heg C@éxﬁ%:ﬁédféﬁin &p). 4.

Test el enent accordlng to claim 3, chardcterized in that the side of the
light gui déhea%gh(tz@uwpﬁp&saéeﬁlfo? HeteQ UpPe rie BREC YoM ezne) 24 sohdadt ed, at
| east i n se@dtor=dikereof, to cause a change of the |ight propagation 22
direction of the primary light (29) towards the detection zone (24). 5.

Test el eme cordln ny_.one of_.cl ai ns cterized in that
Lhe sTueofn e TSt Vol ¢ Jafe dhount 88 oo 56 TRETRREk: | o
zone (24) |k1gnhun&xhssﬁndrﬁﬁiy|efﬁemte®nbythheebacttbhatauhe Alabhaspée of

the br opagalin iy Sl ALOfe e SeppIdatic ! L9t (900 diblupely, st epted

fromthe detection zone, 1o Cor el ire gui de
| ayer (26) dagndian ﬁ:dwar&isowrhe tthe cbower (1¥3t 8idgesf Ehenpnimawoldghg to
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As an alternative, or additionally, further measures can be
taken in order to improve the coupling out ¢f 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
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improved if the surface of the carrier film 5 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, pus is a multiple of u,. For
example, us 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 separated 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
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film 5 is in the vicinity of 45° (approximately between 30°
and 60°) .

Even if the carrier film 5 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 f£ilm 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 gulde 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
empbodiment shown in figure 3, the detector is positioned
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below the secondary light guide 28 (i.e. on the side opposed
to the primary light guide 27). In order to couple the
gsecondary light 35 out from the secondary light guide 38 in
direction towards the detector 17, another (polished and/or
metalized) reflecting surface, inclined with respect to the
longitudinal axis of the carrier film, is provided at the
rear end of the carrier film 5 (the end opposed to the test
field 7). The angle of inclination of this surface is also
preferably in the vicinity of 45° (approximately between 30°

and 60°) with respect to the longitudinal axis of the
carrier film 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
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optical separation is obtained if it includes a barrier

layer made of a metallically reflecting material.

A particularly preferred three-layer embodiment of the
optical barrier is shown in figure 5. It consists of three
partial layers, namely a first partial layer 43 neighboring
to the primary light guide 27, a second partial layer 44
neighboring to the secondary light guide 27, and a
metallically reflecting third partial layer inbetween the
partial layers 43 and 44. The refraction index of the
material from which the partial layers 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 up 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 one-piece
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
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according to the state of the art, can be used. It is
however essential that an optically measurable change,
characteristic for the analysis, takes place in the
detection zone 24 on the side of the test field 7 directed
towards the carrier film 5.

Further design features of known analytical test elements
can also be used in the invention. For example, the test
strip 4 shown in figures 2 to 4 is provided with a so-called
spreading layer above the test field 7, which itself can
have a plurality of layers and may serve for 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 liguid. 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
advantageous to provide also here an optical barrier 41 of a
material wifh 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 examplé 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
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figures 2 to 4. Here, the intensity of the secondary light
is shown in arbitrary units versus the time t in seconds.
The structure and the chemical composition of the test field
7 correspond to a commercially available analysis element
glucose test. The figure shows measuring curves with a
plurality of measurements for each of three different
glucose concentrations, namely

Curve A: 53 mg/dl
Curve B: 101 mg/dl
Curve C: 341 mg/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 curveg 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.
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Claims

1. Test element analysis system for the analytical
investigation of a sample, in particular of a body

ligquid of human beings or of animals, comprising

test elements (2) with a carrier film (5) and a test
field (7) secured to a flat side (6) of the carrier film
(5) which test field is contacted, in order to perform
an analysis, with the sample (21) in such a manner that
liquid sample components penetrate into the test field
(7), wherein the test field (7) contains a reagent
system the reaction of which with components of the
sample (21) causes an optically measureable change in a
~detection zone (24) located on the side of the test
field (7) directed towards the carrier film, said change
: being characteristic for the analysis and

an evaluation instrument (3) with a test element holder
(12) for positioning a test element (2) in a measuring
position, and with a measuring device (18) for measuring
the optically measurable change in the detection zone
(24), wherein the measuring device (18) comprises a
light emitter (16) for irradiating primary light (29)
onto the detection zone (24) and a detector (17) for
1 | : detecting secondary light (35) diffusely reflected from
the detection zone (24),

characterized in that

the carrier film (5) of the test element (2) comprises a
light guide layer (26),
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the flat side (6) of the carrier film (5) to which the
test field (7) is fixed comprises a coupling out zone
(33), within which the detection zone (24) of the test
field (7) is in optical contact to the carrier film (5)
in such a manner that light is coupled out from the
light guide layer (26) into the detection zone (24),

the primary light (29) of the light emitter (16) is
coupled into the light guide layer (26) via an entry
surface' (31), in such a manner that a light guide
section (32) of the light path of the primary light (29)
between the entry surface (31) and the detection zone

(24) runs inside the interior of the light guide layer
(26) and

the secondary light from the detection zone (24) 1is
reflected into the light guide layer (26) and a light
guide section (34) of the light path of the secondary
light between the detection zone (24) and the detector
(17) rune inside the carrier film (5).

2. Test element analysis system according to claim 1,
characterized in that the test element (2) is positioned
in the measuring position in such a manner that a first
partial section (22) of the test element is located
inside the housing (11) of the evaluation instrument (3)
and a second partial section (23) protrudes from the
housing (11) of the evaluation instrument (3), wherein
the entry surface (31) is located in the first partial
section (22) and the test field (7) is located in the
second partial section (23).

3. Test element for the analytical investigation of a

sample, in particular of a body liquid of human beings
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or animals, with a carrier film (5) and a test field (7)
secured to a flat side (6) of the carrier film (5) which
test field is contacted, in order to perform an
analysis, with the sample (21) in such a manner that
liquid sample components penetrate into the test field
(7), wherein the test field (7) contains a reagent
system the reaction of which with components of the
sample (21) causes an optically measurable change in a
detection zone (24) which is a part of the test field

(7), the change being characteristic for the analysis

characterized in that

the carrier film (5) of the test element (2) comprises a
light guide layer (26),

the light guide layer (26) comprises an entry surface
(31) for coupling in primary light in such a manner that
a light guide section (32) of the light path of the
primary light coupled into the light guide layer (26)
runs inside the light guide layer (26) between the entry
surface (31) and the detection zone (24),

the secondary light is reflected from the detection zone
(24) into the light guide layer (26), and a light guide
section (34) of the light path of the secondary light
runs between the detection zone (24) and the detector
(17) inside the carrier film (5).

4. Test element according to claim 3, characterized in that
the side of the light guide layer (26) opposed to the
coupling out zone (33) is adapted, at least in sections
thereof, to cause a change of the light propagation
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direction of the primary light (29) towards the
detection zone (24).

5. Test element according to any one of claims 3 or 4,
characterized in that the side of the light guide layer
(26) which is opposed to the detection zone (24) is
adapted, at least in sections thereof, to cause a change
of the propagation direction of the secondary light (35)
diffusely reflected from the detection zone, to coincide

with the direction of the light guide layer (26) leading
towards the detector (17).

6. Test élement according to any one of claims 3 to 5,
characterized in that the test field (7) is sufficiently
absorbent to transport liquid sample components in the
coupling out zone to the flat side (6) of the carrier
film (5) to which the test field (7) is secured in such
a manner that the liquid sample components wet the light
guide layer (26) in the coupling out zone (33).

7. Test element according to any one of claims 3 to 6,
characterized in that the light guide layer (26) in the
coupling out zone (33) is roughened in order to improve
the coupling out of the primary light. '

8. Test element according to any one of claims 3 to 7,
characterized in that the test field (7) contains
components causing strong optical diffusion.

9. Test element according to any one of claims 3 to 8,
characterized in that the carrier film (5) comprises two
light guide layers, the primary light is coupled into a
first light guide layer serving as primary light guide
(27), and the secondary light from the detection zone
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- (24) is coupled into a second light guide layer serving
as secondary light guide (28).

10. Test element according to claim 9, characterized in that
the test field (7) is fixed to the flat side (6) of the
primary light guide (27) which is opposed to the
secondary light guide (28).

11. Test element according to any one of claims 9 or 10,
characterized in that the light guide layers (27, 28)

are separated, at least on a part of their length, by an
optical barrier (39).

12. Test element according to claim 11, characterized in
that the optical barrier comprises three partial layers,
a first partial layer (43) being adjacent to the primary
light guide (27) and having a refraction index which is
lower than the refraction index of the primary light
guide (27), a second partial layer (44) being adjacent
to the secondary light guide (27) and having a
refraction index which is lower than the refraction
index of the secondary light guide, and a third partial
layer (45) running between the first partial layer (43)

and the second partial layer(44) and being metallically
reflecting.

13. Method for the analytical investigation of a sample, in
particular of a body liquid of human beings or animals,

using a test element analysis system according to claim
1, characterized in that

the primary light (29) emitted from the light emitter
(16) is coupled into the light guide layer (36) through
the entry surface (31), *
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the coupled in primary light (29) is guided inside the

light guide layer (26) to the coupling out zone (33)
where it is coupled out in such a manner that it
illuminates at least a part of the detection zone (24),

secondary light generated by diffuse reflection in the
detection zone (24) is transported inside the light
- guide layer (26) towards the detector (17) and

the secondary light is coupled out from the light guide
layer (26) towards the detector (17).

14. Method according to claim 13, using of a test element
according to any one of claims 3 to 11, characterized in
that the primary light is transported in the primary
light gﬁide (27) from the coupling in surface (31) to
the coupling out surface (33), and inside the secondary
light guide (28) towards the detector (17) .



