03/05/2011 Zentens GmbH 5 Z 1037 PCT CARTRIDGE AND DEVICE FOR ANALYZING
BIOLOGICAL SAMPLES USING TEMPERA-10TURE-CONTROLLED BIOLOGICAL REACTIONS The
invention relates to a cartridge and an apparatus for analysing biological samples using
temperature-controlled biological reactions. 15 A biochip has a generally flat substrate with different
catcher molecules located at predetermined points, the spots, on the surface of the substrate. A
sample substance provided with a marking reacts wii;p certain catcher molecules on the lock and key
principle. The catcher molecules are generally comprised of DNA sequences (see e.g. B. EP 373 203
B1) or pro- 20 teins. Such biochips are also known as arrays or DNA arrays. The markings are often
fluorescent markers. The fluorescence intensity of the individual spots is determined by an optical
reader. This intensity correlates with the number of marked sample molecules immobilised by the
catcher molecules. 25WO 2005/108604 A2 discloses a heatable reaction chamber for processing a
biochip. This reaction chamber has an elastic membrane. Mounted on the membraébg iﬁj&ﬂqcon
biochip. Provided as heating device is a nickel-chromium thin-film conductor path. Suc
nickel-chromigR iR FPR¢onductor paths have high electrical resistance and a correspondingly high
heat outpit. 1& 4RAtREFTto the conductor path for the resistance heating, a further con- 30ductor path is
provided for temperature measurement. In this known reaction chamber, one housing wall is designed
as membrane, so that the bio- chip may be pressed against a cover glass lying opposite the
membrane by means of a 2 stopper. By this means, a reaction fluid in the reaction chamber is

displaced from the surface of the biochiﬁs and does not disturb the opifl)cal detection. A seal is provided

between the nTéRBRNEBRANBHRTOVE wﬁgﬁ%ﬂgﬂﬁ%b% Esbw&ﬁg%?gﬁﬁﬁng
cannula@hich is pushed through/ e GaNIl R EdFP BLAbAGIRA SR ONBrplus sample fluid is drawn
5out of the reaction chamber by means of a pressure equalisation cannula. In US 5;759,846 and US
6,130,056 a reaction chamber for holding biological tissues is de- scribed in each case. The reaction

chamber conigigs g diexibleiteyl baarrlgyit elestiader. By aressinerlnasiine aas,and the

flexible circuit board, an electrical contact can_ e between the biological tissue andthe

electrod$§ of FBPREHSRCRNERIEA 8IYa9'SR TRATHISAS:

A biochip has a generally flat substrate with different catcher molecules located at predeter-
mined points, the spots, on the surface of the substrate. A sample substance provided with a
marking reacts with certain catcher molecules on the lock and key principle. The catcher
molecules are generally comprised of DNA sequences (see e.g. B. EP 373 203 B1) or pro-

20 teins. Such biochips are also known as arrays or DNA arrays. The markings are often fluo-
rescent markers. The fluorescence intensity of the individual spots is determined by an opti-
cal reader. This intensity correlates with the number of marked sample molecules immaobi-
lised by the catcher molecules.

25 WO 2005/108604 A2 discloses a heatable reaction chamber for processing a biochip. This
reaction chamber has an elastic membrane. Mounted on the membrane is a silicon biochip.
Provided as heating device is a nickel-chromium thin-film conductor path. Such nickel-
chromium thin-film conductor paths have high electrical resistance and a correspondingly
high heat output. In addition to the conductor path for the resistance heating, a further con-

30  ductor path is provided for temperature measurement.

In this known reaction chamber, one housing wall is designed as membrane, so that the bio-
chip may be pressed against a cover glass lying opposite the membrane by means of a



electrical pickup may be made directly at the biological tissue. Described in DE 10 2005 09 295 Al is a
chemical reaction cartridge with several chambers. By rolling a roller over the surface of the cartridge,
fluids may be moved from one chamber to 15 another. Also provided is a metal bar which may be
used to exert pressure, vibration, heat, coldness or the like on the cartridge, in order to accelerate the
chemical reaction in the cartridge. From K. Shen et al. Sensors and Actuators B 105 (2005), pages
251 -258, "A microchip- 20 based PCR device usin%ﬂexible printed circuit technology”, the use is
known of a flexible circuit board for the heating of a reaction chamber, which is provided for a PCR
process. The reaction chamber comprises a glass plate, a frame and a plastic cover. On the inside of
the glass plate the flexible circuit board is fixed either directly by means of an adhesive bond or by
means of a CQR}B‘EEP@PtNMééthéW&%ﬂopﬁh@Gﬁ%Fe@Eﬁbﬁ grabihey maliapesiemotiircas flexible

cireult board, fiegindoiales ofPdals havedaenabiginerbetmed adhedisnhif sisiidgnait © a

conductor pat% oth for heating and also for tem gderagjre measuren ent. The heatlng
takes place dﬂﬁﬁ'ﬁ’rén‘ﬁé‘ﬁi’iﬁ@eé’t%‘f%r géﬁftﬁ@erﬁgggiﬁg% G5 RRI R '\éenesalrﬁsgostgté NG Meke states
being offset |rYVﬂﬁiE'SSID'E@s’CWBE{SJhrf*WE?%OWW@B@B@‘/E’E@E%?@a&HW%ﬁQ’Hﬁ%f'“i'ﬂ {RIF@Y biochip
may be pboc-@ssetheTrhactieactiomizidmniveniras anwmesppesitwatisalnrbemmeten which the biochip is
located. One of the two walls is transparent, which is effective both for the exciting radiation and for the

signals emitteg oK 540a81R, AL RS ANB LR AR Wilkes: 36 MAAYIBRRIIR RaSS: Bdetween

the biochip and the transparent ress mean the ) tion
between thenﬁ &g %égd#%?(%‘zﬂ(fgig&%r Cﬂﬁghaggefgjg CE%@Z r:{snp%?:ﬁ?/e yjsdlsclose a
pocket of plagtit W%t?&?tt]%’eﬂ‘?dﬁﬂﬁ Bdoe FRBF B RPHE: t?é’a?@ﬂ%?f”hﬁ%ﬂ%%ﬁ?é\r?ﬁ a DNA
array. THe DNwace eapvisdntivg risitdebicattisspe ekdithB glastrades of toidexitleecitoibbogrt seshatple solution

in the pocket agtdisplrees taayarsimiae At sy antogisesasteuproducts area behind it. The DNA
array may be read in a conventional manner 10After the blood has once been put in this bag, the aim

is for all reactB)ns to td’:lk PLE 1?:1 vs(lthoutht?rg blpr%g c‘%‘ﬁj nglgnsaf Wgé@&gp&ﬂmgg@vmg the
ct WI e nt

bag and comlng At conta enwronmen? IS way It is E to avold contamination by

blood which rRYyHEYFEUBLVESLIS BIEHS, 85@%?6%%@8@%5@' %%%df%?’{h%”&?ﬁaﬁ‘ Fbi%biological
reaction$5A readtion Alsarnisridad ésa reird Koo pdigha®eslie digeHith §5cCoRERsH By VI RERIbIESTIM. Formed
in the glass skdras fiisthandesec tidcpassag es ouiicioleackiertoe it reantionl cirtitioen betweaen the
substrate and,thg.flexible film. The flexible film is fastened to the substrate by an adhesive. Also
defined in this patent is a sample treatment chip which is in contact with the substrate 20and in turn

has an opening, designed for opening the substrate. The film may be subjected tq
P Fgo %hen et al. pSensogr]s and Actuators B 105 (2005), %ages %?Jl 598 "A microchip-

20 based PCR device using flexible printed circuit technology”, the use is known of a flexible
circuit board for the heating of a reaction chamber, which is provided for a PCR process. The
reaction chamber comprises a glass plate, a frame and a plastic cover. On the inside of the
glass plate the flexible circuit board is fixed either directly by means of an adhesive bond or
by means of a copper chip lying in between. On account of the good thermat properties of the

25 flexible circuit board, heating rates of 8 C/s have been obtained. Formed on the flexible cir-
cuit board is a conductor path which is used both for heating and also for temperature meas-
urement. The heating takes place during a “heating state” and the measurement during a
“sensing state”, with these states being offset in time.

30 Described in WO 2007/051863 A2 is a reaction chamber, in which a biochip may be proc-
essed. The reaction chamber has two opposite walls, between which the biochip is located.
One of the two walls is transparent, which is effective both for the exciting radiation and for
the signals emitted by the biochip. At least one of the two walls is so movable that the space



pressure from a roller. Described in International Patent Application PCT/EP2007/010298, not yet
published, is an apparatus for the analysis of biological samples using temperature-controlled
biological reac- 25 bons. This comprises a reaction chamber to accommodate a biochip. The reaction
chamber has at least one transparent window, so that exciting light from outside may be radiated on to
the biochip and fluorescent light from the biochip may be emitted outwards to a measuring device. A
membrane forming at least one wall of the reaction cgwamber is provided and is made elastic, so that
the window and the biochip may be pressed against one another in or- 30der to displace sample
solution lying between them. Provided in a filling hole is a non-return valve through which the sample
material may be fed to the reaction chamber. 4 With this apparatus it is a drawback that, in filling, a
relatively preg¢isglyemerssisesisananie vahsmeamuadindesd atantressadinggeich ereate thedasired

pressure. Thiag%gwlrigﬁ, @e%&g{}%"mgggggigd%gg&qement pipette”, which is in a position to build up

the necessary overpressure for the non-return valve. After the removal of the pipette there is always,
as a matter 5of princi})le, a residue of the sample ahead of the non-return valve, which may lead to

con- taminati&l. 3996/8/ARR S bl B SRR3R0 B IERTPERF N RER SR e R B icdidfsses a
cartridge Jor the aseslysisalt bietdgidel Baedptsy, e peatislifar anaeissusingleNAisreartiitg @NAs fluid
holding chambresg jciatiyatauhncihapaykee Byuppied dkonsth, fivecbiiedaen msaopinteiutibroighea
branching ling sysiem FH3ARU8kH SRS HROo0 1ha) a-VAnGeERyde P biageinte it TFaeilid holding

chambers are each cognectg% %oc%ﬂvzélinrﬂ\ére]zg\t/fluid stopper, through which the air present in the fluid

holding chambers rEmé)foreerﬁﬁlng may escape.nlquE'loo 13 242 Al discloses a chemical analyser with
an analysis cassette. The analysis cassette is made up of a bottom substrate and a top substrate, with
reaction!@ellsAtieribel eed Ban ahee hes s DU Ais I heerid is fReabIPativss pdakepliarie 8isfice for
connecting tabag, wjotorthAlsiodorerititd soleitainsy & rtsfan< @aniegtioa eghafin eonifigestoeacitastitably

connected to gitkseehaRm AERN IRY RASE RS {pIde JRIMQAMhiRMiSA BIAHNRMA IHibeMayBeDescribed
In DE 102 44‘r4f§é]té%|. is a carrier element for diagnostic tests, in particular to determine agglutination.

This carrier e\ement has a bottom part and a top part. There is a central inlet, from which at least two
feed passages lead in each case to a reaction chamber. From each reaction chamber a vent passage

branchekto tHE §tReIRY 4R \Asstifleraidy BRRRAlS A48 ehithidtiBRBTabeariRN ST Ad @etesent in
the reaction cthamiz@rsas abléctosespagiate thideoutsitics DEv@eB 00 &3 Exible dibeldsemedkin fibe blood

group determinatindaviis irbiesa fRsRagR%ETes which lead into the reaction chamber between the

substrate and the flexible film. The flexible film is fastened to the substrate by an adhesive.

Also defined in this patent is a sample treatment chip which is in contact with the substrate

20 and in turn has an opening, designed for opening the substrate. The film may be subjected to
pressure from a roller.

Described in International Patent Application PCT/EP2007/010298, not yet published, is an
apparatus for the analysis of biological samples using temperature-controlled biological reac-

25 tions. This comprises a reaction chamber to accommodate a biochip. The reaction chamber
has at least one transparent window, so that exciting light from outside may be radiated on to
the biochip and fluorescent light from the biochip may be emitted outwards to a measuring
device. A membrane forming at least one wall of the reaction chamber is provided and is
made elastic, so that the window and the biochip may be pressed against one another in or-

30 der to displace sample solution lying between them. Provided in a filling hole is a non-return
valve through which the sample material may be fed to the reaction chamber.



tem with several passages. Provided at the end of each passage is a camera, described as 30 the
antibody compartment. The individual passages converge at a passage system distributor, which
merges into a syringe holder. In each of the passages are valves which form a kind of non-return
valve, intended to prevent any return flow of injected material. The antibody 5 compartments are
sealed at least on one side by a flexible film, and are provided on the other side with an optical lens.
Known from DE 10 2004 023 217 Al is a reaction module which has a rigid plate-like support 5 with a
flexible body mounted on top. Passages and chambers are formed between the two bodies. The
solution is injected using a syringe. The needle of the syringe is injected directly into the flexible body.
Such a module is designed to be sealed and may be disposed of, so that it can be used to hold
dangerous sojuipRss Thia/masuesis iansied fRsusesMpongsaibrshingsy iaeserseiastion or
entification oL DIRPANIELS RATNASRNARLENG Ha1R0 fd ARuRlicralionunifsTigpvenign is based
on the problem oF‘cﬂreat_lng a cartridge for t e,,ana_lgsls of biolo |cal sam IestHsmg s
temperature-CGHRFbIRAT BB IGRATFEERLBREISIEHAL B AL G £ ?l'ﬂosrb hat ﬁllé?e IS N figk of contamination
from escapingreapfsdosanathon-saiernvalweliddardhe raBey i rieeteshens EotyhiGnesA&BHsTided in
the reactidn cbiagribeiple] hagsidlermtis salvpd biyeadattiidgeowittuthedfvatureisronelalaed taehmntageous

developments gipaRhovikdnthetderendens slritisisohhrigadrigge. according to the invention for
analysing biological samples comprises: - a reaction chamber and a biochip mounted in the reaction

chamber, - a {{lin@ 598346 FANNSGHRESSH astHIGOPBMHBISAIE B thieisgaatieamphamibesatiodara

compensation ghamber,conpected: s0,8%1Q Faiy wmhcqagﬁgmm%@@%m&n e WNSSRIA the
reaction chamber, fie gompensa lon thamber and all lines connected thereto 25form a chamber

sealed atdfar WENAETiNAG AR IlsE B 4B FRTABCRBI e IR, Hhed TR 459 the® B8 Ron
chamber fromspitigidmahecantrigge ,isndtastefper elgirovidedhenicarditeapbsionesgtendotighthy in the

filling nozzle inesyfhAWRY SN R MBS WREPSPRKIN P¥EIR iRaH@ I disianieg, dhaidusrdispiaeetliifigm the
filling nozzle t%\év%ggatphee reaction chamber. 30 By this means, the following advantages are obtained:

15 DE 100 13 242 A1 discloses a chemical analyser with an analysis cassette. The analysis
cassette is made up of a bottom substrate and a top substrate, with reaction cells formed
between the two substrates. Formed on the top substrate is a guide orifice for connecting to
an injector. Also provided are air vents for connection with fine orifices, each suitably con-
nected to end sections of fine flow passages for the removal of air contained in them.

20
Described In DE 102 44 154 A1 is a carrier element for diagnostic tests, in particular to de-
termine agglutination. This carrier element has a bottom part and a top part. There is a cen-
tral inlet, from which at least two feed passages lead in each case to a reaction chamber.
From each reaction chamber a vent passage branches to the outside, preventing any back-

25  pressure on injection of the fluid. The air present in the reaction chambers is able to escape

to the outside.

DE 295 00 587 U1 discloses a kit for blood group determination, which has a passage sys-
tem with several passages. Provided at the end of each passage is a camera, described as
30 the antibody compartment. The individual passages converge at a passage system distribu-
tor, which merges into a syringe holder. In each of the passages are valves which form a kind

of non-return valve, intended to prevent any return flow of injected material. The antibody



1. Since the filling nozzle is open, the sample solution may be introduced easily, e.g. using a standard
pipette. There is no need for a syringe, to pierce a membrane. No 6 pressure must be built up in order
to penetrate a valve. In filling, no force or counter-force needs to be overcome for the sample to be
inserted in the cartridge. Filling is therefore effected without pressure. There is no danger that part of
the sample will be spilt during filling. 52. The sample solution is put under pressure when the stopper is
pressed in. This in- creases the boiling point. As a result, even under heating to temperatures in the
range of around 100°C, no gas bubbles occur in the Sample solution, which might impair
measurements. 3. The air in the compensation chamber acts on the sample solution like an elastic 10
spring element, allowing further displacement of the sample solution, while the restoring force exerted
on the samplEYBRHTIGIEHS fHe afeiedsah gt ORERuERR PR tele RicAhast BEYRpheT the
transparent flexiblaititmyithaunghinglose side of the reaction chamber, in order to displace the sample
solution, is also small in comparison with conventional reaction chambers with membranes. 154. This

restoring force makes the process isplacing the fluorescing sample solution reversible, if the force
applied 10 e TR TAHED, LTS Db R G B SR e AE8S PERANE SPREHbling
curve. 5. The Wighe dieyhiy idhaeerierige toy-tRassassp@nfutareharasierformstddesitasmBs o of the
environment. Eédigherapealftibng ngezialigstena egliagevphines de vitiensgatiggisvifedeel pactipn

chamber, a filing JeveLindicaier AndihecamPensatign-chambec.ka that hejase dlingetherrespective

normal pressyre prevails in all hollow Sé)aces of the cartrid%e. On fi||_in%WIth thfe sample fluid, the filling
[

nozzle fills up™thé &P iR HELAR MRS L I8 S5t LSy TRE BIeLdm g T'ePIRS Sope AS88ince the
sample champiger thingd fgpdhes getastichaenisentfisativre dikingnorere sehiascBNMRITTeHigRINgith one
anotherithe praspiggisa the.overall container system is equalised simultaneously. Here the volumes
are so dimensioned that the reaction chamber is completely filled with sample fluid, and an internal
overpressure of 0.3 - 0.5 bar and preferably around 0.4 bar is generated. 30 The apparatus has an
open filling ndziénvEni®miakes4d postis|ereblémroti oeattre saanpikiosdor it ansipg af fijpetéicalt is not
necessary to siaepkeSasingl@mpthaninictunasaiiibicgranidaniing, appaniakispidhisskint: meeakis

pierced, or to pyasR SRS MR QUa AValNG MNdRTiBresRHIE a bR SMRediment of the

apparatyg acearaing o e invention, e afka.of the cariridge op-

The problem is solved by a cartridge with the features of claim 1. Advantageous develop-
ments are set out in the dependent claims.

20 The cartridge according to the invention for analysing biological samples comprises:
- a reaction chamber and a biochip mounted in the reaction chamber,
- a filling nozzle connected so as to communicate with the reaction chamber, and
- a compensation chamber connected so as to communicate with the reaction chamber,
wherein the reaction chamber, the compensation chamber and all lines connected thereto
25 form a chamber sealed as far as the filling nozzle, wherein
the filling nozzle forms a free passage to the reaction chamber from outside the cartridge,
and a stopper is provided which fits positively and tightly in the filling nozzle in such a way
that, when pressed in over a certain distance, fluid is displaced from the filling nozzle towards
the reaction chamber.
30
By this means, the following advantages are obtained:
1. Since the filling nozzle is open, the sample solution may be introduced easily, e.g. us-
ing a standard pipette. There is no need for a syringe, to pierce a membrane. No



5 posite the biochip is in the form of a transparent film. The flexible transparent film serves as a
window for optical measurements of the sample solution. In this variant it is advantageous that the
biochip itself need not be moved in the reaction chamber. In one embodiment of the present invention,
one side of the reaction chamber is bounded by 10 a circuit board. The biochip is mounted directly on
the circuit board. Heating/measuring structures may be integrated in this circuit board. Such a circuit
board serves for heating and measurement of the sample solution. Provided in the cartridge is a
filling line section, which extends from the filling nozZle around 15the reaction chamber and leads into
a boundary zone of the reaction chamber at a distance from the filling nozzle. The cartridge is filled
with the open filling nozzle facing upwards. The stopper is pressed into the filling nozzle, so that the

sample fluid is drivep iatg thereastismichambrievbisthis-illes & amithe bestemd ethedap:-By this

means, air is displaged from he e2GlOR ChAPRL, I, ACORENSANON SHANLRL QU RSliRAR of the
reaction chamber. THIS has the aavantage that the air from th(? reactr|10p crrlp Rer IS cqmﬁ.\%ely
displaced into the cAPREFENEAtHteh &SN PESPYEANRRG HAS CHIRRGTE Delording T3 TRE invention is
arranged in an appaeitudfeg a5 analysis of biological samples with the filling nozzle facing
downwards. In candtietisgnantecpticalrsisapuotitider reastioe ohamther staqperssureessiegrisfefalsiyni bar to 4
bar is created in the gaiaging: ChsMRE iRt SHehaarauay, thairtheddmniitainy @oRinsttierbioshipeand the

sample fluid is displaged fpm e FeARiqR GaemRELIDG i e-iQaRiY GEAMPRARALAGHRAMDET,

while an air bubble remains above the sample fluid in the compensation chamber. 30 In the case of
the apparatus for an%ﬁ&'}émaéﬂfgm‘é%sal samples, in the procedural steps in which no optical scanning
takes place and the Tea@ioi charfeeressaiatet 3 pre &R &1 PRS2 R §HIBR SR Hh gt thamber of

the appat@tus whichspangespoaols atagidyfucHtredispacealgntedstpsan it seldiaiom ivaib@stahe
cartridge is made prgferaily sxepedypiany lentp(@ BYlulidrisvistaen anastyphatitiCamsdquiattiytieh foreequires no
additional passivatiqp, af, SHifaEes I REIET - Rlsi iR Maks RS IRia-eRaRsIAIE GandrRliadopiological
reactions (i pariculatiie P r pIeceSsL s eagion dinmler L SHIIIFR AIRLBNRYRS olso be

made of another suifabie Sia's’hc such as e.g. cy(‘:a_loo efincopolymer (COC) or another suitable material.
10The transparent giaRROTRRRHRAF I ﬁ?am%%a WiHifeeGI8E #5Eing the biochip with an adhesive or
bonding 1ayer whichTémrbgiaioiViatee witea theamessingd dsplesnoiih THeresing EaamsRAM @hen the
plastic film is pressedwersinghethioiohip Hpamkrethsditihashiaddl pT biseretigswesaitingamm @€ olution
from entering betweghythe Riochir a8 Q{zg,s{qgnfiu@cdl'r{?és adhesive or bonding layer is preferably
provided on that greg of the fim whichis QRJ&é”eCQy”IR‘gC‘sWHFeF'}Sl&%ﬁ?&\ﬁhﬁ&%b&%ﬁmmiﬁgﬁuﬁi&ing its
spots. The adhesive or bgncﬁng Igyer is thus provided so as to run around the active area of the
biochip. the environment.

20
The open filling nozzle is connected via lines communicating with the reaction chamber, a
filing level indicator and the compensation chamber, so that before filling, the respective
normal pressure prevails in all hollow spaces of the cartridge. On filling with the sample fluid,
the filling nozzle fills up. The air in the cartridge is compressed by the pressing in of the stop-

25 per. Since the sample chamber, the compensation chamber and the filling nozzle are in
communication with one another, the pressure in the overall container system is equalised
simultaneously. Here the volumes are so dimensioned that the reaction chamber is com-
pletely filled with sample fluid, and an internal overpressure of 0.3 — 0.5 bar and preferably
around 0.4 bar is generated.

30
The apparatus has an open filling nozzle. This makes it possible to introduce the sample so-

lution using a pipette. It is not necessary to use a cannula with which, as with conventional



The invention will be explained with the aid of an embodiment illustrated in the drawings. The drawings
show in schematic form in: 20 Fig. 1a perspective view of a casing of a cartridge according to the
invention Fig. 2 a view of the casing of Fig. 1 in a partly-sectioned side view together with a stopper,
25Fig. 3 a cartridge according to the invention, showing a sectional view corresponding to line A-A
plotted on the casing of Fig. 2, Fig. 4 a section through the cartridge and a scanning chamber,
30Fig. 5the filling process of the cartridge with the stgpper not in place, Fig. 6the filling process of the
cartridge with the stopper pressed in, 9 Fig. 7 a circuit board of the cartridge according to the
invention with a heating/measuring structure, Fig. 8 a schematic section through the reaction
chamber and the scanning chamber, with a 5film fitting up against a biochip, Fig. 9 a sectional view of
the scanning aepparioes off thig Wirel Jaadwdidscoanessed aresuthelpsopieciuchinnagiied talite amdetOFig. 10
a section thropghsthe stopper and a filling nozzle of the cartridge. A cartridge 1 with a biochip 30 will be
described with the aid of Figures 1 -4. The cartridge 1 has an elongated roughly bowl- or trough-like

casing 2 made e.g. of plastic 15by injection moulding. The casing 2 com rise? a base wall 3 and an
all-round side' WARALRRAIRE S B%aéaﬁﬁoafﬁ%d@%?dt?éegéné?ngﬁg’éi & GRRERSHY LR Ruhich the

side wall 2 is Reciechadigerinyisaneiedertnefiadiaesparent it tie SRIPGHTRRSPRISBI A IS8T4SiIAg Zway from
the side wallswindoeifouibiivardh8asufereehts A0t seasirgsIuTdris IsitésofatirnthdingdPaisaesigmated as
the outside 9.1/t @R RRrbifaesitheédheitr s b Bdvwddanseaimrextending in the axial direction is
designated as the filling nozzle 10. The filling nozzle 10 is formed integrally as one piece with the

casing 2. . ) . .
9 In one embodiment of the present invention, one side of the reaction chamber is bounded by

10  a circuit board. The biochip is mounted directly on the circuit board. Heating/measuring struc-
tures may be integrated in this circuit board. Such a circuit board serves for heating and
measurement of the sample solution.

Provided in the cartridge is a filling line section, which extends from the filling nozzle around
15  the reaction chamber and leads into a boundary zone of the reaction chamber at a distance
from the filling nozzle.

The cartridge is filled with the open filling nozzle facing upwards. The stopper is pressed into
the filling nozzle, so that the sample fluid is driven into the reaction chamber, which is filled
20 from the bottom to the top. By this means, air is displaced from the reaction chamber into a
compensation chamber downstream of the reaction chamber. This has the advantage that
the air from the reaction chamber is completely displaced into the compensation chamber.

For scanning, the cartridge according to the invention is arranged in an apparatus for the
25 analysis of biological samples with the filling nozzle facing downwards. In conducting an opti-
cal scan of the reaction chamber, a pressure of preferably 1 bar to 4 bar is created in the
scanning chamber in such a way that the film fits up against the biochip and the sample fluid
is displaced from the reaction chamber in the direction of the compensation chamber, while
an air bubble remains above the sample fluid in the compensation chamber.
30
In the case of the apparatus for analysing biological samples, in the procedural steps in
which no optical scanning takes place and the reaction chamber is heated, a pressure is cre-



25 The filling nozzle 10 has a filling section 11 and a compression section 12, with the filling section 11
located adjacent to the free edge of the filling nozzle 10 and the compression section 12 situated
between the filling section 11 and the rest of the body of the cartridge 1 (Fig. 2). 30The filling section
11 has a greater clear width than the compression section 12. Provided as a transition between the
filling section 11 and the compression section 12 is a chamfer 13. This chamfered section 12 has,
roughly in the middle, a sealing point 14, from which Qoint a stopper 15 tightly seals the filling nozzle
10 (Fig. 3). 10 The compression section 12 is a cylindrical section 16 with circular cross-section,
which merges into a funnel-shaped section 17, at the end of which is a filling hole 18. The filling hole
18 is connected to a reaction chamber 22 via a filling line section 20. 5 A filling indicator may be
provided in thgtgylingricatsemmipenihis: brareuppessamprcieashbandhe diingdnetoatenad may be in
the form of a matking Ansaliationmatcapplied to the inside or outside of the filling nozzle 10. It is
also possible to provide a viewing panel or other suitable means in the filling nozzle 10, for use in
checking the sample quantity inserted in the 10filling nozzle 10. From the filling hole 18, the filling line
section 20 extBHISFBIIGRIG pefsataiemly /5 RANPIPRYBEH e DA AIME RIBFIE Datel: W 5N the base
wall 3, théfillireplines soctitsiitioti pansikeliforeh wifadealidepdst vesss tqvnakeiprasilepenpsivduisbounded
by the circuit koardI8d YoBgruidedctoughiy parthelaeny e oRtbebase iwelk Idsctiahonzbdie-shiaped

through hole 21 whichbouns: e deadlionLhesnbrsiie sufdbr HRaktbecrmambgidieharaddbrough
hole 21 points_in the 'Sgggn of the fiIIjnI nozzle J[O 20and an opposite tip of the rhomboid-shaped
W

through hole ff%rg?rﬁt a yrfarg?n fﬁes%ﬂna hoz- zle 10. The filling line section 20 extends around the

rhomboid-shaped through hole 21 and leads into the tip of the rhomboid-shaped through hole 21 which
faces awdy frdfethienfilfngnhelizstis S5 01ag arRsRYERAEHE Gl fariBI SRIRSTIPIMELEM 3RS E oriented
in the directionrafotiuint|laygrivazazhecad bs acteatgestsatio ndines sgotiont2@.witheheosapelesatiativtine
section 23 is fanRerehin JRsrewiside Rebthe bastivalchins adnalcore thsasessy Wiekbinpkduais bounded

by the cirit 30, haars 3. 31\ corpRensafion g sscian G A enaRARn IRl thpdhomgold

through hole 2T oppaosite the filling line section 20 around the through hole 21 and |eads n{o one tip of
of a half-conepgﬁé?ﬂ%da?farrﬁ?)gﬁg%{gaﬁ Bh?é{fﬁ%é;?ré .atﬁref'h%ftﬂ“éalf{ﬁc%r\fg‘fgaéspréo 'cnoFﬁB!é“r_%gﬁorEﬁghamber
24 is in the foAfedPRIESESSIRERRHRING e WEE; HRCARNGFIMRASIBRNIN e e desielipdded so as
half-cone-shapadrsaction e tireivsemeandlind birches over the circuit board 8 and bounds the

compensation chamber 24, which extends to around the height of the side walls 4.
The invention will be explained with the aid of an embodiment illustrated in the drawings. The

drawings show in schematic form in:
20
Fig. 1  a perspective view of a casing of a cartridge according to the invention

Fig. 2 a view of the casing of Fig. 1 in a partly-sectioned side view together with a stopper,

25 Fig.3 a cartridge according to the invention, showing a sectional view corresponding to
line A-A plotted on the casing of Fig. 2,

Fig. 4 a section through the cartridge and a scanning chamber,
30 Fig.5 the filling process of the cartridge with the stopper not in place,

Fig. 6 the filling process of the cartridge with the stopper pressed in,



5 Provided in the compensation line section 23, adjacent to the tip of the rhomboidal through hole 21,
is a circular recess. The recess is closed on the inside 7 of the base wall 3 by a transparent
hemisphere 26 moulded integrally to the base wall 3. Adjacent to the hemisphere 26 is a polished
cone 25, extending into the compensation line section 23. The tip of the cone 10 25 points towards the
circuit board 8 and has an angle of 90. The plastic material of the casing 2 is transparent and
preferably translucent. The hemisphere 26 forms a Igns and is preferably polished on its surface. The
hemisphere 26 and the cone 25 form a filling indicator 27 for the reaction chamber 22. 15If the filling
indicator 27 is not filled with sample solution then the hemisphere 26, owing to the total reflection of
the incident light, has a light colour. If the filling indicator 27 is filled with sample fluid, then the cone 25
is surroundedrigy sanapliectiititchasd dhiat ttrettidgetatabreifig dbtithe is\@ttboruatibch Mdatngausasitig circuit
board 8 located benegth-igdecome visible, and the filling indicator appears dark. 20 On the inside 7 of
the base wall 3, the reaction chamber 22 and the through hole 21 respectively are bounded by a
flexible transparent film 28. The film 28h|s afgl ed to t}he b§\se wall %t;rhe 2r§mfr11as a thic thickness of around
127 pm. The ithSs ?ssﬁ%&?tﬁré?&%l& o a?lﬁec?r?ﬁ% e etﬁy ene- preospcy egc%pgfymer?‘e g. FEP) or
another s'iutable plastie? fithrg Ye apameeaRIPANRe 25 circuit board 8 comes to around 0.9 mm,
corresponding roughly to the thickness of the base wall 3. The flexible transparent film 28 serves as a
window for theigptical saeasiarementsHef b sagpenaalubicngdecoatinueumpeatdddn aiplided on the
film 28 in the area argypeLths, Haraupl falgL1. 30 In the area of the rhomboidal through hole 21 and
the reaction chamber 22, the circuit board 8 forms a boundary wall of the same. In the area of the
filling line section 20, the compensation line section 23, the filling indicator 27 and the compensation
chambet®4, i@ caiteHoBERPY LEFoRReRRIAITIABS07RE BELELHIL a way that they are
bounded at the bottom and form a continuous, communicating and self-contained passage structure.
The circuit boadrBicontanis adneaap Fret), e digitabstoragehenedifRideregs an£EPROM) and 5an
internal heating/measuring structure 32 Which will be explained in detail below. Instead of the circuit

board 8, it is glso ngﬁgg%l ﬁ Rvi%g téﬂ@r%g\gl i%?e %eggs rn%;?erlgt} A;rb od thermal

conductivity such as e.g. aluminium or co n be eredTrom t e out5| e

using a ﬁ%aﬂﬁél&%ﬂﬂ@ 'H%Wd%g f@ﬁﬁﬁf@ﬁfﬂ%%‘?ﬁﬁbﬁ?ﬁ@pﬁ%aﬁ’r}gﬁé WS Ab SR mounted
on the circuit todpagssidasdisict e frkfagpadiilestife, B a/prsHHrobeyhite Wﬁﬁi%ﬂ‘@)léd it
predeterminedcipatss ddsipaatidasitie iositlkerbiochip faces towards the film 28. The biochip 30 has a
height of around 0.7 mm and a number of spots = MxN. To avoid optical back reflections and

undesired flugjegeent adiAteRdLomtBoCigULRP AL SR DIRGHIR 30RaPLisa R ARME SN the

20 the casing 2. This side of the casing 2 is designated as the outside 9.

At one end face 6 of the cartridge 1, a tubular section extending in the axial direction is des-
ignated as the filling nozzle 10. The filling nozzle 10 is formed integrally as one piece with the
casing 2.

25
The filling nozzle 10 has a filling section 11 and a compression section 12, with the filling sec-
tion 11 located adjacent to the free edge of the filling nozzle 10 and the compression section
12 situated between the filling section 11 and the rest of the body of the cartridge 1 (Fig. 2).

30 The filling section 11 has a greater clear width than the compression section 12. Provided as
a transition between the filling section 11 and the compression section 12 is a chamfer 13.
This chamfered section 12 has, roughly in the middle, a sealing point 14, from which point a
stopper 15 tightly seals the filling nozzle 10 (Fig. 3).



15reverse and is not fluorescent, e.g. coated with black chrome. In producing the cartridge 1,firstly the
biochip 30 is fixed to the circuit board 8 and then the circuit board 8 is bonded to the casing 2. The
bond between the circuit board 8 and the biochip 30 is made with an adhesive bonding layer, such as
e.g. a suitable adhesive tape (suit- 20able for biological reactions) or else a silicone adhesive. The
circuit board 8 with affixed biochip 30 is then aligned with the casing 2 and fixed to it. A durable,
temperature- and water resistant bond may be realisgd e.g. by using biologically-compatible adhesive
tape, silicone adhesive, by laser welding, by ultrasonic welding or by 25biologically-compatible
adhesives. At the same time it is possible to cover a large area of the circuit board 8 with the adhesive
tape (or adhesive), to affix the biochip 30 over the heating/measuring structure, and then to align the
casing 2 with the biochip 30 and to fix the circuit board 8 over the whole surface of 30the casing 2. A
second optionfy handiagdhedifch it Peard fhdiortiRRAA 254 9Rsiea2 iRsdnibrtatastad flat bonding
of the biochip 300 the cicut board  (adhesive only bensaih the. aiagain ). 430 fhe subsequent
fixing of the casi s2, WHerein the ad eswer]ayér |sa5row e(\:'flonly outside the reaction chamber 22.

With this type i hiiFyMERed sharseanelPidR: fe'Aedling e 286 tructure in the circuit board
8 into theFeaction chamber 22 is more efficient. 5The reaction chamber 22 is bounded between the
circuit board S\anidghelithto28=ane biottveedgesaiytingridad sabiid abthf twgtvinptes2ibn Bhetioirdait board 8
is provided withdh@iheatRaBPeasiNG FHetidieh ibr arderdageabin i Riaship edeanrpdetermined
temperature anqL 1o MPARLe MSHFPREIALIE (RS UIMASEIRANE ¥ RNIRG panFhIonAR optical
detection device, which is able throtgh the film 28 to make an gptical scan of spots on the biochip
1030, Since (U SBSCHRARLIB TP MY BRI St SISO e B RS 40 e %8 it To
close thd Gillinffiine 2880 @nd to create the overpressure in the reaction chamber 22, a stopper 15 is
provided. The stopper is made preferably of a thermoplastic elastomer (TPE). 15The stopper 15 is
cylindrical with3r& it HaInG RS- CHO il IO Eside direreirisabigansiRprapaicdiaribsinah that it may be
held virtually yithout play.in. the) Somprrssieadsertnne.of i §IRg dirgaReRolbeprlingsica!
compression section 12,01 the filig nozzle, 10.and the stopper.4g form, il of cylinder-piston
system. The sf’éBpo A ISOE)?OVIC?G WItHh & Sear rlﬁg LRI Re SR e materiar as and ihtegrally moulded
with the %@opper. The stopper 15 may also be 20 provided with a continuous groove, in which a seal
ring 31 is locatewidEdes@hpertisaerte déthe Fasel wajlh isealhofmbridsiitpaddpacas bflene! cerigidge 1
after approx. gpentkirekobigienginivasdzeen inserted into the filling nozzle 10. On the inside 7 of
the casing 2 there are around the reaction chamber 22 three means for 25guidance, centring and as a

stop for a detection d?t ige 49 In. bs% are(?tﬁ)f th% Hglgéﬁhe .rhom%oi%ﬁ g&ct@ﬁip&gﬁ&&gbﬂgﬁ% 1cHiented
of t al

(tl lr
. f
towards the fi |Heﬁ Rozz|e fb‘fnf\?v% opﬁggl e Sections of the. osn'gr;1 Sides b e side are elevated

relative fPthed¥haRiRRRASET tRLEibR rmbeidrifiaeediruak il ety e & (K9 187 They are

de- zle 10.

The filling line section 20 extends around the rhomboid-shaped through hole 21 and leads
into the tip of the rhomboid-shaped through hole 21 which faces away from the filling nozzle
25 10.

Connected to the tip of the rhomboid through hole 21 oriented in the direction of the filling
nozzle 10 is a compensation line section 23. The compensation line section 23 is formed in
the outside 9 of the base wall 3 as a half-open recess, which in turn is bounded by the circuit

30 board 8. The compensation line section 23 extends on the side of the rhomboid through hole
21 opposite the filling line section 20 around the through hole 21 and leads into one tip of of a
half-cone-shaped compensation chamber 24.



30signed for guidance and as stops for a scanning chamber. In the area of the tip of the reaction
chamber 22 oriented towards the compensation chamber 24, a circular centring pin 44 is moulded on
at right-angles. The centring pin 44 serves in 14 conjunction with the stops 45 for centring when the
scanning chamber 40 is put in place and as a stop for the scanning chamber 40. The filling and
compensation line sections 20, 23 are as short as possible and are designed 5with the smallest
possible cross-section, so that the total volume is kept small and the neces- sary surplus of sample
fluid is as low as possible. The line sections 20, 23 are however guided around the reaction chamber
22, so that in filling, in which the filling nozzle 10 is arranged at the top, the reaction chamber 22 fills
from the bottom. This ensures that the reaction chamber 22 is filled without creation of bubbles. In
operation, therfilingfronzlenkPds aimpnthatidoaibhambangutkarcospensationcebanpar @doakthe top, so
that sample flyigl raaY-RE HsRIRE LI RYEEY NG, RALHQEBREERTIISERRMBEhE hayvdWigithe air bubble
during displacement s aways ARare, e SAIRIG I 016 campensalam e amben gLl process

es over
of a temperature-controlled |$1oglqa etection reaction requires the setting ‘of 15precise temperatures

of the sample?fRHBSNMTREIFU AL MBS *Here, in the course of a PCR, temperatures of e.g.
between 80'C and 98'C are selected. The temperature distribution of the sample fluid should be

homogeneougrsvitel ie#eticonpleasaber larctenpeRutieachatgss iheatirghcobbitg) thawd be made
quickly. 20Prayided, anatbrcGise bR NthSrEcids 19 doseheAtiRg/RIRRSUSNB-LBHdcWER 3By which with cur-
rent passed tyaupl) e SBIAESI RN AER AR ARTFIE IYBRINE 1A gamRIS LB GaCton

chamber 22 is heated to the required temﬁerature . The heatin /mea}sur tructure 32 may at the

same time be?f4%A ARS8 IS A P BTGP BT MG AR VRIS SR Rh arad st R §388determine
temperatlre. 25PRIBFSRYPES E1RISHeHIIT B e I5RRR BIUFCEREUTNSRARES RATEWA herBtire 7. The
meandering heaigirmeasten gretietena | 2 a0 floperedTby sethisploem@edtompathensidnad isvioéf of 60 pm
and a thickneggly p6iighed Brisasanast 4R Mumikphgro o aamHie sape zs isartaTam amateesrcal
resistance of groror8.18,8.Ams: bbe conductor path is made of copper, preferably 30copper with a
purity of 99,99%. Copper of this level of purity has a thermal coefficient which, in the temperature
range relevant here, is virtually constant. In its totality the heating/measuring structure 32 forms a

rhombud ith! HRSHGS IBHEHPLF 2SI ilRL1K) BPMPIE TBIADEIET FatRs ATy Sastihaitnfave a
copper layer toieh raftedtikmebthefrBigent tiokt. das B3ighhstiogtrifcharéingittdigaidt®d sff¥edpmitare formed. A
resistance of appsRXioatebnled phewste daboknes hiasheevobianediwithtico it ctdegathg of this
kind. attenuated. This causes the circuit board 8 located beneath to become visible, and the filling
indicator appears dark.
20
On the inside 7 of the base wall 3, the reaction chamber 22 and the through hole 21 respec-
tively are bounded by a flexible transparent film 28. The film 28 is affixed to the base wall 3.
The 28 has a thickness of around 127 um. The film 28 is made preferably from a fluorinated
ethylene-propylene copolymer (e.g. FEP) or another suitable plastic. The clearance from the
25  circuit board 8 comes to around 0.9 mm, corresponding roughly to the thickness of the base
wall 3. The flexible transparent film 28 serves as a window for the optical measurements of
the sample solution.

A continuous seal 29 is provided on the film 28 in the area around the through hole 21.

30
In the area of the rhomboidal through hole 21 and the reaction chamber 22, the circuit board
8 forms a boundary wall of the same. In the area of the filling line section 20, the compensa-
tion line section 23, the filling indicator 27 and the compensation chamber 24, the circuit



The biochip 30 has an edge length of only 3 mm, meaning that the rhombus formed by the
5heating/measuring structure 32 and a temperature homogenisation layer covers a greater area than
the biochip 30. The circuit board 8 may be provided with a temperature homogenisation layer, which
effects homogenisation of the temperature distribution on the upper side of the circuit board 8. The
10temperature homogenisation layer is a copper layer which is nickel-plated and provided with an
additional gold layer. The gold layer has the advantage that it is inert for biological materials and
therefore biological materials may come into direct contact with this layer in the reaction chamber. This
reaction chamber 22 may therefore also be used for other experiments besides those involving the
biochip. This homogenisation layer has good thermal conductiv- 15ity. Instead of a combined

copper-nickelwggld Hugis adiRlptine indaick 6B aNEr s UipishEpE@ddiaidd atitaniignconductor
path 'ntegfateéﬂnmféng ﬁ“'&&h%!?&g%m&}% IDReISNEIREImalsana Y- Ehimakes it possible to

achieve high rates of heating of the sample fluid in the reaction 20 chamber 22. The end points of the
meandering heating/measuring structure 32 merge in each case into a very wide conductor path 33

and 34, whichTse 4 kegsmh B priansaanpelfaes adigiassIcdReA T (B:aAE il R e due to
their considerabietemdthektiraduiisaritgeteiidure 82oMRBorlboceiptdiaddodeiadtoriputngsasl 36
connected to thesrcliveeNguctorpaths st dide thenaseagainheoomiy e ptian giainaéibe
meandering healingimeasHring HusHeuthese JvaamditonaleppausHy Raibis-sa1ndat are used to
pick up the votlt%%erdrqp attﬁhe t}g%tln {rrp%a}%artlﬂ /g)[r Irc‘:%ev?,z. The electrical control of the
heating/measdarl gfgfjrugmre%%s desermad T ddtail in WO "2008/064865 A2. Reference is made to
this document in respect of 30the control of the heating/measuring structure 32. The circuit board 8
has condQctotnpatigs!8 therentierrétischuiva cerrststainetir3, IS vunterbordhnetaidhdepihSelectrical

semiconductorHa eisudiy .ha$ish SRV sidd e tavhinle probyd aileSechtbilikédsipesdetidoratiansgats for the
heating deviceand fleQitae datritenp helipingigatirxneripenis tpbfmeadaswisiqa diochip of the
cartridge. This,dat f»erelore sipred wi,0e sk gf conliron ol BedimrnsigRIaA e filing nozzle
10, the filling fine sectlonrﬁ(i the reaction chamber 22, the co {)ensat_lon [Ine section 23, the

compensatiorP EFfHRES A AN SRR TECUE PREE &rihE P R AR R MBI RASREwill be
describetPbeltversernadsaiet Bperasenohlecmeradrtheit fiagk S)'PIRE-6, Fig. 10). 10The volume of the
compensation chamber VA under the assumption that air behaves like an ideal gas, that the pressure

build-up is isothgiaadiranAdtbs fif sammars ReteaEseIPIe. tie GiMEA BYard 8 and then the
circuit board 8 is bonded to the casing 2. The bond between the circuit board 8 and the bio-
chip 30 is made with an adhesive bonding layer, such as e.g. a suitable adhesive tape (suit-

20 able for biological reactions) or else a silicone adhesive.

The circuit board 8 with affixed biochip 30 is then aligned with the casing 2 and fixed to it. A
durable, temperature- and water resistant bond may be realised e.g. by using biologically-
compatible adhesive tape, silicone adhesive, by laser welding, by ultrasonic welding or by

25 biologically-compatible adhesives.

At the same time it is possible to cover a large area of the circuit board 8 with the adhesive

tape (or adhesive), to affix the biochip 30 over the heating/measuring structure, and then to

align the casing 2 with the biochip 30 and to fix the circuit board 8 over the whole surface of
30 thecasing 2.

A second option for bonding the circuit board 8, biochip 30 and casing 2 lies in the targeted
flat bonding of the biochip 30 to the circuit board 8 (adhesive only beneath the biochip 30)



15 wherein VKB is the volume of the filling line section 20 (6.5 pl), VKA the volume of the
compensation line section 23 (... pl), VR the volume of the reaction chamber 22 (35.4 pl + 8 pl), po the
environmental pressure (1 bar) and p, the increased pressure (1.4 bar). 20To begin with, In calculating
the height of the stopper 15 penetrating into the compression section 12 a first penetration volume of
the stopper Vv is calculated, which should penetrate into the compression section 12 of the filling
nozzle 10 without the filling nozzle 10 being sealed. 1'I'his is therefore the volume which penetrates into
the compression section 12, until the stopper 15 sealg with the compression section 12. The first
penetration volume of the 25stopper Vy follows from the overall volume Vi (150.2 WI) of the filling
nozzle between the chamfer and the filling hole, less a surplus volume Vp1 (10 pl) of the sample fluid
which should semainsibdbguBlingingszife sasthpb Wil e vemaendsiaf Byid iBpralidsoggiBuaccess to the
filing line sectign 20, a.5aMmBle ¥almS YRR (90l WNERISRORIRLRPE AL dR dohsferred to
above, 6.5 pl for the f|II|n€ I{ne sec_tlo%zo andb8 gJ éqrthmpens{atlo%forbth(%gul - 30|r}9 of '%he film 28,
and an air res'%(f@e@?ué'ln g Bl‘iwf&'é? Férf%l'hyog C énsoplpeef?éaa 'ggr%p e 7TRE AIrrésenve VL remains
trapped between the sample solution and the stopper 15. The first penetration depth hv of the stopper
15 in the Zomphressiotiosethorter 22 e teiordefodiswsefrdm chreuiydpanddtian vadine29\activid deeby the
cross-sectionalgsentné theneipprhBYgPhAeSECaNd pRntsatias depibviasspeciiesdaw far the stopper
15 must Pe”‘%H@Fﬁe@@riﬂ&ﬁ@&h‘r&ﬁ‘?é?d@ﬂéﬁ&éﬂib%%ﬁ%@%%& Ew‘éé%?&h\%mfﬁaé%teﬁdoressme to
L4 bar is effegied, L02lnee ine samplc volume Vbe (402 RIS 6 Re Complciely.divnlaged, from the
filling nozzle fB a(flr{haf're_ma_lns R the fﬁling nozzle 10'after the S o&fer Ras beer res_secfin fully are
the surplus vERIEVH (OSSR eeHaDb el 2hie ke iRt esksakstAn Al ARAE IR CEmPRSERd on
account’éf th8pi&igeeiteelAGild igxiokhé velubecigeadioplticeritisce e tropioehin ShiRardenissseren fully
pressed in thits follows from the following formula: 15 The second penetration depth hs of the stopper
15 in the compression section 12 therefore

To close the filling nozzle 10 and to create the overpressure in the reaction chamber 22, a

stopper 15 is provided. The stopper is made preferably of a thermoplastic elastomer (TPE).

15  The stopper 15 is cylindrical with a circular cross-section. The outside diameter of the stop-

per 15 is such that it may be held virtually without play in the compression section 12 of the

filling nozzle 10. The cylindrical compression section 12 of the filling nozzle 10 and the stop-

per 15 form a kind of cylinder-piston system. The stopper 15 is provided with a seal ring 31 of

the same material as and integrally moulded with the stopper. The stopper 15 may also be

20  provided with a continuous groove, in which a seal ring 31 is located. The stopper 15 pro-
vides a fluid-tight seal of the hollow spaces of the cartridge 1 after approx. one-third of its

length has been inserted into the filling nozzle 10.

On the inside 7 of the casing 2 there are around the reaction chamber 22 three means for
25 guidance, centring and as a stop for a detection device 49.

In the area of the tip of the rhomboidal reaction chamber 22 oriented towards the filling noz-

zle 10, two opposite sections of the long sides 5 of the side wall 4 are elevated relative to the

remainder of the side wall 4. These two sections are designated as stops 45. They are de-
30 signed for guidance and as stops for a scanning chamber.

In the area of the tip of the reaction chamber 22 oriented towards the compensation chamber
24, a circular centring pin 44 is moulded on at right-angles. The centring pin 44 serves in



follows from the second penetration volume V. divided by the cross-sectional area of the 20stopper 15
Av: The connection of the cartridge 1 to an apparatus for the analysis of biological samples using
25temperature-controlled biological reactions will be described below. This apparatus according to the
invention comprises a scanning chamber 40, a detection device 49 and a compressed air supply
source 50. 18 The scanning chamber 40 is in the form of a tube. The tube 40 is placed with an open
sample side 41 on to the film 28 bounding the reaction chamber 22 or on to the seal 29 provided on
top thereof. 5The diameter of the tube 40 on the san%le side 41 corresponds to the diameter of the
seal 29 located on the film 28. The sample side 41 is bounded at the end by a sharp-edged continuous
blade 42. The blade 42 is so designed that, when the scanning chamber 40 is placed on the cartridge

1, it penetrates INIAIRE SARLRORIJNSscBFLidES d G BIOVIdRSIRY RIRFILAIGBEORRREEQRA10
Provided on the sgﬁp}er ide 41 of thgl{}rl%gerﬁg are recesses 43 to accommodate the centring pin 44
oft ; '

and the two s?gpas 5 %%ar?ﬂgﬁé: f means of the stops 45 and the centring pin 44, the tube 40
is positioned exactly on the cartridge 1 and its seal 29 respectively and over the reaction chamber 22.
The stops 45 $e¢ fHieexettonpeaseinre izt recitns Ahidh Arreascinrt BSHrRF BlsAnbaretrsigsrd

pressure-fighinath fepsafdketeaesigerbsd-eeakad s the tbadoth theisedn kapy chalhabe ththeggosite the
sample side 4L, is RASHLIABARNCALRYS LA G PR asemhe s askezn) 8. grd Waiases 47 are

provided. 20Connected af arolind.he middle of the tue ARIS A GRRIPERSARTAEIAS AFs htum
connected to & compressed air supply source 50, '@ﬁe comﬁ)r%saed air supply sotHr??hSO is so designed
as a cylinder/[REE5q aSIRR K17 é‘?@&fﬁ@&ﬁ‘?'ﬁ%ﬂt?&l Iail’f‘%@a"r'?jrlﬁ)/ec,”ﬂﬁai1 the pressure at the piston may

be set preciseignaramgar bR isifites Wihaat ersetiote’ bepRisT 30acHISUIRRLHE#4D Lh] the

compreskkd altelingtel8 athietiscarmirgsatiamtibember gt e tressuttal sadels Byi@Besrprisssed air in the
area betweengihg:lersesifi] arditbegaskidetod cRynibis means the dilrbubBiésdapitieddlatdo the biochip
30. _ ocatsbhebing e Buocianses: b i deinclansdeviiedhiatiacanning the biochip 30, 30In the

present embodiment, three apertures 51 are provided in the scanning chamber 40. The detection
device 49 for readout of the biochip 30 is described in detail in WO 2007/135 091 A2, to which
reference is hEreRyCRes8IE! T e aeRiLiRRPAENEE HegirAlirtediohreaaprq fuires the setting of

15  precise temperatures of the sample fluid in the reaction chamber. Here, in the course of a
PCR, temperatures of e.g. between 30°C and 98°C are selected. The temperature distribution
of the sample fluid should be homogeneous in the reaction chamber and temperature
changes (heating, cooling) should be made quickly.

20 Provided on the circuit board 8 (Fig. 7) is a heating/measuring structure 32, which with cur-
rent passed through the ohmic resistor acts as a heater. With this, the sample fluid in the
reaction chamber 22 is heated to the required temperature T. The heating/measuring struc-
ture 32 may at the same time be used as a temperature detector, by using the resistance
characteristic R(T) to determine temperature.

25
A preferred embodiment of the layout of the circuit board 8 is shown in Figure 7. The mean-
dering heating/measuring structure 32 is formed by a thin conductor path with a width of 60
um and a thickness of 16 um. It is around 480 mm long. At room temperature it has an elec-
trical resistance of around 6 to 8 chms. The conductor path is made of copper, preferably

30 copper with a purity of 99,99%. Copper of this level of purity has a thermal coefficient which,
in the temperature range relevant here, is virtually constant. In its totality the heat-
ing/measuring structure 32 forms a rhombus with an edge length of approximately 9 mm.
Conductor paths already exist which have a copper layer with a thickness of 5 pm and on



19 cast-on plastic optics, LED optics, illumination optics, an exciting filter, a dichroic mirror, an NA
aperture, an emission filter, readout optics and a camera. Preferably used as light source is a single
high-performance LED with high optical power 5 density and LED optics with high numerical aperture
(NA). High-performance light-emitting diodes are light-emitting diodes with a luminous flux of at least
35 Im. Preferably light-emitting diodes with a luminous flux of at least 40 Im, at least 50 Im or at least
100 Im are used. In the present embodiment the light-emitting diode Luxeon Star (red, 3 W electrical
power consumption, 90 Im luminous flux) is used. 10°rhe light-emitting diodes used emit roughly
punctuatedly light. By this we mean light-emitting diodes with an emitting surface not greater than 1
mm X 1 mm. Preferably the emitting surface does not exceed 0.5 mm x 0.5 mm. The smaller the

emitting surfaggcthariRaties the okt ay o8.rPaecapiried wikiiResbHATstRIMISBE R Hnibe light ray
CO”CG””a“O”tPaPE{)‘% n%%ﬁ%‘é'b%ﬁ'neéﬂs?faﬁ%gs ﬁﬂ?&?ﬁéug&%&ﬂy%mg%ﬁé.a” LED for the illumination of
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biochips also lies in the variability of the wavelength. LEDs are available in the whole visible spectrum
with high efficiency. A further benefit of LEDs e.g. compared with lasers, for flat illumination, is that no

intensity modTie-aind0dize & eesrlenséie B ealr e aathedhadrareerpicdrayed by he detected in
the spotsbon teativigioiepsaisp sttaline 32 Hraichustek tai [De imayogenisdidras vieg b saarcgreatar example:
25dye 0y5 abgegtian tRaxbavpeat 649nm -excitation by LED LUXEON LD3 (colour red, max. at
630nm) dye Cy3 absorption maximum at 514nm  excitation by LED LUXEON LM3 (colour green,

max. at SBOnWedé(guAl uor 532 abs rg)tlotﬂ mammu at 532 30- exmtqtlon %iIEhngléétJXEON LM3

exa
(colour green MR& a& %%nr#]paélobe provided wi emperature homogenisation layer, S
Eomogénisation of the temperature distribution on the upper side of the circuit board 8. The

10 temperature homogenisation layer is a copper layer which is nickel-plated and provided with
an additional gold layer. The gold layer has the advantage that it is inert for biclogical materi-
als and therefore biological materials may come into direct contact with this layer in the reac-
tion chamber. This reaction chamber 22 may therefore also be used for other experiments
besides those involving the biochip. This homogenisation layer has good thermal conductiv-

15 ity. Instead of a combined copper-nickel-gold layer, a relatively thick copper layer could also

be provided.

A heating conductor path integrated in the circuit board 8 has a low inherent thermal capac-
ity. This makes it possible to achieve high rates of heating of the sample fluid in the reaction
20 chamber 22.

The end points of the meandering heating/measuring structure 32 merge in each case into a
very wide conductor path 33 and 34, which serve to supply the heating current and them-
selves have only a low resistance due to their considerable width. In addition, there is in each
25 case a further conductor path 35 and 36 connected to these two conductor paths 33 and 34
in the area of the connection point of the meandering heating/measuring structure. These
two additional conductor paths 35 and 36 are used to pick up the voltage drop at the heat-
ing/measuring structure 32. The electrical control of the heating/measuring structure 32 is
described in detail in WO 2008/064865 A2. Reference is made to this document in respect of
30 the control of the heating/measuring structure 32.

The circuit board 8 has conductor paths 37 and corresponding contact points 38, 39 for the
connection of an electrical semiconductor memory. This semiconductor memory is used to



The choice of an LED is made for a wavelength range ME which is required for fluorescence
measurements (e.g. for dyes Cy5, Cy3, Alexa, ...). LEDs are small and compact with high efficiency
and a long life expectancy. 5The camera has a flat CCD element as detector, so that a rectangular, in
particular square image may be recorded. The camera is so designed that exposure times of more
than 20 seconds are possible in its use. Normally the maximum exposure time with such cameras is
limited to a few seconds. As a rule the camera is exposed for 5 to 10 seconds to record the image of
the biochip. The longer the exposure time, the weakéf the fluorescence signals 10 which can be
detected. The strength of the fluorescence signals depends heavily on the number of PCR cycles
performed on the biochip. An individual PCR cycle lasts for around half to several minutes. By means

of long exposyelimas Mg MmavinerexXirgied Y AHita RS tRRThedRIGEAURS: HimERS several
minutes can e sy eddn e SenkotE Gl (iR At s sl RIASRIRING e may e kept
{ wit

short. These rglt_)?i\r}ne ylong exposur fiffes a1%o represent an advantage compare

conventional &fihers, which scan the individual spots in sequence, since with this procedure the
exposure time is not freely variable. Through the dichroic mirror, the illumination optics are separated
from the Badoné epigsioR0gldiend] timmigataneollti dsdiking foeidedion#0 atw gbantion ehaabap22ture. The
readout apertyre ds.geriatbinitasbermapatebihiserRati iRl 2l hissanesidppdetbioehéhe
numerical apenige 1N SaAIW RIS MY TIARDS ALURENR CRUATLEN Pagpidiaminima
imaging errors of the spots oft e bl_OC?]I is obtained on the camera. The numerical aperture of the
readout chanReTgHt(G Aot &&&ab'8. 38)and should preferably be no greater than 0.15. 25 The two
lenses 47 in the tube 40 are parts of both the illumination channel and also the readout channel.

The use1af theappiumksfiibe anatysisgtibiotbaitar Samplestus g tepiioe taal ki behasiiditerm- 30logical
reactions is degaiibad Belovs frigs&e bigiip Eheseanaing ehambrrsd itemane doripiedsiiample side
41 on the filmié) i%% gartridge 1. In the course of this, the recesses 43 of the scanning chamber 40
engage in the centring pin 44 21 and the two stops 45, by which means the scanning chamber 40 is
positioned and the contact pressure on the seal 29 is limited. At the same time the blade 42 penetrates
into the seal %%d@%s&V¢§+an)e§$ure-tight connection. 5The scanning chamber 40 is filled with air
through the compr8sséd air line. In this way an overpressure of between 2 and 4 bar is produced in
the spactbsealed between the optics and the transparent film 28. Due to the overpressure, the
transparent filgh28ifitg LR a@aipshierieahingdfasstdispams eVl aiescrprecereessmlehe sample

fluid over the Diaghin@0.t8T28 (luopseanesdniisest Aie saERICoAMBAIPSTRPRAOM. It s

therefore possible to make a fluorescence image of the biochip 30. ixing (forced convection) of the
sample has aeﬁﬁgﬂﬂ%egﬁé@i%ﬁufﬁ?s?bae&%ﬁg?o r’e%%t'fgrrleg?%ﬁé) rﬁ)ﬁ%ﬁﬁi%@%@ﬁ? hcubation, therefore the
hybridisation/incubation time reduces and higher 15signal intensities are possible. Such forced
convectia® may begobtétnduldalcuiatipintpeieiohiert the stopper 15 penetrating into the compression

section 12 a first penetration volume of the stopper Vy is calculated, which should penetrate
into the compression section 12 of the filling nozzle 10 without the filling nozzle 10 being
sealed. This is therefore the volume which penetrates into the compression section 12, until
the stopper 15 seals with the compression section 12. The first penetration volume of the
25  stopper Vy follows from the overall volume V; (150.2 pi) of the filling nozzle between the
chamfer and the filling hole, less a surplus volume Vp, (10 pl) of the sample fluid which
should remain in the filling nozzle, so that with movements of fluid no air can gain access to
the filling line section 20, a sample volume Vg, (49.9 pl), which is comprised of the 35.4 pl
referred to above, 6.5 pl for the filling line section 20 and 8 pl for compensation for the bulg-
30 ing of the film 28, and an air reserve V. of 30 ul in the 10 for any excess pipetted sample:

Vo=V, =Vo =Vp =V,

{



pressure at the outside of the film. Due to the internal overpressure of the cartridge 1 amounting to 0.4
bar, the "windowe film 28 is mechanically stressed, in particular during heating-up, and would be
subject to plastic de- 20 formation. This stress may be neutralised by an external overpressure, also
amounting to 0.4 bar. This is of advantage e.g. during amplification, in which the film is subject to
considerable thermal stress. In the case of the apparatus according to the invention it is
advantageous that extensive sur25face irregularities on the biochip 30, other than with rigid cover
glass slides known from the prior art, have no effect'dn the fluorescence signal. On account of its
lower thickness and the closeness of the film 28 to the biochip 30, the optical quality of the film 28 has
only slight effect on the ability to evaluate the fluorescence sig30nals. The application of the film 28 to
the biochip 30 is reversible, so that real-time PCR is possible 22 In the cartridge or in the apparatus, a

cooling devicg,{On,coling theeacion shambel.22 MAvBlse be.AR Azt BrneipicRAsSRle within
the scope of the present invention tor the Iling nozzle and Sstopper also to be used in conjunction

with a cartrid §ENFYHWATFFRtASK e RIGRREAT BTt NE GRTRERSBRARAGAT, 1oHReE T PIRSR i Window may
be rigid, e.g. ihaterfeiratiar wigmeypdirided hidbotiesfepepienal aigpaishe stprpgtidge
5

A second penetration depth hg specifies how far the stopper 15 must penetrate into the com-
pression section 12 after sealing, so that the increase of pressure to 1.4 bar is effected.

10  Since the sample volume Vp, (49.9 pl) is to be completely displaced from the filling nozzle 10,
all that remains in the filling nozzle 10 after the stopper has been pressed in fully are the sur-
plus volumeVsq (10 ul) of the sample fluid and the air reserve V, which is compressed on
account of the pressure build-up. The volume V, displaced by the stopper 15 after it has
been fully pressed in thus follows from the following formula:

15

The second penetration depth hg of the stopper 15 in the compression section 12 therefore
follows from the second penetration volume V. divided by the cross-sectional area of the
20  stopper 15 Ay:

The connection of the cartridge 1 to an apparatus for the analysis of biological samples using
25 temperature-controlled biological reactions will be described below.

This apparatus according to the invention comprises a scanning chamber 40, a detection
device 49 and a compressed air supply source 50.
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The scanning chamber 40 is in the form of a tube. The tube 40 is placed with an open sam-
ple side 41 on to the film 28 bounding the reaction chamber 22 or on to the seal 29 provided

on top thereof.

The diameter of the tube 40 on the sample side 41 corresponds to the diameter of the seal
29 located on the film 28. The sample side 41 is bounded at the end by a sharp-edged con-
tinuous blade 42. The blade 42 is so designed that, when the scanning chamber 40 is placed
on the cartridge 1, it penetrates into the seal 29 of the cartridge 1 and provides a pressure-

tight connection.

Provided on the sample side 41 of the tube 40 are recesses 43 to accommodate the centring
pin 44 and the two stops 45 of the cartridge 1. By means of the stops 45 and the centring pin
44, the tube 40 is positioned exactly on the cartridge 1 and its seal 29 respectively and over
the reaction chamber 22. The stops 45 set the exact contact pressure with which the scan-
ning chamber 40 rests pressure-tight on top of the cartridge 1.

Located at the end of the scanning chamber 40 opposite the sample side 41 is part of an
optical system 46. In the present embodiment e.g. two lenses 47 are provided.

Connected at around the middle of the tube 40 is a compressed air line 48, in turn connected
to a compressed air supply source 50. The compressed air supply source 50 is so designed
as a cylinder/piston unit with an electrically controlled linear drive, that the pressure at the
piston may be set precisely through the linear drive. Over the compressed air supply source
50 and the compressed air line 48, the scanning chamber 40 may be pressure-loaded by
compressed air in the area between the lenses 47 and the cartridge 1. By this means the film
28 is applied flat to the biochip 30.

Located behind the two lenses 47 is a detection device 49 for scanning the biochip 30.
In the present embodiment, three apertures 51 are provided in the scanning chamber 40.

The detection device 49 for readout of the biochip 30 is described in detail in WO 2007/135
091 A2, to which reference is hereby made. The detection device 49 comprises an LED with
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cast-on plastic optics, LED optics, illumination optics, an exciting filter, a dichroic mirror, an
NA aperture, an emission filter, readout optics and a camera.

Preferably used as light source is a single high-performance LED with high optical power
density and LED optics with high numerical aperture (NA). High-performance light-emitting
diodes are light-emitting diodes with a luminous flux of at least 35 Im. Preferably light-emitting
diodes with a luminous flux of at least 40 Im, at least 50 Im or at least 100 Im are used. In the
present embodiment the light-emitting diode Luxeon Star (red, 3 W electrical power con-

sumption, 90 Im luminous flux) is used.

The light-emitting diodes used emit roughly punctuatedly light. By this we mean light-emitting
diodes with an emitting surface not greater than 1 mm x 1 mm. Preferably the emitting sur-
face does not exceed 0.5 mm x 0.5 mm. The smaller the emitting surface, the better the light
may be concentrated, with the individual light rays of the light ray concentration aligned paral-

lel to one another.

One advantage of an LED for the illumination of biochips also lies in the variability of the
wavelength. LEDs are available in the whole visible spectrum with high efficiency. A further
benefit of LEDs e.g. compared with lasers, for fiat illumination, is that no intensity modula-
tions due to coherence occur at the surface.

For the typical dyes to be detected in the spots on the biochip, a spectrally well adjusted LED
may be used as light source.
For example:

dye Cy5 absorption maximum at 649nm

- excitation by LED LUXEON LD3 (colour red, max. at 630nm)

dye Cy3 absorption maximum at 514nm

- excitation by LED LUXEON LM3 (colour green, max. at 530nm)

dye Alexa Fluor 532 absorption maximum at 532

- excitation by LED LUXEON LM3 (colour green, max. at 530nm)
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The choice of an LED is made for a wavelength range AAg which is required for fluorescence
measurements (e.g. for dyes Cy5, Cy3, Alexa, ...). LEDs are small and compact with high

efficiency and a long life expectancy.

The camera has a flat CCD element as detector, so that a rectangular, in particular square
image may be recorded. The camera is so designed that exposure times of more than 20
seconds are possible in its use. Normally the maximum exposure time with such cameras is
limited to a few seconds. As a rule the camera is exposed for 5 to 10 seconds to record the
image of the biochip. The longer the exposure time, the weaker the fluorescence signals
which can be detected. The strength of the fluorescence signals depends heavily on the
number of PCR cycles performed on the biochip. An individual PCR cycle lasts for around
half to several minutes. By means of long exposure times, which may be extended by quite a
few seconds, a processing time of several minutes can be saved in the extent of the PCR
cycles, and the overall processing time may be kept short. These relatively long exposure
times also represent an advantage compared with conventional scanners, which scan the
individual spots in sequence, since with this procedure the exposure time is not freely vari-

able.

Through the dichroic mirror, the illumination optics are separated from the readout optics.
The illumination optics are provided with a high numerical aperture. The readout aperture is
located in the beam path of the readout optics. This aperture reduces the numerical aperture
of the readout optics, by means of which a contrast-rich image with minimal imaging errors of
the spots of the biochip is obtained on the camera. The numerical aperture of the readout
channel should not exceed 0.25 and should preferably be no greater than 0.15.

The two lenses 47 in the tube 40 are parts of both the illumination channel and also the

readout channel.

The use of the apparatus for analysing biological samples using temperature-controlled bio-
logical reactions is described below (Fig. 8, Fig. 9).

The scanning chamber 40 is placed with its sample side 41 on the film of the cartridge 1. In
the course of this, the recesses 43 of the scanning chamber 40 engage in the centring pin 44
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and the two stops 45, by which means the scanning chamber 40 is positioned and the con-
tact pressure on the seal 29 is limited. At the same time the blade 42 penetrates into the seal

29 and ensures a pressure-tight connection.

The scanning chamber 40 is filled with air through the compressed air line. In this way an
overpressure of between 2 and 4 bar is produced in the space sealed between the optics and
the transparent film 28. Due to the overpressure, the transparent film 28 fits up against the
biochip 30 and displaces the fluorescence excess of the sample fluid over the biochip 30.

The fluorescence in the rest of the sample chamber is screened off. It is therefore possible to

make a fluorescence image of the biochip 30.

A mixing (forced convection) of the sample has a positive effect on the speed of reaction of
the hybridisation/incubation, therefore the hybridisation/incubation time reduces and higher
signal intensities are possible. Such forced convection may be obtained by varying the over-

pressure at the outside of the film.

Due to the internal overpressure of the cartridge 1 amounting to 0.4 bar, the “window” film 28
is mechanically stressed, in particular during heating-up, and would be subject to plastic de-

formation. This stress may be neutralised by an external overpressure, also amounting to 0.4
bar. This is of advantage e.g. during amplification, in which the film is subject to considerable

thermal stress.

In the case of the apparatus according to the invention it is advantageous that extensive sur-
face irregularities on the biochip 30, other than with rigid cover glass slides known from the
prior art, have no effect on the fluorescence signal.

On account of its lower thickness and the closeness of the film 28 to the biochip 30, the opti-
cal quality of the film 28 has only slight effect on the ability to evaluate the fluorescence sig-

nals.

The application of the film 28 to the biochip 30 is reversible, so that real-time PCR is possible
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In the cartridge or in the apparatus, a cooling device for cooling the reaction chamber 22 may

also be provided.

In principle it is possible within the scope of the present invention for the filling nozzle and
5  stopper also to be used in conjunction with a cartridge, in which a flexible electrical circuit
board is provided, wherein the viewing window may be rigid, e.g. in the form of a glass panel.
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List of reference numbers:
1 cartridge 27 filling indicator
2 casing 30 28 film
5 3 base wall 29 seal
4 side wall 30 biochip
5 long side 31 seal ring
6 end face 32 heating/measuring structure
7 inside 35 33 conductor path (heating current)
10 8 circuit board 34 conductor path (heating current)
9 outside 35 conductor path (measuring current)
10 filling nozzle 36 conductor path (measuring current)
11 filling section 37 conductor path
12 compression section 40 38 contact point
15 13 chamfer 39 contact point
14 sealing point 40 scanning chamber
15 stopper 41 sample side
16 cylindrical section 42 blade
17 funnel-shaped section 45 43 recess
20 18 filling hole 44 centring pin
19 filling indicator 45 stop
20 filling line section 46 optics
21 through hole 47 lens
22 reaction chamber 50 48 compressed air line
25 23 compensation line section 49 detection device
24 compensation chamber 50 compressed air supply source
25 cone 51 aperture

26 hemisphere

55



55 24 Chums A cartiidge for analyzing biological samples, comprising: reaction chamber and a
biochip mounted in the reaction char-ibex, - a filling nozzle connected so as to COTIMMilliCate with
the reaction chamber, and a compensation chamber connected so as to communicate with the
reaction chamber, - a compensation line section and a filling line section communicating among the
reaction chamber, a filling level indicator and the compensation chamber such that before filling,
normal pressure exists within the compensation line section, the filling line section, the  reaction
chamber, the filling, nozzle and the compensation éiamber of the cartridge, wherein the reaction
chamber, the compensation chamber and the said line sections are seated, wherein the filling nozzle
forms a free passage to the reaction chamber frotfiabusside the cartridge, and a stopper is provided
which fits positively and tightly in the filling nozzle such that, when pressed in over a certain distance,
fluid is displaced from the filling nozzle towards the reaction chamber wherein the filling nozzle has a
tilling section, which allows the biological sample to be introduced from outside, and which leads into a
cylindrical (:lompressrittlgljgi se tionélwher%in the fi'nin %C};i(%‘ gg.% a larger cross-section than the
compression seéi%% angd the a@orﬁ%?éssl?&%l%aeéﬁo i$’connected to the reaction chamber via the free
passage, and theastapper ¢adesigratr Sdothat mastiwsi dutijhisasHaheheoression section, wherein the
reaction chamber,igpoLREes: QB AR RS Side MR iR Rare el leatimwhich-feraa a viewing window.
2.The cartridge according to claim I, wherein the volume of the comperlieation.ch?b%r, the reaction
hé &%

chamber and said ﬁﬂ@ge&?ﬂﬁﬂﬁ%ﬁhﬂgc?ﬂlé 9 MR ERRYHHECAIfiNg A O A& a g flime displaced
by the filling nozztecarepssadimensiomedithat aviting Sanpiecofpredeteahiedvoptire ¢activel reaction

chamber, an incEﬁ%ﬁGeE‘ aoﬁﬂﬁﬁjl@/élﬂfdlﬁ%; Qna &@E&g@&%ﬁ%&?&]a&’éﬂ such that before filling,

normal pressure exists within the compensation line section, the filling line section, the

reaction chamber, the filling nozzle and the compensation chamber of the cartridge,
wherein the reaction chamber, the compensation chamber and the said line sections are sealed,
wherein the filling nozzle forms a free passage to the reaction chamber from outside the
cartridge, and a stopper is provided which fits positively and tightly in the filling nozzle such
that, when pressed in over a certain distance, fluid is displaced from the filling nozzle towards
the reaction chamber
wherein the filling nozzle has a filling section, which allows the biological sample to be
introduced from outside, and which leads into a cylindrical compression section, wherein the
filling section has a larger cross-section than the compression section and the compression
section is connected to the reaction chamber via the free passage, and the stopper is designed so
that it is held tightly in the compression section,
wherein the reaction chamber is bounded on an upper side by a transparent, flexible film, which

forms a viewing window.

2, The cartridge according to claim 1, wherein the volume of the compensation chamber,
the reaction chamber and said lines communicating therewith including the filling nozzle and
the volume displaced by the filling nozzle are so dimensioned that, with a sample of
predetermined volume in the reaction chamber, an increase in pressure of at least 0.2 bar is

generated.



3,The cartridge according to claim I. wherein the filling nozzle is connected to the reaction chamber via
a filling hole, with a diameter designed so that, on filling without pressure increase, no sample fluid
passes through the filling hole due to its surface tension. 4. The cartridge according to claim I, wherein
the stopper is provided with a continuous seal ring, which is designed such that it makes a fluid-tight
seal with the compression section. 5. The cartridge according to claim I, wherein a seal which
surrounds the viewing window is provided for pressure-tight placing on the cartridge of a scanning
chamber of an apparatus for the analysis of biological samples. 6. The cartridge according to claim 1,
wherein the cartridge has a casing with a through hole to form the reaction chamber, wherein the
casing is connectéthtcatditguittbodntitv sdh & whgrdhahtHelgipouitdoarcbeoatd théhtmoeaginhole to
bound the [ggeHaP GRAMRRE WCIAIN FHRNBARARRUSIAINGH lIhe s RbIORIRARIRAEhamber

opposite the circuit board and a heating/measuring structure is integrated in the circuit: board. 7. The
cartridge adCoYBRe [ridaises Yiurkiteriilng helfdecdadicH EkEHEEMom the filling nozzle around the
reaction chamber and leading into an edge area of the reactlon chamber at a distance from the filling

nozzie. 8. Fhe CafiCOs ASEOICIOn % SOl IRIEIA | ?]ng?g%??{‘p?&%%@%éﬁ £ORRGEsd at its edge

area to af|II|ng indicator which lies di metrlcaly opp05|tet e area, which is connected to the
filling line sm@ﬁggwﬁcapbéwﬂ%%mh@%&%S@m&dw@ai%vﬁ&é‘ée&gm@fﬁﬁwﬁéﬁﬁm controlled
biological reactions, the apparatus comprising: the cartridge of claim I, wherein the blochip has an

active side §md the are the car I’qu c?fﬁlof"tehthe actlv? 1Cenof the tgfo&lhlg is in the g?rm of a

.ca r1 ac 0r ¢rein a sea su 1ewing windo
transparent film and’is arr Iﬁl”gc earancé ro {]h % geflec Ion devic yﬁ a

scanning chﬁamnb'edewmcprgmhelmtebmgm &amﬁdg@ﬁpémmmgmbﬁaéhﬂmpmrmé &rea of the
film, whereigdhe,deiection davict.sfiannected to the chamber such that the biochip can be scanned
through the film and a compressed airline leads into the smarming chamber, so that the filtri may be so
pressurized by air pressure that it is pressed flat against the biochip. | O.The apparatus according to
claim 9, wherein dalpistenicigindesrpump idaprolidédras temptedsebbar supglyth prtésswhze the
scanning chaibet 1n A0 ARRAAIHSEIARANE S OLRIA glsmm Hising Esmparaiure;controlied

biological ri.a,thins, the apparatus comprising: - the cartridge of claim 2, wherein the biochip has an
active side HAABHTEACHIPRIELAMERANS HBLRB ta&%%fh%rsqw BSEHE & hHR Form of a
transparent filwiqndids a rrgeadinitb slearaneeckamnttebieebimosite the circuit board and a

heating/measuring structure is integrated in the circuit board.

7. The cartridge according to claim 1, wherein the filling line section extends from the
filling nozzle around the reaction chamber and leading into an edge area of the reaction chamber

at a distance from the filling nozzle.

8. The cartridge according to claim 7, wherein the reaction chamber is connected at its edge
area to a filling indicator which lies diametrically opposite the edge area, which is connected to

the filling line section.

9. An apparatus for the analysis of biological samples using temperature-controlled
biological reactions, the apparatus comprising:
- the cartridge of claim 1, wherein the biochip has an active side and the area of the
cartridge opposite the active side of the biochip is in the form of a transparent film and is
arranged with clearance from the biochip,

- adetection device, and



a detection device, and a scanning chamber connected to the cartridge in a pressure-tight fashion; in
the area of the film; wherein the detection device is connected to the chamber such that the 'bled:in is
scanned through the film and a compressed air line leads into the scanning chamber, so that the film is
so pressurized by air pressure that it is pressed Rat against the bioehip. i 2. An apparatus for the
analysis of biological samples using temperature-controlled biological reactions, the apparatus
comprising: the cartridge of claim 3, wherein the biochip has an active side and the area of the
cartridge opposite the active side of the biochtp is if’the form ofa transparent film and is arranged with
clearance from the biochip, a detection device, and a scanning chamber connected to the cartridge in
a pressure-tight fashigningn dienacea gt ihe dimewddasaire theiibiettiopraevicel ghtdbsinectadtite the
chamber such that the biachip is seamed draugh RN andacompessehaliapdgegs into the
scanning chamber, so that the’film is so pressurized dy air pressure that it is pressed flat against the
biochip. biochip can be scanned through the film and a compressed air line leads into the scanning

chamber, so that the film may be so pressurized by air pressure that it is pressed flat

against the biochip.

10. The apparatus according to claim 9, wherein a piston/cylinder pump is provided as

compressed air supply to pressurize the scanning chamber.

11.  An apparatus for the analysis of biological samples using temperature-controlled
biological reactions, the apparatus comprising:

- the cartridge of claim 2, wherein the biochip has an active side and the area of the
cartridge opposite the active side of the biochip is in the form of a transparent film and s
arranged with clearance from the biochip,

- adetection device, and

a scanning chamber connected to the cartridge in a pressure-tight fashion, in the area of the film,
wherein the detection device is connected to the chamber such that the biochip is scanned
through the film and a compressed air line leads into the scanning chamber, so that the film is so

pressurized by air pressure that it is pressed flat against the biochip.

12.  An apparatus for the analysis of biological samples using temperature-controlled
biological reactions, the apparatus comprising:

- the cartridge of claim 3, wherein the biochip has an active side and the area of the
cartridge opposite the active side of the biochip is in the form of a transparent film and is
arranged with clearance from the biochip,

- adetection device, and

a scanning chamber connected to the cartridge in a pressure-tight fashion, in the area of the film,
wherein the detection device is connected to the chamber such that the biochip is scanned
through the film and a compressed air line leads into the scanning chamber, so that the film is so

pressurized by air pressure that it is pressed flat against the biochip.





