03/05/2011 Zenteris 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 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
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 fo(ga%g sing a
biochip. This reaction chamber has an elastic membrane. Mounted on the membrane Is a silicon
biochip. Pré§ii&tsEM&¥Ating device is a nickel-chromium thin-film conductor path. Such
nickel-ehrofil@dvtRix ilm 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- 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 froARNRIBTasd DR bio CHixps Al dIdEsGh 81 dishIC tie v PaEdetsitich T ANeaRA-provided
betwgegn the membrane and thg gaveiclasso lihasaiopledivid iseauredigdy means of a filling
cannula, which is pushed through the seal. In connection with stoppers, surplus 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 camhtaingeatftexibletes twih baeardyeitinglactepgesatBy fpressilygitggetheyithiestissuiesarsththe
flexible Cir%%ﬁ@%@r@&%@&%@%‘&@ tagtcanhig 10made between the biological tissue and the
electr ,ges of the flexible circuit board, so that an electrical pickup may be made directly at the
biological tissue.

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



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 mi@ochip- 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 RieRies.dhaiadirasioecbeadtion Byimisdhs cfagtoppeanabep iyepladsdtiieeih@rvdaeount of
the good thermal poeppeiasdtite 25 Eh@tibtetﬁ'é%%b@addtelaeaﬁing RIgSObvIGaayehasnabtained.

Formed O”rﬂé%ﬁﬁaﬂg'srﬂf%tﬁ(%%f%l@sé il a4 ee R eI g A AIRe for

temperature measurement. T atin Iace ring a "heating state" an easurement
during a --s&'Hé%Hgss?a%*e%anﬂ%‘s@%&&%' 'Be?ﬂ@”&ﬁ%%’f W‘ﬁﬁ?%ﬁeé&%‘éﬂ%ﬁ% B HEE1483 A2 is
a reacfion chiniltes,rracihickiabioatip meanbelproesssedqTsatectonnciamber has two opposite
walls, between which the biochip is located. One of the two walls is transparent, which is effective both

for the exciingeadipliopand 1oL Al emiied s Hosip, Ak EAR 905 of s uougls s <o

movable thatt e space etweent e blochlp an t etransparen wa e com resse by which

means the AR ERFPBRNIBRACHERT RS IR UrNAEsE U@"@@Oﬁfé@ﬁ‘??@'@ A’I‘tﬁrﬁﬂeﬁﬁ‘)des
2002-365289 Aressipgctigeiyelisoio sesagpaokiethef iHaistic ovatd- bbandl asededrivaldcbivad. dmeltsiood

may he treaigdefecanalydie Wlﬂg@@h&‘é@ M thEe PMDRYRY isdmsasrieddnitherOcketnBumeans
of rollers, th?e bloo qg a sample s% n in th?tr?é) l|<0<=ft arelqsglaced towards the DNA array and a

waste produc{;strgf"e '‘Berind Y. arr y may in"a conventional manner. 10After the
blood has once been put in this bag, the aim is for aII reactlons to take place in the bag, without the
blood and thessohétioinSOECON A0S (Sa2dBgAth & lzachamitsorsdatioin o tad¢ectitvitbetleeat ninoberent. In

this way it 'Q)Pﬁ?;'ﬁﬂB'Q MI@N@%H‘H@?&W&@'W}W&QRR@WW%WJ&'H?&Fé@‘?r%% Crfitber Bl

deschI sana us for the conduct of bIO|O caI rea tions. Areactl n chamber ha icroscope

glass slide Wﬁlc is c%?/é’r%' fI%)?belté;‘flﬂ%r ¥o me %78 8 SHGE BreSiréta 'Brgggondeﬁ ssages
which lead ¢aténgse Féébﬂdﬁ%ﬁﬁrﬂ@e?%ﬁﬁ@@e#ﬂtﬁ@%@s%ﬁ@%ﬁ@ﬂ*ﬂé ﬁbﬁm@hrﬁﬁcpﬁ@ kB Ieafiim is

fastened toutbigesubstrate 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

filmm r re from a roller. Descr n International Patent Appli n
i ay be_subject dtog essure from a rolle esg ibed in Internatio 5151 gt%g’ pplicatio

PCT/EP20 W&L& eHo t ﬁBﬁgﬁe%nq Ir.'uators 105 (2005), pages 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 thermal properties of the

25 flexible circuit board, heating rates of 8C/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



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 @ovided 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
precisely nfieiwapadhsabipibivenmibentiassber¢ativitontae autsidgeetsestcbiteviiehdasiesitpeesiore. This
requires a pi=callednpesibe displasamentigpetal’, 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 5 of
principle, a residue of the sample ahead of the non-return valve, which may lead to contamination. The
structure ofthi§ XHFAIGEL YRR AR TYRRERING teRts N igRes2 S ke RS G TRteanalysis
of bioldgicaiaasglds, linlpattod| el bistbd amaples. tElite ¢ dotririgdy bias finig dolivgrehanbersNéach of
\évhi(:h mC?Yé?ﬁbW@mi@Q_raléHmewgtﬂa?K&W_ _ _?El@ﬂiek%fﬂ%?gl@obrgﬁ@@@gmﬁﬁ SYRIGHA. i Iﬂeeinlgt is
esigned sQ that a syringe m ugged,inta. it. [ in mber c ted to
an air vent i tét%?‘é?gt'%%‘gg%w%ﬁ%r?%g 21]%\ Srréa e?l%?fngtﬁvea #SIB rﬁg‘ﬁ%ﬂsga?: 'am enrgat'e oﬁr% il ﬁgg may
escape. 15@@&6@&%@&2%[‘&@6%“&”%Eﬁ‘ﬁé‘&fanalyser 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 sygstraigsr frRrBIssHARiNhERMLEERRIR iRid Y de OUfiresies canRasting R askinigstarinio
provided are air Vﬁ{'?tlﬁ t[% cbqgndecggq with fine ori{ices eaclh suita@% %Ionne%ted to end secti?an& of fine
t ed

| CSRtAmea in tham: 20 Deactibed e De 103 42158 KPS carrier

flow passaggg’f\(')vr e removal of air contained in t
element foMdfagifoBErRsTSTh pdrieWaY toitBRSHRIARGIGHTFRMBRI MPHR QyrAcd BReh LS bottom
part and a tofeqeadt. 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 branches to the outside, preventing

any back- r injection of the fluid, The ajr present in the reaction chambers is able to
coang o (13 B R A G e 1 APBREIME e s e BiEt GBP CRUE Ao (iR has a
passage syXaBReWRS st BIPprat §ESSFRIIA NG iheairiest Raéhfisaidaditns Boraerera, thescribed
as 30 the gnifsasiycarpastrasatsddoadndividgat passages convieeattapassagesysiesedistibutor,

which mergesIpioA-sy genbalde iln aaehvRkie PRPRAARRAL YANRSIHNERODD 4 Kinfdve.

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

compartmé?‘fﬁé’ﬁ%ﬁ%%%d?@ﬁ ASBIF ShEGae Bl aTERth 'ﬁlWﬁ'&'ﬁbﬁé?eCBPégﬁB&’&'bﬁ‘%ﬁ‘?Bﬁﬁ@F%ide

with a?@optm {efigrn 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.



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 solutions. This module is intended for use, amongst other things, for the detection or
identification of biopolymers such as DNA or RNA using a 10hybridisation unit. The invention is based
on the problem of creating a cartridge for the analysis of biological samples using
temperature-controlled biological reactions, which is easy to fill so that there is no risk of contamination
from escapiMighstiaAerssitdit dha idraweiesinhe imddindealresitesHmeiseditrAssIgre ovided in
the reactionghaberstTihe ReoMeMHs salvad byta Gatidge wikirthe Jeaiies ThielasuleAdvantageous
de"e'Opme&‘éﬁe%r_ep??gﬁi%“cfi@;}B‘ée‘?r‘?é?n‘%“p‘?&él{e‘;!a\kmréh%QTrPS 8&{#89‘?03@',% ‘Eﬂg‘%or@?e \epHoR;for

analysing biological samples comprises: - a reaction chamber and a biochip mounted in the reaction

chamber, -5 2R IShIRGR YRG5 16" BRIFNAGAY RRPBRIFARIRIT BNGH&S ameplter
compensatibrpiheapher cmectddrsosasittecamatuaicdhtengitiiahereatoniohamiagreatéreinnthe

reaction chambetidheraerapensationbaphesantsalitines,cemgeted thereto 25form a chamber
sealed as far as the filling nozzle, wherein the filling nozzle forms a free passage to the reaction

chamber frogg, %ﬁ%@%@‘%?aﬁﬁ@éﬂ%ﬁsa@@ﬁtﬁ% I 0"V V&F@BI@&?&P%NB%S‘?‘W fghtyidp the

filling nozzle in such a way that, when pressed in over a certain distance, fluid is displaced from the
filling nozzItBWaRIRPIRR rEAB IR s Byt rﬁ'éa@iﬁg?iﬁeeﬁﬂfb\ﬂﬁ'ﬂ@%v@ﬁﬁéﬁ‘é§%\?8"89tained:
1. Sinde thevitilifhgdhdaZesnopenintbe thammplessiolaricring dyebsy stenodlive ohieaisilye 8gpedsinghatstandard

pipette. Th%&ﬁdﬁé‘?ngf%% 1B, G2 NS i OTRIE A HDRIMY aN%nDL0s BRIGSEHIEJRMSLLE RULR URIn order

to penetrate a valve. In filling, no force or counter-force needs to be overcome for the sample to be
inserted in Yﬁ@t%ﬂf?ria@QP?rHI?H&’@fhlé’rté?arg‘%f?ércf’éﬁs\‘ﬁfi‘ﬁh'ﬁl}f‘ﬁrfé%@u%'.d%?@&lg‘H?f%lgﬁfj’é? E‘lgﬁ‘bart of

the samplemll &cspdlt 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 100C, no gas bubbles occur in the sample solution, which might impair .
measmemggtg_oo 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



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 sample
solution by the air is small. Consequently, the force which must be applied to a transparent flexible
film, bounding one 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 of displacing the fluorescing sample solution reversible, if the force applied to the film is
varied. This makes possible realtime PCR and the measurement of a melting curve. 5. The tight
closing of the gauidgs by the stapparles.out any sk of coptamination,of the epvironment, 20 The
open filling hOZZIe 15 Connected via fihes communica Ing With e reaction cﬂwam er, aﬁﬂlng level
indicator aihtieieempersiisateMber, 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 Ca””d%%swc%%e&é‘%g %gﬁo‘h.ﬁ;ﬂ 83919 10 of he Slop:, faPaticpInce he %ar[‘#é?ngh%hnb%h the.
compensation chamber an eéh INg nozzle are in communication with-one nbther, the p%ssure in
the ovérall wihtaiflexikpskeny igeduiaiset tsimesrearsBndHerenherysithiesnae kefwhisieHsioned that
the reactiopshasnivae immptetmﬁujéiaadjw@ sapipleefloich ﬁé@h%ﬂ‘i@é%kﬁg@ﬁ@ﬁﬁ%@ ok &by _0-5
bar and preferably arouad.0.4 et is genctated. 30.The Apparatus has an opep filing nogze. This
makes it possible to m?ro Uuce the sam@le $o- futicn %Slng a plpéet?e. tis'not necessary % dse
cannula withal/itican evisactcthbelstidazderodp sateiossofTihiss Kipdile isdaldndsiéieediser eMeness the

sample fluigiHaromaRya e RUSBE RS S UieniinANEresn RsiBNaRERf shenapparatus-aaqardingta the
inven]ii8n, tpé%%riea of the cartridge op- 5 posite the biochip is in the form of a transparent film. The
a

flexible transSpa ésn"’{tﬁ?nug%rves 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

embodme%gfitrel%rﬁresen%lnv%ntlon? one |de of.the reaction ch mb%rr |§1boun ed %Y b]f(9 a.cwri)un

board. The biochip ISTounted direc 3? ixi (érrc]:if)éu(f[e&)'ggd.a ﬁggﬂ%% meas&r%rbagtsrﬁc ures (r)ﬁé%? e

integrated FRIARSEIHSINOIBARE SUET @R iRIAE drE SRrRaS foPhedtitly asasnialil reriah st sample
solution. Ryoidked dorttren¢eantiiddgenis asitbipigdinensaetan,tivhiehekiendsidrothemeoitlidgaiozate around

15the ecactign GhiambRs ardbieati dnteReeundan:zonspf 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 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



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 optical 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 chanebayrevhilete vl ubbeaerdinelistiaietde/ghimprefiling inctiferesoanserstgion

chamber. 30 In th easeeeti L apPAVasoranaky Iaghivlogieahsantles. tie ihetpagecdunay steps in.
which no optical s Fg?rl%g &?#é%?el?'@zﬁﬁo%’? R&%Jﬁe@%%?e%%‘GSB%{‘@%@%%PER&%‘A%‘% WﬁbeShated n

one scanning chaml e apparatus which corresponds roug e internal pressure in the
reaction chamberSAhE¥ L% ¥is made preferably of polypropylene (PP). This is an inert plastic
material which2.5 Téguirsspio stditiorial passidatiorces werfaoes ineosthenar ordeeseethakel posiible
Eﬁ? peratl_Jdre'COHt'@r%ggeQi@llﬂgl&ﬂ'ir‘g%iﬁﬂ%?naoaégﬁﬂ|nyﬁ?\ellﬁ\@I& B@iﬂ@ﬁ)d r‘téhﬁ)éﬁﬁﬁ;?&{‘ iﬁ_‘hﬁﬂ@ b(lar.

e cartridge may_however a a r Sui stic such as.e.g. oolefi olymer
(COG) or another L A B B B O e
the biochip with aR2dRBRAKEHIMGhding layer which can be activated when it comes into contact with
the sample solutidrne\Wiirein the plastie fidatics pressedroacts tive thinchaippteadbleties tiktherbielekijs,

therehy preventingsagplensibtinR fingreniering hseiymen tharaeshipiardpaatiafilanthissgghesive
or bonding layer is aar%fggag% r%gvidetﬂeog\ trgaltearea of the mm which Is Ipoé in contaq} W{'H’l tpe 15area

. . |
of the biochip contz ning ts spots. The adnesive or '%nna}/ng a"f/'érlslsS us proon\ﬁ%%%ﬁgoyas o run around

the active area of tREBIBERIPETARPIRYLATORARTIPHE BXIdMR A itRavrd e teariEnebSiifastiflustrated
in the drawings. Tdredtaningsskow idischemtiiic fampléns@0tiBig. id alperspettivecviepadda caiging of a
cartridge according todhe iy satian i Beriewiri b casing of Fig. 1 in a partly-sectioned side view
togetq r wit_h aASth er, gﬁ} . f3 a cart[(igg accrordin t dtlge ini\aentttgonﬂ sr}msfvi.p1 a seqteiosr(lj?l }/iew
corresgondlng to line AZA p|o%[e%fo%rﬂ?e cairiﬁgocﬁcﬁ?ggf pf—al((j. 4 J%eLfion ?ﬁr%ﬁﬁﬁ”fhe calf!{r?age and
a scanning chamisgyersible, if the force applied to the film is varied. This makes possible realtime PCR

and the measurement of a melting curve.

5. The tight closing of the cartridge by the stopper rules out any risk of contamination of

the environment.

20
The open filling nozzle is connected via lines communicating with the reaction chamber, a
filling 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 filing 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



30Fig. 5 the filling process of the cartridge with the stopper 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 chamber of Figure 4 and a compressed air supply source connected to it, and 10Fig. 10
a section through the 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 comprises a base wall 3 and an
all-round sielrwalla aiithisNonbriyy ssdeis piarmrgdwe éndrased 6 sTmelsideidthrrughging!2eondeich the
side wall 4 jsdesiated is designated as the inside 7. On the side of the base wall 3 facing away from
the side walls 4, a circuit board 8 is fixed to 20the 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

designated 2SMRERIRRGMERLRL 115, FReHiTAREY AR il folMey RteGfafifPaLbig SREEH RN

casing®. 250ttt thkihipelup e Dd &y fiflingyasckoent irmandhe Soxnipedsmiopasectidm s2rveitlastze filling

section 11 |arated paiaarnt indhufeeespeigsr ahthesfilling sunare. 10 aingl ihe-pomp eepigispRSIeN 12

situated beﬁ]/\é%]netgmlg Jmipnﬂsgﬁ%té% 1L %Q‘?ﬁ&% 5(—:;§t“9£ ;Qgclagg)ér%‘ ”t‘rt]i cartridge 1 (Fig. 2). 30The filling
t

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, roughiyerethieodinetie patse aliese poimtehipfromendiiehop tiatresstapperabBotigistiyosedisithe filling
nozzleglO (Figrc3lk bb8rd. 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-



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 the cylindrical
section 16 of the compression section 12. The filling indicator 19 may be in the form of a marking or
calibration mark applied 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 extends roughly
perpendicular to and through the base wall 3.. At the outside 9 of the base wall 3, the filling line section
20 is in thed@thinging lsaioperchecesy, o H eirptietephehigicreiseborittiad g thie dheiitdsoaird 8. 15
Provided rgyigédyrinithesrrtecaf dherrse wall 3 is a rhomboid-shaped through hole 21 which bounds
the reaction chamber 22.  One tip of the rhomboid-shaped through hole 21 points in the direction of
the filling nozzle 10 20and an oppasite tip of the rhomboid-shaped through hole 21 points away from
the filling nd2€ ARM9® FHRPARREFTFE YL CiBRIE WHERGSErbUiP i HBRbIRELhSRET Bhvdtigh hole
21 andbleadsnivitostine dpdiifcthe plaesitsdieh stiapddcds dugtdéole @dewts chalerpesaivyidroperdieréiting
nozz:e igl_Qorﬁ‘«@né@@@%ﬁzéhI@eﬁet@mw;@gmram theodgh W&%L)QHQH&EE%éétbﬁf&@ﬁB@rﬂ m&éhe fill?gg
nozzle 10 is_a.compensation line_section 23. The ensation line.section_23 is formed ip the outside
0 of the bacd Lol T Rt b bt ol S R o L e e
compensatt e Cefio A2 ehritdiahiama§eR) 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

compgmsation ¢RARHRERDlabic e Rl erNS-SIGRLECANREN AN PRATIRLAMiHS i tithiaia of a

recess, open on ane ide olqt e unglersi e ? f the base wall C% A {;\If-conﬁ-ﬁhasped Fect'op of the
or bgn In8 a¥e[f1w 1C Ciir‘b e acf vale en If comes Intd coniact with the sa f Sqnu IRI’].
base wall 3’arches ovet the circuit boar and bounds the compensation chamber 24, which éxtends

to around tHERBiBR BIRtte SAdspiresedzpiavitrbiostiRdicsthpiendatibn Rirshiectisred? Parl&tknt to
the tip of theghezmbidall ttivoutrbnh adet@dndstetoisam ahecbieshipl hedrgtesis iflicloSed crlkeivaside 7 of

the base wall3iRy Pa%’ﬁ!%%?&%Bl?'gfé%%eq%ﬁr‘iﬁ%lFQS%MF%%#HW&H%%%‘A@M%M@P&@ to the
hemlﬁl%wre 26 is %g lished cone 2 %xten ing mtodtﬁle compgnr?%t?lé)n Ime.s?ﬁ:tlon ZSdThe tip of the
cone 10 25 p5irts T AP YRS LRUNCE ST BB an A AL SR Srgi e Bt e 1Btz Pravsis & te
casing 2 is@an3pErend HitdestufepsdhPirisdNRsdt. The hemisphere 26 forms a lens and is preferably
polished on its surface. The hemisphere 26 and the cone 25 form a filling indicator 27 for the reaction

chamber 22, 151{ the JHlng Boisaioned (AN URAWLR SAmRIR-SluM e R eRiaREEregS. owing

to the total reflection of the incident Ii198ht, has a light colour. If the filling indicator 27 is filled with sample
fluid, then tHE¥EHE T¥I B FFBERALY B s Ymple fluid, so that the the total reflection is attenuated. This
caus@9the circuit board 8 located beneath to become visible, and the filling indicator appears dark. 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 thefilling process of the cartridge with the stopper not in place,

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



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 28 is affixed to the base wall 3. The 28 has a
thickness of around 127 pm. 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 offtige fillirgydivseitbetishop thelvertsion epserdong linchsdavionios Wkeillgaynadisaei®? and the
compensation chagther#4, the circuit 12 board 8 seals tightly with these recesses in such a way that
they are bounded at the bottom and form a continuous, communicating and self-contained passage
structure. The circuit board 8 contains contact faces, a digital storage medium (e.g. an EEPROM) and
5an interndl 'Heﬁtin@/ﬁﬁ@%@@ﬂﬁé%“ﬁ‘%thh(@@i‘,W’r‘wf@ﬁ%ﬂf‘ @B%iﬁ%%tﬁﬁéé?élmelﬁ MREte 4P the
circuit board 8, it isfirtsttigssiblganprevige!for heating and cooling a plate of a material with good
thermal conductivity, such as e.g. aluminium or copper. This plate can then be tempered from the
outside usi heating/cooling device. 10In r ly th tre of the through r s, a biochip 30 is
ounted o e o B B S B B o o
predetermined spot§a5e°artveietde braReé biochip 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
undesiged fiyprescenicagiationdsanminadipriskoaigy the bioshina3%isiagtically opaque on the
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 betwéeffttiEleq duithcabiPgindCind! BR ERfS ST kWA RithchRigdsésiveétbonding layer, such as

e.g. a suitable adhesive tape (suit- 20able for biological reactions) or else a silicone adhesive. The

circuit boarg withafxed LariR A8 dnenAlPER VI IgIEARNG SRS fixed &yitofpidrble,

temperature- and water resistant bond may be realised e.qg. sing, biolggically-compatible adhesive
(b6, Lo BRUEN oK el WA B MPASERE SANA oDy SESe A CORbAIE
adhesives. WP tRBGSARS BrARG T FHSSiBres6 covepidarifesraaing drncuah thesideawaltt the adhesive
tape (or adhestea)istocafiixalae biowbim&0eorver 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 option for honding the circuit board 8, biochip 30 and casjng 2 lies in the targeted flat bonding
ot the bioc S8 SHRETETRTLAR 8 GLObANE S SEE OB poard s fhed

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).



13 and the subsequent fixing of the casing 2, wherein the adhesive layer is provided only outside the
reaction chamber 22. With this type of bonding, the transfer of heat from the heating/measuring
structure in the circuit board 8 into the reaction chamber 22 is more efficient. 5The reaction chamber
22 is bounded between the circuit board 8 and the film 28 and by the edge of the rhomboidal through
hole 21. The circuit board 8 is provided with the heatihg/measuring structure in order to heat up the
biochip 30 to a predetermined temperature and to measure the temperature. The film 28 serves as a
viewing panel for an optical detection device, which is able through the film 28 to make an optical scan
of spots on the biochip 1030. Since the 28 is flexible, it may be placed on the surface of the biochip 30
in order to scan it. To close the filling nozzle 10 and to create the overpressure in the reaction chamber
22, a stoppeficloisperridededitn SRS INaLE Yaleraldyvh aithasmapiRstiscetasionmer (TPE).
15The stonger L i3 GUIRANEALIUIAS Glkekles £raseeation it RIS glipeter pldpistop. per 15 is

such that it may be held virtually without play in the compression section™12 of the filling nozzle 10.
The cylindd@f dBiTHeN6IP LA AIRELIYT SHEMRR £ AY R A M BRI FREE A er 15 form a kind of
cylindér-piston system. The stopper 15 is provided with a seal ring 31 of the same material as and
integrally mﬂliﬁ@dmiﬁatﬁ}erspaa?wom@;sﬁomyhm sdegohe 626t tf}lr@g'tsiﬁsrw&bﬁ Mﬁr&ﬂﬁus
groove, in whick (i is located, The st r 15.proyi Huid-tight the hollow
cpaces of g B o R e K S BE e vzt

10.  On tHESRERIESTIEIAHE T HURE P TREEatEIS RGP TR e SR IER AntisefEPe hdBeTs for
25guidanceyuigentimgarsdrate fitiog fozadéiettiomsdeviteddngdritbeanpi oltmeitipnettiee ihdmboidal
reactipn chamgelo22ofignted towards the filling nozzle 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- 30signed for guidance and as stops for a scanning chamber. In

the area of (RN KR (IEnteAANTKEINESEHEGREE fNPARTS INeR b RPBPRAGBA R Der 24, a
circular centrioggpithd $asemailde d\othabtighitechglidise ThsccesitiBnghpifilidd bes\sestinn P4 conjthection

with the stagsfier [ohSRREINGNAEE TASRGAMMNGERAMOR! tURIBMbiiRase @nsbariestop for the

scannli g 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- sarySUBRS R EApIediGRMEcS 1BaLasHwaliBle. anthemneidsaapnd Hoous Arterb\wevel guided
around thepeaatiomehaanter &2nseethzg. 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, the filling nozzle 10 is at
%ne tip opthe rhomboidE)s aped through hole 21 points in the direction of the filling nozzle 10

20 and an opposite tip of the rhomboid-shaped through hole 21 points away from the filling noz-
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.



10 the bottom and the compensation chamber 24 at the top, so that sample fluid may be displaced
reversibly into the compensation chamber 24, while the air bubble during displacement is always
above the sample fluid in the compensation chamber 24. The process of a temperature-controlled
biological detection reaction requires the setting of 15precise temperatures of the sample fluid in the
reaction chamber. Here, in the course of a PCR, temperatures of e.g. between 30(c)C and 98(c)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. 20Provided on the
circuit board 8 (Fig. 7) is a heating/measuring structure 32, which with cur- rent passed through the
ohmic resistoe detcesershenrs compersigtiehekamisieifinihhdoranetianeckhasmbeeonivmeated to the

required tegiperaiure Tnddieieatbngimpasaiay StpHIKecsR-Bray @l thetrarettissabe waed as a

temperaturg, dietecioy, X Uping e eSisiANGS SeAClersc RIFMQASIRIPAL [BIASIALIR 85 A

preferred em ment C ayout of the circuit board 8 is shown in Figure 7. The meandering
heating/meSYAAYERFINIC IS WaLPKY a thin conductor path with a width of 60 pm and a

thickness of 16 pm. It is around 480 mm long. At room temperature it has an electrical resistance of
around 6 tr&0kBEEINtHhE saMBbIEaRAtRd SEoasle Y, copReRt Rsekrrapbr 3RcarpesNtN BrBugiy of

o . : g Al
99.99%. Cappes pf NS Ievel of puridmhigsa lnermgl copfieient whiety 7 e tempeialyrp gange
relevant here, is virtually constant. In its totalit t%e%eatlng measuring structure S torms a rhombus

[
with an eddENSREIRNGNSPTeGRTABINOUHRS 'Q%ﬂ@”%t@rthﬁﬁ’%sﬁlwcﬁz Adiseeh i el dsedsser layer
with a thicketessagi@igiredarhe 5] Sxidndingintic theesovitk resatictthind 3&:fion 28e Toentipdf Aeasistance of
appropimatedyn P AbMs 9 theQiRIMNE RS ara IRkaingAg by oondueiprBANS REARIHKIRE cadhe
biochip 30 as,an edae length of ool 3. m. meaninodhat he hombis dormed by e, o orer
5heating/megsur|n Sthicture 32 AR a?é/mperalfure homogenlspa Ion layer covers a greatgr area than
the biochip&sePly Reigfediphiary8atay be hwiiaeerovith 2 teihperatufe ismaddimeairieaiayér, which
effects honfiegenisatinrottthmbengerature 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 layer. The gol er has the advantage that it js inert for hiological materials and
thoretiao L5 e AR ey et B A S 9P oL 2B Ber. This
reaction chigtab&floctiafesf therefiteralsthbaasse aol iRer dxperitienBdrmiried iRd4edniblving the
biochip. Thiahpradgienisatiandayee hassgaodthasmnal canduetividl Styhinsteatcabe cendangdis

copper-nickel:gold-layalis LGVl Lhich: BEREE IBYSEBURaIRAPEREMAR b1e, ARERIIRGNAUCtor

path integrated in the circuit board 8 has a low inherent thermal capacity. This makes it possible to

achieve high/St5¥ 8PR¥ATITG'ST the sample fluid in the reaction 20 chamber 22.
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 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 themselves 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. Thete two additional conductor paths 35 and 36 are
used to pick up the voltage drop at the heating/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 30the control of the heating/measuring structure 32. The circuit board 8
has condudterrgdtissBY tiahdyowitrelssadang sestics ysbiaty 38R eyt donndetdah tof dattdectrical

semicondugker farenaatyniiflisuse bueeRehiciandnen e isonaatetppd &ssterercatiikation data for the
heating device and also the data from the biological experiments to be made with the biochip of the
cartridge. This data is therefore stored with no risk of confusion. 5The dimensioning of the filling nozzle

10, the filling firf¥ SECHBH %8 HUABACHBIREHARS P 28 S 'CHAR SPRANTH fife FLERR A ARI
compehsatiorinhaaitisagrcAndansistoppaiurs 32 thibicamildoeckristertingemilisinventtadal be
described tﬂ@éﬂwﬁl\liﬁ&éhﬁij/ fﬁﬂﬁ @I&)Sﬁ&@@bi@l@ o g (&{ﬁegbih@%n@i _f(t_)i@iné@-pieﬁé' Beé/ﬁlblﬂér}fﬁpf the
compensatj r nder the assumption that air ves like-an i the pressure
b op o Rt R e B PR AN B o 1
wherein VKETMBSIRE FRTHE GUREiHFIRIR & LR 26 86 #F- VKA the volume of the compensation

line section 23 (... I), VK the volume of the reaction chamber 22 (35.4 pl + 8 pl), Po the environmental
pressyge (1 hai) et e incseares BrRFsEE: 6,4 BrdnRETadeaim il heairiating the height of
the stopperrL pEngiraling, into dhe sempressign eeetion 12,6, 1rsf penclraian alume ofhe stopper W
is calculated, w ich Shoul penetrate inhto the co?npressmn Secton 1 oP{ﬁeeftl‘ﬁln Hozzle 10 without
the filling nd28|8ctigenedrsddipcrindasanirarsre the UBldhe WhRiAcHEnerageLiRtisti@compression
section 12,amotihdhee Stopperdlobraeste vatlsibe edvixdlebsiarsegtiaal Lack heflicsibpenetratida-volume of

the 25stopRee Yy iglewsfremdi QP@MHé'QMW?bXéG@Pt@eFE}o%FF@d ilinghanzlsghuesnibe chamfer
and t% fllllneq/holeélc%@s a?i%r%flus volume V?plté]domﬂn olf tk&e sample fluid which should remain in the
filling nozzIe, SO that with tovements of Auid 1o air cathaﬁai HUE8ss to the filling line section 20, a
sample volume Vp2 (49.9 pl), which is comprised of the 35.4 pl referred to above, 6.5 pl for the filling
|in_e sectionrzﬁradwbﬁg)tﬁercaprrmensaﬂm fiox Bechiplgo 30iingaobthe iiroua caind @araitheserge VL of 30
plin the locf%uﬁ%mﬁsb%'%% ﬁ?é‘b%@hg 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 the casing 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)



17 The air reserve VL remains trapped between the sample solution and the stopper 15. The first
penetration depth hv of the stopper 15 in the compression section 12 therefore follows from the
penetration volume Vv divided by the cross-sectional area of the stopper Av: 5 A second penetration
depth hs 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 ig&ffected. 10Since the sample volume Vps (49.9
ph 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 surplus volumeVpi (10 ph of the sample fluid and the air
reserve VL, which is compressed on account of the pressure build-up. The volume Vt, displaced by the
stopper 152ifeethit BiaRspaesntlilynprelsbedasitious followis thenadhestod dwviigstoravidad pelyeut-v, - vp, - v,
p, The seceri penefsationdepibdreaithe stapRee bhHbrilied:anenressionoseetionch? ienetare

follows from i secand sRnalalem el ¥a(udsd by e cigsersralions ara.aldig aistopper

15A: 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
inventidn cohspréseticn sbambierg2ehahemddd batdetectiercdeviidead dranha tberfipredsantidiy Sigpply
source 50. ehgcldrarzcapningishambegiifole i thedarref sbiibe. id PR titke ditisiaced with an open
sample sidgé%}ﬂ nto.the film, 28 bounding fhe.r ion. i‘ham%a 22 or on tﬁn’ihs al Zgax?rpvided on
top thereot 1T B O R R e
seal and to measure the temperature. The film 28 serves as a viewing panel for an optical detec-
tion device, which is able through the film 28 to make an optical scan of spots on the biochip
10  30. Since the 28 is flexible, it may be placed on the surface of the biochip 30 in order to scan

it.

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



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 into the seal 29 of the cartridge 1 and provides a pressure-tight connection. 10
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 ofighe 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- 15ning chamber 40 rests

pressure-tight on top of the cartridge 1. Located at the end of the scanning chamber 40 opposite the
sample sidediuistirirmohdheoptieaksSyisteradBdiviies treseaneintbetiimesit €)ds avbinarises AWare

provided. 28Couiapatednat sy theamiddleoof 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 precl&y/ oY HERMEA RS ERAPHT LomiEs 3R NN SERRTSENR AN SEPART EHiEC
compréssevitithimenddletieosssibininpshaestien 40 thalthe tpiessiredoadedt isyn2beorhiesseesair in the
area betwegiRerlansesshimpraitheisagislgaslpfyibis Theains teeddng 28 issanplirshlaéto the biochip
30.  Locaiad el B0, 1305 473&%2‘?&83&'%%" AN iﬁ%vf{?éhsfr%”f’ﬂf.“%hh RO 0. 30In the
present emgbod‘lement, three apertures %T are provided In the scanning c amB I’ﬂ .%he etection

device 49 ARSI BRBIIERRS A0 B el @atdNGPole dhH £A8UHSR A 16 ifRfch
reference i§drecebyimaad? isTiiedeitctiocrdetinrecd O ubbiae prisesp aralideDivetilliddreagteotd dastic optics,

LED apticsiiwnidatiaRORECH AL RXSIALALRL dichraie mires. am NaaRefitiienannaigsion filter,
readout optiFs and a cagrpelrr%bPreferablé/ uspd aﬁ%%t s%r%\lﬁ% sin.glgum%gierformance LED with

high opticaPSS\(/a\fjeFeYéerdséngity atrp(? EEBDOB S Wit igﬁrnumerlca éa’p%'rture 5” 'pﬁg%BIeaﬁ%'rmance

light-emittifBeafdiéyvars AR REAGBIR Hes WitheCRMMABIA AL I2R9E84t 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 presentampRdEneBt e igBiRMiBE HRICHISGER DAL rehWRIRGIFal RVEGRNSHMPtion,

90 Im, luminous flux) is used. 10 The light-emitting diodes used emit royghly. pynctuatedly light. By this
e b ISP G CRUUES SRt R R S RO ELF ot 0 ST HhEorably the
emitting suffafe §owsmttrexBEPO B MR X I 5 . IfHe i aniacthd RftiRTaPsirfacdigiedyEoR r the
light may bef ¢ eemisriedidveiib tlicomtividigahlight iayseoicthwidigbhsapeoace rrapieataligned paral-
15lel to on%ﬂ;%%@(hé%ﬂﬁggggamag&gmrbélr:rg(jgrqm@kwymination of biochips also lies in the

variability of the

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
pgm 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 ohms. 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 um and on



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 module- 20tions 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: 25dye Cy5 absorption
maximum at 649nm -excitation by LED LUXEON LD (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 30- excitation by LED LUXEON LM3 (colour green, max. at 530nm)
20 The choice of an LED is made for a wavelength range ME which is required for fluorescence
measuremahish ety clorapyethyBidtyd, HMiexaare YorEess Aresistricand amgrineisivh Ayphetficiency
and a long {ife Zxpeeiansy bedhemamsal avitascs daitsrGRielemant lasdetector, 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%)éfosure time with such cameras is

limited to a TRRARLINGE N8RS A GRIBHENHNRIATNY &8s BE T8I 1821 (NSLORR IS YR PYr{BSmage of
the bidzhiphdimdongesutiesestpotuneIthaedtademeatauhbdinegesisetice Isignalsverd avrietieran be
detected. Thiessthanake efdbgsflimrescence 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 béquite a few seconds, a processing time of several

minutes cah5ePEaVERRA S BRYER BioEes Wi S/ HEW AR hBORRIaN S KYiply W IEFISe kept
short. Thes®netgtvalgtiongf éxposuperdtbrémiesialsoreprisaniesm sideanthgeicaihpaaeti8vithe
convetionglscaRNRESH YRR S8R BAiYiduah SRS & RRRHEDRRKEINFS W ihthinJkasedie the
exposure time i ot el yarlabie. Thioyal the cighvalc miror, the llumination gpties are, separated
from the readougo ics9°20 e illirnato opﬁcs are provmged with & high numerlgéﬁaaper{aure. The

readout ap@ltiedi& REEENiR BsEcBlerRteHath BRI ReaButiBtt COMads e isreyeidn b ipre-
numerical aipertueenbkth€hieacktiivapticenty areang ieveitch alscopdrastd ich athagexyétinmaianal

imaging eriQls fsthe sPaieoRfith e grlin is ARLAIBR[M KR SRR AN dNERBH TRHG| aRsitikic-of the
reado;rg ch nqel houlg not e cegd 0.25 al’.lq(ShOLf%jd referabl .beI n%. reater than 0.15. 25 The two
lenses™47 iVtNASEERS A AT RANRE SPBRTH & SIigRi n'éj%i‘ah %ﬁ%{%ﬁveﬁ %ﬁdg&%%pﬁ% RSSO GlR e,

The use of BREBY[SEEAtus for analysing biological samples using temperature-controlled bio-

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



30logical 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 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 29 and ensures a péessure-tight connection. 5The 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 thersaralficatiaiddetefoésimeting 3@Vt TN filsorthsceriedrpnitecrbiolasficheespenipiedhamber

is screenedoik HhigitheraforHassile teakeiadluvieseenreteragroittiedoiaehip gk &F ayxing
(forced conyegtion) of the sample has a positive effect on the speed of reaction of the
hybridisation/incubation, therefore the hybridisation/incubation time reduces and higher 15signal
intensities are possible. Such forced convection may be obtained by varying the over- pressure at the
outside of thesfilimeDsierioginé lintditfiad overfsré8stive fiffnthdincastritige 20athe teaitigneitahber2éhe
"winqlow" fitAe 2:8&’&)8&;@5[‘?%@@%@“&‘5?@%% &ﬁlﬁ%\a\;ﬁﬂidwéﬁgrﬁ@&tmadﬂ,tﬁ@ét&w&mb%ﬁwﬁied to
plastic de- 20 fgrmation, Tiys BRSSMENBE MEYEAlRed b A SHEA Q/SIPIESIIR, plse amounting
to 0.4 bar. This 1s of advantage e.g. during amplification, in which the film is subje(Y,Pto considerable
thermal str884iMmep thig-caddbfife%agBaratus according to the invention it is advantageous that
extensive sur- 25face irregularities on the biochip 30, other than with rigid cover glass slides known
f;\om lﬁhﬁ prfﬂf&ff&ﬁ}ﬁgﬁﬂ@f&tﬁﬁﬁ@ﬁéﬂ?@rﬂHg%ﬁ%ﬁem%_@%e a@ﬂ;ﬁﬁ@%ﬁiﬂagfglﬁol&\%{@fstmi@ﬂﬁ’? and
the closeness of the fi to the biochjp the optical quality of the fi s only slight effect on
the abity e T Rt AT B SRR g R e O RS ey 20 i
reversible, SPtHRit P¥al-time PCR is possible
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15
wherein Vg is the volume of the filling line section 20 (6.5 ul), Vka the volume of the compen-
sation line section 23 (... pl), Vg the volume of the reaction chamber 22 (35.4 ul + 8 ul), po the
environmental pressure (1 bar) and p, the increased pressure (1.4 bar).

20  To begin with, In calculating the height of 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 V\y follows from the overall volume V; (150.2 ul) of the filling nozzle between the
chamfer and the filling hole, less a surplus volume Vp4 (10 ul) 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 Vp, (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 ul 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:

V=V, =V =Vp, =V,

t



22 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 5stopper 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. 23 List of
reference numbers: 27 1 cartridge 2 casing 30 285

The air reserve V| remains trapped between the sample solution and the stopper 15. The first
penetration depth hy of the stopper 15 in the compression section 12 therefore follows from
the penetration volume Vy divided by the cross-sectional area of the stopper Ay:

A
AV

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 ul) 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 volumeVp; (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

v,=v v, -2y

t t
1

The second penetration depth hs 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 Av:

=
AV
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.



3 base wall 29 4 side wall 30 5 long side 31 6 end face 32 7 inside

10

15

20

25

30

18

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 flat 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 AA: 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.

5  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.

10  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

15  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-

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 sur-
25 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-

30 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.



25 cone 51 26 hemisphere 55 Zenteris GmbH 5 Z 1037 PCT Patent claims 10 1. Cartridge for
analysing biological samples with - a reaction chamber (22) and a biochip (30) mounted in the reaction
chamber (22) - a filling nozzle (10) connected so as to communicate with the reaction chamber (22),
und - a compensation chamber (24) connected so as to communicate with the reaction chamber
15(22), wherein the reaction chamber (22), the compensation chamber (24) and all lines con-

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 a7 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



nected thereto form a chamber sealed as far as the filling nozzle (10), characterised in that, the filling
nozzle (10) forms a free passage to the reaction chamber (22) from outside the cartridge (1), and a
stopper (15) is provided which fits positively and tightly in the filling nozzle 20(10) in such a way that,
when pressed in over a certain distance, fluid is displaced from the filling nozzle (10) towards the
reaction chamber (22). 2. Cartridge according to claim 1, characterised in that, 25the volume of the
compensation chamber (24), the reaction chamber (22) and all lines com- municating with them
including the filling nozzle (10) and the volume displaced by the filling nozzle (10) are so dimensioned
that, with a sample of predetermined volume in the reaction chamber (22), an increase in pressure of
at least 0.2 bar and preferably of at least 0.3 bar is generated. 30 3. Cartridge according to claim 1 or
2, characterised in that, 25 the filling nozzle (10) is connected to the reaction chamber (22) via a filling
hole (18), with a diameter designed so that, on filling without pressure increase, no sample fluid
passes through the filling hole (18) due to its surface tension. 54. Cartridge according to any of claims
1to 3, cha RIS ”ﬂt?'f?]at, the filling nozzle (10) has a filling section (11), which allows the biological
sample to BelivdroPaliced from outside, and which leads into a cylindrical compression section (12),
wherein the filling section (11) has a larger cross-section than the compression section (12) and the
com- 10pression section (12) is connected to the reaction chamber (22) via the free passage, and the

Patent claims

10

1. Cartridge for analysing biological samples with

- a reaction chamber (22) and a biochip (30) mounted in the reaction chamber (22)

- a filling nozzle (10) connected so as to communicate with the reaction chamber (22), und

- a compensation chamber (24) connected so as to communicate with the reaction chamber
15  (22), wherein the reaction chamber (22), the compensation chamber (24) and all lines con-

nected thereto form a chamber sealed as far as the filling nozzle (10),

characterised in that,

the filling nozzle (10) forms a free passage to the reaction chamber (22) from outside the

cartridge (1), and a stopper (15) is provided which fits positively and tightly in the filling nozzle
20  (10) in such a way that, when pressed in over a certain distance, fluid is displaced from the

filing nozzle (10) towards the reaction chamber (22).

2. Cartridge according to claim 1,
characterised in that,

25  the volume of the compensation chamber (24), the reaction chamber (22) and all lines com-
municating with them including the filling nozzle (10) and the volume displaced by the filling
nozzle (10) are so dimensioned that, with a sample of predetermined volume in the reaction
chamber (22), an increase in pressure of at least 0.2 bar and preferably of at least 0.3 bar is
generated.

30
3. Cartridge according to claim 1 or 2,
characterised in that,



stopper (15) is designed so that it may be held tightly in the compression section (12) . 5. Cartridge
according to any of claims 1 to 4, characterised in that, 15the stopper (15) is provided with a
continuous seal ring (31), which is so designed that it makes a fluid-tight seal with the compression
section (12). 6. Cartridge according to any of claims 1 to 5, characterised in that, 20the reaction
chamber (22) is bounded on a first side by a transpa®nt, flexible film (28), which forms a viewing
window. 7. Cartridge according to claim 6, characterised in that, 25a seal which surrounds the viewing
window is provided for pressure-tight placing on the car- tridge (1) of a scanning chamber (40) of an
apparatus for the analysis of biological samples. 8. Cartridge according to any of claims 1 to 7,
characteris@é¢ filifan 3o &10arericRyme¢tiedds theashniqR)onahetiralyla roldifa hote b Wie reaction
chamber (2RnwheredsiieeasingniR) hCOMERAJR P eissUibpRrFdAR) Insusvplwvayithahtleircuit
board (8) cwg&imﬁet n&%@oé%smet%l‘&g%@%gg tre(?%%ipn chamber (22), wherein a viewing panel
e of the reaction cham

26 is formed in the si er opposite the circuit board (8) and a heating/measuring

structure is integrated in the circuit board (8). 9. Cartridge according to any of claims 1 to 8,
5 4. Cartridge according to any of claims 1 to 3,

characterised in that,

the filling nozzle (10) has a filling section (11), which allows the biological sample to be intro-

duced from outside, and which leads into a cylindrical compression section (12), wherein the

filling section (11) has a larger cross-section than the compression section (12) and the com-
10  pression section (12) is connected to the reaction chamber (22) via the free passage, and the

stopper (15) is designed so that it may be held tightly in the compression section (12) .

5. Cartridge according to any of claims 1 to 4,
characterised in that,

15 the stopper (15) is provided with a continuous seal ring (31), which is so designed that it
makes a fluid-tight seal with the compression section (12).

6. Cartridge according to any of claims 1 to 5,
characterised in that,
20 the reaction chamber (22) is bounded on a first side by a transparent, flexible film (28), which

forms a viewing window.

7. Cartridge according to claim 6,
characterised in that,

25  a seal which surrounds the viewing window is provided for pressure-tight placing on the car-
tridge (1) of a scanning chamber (40) of an apparatus for the analysis of biological samples.

8. Cartridge according to any of claims 1 to 7,
characterised in that,

30 the cartridge (1) has a casing (2) with a through hole (21) to form the reaction chamber (22),
wherein the casing (2) is connected to a circuit board (8) in such a way that the circuit board
(8) covers the through hole (21) to bound the reaction chamber (22), wherein a viewing panel



5characterised in that, a filling line section (20) is provided, extending from the filling nozzle (10)
around the reaction chamber (22) and leading into an edge area of the reaction chamber (22) at a
distance from the filling nozzle (10). 1010. Cartridge according to claim 9, characterised in that, the
reaction chamber (22) is connected at its edge area to a filling indicator (27) which lies diametrically
opposite the edge area, which is connected to the filttg line section (20). 1511. Apparatus for the
analysis of biological samples using temperature-controlled biological reactions, comprising a cartridge
(1), in particular according to any of claims 1 to 10, wherein the biochip (30) has an active side and the
area of the cartridge (1) opposite the active side of the biochip (30) is in the form of a transparent film
(28) and isiarfeierst witheckideapcéfrarpatierbidemip¢30RREEaddte ctithitidgie, &hdeakseahitg

chamber whigh B8Ry coubretad tadhetearihidgec(dkuipresrugytight, in the area of the film 28,
wherein the detection device is connected to the chamber in such a way that the biochip (30) may be
scanned through the film (28) and a comFgéessed air line leads into the scanning chamber, so that the

film (28) may 7 €995r85SM !B P oh G 1R it is 25pressed flat against the biochip (30). 12.
Apparatus abaurciexiseddiaithat.l, characterised in that,  a piston/cylinder pump is provided as

compressed RihguiRBl¥adrc@ (R pio\vdder dxshiplyitnastaRgingabamherddd wihdyassure. 13.

Method of filling,a cayirid rding to any of claims,1 to 10..characteri gg'j]n hat. 27 th rtridge
(1) is filled \‘/’\hﬁm’%t??eé g%ér?%ﬁi%é%r?ggzlrﬂe%( Bf%%g.nﬁ%pﬁéf} 363%%93 %’égﬁ%ﬁ el %théss%@%%ﬁ'i%%the filling
nozzle (10)N&dine RREAS e fluid is forced into the reaction chamber (22) and the latter is filled from
bottom to top, and an air bubble remains in a compensation chamber (24) downstream of the reaction

champigr (28). Gadd¥etherinfanalksing a biological sample using an apparatus according to claim
11 or 12 and a caytrid & aceor Ing to any of claims 1 to 10, characterised in that,

characteris In that,

the reaction chamber (22) is connected at its edge area to a filling indicator (27) which lies

diametrically opposite the edge area, which is connected to the filling line section (20).

15  11. Apparatus for the analysis of biological samples using temperature-controlled biological
reactions, comprising
a cartridge (1), in particular according to any of claims 1 to 10, wherein the biochip (30) has
an active side and the area of the cartridge (1) opposite the active side of the biochip (30) is
in the form of a transparent film (28) and is arranged with clearance from the biochip (30),
20  a detection device, and
a scanning chamber which may be connected to the cartridge (1), pressure-tight, in the area
of the film 28, wherein the detection device is connected to the chamber in such a way that
the biochip (30) may be scanned through the film (28) and a compressed air line leads into
the scanning chamber, so that the film (28) may be so pressurised by air pressure that it is
25 pressed flat against the biochip (30).

12. Apparatus according to claim 11,

characterised in that,

a piston/cylinder pump is provided as compressed air supply source (50), in order to supply
30 the scanning chamber (40) with pressure.

13. Method of filling a cartridge according to any of claims 1 to 10,
characterised in that,



the cartridge (1) is arranged in the apparatus with the filling nozzle facing downwards, while 10 to
conduct an optical scan of the reaction chamber, an overpressure of preferably 1 bar to 4 bar is
created in the scanning chamber (40) in such way that the film fits up against the biochip and the
sample fluid is displaced from the reaction chamber (22) towards the compensation chamber (24),
while an air bubble remains above the sample fluid @vthe compensation chamber. 15 15. Method of
analysing a biological sample using an apparatus according to claim 11 or 12 and a cartridge
according to any of claims 1 to 10, in which, during the steps in which no optical scanning takes place
and the reaction chamber  (22) is heated, a pressure is generated in the scanning chamber (40)
which corrékpaads s diipiyitedhatiniémapprelingenieoraife (KA dkeinghimitigs (22l a stopper is

then pressed into the filling nozzle (10), so that the sample fluid is forced into the reaction
chamber (22) and the latter is filled from bottom to top, and an air bubble remains in a com-
pensation chamber (24) downstream of the reaction chamber (22).

14. Method of analysing a biological sample using an apparatus according to claim 11 or 12
and a cartridge according to any of claims 1 to 10,
characterised in that,
the cartridge (1) is arranged in the apparatus with the filling nozzle facing downwards, while
10 to conduct an optical scan of the reaction chamber, an overpressure of preferably 1 bar to 4
bar is created in the scanning chamber (40) in such way that the film fits up against the bio-
chip and the sample fluid is displaced from the reaction chamber (22) towards the compensa-
tion chamber (24), while an air bubble remains above the sample fluid in the compensation
chamber.
15
15. Method of analysing a biological sample using an apparatus according to claim 11 or 12
and a cartridge according to any of claims 1 to 10,
in which, during the steps in which no optical scanning takes place and the reaction chamber
(22) is heated, a pressure is generated in the scanning chamber (40) which corresponds
20  roughly to the internal pressure in the reaction chamber (22).



