1 MICRO CHIP FIELD OF INVENTION The disclosure is related to a micro PCR (Polymerase chain
reaction) chip comprising a 5 plurality of layers made of low temperature co-fired ceramics (LTCC).
The disclosure also provides for a portable real-time PCR device with disposable LTCC micro PCR
chip. BACKGROUND OF THE INVENTION 10 Receht advances in molecular and cell biology have
taken place as a result of the development of rapid and efficient analytical techniques. Due to
miniaturization and multiplexing techniqueB{i cgmpiochip enable the characterization of
complete geno Eﬂ'f)%ﬁ" 'ﬁnenta setup. PCRis @ molecular biology method 15 for the
in-vivo amplificatt lecules. The PCR technique is rapidly replacing other time
consuming and less sensitive techniques for identification of biological species and pathogens in
forensic, envirorihfetitsloimisdraled Tﬂ6d%‘ﬁﬁalp%ﬁ%@ﬁ?ﬁ?)ﬂﬁ‘ﬁh@aﬁf&éiﬂﬁﬂﬁ%&rpﬂﬂahas become
the most importghikfitabtiaststaada dfdoscienpeatlabosafiesiocfoniaslgdige Ou mbedieflosalkecular and
clinical diagnoste, 40 RN ARYRIORNSNE Madadnde SR eRINIME e GalipeR CR, have led
to rapid reaction processes compared to conventional methods. During the past several years,
microfabrication“t#hnology has been expanded to the miniaturization of the reaction and analysis
system such as PCR analysis with the intention of further reducing analysis time and consumption of
reagents. SeverBAGKEROUND OISTHREINEENTIONING 250n the 'lab-on-a-chip’ devices and have led
to number gf advances in the fields of miniaturized separation and reaction systems. In most PCR's

available now, iRglapiaetssieMRBIAUE SRARAEDBIS:N MaROSiBIepRcaSE RESRIPIR, CoNtainer,
and cycler heat ?i‘ia efacities, e}nd exterhd%% amplificlatiorlnﬁirmes of 2 to 6 hours result, During the periods
when sample te gg?gf‘l‘ﬁ‘ét PRI 4 SHE B ra e?)r{’éqflgﬁnﬁgeureafﬁr@'t%'aélﬁgﬁg’ﬂ &draneous,
undesirable reastittipexowtdttaioms slikaeginp oitinorekigehps anblerdatehamernzatdnteffering
compounds. complete genomes in a single experimental setup. PCR is a molecular biology method

15  for the in-vivo amplification of nuclear acid molecules. The PCR technique is rapidly
replacing other time consuming and less sensitive techniques for identification of
biological species and pathogens in forensic, environmental, clinical and industrial
samples. Among the biotechniques, PCR has become the most important analytical step
in life sciences laboratories for a large number of molecular and clinical diagnostics:

20  Important developments made in PCR technology like real-time PCR, have led to rapid
reaction processes compared to conventional methods. During the past several years,
microfabrication technology has been expanded to the miniaturization of the reaction
and analysis system such as PCR analysis with the intention of further reducing
analysis time and consumption of reagents. Several research groups have been working

25 on the ‘lab-on-a-chip’ devices and have led to number of advances in the fields of

miniaturized separation and reaction systems.

In moét PCR’s available now, instantaneous temperature changes are not possible
because of sample, container, and cycler heat capacities, and extended amplification
times of 2 to 6 hours result. During the periods when sample temperature is making a
30 transition from one temperature to another, extraneous, undesirable reactions occur that

consume important reagents and create unwanted interfering compounds.



2 OBJECTS OF INVENTION An object of the present invention was to provide for a micro chip
allowing faster PCR performance. Another object of the present invention was to provide for an
improved micro chip. One of the main objects of the invention is to develop a micro chip comprising
plurality of layers of LTCC. Still another object of the 4nstant invention is to develop a method of
fabricating the micro chip. ~ Yet another object of the instant invention is to develop a micro PCR
device 15comprgRIECESOBINENISUNanother object of the present invention is to develop a method
of diagnosing disease conditions using the micro-PCR device. 20 STATEMENT OF INVENTION
Accordingly the iy Ran PRVHESOh ARG LB GRIRIRING ﬁawéﬂgxlﬂmﬂwgtmmof low
temperature co-fired ceramics (LTCC), wherein a reaction chamber is formed in a plurality of reaction
chamber layers F6HP5R8A5E a sample, a conductor is 25 embedded in at least one conductor layer
placed below the reaction chamber and a heater is embedded in at least one heater layer placed
below the condustothknygbi¢s) ohtheatiesmtdnYalsimmaniamtapmeidde Ghigndoprpyisimjdaeeisteps: (a) arranging
plurality of layers made of low temperature co-fired ceramics (LTCC) and having a well to form a
reaction chambeyad o} ihagisig &bjleaBreReilyRiafit bQE aepwHisRahpashhaiawpioa®) chamber, (c)
placing one or ‘se%/lgrg}scocmT r layer(s) between the heater and the reaction chamber, and (d)
interconnecting the )(ayers o form the micro chip; a micro PCR device comprising: (a) a micro chip
comprising!Blurality of layers of LTCC, wherein a reaction chamber is formed in a plurality of layers for
loading sample, s;pnghégker ibjeonbedderidamtipastioneslayaswriBsadmhalow dhasaasatipnuchamber and
35heater is embnq%goe%in atleast one layer placed below the conductor layer(s); (b) a 3 temperature
sensor embeddéd in the micro chip or placed outside the chip to measure the chip temperature, (c) a
control circuit to control the heater based on the temperature sensor input; and (d) an optical system to
detect fluorescente ¥gihar fASiFcthef st instaahdneHithddl &F dstetang anidnaiR idexisample or
diagnosingia diseageisanthiéiaticro chip.

Still another object of the present invention is to develop a method of diagnosing

disease conditions using the micro-PCR device.

20 STATEMENT OF INVENTION

Accordingly the invention provides for a micro chip comprising a plurality of layers
made of low temperature co-fired ceramics (LTCC), wherein a reaction chamber is
formed in a plurality of reaction chamber layers for loading a sample, a conductor is
25 embedded in at least one conductor layer placed below the reaction chamber and a
heater is embedded in at least one heater layer placed below the conductor layer(s); a
method of fabricating a micro chip comprising the steps: (a) arranging plurality of .
layers made of low temperature co-fired ceramics (LTCC) and having a well to form a
reaction chamber, (b) placing at least one layer of LTCC comprising heater below the
30 chamber, (c) placing one or several conductor layer(s) between the heater and the
reaction chamber, and (d) interconnecting the layers to form the micro chip; a micro
PCR device comprising: (a) a micro chip comprising plurality of layers of LTCC,
wherein a reaction chamber is formed in a plurality of layers for loading sample,
conductor is embedded in atleast one layer placed below the reaction chamber and

35 heater is embedded in atleast one layer placed below the conductor layer(s); (b) a



5 using a micro-PCR device, the method comprising steps of: (a) loading a sample comprising nucleic
acid onto a micro chip comprising plurality of LTCC layers, (b) amplifying the nucleic acid by running
the micro-PCR device; and (c) determining the presence or absence of the analyte based on a
fluorescence reading of the amplified nucleic acid, or3determining the presence or absence of a
pathogen based on a 10fluorescence reading of the amplified nucleic acid to diagnose the disease
condition. BRIE keipetiR| FEhbQN rate dBEE Gl P4l YN GrdoiRAMYiIdd @fs dihip tmweation will now be

described with rele{RE AR ACKITAMANICLRYRIR A HE KBS BSUPURANARNOGKAPhIC view of an

embodiment of the LTCC micro PCR chip. Figure 2 shows a cross-section of an embodiment of the

LTCC micro PCEERIpNRYE e 442 38 patisabsisten todriscti Sunyroeansh Senplofiomeht sRlsLTCC micro
PCR chip. Figute 4nsthowsfadelatingliagnaatyef mmennde ioneliignbiheg eirdistasondnditing the heater

20and thermistaf. Fiayne 5 stieye qmadelonie.ahaeasHe chember drsignifabrgaled. Figure ©

shows melting of lambda-636 DNA fragment on chip using the integrated heater/thermistor, controlled
by the handheld°ORRIISINg GUFt? arigypate @ misr e sammrbing ke 1of BRECHaYHeMon chip. (a)
Realtime 25fluomasgsdiyiag signaditionciheychiiiql)henageodfCRalgateamidr (o)rigtehaiminppliication

product. Figure SR, pIR0% Ph2 B AL BGsESAeiRad.Abd Nagtle BIGR (rlfrioosomal uni

of salmonella. ~ Figure 9 shows an image of a gel of direct blood PCR for 16S ribosomal unit of

30salmonella. FYEKdc1 B idh ssISTTRGE dicaRjeteafiecr RBkHE PER RIS rbsedalIunit of

salmonellalo  fluorescence reading of the amplified nucleic acid to diagnose the disease condition.

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS

The invention will now be described with reference to the accompanying drawings:

15  Figure 1 shows an orthographic view of an embodiment of the LTCC micro PCR chip.
Figure 2 shows a cross-section of an embodiment of the LTCC micro PCR chip.
Figure 3 shows a layer-by-layer design of an embodiment of the LTCC micro PCR
chip.

Figure 4 shows a block diagram of an embodiment of the circuit controlling the heater

20  and thermistor.

Figure 5 shows a model of the chip reaction chamber design fabricated.

Figure 6 shows melting of lambda-636 DNA fragment on chip using the integrated
heater/thermistor, controlled by the handheld unit.

Figure 7 shows PCR amplification of lambda-311 DNA fragment on chip. (a) Realtime

25  fluorescence signal from the chip; (b) Image of the gel confirming the amplification
product.

Figure 8 shows an image of a gel of processed blood and plasma PCR for 16S
ribosomal unit of salmonella.
Figure 9 shows an image of a gel of direct blood PCR for 16S ribosomal unit of

30  salmonella.

Figure 10 shows an image of a gel direct plasma PCR for 16S ribosomal unit of

salmonella.



4 Figure 11 shows PCR amplification of gene of Salmonella using microchip. (a) Realtime
fluorescence signal from the chip; (b) Image of the gel confirming the amplification product. Figure 12
shows time taken for amplifying Hepatitis B Viral DNA using LTCC chip 5Figure 13 shows melting
curve of LTCC chip for derivative of the fluorescence4signal for melting of 2'..-311 DNA. DETAILED
DESCRIPTION OF THE INVENTION The present invention relates to a micro chip comprising a
plurality of layerigweel bf sidvoRGBNyperiificaeonodirgeheesfirbabadielle Ginyheiackige&ytion chamber
i formed In a PRIIBhOASACUINCEIMACHEN R 'OhilABP hd R20INMR IOk Gampedded in at
least one conductor layer placed below the reaction chamber and a heafer is embedded in at least one
heater layer pIa@E@lE&ﬁWWﬁéoﬁbﬁductor layer(s). 15In one embodiment of the present invention, the
reaction chamb@igarea\yigdvsvitihedkan spanepiianlepadds BrvonemmbadnENCofdkip present
invention, the chyp, GOMBNESR AMEMREIANY ‘8&91‘@8rch%é’kﬂr%@ﬁvﬁmg%ﬁﬁ%eﬁﬁ&fe@e% erﬁérﬁqt nvention,
the temperature sensor is embedded in at least one sensor layer of the chip. In one € %odlment of the
present inventiof?,’fﬁ%“té&ﬂféféﬂdrgrgénsor is a thennistor. 25In one embodiment of the present
invention, the Cf#%?ﬂﬁfﬂﬁ f19ﬁ§8f 16%96 q&%ml control circuit to the temperature
sensor and the ; gaﬁ'rrrenrgﬁﬁre@p'rme mvention, the temperature sensor is placed
outside the chip to measure the chip temperature. ,

he present invention relates to a micro chip comprising a plurality of layers made of

10 low temperature co-fired ceramics (LTCC), wherein a reaction chamber is formed in a
plurality of reaction chamber layers for loading a sample, a conductor is embedded in at
least one conductor layer placed below the reaction chamber and a heater. is embedded

in at least one heater layer placed below the conductor layer(s).

15 In one embodiment of the present invention, the reaction chamber is covered with a

transparent sealing cap.
In one embodiment of the present invention, the chip comprises a temperature sensor.

20  In one embodiment of the present invention, the temperature sensor is embedded in at

least one sensor layer of the chip.

In one embodiment of the present invention, the temperature sensor is a thermistor.

25 In one embodiment of the present invention, the chip provide for contact pads to

connect external control circuit to the temperature sensor and the heater.

In one embodiment of the present invention, the temperature sensor is placed outside
the chip to measure the chip temperature.

30
In one embodiment of the present invention, the reaction chamber is surrounded with

conductor rings.

In one embodiment of the present invention, the conductor rings are connected to the

35  conductor layer(s) with posts.



30 In one embodiment of the present invention, the reaction chamber is surrounded with conductor
rings. In one embodiment of the present invention, the conductor rings are connected to the
35conductor layer(s) with posts. 5 In one embodiment of the present invention, the conductor is made
of material selected from group comprising gold, silver, platinum and palladium or alloys thereof. 5In
one embodiment of the present invention, there is a gap between the reaction chamber base and the
heater, and said gap is ranging from about 0.2mm to about 0.7mm. In one embodiment of the
present inventiokn, direesdoordieciy 6ok oresehialvgitahsthegsiedigseleotedt rbmateriploglsatesimprising blood,
serum, plasma, fig3ussupadiiariSRYEIR, 3NGHINRInMQRE SMRedNe Bl Sfsthe-Rsesent invention, the
reaction chamber has a volume ranging from about 1 pi to about 25ul. 15 The present invention also
relate to a methpd of fabricating a mpicro chip comprising the steps: aﬁ rrangi lurality of layers
made of Iovr:/g ten%)é)flgttfrné%ggfﬁrea égra?n crgs%_l 8&%“2%‘5 I%Eéle\ﬁnéf' a e tgloe %?%ggfgggggﬁxchamber, 20b)
placing at least gehgydass prdChechrpiprising #éhgapbelswene Seanabert & maeiny8ak or several
conductor layer(s)hgtween the heater and the reaction chamber, and d) interconnecting the layers to
forrn the micro chip. 25In one embodiment of the present invention, wherein placing at least one layer

of In one embodiment of the present invention, the sample is food or a biological sample
10  selected from a group comprising blood, serum, plasma, tissues, saliva, sputum and

urine.

In one embodiment of the present invention, the reaction chamber has a volume ranging

from about 1 pl to about 25pl.

© The present invention also relate to a method of fabricating a micro chip compfi'sing the
steps:
a) arranging plurality of layers made of low temperature co-fired ceramics (LTCC)
and having a well to form a reaction chamber,
20 b) placing at least one layer of LTCC‘comprising heater below the chamber,

c) placing one or several conductor layer(s) between the heater and the reaction
chamber, and

d) interconnecting the layers to form the micro chip.
25 In one embodiment of the present invention, wherein placing at least one layer of
LTCC comprising a temperature sensor between the heater and the reaction chamber or

below the heater.

In one embodiment of the present invention, the chamber is surrounded with

30  conducting rings.

One embodiment of the present invention provides posts to connect the conducting

rings to the conductor layer(s).

35  The present invention also relates to a micro PCR device comprising:



LTCC comprising a temperature sensor between the heater and the reaction chamber or below the
heater. In one embodiment of the present invention, the chamber is surrounded with 30conducting
rings. One embodiment of the present invention provides posts to connect the conducting rings to the
conductor layer(s). 6 a) a micro chip comprising pr%Iity of layers of LTCC, wherein a reaction
chamber is formed in a plurality of layers for loading sample, conductor is embedded in atleast one
layer placed below theeyeaatioro athipniverpaistid ehitelitys ehigeddefifGileastene dayartiptaced below

the conductor layer(s); SRy aEIPREFAHEE FEDBREFRIIARE RIS EHE LARR, AbRIRGEA; utside the

chip to measure the chip temperature, c) a control circuit to control the heater based on the
temperature sensor inputcpfided in atlegstong layer plagedcheiqy Histeae ol rBYBBHANSRFALT from the
sample. 10 In one embodembtdfcthia pilese ohérwanipticedivel o e dadudtanidyeal); device. In one

embodiment of the pregeptveRgo e AexisadRAATMONST i 3 0AKRRIEQMRIggEplatiom. 15 In

one embodiment of the’ present invention, t evice Is arranged In an array to carry out multiple
PCRs.  In one embodifidPasfihBsiuigdsitasiAtton, the micro chip is releasable from the 20device.
The present invention glsodsiadesitcun @ edhtol tHedetaatthigednmthrlyaparsngasepberanglicgnosing a
disease condition using a micro-PCR device, the method comprising steps of: 25a) loading a sample

comprising nucleic acid onto a micro chip comprising )
d) an optical system to detect fluorescence signal from the sample.

10

In one embodiment of the present invention, the device is a hand held device.

In one embodiment of the present invention, the device is controlled with a portable
computing platform.

15
In one embodiment of the present invention, the device is arranged in an array to carry

out multiple PCRs.

In one embodiment of the present invention, the micro chip is releasable from the

20  device.

The present invention also relates to a method of detecting an analyte in a sample or
diagnosing a disease condition using a micro-PCR device, the method comprising steps
» of:
25 a) loading a sample comprising nucleic acid onto a micro chip comprising
plurality of LTCC layers,

b) amplifying the nucleic acid by running the micro-PCR device; ;nd
¢) determining the presence or absence of the analyte based on a fluorescence
reading of the amplified nucleic acid, or determining the presence or
30 absence of ‘a pathogen based on a fluorescence reading of the amplified

nucleic acid to diagnose the disease condition.

In one embodiment of the present invention, the nucleic acid is either DNA or RNA.



plurality of LTCC layers, b) amplifying the nucleic acid by running the micro-PCR device; and c)
determining the presence or absence of the analyte based on a fluorescence reading of the amplified
nucleic acid, or determining the presence or 30absence of a pathogen based on a fluorescence
reading of the amplified nucleic acid to diagnose the disease condition. 7 In one embodiment of the
present invention, the method provides for both qualitative and quantitative analysis of the amplified
products. 5In one embodiment of the present invention, the sample is food or biological sample. In one

embodiment of e presRRL KGN IPRe e IR RISRLAARPIEASFIESIRARI ARRURGRIPISING blood

serum, plasma, tissues, saliva, sputum and urine. 10ln one embodiment of the present invention, the
pathogen is sel@BferitiAtyepBrisEatiBriamelifird gedupticteria, fungi, yeasts and protozoa. The term
"reaction chamber layer" in the disclosure refers to any layer of the micro 15chip involved in the

formation ofhe e AR AN, CARTASE BGIELAMERINRSANBRLINA ATBIR..T gt conducor

layer" in the disclosure refers to any layer of the micro c aving a conductor embedded in it. 20 The
term "heater layer" in the disclosure refers to any layer of the micro chip having a heater embedded in
it. In one embodiment of the present invention, the biological sample is selected from a

group comprising blood, serum, plasma, tissues, saliva, sputum and urine.

10 In one embodiment of the present invention, the pathogen is selected from a group

comprising viruses, bacteria, fungi, yeasts and protozoa.

The term “reaction chamber layer” in the disclosure refers to any layer of the micro
15  chip involved in the formation of the reaction chamber and that comes into contact with

a sample.

The term “conductor layer” in the disclosure refers to any layer of the micro chip -
having a conductor embedded in it.

20
The term “heater layer” in the disclosure refers to any layer of the micro chip having a

heater embedded in it.

25  The Polymerase Chain Reactioﬁ (PCR) is a technique discovered to synthesize multiple
copies of a specific fragment of DNA from a template. The original PCR process is
based on heat stable DNA polymerase enzyme from Thermus aquaticus (Taq), which
can synthesize a complimentary strand to a given DNA strand in a mixture containing
four DNA bases and two primer DNA fragments flanking the target sequence. The

30 mixture is heated to separate the strands of double helix DNA containing the target
sequence and then cooled to allow the primers to find and bind to their complimentary
sequences on the separate strands and the Taq polymerase to extend the primers into

new complimentary strands. Repeated heating and cooling cycles multiply the target



25The Polymerase Chain Reaction (PCR) is a technique discovered to synthesize multiple copies of a
specific fragment of DNA from a template. The original PCR process is based on heat stable DNA
polymerase enzyme from Thermus aquaticus (Taq), which can synthesize a complimentary strand to a
given DNA strand in a mixture containing four DNA Bhses and two primer DNA fragments flanking the
target sequence. The 30 mixture is heated to separate the strands of double helix DNA containing the
target sequenceDNl ¢kgrmanialed sinedleawh hevip donbkssteriid b paraldsing Hecthvei rewoneplpaestary
sequences on tt}gr§ ;@%@k{gg}ds and the Taq polymerase to extend the primers into new
complimentary strands. Repeated heating and cooling cycles multiply the target 8 DNA exponentially,

since each new deyflel ®ranehep pratestte the poRitehe dRmplaiamias idtbiersynthesis. A typical
temperature profile for the polymerase chain reaction is as follows: 1. Denaturation at 93C for 15 to 30

seconds 5 2. Anh&sagrefien #h@ 8fes5C fodd 5eonde seconds 3. Extending primers at 72C for 30 to 60

seconds As an example, in the first st Cthe soluti§n is heated to 90-95C so that the double stranded
template melts (Zd‘g?fhet{]?é“'s {87 0 sIRGle QrRtaeof the next step, it is 10 cooled to 50-55C so

that short specigl.ltﬁgmn&s‘g;ﬁgpmej@%pg@{g 6'(')%58{?@_") bind to the appropriate complementary

section of the template ("annealing”). Finally the solution is heated to 72C when a specific enzyme
("DNA polymerase") extends the primers by binding complementary bases from the solution. Thus two
identical double Atrandsagdes ynthe Sire dtémhassintda tohdatedstsaddoFE Th ehsuriiredoastension step

has to be increaged fay {HARY QORCEKNARRL) IS RSIRIS P RANELAABIGH HENR G, hyndred bases.

The above are typical instrument times; in fact, the denaturing and annealing steps occur almost

instantly, bl th&@iadarsfine i thit tommertly pathesiraehaNA fEmsHs e 8EHsER Rifdsec when
metal blocks or @0ivataipasgriaecchinpiéhenas equibibEthe antplasPiascalagpritain@d tie plastic

o mase. produce B e R e ™
primers by binding complementary bases from the solution. Thus two identical double
strands are synthesized from a single double strand. »
15

The primer extension step has to be increased by roughly 60sec/kbase to generate
products longer than a few hundred bases. The above are typical instrument times; in
fact, the denaturing and annealing steps occur almost instantly, but. the temperature
rates in commercial instruments usually are less than 1°C /sec when metal blocks or

20 water are used for thermal equilibration and samples are contained in plastic

microcentrifuge tubes.

By micromachining thermally isolated, low mass PCR chambers; it is possible to mass-

produce a much faster, more energy efficient and a more specific PCR instrument.
- 25  Moreover, rapid transitions from one temperature to another ensure that the sample

spends a minimum amount of time at undesirable intermediate temperatures so that the

amplified DNA has optimum fidelity and purity.

Low Temperature Co-fired Ceramics (LTCC) is the modern version of thick film
30 technology that is used in electronic component packaging for automotive, defense,
aerospace and telecommunication industry. It is an alumina based glassy ceramic

material that is chemically inert, bio-compatible, thermally stable (>600°C), has low



25 Moreover, rapid transitions from one temperature to another ensure that the sample spends a
minimum amount of time at undesirable intermediate temperatures so that the amplified DNA has
optimum fidelity and purity. Low Temperature Co-fired Ceramics (LTCC) is the modem version of thick
film 30 technology that is used in electronic componegnt packaging for automotive, defense, aerospace
and telecommunication industry. It is an alumina based glassy ceramic material that is chemically
inert, bio-compatiisteratheonstalitivatab{e3WE0BE ) goad lmechdniaarnsaéretin dactivity (id@NVgould), good
mechanical strepgiiyiade PraVidss aReR-neTRiGp i rRERTRRAlMARAR . PRckaaiAg chip level

electronic devices where in the%glfserve both structural and electrical functions. The present inventors

have recognized tHE¥UREETIRPBY FHEE ) i (lesirich! HHRFHOBE R hiRTSSERiETBIRS AR to 5 the best
knowledge of thectngeintd rhe lsTi@bilas T GE en hesedddfefone fo PERathipuipgdisetidnacabdigic substrates in
LTCC techn?'O&}{é%&ﬁe‘.%@reJa%y BRERIQEGRI, IRyl q@%%xm&m@dnaf&%kwﬂt@s@'vmeric

binder. Structural features are tormed by cutting/punching/drilling these layers an cking multiple
layers. Layer by?ﬂ?@?ﬁd&%ﬁ?@ﬁ&b@éé‘ﬁﬁﬂ ‘fﬁ)‘éépd?ltﬁ@ﬁgidﬁ‘%ﬁgégfﬁ’ég BeesfA1SYMEMS (Micro
Electr_o 10 I_\/quhareinm Sysﬁaiﬂs)wﬁbawrmsmnl_n tbiﬁﬁrmiﬁt_mnmmarfmr:eacﬁ}y fadrniedta on LTCC.
Electrical circuitg g /ammsﬂm%c&ﬁgga-wgyaw_gnﬁoaga%@/%%ﬂq,feeﬂgg&? E%%?l%ﬁﬁfe?h layer.

Multiple layers are interconnected by punching vias and filling them wi conductlnliq%f‘_;c ste. These

layers are stackBECESHRie HEeLRe hremdiprdsionalfepbresieatil (s MERGS AYseokdeBen reported in
the Iiterqtuﬂé)!. Th&cfhmbmsmréaisus Ehmmsapdﬂﬂmgaodsmdhaﬁiﬂabsmﬁmt&i diypicadly the PCR
product is analyzedsing;agle 'GeliaRMAiesis, YL IS JRFRIMGa RV &@Jggage IRleFoy R are

separated in an electric field and observed by staining with'a fluorescent ore suitable scheme

is to use a fluor&at ey MIEPls RIST S PEeTRMRGEE B Artshitgaras oAl dhrro it reaction
continuously (readsddmefd@Rje Alhaxampaicand scked) chyrpissSSOABRI GRE BN dbaIng exaiad by 490nm
blue light and eﬁtﬁpﬁg%%%@%@s'mﬁl"}’&%ﬁ&c}ﬂqgetﬁégﬂﬁﬁ’eIT%eﬂH%raeéerﬁ NGE NENSIy,/s proportional

to the amount of double stranded product DNA forme Ing PCR and hence increases with cycle
number. 28 Figdks gosA siieharBHitgdbhic view of an embodiment of the micro PCR chip indicating
reaction chamber (.11) or well. The figure indicates the assembly of the heater (12) and a temperature

sensor thermistar (13).insi LT Micro,PCR chip. The heater conductor lines (15) and the
1
thermistor condﬁrgg%ge%%ag arperofgflé% é?o?rﬁ‘é‘.%%et‘gé‘ ot seg %8%%(5)8%%? |rieklé.1 ﬁ'lf #ec]pngﬂug’roviding

connection to th@%é’fégwth%pr PCR are separated in an electric field and observed by staining
with a fluorescent dye. A more suitable scheme is to use a fluorescent dye ‘that binds

20  specifically to double strand DNA to monitor the reaction continuously (real-time
'PCR). An example of such a dye is SYBR GREEN that is excited by 490nm blue light
and emits 520nm green light when bound to DNA. The fluorescence intensity is
proportional to the amount of double stranded product DNA formed during PCR and
hence increases with cycle number. |

25
Figure 1 shows an orthographic view of an embodiment of the micro PCR chip
indicating reaction chamber (11) or well. The figure indicates the assembly of the
heater (12) and a temperature sensor thermistor (13) inside the LTCC ‘Micro PCR chip.
The heater conductor lines (15) and the thermistor conductor lines (14) are also

30 indicated. These conductor lines will help in providing connection to the heater and the

thermistor embedded in the hip with external circuitry.



thermistor embedded in the hip with external circuitry. 10 Referring to Figure 2 which shows a
cross-sectional view of an embodiment of the LTCC micro PCR chip wherein (16a & 16b) indicate the
contact pads for the heater (12) and (17a & 17b) indicate the contact pad for the therm istor (13)
5Referring to Figure 3, which shows the layer-by- Iay’é’r design of an embodiment of the LTCC micro
PCR chip wherein the chip, consists of 12 layers of LTCC tapes. There are two base layers (31), three
mid layers havirRptheidpeatdiigaye? (BRihastons dcirssayer(@d )vaevd of lary embadimenthertestor (34)
whereas (39) fojtfie RALHER AR SRR GRS PR FIAImRE {d LinkbE iR GPTCRaliber avers (35)

consist of six layers as 10 shown. The conductor layer (33) is also provided between the heater and
the thermistor Ia()}%}énq'ﬂéz%@alt@)db‘ﬁﬁﬁﬁfh? fipiaes 83hi0n thidhgTBrssdr tonductor lines (32) are also

indicated. In the figure shows the conductor lines (32) is placed in either side of the thennistor layer

(34). The heaterdRsif) A2 RG.CL ANANARG I ISUIRIniSPIRSDNINE y INBRIRISH fic. vith Size

varying from 0.2mm x 3mm o 2mm x 2mm. The size an e heater can be selected
based on the reffEnfbfi P?ﬁec%ﬁqﬂf?é‘fﬁéﬁ'@ ebinirmsipRefiéddnamgiohlife Epe ofifié reaction
chamber or the aemp&hbﬁaemtestenprtmm mateﬁwbaenngsmd ARG cRpeuERY yeididgrre 3 shows

the layer wise dT R 3§?f }%gelagf hegwmtqul 1; tQaeS ngl@ggsdtgzio ch hip fa?nca}ed The LTCC

chip has well vo onl an resistanc varlatlon ater an thermlsto o around 50%.

The resistance vzﬂue@,c@ﬁrtrfémeﬂ(m&’e)rm%émﬂ%r lavens (3 0))cansie ebssidayptsveith the
estimated valueshoWhehRalgdisctoassdr@Bsinicksil prorstatbvalanie  kdiat isanyiRyadds conventional

LTCC packagesl 'I‘;pseih 5n qut:pr os‘}fasc m mef&/gl)gab &%esth%%}qus tlz)or g(% |cat n of bed(iled temperature

25 sensors. The easure as betwe was Fabrlcated on

DuPont 951 greiadieiede i, flrﬁ@%@rﬁhpél’érth&y@é%’ﬁobéﬁpﬂ&é?d &frﬂ}*\%’renlﬁlth@ éﬂ&)erﬂé?temperature

sensor can be plagmikeHisidedas: mmxaa&hae@@{ @b@ﬁ@myemgelth@‘mﬂ@ﬁe&mg to Figure 4,
which shows the b|Q£K ql ﬁg]; %n embodlm he C|r UIt eoatroll theﬂeater ar&g thermistor
wherein the thermlst()rp T croalgffl% acts as one of‘t eGrms ivise ridge (46).

The amplifiéd ositpes @ﬁﬁ!@ﬁt@g@#r@?ﬁ%@%l@g@mmﬁ@ﬂ'{aww@ﬂéﬁ waunpoents gosld|D controller
(43), where it ispd Lidigipeadianshtiie 5 cHlaRrHaaRT enidds oLttt BigiatauiRitnd he output is

again converted back tg analoccl; volta%g ecltrg)g this drives the heater using a power transistor present in
the heater driver f‘lf‘é) I audition, jtisc eape}/e‘[o process LTCC when compared to silicon processing.

5 The invention also provides to |mprove the conventional PCR systems in analysis time, portability,
sample volume ﬁ@&&@sa@wﬂmmlwfme Hegggﬁgiaa%amaw anchtdanificatan Jbiadsdachieved with
2 portable gy fC R devicp I EplpS it dRisele? b 4AnRGIOn LIS SR products which
comprises the fcgnc?

(heater and thermistor) of around 50%. The resistance values of the heater (~40 Q) and '

thermistor (~1050 €2) were consistent with the estimated values. The heater is based on

thick film resistive element that is employed in conventional LTCC packages. The

thermistor system with alumina is used for fabrication of embedded temperature

25  sensors. The measured TCR of the chip was befween 1 and 2 Q/°C. The chip was
fabricated on DuPont 951 green system. The thermistor layer can be placed any were in

the chip or a temperature sensor can be placed outside the chip instead of thermistor

inside the chip.

30 Referring to Figure 4, which shows the block diagram of an embodiment of the circuit
controlling the heater and thermistor wherein the thermistor in the LTCC Micro PCR
Chip (10) acts as one of the arms in the bridge (46). The amplified output of the bridge
from the vbridge amplifier (41) is given as input to the PID controller (43), where it is



Disposable PCR chip consisting of reaction chamber/s, embedded heater and a temperature sensor
with a transparent sealing cap. A handheld electronics unit consisting of the following units o Control
circuit for the heater and the temperature sensor. 150 Fluorescence optical detection system. A smart
phone or PDA (personal digital assistant) running a ﬂ)}ogram to control the said handheld unit. The
disposable PCR chip consists of a reaction chamber that is heated by an embedded 20 heater and
monitored by andginbetidediéBithigporitlimpratiticatednan]ledWidiahyperat ke Copre ds agaiamic (LTCC)
system and packaaed SRR UG, SURIBERIER EANARIS [RLBP AR, AMAJGIIRRIIYEP sensor, The

embedded heater is made of resistor paste like CF series from DuPont compatible 25 to LTCC. Any
green ceramic tRPEeE)dieieciiitpe ibEH CenIBLHioBNitdS, BBPAPXXELE TS GFRAD (A6 system)
or Haraeus. The-cajgredtbeiiiden gesessdngture sensor is a thermistor fabricated using a PTC (Positive
Temperaturg Coefficient) resistance thermistor paste (E.g.: 509X D, are ESL 2612 from ESL
Electroscience) for Alumina substrates. NTC: Negative Temperature Coefficient of resistance paste
like NTC 4993 30friFrtioroabs RImddes shimpieve dhg servertienyt i dp avetpme3nang veBoiiim wavelength)
sealing cap is tgpprabitial exansicatonft thadsans pwifigmdhpeaithrerdiighpabaibaisandds made of
polymer material. 12-The control. circui ulqrconsi fan o ra PID (Proportignal Integral
Differential) con 0 éf;lg%iltonv(\?rf\l}tg %ﬁfg‘vc‘ééﬁ% t%goﬁ%%%errn céoseg %r(la %ﬁgeéméﬁtr?%rzﬁmae Bnridge circuit of

which the embetifiedstastnmistniittaderphibg ek Products aisicomeriserifiefigwing heater and reading

the thermistor value disclosed here is only an example. This should not be considered as the only way
to controller or the [imitation. Othermeans an me&krmd #o control the heate e(?ql%art%ag{ﬁn% the thermistor

. . 1§] 1p consisting Of reacfion chamber S, €mb¢E
value is well applicable t6 The Instant discloser. O The fluorescence optical detection system would

comprise of an excitafie/APSEIERSEHSATED [P EPAItR¥Bitie) and the fluorescence detected by a

photodiode. The systemnw@ulddnpusengligat Ehsigingiemyveulsvibe uses to project the light on to the
sample. Optical fiber canoalsgogg L‘:sed tﬁ ht Qﬂeealltglgptdqﬂetp the g)thotogiode. The LED and the

photodiode are coupled to optlcaiJ iber t C%g t approBrla e band puargsS fiRer.

15 o Fluorescence optical detection system.
= A smart phone or PDA (personal digital assistant) running a program to control

the said handheld unit.

The disposable PCR chip consists of a reaction chamber that is heated by an embedded
20  heater and monitored by an embedded thermistor. It is fabricated on Low Temperature
Cofired Ceramic (LTCC) system and packaged suitably with a connector with contacts

for heater and temperature sensor.

The embedded heater is made of resistor paste like CF series from DuPont compatible
25 to LTCC. Any green ceramic tape system can be used such as DuPont 95, ESL
 (41XXX series), Ferro (A6 system) or Haraeus. The said embedded temperature sensor
is a thermistor fabricated using a PTC (Positive Temperature Coefficient) resistance
thermistor paste (E.g.: 509X D, are ESL 2612 from ESL Electroscience) for Alumina
substrates. NTC: Negative Temperature Coefficient of resistance paste like NTC 4993

30  from EMCA Remex can also be used.

The transparent (300 to 1000nm wavelength) sealing cap is to prevent evaporation of

the sample from the said reaction chamber and is made of polymer material.



15 Accurate measurement of the output signal from the photodetector requires a circuit that has
extremely good signal to noise ratio. The fluorescence detection system disclosed here is only an
example. This should not be considered as the only way to detect or the limitation. Any fluorescence
detector would work unless it is not able to project itd&lf on the sample. 20 The invention provides a
marketable handheld PCR system for specific diagnostic application. PDA has control software
running to provide a complete handheld PCR system with real time detection and software control.
25By reducing thermal mass and | ved heating /cooli te ing the devi he time taken from
2 to 3 hours to ff"[:ﬁeshcgngé to 1&%5}%\?%;31;%58{'1&53 g\gghl{fc?rn/' g%égearz%&éﬁsg?nr%lfg VO S&r:negl% rSat-f25 ul, was
reduced to less Riffpratianieenee! Hepitevhich e GrrEabike RS b - RSAHCR Yiral DNA
using LTCC chilhefde sievuiitiayartion thehenfBéddewammtiRiterwinidyes apdnyvaie aimda achieve
amplification within 45.minutes, 30 Further, the amplification was ghserved when the PCR was run for
35 cycles 20 UL i et T el B R R i M 20 ) would
take about 2 hoe¥amplg Thisishavidins featnridard ayabe PaldHiyFRRtshiel R tia Hiplétklzes and
consumption of gm&liaeas| i esetodastls ke ae isath andnralditieny alomasce s DldMickegystems and
the small samplg s'z?ﬁlallg)t giﬁ%ﬁiﬂ cIﬁs\/gl-cpsoyver thermal cycling increasing the speed of many
processes such RRSNA replication t rougeh'micro PCR. In addition, chemical 5 processes that
depend on surface chemistry are greatly enhanced by the increased surface to volume ratios available

on the micng-scaig filigescvontaaes atiitse Sldisicsbaveanpmplsthslsifardhetevalppment of
integrated micr t or chemical analysis. 10 The Micro chip t lated .into.a hangdheld device,
Ogl%ﬁee(\g]léﬁ gnégﬁr}ﬁeal#log% ang ¢ _tluo es&eiréﬁg de ec{érj(lf~I %ﬁsai I%)go%odlode nﬂw

thereby remove rom’a sophisticate oratory, th reasing the reach of this
extremely powesfisterackmituieouse eptisalclibpeamdigh estid defvesd tesupigetolesotisbe raeiqithy at blood

banks or a host @fpiben@rRli Bt R Rl ReX iRt MRS BRtsHAEisaL I tikie Irepction

chambers provide, ultiple QA experiment sites,a punning the same hermal protogpl and hence are
not time efficient" The ne

arises, to minimize reaction time ShdhRtake sample Volume. Instant PCR
is designed in futoseratsomentvaerneah ofrthgy @fpis vigos! iomvibeyphofiedeReteh esanitesespioriie and highly
isolated from the,adiaceniRedR chiBg @he abledaetadivels andindape nileibysl Uy sapitiple reactions
with different thermal gJ%tocols V\&[h minimu 5%%038 talk. Trtu% analg%is ar gu ntififation tof the PCR
products is reali‘i’é‘aoﬁy p qetidal" t@&r%i?gﬁ’ Vi aSlf%u e figer lsgrgﬁca 5t88 oﬁvagys()tem. This

system could aldeidse antbe tandtatimith gy dhtificsetiore deidotemusindd sysrte mdets deataot ddestses like
Hepatitis B (Figyrs;et2sAtammitagiplosis, etc. Other markets include food monitoring, DNA analysis,
forensic science and environmental monitoring. 30After determining the uniformity of the temperature
profile with? the chip, PCR

' The invention provides a marketable handheld PCR system for specific diagnostic

application. PDA has control software running to provide a complete handheld PCR

system with real time detection and software control.

25 By reducing thermal mass and improved heating /cooling rates using the device, the
_time taken from 2 to 3 hours to finish a 30 to 40-cycle reaction, even for a moderate
sample volume of 5-25 pl, was reduced to less than 30 minutes. Figure 12 shows timé
taken for amplifying Hepatitis B Viral DNA using LTCC chip of instant invention. The

PCR was run for 45 cycles and were able to achieve amplification within 45 minutes.

30  Further, the amplification was observed when the PCR was run for 45 cycles in 20
minutes and 15 minutes also. Conventional PCR duration for HBV (45 cycles) would

take about 2 hours.



reactions were carried out on these chips. Lambda DNA fragments and salmonella DNA has been
successfully amplified using these chips. Figure 5 shows the micro chip in 3 dimensional views
showing its various connections with the heater, conductor 14 rings, thermistor, and conducting rings
(52). It also shows posts (51) that are connecting thé tonductor rings (52) to the conductor plate (33).
Figure 6 shows a comparative plot of the melting of k-636 DNA fragment on chip 5using the integrated
heater and therrvgintufriglive allohous e eadarsevith Buaneseangle sigeahassammieidndth amplification

of k- 311 DNA. The,thermal profi ro h it reaction was
performed on a ?:rﬂlg[l)fe 36%%%%0%@%?%&%%%%@% FWE@%‘E%%&%@E%\%Q S:?L%‘r%i)ﬁnlllf[)(t;ﬂreed using
conventional lockuH ! SHpRiferizas TRV nABistikmv ey sprsraed syelinadrastiing e sreachelprocedure

adopted for develepingdhsseiagionsicanyatesplibasoherdighi niabyPsRNdasdmadk esaaldarotocols for a

couple of problems and then functionalize.the same. on the chip. Primers. designed for 15 165
Thosomal DRA BT P B S e R e s for the
stn gene amplifigiéifaczgo pHuwREgation et amibhavierayiseie- file phvtnees ebmivedvidite confirmed by

SYBR green flugsescaospidéteatioforshyedtadpariRsst gRkpiaet apRasgsism Bk @snfi@nd 11 shows
the gel picture o;gr&esamplified X-311 DNA and salmonella gene using micro-chip. 20 Thermal profile
for amplification of X511 DNA: ’

10 The Micro chip translated into a handheld device, thereby removes the PCR machine
from a sophisticated laboratory, thus increasing the reach of this extremely powerful
technique, be it for clinical diagnostics, food testing, blood screening at blood banks or

a host of other application areas.

15 Existing PCR instruments with multiple reaction chambers provide multiple DNA
experiment sites all runnihg the same thermal protocol and hence are not time efficient.

The need arises, to minimize reaction time and intake sample volume.

Instant PCR is designed in future, could have an array of devices with very quick
20 thermal response and highly isolated from the adjacent' PCR chips to be able to
effectively and independently run multiple reactions with different thermal protocols

. with minimum cross talk.

The analysis or quantification of the PCR products is realized by practical integration
25  of a real-time fluorescence detection system. This system could also be integrated with
quantification and sensing systems to detect diseases like Hepatitis B (Figure 12),
AIDS, tuberculosis, etc. Other markets include food monitoring, DNA analysis,

forensic science arid environmental monitoring.

30  After determining the uniformity of the temperature profile with in the chip, PCR
reactions were carried out on these chips. Lambda DNA fragments and salmonella
DNA has been successfully amplified using these chips. Figure 5 shows the micro chip

in 3 dimensional views showing its various connections with the heater, conductor



Denaturation: 94C (90s) 94C (30s) - 50C (30s) - 72C (45s) Extension: 72C (120s) Thermal profile for
amplification of Salmonella gene: Denaturation: 94C (90s) 94C (30s) - 55C (30s) - 72C (30s)
Extension: 72C (300s) PCR with processed blood and plasma Blood or plasma were treated with a
precipitating agent that can precipitate the major PCFé‘lnhlbltory substances from these samples. The
clear supernatant was used as a 15 template. Using this protocol amplifications were obtained for -

200 bp fragmentifigitSabisoneaiid byonhhc(ﬁ@fag%)(sm figme shogelpelectsopharasisinmageghows .
control reactlon,ﬂge f?ﬁcpor Béfg“ éo%qh\é/ g g}qig 53 PCR product- processed blood 4. PCR

product- processed plasma rect PC |que buffer has been fortnulated for direct
PCR with blood or plasma samples.
Figure 6 shows a comparative plot of the melting of A-636 DNA fragment on chip

5  using the integrated heater and thermistor.

Figure 7 shows the increase in fluorescence signal associated with amplification of A~
311 DNA. The thermal profile was controlled by the handheld unit and the reaction was
performed on a chip (3ul reaction mixture and 6pul oil). The fluorescence was

10  monitored using conventional lock-in amplifier.

Instant invention also provides for diagnostic system. The procedure adopted for
developing the diagnostic system has been to initially standardize thermal protocols for
a couple of problems and then functionalize the same on the chip. Primers designed for
15  16S ribosomal DNA amplified ~ 300 — 400 bp fragfnent from E. coli and Salmonella
while the primers for the stn gene amplified ~ 200 bp fragment from Salmonella typhi.
The products obtained were confirmed by SYBR green fluorescence detection as well
as agarose gel electrophoresis. Figures 7 and 11 shows the gel picture of the amplified
A-311 DNA and salmonella gene using micro-chip.
20 _
" Thermal profile for amplification of A-311 DNA:
Denaturation: 94°C (90s)
94°C (30s) - 50°C (30s) - 72°C (45s)
Extension: 72°C (120s)
25 |
Thermal profile for amplification of Salmonella gene:
Denaturation: 94°C (90s)
94°C (30s) - 55°C (30s) - 72°C (30s)
Extension: 72°C (300s)
30
PCR with processed blood and plasma
Blood or plasma were treated with a precipitating agent that can precipitate the major

PCR inhibitory substances from these samples. The clear supernatant was used as a



Using this unique buffer system direct PCR amplification with blood & plasma has 10been achieved.
With this buffer system, amplification has been obtained up to 50% for blood & 40% for plasma (see
Figures 9 and 10) using LTCC chip of instant invention. In figure 9, gel electrophoresis image shows 1.
PCR product- 20% blood, 2. PCR product- 30% blodd, 153. PCR product- 40% blood, 4. PCR product-
50% blood; and in figure 10, gel electrophoresis image shows, 1. PCR product- 20% plasma, 2. PCR
product- 30% plasaipate? 08ing @ pradudtadpifiqatasnacs. dB@inep foel 1A BRY frptammerdn control

reaction The ‘%%q’%l}%%gﬁi ?ﬂéﬂ@ﬁ?&% g{jjgfgr g':é"f‘lélle@tr%tﬂ“%ﬁjg?s%%@@ﬁ&@ containing bivalent 25ion,

a non-ionic detergent, a stabilizef and a sugar afcohol. Figure 13 shows melting curve of LTCC chip for
derivative of the flubre<UBIRtEe2FEARI for melting of A.-31 | DNA. The figure also provides a comparison
between the instant.inpertigodik3hlesiowiieegpvantiagal PCR device (132). 30Sharper peak: peak

value/width é)é axis); @g{f p?gfdét\-’%%&s:se]d'g{&% Shallower peak: peak value/width (x axis) @ half peak

value = 0.7/
4. PCR product- processed plasma

Blood direct PCR buffer

-

A unique buffer has been formulated for direct PCR with blood or plasma samples.
Using this unique buffer system direct PCR amplification with blood & plasma has
10 been achieved. With this buffer system, amplification has been obtained up to 50% for
blood & 40% for plasma (see Figures 9 and 10) using LTCC chip of instant invention.
In figure 9, gel electrophoresis image shows -
1. PCR product- 20% blood,
2. PCR product- 30% blood,
15 3. PCR product- 40% blood,
4. PCR product- 50% blood; and
in figure 10, gel electrophoresis image shows,
1. PCR product- 20% plasma,
2. PCR product- 30% plasma,
20 3. PCR product- 40% plasma,
4. PCR product- 50% plasma,
5

. control reaction

The unique buffer comprises a buffer salt, a chloride or sulphate containing bivalent

25  ion, a non-ionic detergent, a stabilizer and a sugar alcohol.

Figure 13 shows melting curve of LTCC chip for derivative of the fluorescence signal
for melting of A-311 DNA. The figure also provides a comparison between the instant
invéntion (131) and the conventional PCR device (132). |

30  Sharper peak: peak value/width (x axis) @ half peak value = 1.2/43
Shallower peak: peak value/width (x.axis) @ half péak value = 0.7/63



16 Higher ratio indicates a sharper peak. Also in the graph, the y-axis is the derivative (slope of the
melting curve), higher slope indicates.sharper melting. 17 CLAIMS 1.A micro chip made of low
temperature co-fired ceramics (LTCC) layers comprises: (a) reaction chamber formed in plurality of
layers for loading a sample, (b) conductor rings surré@lnding the reaction chamber, and 5(c) heater
embedded in at least one layer to supply heat to the conductor rings. 2.The micro chip as claimed in
claim 1, whereirdiageheaiericdippties beapéo phek canduatoiergpshihheugixondbci@srenibedded in at
least one layer, prefer | elow the reaction.chamber. 3.T icro chip as claimed in claim 2,
wherein the congﬁjg&%?%@%ﬁg %gqgﬁge):’:vthe 0 St%gellg(gg?](eisu%%??%/nﬂ?s >'4.The micro chip as claimed in
claim 1 wherein the chip comprises a temperature sensor placed outside the chip or embedded in at
least one layer of the chip. 5.The micro chip as claimed in claim 1, wherein the chip provides for
contact pads to connect external control circuit to the temperature sensor and the heater.



156.The micro chip as claimed in claim 1, wherein the reaction chamber base and the heater has a
gap ranging from about 0 2mm to about 0.7mm 7.The micro chip as claimed in claim 1, wherein the
reaction chamber has a volume ranging from about 1 jil to about 254 8.A method of fabricating a micro
chip comprises steps of: 20(a) arranging plurality of layers made of LTCC and having a well to form a
reaction chamber wherein the chamber is surrounded with conducting rings. (b) placing at least one
layer of LTGCLa&ovsprising heater below the chamber, (c) placing one or several conductor layer(s)

between the heater and the reaction chamber, and 25(d) interconnecting the layers to form the micro
chip. 9.A mitro PCRBEVRE Bomsiiddov mpesrinie ko dHRs! sragiaist @%@hé@»@% eVBiiEMg: reaction
chamber formed in plurality of layers for loading a sample, conductor rings surrounding the reaction
chamber and heaté) epagieaitduinber feaseberiaydityeslgply fredeadinbe sonpldctor rings, 5(b) a
temperature sensor embedded in the micro chip or placed outside the chip to measure the chip
temperature, (c) a CORAMLSHRUFNS SHFtUIdHE HetigicHar shsibehetmperature sensor input; and (d)

an opt|c5a | system t(?:)qqeetaetgrt glrlrjl 5338 pnce?t felgsr‘]caélnfer e?;etrht% ssuapp yl?l'eat to the conductor rings.

2. The micro chip as claimed in claim 1, wherein the heater supplies heat to the
conductor rings through conductor embedded in at least one layer, preferably placed below the

reaction chamber.

3. The micro chip as claimed in claim 2, wherein the conductor rings are connected to the

10 conductor layer(s).

4, The micro chip as claimed in claim 1 wherein the chip comprises a temperature sensor

placed outside the chip or embedded in at least one layer of the chip.

5. The micro chip as claimed in claim 1, wherein the chip provides for contact pads to

connect external control circuit to the temperature sensor and the heater.

15 6. The micro chip as claimed in claim 1, wherein the reaction chamber base and the

heater has a gap ranging from about 0.2mm to about 0.7mm.

7. The micro chip as claimed in claim 1, wherein the reaction chamber has a volume

ranging from about 1 ul to about 25ul.
8. A method of fabricating a micro chip comprises steps of:

20 (a) arranging plurality of layers made of LTCC and having a well to form a reaction

chamber wherein the chamber is surrounded with conducting rings.
(b) placing at least one layer of LTCC comprising heater below the chamber,

(c) placing one or several conductor layer(s) between the heater and the reaction

chamber, and
25 (d) interconnecting the layers to form the micro chip.

9. A micro PCR device comprises:



10. The micro PCR device as claimed in claim 9, wherein the device is a hand held device 10said
device is controlled with a portable computing platform. 11. The micro PCR device as claimed in claim
9, wherein the micro chip is arranged in an array to carry out multiple PCRs. 12. The micro PCR
device as claimed in claim 9, wherein the micro chipli releasable from the device. 1513.A method of
detecting an analyte in a sample or diagnosing a disease condition using micro-PCR device, said
method comprising?efepuse: ‘igl)’ méw? &E%nglée@o‘iﬂ’ﬁ‘ﬁé‘iﬂagh RAGHEBERTBATD g dichip
comprising reactiopleh#mbensursdsntadiby coadplelebhingsoanghfyingihentcieiereichby running
the micro-PCR de\(/:'ig:e; and 2(%2% deterf;ni d’g&;.the presence or absencie of the %réz%lgt% based on a

cham, an I gmbe 1n_at least pne £1.10 S, heat to uctor
fluorescence readlng OPfﬁe amp Itﬁe nucleic aCIé, or dDe ern¥ln|ng H%) resence or a%sence of a

pathogen based onigfluorescence reading of the amplified nucleic acid to diagnose the disease
condition. 14.The method as claimed in claim 13, wherein the nucleic acid is either DNA or RNA.
2515.TRe method €3 el&innegathrelsgnor3mbrédedinibermseroehprovidlecctbpwsids teathititee and

quantitative analysig.QffRerepiifiehprrgusts.
(c) a control circuit to control the heater based on the temperature sensor input; and
(d) an optical system to detect fluorescence signal from the sample.
10. The micro PCR device as claimed in claim 9, wherein the device is a hand held device

10 said device is controlled with a portable computing platform.

11. The micro PCR device as claimed in claim 9, wherein the micro chip is arranged in an

array to carry out multiple PCRs.

12. The micro PCR device as claimed in claim 9, wherein the micro chip is releasable

from the device.

15 13. A method of detecting an analyte in a sample or diagnosing a disease condition using

micro-PCR device, said method comprising steps of:

(a) loading a sample comprising nucleic acid onto a micro chip comprising reaction
chamber surrounded by conductor rings, amplifying the nucleic acid by running the

micro-PCR device; and

20 (b) determining the presence or absence of the analyte based on a fluorescence
reading of the amplified nucleic acid, or determining the presence or absence of a
pathogen based on a fluorescence reading of the amplified nucleic acid to diagnose the

disease condition.

14. The method as claimed in claim 13, wherein the nucleic acid is either DNA or RNA.

25 15. The method as claimed in claim 13, wherein the method provides for both qualitative

and quantitative analysis of the amplified products.



