1 HAND HELD MICRO PCR DEVICE FIELD OF INVENTION 5This invention relates to a portable
real-time PCR system with disposable low temperature co-fired ceramics (LTCC) micro PCR chip. The
invention further describes a method to control and monitor the micro-PCR and the apparatus involved
for PCR. BACKGROUND OF THE INVENTION 10 Qver the past five years, research and
development for clinical diagnostic systems based oh lab-on-a-chip technologies have increased
tremendously. Such systems hold great promise for clinical diagnostics. They consume sample

material and reaggnt ' I i R ipexpensive and
disposable. 15 HAM%EL@MMTQE% d chip designs
can perform all analytical functions-sampling, sample pretreatment; separation, dilution, and mixing
steps; chemicam&mion-in a single integrated microfluidic circuit. Lab-on-a-chip
systems allow designers to create small, portable, rugged, low-cost, and easy-to-use diagnostic
instruments thaflo$fanveggivte velgasf t@ (e caprédbiletyreatdimer E&HItyy Miorofithdibispfisabls flowing in
microchannel malies ARsSIGdeARNGIOf EEANIRAPER RS TRARSR N RrMatsdiabyould not

function on a larger scale. Lab-on-a-chip technologies attempt to emulate the laboratory procedures
that would be 23"BEAGIAOGEH %%%F&rm?m%" Sisbhieapearayi e s Nt successtul

devices have been those that operate on fluid samples. A large number of chemical processing,
purification, an@ALIEEARORND Y ENdEONmonstrated on these devices. Some degree of
monolithicntegration of chemical processes has been demonstrated to produce devices that perform
a complete chepvigaihe gasufieenesirg)rasedticanlin@selsiiaarices Antchnardrspeh seeapted laboratory
procedures of qnalysis Apd ius re.ahle g AcEOmMatale mare complex,samRle Matiges than -
conventional chemical sensing. Recent advances in mo ecular and ce){[ bloﬁog ave been produced in
great part as a gEstirrePirfelerelvisphiiearsticapldearransapsenmaleanaiens! wichisrsaes one to 2

in extremely low volumes. Individual small chips can be inexpensive and disposable.

15 Time from sampling to result tends to be very short. The most advanced, chip designs
can perform all analytical functions—sampling, sample pretreatment; separation,
dilution, and mixing steps; chemical reactions; and detection—in a single integrated
microfluidic circuit. Lab-on-a-chip systems allow designers to create small, portable,
rugged, low-cost, and easy-to-use diagnostic instruments that offer high levels of

20  capability and versatility. Microfluidics—fluids flowing in microchannel makes
possible the design of analytical devices and assay formats that would not function 6n a

‘larger scale.

Lab-on-a-chip technologies attempt to emulate the laborafory procedures that would be
25  performed on a sample within a Microfabricated structure. The most successful devices
have beeﬁ those that operate on fluid samples. A large number of chemical processing,
purification, and reaction procedures have been demonstrated on these devices. Some
degree of monolithic integration of chemical processes has been demonstrated to
produce devices that perform a complete chemical measurement procedure. These
30 devices are based upon accepted laboratory procedures of analysis and thus are able to

accommodate more complex sample matrices than conventional chemical sensing.

Recent advances in molecular and cell biology have been produced in great part as a

result of the development of rapid and efficient analytical techniques. Due to



miniaturization and multiplexing, techniques like gene chip or biochip enable the characterization of
complete genomes in a single experimental setup. PCR (Polymerase chain reaction) is a molecular
biology method for the in-vivo amplification of nuclear acid molecules. The PCR technique is rapidly
replacing other time consuming and less 5 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 akniedridpignotitsnukiplexiast Beleipembkaseangdehin PCRoRbh f9bisy ke real-time
PCR, have led {g.fahigi zaaalion srplassesorRnal adde spaanmeantienp. mathedsaieueng the past
several years, ic:rofabgic tion tec eréglolgg/i qgs beeﬂ? ?{"Ba{ﬁdeg. to the rr]i?iagurizaftionlof the reaction
and analysis sycs GRSVl G =6 =& -T3F:) y5|s? With The Tntention of furtaer ret ﬁé?ﬁgoaﬂ%ﬁfglrs time and
consumption okrébgelseslasrherf¥R rroRiqugis ety mepladngteihtatisteprewpegandtesshanges are not
possible becaugg i waripie oA NEmaRA Y bRES GARBEIIR naNRRsiendrdampiification times of
2 to 6 hours result, Durin%thq.ger'odsdwhgntsa]mgle iemReratur%is mak'nﬁjﬁ?traﬁ] 'tiafn from one
temperature to Ny nénrc,mex]tr neétsUndesiable tERons SCeur Fn3ICksh &i (spl% ght reagents and
create unwanteudpnes fthdngyast rimpragiats a00yLiTE @dp insdidkingirackadehgraterise derdadaegedevices. This
system enables,iniegratian i Qlechiralinis Atnarbuial funstiom: toelapaERY iaxrrifaparation sequence
in LTCC fabricatign process enalbl,es crg%ition of héee dimensional structures with integrated electrical
elements with é%i%é‘ %Féﬁﬂiﬁofﬁ? 2% neapelts ;jf’ B LPRIRRACHRRORIAETSS S8 BREESh Brocessing. A
chip is fabHtatednypnticvet ametbosigbBlirng HicepaT GQ@ethoyeare miredtbricaCon fiedth@egrimic) enables

integration of meehanisalang BlesHirALRIBMANERaRhAALAISARN: LS8 A a.pHaplgcompUting

platform like PDA gives the system enough computing 30 power to control the electronics and provide
a rich yet simpl&'¢g&p i fé?é% Rt %%&a[?‘ﬂ'%ﬂ’sﬁ) Hadkals HRCAT RBRYA ular and hence
enables easy upggadation the system with minimal cost to the user. 3 OBJECTS OF INVENTION The
principle objective of the instant invention is to develop a hand held micro PCR device. 5 Yet another

object of the presefysinVERPRVSHBIIURIORnSARaHcE R ApRRItaE M e tial Randdsaigemicro-PCR
device. STATENENT OF INVENTION 10 . . e
ecause of sample, confainer, and cycler heat capacities, and extended amplification
times of 2 to 6 hours result. During the periods when sample temperature is making a
transition from one temperature to another, extraneous, undesirable reactions occur that
consume important reagents and create unwanted interfering compounds.

20
LTCC is used in packaging semiconductor devices. This system enables integration of

electrical and structural function. The layer by layer fabrication sequence in LTCC
fabrication prbcess enables creation of three dimensional structures with integrated
electrical elements with ease. In addition, it is cheaper to process when compared to
25  silicon processing. A chip is fabricated on a ceramic sﬁbstrate like LTCC (Low
Temperature Co-ﬁred‘ Ceramic) enables integration of mechanical and electrical

elements easily and cheaply.

Use of a portable computing platform like PDA gives the system enough computing
30 powér to control the electronics and provide a rich yet simple user interface to display
the data. It also makes the entire system modular and hence enables easy upgradation

the system with minimal cost to the user.



Accordingly, the invention provides a hand held micro PCR device comprising: a LTCC micro PCR
chip comprising a heater, a reaction chamber to load a sample, a heater control to regulate the heater
on basis of input received from a temperature sensor, an optical detection system to detect a
fluorescence signal from the sample, and 15 at least one communication interface to interact with
other device(s); and there is also provided a method to monitor and control hand held micro-PCR
device said method comprising of the steps: establishing a communication between the hand held
micro PCR deviRB.H i Nigh a communication interface, initiating a thermal cycling
process based on thermal profile values received from the other device to 20 control an LTCC micro
PCR chip, and seegingipre opjécalsignamtdaiaatapvoptioptical aysRm 4mihe mikenidayieer BRIEF
DESCRIPTION,QF THE ACCOMPANYING DRAWINGS The invention will now be described with
reference to the accompanying drawings: 25 Figure 1 shows a schematic of an embodiment of the
LTCC micré PCR device according to this invention. Figure 2 shows an orthographic view of an
embodiment of Yhe dabfhér YR RHGR: GiiRekt i il WS R WIpaSasHonabahanemiagdiment of the
LTCC micro P%ﬁn%@L%aFA%%[géiczsr%?ﬂ(&f Ig%%r-by-layer design of an embodiment of the LTCC micro
PCR 30chip. Figure el o the chip reaction chamber design fabricated. Figure 6 shows

B HCITSt IoHy INNVER

Ehows a mod
a bifurcated optical detection system using bifurcated optical fiber. Figure 7 shows a block diagram of
the circuit contr2MASENERDLQE INMENTHAN ture sensor. 4 Figure 8 shows melting of lambda-636
DNA fragnent on chip using the integrated heater/thermistor, controlled by the hand held unit. Figure
9 shows PCR afwephfilbegipntid lsuventian3ire vidkskAaf rizegich deldomicki pP(R) Reakinenpositescence signal
from the chip; (pYépagR.ef e Qﬁl&@&ﬂjﬂﬂ\% Prampificatiah RLARUCIoIBHTE Hhsows an image of

R
the gel of the amplification of processed blood and plasma PCR for 165 ribosomal unit of salmonella.

Figure 11 showREaFFifRatel dp e ur dhenkealmi mibatis P bt eros iyt PRt MRS € HiSosomal unit of

salmonella. sensor, an optical detection system to detect a fluorescence signal from the sample, and

15  at least one communication interface to interact with other device(s); and there is also
provided a method to monitor and control hand held micro-PCR device said method
comprising of the steps: establishing a communication between the hand held micro
PCR device and other device through a communication interface, initiating a thermal
cycling process based on thermal profile values received from the other device to

20  control an LTCC micro PCR chip, and sending an optical signal detected by optical

system to the other device.

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS

The invention will now be described with reference to the accompanying drawings: ‘
25  Figure 1 shows a schematic of an embodiment of the LTCC micro PCR device

according to this invention.

Figure 2 shows an orthographic view of an embodiment of the LTCC micro PCR chip.

Figure 3 shows a cross-sectional of an embodiment of the LTCC micro PCR chip.

Figure 4 shows a layer-by-layer design of an embodiment of the LTCC micro PCR .
30 chip.

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

Figure 6 shows a bifurcated optical detection system using bifurcated optical fiber.

Figure 7 shows a block diagram of the circuit controlling the heater and temperature

sensor.



10 Figure 12 shows an image of the gel of the amplification of direct plasma PCR for 16S ribosomal
unit of salmonella. Figure 13 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
15 Figure 14 shows time taken for amplifying Hepatitis B Viral DNA using LTCC chip Figure 15 shows
an overview of the Personal Digital Assistant (PDA)%\ppIication communicating with the hand held unit.
Figure 16 shows a melting curve obtained by using a LTCC chip for derivative of the fluorescence
signal for meltirjguir&-8 $HoDNieI0g-od Urentida-6BoWNA fioagketrbforltipeutiieg ithal ioyegdiagdorogram

running in the RRA. fiighhed SRR/ iRGHdqiaseqnce signal of amplified HBV DNA using

microchip. Figure 19 shows a beamsplitter optical detection system using b,eams]g‘JIitter. Figure 20

shows a hybrid HgtEs shawe f6R annifisater sEembie) DERE FapHe RUGRPTRENRNER TION The
present inventidhoekatesecignabfrannetd ohiprqty Ghgleviabecgeh poisiing ing) thel ah(pGficaidso PCR chip
comprising @ h%%ﬁﬁcf’?‘ reaction chamber to load a sample, 30b) a heater control to regulate the heater
on basis of input received from a temperature sensor, c) a an optical detection st)stem to detect a

fluorescence si§iearfrdih SRS AR JRagsnef dhegrb &L itbnaeplifiratinteatiBrrfstasabieed Attbract with other
device(s). 5 In miasne MR domETHt ritfcoenplresie of savenitia at least one conductor layer is provided

between the heglgl,anq (NEJEACHRLLEBRADEL MR AMPRRIMAYRLIBREAI P FnYSHtion the
reaction 'Chambr?tfolssorililrru%lijtn%esglr?ngnceﬁgdUCtor rings.

10  Figure 12 shows an image of the gel of the amplification of direct plasma PCR for 16S
ribosomal unit of salmonella.

Figure 13 sﬁows PCR ampliﬁcation of gene of Salmonella using microchip. (a)
Realtime fluorescence signal from the chip; (b) Image of the gel confirming the
amplification product '

15  Figure 14 shows time taken for amplifying Hepatitis B Viral DNA using LTCC chip
Figure 15 shows an overview of the Personal Digital Assistant (PDA) application
communicating with the hand held unit.

Figure 16 shows a melting curve obtained by using a LTCC chip for derivative of the
fluorescence signal for melting of A-311 DNA.

20  Figure 17 shows a flowchart for the thermal cycling program running in the PDA.
Figure 18 shows realtime fluorescence signal of amplified HBV DNA using microchip.
Figure 19 shows a beamsplitter optical detection system using beamsplitter.

Figure 20 shows a hybrid optical detection system.
25 DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a hand held micro PCR device comprising:
a) a LTCC micro PCR chip comprising a heater, a reaction chamber to load a
sample,
30 b) a heater control to regulate the heater on basis of input received from. a
temperature sensor,
c) a an optical detection system to detéct a fluorescence signal from the sample,
and

d) at least one communication interface to interact with other device(s).



In one embodiment of the present invention the conductor rings are connected to the conductor layer
with posts. 10 In one embodiment of the present invention the conductor is made of a material
selected from group comprising gold, silver, platinum and palladium or alloys thereof.  In one
embodiment of the present invention the temperatur; sensor is placed outside the 15chip to measure
temperature of the chip. In one embodiment of the present invention the temperature sensor is
embedded in atleast one layer of the chip. 20In one embodiment of the present invention the
temperature sensor is a thermistor. In one embodiment of the present invention the temperature

sensor is conndBtetr £EPlimeRL of B PSR CIRVERtDSH g3t itisordHsétt 'aranis previdet invention the
bridge circuit owkpwtés taipdiiachinbfiorecdetslingaterthe heater control to regulate the heater. In one
embodiment of the present invention the chip comprises a transparent sealing cap to cover the
reaction chamber. 30 In one embodiment of the present invention the chip is disposable. In one
embodiment of fhasresbadimeenb e sprichvertier b syetiemeadricte surardett Broup
comprising of acbefustsptitigy. optical detection system, a hybrid optical 35detection system and
bifurcated optical detection system 6 In one embodiment of the present invention the optical system

comprises a liglf SRUEGR A PHOIR SEHHOH RIESHERE 2 INRLSCARES AINh LR Higgample. I

one embodiment of the present invention a lock-in amplifier amplifies the detected 5signal. In one
embodiment of PREYEEBETAERRSH the bifurcated optical system uses a bifurcated optical fiber with
the light sa0rce placed at one bifurcated end (605a) and the photo detector placed at another
bifurcated end (605&) Q;{lhhéiropttcgj fikgepresent invention the conductor is made of a material

selected from group comprising gold, silver, platinum and palladium or alloys thereof.

In one embodiment of the present invention the temperature sensor is placed outside the -

15  chip to measure temperature of the chip.

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

atleast one layer of the chip.
20  In one embodiment of the present invention the temperature sensor is a thermistor.

In one embodiment of the present invention the temperature sensor is connected as one

arm of a bridge circuit.

25  In one embodiment of the present invention the bridge circuit output is amplified before

feeding it to the heater control to regulate the heater.

In one embodiment of the present invention the chip comprises a transparent sealing
cap to cover the reaction chamber.

- 30
In one embodiment of the present invention the chip is disposable.

In one embodiment of the present invention the optical detection system is selected
from the group comprising of a beamsplitter optical detection system, a hybrid optical

35  detection system and bifurcated optical detection system



10 In one embodiment of the present invention the common end (605b) of the bifurcated optical fiber
points towards the sample. In one embodiment of the present invention the hybrid optical detection
system uses 15optical fiber to direct light on to the sample. In one embodiment of the present
invention the hybrid optical detection system uses Ieéﬁses to focus emitted beam from the sample. 20
In one embodiment of the present invention the communication interface is selected from the group
comprising serial, USB, Bluetooth or combinations thereof. In one embodiment of the present invention
the other devicéncolenbedipentfitee pitbratahigriiod theeoaticplifiste wigembfitsmathghhsmidchield device. 25

In one embodimign) pldheinLeRR M RMRPINJRE IS dRYIgsHsRalgapRd from group comprising smart
phone, PDA and programmable device. The present invention is also related to a method to

monitor and comrgrleha ohﬂg ggfrgligro-PC dev{}ce said methoﬁiﬁom é‘l’ﬁﬁ%’ g{ tr&gtstggs: a)

L em resent Inventio ock-in er a C
establishing a communication ,etweePn tﬁe an e'foflmlcro F?E evic ReF§evice through a

communicatiorsigtakface, b) initiating a thermal cycling process based on thermal profile values
received from the other device to control an LTCC micro PCR chip, and 35c) sending an optical signal
detected by oplicahsysteiodiméhe athier gevede.ind<ntive ahebbidimosied afpivalpsaseant iseation, feec_jing
the thermal profie aICSHIRIR e WP IATHREAYA WRELINBHINARSIIIGHRERA oy e embodiment
of the present invention difyind or deleting the therma gprofl esthro 9?1 the user interface.

reating, modifying
In one embodiPiiie BFRsEpRESEhR AN ftﬁ@’ﬁﬂfé\dgd@qﬁéboﬁfbﬁlfd’é‘ﬁaﬂ(ﬁb%thentication of the user.

10
In one embodiment of the present invention the common end (605b) of the bifurcated

optical fiber points towards the sample.

In one embodiment of the present invention the hybrid optical detection system uses

15 optical fiber to direct light on to the sample.

In one embodiment of the present invention the hybrid of)tical detection system uses

lenses to focus emitted beam from the sample.

20 In one embodiment of the present invention the communication interface is selected

from the group comprising serial, USB, Bluetooth or combinations thereof.

In one embodiment of the present invention the other device. collect temperature of the
chip and the amplified signal from the hand held device.

25
In one embodiment of the present invention the other device is selected from group

comprising smart phone, PDA and programmable device.

The present invention is also related to a method to monitor and control hand held
30  micro-PCR device said method éomprising of the steps:
a) establishing a communication between the hand held micro PCR device and
other device through a communication interface, A
b) initiating a thermal cycling process based on thermal profile values received .
from vthe other device to control an LTCC micro PCR chip, and

35 c) sending an optical signal detected by optical system to the other device.



10In one embodiment of the present invention the other device stores a plurality of thermal profiles. In
one embodiment of the present invention the thermal profile provides for set point value and number of
cycles. 15 In one embodiment of the present invention, maintaining the chip at a temperature and for a
time determined by the set point value.  In one embodiment of the present invention, bringing the
micro PCR chip temperature 20 to room temperature by stopping the thermal cycling process. In one
embodiment of the present invention, maintaining the micro PCR chip temperature constant when the
thermal cycle isqp5 F8ehedImitAt oihdhe tseiihiaynbeth Egstiag dbr thesl droddnislusfidaiertyewith the other
device using mefide Blitopthusartatqught sepinegiaek. In one embodiment of the present invention
plotting the thermal and optical data on a display unit of the other device. 30 Other device (101) are

those which is gagable iSRRG b RERARAASIFASHIRe HYRRAN. APYARRdAI rammunication

interface (107) like_ for example wire based (RS232 serial port, USB) or wireless (Bluetooth
implementiﬁg aPERiflet PERLE SRS terCC micro PCR chip is a PCR chip made of LTCC layers.
This chip can be easily attached or detached from the hand held unit. 8 Thermal profile has the

temperature angl time WG iRe BebROIAL ¥aliasARVRILAR IS )99&09&%95{51%@9&%1?3 to complete

a thermal cycle process. 5The Polymerase Chain Reaction (PCR) Is a technique discovered to
synthesize mulfipi&¢5ffies 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 complimthtarip smarmntwdingene DA masnd iiveantmixtheeotimmt dirvilag fouresDINplupasr sofind two primer
DNA fragmentsflankingoisstarget sequence. The '

In one embodiment of the present invention the thermal profile provides for set point
value and number of cycles.

15 »
In one embodiment of the present invention, maintaining the chip at a temperature and

~ for a time determined by the set point value.

In one embodiment of the present invention, bringing the micro PCR chip temperature

20  to room temperature by stopping the thermal cycling process.

In one embodiment of the present invention, maintaining the micro PCR chip

temperature constant when the thermal cycle is paused.

25  Inone embodiment of the present invention communicating with the other device using

mobile Bluetooth serial port profile stack.

In one embodiment of the present invention plotting the thermal and optical data on a
display unit of the other device.

30
Other device (101) are those which is capable to interact with the hand held device

through any standard communication interface (107) like for example wire based

(RS232 serial port, USB) or wireless (Bluetooth implementing a serial port profile) etc.

35 LTCC micro PCR chip is a PCR chip made of LTCC layers. This chip can be easily
attached or detached from the hand held unit.



10 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 Tag polymerase to. extend the primers into new complimentary strands. Repeated
heating and cooling cycles multiply the target DNA exponentially, since each new double strand
separates to become two templates 15for further syrithesis. A typical temperature profile for the
polymerase chain reaction is as follows: 1. Denaturation at 93C for 15 to 30 seconds 2. Annealing
of Primer at 55C for 15 to 30 seconds 3. Extending primers at 72C for 30 to 60 seconds 20 As an
example, in thehamadapofiie has|theosmpsiatite and YpeoBichdstthgt Wideiotimetrmueld aemplate melts

("denatures") tafoeauiMarsin@IRSERRES LatpRROthetaRm dfdf prRiad. to 50-55C so that short specially
synthesized DNA fragments ("primers") bind to the appropriate complementary section of the template

(annealings). Pl i SUHRLIBRERR%IG, ZaCinE ARRAIGURYIS A RN Rolymerase)

extends the primers b binding complementary bases from the solution. Thus two identical double
strands are syntARi&selerarTiHCspacnb abiRNtrdim remmace Bk @igingh Redb Riecstd be increased by
roughly 60sec/kasskdoganasale D3ADsORtRiado BEshih &om Therhunaiesdibasgaq) hrhove are typical
instrument’ timeg; in fact.she denaturing and annealing st occur, almost instantly, but the
temperature rat(feél %%o%lrﬁerciarﬁﬁlwstrumlgnstéaﬁgg%ﬁfé% I%@s%tﬁéaﬁl (18 ?s‘é‘é"tv eecnorrlrt:éért'glgolocks or 9
water are used T8t tREMn i dbIatfoP st Siipfesarate Shrdnedhin jarasticemigrercdiifuge tubes. By
micromachningrieiiallyciasiaie de paraténas siiad? 6hasibRI el DROSSRiANN agStaBaroduce a much
faster, more engrgy effiglanh and.mere RRPAIG FER Bsiument; Morspuer tanid ransitions from one
temperature to ariother ensure that the sample gpen s a minimum amount of ime at undesirable
intermediate tefSfieseattres 46 feparaie Rndhfnd hAM Do pertmicficiadng thedPpmdty.imto Low
Temperature CachireshipBriastics trdfds ) Rsghe-anaany adsioniak thisledilmuigapnalogiethat is used in
electronic com nt packaging for automotiv fense, aerospace and telecommunication industry.
It is an aluminaq%ggeeé Bg réesngi? fggrsé{?ﬁlecerz}%%atg?i‘z\ilgt?]%?elss% néirrsl?ggmlgfn?eoreeﬁ?gzg%Opgﬂm%fet%ermally stable
(>600C), Has |0 fethsayedatisictivity (<3W/mK), good mechanical strength and provides good 15

hermiticity. It is conventionally used i ckaging chip leye] electronic devjces where in they serve both
hoped e rpstnsireh I

structural and elechicaIFIREIOHS PIREDIE IESFS KAV SIS YR B IR%Ssitability of LTCC to be

used for micro PGR.chiRfRRIGate R BN 3iPsthg.pest knowledge of the inventors, LTCC has not been
used before for such purpose. The basic substrates in LTCC technology is preferably unfired (green)

layers of glassy228npestimgicfiPddeniat 80 fopDiyotriedandier. Structural features are formed by
cutting/punching/drilling these layers and stacking multiple layers. Layer by layer process enables
creating three-(%rﬁé% PrEs RS 2 SsER At INEMSS (Micro Electro Mechanical Systems). Features
down to 5@omicrons can be readily fabricated on LTCC. Electrical circuits are fabricated by
screen-printing Ao mgwedvplgnol tiesibtivetgashe evlution is heated to 90-95°C so that the double

stranded template melts (“‘denatures™) to form two single strands. In the next step, it is
cooled to 50-55°C so that short specially synthesfzed DNA fragments (“primers”) bind
to the appropriate complementary section of the template (“annealing”). Finally the
25  solution is heated to 72°C when a specific enzyme (“DNA polymerase™) extends the
primers by binding complementary bases from the solution. Thus two identical double

strands are synthesized from a single double strand.

The primer extension step has to be increased by roughly 60sec/kbase to generate
30  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



25 each layer. Multiple layers are interconnected by punching vias and filling them with conducting
paste. These layers are stacked, compressed and fired. Processing of stacks of up to 80 layers has
been reported in the literature. The fired material is dense and has good mechanical strength, 30
Figure | shows a schematic of an embodiment of the Micro PCR device indicating various components
and their functions. The device comprises of a dispogsable LTCC Micro PCR chip (103), which has a
reaction chamber to hold the sample with an embedded heater and an embedded temperature sensor
for thermal cyclivegerT hes temep efatuttesen sequiibratiernasiosampkserperatamedens plastn also be
placed outside n].lgrgggnglmmﬁgd of embedding inside the chip. The temperature sensor could be
any sensor capable of measuring the temperature. The LTCC Micro PCR chip (103) is interfaced to a
hand held electyonics unit 109% gom lﬂsig lof 3hF controi)eiﬁaﬂtr b]f9212 irslavin atheater_ control and
driver circuit, which CONUOIS the RERTEr haSET Gn e %sstempé:rg ure senséfva uee.("f‘haéstemperature
sensor value isHedues thanichtisten rmoktianouyrefitignpandta masenshsifieiRCR (10@maite heater
control sets thenghligytempgiatusa AR TRINIRS theptempeiptuisher ansueatian mEoviggd by a micro
controller (106) as set paint values. Mlotth? components on the rzjand held unit (109 arﬁfpoweredbya

pone
batter pack (1086 THEHAHY ?{5?3nc5evfcréle(fb@}dr§1¢f§r§ B S RS EE B4 Yor detection of
fluorescence sigmplibbiNhdaniptorRa Rdship 1dBYriThis comprises light source, a circuit for
controlling the light source, detector for sensing the emitted light from the sample, a circuit for

amplification ofithe Sgnpeiiiae daeisampemithelrrc) helthelhsirmiceetdioR)orithke inkarfaced with
other processing deyiee (a1 Jie P RRIBlSIROILI0 & SmaltRhane (P RALANY REagessing device for
data acquisition ana cohtrol. | The batteries could be’a reac aﬁ'egoat{ery aving a por? provided to
recharge itself AXAREREe ARA| SngporBuIEetien anyRirhdtbistitiaBiasg cPrisdilgapsicleera@iémium, lithium
ion 20 or polymgsthal et BUHRIMiBERKisH B-tampaass aldmallhedmpdredevigaalso comprises

atleast one of the communication interface.(107) to communicate with the other devices (101). The
communication%ﬁ@?ac%’?i‘b%}vgﬁn?ﬁgeqv%wz( a e%é(lﬂg%flgaeriéfrf)n ,Ggi)pé?vvlvcgréleggg Bluetooth
implementifg ahsewisicins Iy cpruenadnaiipisedynspackgingt guipflrvdkelestrdrfisrdsuiernwhigation due it its
speed and easg ofhkypRigme BhatiaudibRIniQ feretian saisisatapRdgrstHIGioshReVRen the other
device (101) and the.microcontroller ther devices (101) here are those capable to control and
monitor the hartF R A S0 1 bGP H ST S MDA SR Bhone. a
computer, a mithotsshkrotdeder afthpiveatosinl evibes oapbdsie ussEbeferatocseh witipakee hand held

device. The othg{.dRViEQUBIRARLQY ITEE @ HERIDES FAsRARMIPWhARY WRMLSIBIRRYoAdIAg)- The other
device ref%Bred here has the a%%ls)‘ili%/ to run the relgvan software.to commun'%cate, cgytrol and

monitor tha’h aﬁar'ﬂgla dg\l}%éa 1 1polymer1c binder. Structural features are formed
‘ cutting/punching/drilling these layers and stacking multiple layers. Layer by layer

process enables creating three-dimensional features essential for MEMS (Micro Electro
Mechanical Systems). Features down to 50 microns can be readily fabricated on LTCC.
Electrical circuits are fabricated by screen-printing conductive and resistive paste on
25  each layer. Multiple layers are interconnected by punching vias and filling them with
“conducting péste. These layers are stacked, compressed and fired. Processing of stacks
of up to 80 layers has been reported in the literature. The fired matefia] is dense and has

good mechanical strength.

30 Figure 1 shows a schematic of an embodiment of the Micro PCR dévice indicating
various components and their functions. The device comprises of a disposable LTCC
Micro PCR chip (103), which has a reaction chamber to hold the sample with an
embedded heater and an embedded temperature sensor for thermal cycling. The

temperature sensor is a thermistor. The temperature sensor can also be placed outside



A microcontroller (106) controls the electronics on the hand held device (109) and communicates with
the other device (101) through an interface. The micro controller has an analog to digital and digital to
analog converter for interacting with the analog 5 circuit i.e. the control circuit (102), Temperature
sensing circuit (107) and optical circuit (105). The rgicrocontroller (106) collects the set point values
from the other device and provides it to the control ﬂcuit (102). The microcontroller also provides the
temperature sensed by the temperature sensing circuit (107) and the optical data provided by the
optical circuit (106 yhipthetesthef dmbietdinthmsifstithel chapa Herécispdretrosignsat demkdcbediyy the optical
system (105). Rigldse Splipvsrancasiragrarhicnieun et amempedimaniobdie dricrad3FR chip indicating
reaction chamber (%Olg or?\s%ell. %@f'ﬁgure lndicategé?e asse%qéthe heater 20@ %w a
temperature selBRETEANARAPL26'S) SITETRR R AT HERD) hmRs BeeroT 12 SRANTOTHEHE% Y Ponductor lines
(205) and the thevimgstoheserdusitrlined (204 cireuit)sehistlicaten]sTthesecatendiasibotintgs will help in
providing cannegHpadarhshertenancrikedhpemistosamiPediRtingaadinavitaexter| circuitry.

Referring to Figure 3 which shows a cross-sectional view of an embodiment of the 20 LTCC micro

PCR chip wheri948beh EDRBH1IREAISh Y4l Bad o i h 3Rl 82 ARt E%7a & 207b)
indicate the contagepaddoarherthietamstdre(208)draferriog to digtive dpreideld dhyowsnddayer-by-layer

design of an embodimeptos’ Rad TGt Micke, RERSURMAGHSIOtR AR HERMRISRRDPLL2 layers of

LTCC tapes. There 25 are two base layers (401), three mid layers having the heater layer (402), a
conductor laye PPN F BatsarRaiiE) thermistor (404) whereas (405) forms the interface layer to
the reactiard chamber (201). The reaction chamber layers (406) consist of six layers as shown. The
conductor layeT#0Bnid bédd groeid€PDetlsedrtbes hoatptiahdystenthdiifistor teyestonTofe heater

conductor line @RRARINE R RSORERENCIRRIRS Q0329 HaRIRISRISH the figure
shows the conductortllnes Zodglls ‘E‘H@% din elthﬁf[l side ?f the thermistor I%ﬁ,r ggm). The heater
design can be SFEHS 'ShSBR RN Br SQuISe ilTECr Hgenshgile eRstilieizeDaRsing from
0.2mm x 3mm tenBriwmaxciawin. fihengpfifiationshiahe oftthé (femetheasarpleelBotddishbed on the

requiremeys. Tiagicd 2 0AWHERERIS SRUANE iR drasadinuandha 6i3ief thafBRetiRmchamber or the

sample been tested or the material been used _asé":t cigngjuctor layer. The LTCC clhip has a well volume
(A%

of I to 25 gl. Thg) R é%trp&og%sgla%ﬁrt?ﬂgwrm?ﬁssmg e for data acquisition and control.

The batteries could be a reachable battery having a port provided to recharge itself from
external sources. For example the batteries could be like Nickel Cadmium, lithium ion

20  or polymer that can supply peak current in excess of 1A. |

The hand held device also comprises atleast one of the communication interface (107)
to communicate with the other devices (101). The communication interface (107) can
be wire based (RS232 serial port, USB) or wireless (Bluetooth implementirig a serial
25  port profile). Typically serial port profile is used for communication due it its speed and
ease of implementation. The inteffacc transfers data and instruction between the other

device (101) and the microcontroller (106).

Other devices (101) here are those capable to control and monitor the hand held device.
30 For example the other device cbuld be a PDA, smart phone, a computer, a micro
controller, or any processing device capable to communicate with the hand held device.
The other device also provides a user interface to input and view data by a user. The
other device referred here has the capability to run the relevant software to

communicate, control and monitor the hand held device (109).



5 resistive element that is employed in conventional LTCC packages. The thermistor system with
alumina is used for fabrication of embedded temperature sensors. The measured TCR of the chip was
between 1 and 2 OM. The chip was fabricated on DuPont 951 green system. The thermistor layer can
be placed any were in the chip or a temperature sengor can be placed outside the chip instead of
thermistor inside the chip. 10 After determining the uniformity of the temperature profile with in the
chip, PCR reactions were carried out on these chips. Lambda DNA fragments, salmonella DNA and
Hepatitis B DNA has been successfully amplified using these chips. Figure 5 shows the micro chip in 3
dimensional viefv&sieramig lies e R desislestioristioe iishband heddigvictofGAYandhermistor, and
conducting ringsofaadnictélsatahavsiRe dsvi&) ot ahigican neeing thacanss daftidngs (502) to the
conductor plate, (402), The embedies healsy Js Imade ofresister Raste ike G series flom DuPont
compatible to L oloh ny%ree ceramic Fape systerﬁ can be used suc a‘%‘ﬂu}bont@ ,gESL 20 (4IXXX
series), Ferfo (Acyifstentho contial etisuitnd Gaidlemisetiaedseashserimuie €8s @nis eptiseinnistor
fabricated USinf@iﬂ:LBtT @o(ﬁ.?sﬁéveﬁmmf?rwellmefMaEt)heegésm@teM%Eniﬁw hag@dE-g.: S09X D,
are ESL 2612 from ESL Electroscijence) for Alumin rates. NTC: Negative Temperature
Coefient of roEL L P e Mo ERA Tecma oo e AR PR e
transparent (308BSITBGN#RNYPEVBYe HistHY SR MAGEC AP I E0giRRie LIEY Apdrahiversictiedsiample from the
said reaction chagiaed 8pahis spacie afhalysy MateialeQrlice! artesing Vsstamrd10the105) The
optical (ququscengFf) geiegrﬂog]sysg% gom rﬁg of an illumination source, 30 typically an LED,
filters for selectigh 0 ﬁ(fﬁ ‘0 .gpperBBrlla evave'len jth, optics for delivering and collecting light from the
sample, and light sensor (photodiode, photomultiplier tube, phototransistor, image sensor, etc). It also

comprises of ciFégHtfy 3198V iorioRhegEa Ryt Listhc, 18 qevadimr Affidm MerdtERedddr. In portable
13 applicationsipdieiagiodects biiabandstoopwsladgas aaser il Rude rrdackdm by iblowepower
consumption (s1milli eal time detection of PCR prod employs f nc hnique, where
ina photosens<itt1|(:'/r£{e;!é{:lg%a Q%S%O% or dcfli%r \Sflgigré%rénr%tgrres@%tlfﬁ %ﬁeﬁﬁéﬁ) én@%ﬁ?éoz%ggrbs light of

certain wale leffjth Hisheatsnsoadectaines K2R ver g theargans@duomn hines (29981 dieen). Typically
the emitter lighirpieRsilRRIERBIMEHIHE®ABRSOh fesiastomibithasurosssivhpragress of the

PCR. Monltorlnt%ethel ?haﬁﬁedgegnelﬁ%ﬁigv& ';%rtlsn%! @rggll{ts real time detection capability for the PCR

device. Coupling And corfection o?llg samBi’e can be achieved in multiple ways. The

following methods can be employed in the system 10 Bifurcated optical detection system using
bifurcated OptiC%.?fﬁHé}g(EOg')g jwhich shows a cross-sectional view of an embodiment of the

20 LTCC micro PCR chip wherein (206a & 206b) indicate the contact pads for the heater
(202) and (207a & 207b) indicate the contact pad for the thermistor (203)

Referring to Figure 4, which shows a layer-by-layer design of an embodiment of the
LTCC micro PCR chip wherein the chip, comprises of 12 layers of LTCC tapes. There

25  are two base layers (401), three mid layers having the heater layer (402), a conductor
layer (403) and a layer having thermistor (404) whereas (405) forms the interface layer

to the reaction chamber (201). The reaction chamber layers (406) consist of six layers

- as shown. The conductor layer (403) is also provided between the heater and the
thermistor layers. The heater conductor line (205) and the thermistor conductor lines

30 (204) are also indicated. In the figure shows the conductor lines (204) is placed in either
. side of the thermistor layer (404). The heater design can be of any shape like “ladder”,

“serpentine”, “line”, “plate”, Etc. with size varying from 0.2mm X 3mm to 2mm x

2mm. The size and shape of the heater can be selected based on the requirements. The



mode plastic or silica fiber or fiber bundles) having bifurcated end (605a) and a common end (605b).
One of the bifurcated ends (605a) is for incidence of light from LED (601) on to the sample and the
other end to incident light on to a photo detector (602). The common end (605b) directs light on to the
sample. This method 15employs optics for couplinglgght to and from fiber in addition to filters for wave
length selectivity. A beamsplitter optical detection system using beam splitters, lenses and filters for
focusing light to sample and detection. Figure 19 Hybrid optical detection system employing optical
fiber for illuminasighrementsicostdipdike desndingrap the sizingf b se4iltien ahaindetectbe. sRigplee 20 Figure 6
shows an embaegdimnei-albiig-opticalinmicmewkiah dadikeiersge for a PCR device in accordance with
the present invention. Figure shows the configuration with bifurcated optical fiber (605) comprising of

an excitation seyrc ED (601) at 25 .en the bifur, .e 05a) and.the fluorescence
e%’ﬁflé%lk'i ag a vs)eﬁ‘ v%plﬁn %fel E(i)% ?n% l?e%&g 1*%95&%51%6:%%Em

detected by a Photo detector (602) at anot eer_ ifurcated end (605a). The L ‘and Photo
detector (662) &FdtyammtatthBtifrEaterd iy wosaliorink 1S Sticarnsss-afhe therevsionon end (605b)
looking into thesyeratiovitehamiier (20dgdofothgbricaiorc el henfigrimralsenshiowmna filter (604a)

b o R A S b LR e R e B o e e

& 603b) respectlvei . The output S|gnalv¥?om e detector is amp (m-sffu m ﬁﬂotomultiplier

tube, avalanch&pPRtoHibEELOSHTE AN TARRBIsEF dtier 7o harlape goyeverpardhe démmg sent 14 to

heater controllaenferauarsgisootanelficecsiasidd shelkpgadaskedridepifblingtewit dapgk-in amplifier). In
this circuit the illumination is pulsed at a predefined frequency (typically in 10 Hz to 500 kHz range).

The output Sig%&éﬂ%{é‘rﬁﬁﬁfﬂgetﬁgﬁ}ﬂ‘%&ﬂ{f(?g%ﬁﬂ@ t‘élﬁ%‘égtllﬂ'glﬁ SdWE Hme Jﬁ??q Ysiiey and

generates a proportional direct 5 current (DC) that is amplified, converted to a voltage and further
amplified sent fSAHOMIBEESATSHUE e ethidigrclambdp IMA Sagnentto sabrsactiaiBM the signal and
eliminates frequahdyepatated roie imiheaionatedshalioakpifiacusing rsedapsbalagnees!

modulatoridemgelaigt (kAR 3% ML IR, ARISADRYIAEAEANTE, T, SHOUS Ablgck diagram o

gipt L
the circuit controlling the eater and thermistor wherein t ermistor in the icro PCR Chip

(200) actslas offshtRNAYRHY iFingfe thEERE @D cPodictingeinghe?thdtakmpebansr@estnsor is placed

out side the chi@ot rmathe: conetigdhocontabihingrpepidhe boidgesipai.@dg. amplified output of
the bridge from the bridge amplifier (701) is given as input to the PID controller (703),

The embedded heater is made of resistor paste like CF series from DuPont compatible
to LTCC. Any green ceramic tape system can be used such as DuPont 95, ESL

- 20 (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
from EMCA Remex can also be used.

25
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.

Optical detection system (104, 105)

The optical (fluorescence) detection system comprises of an illumination source,
30 typically an LED, filters for selection of light of appropriate wave length, optics for
delivering and collecting light from the sample, and light sensor (photodiode,
photomultiplier tube, phototransistor, image sensor, etc). It also comprises of circuitry

(105) to drive the light source, to detect signal from the light sensor. In portable



15 where it is digitized and the PID algorithm provides a controlled digital output. The output is again
converted back to analog voltage and this drives the heater using a power transistor present in the
heater driver (704). The analog circuit implemented for the heater control (703) employs a P or Pl or
PD or 20 PID (Proportional Integral Derivative) or can be a simple on/off control based on the output
from the thermistor. The temperature sensor is a part of a circuit which detects the change in
temperature. In this figure an example of thermistor is considered for the temperature sensor wherein
it is made a parppfigehienstsioredinddge phoitafBB8) Ghimage sense ihprefristdr desistitniow due to heating
or cooling resuis.ie-adiniigpui i okane 2 REamitee &iedibn Bis reliaghifdRlatngisgsthe
temperature of the well on the LTCC chip. The measured voltage is used. to determine if the heater is
to be turned ontBPSHFFe FRRIAY S TE IR A RIS SEESX5oReraRbar ke & H R Aum
temperature to fyesattamibd RCEheivtite absoriss LigiE Gf chip)n Faackopht fud thetsesisizaplos variation in the
heater and shermiziRp a? Q940feh QPERNIRACGIRBR SRERHRALAN GO RS IRRehaRifeveloped and

is being implemented in the hand held. The circuit compensates for the changes in the resistances by

using a commeTOREHRANiSRFIRTLAY) SxPeEsEd WthhdhsntBrsrist sPiersse AErthork dt circuit is
managed by a Ménitrmgttiod eiarigecnthemitidroflersity programai ethtodewwtibe cdpaiibig trermal profile
through the comuBICALIREL IvGHHRE bl EoRERGSRTE RRNHRIS the MERGHERNERIRIICHIL(&D2) to run the

desired profile on the LTCC chip. A Bluetooth interface has been tested for controlling the

A p A .
microcontroller'd TEHYSBATTAS RITH R Rhets AppagmRiarsAIHRSIECE). Development of
software fo0 BluetdBithreadmypriteatitaeeinh deselo pignbihifsaldd Gpaiphiicaidd ye0Int@iace) is being
mplemented in the, g0l gy 9L THE MEIIRE oL cADIBHRY S ERpE 3 rgading he

temperature sensor value disclosed here is only an example. This should not onsidered as the

only way to controfféPBietend dofinttatian cOwmebifealtd ails (988dE tBEKifsnesehlger and reading

the thermistor valugds WElD ggpljaable te Samprstaatidisthesend Ihmeltdear Kigiiees ongilas users to

create thermal proﬁé?e%&r(k'aﬁfﬁ'éeéﬂﬁ%&hﬁ?d‘(%HM)%E%@@ nghtl%%etf) Itﬂ%esg%%%)'%@e thermal profiles are
t [ i 0

transferred to the microcontroller 15 through the communication interface "“1he thermal profile
comprised $et poirftMRIfYE Sptrenipieratatiasbightiinard fannibatimpadider jeiBkery s t¥perature sensor
data and the opticadrpeigettofivitaia from the microcontroller is sent to the other device and displayed

on it. The comput.e' ill alsp evalyat ata and display the result of the reaction. The portable
computer runs on ér:g S?J"elsr%ff)%% gé{sl gm@?ﬁ%‘%i%%v%“&?@/%fgﬁlg %’ﬁréﬁ%‘““éé’,‘ %}l]/&:tﬁ Siafl?lr, Linux. In still
another embodimdneusingdigbsiblsample ardyderpstiont Bigine VAlues are sent to the hand held device and

the number of CyC'ﬁab@f@dﬁ}%it%%@tQX Hamhaipisvicopfits miGresantalittariavgrde set point
values sent from a thermal p_rofir%e by the other device. 25Typically the PCR product is analyzed using

gel electrdBhoresiSCIFPHIR YRR AGERDRIL GRS Be¥e 4o separated in an electric field and

observed by staining with a fluorescent dye. A more suitable scheme isto use a fluorescent dye that
binds specificafiigtedostinysaasmring wheomtisalrestaovbisitisugesiyed dat-a RERPCR). An
example of SUGRAYR SHURRGRETN HRatis AYsiesh 90BN iaHE30-aRM Qmits 520nm green
ot e o TR I R, B GRSl 0 AR s svended
25 end of the bifurcated end (605a) and the fluorescence detected by a Photo detector

(602) at another bifurcated end (605a). The LED (601) and Photo detector (602) are

coupled to the bifurcated end (605a) of the optical fiber and the common end (605b)

looking into the reaction chamber (201) of the LTCC chip (200). The figure also shows

a filter (604a) coupled to the LED (601) and a filter (604b) coupled vto the photo

30  detector (602) by couplers (603a & 603b) respectively.

The output signal from the detector (602) is amplified (in-situ in photomultiplier tube,

avalanche photodiode) using an amplifier circuit (701) as in figure 7 before being sent



16 An example below explains different possibilities that can be achieved using the hand held device
(109) with other device. The other device considered in this example is a PDA/Smartphone. 5 The
targeted PDA/Smartphone application runs on a Windows mobile 5 platform. It uses windows mobile
Bluetooth serial port profile (SPP) stack to communicate with the hand held unit, The hand held unit
comprises of a bluetooth module, which interfaces With the microcontroller through UART (Universal
asynchronous receive and transmit) port for the data communication. The core functionality of the
application is tatcbeztie|cobtaticr ndargtample ¢fi emmbfieyclingt probesdwkidddoarfbligldinnit though

various stored erwgmalaq{aﬁmsg inalie hiasUneRaalGS ke edar sl acsans.asaljalgata plotting

creating therm ofiles, etc. figure 15 illustrates the communication method between the application
and the hand hQPG"ﬁﬁli'P' Y 14 Jgﬁlfé’aﬁ% kB% Hans)a s pRURIb T igraly P resessts T@quut data which
includes set poprbaahiresditenitpechsune @ntictismey dirdutineyrandh igencodftey elespbhimsdtddoimnt values are

wansferred o theAnbs i aiaiah BRRIAUNONBCLRP RGBS R DeRNREheld units

response. On attaining the set&omt value the hand held unit communicates the same to the PDA

which sends th5EseeaEe TS A8 Frgtir s hascas e ACanebs Jetin S 96 digaekdifh the hand held
(temperature artindpsics|fegighandethisplapsét.im cheasigmlinicate dowdt-bxedytet thebmstrustions sent by

PDA, the hand igldl a5, 84N RRIBHRIES: il ABRSHFREHPARAITLBaEAgPles Bluetooth

communication and control of analog circuits. In addition, the program on the microcontroller
continuou Ia/ Ilpds tén%gratur% %g%cal dg@ to.the PDA. 25 Tll’ e% A application has 4 modules:
1. Access controf2 A8 & SHTHIL R REROREAEE R e P eSH 1 F his module
allows users to\kbgmu!dlthmapmbaimmelTﬂﬁaMurbgﬁi%ﬁéhaE@QODtIactSsaerqnawfetl& Rassword. 3. There
are two levels Qf 26588 G 1663 FNIIWHSK BliMEntheHARE stfsor is placed out side the chip it

can be connected to one of the arms of the bridge circuit. The amplified output of the

bridge from the bridge amplifier (701) is given as input to the PID controller (703),

15 where it is digitized and the PID algorithm provides a controlled digital output. The
output is agaih converted back to analog voltage and this drives the heater using a

power transistor present in the heater driver (704).

The analog circuit implemented for the heater control (703) employs a P or PI or PD or
20  PID (Proportional Integral Derivative) or can be a simple on/off control based on the
output from the thermistor. The temperature sensor is a part of a circuit which detects
the change in temperaturé. In this figure an example of thermistor is considered for the
temperature sensor wherein it is made a part of wheatstone bridge circuit (706). Change
in the thermistor resistance due to heating or cooling results in a finite output voltage
25  from the circuit. This voltage is related to the temperature of the well on the LTCC
chip. The measured voltage is used to determine if the heater is to be turned on or off.
The heater is supplied with a preset power determined by maximum temperature to be
attained in the well (on the LTCC chip). To account for the resistance variation in the
heater and thermistor (~20% for optimized chip), a self calibration circuit has been
30 developed and is being implemented in the hand held. The circuit compensates for the
changes in the resistances by using a commercial thennisfor (PT100) exposed to the

ambient.



4. Administrator has the following powers: a. Create users and user folders b. Create thermal profiles
c. Connect to/Change hand held device (109) 55. Users once logged in with their Usernames &
Passwords, have powers to execute the application, view and store the data pertaining to their
session. GUI 1. GUI module provides screens for: a, Administrators to enter different Setpoints
(Temperature & Time) and 10create/delete/modify tHermal profiles. b. Create/delete Users and user
folders. c. Change of hand held device. i. The application uses the bluetooth stack to detect bluetooth
devices in rang&hq\heatetetentionsiiclis s ayanagicth byagahidnpsontitervidbe mieeasgeiralldministrator will

select the handph%fmg.\émeoaﬂd Eﬁ@&@Pé@ﬁ{miﬁﬂldﬁ&t&%ﬁémldﬁé%mn%ﬂﬁkti&anﬂiérww the hand held
device (109). 'galrln% it W'”théeﬁgaete alre% device {)% mationf or, future u%q tart stop, restart
and pause the SPBECR 18g RARESAntRhadiseh e Uatie PSHES RreH' 08 Psceived by the
application. 2. (Bm@ddme\rialgqiosﬁreetnrf@plhﬁsm@mmhf@ cxpﬁcéllmmtbeooltemeutrﬁbfrn the hand held
unit. Data BrocggaingJdRRaGunning on a PDA (iPaq running WincowsCE). Development of
.software for Bluetooth communication and development of GUI (Graphical User
Interface) is being implemented in the hand held device (109). The method of
controlling the heater and reading the temperature sensor value disclosed here is only
an example. This should not be considered as the only way to controller or the
10 limitation. Other means and method to control the heater and reading the thermistor

value is well applicable to the instant discloser.

The other device enables users to create thermal profiles for the PCR through a GUI
(Graphical User Interface). The thermal profiles are transferred to the microcontroller
15  through the communication interface (107). The thermal profile comprises set point
values (Temperature and time) and the number of cycles. The temperature sensor data
and the optical detection data from the microcontroller is sent to the other device and
displayed on it. The computer will also evaluate the data and display the result of the
reaction. The portable computer runs on an operating system like Windows CE/Mobile,
20  Palm OS, Symbian, Linux. In still another embodiment it is possible that only the set
point values are sent to the hand held device and the number of cycles are monitored by
the other device. The microcontroller achieves the set point values sent from a thermal

profile by the other device.

25  Typically the PCR product is analyzed using gel electrophoresis. In this technique,
DNA fragments after PCR are separated in an electric field and obsewéd by staining
with a fluorescent dye. A more suitable scheme is to use a fluorescent dye that binds
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 .

30 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.



25The data processing module has the following functionality: I. Data conversion 2. Communication
algorithm. Data Conversion: 1. Data is collected from a thermal profile selected by the user. 302. The
following is a typical thermal profile: 18 Initial Setpoint Setpoint 1 5Setpoint2 Setpoint 3 Final Setpoint.

10 Number of cycles 3. As Setpoint contains valuels contains Temperature and Time, The
temperature values are then converted to voltage values by using a formula: t - x

An example below explains different possibilities that can be achieved using the hand
held device (109) with other device. The other device considered in this example is a

PDA/Smartphone.

5  The targeted PDA/Smartphone application runs on a Windows mobile 5 platform. It
uses windows mobile Bluetooth serial port profile (SPP) stack to communicate with the
hand held unit. The hand held unit comprises of a bluetooth module, which interfaces
with the microcontroller through UART (Universal asynchronous receive and transmit)
port for the data communication. The core functionality of the application is to control

10 and monitor the thermal cycling process of the hand held unit though various stored
thermal profiles. It also has functionalities like two level access control; data plotting,
creating thermal profiles, etc. figure 15 illustrates the communication method between

the application and the hand held unit.

PDA application

15 The PDA application program accepts the input data which includes set point values
(temperature and time) and the number of cycles. The set point values are transferred to
the hand held unit through a Bluetooth connection and waits for the hand held unit’s
response. On attaining the set point .value the hand held unit communicates the same to
the PDA which sends the next set of instructions (figure 17). The PDA also receives

20  data from the hand held (temperature and optical data) and displays it. To communicate
and execute the instructions sent by PDA, the hand held has a micro controller with
embedded program that enables Bluetooth communication and control of analog
circuits. In addition, the program on the microcontroller continuously sends
temperature and optical data to the PDA.

25  The PDA application has 4 modules:

1. Access control
2. GUI
3. Data processing and communication
Access Control:
30 1. This module allows users to login to the application.
2. It has a login screen with User name & Password.

3. There are two levels of access controls a. Administrative b. User



V - Where V is voltage and t is temperature. x & y are predefined constants. 154. The voltage values
thus obtained will be converted to 10-bit hexadecimal (base- 16) values by using the formula: V *1023
Where V is voltage. Hex * 1023 VsuP PIY 7. Voltage is again converted back to temperature:
t=V*y+x 8. The optical data collected will be converted to voltage and will be directly sent 25to
plotting, Data Communication:  The data communication module talks to the windows mobile
bluetooth stack. The 30following protocols are followed during the communication. Start: The start
button provided by*thAdpimisteaienhpsdipflostagsanershermal cycling process. The application

requests the bluetooth stack teagsighiishdawieiass serial port 19
b. Create thermal profiles
c. Connect to/Change hand held device (109)
5 4 5. Users once logged in with their Usernames & Passwords, have powers to
execute the application, view and store the data pertaining to their session.
GUI
1. .GUI module provides screens for:
a. Administrators to enter different Setpoints (Temperature & Time) and
10 create/delete/modify thermal profiles.
b. Create/delete Users and user folders.
c. Change of hand held device.
i. The application uses the bluetooth stack to detect bluetooth
devices in range. After detection, it displays all the available
15 devices in range. Administrator will select the hand held device
and the application requests the bluetooth stack to pair with the
hand held device (109). After pairing it will store the paired
device information for future use.
d. Start, stop, restart and pause the application. .
20 ‘ e. A log window, which shows the data transmitted and received by the
| | application.
2. GUI module has a screen to plot the thermal & optical data collected from the
hand held unit.
Data Processing module
25  The data processing module has the following functionality:
1. Data conversion
2. Communication algorithm.
Data Conversion:
1. Data is collected from a thermal profile selected by the user.

30 2. The following is a typical thermal profile:



connection with the hand held unit. After receiving the acknowledgement, The PDA starts
communicating with Hand held unit. Stop/Pause/Continue 5Stop command will stop the thermal
cycling and indicate the hand held unit to bring down the chip's temperature to room temperature- this
process cannot be restarted. Pause will hold the chiﬁ%'s temperature to current running temperature.
This can be revoked by continue command 10 Use of a portable computing platform like PDA gives
the system enough computing power to control the electronics and provide a rich yet simple user
interface to displaynitiel $ateeiftalso makes the entire system modular and hence enables easy
upgradation the sysdgiinwith mintal cost to the user. 15The invention provides a marketable hand
held PCR divice fger specific diagngstic appﬁl\icaaiéon. Thegrogram running on the other device provides
a completehand h&ig systemith real S (¥tSSGh and software control. By reducing thermal
mass and improveSetpeatidg /cooling rates using the device, the 20 time taken from 2 to 3 hours to
finish a 30 to 40-cycle reaction, even for a moderate sample volume of 5-25 id, was reduced to less
than 30 minutes. Figiargétgoshiows the time 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 indicated gs () 40 EIa1e hdnEYIHIEL I ALPUIGEHARAS AhseT{Rd When fe, 25PCR was

run for 45 cycles in 20 minutes (2) and 15 minutes (3) also. Conventionaf ration for HBV (45
cycles) would take abiHes Heiten fameHed Rk es s ctiag2 @amItgs with smaller sample sizes
and consumption of smaller volumes of costly reagents.-The small thermal masses of Microsystems
and the 30 small sample sizes allows rapid low-po ezr'fﬁrmal cycling increasing the speed of many
processes such as DNA replication through micro PCR. In addition, chemical processes that depend
on surface cheMisrs idY f@ﬁﬂ?@ﬁiémw{ﬁé‘ erauduereliped sordaitiume ratios available on the
micro-scales The atlvahtagésgefvalierodihsidicsin2Ovwitivte provaie dodalbif hethdeclemebpment of

integrated microsystef%ﬁ%lgg%g}mgalﬂglmughe Micro chip translated into a hand held device (109),
thereby removes the PCR

14

*1023 Where V is voltage.

sup ply
5. The time values (in seconds) are converted to hexadecimal (hex) value.

6. The thermal data collected from the hand held unit will be converted frbm

20 hgxadecimal value to voltage for plotting using the formula:
Hex

7. Voltage is again converted back to temperature:
t=V*y+x
8. The optical data collected will be converted to voltage and will be directly sent

25 to plotting,
Data Communication:

The data communication module talks to the windows mobile bluetooth stack. The

30 following protocols are followed during the communication.

Start:
The start button provided by the application program starts the thermal cycling

process. The application requests the bluetooth stack to establish a wireless serial port



5 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. Existing PCR instruments with multiple reaction chambers provide multiple DNA
10experiment sites all running the same thermal protocol and hence are not time efficient. The need
arises, to minimize reaction time and intake samplel\%lume. Instant PCR is designed in future, could
have an array of devices with very quick thermal response and highly isolated from the adjacent PCR
chips to be abledont&efeeitahe daodiheldpernidesftly receivingtithie adaotidergeamtintdTler@tAhermal

protocols with niipjoWmAEaRsHakviftlB-A8algig.ar quantification of the PCR products is realized by

practical integration of a real-time fluorescence detection system. This system could also be integrated
with 20 quantification and sensing systems to detect diseases like Hepatitis B (Figure 12), AIDS,
tuberculosis, etstopfaesaidasieisinclude food monitoring, DNA analysis, forensic science and

environmental gopitgrngng WFij2E AShoNs ASoMParATiaiBR! AL ke mekingRfXfag DNA fragment

on chip 25using the integrated heater and thermistor. Figure 9 shows the increase in fluorescence

signal associatdg¥RitiearRiAdEHBArBrR-13 F2oHNAM AW e S IPRETR SR CBR T by the hand
held unit and theatsaetibrholdshpethidy i eshperauehip (@piere actning eixperataied Tid aih) .bd he
fluorescence W@@é&gﬂp&%ﬁ%y%g&g%ventionm lock-in amplifier. Instant invention also provides for
diagnostic system. The procedure adopted for

10 Use of a portable computing platform like PDA gives the system enough computing
power to control the electronics and provide a rich yet simple user interface to display
the data. It also makes the entire system modular and hence enables easy upgradation

the system with minimal cost to the user.

15 The invention provides a marketable hand held PCR device for specific diagnostic
application. The program running on the other device provides a complete hand held

PCR system with real time detection and software control.

By reducing thermal mass and improved heating /pooling rates using the device, the
20  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 14 shows the
time 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 in.dicated’as (1) in Figure 14. Further, the amplification was observed when the
25 PCR was run for 45 cycles in 20 minutes (2) and 15 minutes (3) also. Conventional

PCR duration for HBV (45 cycles) would take about 2 hours.

Miniaturization allows accurate readings with smaller sample sizes and consumption of
smaller volumes of costly reagents. The small thermal masses of Microsystems and the
30 small sample sizes allows rapid low-power thermal cycling increasing the speed of
many processes such as DNA replication through micro PCR. In addition, chemical
processes that depend on surface chemistry are greatly enhanced by the increased

surface to volume ratios available on the micro-scale. The advantages of micro fluidics



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 35165 ribosomal DNA
amplified - 300 -400 bp fragment from E. coli and Salmonella 21 while the primers for the stn gene
amplified - 200 bp fragment from Salmonella typhi. ?@e products obtained were confirmed by SYBR
green fluorescence detection as well as agarose gel electrophoresis. Figures 9 and 13 shows the gel
picture of the amplified k-311 DNA -and salmonella gene using micro-chip. 5 Thermal profile for
amplification ofhevs ProRpederktdpatBA: dsxeioporse) of dntapaled Snicresolm farcelgmisExtension: 72C
(120s) 10 Thermalypiefile for amplification of Salmonella gene: Denaturation: 94C (90s) 94C (30s) -
55C (30s) - 72C (30s) Extension: 72C (300s) 15 PCR with processed blood and plasma Blood or

plasma was treigil) &y SGiRURRGAYS VNP HERLATRE RIS IGAPIRRBER JaRfery substances

from these samples. The clear supematant was used as a
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.

Existing PCR instruments with multiple reaction chambers provide multiple DNA
10  experiment sites all running 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
thermal response and highly isolated from the adjacent PCR chips to be able to
15  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
of a real-time fluorescence detection system. This system could also_ be integrated with
20  quantification and sensing systems to detect diseases like Hepatitis B (Figure 12),
AIDS, tuberculosis, etc. Other markets include food mqnitoring, DNA analysis,

forensic science and environmental monitoring.

Figure 8 shows a comparative plot of the melting of A-636 DNA fragment on chip

25  using the integrated heater and thermistor.

Figure 9 shows the increase in fluorescence signal associated with amplification of A-
311 DNA. The thermal profile was controlled by the hand held unit and the reaction
was performed on a chip (3pul reaction mixture and 6l oil). The fluorescence was

30  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

35  16S ribosomal DNA amplified ~ 300 — 400 bp fragment from E. coli and Salmonella



template. Using this protocol amplifications were obtained for - 200 bp fragment from 20Salmonella
typhi (figure 10). In figure 10, gel electrophoresis image shows 1. control reaction, 2. PCR product-
blood without processing, 3. PCR product- processed blood 4. PCR product- processed plasma 25
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 been
achieved. With this buffer system, amplification has been obtained up to 50% for blood & 40% for
plasma (see Figuridsthel paimers 2pn ibingfn Focaemiified m30Akpifaemtioniran| Rafimorella typhé|

eIectrophoresismggadﬁae\eﬁdu@&:{%emeﬁm%@% bimﬂ,gzeeﬁﬁ&&gegx&tué’t@c@ohl@me@ PCR
product- 40% blo 22 4 PCR})roduct 0% bl Ff:p in figure el elfet%tro ?te§|s image
Y

shows, 1. Iﬁ&igaﬁ?ae % resis, 1gure§ K d\l’J A UD re 0

asma
A-311 DNA and salmonella gene using micro-chip.

Thermal profile for amplification of .-311 DNA:
Denaturation: 94°C (90s)

94°C (30s) - 50°C (30s) - 72°C (45s)

Extension: 72°C (120s)

10
Thermal profile for amplification of Salmonella gene:

Denaturation: 94°C (90s)
94°C (30s) - 55°C (30s) - 72°C (30s)
Extension: 72°C (300s)

15
PCR with processed blood and plasma

Blood or plasma was treated with a precipitating agent that can precipitate the major
PCR inhibitory substances from these samples. The clear supernatant was used as a
template. Using this protocol amplifications were obtained f;)r ~ 200 bp fragment from
20  Salmonella typhi (figure 10). In figure 10, gel electrophoresis image shows
1. control reaction,
PCR product- blood without processing,
PCR product- processed blood

BN

PCR product- processed plasma

25 Blood direct PCR buffer

A unique buffer has been formulated for direct PCR with blood or plasma samples.
Using thié unique buffer system direct PCR amplification with blood & plasma has
been achieved. With this buffer system, amplification has been obtained up to 50% for .
blood & 40% for plasma (see Figurés 11 and 12) using LTCC chip of instant invention.
30 Infigure 11, gel electrophoresis image shows

1. PCR product- 20% blood,

2. PCR product- 30% blood,

3. PCR product- 40% blood,



53. 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 10ion, a non-ionic detergent, a
stabilizer and a sugar alcohol. Figure 16 shows melting curve of LTCC chip for derivative of the
fluorescence signal for melting of X-311 DNA. The ggure also provides a comparison between the
instant invention (161) and the conventional PCR dévice (162). 15Sharper peak: peak value/width (x
axis) @ half peak value = 1.2/43 Shallower peak: peak value/width (x axis) @ half peak value = 0.7/63
Higher ratio indicafes RCBrripduetpedie bided andhe graph, the y-axis is the derivative (slope of the

melting curve), ighae 3DRe NdicappschiaiRasdIring. 20 Figure 19 shows description of an
embodiment of the opfjc system wjth beam splitter which could be adopted in the hand held device.
te%‘gﬁ £ 90% pla

The fluorescence éé rgy%fem c&%ﬁﬂ]s?és of a LED light source (193), lens (196) to focus light, a

band pass filter (195)FoRsuetdotingBpetisivavavelength of light, a beamsplitter (191), a lens (198) to
focus 25 incident begrepdaianabdipnsthe sample loadded onto the chip (200), a bandpass filter
(194) for selecting4sp$ ifi I%th of light, focusing lens (197) and a photo-detector (192). Figure

cuavelengl
20 shows description'o Rr&fbodimtdrt8ithe hybrid optic system incorporating 30 optical fiber and

lenses. This fluoreScenotadetediion system comprises of a LED light source not shown in the figure
with a band pass filter for selecting specific wavelength of light coupled to an optical fiber (213).

Optical fiber dirgcts the light on to the sample, Optionally suitable lens can be used to focus light
coming out of t geof)rffgg‘T%?ﬂgFro?lonﬁgssaa g, ﬁfgnge"g{)ﬁ'f‘z’)oé;%’lﬁgét& £85I NIRg TSR Bhnitted beam

from the séinPledoadedid®8 detagdng, alsigb{RB30 and Heaugdpasshiilter (214) for selecting specific
wavelength of emmited light and focusing lens (212) to focus it on to a photodetector.

Figure 16 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
invention (161) and the conventional PCR device (162).

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

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.

20
Figure 19 shows description of an embodiment of the optic system with beam splitter

which could be adopted in the hand held device. The fluorescence detection system
comprises of a LED light source (193), lens (196) to focus light, a band pass filter (195)
for selecting specific wavelength of light, a beamsplitter (191), a lens (198) to focus

25  incident beam and signal from the sample loadded onto the chip (200), a bandpass filter
(194) for selecting specific wavelength of light, focusing lens (197) and a bhoto-
detector (192). '

Figure 20 shows description of an embodiment of the hybrid optic system incorporating
30  optical fiber and lenses. This fluorescence detection system comprises of a LED light
source not shown in the figure with a band pass filter for selecting specific wavelength
of light coupled to an optical fiber (213). Optical fiber directs the light on to the sample.
Optionally suitable lens can be used to focus light coming out of the optical fiber on to

the sample. Lenses (212) are used to calumniate emitted beam from the sample loaded



24 CLAIMS 1.A hand held micro PCR device comprising: (a) a LTCC micro PCR chip

comprising a heater, a reaction chamber to load a sample, (b) a heater control to regulate the
heater on basis of input received from a temperature 5sensor, (c) an optical detection system to
detect a fluorescence signal from the sample, and (d) at least one communication interface to

interact with other device(s). 2.The device as claim&d in claim 1, wherein at least one conductor layer
is provided between the heater and the reaction chamber. 10 3.The device as claimed in claim 1,
wherein the reastiorthcheltb€208)suvrbemipess HilteoRIdetérrisedgsting Tiesifieweedenghainied in claim 3,
wherein the coRguGiol RFSRI FENMERIRUAR FRNEHERIANEE Yt BQstRr. 5 The device as claimed in
claim 1, wherein the temperature sensor is placed outside the 15chip or embedded in atleast one layer
of the chip to measure temperature of the chip. 6. The device as claimed in claim 1, wherein the
temperature sensor is connected as one arm of a bridge circuit, said bridge circuit output is amplified
before feeding it to the heater control to regulate the heater. 7. The device as claimed in claim 1,
wherein the chip comprises a transparent sealing cap



20 to cover the reaction chamber. 8. The device as claimed in claim 1, wherein the optical system
comprises a light source and a photo detector, said optical detection system is selected from the group
comprising of a beamsplitter optical detection syste? a hybrid optical detection system and bifurcated
optical detection system 259.The device as claimed ﬁ claim 1, wherein the communication interface is
selected from the group comprising serial, USB, Bluetooth or combinations thereof 25 10.The device
as claimed @leiais 1, wherein the other device is selected from group comprising smart phone, PDA
and progran?mable clLevi?an ich ccﬂlgﬁt%temperature of the chip and the amplified signal from the
hand held device. ‘f N mstiod' (o monitor and e8RS and held m cro-PCR device, said method

5comprising of the steps: (a) establishing a communication between the hand held micro PCR device

and other device tHtOHGH GCBHHUNEREIR fOBRELIBE FOF Mt REHHRPEY MR DRoRERDased on

thermal profile vall(be?sar cgi\{%c(i) ftrro t gr}g ofgltertlgeevé%% t% c Q&{%P‘{‘ L'It'%ccjemigﬁol?&ll? crgé%,r a{a%nd 10(c)
sending an optical s'gna? etected by optica sysPem o th&"dther GRViIE AL THE me%ﬁo as Claimed in

claim 13, wherein feesling the thermal profile values into the other device, creating, modifying or
deleting the thermal profiles through the user interface. 13.The method as claimed in claim 11, wherein
the other device pféViderfisebdiisshtieatisanptarsisteder Toaigsetnes siavitdraretbe stk thermal

rofiles.
P (d) at least one communication interface to interact with other device(s).

2. The device as claimed in claim 1, wherein at least one conductor layer is provided

between the heater and the reaction chamber.

10 3. The device as claimed in claim 1, wherein the reaction chamber is surrounded by

conductor rings.

4. The device as claimed in claim 3, wherein the conductor rings are connected to

conductor layer with posts.

5. The device as claimed in claim 1, wherein the temperature sensor is placed outside the

15  chip or embedded in atleast one layer of the chip to measure temperature of the chip.

6. The device as claimed in claim 1, wherein the temperature sensor is connected as one
arm of a bridge circuit, said bridge circuit output is amplified before feeding it to the heater

control to regulate the heater.

7. The device as claimed in claim 1, wherein the chip comprises a transparent sealing cap

20  to cover the reaction chamber.

8. The device as claimed in claim 1, wherein the optical system comprises a light source
and a photo detector, said optical detection system is selected from the group comprising of a
beamsplitter optical detection system, a hybrid optical detection system and bifurcated optical

detection system

25 9. The device as claimed in claim 1, wherein the communication interface is selected

from the group comprising serial, USB, Bluetooth or combinations thereof.



1514.The method as claimed in claim 11, wherein the thermal profile provides for set point value and
number of cycles wherein maintaining the chip at a temperature and for a time determined by the set
point value. 15. The method as claimed in claim 1%, wherein bringing the micro PCR chip

temperature to room temperature by stopping the th ?mal cycling process and maintaining the micro

PCR 20 chi%empﬂ;%t re.constant w enc!he tt11ermarl {:I}lﬁllee(i)ajga#sed. .16.,The method as claimed in
i I

claim 11, whérein plbting thé tharmal Ahd Gptical Gata on 2 dispisy it of Hie other devide.

comprising smart phone, PDA and programmable device which collects temperature of the

chip and the amplified signal from the hand held device.

11. A method to monitor and control hand held micro-PCR device, said method

5  comprising of the steps:

(a) establishing a communication between the hand held micro PCR device and other

device through a communication interface,

(b) initiating a thermal cycling process based on thermal profile values received from

the other device to control an LTCC micro PCR chip, and
10 (c) sending an optical signal detected by optical system to the other device.

12. The method as claimed in claim 11, wherein feeding the thermal profile values into the

other device, creating, modifying or deleting the thermal profiles through the user interface.

13. The method as claimed in claim 11, wherein the other device provides for

authentication of the user, said other device stores plurality of thermal profiles.

15 14 The method as claimed in claim 11, wherein the thermal profile provides for set point
value and number of cycles wherein maintaining the chip at a temperature and for a time

determined by the set point value.

15. The method as claimed in claim 11, wherein bringing the micro PCR chip temperature
to room temperature by stopping the thermal cycling process and maintaining the micro PCR

20  chip temperature constant when the thermal cycle is paused.

16. The method as claimed in claim 11, wherein plotting the thermal and optical data on a

display unit of the other device.



