21. CCT 20135 M NI ATURI ZED THERMAL CYCLER FI'ELD OF THE | NVENTION This is a
continuation-in-part of | ME2000 -007, Serial Nunber 09/785,588, filing
date 02116/ 01 assigned to a conmon assignee. The invention relates to the
general field of MEMS with particular reference to thermal cycling
chanmbers for use in, for exanple, polynerase chain reactions as qu%£ﬁ§

ot her reactions that involve thermal cycling. BACKGROUND OF THE I NV I%ﬁ
_PCR (Pol ynerase Chain Reaction) is a nolecular biological nmethod for the
in‘vitro anplification of nucleic acid nolecules. The PCR technique is
rapidly replacing many other tinme-consunming and | ess sensitive techni ques

for the identificaty} fraby i } and pat hogens in forensic,
A PR TR R R

environnmental, clinical and Tn . PCR using mcrofabricated
structures promnmi ses inproved tenperature uniformty and cycling tine ,
toget her with decreased sanple and reagent volume consunption. 1 2 1 OCT 2|

An efficient thermal c j | v depends on fast heating and
cooling processes andﬁtgﬁ cﬁlg;rﬁﬁgi\l\ﬂ#%¥Wfor mty. Presently,
m crofabricated PCRis preferably

This is a continuation-in-part of IME2000-007, Serial Number 09/785,588, filing

~date 02/16/01 assigned to a common éssignee.

The invention relates to the general field of MEMS with particular reference to
thermal cycling chambers for use in, for example, polymerase chain reactions as well as

other reactions that involve thermal cycling.

BACKGROUND OF THE INVENTION

PCR (Polyme_rase Chain Reaction) is a molecular biologicél method for the in-vit};z |
" ampilification of nucleic acid molecules. The PCR technique is rapidly replacing many other
time-consuming and less sensitive techniques for the identification of biological spécies
and pathogens in forensic, environmental, clinical and industrial sampleé. PCR using
microfabricated structures promises improved temperature uniformity and cycling time

together with decreased Sample and reagent volume conéumption.



- carried out on a nunber of sanples during .a single thermal protocol run.
It is a great advantage if each reaction chanber can be controlled to have
an i ndependent thermal cycle. This nakes it possible to run a nunber of
sanples with independent thermal cycles sinmultaneously (parallel
progessing) _ The first work on multi-chanber thermal cyclers fabr2qa0&% 25
mul tiple reaction chanbers by silicon etching. Al though separate heating

el enents for every reaction chanber can be realized, it was inpossible in
these designs to elimnate thernmal cross-tal k between adjacent reaction
chanbers during parallel processing because of |limted thermal isolation

bet ween reagti rs. As,a result | tiple chanbers having

i ndependentﬁ('rt.| e%ﬂg%ﬁfﬂt&%m&] Ogy&e&%arﬁtéwpgy rfigt-lpeﬁ'gg udbdest hegling gadgopling

t enper azt ureeuni fﬁ{@h act}i eved inside the reaction chanber was 5K in this

t her maPTOCESIEEANGY %ﬁﬁ’«?&i’ HreHruiorBibe . Fiaseally.dnictriakaicated PCRaistireferaiumer

with mcro capillary electrophoresis (CE) is also an interesting subject,

in whi CHISHEPYt IR UIEDSSOf Samnles Arang ensisgi therbe pretpeol aur. oste gfeat  PCR

and CE. Again, a high degree of thermal isolation is very inportant

parti cafintage ifipach reasticsuchamnberi gagy bie tentréien todwivardrsimsiepermdart taerganst ant

-roomtenperature substrate. A nunber of mcrofabricated PCR devices have

been deyandtrsamaiees itpadsivle iotrenat nuneber2f 33mPEE with A¥8pendent thermal cycles
simultaneously (paralle-! processing). The first work on multi-chamber thermal cyclers
fabricated multiple reaction chambers by silicon etching. Aithough separate heating
elements for every reaction chamber can be realized, it was impossible in these designs
to eliminate thermal cross-talk between adjacent reaction chambers during paralle
processing because of limited thermal isolation between reaction chambers. As a result,
multiple chambers having independent temperature protocols could not be used.

Additionally, temperature uniformity achieved inside the reaction chamber was +5K in this

thermal isolation and heating scheme.

Integration of the reactioﬁ chamber with micro capifiary electrophoresis (CE) is also
an interesting subject, in which small volumes of samplesfreagents will be réquired bath
for PCR and CE. Again, a high degree of thermal isolation is very importan‘t particularly
where various driving/detection mechanisms prefer a constant rodm temperature

substrate.

A number of microfabricated PCR devices have been dernonstrated in the literature.



Most of them were made of silicon and glass, while a few others were using -
silicon bonded to silicon. On-chip integrated heaters and tenperature ~
sensors becone inportant in the accurate control of the tenperature-inside
t hese smal |l reaction chanbers. Good thermal isol ations have been proved
prom sing for quick thermal response. Mcro reaction chanber integrated
With mcro CE was only denonstrated where no PCR thermal cycling v 0CT 2006
performed (only slowy heated to 50 Cin 10-20 seconds and held for 17

m nutes). Parallel processing mcrofabricated thermal cyclers with
mul-ti - chanber and i ndependent thermal controls have not yet been reported.
A routine search of the prior art was perforned with the follow ng
referﬁﬁﬁgs ﬁf i nt er est b%iqg found: Northrup et al. (US 5,589, 136 Dec.
1996) MARHPk thpmpvee mgde qf siicon agd glags awhilgsn fewsatbersorere Uging iigos emaed42) |

and Baier Volker et al, in US 5,716,842 Feb. 1998), did early work on

nul t i {¢RERYR OR-RBIPHAEIEgEster destaramnddampgratyressansowsbasioors importat erthet  al .
(US 5,939,312 Aug. 1999) describe a mniaturized nulti-chanber thernmal

cycl egccuraiesantiot efrthedémpersderei insidadessd $reall oddotion ohafmbatsuGeed-thdrmarul ti pl e
chanbers placed together wthin a silicon block fromwhich they are

t her midolaions bived lsebn Frbived propiisiag for quiukkBeragRidatpbnéa Microyehdtp dpepmese of

sl ow cooling by the chanbers. 2. The chanbers are packed together very

cl oselntegratéchwithnnited GEhe/zgednly ShRinseatdd ARERNRo IR M8Ermat @yaldg wehanmber s
nmust always to be thermally cycled with the sane t hernal pro%’ocoq. The

| ndi vpeaimsd asHp IsoWip THediéd t6WR €8 tin 11D-2LBRGRSLe BN HART FRH 1 £ athiagL). Of
mul ti-chanbers. .
Parallel processing microfabricated thermal cyclers with multi-chamber and independent

thermal controls have not yet been reported.

A routine search of the prior art was performed with the following references of
interest being found: Northrup et al. (US 5,589,136 Dec. 1996), Narthrup et al. (US
5,639,423, US 5,646, 039, and US 5,674,742), and Baier Volker et é!, in US 5,716,842 (
Feb. 1998), did eérly work on mdlti—chamber thermal cyclers fabricated by silicon etching.
Baier et al. (US 5,939,312 Aug.1999) describe a miniaturized multi-chamber thermal
cycler. This laﬁer reference includes the following features — 1. rhultiple chambers placed

- together within a silicon block from which they are thermally isolated. This approach
waorks against fast cycling because of slow cooling by the chambers. 2. The chambers are
packed together very closely, with minimal thermal isolation from one another, so all
chambers must always to be thermally cycled with the same thermal protocol. The
individual chambers were not subject to independent thermal control of multi-chambers.

3. Baier's units have thin-film heaters that cover the whole bottom of the chémber (asin




3. Baier's wunits have thin-filmheaters that cover the whole bottom of the
chanber (as in 21 OCT.2005 conventional heating designs). 4. Baier's ‘
apparatus is limted to the chanbers, no mcro-fluidic conponents (valves,
fluidic manipulation, flow control, etc.) being included. Mcro-fabricated
PCR reaction chanbers (or thermal cyclers) have been reported inztpg T 9
t echniscal -Iiterature by a number of:experimenters, including® (1).” A Qm‘ J?ﬂs
Wol l ey, et al, (UC Berkeley), "Functional Integration of PCR Anplification
and Capillary El ectrophoresis in a Mcrofabricated DNA Anal ysis Device",
Anal ytical Chem stry, Vol. 68, pp. 4081-4086, (2). M Allen Northrup, et
at, (Lawrence Livernore National Lab, UC Berkel ey, Roche Mol ecul ar

Syt eapivertBh AERYd esihon . el BRERIAOHd SRNER b SRELLRETRE T, Tt

Intl. Conf. Solid-State Sensors an ators,  pp.

N. Brahun: . Mchj. gan "On-Chip DNA Band Detection in

M cr oé Eligl’ ?@%gmgé%%%% i“gaﬁ"%?y é‘?‘@#@ %&%I%o&fﬂ@@ WHPE?EH-B@%”W"&@- and
Systens, Santa Clara, California, Sep. 1998, SPIE Vol. 3515, pp. 242-251,
(4). S. Poser, et at, "Chip Elenents for Fast Thernocycling”, Eurosensors

X, Leuven, ,Belgium S 6, . .11971199. The latter showed prom sing
results f oM'%’%%Fameﬁcﬁﬁéﬁﬁ&?“ Fhaasnkrrs dar terrgal gyslens) Have basiireppried qui ck
thernmal response. Also of interest, we may nmention: (5). Ajit M Chaudhari,
et at'nthed lifgratyre By @ nuprbeR s |exaeriBRbleys tirstading:’ Tr ansi ent . Li qui d
Crystal Thernonetry of M crofabricated PCR
~ (1). Adam T. Woolley, et al, (UC Berkeley), "Functional Integration of PCR Amplification
and Capillary Electrophoresis in a Microfabricated DNA Analysis Device", Analytical
Chemistry, Vol. 68, pp. 4081-4086, (2). M. Allen Northrup, et al, (Lawrence Livermore
" National Lab, UC Berkeley, Roche Molecular Systems), "DNA Amplification with a
microfabricated reaction chamber", 7th Intl. Conf. Solid-State Sensors and Actuators, pp.
924-926, (3). Sundaresh N. Brahmasandra, et al, (U. Michigan), "On-Chip DNA Band
Detection in Microfabricated Separation Systems", SPIE Conf. Microfuidic Devices and
Systems, Santa Clara, California, Sep. 1998, SPIE Vol. 3515, pp. 242-251, {4). S. Poser,
et al, "Chip Elements for Fast Thermocycling", Eurosensors X, Leuven, Belgium, Sep 96,

pp. 11971199, The'latter showed promising results for use of well thermal isolation as a

- means for achieving quick thermal response.

Also of interest, we may mention: (5). Ajit M. Chaudhari, et ai, ('Stanford Univ. and
PE Applied Biosystems), "Transient. Liquid Crystal Thermometry of Microfabricated PCR
Vessel Arrays”, J. Microelectromech. Systems, Vol. 7, No. 4, 1998, pp. 345-355, (6). Mark

A Burmns, et al, (U Michigan), "An Integrated Nanoliter DNA Analysis Device", Science 16,

4 .



Vessel .Arrays", J. Mcroel ectromech. Systens, Vol. 7, No. 4, 1998, pp. o
345-355, (6). Mark A Burns, et al, (U Mchigan), "An Integrated Nanoliter -
DNA Anal ysis Device", Science 16, F 1.CCT 2005 Cct 1998, Vol. 282, pp. '
484- 486, and (7). P.F. Man, et al, (U Mchigan), "Mcrofabricated

Capi |l ary-Driven Stop Valve and Sanple Injector”, |EEE MEMS 98 21 OCT 2005
(provisional), pp. 45-50. SUMVARY OF THE I NVENTION It has been an obj €ct " of
the present invention to provide a mcrofabricated thermal cycler which
permts sinmultaneous treatnent -of nultiple individual sanples in

i ndependent thermal protocols, so as to inplenment | arge nunbers of DNA
experinments sinultaneously in"a short tinme. A further object of the

i nvention has been to provide a high degree of thernmal isolation for the
react i 18RBNr 282uer 434-A86 carids(7id> £r blam, ehilk (Wddichigay) bttiovetsbricatet i on
chanbers, but also between the reaction chanber and the substrate where

det ectGapillare-Driven Stopevali@eand Sample thigbior's #EEEIMEMS b8 gerpviBlorel) ppMB-8si S
units could be integrated. Another object has been to achieve tenperature
uni formty inside each reaction chanber of |ess than 0.5K together with
fast heating and cooling rates in a range of 10 to 60 Kl s range. These

obj ects have been achi egefixRYSEF afHERINVENfRIN T SOl ation schene realized
by silicon etch-through slots in a supporting silicon substrate frane. Each

reacti on

It has been an object of the present invention to provide a microfabricated thermal
cycler which permits simultaneous treatment of muitiple individual samples in independent

thermal protocols, so as to implement large numbers of DNA experiments simultaneously

in’'a short time.

A further object of the invention has been to provide a high degree of thermal
isolation for the reaction chamber, where there is na cross talk not anly between reaction
chambers, but also between the reaction chamber and the substrate where detection

circuits and/or micro fabricated Capillary Electrophoresis units couid be integrated.

Another object has been to achieve temperature uniformity inside each reaction
chamber of less than +0.5K together with fast heating and cooling rates in a range of 10

to 60 K/s rangé.

These objects have been achieved by use of a thermal isolation scheme realized

by ‘silicon etch-through slots in a supporting silicon substrate frame. Each reaction



X21 OCT 2095 chanber is thermally isolated fromthe silicon substrate

. (which is also a heat sink) through one or nore silicon beans with

flui d-bearing channels that connect the reaction chanber to both a sanple"
reservoir and a common nmani fold. Each reaction chanber has a silicon
menbrane as its floor and a glass sheet as its roof. This reducgs 00B® 2005
parasitic thermal capacitance and neets the requirenent of | ow chanber
vol'une. The advantage of using glass is that it is transparent so that
sanple filling and flowi ng can be seen clearly. Gass can also be replaced
by any kind of rigid plastic which is bio- and tenperature- conpati bl e.

BRI EF DESCRI PTI ON OF THE DRAWNGS Fi G la shows a plan view of a first
errb(_)dicgegéfJ of thhe invention. FIG. 1 b and 1 ¢ are orthogonal

cr oss SHBEPEL Hsteanaly isqiatsd fnemHhe; silicon substrate (whighsisalss @ bealsink)darastha
portion of FIG 1 a. FIG 3 illustrates the air injector and pressure val ve
part GNehase slieerupeamswith flnidsheanngcharoels tbit tcdnreet theakaotiprodtamitsrs
integrated within a single unit. 6 ';Z.1 OCT 2WS FIG 5 shows a full

popul & both s0$anuyie résegvaihand ercommaere riamifori Eaoh rssctioRfoBBmbEr fas 8 sillcbHst r at es
how the resistor strips nmay be located inside slots in a conductive silicon
beam membrane as its floor and a glass sheet as its roof. This reduces the parasitic thermal

capagcitance and meets the requirement of low chamber volume. The advantage of using
glass is that it is transparent so that sample filling and flowing can be seen clearly. Glass

can also be replaced by any kind of rigid plastic which is bio- and temperature- compatible.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1a shows a plan view of a first embodiment of the invention.
FIGs. 1b and_ icare ortﬁogonal cross-sections taken through FIG. 1a.
FiG. 2 is a closeup view of a portion of FIG. 1a.
FIG. 3 illustrates the air injector and pressure valve part of the structure.

FIG. 4 shows a group of three cycling chambers integrated within a s‘ingle unit.

6



FIG 7a shows a plan view of a second enbodi nent of the invention. FlGs.
7b and 7c are orthogonal cross-sections taken through FIG 7a. FIG 8 is a°
cl oseup view of a portion of FIG 7a. FIG 9 is the equivalent of FIG 1
for the second enbodinent. FIG 10 shows the starting point for the process
of the present invention. FIGs. 11 and 12 illustrate formation of, resLstive
heaters and tenperature sensors. FIGs. 13 and 14 illustrate thea&'bﬁﬁ;t @‘n
of the silicon nmenbrane and etch-through slots that are needed to achieve
a high level of thermal isolation for the chanber: FIG 15 shows how a
sheet of dielectric material is bonded to the top surface to 7 21 OCT 2005
formthe chanber. FIG 16 illustrates how connection to the outside world
may be nad o) r f cycling. chanbers. FIG 17 shows anot her

appr oach t%l%ﬁ?ﬁaﬁééﬁégﬁppﬁ{ﬁ?é of ﬁég%’t aﬂﬁ’%?‘?‘@r NGanSNHE MRfelof
recycling chanbers. FIG 18 schematically shows the flow of information
into and out of the array. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The

basic pri n%icgl e that governs the present invention is that the thermally
IG. G illustrates how the resistor strips may be located inside stots in a conductive

silicon beam.
FIG. 7a shows a plan view of a second embodiment qf the invention.
FIGs. 7b énd 7c are orthogonal cross-sections taken through FIG. 7a.
FIG. 8 is a closeup view of a portion of FIG. 7a.
FIG. 9 is the equivalent of FIG. 1 for the second embodiment.
F!Q. 10 shows the starti.ng point for the process of the present invention.
FIGs. 11 and 12 iHustrate formation of resistive heaters and temperature séﬁsors.

FIGs. 13 and 14 illustrate the formation of the silicon membrane and etch-through

slots that are needed to achieve a high level of thermal isolation for the chamber -

FIG. 15 shows how a sheet of dielectric material is banded to the tob surface to



conductive cycler. chanber is thermally isolated fromits surroundi ngs
except for one or nore heat transfer nenbers through which .all heat that
flows in and out of the chamber passes. Consequently, by placing at.|east
one heating elenent in each transfer area, heat |ost fromthe chanber can
be continuously and precisely replaced, as needed. This is achieved by
placi ng, 'wi'thin the chanber; at |east one tenperature sensor per 2He@tT s
el enent and | ocating this sensor close to the heating el enents.
Additionally, by 21 OCT 2095 connecting the heat transfer areas to a heat
sink through a high thermal conductance path, the chanber can al so be very
rapi dly cool ed, when so desired. Also included as part of the structure of
the present invention is a fully integrated fluid dispensing and retrieval
syst effiorndtHeScHdnisyes nmul ti pl e chanbers to share both a ‘common heat sink as
well as an inlet fluid source reservoir with both fluid flow and
tenperature being separately and independently controllable. As a result,
thermal cross- tal k between chanbers can be kept to | ess than about 0.5 C

i aun) * SR e ow it fielofpic BH6 Butibe Rebod bty ofna

- exper i Eiﬁélcﬁamhgrsa | evel of less than 0.3K W now disclose two
enbodi mEnts® of the present invention as well as a process for
manuf acturing part of the structure. First- enbodi nent

FIG. 17 shows another approach to making connection to the outside world for an

array of recycling chambers.

FI1G. 18 schematically shows the flow of information into and out of the array.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

- The basic principle th;':lt governs the present invention is that the thermally
conductive cycler chamber is thermally isolated from its surroundings except for one or
more heat transfer members through which all heat that fiows in and out of the chamber
passes. Consequently, by p[racing at least one heating element in éach transfer area, heat

lost from the chamber can be continuously and precisely replaced, as needed. This is
achieved by placing, within the chamber, at least one temperature sensor per heating

element and locating this sensor close to the heating elements. Additionaiiy, by

8



Referring nowto FIG | a, the top-left portion is a plan view of the
structure. Seen there.is chanber 11 which is connected at both ends to
silicon frame 1 through nonocrystalline silicon beans 10. Heaters 5.are at
each end inside the heat transfer areas. The latter are di scussed above but
are not explicitly shown since they have been 9. 21 OCT 2005 i”téﬁgﬁﬁeﬁﬂ
into the-description primarily for pedagogical purposes. |In addi®i t ?he
heaters, each chanber contains at |east one tenperature sensor 4 for each
heating elenent 5. They are |located close to the heating el enents, as
shown. Fluid bearing channels dispense fluid into and renove fluid fromthe
chanmber 11. They are brought into the chanber through the silicon beans
10. As can be nore clearly seen in the closeup shown in FIG 2,
unpr oceSsfe: Gl L0 C : in.7 . and is directed to

; (G B e e SR SR R i kP i iSecarthe

chanmber 11 throu - beari1 ng  channe

achi evgd by (FGQF\ SBL 93@3%8%3?4]0%‘% Sllgléé/ri fcgat not necessarily, air), or

hydrau- 11 c/ pneunat1 c pres P ht erface at the val ve,
t hat connects gas source 25 to channel 31 through air injector 19. Since
the capillary force drives the fluid from reservoir 7 to valve 8 (FIG 3),

stopping there, an additignal pressure inpulse will help the fluid to pass
t hr ough val 8°$n§lﬁ%‘?éjﬁ? P@'& O?H}ﬁpﬁf%wﬁd?féh%pf@eﬁhqnvgnm@@fqlig infegideti as the
fluid wll continue to flow, being driven by capillary forces.
~ fluid dispensing and retrieval system.” This allows multiple chambers to share both a
common heat sink as well as an inlet fluid source reservoir with both fluid flow and
temperature being separately and independentiy controllable. As a result, thermal cross-
talk between chambers can be kept to less than about 0.5 °C at a temperature of about

95 °C while temperature uniformity within an individual chamber can be reliably

~ maintained, both theoretically and experimentally, to a level of less than + 0.3K.

We now disclose two embodiments of the present invention as well as a process

for manufacturing part of the structure.

. First embaodiment

Referring now to FIG. 13, the top-left portion is a plan view of the structure. Seen
- there is chamber 11 which is connected at both ends to silicon frame 1 through
mondcrystalﬁn_e silicon beams 10. Heaters 5 are at each end inside the heat transfer

areas. The latter are discussed above but are not explicitly shown since they have been



To prevent unintended entry of fluid into_the chanber, pressure valves 8,
as seen in FIG 1 c, are placed at both ends of the chanber. A closeup of
the area contained within circle 33 of FIG 2 is showmn in FIG 3 to
illustrate how the val ves operate. A short-length 16 of the fluid-bearing
channel is made narrower than the rest of the channel. Wen fl u@d 0¢DHdHg
fromthe right side reaches point 15 it will be drawn into 16 through
surface ten3|on 10 21 OCT 2005 (capillary action) if it wets the inside of

the channel (i.e. channel walls are hydrophilic). Then, when the fluid
reaches point 17, the sane surface tension forces that drew the fluid into
16 will act to hold it inside 16 and prevent it from proceedi ng down

channéntradsiceds intghéghe dpseriptionnergnaniy foh andegogiedl | urpesdse imadddiochdbitbe t hen
surface tension will act to keep it from entering 16. Either way,

addi t iheatdrspeasis whembsr coptet ablemak ene Hempkrsitdrepsamot r fungdachatasting. The
recorded pressure barriers for water (about 6kPa for valves, > | OkPa  for

the algméntj5CTiosy) arerlocatvg ¢isetto titd hodtimelehieptaub@faivnc control of fluid
flow Returning nowto FIG 1 a, the fluid-bearing channel on the far side
of chanber 11 is seen to termnate at |local reservoir 9. Wien fluid is

forced into chanber 11, the air that .is already in the chanber is forced

out and pagRfFLearify &t%ﬂe]één@ﬂ@rlls%)flJl@%ﬁB‘é?i’drre%o‘O@ﬂU%éﬁ1 the cRAhB

escape but w thout "allow ng any liquid to enter it tenperature

cycli e {?%ﬁeet?r%ﬁgmﬁ‘%%%g Eﬁgnbﬁl tﬁl%ﬁgﬁ ‘?helc 8 fscon%eeaan')s 16 nll? Cttzé)rg b('a Trors %ﬁiaarly

transfer

seen in the closeup shown in FIG. 2, unprocessed fluid is stored in common reservoir 7
and is directed to chamber 11 through fluid-bearing channel 31. Control of fluid flow is
achieved by use of compressed gas (usually, but not necessarily, air), or hydrau-
lic/lpneumatic pressure with a gas-liquid interface ét the valve, that connects gas source
25 to channel 31 through air injector 19. Since the capillary force drives the fluid from
reservoir 7 to valve 8 {FIG. 3), stopping theré, an additional pressure impuise will help the
' fluid to pass through valve 8 and, after that, no more external pressure is needed as the

fluid will continue to flow, being driven by capillary forces.

To prevent unintended entry of fluid into the chamber, pressure valves 8, as seen
in FIG. 1¢, are placed at both ends of the chamber. A closeup of the area contained within
circle 33 of FIG. 2 is shown in FIG. 3 to illustrate how the valves operate. A shortlength
16 of the fluid-bearing channel is made narrower than the rest of the channel. When fluid

coring from the right side reaches paint 15 it will be drawn into 16 through surfac_:e tensioﬁ

10



fromthe chanber into reservoir 9 where it can be collected into a

pi pette/tube or other collector.. Referring nowto FIG 4, shown there is -
an exanpl e of several chanbers integrat ed to forma single nulti-sanple
recycling unit. As can be seen, the individual chambers 11 are positioned
i-nside the interior open area of silicon frame 1 and are connect%fl ot %0@5
through silicon beans 10. It is inportant to note that, except f he
beans, the chanber is always thermally isolated fromthe frame by open
space 3 (shown as a thin slot in FIG 11 .2.1 OCT 2005 2). Fig. 5 shows how
thé sub-structure seen in FIG 4 appears when full wafer 66 of silicon has
been used to formmultiple chanbers. Returning once nore-: to FIG 1 c, as

“can becasrdty ddidnpPafitwers th %ﬁ&@?fﬂe é?%h}ﬂlgle(geséﬁ%m%iwaﬂé ﬁdrtog E)gt g?;te

tenperature cyclihg occurs) is effective : o oSS pla
hi ok e ahrtﬁgﬁgéﬂan%%f”@sﬁ%ﬁ? I PP ToBromTora Dt Ok Tabe 100
be kept t
e S ﬁﬁﬁﬁﬁv'@é%%ﬁﬁ. %nta%?@%%”bm” bohael TBadighne ne
th | icon a feature of the present
| PﬁCShﬁﬁsﬁ%L@eéﬁgaeeetlﬁgﬁvéma%pﬁ'epé&he@ piiae tassio il Aeldo kaed o FI G 6.

te the application of anodic bonding to our
These fta ol l I a E:ther way?,padditlonal pressure is needed to make the fluid pass through

valve 8. The recorded pressure barriers for water (about 6kPa for valves, > IQkPa for the

air injector) are enough to allow on-chip automatic control of fluid flow.

Returning now to FIG. 1a, the ﬂuid-bearing channel on the far side of chamber 11
1s seen to terminate at local reservoir 9. When fluid is forced into chamber 11‘, the air that
is already in the chamber i.s forced out and passes into local (sample) reservoir 9 where
it is allowed to escape but without allowing any liquid to enter it. When temperature
cycling has been completed, pressure for the air injector is used to transfer the sample

from the chamber into reservoir 9 where it can be collected into a pipette/tube or other

collector.. _

Referring now to FIG. 4, shown there is an example of several chambers integrated
to form a single 'muiti-sample recycling unit. As can be see-n, the individual chambers 11
are positioned inside the interior open area of silicon frame 1 and are connected to it
through silicon beams 10. It is important o note that, except for these beafns, the chamber

is always thermally isolated from the frame by open space 3 {shown as a thin slot in FIG.

K



structure. Anodic bonding is an excell ent -bondi ng techni que that allows |
high stability at high tenperature in various chem cal environments as no
polyner is used. The silicon and glass wafers are heated to a terrpe_raturﬁ
(typically in the range 300-500C depending on the glass type) at which the
al kali metal ions in the glass become nobile. The conponents ar @fogqgms

i ntto contact and a hi gh vol tage applied across them. This causes the
alkali cations to migrate fromthe interface resulting in a depletion |ayer
with high electric field strength. The resulting electrostatic attraction:
brings the silicon and glass into intimate contact. Further current flow

- of fthe oxygen anions fromthe glass to the silicon results in an anodic
reaction at the interface and the result is that the glass becones 12 21

OCT 2005 bigndeshavws indwe the Isubestrusiurd saep & FIG e tappbaiE Wwhbn DN dardiosE of hat
al t hough we exenplify sheet 2 as being nmade of glass, other materials such

. o . q
as ri gsiticqrl et been usesrdofdaniigplethhhbefs. el astomers, or cerami cs coul

al so g;vénLeen used. In such cases, appropriate bonding techniques such as
glue or epoxy would be wused in place of anodic bonding. Finally, in FIGs.
1 band 1 ¢c we note the presence of heat sink 14 to which the silicon

: : . ¢
frame 1 is iy & 86 Ffd- 1] fant, advant age of this arrangenmen
is that si Iljié‘-k(;}gnI sudt?se?ﬁg?e lIi:?%an(f\bg C{%‘Eg{e %%os’fe}%i @Qr& 8@%\%‘3%&%?8%8?& her
than nedfestd\GuHepaRRr kil Brferhfife cycling occurs) is effectively a sandwich between

glass plate 2 and silicon membrane 12 which is only between about 30 and 100 microns

thick. This arrangement enables the physical volume (less than about 100 micro-liters) and

thermal capacitance of the chamber to be kept to a minimum.

Also seen in FIG. 1b are bonding pads 6. These facilitate the bonding of glass
sheet 2 to the si{icbn. As a feature of the present invention these pads are placed inside
trench 18 as illustrated in FIG. 6. These facilitate the application of anodic bonding to our
structure. Anodic bonding is an excellent bonding technique that allows high stability at
high temperature in various chemical environmenfs as no polymer is used. The silicon
and glass wafers are heated to é temperature (typically in the range 300-500°C depending
on the glass type) at which the alkali metal ions in the glass become mobile. The
components are brought into bontact and a high voltage applied across them. This causes
the alkali cations to migrate from the interface resulting in a depletion layer with high
electric field strengfh. The resulﬁng electrostatic attraction brings the silicon and glass into
intimate contact. Further current flow of the oxygen anions from the glass to the silicon

results in an anodic reaction at the interface and the result is that the g_laés becomes
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reacti on.chanber during heating. This facilitates integration of the PCR
thernocycler with other parts of mcro total -anal ysis-system (pTAS) on a
single chip, as well as for nmulti-chanber reaction with independent -
thermal control, as discussed earlier. Second enbodi nent The second
enbodi nent of the invention is generally simlar to the first enb@@ﬂﬁﬂhﬂEB
except that, instead of being connected to the silicon frame through two
si licon beans 13 21 OCT 2005 only a single cantilever beamis used. This
has t he advantage over the first enbodinent that elimnation of asymetry
due to fabrication/packaging and heating is achieved, - resulting in easier
control and uniformty of tenperature. It is illustrated in FIGs. 7a-c and,
as just noted, nost parts mar ked there are the sane as those shown in FIG
la-c. r 0 one_si vail able, it has to be used for
bot h P§b5§§8%?1 §“é Vﬁb¥F§¥“?@WHV? q%ﬁha to and fromthe chanber. This
has been achleved by t he |ntroduct|on of baffle 76 that is parallel to the
surface of the chanber (at the transfer area) and that is orthogonally
connected to the transfer area by a sheet of material 84 that serves to
separat e i Nedihay aftheuatoweguempliiv shaet 2 as keing niasle ofgilasse otfertreatesalen i n
the closeup provided by FIG 8. As in the first enbodinent, liquid from
comoucteaerigidiptastics, ifigsesieontarial sitmpne bmstoehers loi ecdramidsecaibakRe havéibeah!
injector is also used to acconplish this

used. In such cases, appropriate bonding techniques such as giue or epoxy would be

used in place of anodic bonding.

Finally, in FIGs. 1b and 1c we note the presence of heat sink 14 to which the silicon
frame 1 is thermaity connected. An important advantage of this arrangement is that silicon
substrate 1 can be kept close to room temperature rather than near the temperature of the
reaction chamber during heating. This facilitates integration of the PCR thermocycler with
other parts of micro tota_l-analysis-systern (MTAS) on a single chip, as well as for

multi-chamber reaction with independent thermal control, as discussed earlier.

Second embodiment

The second embodiment of the invention is generally similar to the first embodiment

except that, instead of being connected to the silicon frame through two silit:on beams,
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al though it is not shown in this figure. Wen the incomng |iquid enters
the chanber it is directed by baffle 76 to flow in direction 81. Err_ptyl ng -
of the chanber is acconplished in a simlar manner to that of the fi'rst
enbodi ment except that |ocal sanple reservoir 9 is on the sane side as the
inlet reservoir 7. Wen the chanber is to be enptied, baffle_ 76 2pCT 2005
directs the flow of liquid, this time in direction 82. Seen in FIG 7c,
but not shown in FIG 8, is valve 8. There are, of course, two such
valves, as in the first embodi ment, but the one that can be seen is

bl ocking a view of the other one. 14 ,21 OCT 2005 FIG 9 is anal ogous to
FIG- 4 and illustrates a group of three cycling chanbers 11 suspended
vvithlnﬁheln eri en area%{ ilicon frame 1 which is itself part of a
Fult S sl ey SRR ictig] TainnnadmprrtaaRoyenbe fisemedinant
descri rocess for manufacturi ng the frame portion of the structure of
t he i ﬁeéfn?ﬁ‘ Wat'géf‘?ﬁr%gym%éééuﬁdovfé rieatoryprnkaging #nidybeating haachiehéaw
(FIGs. 10-15) show only the right hand side of the chanber but, since the
| ef t SP@idtingsingagier contral ehdl eoiforoity of taniyeratureg hit issilldstrated én PIEE Fesc hfd

manuf acturing the entire chamber is readily envisaged. Referring now to

FI G BsQystmotedt seosh egita snavkedh tHdre aps e sdrad aothsdd stoam wafier 12QL,

Since there is only one silicon beam available, it-has to be used for both introducing
as well as removing liquid to and from the chamber. This has been achieved by the
introduction of baffle 76 that is parallel to the surface of the chamber (at the transfer area)

‘and that is o.rtho-gonally connected to the transfer area by a sheet of material 84 that
‘serves to separate incoming from outgoing liquid. Its action can be better seen in the
closeup provided by FIG. 8. As in the first embodiment, liquid from common reservoir 7
Is sent along channel 31 into the chamber. An air injector is also used to accomplish this
although it is not shown in this figure. When the incoming liguid enters the chamber it is

directed by baffle 76 to flow in direction 81.

Emptying of the chamber is accomplished in a similar manner to that of the first
embodiment except that local sample reservoir 9 is on the same side as the inlet reservoir
7. When the chamber is to be emptied, baffle 76 again directs the flow of liquid, this time
in direction 82. Seen in FIG. 7¢, but not shown iri FIG. 8, is valve 8. There are, of course,

two such valves, as in the first embodiment, but thé one that can be seen is blocking a

view of the other one.
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bet ween about 350 and 700 microns thick, in whose upper surface, two inner =
trenches 103 and two outer trenches 104 are etched to a depth of between
about 0.1 and | microns. The width of inner trenches 103 is between-about
20 and 500 mcrons while that of outer trenches 1 04 is between about 50
and 500 microns. Next, dielectric layer 102 is formed over the engﬁrdtT 2005
surface. Its thickness is between about 0.02 and 0.5 mcrons. Qul
preferred material for dielectric layer 102 has been silicon oxide forned
by thermal oxidation or CVD (chem cal vapor deposition) but other
materi al s such as phosphosilicate glass (PSG, silicon nitride, polyners,
and plastics could 15 21 OCT 2005 al so have been used. Next, as seen in
FIG 11, a layer of a nmaterial that is suitable for use as a tenperature
sensor (thei@isi I ISt [ i to a
t hi ckness bé?keegﬁggéggsﬁ?gg%dgﬁgﬁ?ggg%%gfﬁggpﬁéﬁgﬁggﬁyaggﬂﬁgﬁﬁgﬁgﬁ&teria
~for tRLSHEIS um rdlals.such as. d, .chrom um
ti taniggrér? or dpgﬁl@& - |eclg}né?%g]g§fgh éa?%(;%rfﬁg@éﬁg}e%he gelﬁgg?é%ftg%hpéﬁlogfe Ii's then
patte%mggnqﬂgeptched to formtenperature sensors and the heater el enent.
Bondi ng 'StripsS 106 are al so shown. Mwving on to FIG 12, two top
prelimnary trenches 112 are then etched into the top surface to a depth
of between about 30 and 100 microns and a wi dth of between about 20

Process for manufacturing the invention

We now describe a process for manufacturing the frame portion of the structure of
~ the invention. Before proceeding we note that all figures that follow (FIGs. 10-15) show
only the right hand side of the chamber but, since the left side is a mirror reflection of the

right side, the process for manufacturing the entire chamber is readily envisaged.

Referring now to FIG. 10, process bégins with the provisioh of silicon wafer 101,
between about 350 and 700 microns thick, in whose upper surface, two inner trenches
103 and two outer trenches 104 are etched to a depth of between about 0.1 and 1

microns.. The width of inner trenches 103 is between about 20 and 500 microns while that

of outer trenches 104 is between about 50 and 500 microns.

Next , dielectric layer 102 is formed over the entire surface. its thickness is between
about 0.02 and 0.5 microns. Qur preferred material for dielectric layer 102 has been
silicon oxide formed by thermal oxidation or CVD (chemical vapor deposition) but other

materials such as phosphosilicate glass (PSG), silicon nitride, polymers, and p[éstics could
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and 100 m crons. The trenches 112 are | ocated between inner trenches 103
and outer trenches 104, each about 100 microns fromthe inner trench.
Next, as seen in FIG 13, the upper surface of. the wafer is patterned and
etched to formchanber trench 113. This is centrally |ocated between the
inner trenches 103 and is given a depth between about 30 and 500 mi crons
and a wi dth between about 100 and 10,000 nicrons. Trench 112 is2ro8CT 2005
protected while trench 113 is being forned so that at the end of this step
in the process, its depth will .have increased. Also at this stage, second
dielectric layer '132 is formed on all surfaces that don't already have a
dielectric layer on them Its thickness is between about 1,000 and
5,000 Angstrons. In FIG 13, the 16 21 OCT 209 new y extended and |i ned
trenc i signated as trench 131. Its depth is between about 60
and 6 Sa?n'%g%%ﬁgﬁwﬁggerri ng nowto FIG 14, the |lower surface of the wafer
is patterned and etched to formunder-trench 141. This is w de enough to
slightly overlap the top prelimnary trenches 131 and it is deep enough so
that, at the conpletion of this step, trench 131 will be penetrating-all.
the way t Hi@gRstseamia filbel 1.sauauest ok Rdwatenal that weseableriakass as 4 under
trench 113) will have been reduced to between about 30 and 100 m crons. In
t hi s igaperaiure sensarefiiterenigon 2! Gindnd radste ad a essistivewnedter Radépvitetiitgus es, Wi |
| have been forned.

thickness between about 1,000 and 10,000 Angstroms. Qur preferred material for this has

been aluminum but other materials such as gold, chromium, titanium, or potysilicon could
also have been selected. This layer is then patterned and etched to form temperature

~sensors and the heater element. Bonding strips 106 are also shown.

Moving on to FIG. 12, two top preliminary trenches 112 are then etched into the top
surface to a depth of between about 30 and 100 microns and a width of between about 20
and 100 microns. The trenches 112 are located between inner trenches 103 and outer

trenches 104, each about 100 microns from the inner trench.

Next, as seen in FIG. 13, the upper surface of the wafer is patterned and etched to
form charmber trench 113. This is centrally iocated between the inner trenches 103 and
is given a depth‘. between about 30 and 500 microns and a width between about 100 and

. 10,000 micrqns.' Trench 112 is not protected while trench 113 is being formed so that at
the ‘end of this step in the process, its depth will have increased. Also at this stage,
second dielectric layer 132 is formed on all surfaces that don't already have. é dielectric

layer on them. Its thickness is between about 1,000 and 5,000 Angstroms. in FIG. 13, the
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The final step in the process is illustrated in FIG 15. Sheet of
dielectric material 152 is mcro-machined to formholes in selected

| ocations (as an exanple, see 9 in FIG 1) and then bonded to the wafer to
forma hernetically sealed chanber that is thermally isolated fromthe -
wafer by slot 3. For sheet 152, our preferred material has been,gh3®$r2m5
whi ch-we:then bonded to the wafer by nmeans of anodic ‘bondi ng. 2\ as
noted wearlier, other materials such as rigid plastics, fused quartz,
silicon, elastomers, or ceramics could also have been used. In such cases,
appropriate bondi ng techni ques such as glue or epoxy would be used in

pl ace of anodic bonding. Finally, an etching step is used to renobve the
second dielectric layer 132 in the open areas that contain bond-pads for

el ectrical connegtions. 4 1 [ 2005 Connecting the array to the outside
wor | AN, eSERBREEY faed rpde 412 in 0% erBnEoHegre rensny Phngls GeRtn s o
mul ti-chanber thermal cycler relative to the heat sink 14 and the electric
| ead- BEMEeN 3poyh P aRgdhA00 Mg Nser mal  cycler array is mounted onto heat
sink 14 with a thin layer of thermally conductive soft material 101 for
better nechanical and thermal contact. This is to ensure that the | ocal
substrate 1 has very small thermal resistance to the heat sink 14
ever ywher eRefGuingatsiveto fit ¢4, the sovarrsutfaye of thelwarec|susittdriad a8d cePBdYSt i ve
t apes, greases, glues, polyners, 7
' form under-trench 141. This is wide enough to slightly overlap the top preliminary

trenches 131 and it is deep enough so that, at the completion of this step, trench 131 will

be penetrating all. the way through to the wafer's under-side and the wafer thickness

(under trench 113) will have been reduced to between about 30 and 100 microns. In this

way, silicon membrane 12 and frame 1, as shown in earlier figures, will have been formed.

The final step in the process is illustrated in FIG. 15. Sheet of dielectric material
152 is micro-machined to form holes in selected locations (as an example, see 9in FIG.
1) and then bonded to the wafer to form a hermetically sealed chamber that is thermally
isolated from the wafer by slot 3. For sheet 152, our preferred material has been glass
which we then bon_ded to the wafer by means of anodic banding. However, as noted
earlier, other materials such as rigid plastics, fused quartz, silicon, elastomers, or ceramics
could also have been used. In such cases, appropriate bonding techniques such as glue
or e-poxy would be used in place of anodic bonding. Finally, an etching step is used to
remove the second dielectric layer 132 in the open areas that contain bond-pads for

electrical connections.
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el astomers, rubber, and plastics- The thickness of layer 101 is typically
bet ween about 1 and 100 mcrons and its thermal conductivity is between
about 0.2 and 20 WmK . It has a softness val ue between about 1 and.100
units on a Shore D Duroneter. Electric bond-pads 6 can be connected to the
connectors 105 (netal pads/tracks) on the controller board 103 g¢ 067 2605
printed circuit board or PCB) through wire-bonding to probing-card 102.
Met.al | ead-outs can be on top or on bottom side of the controller board
103, or on both sides, connected through via 104. O the bond-pads 6 can
be conducted out to the controller board 103 through a fixture of the type
shown in FIG 17), where flexural electric connector 106 (e.g.,
probe/tip/bunp) fromthe board 103 can be pressed directly on top of the

correspondi ng bonds tifig €k &gy tdi@lemltsia¥ @dld chip. Additionally, the
spacer 107 18 21 O CT 2000 can be nade exibl'e in the thickness direction
for better mechanical contact between the connectors 106 fromthe
controller board 103 and the bond-pads 6 fromthe thermal cycler chip.

R T e S e T P
COnt S A o 14 R BRI Rt T B e
' cycler array is mounted onto heat sink 14 with a thin layer of thermally conductive soft
material 101 for better mechanical and thermal contact. This is to ensure that the local
substrate 1 has very small thermal resistance to the heat sink 14 everywhere. Suitable
materials for layer 101 include thermal conductive tapes, greases, glues, polymers,
elastomers, rubbe.r,. and plastics. The thiékness of layer 101 is typically between about 1

and 100 microns and its thermat conductivity is between about 0.2 and 20 Wim K.

It has a softness value between about 1 and 100 units on a Shore D Durometer.

Electric bond-pads 6 can be connected to the connectors 105 (metal pads/tracks) on the
controlier board 103 (e.g. a printed circuit board or PCB) through wire-bonding to

probing-card 102. _

Metal lead-outs can be on top or on bottom side of the controlier board 103, oron
both sides, connected through via 104. Or the bond-pads 6 can be conducted out tb the
controller board 103 through a fixture of the type shown in FIG. 17), where flexural electric
connector 106 (e.g., probeltiplburnp) from the board 103 can be pressed directly on top

of the comresponding bond-pads 6 on the thermal cycler chip. Additionally, therspacer 107
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tenperature sensing. Typically, at |east one sensor and one heater are
needed for each chanber. Then the anal og outputs of the sensors (at |east
N channel s) are translated into digital data through anal ogue-to-digital
(AI'D) converter and sent to the processor (or conputer). A LabView
progranmed nmulti-channel parallel PID (proportional-integral- de@4aCTy\k
controller, for exanple, will manage to follow the expected thernal
protocols for the N chanbers through the real-tine updated/refreshed

out put signals for the (at least) N-channel heaters. These .signals flowto
the electronic circuit for updated/refreshed heating, after conversion to
anal ogue signals in the DI A converter (having at | east N-channels).
Consequently this is a claose-loop nulti-channel parallel processing control

syst ef@N paMtaqaffexials inrtge thiglness dirgatien for etiaamesianiealcontast hgtw endent
mul ti-pl exing or parallel processing. The nunber of channels, N, wll
gener gbnyedtersfiogiom the cestrolier boars g8%and tvdondpeds iGrfrou thetitermateyslarher mal
cycler machines. 19 2 1 OCT 2005 Results By using the above descri bed
structchipes and manufacturing process, we have been able to both build and
simul ate units that neet the follow ng specifications: Heating power: < 1.7
Vatt; Heating voltage: 8 volts Ramp rate: 15-100 OC/ s Cooling rate:
10-70 OC/ s
FIG. 18 illustrates the configuration of the control system for multi-chamber
independent thermal protocol control. Connectors 105 on the controlier board 103 for all
the sensors of the N-chamber thermal cycler are directed to the electronic circuit for
temperature sensing. Typically, at least one sensor and one heater are needed for each
chamber. Then the analog outputs of the sensors (at least N channels) are translated into
' digital data through analogue-to-digital {A/D} converter and sent to the processor (or
computer). A LabView programmed multi-channel paraliel PID (pfoportional-integral—
derivative) controller, for exampie, will mahage to foilow the expected thermal protocols
for the N chambers through the real-time updatedirefreshed output signals for the (at feast)
N-channel heaters. These signals flow to the electronic circuit for updatedfrefreshed
heating, after conyersion to analogue signals in the D/A converter (having at least
N-channels). Consequently this is a close-loop multi-channet paralle! processing control
system, particularly for multi-chamber thermal cyclers having independent multiplexing or

parallel processing. The number of channels, N, will generally be from 2 to 96 or 2 to 384,

when used in current macro thermal cycler machines.
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Terrperature_uniform'ty: < 0.3 -C (accuracy 0.2 OO Cross-talk. < 0.4 OC -

. at 95 QC The effectiveness of the units for Mcro PCR.use reaction was

verified with the Plasm d/ Genamic DNA reaction and agarose gel :
el ectrophoresis. The result was adequate anplification ina reduced
“reaction tine relative to existing commercial PC machines. It ma§ Sﬁﬁf
confirmed that the units may be reused after cleaning. Wile the & WA
has been particularly shown and described with reference to the preferred
enbodi nents thereof, it will be- understood by those skilled in the art that
various changes in formand details may be nade w thout departing fromthe
spirit and scope of the invention. The mniaturized thermal cycler of the
“ present invention may, for exanple, be used as a thermal cycling chanber
for various types of biologi cdlesats/ or chemical reactions. 20 21 OCT 2005
CLAIMS 1.. A nulti-chanber thermal cycler system conprising: a
mul ti-chanber thernmal cycler chip; a layer of a material having high
thermal conductivity as well as a high | evel of softness, said |ayer being

uni quel y | ddausing thetaeee dbb@riHeh@tr@@dur@&l@rha&%&uﬁ@pr%o@ggtwe have been
able to both build and simulate units that meet the following specifications:
Heating power: < 1.7 Watt : Heating voltage: 8 volts
Ramp rate: 15-100 °C/s : Cooling rate: 10-70 °C/s
Temperature uniformity: < + 0.3 °C (accuracy + 0.2 °C)

Cross-talk: < 0.4 °C at 95 °C

The effectiveness of the units for Micro PCR use reaction was verified with the
Plasmid/Genomic DNA reaction and agarose gel electrophoresis. The result was
adequate amplification in a reduced reaction time relative to exisﬁng cammercial PCR

machines. it was also confirmed that the units may be reused after cleaning.

While the invention has been particularly shown and described with reference to
the preferred embodiments thereof, it will be understood by those skilled in the art that
various c_:hanges in form and details may be made without departing from the spirit and
sqope of the invention. The miniaturized thermal cycler of the present invention may, for

example, be used as a thermal cycling chamber for various types of biological and/or

chemical reactions.
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5 sink, whereby good thermal contact and conductance between the chip and
the heat sink are provided; a controller board, having opposing sides,

that includes electrically conductive lines and tracks and electric
connectors; neans for connecting and di sconnecting bond-pads on QPFOEWQM§()
the controller 10 board; and a control system for nultl-phanne! _

i ndependent” paral I el protocol control, including: electronic circuits for
mul ti-channel anal ogue and digital signals comunication between the
control | er board and a processor having programred nultiple channel

paral l el cipymportional -integral-derivative control. 15 2. The nulti-chamber
‘thermal cycler systemdescribed in claim| wherein said layer is selected

from the gr cumuitboisarabértbedtal CheBMBYstGRNGGIAsRy t apes, greases, gl ues,
polyners,gel-agltorrers, r ubber, gndnﬁ asti cs. B.ﬁgThe mul ti - chanber ther nal

. ) . . . i ckness
cycler syst esmmdfseHdnied thétnfd 8)dled criferein said layer has a thic
bgtmeen'gbout 1 and 100 nicrong. 21 21 O CT 2005 4. The mnulti-chanber

Shermal ChdE B! SRR o GO BB U AL 5 &
softness, said layer being uniquely located between the thermal cycler chip and a heat
5 sink, whereby good thermal contact and conductance between the chip and the heat sink‘
are provided;

a controller board, having opposing sides, that includes electrically

- conductive lines and tracks and electric connectors;
means for connecting and discoﬁnecting bond-pads on the chip to the controller

10 board; and

a control system for multi-channe! independent parallel protocol control, including:
electronic circuits for multi—(_:hannél analogué and digital signals communication between

the controlier board and a processor having programmed multipte channel parallel

proportional-integral-derivative control.

15 2. The multi-chamber thermal cycler system described in claim 1 wherein said layer
is selected from the group consisting of thermal conductive tapes, greases, glues,

polymers, elastomers, rubber, and plastics.

3. The multi-chamber thermal cycler system described in claim 1 wherein said layer

has a thickness between about 1 and 100 microns.
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. . The multi-chanber thermal cycler systemdescribed in claim1 wherein
gaig Fayer -has a softness valﬁe between about 1 and 100 shore D Dur onet er
units. 6. The nulti-chanber thermal cycler systemdescribed in claln1lr2m5__
wherein said electric connectors are on both sides of the board 8 &n
ei ther side of the board. 7. The multi-chanber thernmal cycler system
described in claim1l wherein said means for connecting and di sconnecting
bond-pads on the chip to the controller board is selected fromthe group
consi sting of wire-bonding, probing-cards and flextural electric connectors
10 8. The multi-chamber thermal cycler systemdescribed in claim1 wherein
‘said nmultiple channel parallel proportional-integral-derivative control

contai ng betW@&uﬁi—%ée%ﬁher?n%?@?&grs éys%ezm described in claim 1 wherein said layer

has a thermal conductivity between about 0.2 and 20 W/m.K._

5. The multi-chamber thermal cycler system described in claim 1 wherein said layer

has a softness value between about 1 and 100 shore D Durometer units.

5 6. The muiti-chamber thermal cycler system described in claim 1 wherein said electric

connectors are on both sides of the board or on either side of the board.

7. | The mutti-chamber thermal cycler system described in claim 1 wherein said means
for connecting and disconnecting bond-pads on the chip to the controller board is selected

from the group consisting of wire-bonding, pfobing—cards and flextural electric connectors

10 8. The multi-chamber thermat cycler system described in claim 1 wherein said multiple

channel paraliel proportional-integral-derivative control contains between 2 and 384

channels.
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