WO 03/ 097520 PCT/ S@G3/00117 1 SINGLE WAFER FABRI CATI ON OF | NTEGRATED

M CRO FLUI DI C SYSTEM FI ELD OF THE I NVENTION s The invention relates to the
general fwelod/ogfs2omi cro-fluidics with particul ar referenceCrscoysiiem
integration on a single chip. BACKGROUND OF THE | NVENTION 10 Integrated
mcro-fluidic systems have many pronising applications in nedical

treatment, industrial process control, bjonmedical analysis, etc. MEMS
(mcro electro- nechanical systens) is one of the npbst prom sing ways to

i npl enent VAINGLE VWARER FABRIQARIONt@FINTEGRATEBNEICRECBUSDIC SYBTEMRS S
production potential offered by 15 silicon wafers. However, npst of the
I nt egrated devi ces devel oped so far, including mcro fluidic handling and

detection nechani sns, have utipgezedor THEYNVENTRINT Process. This has
increased the difficulty of electronic integration and the cost of

fabrication, and has degraded performance due to Iargelfl ui di cfor t her mal
arasi.tics. re 1 s.therefore a pneed for g single.siljcon wafer process
!too soPve thesg?%r E'Ne n rej%%fhéq éﬂar%e%%r@é%@% 0‘%_36]_'@9@1}”%5§SW5'? particular
fabri cat ireferened @ Syt iftcdeaticiedn UsdiRgle Ghingl € silicon wafers [see
references 1-4 below]. However, these Techniques have nmany difficulties in
I ntegration of the mcro fluidic control, thermal reactors or

sensi ng/ det ecti on mechani smon-chip, due to the non-conpatible process
problem 25 Normally, |arge chanbers (cavities) have been fornmed by wet

et chi ng/undercutting whi CBARKGYROECINDTF TRIFORGSENTOAr ol . Mor eover,
I nt eglrat I on of the active conponents (e.g., detectors/sensors, reactors,
)

etc.)%has not been inmplenented for the same reasons. In sumary, a _[I)_rgcess
b on o0k SELACLRISHERE, & oAl o S SAC ARORRL,
not been treapueniinduEtkalpresess contveln biomediegkandlpsid stel MEEVISUSRicR electro-
mechanical systems) is one of the most promising ways to implement various kinds
of such integrated systems, because of the mass production potential offered by
15 silicon wafers. However, most of the integrated devices developed so far, including
micro fluidic handling and detection mechanisms, have utilized a multiple-wafer
process. This has increased the difficulty of electronic integration and the cost of
fabrication, and has degraded performance due to large fluidic or thermal parasitics.
There is therefore a need for a single silicon wafer process to solve these problems.
20
There are several disclosed ways of fabricating micro fluidic devices using
single silicon wafers [see references 1-4 below]. However, these techniques have
many difficulties in integration of the micro fluidic control, thermal reactors or
sensing/detection mechanism on-chip, due to the non-compatible process problem.
25 Normally, large chambers (cavities) have been formed by wet etching/undercutting
which provides poor process control. Moreover, integration of the active components
(e.g., detectors/sensors, reactors, etc.) has not been implemented for the same
reasons. In summary, a process for integrated fluidic systems e.g., micro-total-
analysis-system (UTAS) or lab-on-a-chip (LoC) using a single silicon wafer approach
30 has thus far not been reported. The present invention seeks to disclose such a
process.



process. WD 03/097520 PCT/ SG03/00117 2 REFERENCES 1. Meint Boer et al,
"M cromachining of buried mcro channels in silicon', J. M croelectronech.
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1995.

A routine search of the patented prior art was also performed with the
15 following references of interest being found:

In US 6,093,330 B1, Chong, et al. disclose a microfabrication process for
enclosed microstructures using an anisotropic etch and an isotropic etch. Liu, et al.,
in US 6,225,140, show a CMOS compatible surface machined pressure sensor. The
pressure sensor is formed by etching a number of trenches in a substrate. Dielectric

20 spacers are formed on the sidewalls of the trenches. The bottoms of the trenches
are then etched using isotropic etching to undercut the trench sidewalls. US
6,075,269 (Terasawa, et al.) discloses a device that includes a recessed portion
formed by isotropic-etching, then anisotropic etching and isotropic etching while
Shaw et al. in US 5,719,073 show microstructures and use a single mask,

25  single-crystal process for fabrication thereof.

SUMMARY OF THE INVENTION

30 Ideally, at least one embodiment of the present invention provides a process

for manufacturing a complete micro-fluidic system contained on a single chip.



for manufacturing a conplete mcro-fluidic systemcontained on a single
chip. WO 03/097520 PCT/ S&3/00117 3 Preferably, at |east one enbodi nent of
the presewOD nyBmii on utilizes only dry etching in the pPeESE93/0E1The
process may include sub-processes to manufacture m cro-chanbers having a
hi gh degree of thermal isolation as well as |ow thermal nmass. The process
may include sub-processes to manufacture m cro-punps. 10 The invention
provi des an inprovenent over the state of the art fabrication processes
for integrated mcro-fluidic systens, including |liquid handling, reaction
and on-chi nsi ng/ detection which are normally nulti-wafer fabrication
procedur es. P iﬁégﬁag&nﬁi f%aaﬁt @(H‘ep‘?mgPd'érﬂ‘?”tpﬂfde@sﬁ%e'ﬂtn@?’@%w pilizesonly €y i on

cost and H&agrafdetHd sroceesf or mance of the system A few single silicon wafer
appr oaches | n&?ﬁe ‘ﬂst erature 15 have stated difficulty in the mcro-fluidic

control and on-chip sensing/detection. The thermal reactors disclosed so

far have used | ti-wafer praces which has limted the integration and
t he dPsposabi |'i'ty PEPCESFe i'E@EaéT%@O‘BF%ﬁFSi EPARERCIER 'B@%-C ambers

acconpl | $39ds hith A8YreeBNtheisd) iS5I966S 88 vdiPad H@'rﬁ{amgrggﬁber& In

particular, it mnmakes use of deep reactive 1on etching by multiple
trenches of differing depths 20 nay be fornmed sinmultaneously. Buried

m cr o- chanber re formed by jsotropicall jncreasing trench w dths using
an et chant thzrth%d%ré’geﬁ%ma&{ %8@'19% 'Wii’ézﬁsé%s t%'@anf"?aé“rﬁlgrﬁe@'cé?'&}dmvﬁsder
beneath the surface until they nerge. Deposition of a dielectric |[ayer
over the trenches allows sone trenches to be sealed and sone to be left
open.l0 M cr o- pigpiivantion qrawidesyan epigyemend avey dheistatenefl the ad- talvaichiéon

o et A o R oA AL AT bR 1088
of its beinrghipesdrethg/BRdTioPESRIdhPalOMdemallyEmRANGIEESTabdiéatiéh Osioe8d e,
PCT/ SGO3/T %%:elgcomplicated prior art processes increase the fabrication cost and degrade the
performance of the system. A few single silicon wafer approaches in the literature
15 have stated difficulty in the micro-fluidic control and on-chip sensing/detection. The
thermal reactors disclosed so far have used multi-wafer process, which has limited
the integration and the disposability of the devices. The present invention can be
accomplished using only dry etch processes to form micro-chambers. In particular, it
makes use of deep reactive ion etching whereby multiple trenches of differing depths
20 may be formed simultaneously. Buried micro-chambers are formed by isotropically
increasing trench widths using an etchant that does not attack the mask so the
trenches grow wider beneath the surface until they merge. Deposition of a dielectric
layer over the trenches allows some trenches to be sealed and some to be left open.
Micro-pumps are formed by including a layer in the micro-chamber roof. This layer is
25 used to change chamber volume either through electrostatically induced motion or

through thermal mismatch as a result of its being heated.

BRIEF DESCRIPTION OF THE DRAWINGS
30



4 The invention is further described by way of non-limtative exanple, with
reference to the acconpanying drawings, in which: FIG | illustrates the
starting woioaw9fser the process of an enbodi nent of the 5Ppom&&esno117
invention. FIG 2 shows formation of a hard mask to be used during trench
etching. FIG 3 illustrates how nultiple trenches having different depths
may be simultaneously formed. FIG 4 iljustrates the formation of a fully
covered m cro-chanber. 10 FIG 5 shows how thernal isolation of said

m cro- chanber The askintigrdis furfherbdedwibedt bg wag-¢f adndimirftive hexdmpleesgitipf
an enbodi nent of the present _invention. FIG 7 is a close-up view of a

ni cr o- ch&piseence ttheAceempayitg ﬁ@“é!‘@ﬁré'ﬁtw icletG. 8 is a plan view of a
chip fabricated according to an enbodi nrent of the 15 present invention.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS 20 W begin a detail ed description

of the gener alFI@r dcﬂastratbsatheestbctnﬁgnpaht ¢br tHehpraeess evitari eutyadimenbpf the
referri ng) to FILG and noting that a key feature of the present invention
i s that |r$seé1’féw%10§t eps relating to the formation of cavities and

trenches are Ip@ E%‘FIIOW% Qgeaﬁéﬁ'afafr%&& to8 0l écﬁ‘dﬁh%\hl%nhﬁ c?th%on body

10 which would normally part a silicon vva necessary
i ntegrated ci @i t3 iflustratés olpew amudtiplef tremehdsulhiavingu differesly siepthshanay be

al ready been forme Di eI ectric layer 12 is then deposited onto the

t opnost  SHPPEREUBNAEd10. This | ayer could be silicon oxide, silicon

nitride, or apyGPAliNIgREs TR Riakisn o afufly c@@ér)éurnwré?&chaﬁﬂw enes,
epoxies, etc., with silicon oxide being preferred. It is dep05|ted to a
thi ckhiess betfliSeh shiowisthov thermal satatioroaksaid MivO-0BA0D 6 BoAGKEVESED3/ 00117
FIG. 6 shows the end-product of the process of an embodiment of the present
invention.
FIG. 7 is a close-up view of a micro-chamber, including a heating element.
FIG. 8 is a plan view of a chip fabricated according to an embodiment of the

15 present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 We begin a detailed description of the general process of an embodiment of
the present invention by referring to FIG. 1 and noting that a key feature of the
present invention is that all etching steps relating to the formation of cavities and
trenches are limited to dry etch processes. Seen in FIG. 1 is silicon body 10 which
would normally be part of a silicon wafer in which all necessary integrated circuits for

25  operation of the full fluidic system have already been formed. Dielectric layer 12 is
then deposited onto the topmost surface of wafer 10. This layer could be silicon
oxide, silicon nitride, or any polymeric materials such as polyimides, parylenes,
epoxies, etc., with silicon oxide being preferred. It is deposited to a thickness
between about 0.3 and 2 microns.

30



5 Then conductive layer 13 is deposited onto |ayer 12. As will becone
clearer below, this |layer can be patterned to performdifferent functions,
dependi ngwor3mdseo |ies i nmediately below it. Mdst commonlpgl/Seash@1of | ayer
13 will be used to provide top level wiring for the afore-nmentioned
integrated circuits. One itemthat is conmon 5 to all enbodi nents are pads
that will be used to nmake contact betwegn the system and the external
worl d. After |ayer 13 has been suitably patterned, dielectric layer 11 (any

one of silicdheaxdateiuctive ila@t 18 19 Hdgositd anity [BOEY MBI Ae WilltR¥domé clasrbr as
pol yi m des paryl enes, epoxies, etc., with silicon oxide bEII’Q(% preferred)
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|
etching QR ISR AR @aﬁﬁéﬁ%ﬁ' wﬁy@% uaﬁe toaakg epnisich betweens the, systernt

etch rat Enaqhégxt]épﬁéﬁﬁgﬁ@d in part by trench width, with wi der trenches
form ng tfaster than narrower trenches. Typically, an increase in trench

width by a faéfter layerb@8 viess b2ennsliily paﬁemetds dielestric layeeakle (amy enehof

rate, duri.ng deep reactive o et chi Qti%a actag q bet ween 5. 20
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for purposes of clarification, the other trenches that formed at the same

tine as Hesgnepengs sines: insHiswnexhstepclayer Nlosdisenass prhard mpslk foetshing y
to provi g8 k&N AN 8% Zifdh9ang’ tﬁ’g %ttgﬁ process is such that etch rate is

15 influenced in part by trench width, with wider trenches forming faster than narrower
trenches. Typically, an increase in trench width by a factor of between 2 and 250
results in an increase in etch rate, during deep reactive ion etching, by a factor of

between 1 and 5.

20 This dependence of etch depth on trench width is a property of the etch
method that is used at this stage of the process, namely deep reactive ion etching
(DRIE). To implement DRIE we have used SFg, Oz, and C4Fg gases. An example of
this is illustrated in FIG. 3 where, after etching under the same conditions for the
same time, trench 31 is not as deep as wider trench 32. This allows multiple trenches

25 having different depths to be formed simultaneously simply through control of trench
width. Note that, for purposes of clarification, the other trenches that formed at the

same time as 31 and 32 are not shown in FIG. 3.

Note that it is also necessary to provide trenches having a range of widths
30  since, when two trenches of different widths are connected, a flow valve is formed at

their intersection. This is a result of capillary effects -- for a hydrophilic liquid, flow out



30 since, when two trenches of different widths are connected, a flow val ve
is formed at their intersection. This is a result of capillary effects --
for a hydwophiopiseo | i quid, flow out WO 03/ 097520 PCT/ S3/ @QIEG03/6010T narr ow
tube into a wider one tends to be resisted while flow froma w de tube into
a narrower one tends to be enhanced. The reverse holds true for a
hydrophobic Iiquid. 5 Another key stepgnow follows, nanely the performance
of isotropic dry etching of silicon body 10. This was inpl enented using
XeF2 or &Rfartdw Bid&Eintora witeridhe feinds e bef reskitedt ntlilerfibw fropeasade tubé fintgF6
in DRIE being preferred. The etchant selectively attacks only the siljicon
so that alnarioveaicors tgndsyioikfeenpasceil Thageveissehnglds frve dak at hydrepbabiggs
21 chanqi their dinensions so that a substantial amount of 1o
undercut‘ﬂﬁ% of layer 11 takes place. Were two trenches are sufficiently
close to one another they will eventually nerge into a single cavity. In
the exanple shown in FIG a | arge nunber of trenche? wer e | gcat ed cl ose
a@( etching

4, .
enoulgSh to onehBABERKRY el BRhfolRws S1aigely thawerfprgnca of igotigpig
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rgé
contact pads phat were nentioned above. These can be seen as pads 63 in
FI G 6. single cavity 45.

15 After the conclusion of isotropic etching, a third dielectric layer (layer 41) is
deposited, as seen in FIG. 4. This layer could be silicon oxide, silicon nitride, or any
polymeric materials such as polyimides, parylenes, epoxies, etc., with silicon oxide
being preferred. Its thickness (between about 1 and 5 microns) is made to be
sufficient to seal some of the trenches (those whose openings have widths less than

20  twice this thickness). In particular, all the trenches out which cavity 45 was formed
are sealed in this manner thus fully enclosing 45. In FIG. 4 we also show examples
of a sealed trench 46 that is outside cavity 45 as well as two wider trenches 47 that

were not sealed.

25 The final step (in the general process) is the selective removal of layers 11
and 41 to expose the contact pads that were mentioned above. These can be seen
as pads 63 in FIG. 6.

Depending on application, there are several sub-processes that form part of

30 the present invention:



Dependi ng on application, there are several sub-processes that form part of
30 the present invention: WO 03/097520 PCT/ SG03/00117 7 Sub-process 1la,

f or mat i orwofo3edmed rostatically driven mcro punps: Referripag/sSeogeoiagai n to
FIG 4, in the area i medi ately above cavity 45 5 (whose centre is pointed
to by arrow 48), conductive layer 13 is patterned to form electrode 71
(see FIG 7 for closeup view) which covers all available area except at

the opening that were used to formthe trenches. Layer 13 is any conductive
material such as A, Ti, Au, including their alloys, and polysilicon, with
Al being preferred. It is dep05|ted to a thickness between about 1 and 3
m crons, w t hSgb-bresessots faanation ef plestrastatipallygivensMiCreRUMRS| | v i nsul at ed
fromthe silicon wafer 10 so that a voltage nmay be applied between it and
10. When this is done, it, and the nenbrane (layers 11, 12, and 41) of
which it is aRpfrting ariceatagaicted1®. 4 .epethedrédepemddiatelpraldidvel cavigl 46i ve

polarities) because of electrostatic farces, thereb usi ng, the nenprane
to bow (WiRsedsenre supEied to By 3TeNARe SONHUCING laver 2 ﬁh@g%%mﬁwon@rmhat
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7 for closeug) view) that is Iectrlcallylnsu ated from
polarities) because of electrostatic forces, thereby causing the membrane to bow

inwards or outwards. This changes the volume of the cavity so that liquid will be
15 pumped out of or into the cavity. The trenches etched as part of forming the pump
chamber have widths between about 1 and 5 microns and depths between about 50
and 250 microns. As discussed for. the general process, fluid flow is controlled
through flow valves formed at the intersections of trenches having different widths.
Thus, by connecting to the chamber through two separate trenches, each having a
20 different width from the other, fluid will be prefer to come in through one of these

trenches and out through the other.

Sub-process 1b, formation of thermal mismatch driven micro pumps:

25
Continuing our reference to FIG. 4, in the area immediately above cavity 45
(whose centre is pointed to by arrow 48), conductive layer 13 is patterned to form a
resistive element 71 (see FIG. 7 for closeup view) that is electrically insulated from
the silicon wafer 10. The exact form of this resistive element is not important as long
30 as it covers most of the area over cavity 45. When current is passed through the

resistive element it heats that part of the membrane with which it is in contact,



the silicon wafer 10. The exact formof this resistive elenment is not
inportant as long 30 as it covers nost of the area over cavity 45. Wen
current iIwWOoma®smaot hrough the resistive elenment it heatsPCAsiGopari7 of the
menbrane with which it is in contact, WD 03/097520 PCT/ SG03/00117 8
causing the latter to expand and thus bow. The direction of this bow ng

w || depend on the relative expansionsgof the |ayers making up the
menbrane in a manner anal ogous to the bowing of a bi-nmetallic strip when

it is heahgslng Rrgattdreiosexfarichand thusbbwoThefdiksntiondof this shwingewilltdepene une
of the cavrty so that liquid will be punped 5 in or out of it. Wen current
ceases t@8nfih @WQ'W‘@J@HP@H%'W%S@%WQ/@Y@F%r'r’%'fmgh‘éo thﬁdﬁ?ma'&%dnsadﬁan'ﬂﬁe
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and 25 m 6 SRCOMBE i (Miely SHERGT BERRGS JPeRels BHOM e 1RFRR SEA et e
coeffli ci ﬁ{étml&%netcfb%ﬁé@hd%%ﬂﬁg‘épca VigRlurhé r@@éstﬁreﬁo one of silicon oxide,

silicon nitr or any polyheric terials such as polyimdes, parylenes,
epoxies, etc., with srllcon oxr de bei ng preferred It was deposrted to a

t hi ckness bet about. referred
I ckness Doty R0 ko Al ol H L RS, et el 0B aJioSs hdHrafieon
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being preferred. I't was deposited to a thickness between about 1 and
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par t o of 20NETRGL TR O e e heRE R ErRa§ naf B A St e ChC ™
coul d nOthebmalu%ecganki@he\r_eryerlm Wab|alb@ aHedef silieed dXiaé, siiedbn matridel arsany
coul d have been utilized one addi ti onal step to the process. The

nat er i al POyMmgricmaterale sre?; a%pelylrm@ie(sx vapdenas; mrPxias etel avinsilican oar&@ any
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preferre
15 3 microns bemg preferred. Layer 41 was one of silicon oxide, silicon nitride, or any

polymeric materials such as polyimides, parylenes, epoxies, etc., with silicon oxide
being preferred. It was deposited to a thickness between about 1 and 5 microns, with

4 microns being preferred.

20 Since material used to form the resistive element was also used to provide
conductive wiring in other parts of the system, material normally used to form thin
film resistors could net be used. However, it will be understood that such materials
could have been utilized by adding one additional step to the process. The material
that we chose for layer 13 (o be formed into element 71) was any of Al, Ti, Au,

25 including their alloys, and polysilicon, with Al being preferred. It was deposited to a

thickness between about 1 and 3 microns.

Sub-process 2, formation of thermally isolated cavities:

30



t hi ckness between about 1 and 3 microns. Sub-process 2, formation of
thermally isolated cavities: 30 WO 03/097520 PCT/ SQ03/00117 9 The

f or mat i orwofo3pgnsed i es such as 45 in FIG 5 was discussed iPETISGO3/00117
description of the general process above. More specifically, to form

m cro-chanbers suitable for thermal processing, the trenches from which
the cavity was fornmed (by nerging therr% each had a wi dth between about 8
and 12 mcrons and were 5 separated by between about 40 and 60 m crons,

their depth behagfoieiativanoflnities140cings 229 iRl FIGNE WAST diBtug¥edc @sstheg i n
mcro-fluidic systenms requires that the mcro-chanbers _in which such
pr ocessi desaiptionoisbe ganeraliupaess gbevss UVlareespegiticaliyy to fam mererliambeys

capacita | I Lol I

hr ough SR 0T kel EOCRBER, PR ielChEs ST O In RRuly 3s HoriiBdTBY
This is ierginbeticnvelepchehad aaligth Metieom aicutudengi t2 mictonsiraral averchat
I ncl udes m cro-chanber 45 as well as trenches 47 that are adjacent to it.

Et chishg $#Paratedspy ikafwegnratout Aéhand $0 mierens: theindepriicbaing Paegnpgd iy

fol |l oned 2‘651'1'1 6. 15 In practice, trenches 47 would be in the form
of a fra?rig(yfaﬁqgtt'l;2 al rmfbg?% conpl etely surrounds m cro-chanber 45. Typically,
trenches 47 would be located w thin a distance of between about 300 and

500 m crons from m cro-chanber 45. The width of trench 47 was typi cal |
between about TBEHFRI POCRPRIRG s MUFTRr GRSV BIoR0S HRpiiesciek duf isTRahagRosTs

m cro- Chi?\”@/ﬁfch‘l%t]légy \Agﬁf‘étég%@ntt%‘%é b@@eﬁﬁﬂgﬁé’llﬂr&h?ﬁé@l arfe ARV tovl "tREIh A

under si de was .a eto a that 1's sufficient to expose
di el &t rcapadilpece4E1@r Stiustratey retve theder ocagditione reainessadifly bies medt thcougir ki er
e o CSehuf ol st B 6% BnbiaRordbR dRolSsdiPabSIL. PEESY1S dREREF!
etch wafer 10 from its underside over an area that includes micro-chamber 45 as
well as trenches 47 that are adjacent to it. Etching of the silicon wafer from its
underside was accomplished by KOH followed by RIE using SFe.
15
In practice, trenches 47 would be in the form of a frame that almost
.completely surrounds micro-chamber 45. Typically, trenches 47 would be located
within a distance of between about 300 and 500 microns from micro-chamber 45.
The width of trenches 47 was typically between about 8 and 12 microns while their
20 depth exceeded that of micro-chamber 45 by between about 140 and 220 microns.
Etching from the underside was allowed to continue to a depth that is sufficient to
expose dielectric layer 41 or to fully etch through trenches 47. As noted earlier, the
reservoir is not sealed so that when 45 is heated pressure does not build up inside
47.
25
RESULTS
Prototype chips have been successfully fabricated. A plan view of part of one
such chip is schematically illustrated in FIG. 8. Seen in the figure are inlet pump 81,
heater 82, temperature sensor 83, isolation trench 84, PCR chamber 85, and
30  reservoir 86. The chip is directly mounted onto a metal nesting fixture as a heat sink,

and electronically led out through side connectors (without the need for wire-



25 RESULTS Prototype chips have been successfully fabricated. A plan view
of part of one such chip is schematically illustrated in FIG 8. Seen in
t he figurwoasm®ismd et punp 81, heater 82, tenperature sen®em/S&d3/0013vl ati on
trench 84, PCR chanmber 85, and 30 reservoir 86. The chip is directly
mounted onto a netal nesting fixture as a heat sink, and electronically

| ed out through side connectors (w thoutjythe need for wire WO 03/097520
PCT/ S&3/ 00117 10 bonding). This configuration further reduces the

fabri cat bendiregt Tiis t Eenfifurstion Jurthet We@lsucégrtﬁéa‘amncam ladistli 6f the ehip.
reacti on chanber, mcro-channe], valve, unp, etc.), heater/sensor and the

det ect | oStRICEEEB oS thay, enisEsfluidicst dwicrg F@%E*Pﬂoﬁh@ﬁl ﬁﬁeﬁﬁcﬁﬂ"t‘hﬁﬂfﬁ t Yalveam
width ca H‘?p _ﬁ]é er?eéf@r/%ﬁ{bhledrn‘rargchg ofe‘f@ét elEbﬁS%e EN lb\éewet H.‘ i ntroduci ng

air bubbl I ow nass as spee up t cycling to
1.5 mn. for 30 cycles (each cycle has 3 set points: 95C, 55C and 72C, as

or [ VAL Vo). cERASPN SHATPYROVIL iga g &Bqlﬁ%ﬁé’érabst s tﬂ‘éi&%ﬁeﬁui@«wﬁ% to
beant ”emﬂké‘f‘éaélh \{éﬁﬁ’&ﬁﬁgﬂﬁd&% R bibiilbs ! fﬁé%ﬁﬁﬁ) tH&FEal a erbé%%é’c?wer

consunptio vt t n average for e reaction
aver age updahpimgl eyuﬂngdoﬂl moninafioe SOacyelep Geetabr cydimha§030$@qmnaind95tﬁ7 585

t ly h t t
oo poddt 2280 kst et HenE- Hhn Sprosraured) s PUE Phna ety
around 1d\§ﬁ§/ét1ve:|§erﬂlﬁﬁ|%‘l urgyigni fher Matyetify 1endabeRbepitno- 380 Wam ackiisyied

in sinmulation he top sealing dielectric |ayers are transparent for npst
vi sibbe |begm/m(annbﬂaue| thicknesaedf 20Qi¢ines Seplc geactiamvelwngt the tgquistopaweand

above). cons r/n% c7>|§ 2180 oﬁFT() §Wa?t0&r} Z:\verage %‘r eaM?) reaction chamber. The average

ramping and cooling rates are greater than 50°C/sec and 40°C/sec, respectively,
which is fast enough for most of the thermal reactions. The total power consumption
for one chip (containing 4 reactors) is only around 1 Watt. Temperature uniformity of
15 better than £0.3°C was achieved in simulation. The top sealing dielectric layers are
transparent for most visible light (including normal fluorescence at wavelengths of

510 nm and above).



1. A process to manufacture an integrated mcro-fluidic system conprising:
providing a silicon body having a topnost surface beneath which are one or
5 nore i rwogB@®ao circuits; on said topnost surface, depo®CTiSeGy3/e01i7r st
dielectric layer; on said first dielectric |ayer, depositing a conductive

| ayer and formng therefroma pattern that includes at | east one contact
pad connected to said integrated circuif;s; 10 on said conductive and first
dielectric layer, depositing a second dielectric |layer; patterning said
second di@LAMSic layer to formtherein a plurality of openings such that
at |east two of said openings have different widths fromeach other, said
openi ngs extendi ng downward as far as said toanst surface' 15 then, using

sai d_second di lasddeko RN ita8fnd ahanf RES ALK SbdACompRREHg: e | on
e salnd al

et chi ng whereby trenches are etc I con o

openi ngs, sai grovidinghasiletonhbody havmgt@stopmast amréacpH bpneathowlaicht aret bieg ror
w dths, with %ﬁﬂ hes hav |ng wi der openings being etched at faster rates;
with Sai d"e&l I@Ect“t' c layer remaining in place, perforning isotropic

20 etching of spkslgsbpineefsheste, HapoemgRidt HIckGhefay@ow Wi der while said
openi ngs remai n unchanged; continuing Sald Isotropic etching until at

| east two t remrhwldreﬁlrg’e dlelef:tmmlayermdayoeltm\nat ycondhehn/ajé@ym andgf@rmmgrd
dielectri er to t hi gkness ffl i.ent, to seal, a enche

opent ngs e o defttdrfla RS HRUREES, A 18R%s, PenElhialt pad 2ophEE o

sel ecti vehtegrfteB\Girggitsai d second and third dielectric layers so as to
expose said contact pads 30 2. The process described in claiml, wherein
two tleenches ¢in eridk epaductivedand fiisk diejesiriedarer, depasiling Rosesang diclectec

i nter sectléyé}’ a flow val ve.

patterning said second dielectric layer to form therein a plurality of openings
such that at least two of said openings have different widths from each other, said
openings extending downward as far as said topmost surface;

15 then, using said second dielectric layer as a hard mask, performing deep
reactive ion etching whereby trenches are etched into said silicon body at said
openings, said trenches etching at rates that are proportional to their widths, with
trenches having wider openings being etched at faster rates;

with said second dielectric layer remaining in place, performing isotropic

20 etching of said silicon body whereby said trenches grow wider while said openings

remain unchanged;

continuing said isotropic etching until at least two trenches merge to form a
single cavity;

then depositing a third dielectric layer to a thickness sufficient to seal all

25 trenches whose openings have a width that is less than two times said thickness;
and

selectively removing said second and third dielectric layers so as to expose

said contact pads.

30 2. The process described in claim 1, wherein two trenches of different widths are

connected, thereby forming at their intersection a flow valve.



WO 03/ 097520 PCT/ S&3/00117 12 3. The process described in claiml1 or 2,
wherein said first dielectric layer is selected fromthe group consisting
of silicowomgiogs20 silicon nitride, and polyneric materi alP€T/S&03/001The
process described in any one of the preceding clainms, wherein said first
dielectric layer is deposited to a thickness between about 0.3 and 2

m crons. 5. The process described in any,one of the preceding clains,
wherein said to second dielectric layer is selected fromthe group
consisting of silicon oxide, silicon nitride, and polyneric materials. 6
The process described in any one of the preceding clajinms, wherein said,
second didel ectlihecprogges describpdsnt@aim d ar hivwhgrels sais: fisst digleelic layahis 4
m crons. T rpce e J: [ o] f oty : di j

whor of - SErsted Mea B FRL oA gE of SCHRAY sliGn HIERE I BERERNG
of silicomatenhlde, silicon nitride, and polyneric materials. 20 8. The
process described in any one of the preceding clains, wherein said third
dielettric layer is deposited to a thickness between about 1 and 5 microns.

9. The prjoces L LR ; t r } al L
step of 4deep%rh%§@{b%\§g§;aglﬁeré C ."ﬁgﬁ}'?“.errgﬁ g%eﬁﬁég%a@gi ﬁé%ﬂ?&é{%g g%'ta e@gfr om
t he gr oupliel@&tric dengir s deposifedSieta tiieknemsthaDAESN about Titeamd @avksordescri bed in
any one of the preceding clains, wherein the step of isotropic dry etching

is selected fromthe group of processes consisting of XeF2 in DRIE, SF6 in

DRI E, SF& i n ghaspRy&iseNi8hrivaad ineihyebsd di9the3 Prdlediy A%iRE0 wherein said
PoT] SC05E0011 ] Te; Brod¥sSdesbrivddin By r Sy wheret
10 second dielectric layer is selected from the group consisting of silicon oxide, silicon

nitride, and polymeric materials.

6 The process described in any one of the preceding claims, wherein said
second dielectric layer is deposited to a thickness between about 1 and 4 microns.

15
7 The process described in any one of the preceding claims, wherein said third
dielectric layer is selected from the group consisting of silicon oxide, silicon nitride,

and polymeric materials.

20 8. The process described in any one of the preceding claims, wherein said third
dielectric layer is deposited to a thickness between about 1 and 5 microns.

9. The process described in any one of the preceding claims, wherein the step of
deep reactive ion etching is implemented using gases selected from the group

25  consisting of SFg, Oz, and C4Fs.

10.  The process described in any one of the preceding claims, wherein the step of
isotropic dry etching is selected from the group of processes consisting of XeF; in
DRIE, SFs in DRIE, SF; in plasma etching, and wet etching.

30



11. The process described in any one of the preceding clainms, wherein an

I ncrease in trench width by a factor of between 2 and 250 results in an

i ncrease wWp 0390 rat e, during deep reactive ion etching, Poy/Ssos/e@tor of
between 1.1 and 5. 5 12. A process to nmanufacture an integrated
mcro-fluidic system including a mcro-punp, conprising: providing a
silicon body having a topnost surface bepeath which are one or nore
integrated circuits; on said topnost surface, depositing a first dielectric
| ayer; 101tn sBhe grocess dlemceibedi in bayeone defptiss taregeding ooldims,i v\?drejyieengnd
formng therefroman,electrode, that _is electrically insulated from sai

si 11 con vaPEasels tioh wilth kY adpr o oAt eteryhaobRRuls fyandnaiage n

i nt egr at egch iréfe‘,lHhﬁh%fa@eﬁ%gcﬁ‘«%‘ﬂ\’\%t&m{%gawafféét%F oﬁb@fv@ééé{ 19 dY8!,

depositing a second dielectric layer; 15 patterning said second dielectric
| ayer to formtherein a plurality of openings such that at |east two of

sai d openjhgs have different w dths fromeach,other, said eni.ngs ,.

ext endi ng1%ovw1&/a9r803§3 9y n?s““in%‘? Hr& %‘nﬁ?ﬁgr@g‘?q e{EE’fo'tﬂHEﬁ? §Y§%ﬁ’@ é%‘ng'Qgcﬁnd
di el ect rigidreyp@impcompiwisy:mask, perfornming deep reactive ion etching
whereby trenches are etched into said silicon body at said 20 openings,

sai d trenches pravidig aeglicen bady haviagpa dprmosbsuiface beneath whithhare ane for
wi der openi ' t o _deeper trenches; with said second dielectric
SRR R Grfe

| ayer re perform ng isotropic etching of said silicon

body wher eby s@n gaitirtepeives sgrave, Weppkitingi d frst dicteReMydgs renain
unchanged; 25 continul n? said isotropic etching until "at | east two trenches
mergel% o form@n s&difirgl diglechis davas) wWaposiisidow sendustive:tlayrre andhdéerming

oot . BRI oA AR L BN A DRGSR S UGB DlarhE Sk !

t hi cknessat leagtenebgortacthadhuonnedied toresidintegratddjrcaitsrenbr ane conpri si ng

said el ect rOdec’m said conductive and first dielectric layer, depositing a second dielectric
layer;

15 patterning said second dielectric layer to form therein a plurality of openings
such that at least two of said openings have different widths from each other, said
openings extending downward as far as said topmost surface;

then, using said second dielectric layer as a hard mask, performing deep
reactive ion etching whereby trenches are etched into said silicon body at said

20 openings, said trenches having depths that are proportional to their widths, with
wider openings leading to deeper trenches;

with said second dielectric layer remaining in place, performing isotropic
etching of said silicon body whereby said trenches grow wider while said openings
remain unchanged;

25 continuing said isotropic etching until at least two trenches merge to form a
cavity, having a volume, below said electrode;

then depositing a third dielectric layer to a thickness sufficient to seal all
trenches whose openings have a width that is less than two times said thickness,
whereby said cavity becomes covered by a membrane comprising said electrode,

30 said first dielectric layer, said second dielectric layer, and said third dielectric layer;



30 said first dielectric |ayer, said second dielectric |ayer, and said
third dielectric |ayer; W 03/097520 PCT/ SG03/00117 14 providing

el ectri caWwomassmsed i ons to said el ectrode and sai d sili conPoodgGo3er eby,

t hrough application of voltage, electrostatic interaction between said

el ectrode and said silicon body will occur causing said nenbrane to bow,

t hereby changing the volune of said cavisgty and causi ng a punpi ng action on
any fluid within 5 said cavity; and selectively renoving said second and
third di el ect rgrovidingeredestocals connecfimse to saaid etsttace pads saikB sTlivenpibodgss

described in ¢claim 12, wherein said conductive |layer is selected to .from
the gr ouﬁNIE?fﬁgysttF}ﬁé‘g& agplication Qf Vpﬁég%dﬁkﬁwatfc dntemdiony pgtween  said

pol ysi | i cQ8etrdde ahbesdid QARDH E@@;FWHP%QCJIH‘C&&%%‘;%% %erﬁﬁran‘@‘ﬁf gg@ ;ﬁér‘éby

conductive layer is deposited to a thickness tween about

m crons. changig theevqluimeesissaié savitypadd icauaing @ pemyfing laatios oh2anyofidid, within
wher ei_n sai.(g trenches have wi dths between about | and 5 mcrons. 16. The
procegs FELLFRY dar'ﬁ any one of clainms 12 to 15, wherein said trenches

have dept hs bejeis@iteRPRihovRAg Xt 3aBoid Ennthird2fielebtrid MR/hs eSS 16 epbkaed
in any one of the preceding clains, further conprising lTimting all

et chi ng $@éHsonigct padshe exception of silicon backside etching, to dry etch
processes; 25 18. A process to nanufacture an integrated mcro-fluidic
system including a mcro-punp, conprising: limting all etching steps to

dry etch 48 oc éﬁ@ﬁre@@@sdﬁs@ﬁbédj g chiiml €2SWhén shiRl edsdudiing 1apateisdididqegnt
coefficients of thermal expansion; providing a silicon body having a
i

vi d
t opnodét  JIAM dhe IptieeensisiICel Ak d1, aeludivg their@lipys.cndpedsii¢onui t s;

14.  The process described in claim 12 or 13, wherein said conductive layer is
deposited to a thickness between about 1 and 3 microns.

15 15. The process described in any one of claims 12 to 14, wherein said trenches

have widths between about 1 and 5 microns.

16. The process described in any one of claims 12 to 15, wherein said trenches
have depths between about 50 and 250 microns.

20
17.  The process described in any one of the preceding claims, further comprising
limiting all etching steps, with the exception of silicon backside etching, to dry etch

processes;

25 18. A process to manufacture an integrated micro-fluidic system, including a
micro-pump, comprising:
limiting all etching steps to dry etch processes and depositing at least two
layers that have different coefficients of thermal expansion;
providing a silicon body having a topmost surface beneath which are one or
30 more integrated circuits;

on said topmost surface, depositing a first dielectric layer;



on said topnost surface, depositing a first dielectric layer; WO 03/097520
PCT/ S&3/ 00117 15 on said first dielectric |ayer, depositing a conductive
| ayer anawOasnd13g0 therefrom a resistive el enent, that isPersScoshaar!y
insulated fromsaid silicon wafer, as well as at |east one contact pad
connected to said integrated circuits; on said conductive and first
dielectric layer, depositing a second dijglectric 5 |layer; patterning said
second dielectric layer to formtherein a plurality of openings such that
at least tw ah swiicd fcrp’erdlealgstrimam/edj fdepositingwiadicbadbictiva éayer ahdeforrrﬁagd
openi ngs ext endin ward as, far as. s i,d 0pnos rface; then, u

sai d secdh@fe S’P@é esle Ve gJrineak t%atﬁ'aﬁheﬁa%@év 'Eéwﬁiﬁ@fr#ﬁa" g siicpy wa ¢ Ay
on_ et Chivpg) haf @Bt bheephert Bag o8} hRBERd! BRI fdrdtdd Epeitaody at said
openi ngs, said trenc aV|n ep s that are proportional to their

w dths, with oni daid opedluatgye aeadlra’gdtedecdee;jayert reepoiséimg @i sécosdi diedestnad

di el ectri c | _ayer remai ning in place, performng isotropic etching of said
silicon 'whereby said trenches grow wi der while said openings 15

remain U”Cha”%@terﬁﬁgtédw's@@oﬁ@'oﬁbléélﬂbrla%rctoef&ﬁi ﬂ%réhﬂ%'pltﬂ*aht’ye@ﬁé erﬁl}‘i%;1
trenches nerge forma cavity, -having a volune; then deposSiting a ird

di el ect ristich atgza’t at teast two okfresid cpeningsi bave diffesenl widths frone eakb sothan ssaid
openi ngs have a wi.dth t is | esS: than t ti i d thickness, 20

wher eby 8@88' vef)itﬁn%'ggé@@%%g S&'%ﬂ&‘?éﬁ E%r(?ﬁrl si ng sai d resistive
el ement, sai d thém stsidgesgiat ééé‘orida}d%le@tﬂ@ Iapérdas eg aized dhablecpoém«srrhmgeaeé\@d
sai d th| rd dielectric |ayer; providing electrical connections to said

resi 40i véeasitige tn @ﬁ@?‘%WhﬂﬁPbdu@ﬁnChﬁﬁplar%eﬁtﬁ@d dntoy saida giticon dhapyrairtsaithe
I's heat e?) salr@%(b%arlcfsﬁ an L& ﬁéﬁﬁ%rﬁeﬁﬂg tng‘é’\%re p%ggéﬁghgwo %H&P%Q%st rWl’ch

vol une o causi punpl ng "act
wider openings leading to deeper trenches;

with said second dielectric layer remaining in place, performing isotropic
etching of said silicon body whereby said trenches grow wider while said openings
15 remain unchanged;
continuing said isotropic etching until at least two trenches merge to form a
cavity, having a volume;
then depositing a third dielectric layer to a thickness sufficient to seal all
trenches whose openings have a width that is less than two times said thickness,
20 whereby said cavity becomes covered by a membrane comprising said resistive
element, said first dielectric layer and said second dielectric layer and said third
dielectric layer;
providing electrical connections to said resistive element whereby, through
application of voltage, said membrane is heated by said resistive element and bows,
25 thereby changing the volume of said cavity and causing a pumping action; and
selectively removing said second and third dielectric layers so as to expose

said contact pads.

19.  The process described in claim 18, wherein said conductive layer is selected

30 from the group consisting of Al, Ti, Au, including their alloys, and polysilicon.



selectively renmoving said second and third dielectric layers so as to
expose said contact pads. 19. The process described in claim 18, wherein
sai d condwotmmersk@ayer is selected 30 fromthe group consipsmiSe®3/oft1Al , Ti,
Au, including their alloys, and polysilicon. WD 03/097520 PCT/ SG03/00117

16 20. The process described in claim18 or 19, wherein said conductive

| ayer is deposited to a thickness betwegn about 1 and 3 microns. 21. The
process described in any one of clains 18 to 20, wherein said trenches 5
have w dt2(: befhegnoctssutescrived m siatmoh®.or229, Wherain aaéd coddactiveb &xyarrisany
one of clains.18 to 21, wherejn said trenches . have depths between about 50
and 250 ‘ﬂ%ﬁﬂ@gtﬁét§§*n?ﬁ%gﬁbﬁ%ﬁb§b3@§k?P%gﬂnFﬁoﬁ%y one of claims 12 to
22, wherein said first dielectric layer is selected fromthe group
consisting of silicon oxide, silicon nitride, and polyneric materials and
i s deposidked tTheprddeaskriascribedieamyatoiof @ladmantB o 201 whensin sksd 2enchibs

process described i n an ne.of claims 12 to 23, wherein said second
di el e%t riqlavlea\y@fhﬁ é%‘%’c&%tﬁrﬂd 3%'059%p consi sting of silicon oxide,
silicon nitride, and polyneric materials and is deposited to a thickness

between about 1 and 4 mcrons. 20 25. The process described in any one of
claims 1220 2We praessressribed in ey enepéetaims 1&je21i wheetincaid tienches he

group co t] ilic i i-hicon nitride, and polyneric
mat eri al %ﬁﬁ%ﬁéﬁﬁ&%@gg?@%ﬁ%w?Ehéﬁ@r%ﬁ'v\een about 1 and 5 mcrons.
25 26. A process to manufacture an integrated mcro-fluidic system

including a thernmally isolated m cro-chanber, conprisi ng: providing a
silicln wter W iRigcess dpreiieds it fae openehclaimBi ¢4 tar 2omdesein aeidefirst

I nt egr at efeigkfritMialSr is selected from the group consisting of silicon oxide, silicon nitride,
and polymeric materials and is deposited to a thickness between about 0.3 and 2
microns.

15 24. The process described in any one of claims 12 to 23, wherein said second
dielectric layer is selected from the group consisting of silicon oxide, silicon nitride,
and polymeric materials and is deposited to a thickness between about 1 and 4
microns.

20 25. The process described in any one of claims 12 to 24, wherein said third
dielectric layer is selected from the group consisting of silicon oxide, silicon nitride,
and polymeric materials and is deposited to a thickness between about 1 and 5

microns.

25 26. A process to manufacture an integrated micro-fluidic system, including a
thermally isolated micro-chamber, comprising:
providing a silicon wafer having a topmost surface beneath which are one or
more integrated circuits;

on said topmost surface, depositing a first dielectric layer;



on said topnost surface, depositing a first dielectric layer; WO 03/097520
PCT/ S&3/ 00117 17 on said first dielectric |layer, depositing a conductive
| ayer anawDasd15g0 t herefrom a resistive el enent, that isPerscosh@ar!y
insulated fromsaid silicon wafer, as well as at |east one contact pad
connected to said integrated circuits; on said conductive and first
dielectric layer, depositing a second dijglectric 5 |layer; patterning said
second dielectric layer to formtherein a plurality of openings such that

at least two @n saidl fopeniiglgstricavsyedi fdepositingwadcbadiictive éach antiefarntagd
openi ngs extendi ng downward as far as said topnost surface; then, using
sai d secdherefiog) adesistive glatpents thats eleqidealy ipevlatadirag srid silicon walket Ase
00 £Lehig) HSH R bREBENER: Ba BhiBefa AP tidhysldd aRR AT or At said
openi ngs, Ssai d trenches havin ept hs at are proportional’to their
widths, with on deid ocpeduciiyse ameddirsigdistectdepayert dopobitisy ai ddtondi dietestoiad
dielectric layer remaining in place, performng isotropic etching of said
silicén &r whereby said trenches grow wi der while said openings 15
remain unchang)%qte' td 4l e Y. NPACtae ' til i

trenches nerg to”ﬁﬁgrﬁa‘y sgg\oﬁ(?ﬁe lﬁi@%rl%&?oﬁ@e&trﬁgné (ﬁ’é%%@f@?\%p%mﬁ ?rd
di el ect ristichdhat at East tWwo ok rezsd opehirigsi ke tiffesenll walths frione eabk othbn said

openi ngs have a width that is |ess_ than t ti mes said thickness, 20
wher eby <SRRGSR EXSNEBY SRNVETHES B RSAISLIOPII SURES o mombr ane
conpri sing saitef €5l ¥AdesSBHAL dickeutc fiayst afli £1REd hask ay8fornsingddsgsond

dielectric layer and Said third dielectric |ayer, there belng on opposing
si dedf andaciiijeatmnetehing seierehy drenchesaatse etehask inte dsaid esilicns wader iab gaid

r oo, Rl ety RS0, hAho AL SnSr 48 YraPSHEE 1€ e Rblg ik
m cr o- chaiber opédriingsishding firdespadiiiohies; t hereto, to a depth sufficient
with said second dielectric layer remaining in place, performing isotropic
etching of said silicon wafer whereby said trenches grow wider while said openings
15 remain unchanged;
continuing said isotropic etching until at least two trenches merge to form a
cavity, having a volume;
then depositing a third dielectric layer to a thickness sufficient to seal all
trenches whose openings have a width that is less than two times said thickness,
20 whereby said cavity becomes a micro-chamber covered by a membrane comprising
said resistive element, said first dielectric layer, said second dielectric layer and said
third dielectric layer, there being on opposing sides, and adjacent to, said micro-
chamber unsealed trenches, having floors, whose depth exceeds that of said cavity;
selectively etching said silicon wafer from its underside over an area that
25 includes said micro-chamber and said trenches adjacent thereto, to a depth sufficient
to expose said third dielectric layer on the floors of said adjacent trenches, thereby
thermally isolating said micro-chamber;
providing electrical connections to said resistive element whereby, through
application of voltage, said micro-chamber and it contents are heated by said

30 resistive element; and



to expose said third dielectric |ayer on the floors of said adjacent
trenches, thereby thernmally isolating said mcro-chanber; providing

el ectri caWwomasmsed i ons to said resistive el ement whereby, PCRSGogho117
application of voltage, said mcro-chanber and it contents are heated by
said 30 resistive elenent; and WO 03/097520 PCT/ S&3/00117 18 sel ectively
renovi ng said second and third dielectriig | ayers so as to expose said
contact pads. 27. The process described in claim26, wherein said trenches
t hat nerge to setectively encawing ysatchsbcbiad @na thirdt diclestnie ayead ot aB tareckpd e

m crons and, are s? arated by between about 40 and 80 microns. 28. The
process AGFPHES Bﬂd%l aim 26 or 27, wherein said trenches that merge to
forma cavity each have a depth between about 140 and 220 microns. 10 29.
The process described in any one of clains 26 to 28, wherein the step of
sel ecti velly etldie ppoeas describedin wiafiror2d, nomereirs saiddezrsihds that mesge dorfprm ses

wet etching .wth KOH follo Rl E usi SFG., 15 30. The process

descr Pbed ‘gﬂv'yﬁa%g‘;}ﬂ? %Wﬁ?ﬁg)e%e% a%)u% \%ﬁ@?%ﬁﬁ TUGrang ra@lqcﬂrp SSERAYPIRERY t o
sai d m cretwban®outle anadsy fiicronst hin a di stance of between about 300 and
500 microns fromsaid cavity. 31. The process described in any one of

clains 26 to 30, wherein said trenches 20 adjacent to said m cro-chanber

any one. & o1 e siskees Bieted rERE 2861 P af BeATRGnEE ST 1"
ni cr o- chaohea dwag sactdpive 4 Hepthersiaeds dhtit 140 &ri 220hiie@nschanber by
bet ween about 50 and 250 microns. 25 33. An integrated mcro-fluidic system

manufléct ured according to the process of
29. The process described in any one of claims 26 to 28, wherein the step of

selectively etching said silicon wafer from its underside further comprises wet etching
with KOH followed by RIE using SFs.

15 30. The process described in any one of claims 26 to 29, wherein said trenches
adjacent to said micro-chamber are located within a distance of between about 300

and 500 microns from said cavity.

31.  The process described in any one of claims 26 to 30, wherein said trenches

20 adjacent to said micro-chamber have a width of between about 1 and 5 microns.

32. The process described in any one of claims 26 to 31, wherein said trenches
adjacent to said micro-chamber have a depth that exceeds that of said micro-
chamber by between about 50 and 250 microns.

25
33.  An integrated micro-fluidic system manufactured according to the process of
any one of the preceding claims.
34.  An integrated micro-fluidic system, comprising:

30 a silicon body having a topmost surface beneath which are one or more

integrated circulits;



any one of the preceding clains. 34. An integrated mcro-fluidic system
conprising: 30 a silicon body having a topnost surface beneath which are
one or nowe o3jostsegr ated circuits; WO 03/097520 PCT/ SG3/ 0@CIRG0I/B01a47 f i r St
dielectric layer on said topnost surface; a conductive |layer on said first
dielectric layer, and fornmed into a pattern that includes at |east one
contact pad connected to said integratedgcircuits; a second dielectric

| ayer on said first dielectric |layer and said conductive |ayer, 5 |eaving
at | east the aofirstdiclgrtds laeponeshid aopmbdt sulfadeel ectric |ayer; wherein a
plurality of ggeni _are grovided,in the first dielectric |ayer, with at

| east two of $afe }HPH@% r_h%é?lﬁ ﬁ'iséldlﬁ{?dﬂpd@ﬁ; faF‘érfP%% inpire pattapnethat n
trenches jat164&d 5’0%@3’: aﬁg c%ﬁt]ée?:t gbb'&?&?xeefé‘aytoaéﬁig m@%ﬁ?@dﬁbmﬁ g;the 1o

trenches being wder than t penings into t erern at 'l east two of
sai d trenches sasecomer dietbctric lbyenoa ssidfjise disdecttiy Jayen dindtdaid tbnductiViedhget, r i ¢
| ayer seﬁll s .al l f‘?re ﬁjhes Ofs|oeaé)£g>r<}loc?sgesd;g%\ée awdth that is less than two

ti mes’sai'ePhy 8k @§g € contac

third dielectric layer;
wherein a plurality of openings are provided in the first dielectric layer, with at
least two of said openings have different widths from each other;
wherein trenches are etched into said silicon body at said openings, the
10  trenches being wider than the openings into them;
wherein at least two of said trenches are merged to form a single cavity; and
the third dielectric layer seals all trenches whose openings have a width that is

less than two times said thickness.



