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| NTEGRATED M CRO- FLUI DI C SYSTEM FI ELD OF THE | NVENTI ONIeNS@nbervens | on
relates to the general fi eI d of mcro-fluidics with particular reference
to systewd (#0gizati on on a single chip BACKGROUND OF. THE PAVEOT ey 7 10
Integrated mcro-fluidic systenms have nmany pronising applications in
medi cal treatnent, industrial process control, bionedical analysis, etc.
MEMS (micro el ectro- mechanical systens) is one of the nost promsing ways
to inplenment various kinds of such integrated systens, because of the nmass

product i onSIHERMWAFES FABRICRTION SF 1memﬁmmubﬁ\@?fttu he
i ntegrated devices devel oped so far, including mcro f C&I C han g and
detection nechani sns, have utilized a multiple-wafer process. Thi s has

i ncreased the difficulty of and the cost of
fabrication, and has degrade?k ormnce%ﬁi_Warge fluidic or thernal
parasitics. There is therefore a need for a single silicon wafer process
to sglve thesl%eo rg%lrﬁms I2&:}The are several -disclosed ways of

fabr| cating ni¢rd Chi ' sgﬁ@eraélﬁﬁj‘ﬂ eofs Microsituidiasendth| pasticular

r ef er enceferdnck ferdyatdm i ml ques have many difficulties in
i ntegrati on of the mcro flui d| c contgol ‘hermal reactors or

sensi ng/ det ecti on nechani sm on-chi p, due to the non-conpati bl e process
problem 25 Normally, |arge chanbers (cavities) have been fornmed by wet
et chi ng/ undercutting which provides poor process control. Moreover,

integration of the activeBAOKGBROUND GETHE I\ﬁ?’éﬁ‘ﬁ(ﬁﬁy sensors, reactors,

etc% has not been inplenented for the sane reasons. In sunmary, a process
fort ntegrated fluidic systens e.g., mcro-total - anal ysis-system (pTAS) or

o0 Doen ¢ ep AR B0, S B RS B pbesiaronnamcint o
: treatment, industriaf process control, biomedical analysis, etc. MEMS (micro electro-
- mechanical systems) is one of the most promxsmg ways to implement various kinds
| of such infegrated 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.
Threre is therefore a need for a single silicon wafer process {o solve these problems.

20 -
There are several -disclosed ways 'of fabricating micro fluidic .dev-ices'usi‘ng
‘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, dug to the non-compatible process probiem.
25 Normaliy, Iarge 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, efc.) has not been implemented for the same
reasons. In summary, a process for integrated fluidic systems e.g., micro-fotal-
- analysis-system (WTAS) 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. ' '
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system (IFS)', Proc. 11 h | EEE MEMS98 W)rkshop, Hei del berg (Gernany), pp.
448-453, January 1998. 4. J. Chen et at, 'A high-resolution silicon
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an| ot r%pra@bﬁhZthemal.l $M8piTc ‘At abvel isihgl&khipt fabrléaﬁloHSt&h%%g' show
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si dewalI18.1E6 ww(srr@pdﬂmlbeeg (@erhad)s pb0s48-4B309xh ey 1109k,

i ncl udgs ja d. sotropi c-etchin t hen™ ani sotropi c
et chi n?hanghlgggr%gpl E'%Qf‘éﬁ?% ’%rﬁﬁ@msﬂ% lghiciozzlenaway orrmb Jetrgrintingly

m &0 oS ect&theslnm“rdat@eala Sonak S 2 e ! ¢ for '

f abr j C&éj on L her egf..  SUMWARY O:&']rél—% IBRI\/E%?‘IfOGdﬁp‘égﬂe %é'iﬁrg E‘ t?fﬁe :
enbodi EANSAHCATReOp, @odnEurespnsoronXpr Stdaltbslng, Biedess pﬁ 032%24“ Juhlring a
conpl e4ggsi cro-fluidic systemcontained on a single chip.

o - 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 fam"zed on the sidewalls of the trenches. The bottoms of the trenches
are then efched 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 an:sotropic etching and isotropic etching while
o Shaw et al. in US 5,719,073 show microstructures and use a single mask,
zs smgie—crystal process for fabrication thereof.

SUMMARY OF THE INVENTION

m © 7 Ideally; at least one embodiment of the present invention provides a process '
for manufactunng a comp!ete mlcro-ﬂmdlc system contained on a smgle chlp
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of the present invention utilizes only dry etching in {dR.MREEDDesS The
process may inchtude 'sub-processes to manufacture mcro- Q'Q@ﬁiﬁ#ﬁuuga\’i ng a
hi gh degree of thermal isolation as well as |ow thermal nass. € process

may include sub-processes to manufacture mcro-punps. 10 The invention can
provi de an inprovenent over the state of the art fabrication processes for
integrated mcro-fluidic systens, including |iquid handling, reaction and
on-chi p sensing/detection which are normally nulti-wafer fabrication

~ procedures. o] I cated prior, art processes increase the fabrication
“cost and degrP l%@’?%'g gglﬁﬂﬁgPHﬁrﬁE@b%dimaﬁé of yise presehtfiavertionahtitizaé Iohﬁpﬁy/vafer
appr oac letchingirt the grotggat ure 15 have stated difficulty in the mcro-fluidic

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

far have used multi-wafer process, which has limted the integration and
.The present invention can be

the i sposabffit he devi ces.
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trenches of differing depths 20-%%8{;%E§8f%§%§§'%“i":‘}li!ﬁ’r[%ﬂ@a%?sﬁ-y_ Buri ed
m cro-chanbers are forned by isotropically increasing trench wi dths using

| ~an etchant thi pies k .the mask so the trenches grow w der
beneat h the sur ace%ﬁ?é}f %h@ FHi-geocesspntn Meswfagtuee Micopumpsc | ayer
over the trenches allows sone trenches to be sealed and sone to be |eft
are formed by including a | ayer in the m cro-chanber.
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el ect r ppdds ' ion.or through thermal msmatch as a result :
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15 have stated difficulty in the micro-fiuidic 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 efch processes to form micro-chambers. In particular, it

| makes use.of deep reactive ion etching whereby multiple trenches of differing depths

20 may be formeq simultaneously. Buried micro-chambers are fdrmed by isotropically

_f_ncreasing 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-p.umps 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.

According to a first aspect of the invention, there is provided a process fo
m.anufacture an integrated micro—ﬂuidic system, comprising: Iimitihg all etching steps
with the exception of silicon back_side etching, to dry etch pfOcessesﬁ providing a sifiocih’
body having a topmgst surface beneath which are one or more integrated circuifs; on




16 Novenber 2006 3a said topnost surface, depositing a first dielectric

| ayer; on said first dielectric layer, depositing a comgNstdnserbayer and
formng therefroma pattern that includes at | east one contact pad
connected to said integrated circuits; on said conductive and first:
dielectric layer, depositing a second dielectric |ayer; patterning said
second dielectric layer to formtherein a plurality of openings such that
at |east two of said openings have dyfferent widths fromeach other, said
openi ngs extendi ng downward as far as said topnost surface; then, using
said second dielectric |ayer as a hard mask, perform ng deep reactive ion
etching whereby trenches are etched into said silicon body at said
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- differephd selectively removing said second and third dielectric layers so as to expose said

.- contact pad.

A second aspect provides a process to manufacture an integrated micro-
fluidic system, including a micro-pump, comprising: limiting all etching steps, with the
exception of silicon backside etching, to dry etch processes; providing a silicon body
having a topmost surface beneath which are one or more Integrated circuits; on said
topmost surface, depositing a first dielectric layer; on said first dielectric layer,
depositing a conductive layer and forming therefrom an electrode, that is electrically
insulated from said silicon body wafer, as well as at least one contact pad
connected to said integrated circuits; on said conductive and first dielectric layer,
depositing a second dielectric layer; 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 efching whereby trenches are etched into said silicon body at said
openings, said trenches having depths that are proportional to their widths, with




wi dths from each other, said openings extending downward as far as said
topnost - surface; then, using said second dielectric | ayeKo@sniser 2@(5 mask,
perform ng deep reactive ion etching whereby trenches are etched into said
silicon body at said openings, said trenches having depths that are
proportional to their wdths, with 16 Novenber 2006 3b w der openings

| eading to deeper trenches; with said second dielectric layer remaining in
pl ace, performng isotropic etching g said silicon body whereby said
trenches grow wi der while said openings remain unchanged; continuing said

I sotropic etching until at |least two trenches nerge to forma cavity,

havi ng a volune, below said electrode; then depositing a third dielectric
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integrate |rCU|ts gh Said conductive and first dielectric |ayer,
depositing a second dielectric layer; patterning said second dielectric

A third aspect provides the process, a process to manufacture an integrated
micro-fluidic system, including a micro-pump, comprising: limiting all etching steps to dry
efch 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 more integrated circuits; on said topmost surface, depositing a first dielectric
layer; on said first dielectric layer, depositing a conductive layer and forming therefrom a
resistive element, that is electrically insulated from said silicon body wafer, as well as at
least one contact pad connected to said integrated circuits; on said conductive and first
dielectric layer, depositing a second dielectric layer; 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 frenches are efched into said silicon body at said

openings, said trenches having depths that are proportional to their widths, with wider

~openings leading fo deeper trenches; with said second dielectric layer remaining in

- place, performing isotropic efching of said silicon body whereby said trenches grow
. wider while said openings remain'unchanged; continuing said isotropic etching until at




layer to formtherein a plurality of openings such that at |east two of
sai d openings have different widths fromeach other, sg @, QR RESs

ext endi ng downward as far as said topnost surface; then usl ng sald second
dielectric layer as a hard nask, performr,'ng deep reactive ion etching
whereby trenches are etched into said siffcon body at said openings, said
trenches having depths that are proportional to their widths, with w der
openi ngs | eading to deeper trenches; with said second dielectric |ayer

r emai ni ng ||ﬂast|dM@cfé¢nqhesfmergertg fosotar omiity, badhg r:agvaﬂtmeatmnsdéposmﬂgbandyrd
wher eby sai whi.l. e [ ni ngs_renai n_unchan

conti nﬁl ng (g%[%‘étﬁ ?tg%:lg @‘%k{‘%ﬁdﬁgﬁﬂ%ﬂt 9 S%‘:i’ aﬂ_tr_e?«_:_ s Whose openings have a%ggl’h
Novenber 20bat |Sdess| tean ttwo \tmesrsad:thm:skneﬁ g'mdreb)f muﬂmavumdomesfmm By a

I ;. th athlrd | el r|c .ayer .t .t.hi ckness sufficient
(o seal al epRareerTishe Sl fesge el s @Rt oidafic herbd Bidped
times said didlectkodaysr a:dde@amyhlﬁzadélecma laye rb@ewms? @%&Ta@ﬂc&he@hoﬁ%tﬁ)’séﬁe
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action; anclam&, 86 b ¥ebxpose Rl dtatbddsecond and third dielectric layers
so as to expose said contact pad. A fourth aspect provides a process to

manuf acture an integrated mcro- fluidic system including a thermally

i sol ated mi cr 0- AhRREY asﬁéﬂpﬁhﬁhﬂgs P HRdedsNG %anﬁféd&@&hr‘("‘ﬂt@@d@ 'nierc

b h one or nore I ntegrate Circuits; on said
ESB%ZE 23 @&2 ﬁ%’ﬁat H@%t%rﬁﬂlwﬁoateemp@-q:@mber EAMPESIAOT proyiding a
dielectri cSlnammva*épﬁémhg @tobn‘f&’ﬂ%%f#%éné& feagl 8 SR Er é‘?ifu(e Ft8d

resistive elenment, that is electrica ylns rom sal S|I|cnvvafe
as wel | as CKEUIlS Lt S@Wetonfm aRUITaeed depRBEng <l ﬁtrsi diglegtrionlayer; 2o said fici t s

on said Colfél'ééthd%ﬂfélfyeépﬁ%gsé' ondudiive !Q Congﬁrfgﬁn|r@y ere Oé'rtésféfﬁyorm

second dielectric atterning said ric layer
therein a Flement tf}ﬁtdﬁ e@ﬁ&ﬁﬁ"ﬁgﬁ’% freet S%id silisastwafer astwalbaslat least one

contact pad connected to said integrated circuits; on said conductive layer and said
first dielectric layer, depositing a second dielectric layer; 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 dieleciric layer
as a hard mask, performing deep reactive ion etching whereby trenches are etched
info said silicon wafer at said 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
sificon wafer whereby said trenches grow wider while said openings 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, whereby said cavity becomes said thermally isolated 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 thermally isolated 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 includes




openi ngs have different widths fromeach other, said openi ngs extending
downward as far as said topnost surface; then, using sa %wﬁ&g gﬂ)éal ectric
| ayer as a hard mask, perform ng deep reactive ion etc I ng ere

trenches are etched into said silicon CLer at said openings, sai d
trenches having depths that are proportional to their widths, with w der
openi ngs | eading to deeper trenches; with said second dielectric |ayer
remai ni ng i n({)l ace, performng isotropic etching of said silicon wafer
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trenches, Wm}eﬁgcfay@t&@amemmademaeusad hat of said cavity;

sel ecti veI y etching said silicon wafer fromits underside over an area that
i ncl udes 16 Novenber 2006 3d said thermally isolated mcro-chanber and
said trenches adjacent thereto, to a depth sufficient to expose said third
dielectric: layer on theBRIE6rDESCREIITHOMICEHE DRANWINES t her eby
thermally isolating said thernmally isolated m cro-chanber; providing

el ectrical connections to said resistive el ement whereby, through
application of voltage, said thermally isolated m cro-chanber and its
contents are heated by said resistive element and sel ectively renoving -
said second and third dielectric layers so as to expose said contact pad.
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The invention is further described by way of non-limtative exanple, with
reference. to the acconpanying drawi ngs, in wich: FIG i6NU;éiﬁ]5€r%665 t he

st arti ngv@es/idtszhor the process of an enbodi nent of the ﬁgg&
invention. FIG 2 shows formation of a hard nask to be use r ng trench ~

etching. FIG 3 illustrates how nultiple trenches having different depths
may be simultaneously formed. FIG 4|IIustratestheformat|on of a fully
covered micro-chanber. 10 FIG 5 shows*how thermal i sol ation of said

rhoro- charbierd SndGHIdh B0 el Bsclbal 8 1P o WsrPhRTMER, Shatiife PuiFCS

of an enbodi nent of the present “Inven WHhot a
m cr o- dBEgIBEES tQﬁTﬂﬂﬂbmgpanwagtdrmgmgbammhmh FI G 8 is a plan vi ew of a
chip fabricated according to an enbodi nent of the is present invention.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS 20 W begin a detail ed description

of the gener@{, pgrm@,gﬁgtégf @w resent invention hy

referring to FIG 1 and ngt%rﬁg P%?Eggftl}z%g?ﬁgegsso? %trheene GEW&E&?? the

i nvént iPaserf inventionl | et.ching steps relating to the formation of cavities
ocesses. Seen in FIG 1 is silicon

and trenchgg~ane, | im .0 dry etch pr ]

body 10 whi ﬁ-ﬂe ?&J"H"Sn}&m&ﬁw g8 '}ﬂﬁtmgﬁ*k@ Be \used sluriag drench atphiog. al |
necessary i IIG9r RtikgsifAies U fluidic system
have al ready been lforma 'E)(F‘g é@{itﬁé ’]{Pay‘%lféé vﬂ'fg tﬁ?{eﬂtpdggﬂ?sedﬂﬁ)ﬁt St he
topmsﬁ’@ﬁ'ﬁﬂ%’%’fhﬁﬁﬁén 10. This layer could be silircon oxide, silicon

trid t ol d |
cpox es. ot b0 MRstERES el PouliEh BeAfgih, Fevermiere-ehambaBp0S ¢ od to a
thickness PBeBusehonediw thetnt thofatBrCoid nmilro-ehNAKEM R iy, VO {

03/ 097520 P /SGOB/ 00117 5
& 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 nofing that a key feature of the (}
. -present invention is that all etching Steps relating to the formation of cavities and |
- frenches 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, efc., with silicon oxide being preferred. It is deposited to a thickness
between about 0.3 and 2 microns. , ‘
30




Then conductive layer 13 is deposited onto |ayer 12. As wll becone clearer
below, this layer can be patterned to performdifferent |

depending.on what lies inmediately belowit. Most com’r%)gnﬁgfv\ér%%}?go%f | ayer
13 will V%%O{ﬂ@gﬂmto provide top level wiring for the af@@&/S@xopoied
integrated circuits. One itemthat is conmon s to all enbodinents are pads
~that wll be used to nake contact. between the system and the external
worl d. After |ayer 13 has been suitably patterned, dielectric layer 11 (any
one of silicon oxide, silicon nitride, or any polymeric materials such as
pol yi mi des, THait gpritive lapeildds depositedonto &iyier cian Asxivillehdiimg dsgLer r ed)

bat t of IRIOFC ek Sah B SRS To i diterans Tiactons, Aeppiding omabet |
ext end o immediately bafova%. Sdsh LOMRSAY, biris df layeh 72 RN pLGALW £ Blovidie

I nvention t\%@t .at least two different s are involve
openi ndeP vt wirng, fariberfere-meaoned jrtegtated sirusitsl Grse femathdt fRekmhen

etchin r Lnt.o.t i i con d the etc ocess i s such that
oo 1 % M ENGREAE Ak HaRo BBl b WelEimaRacaAG PRGN PESRLS
f or m ngntidhé extérhahwodgr ower trenches. Typically, an increase in trench

width by a factqr of between 2 and 250 results in an increase in etch
rate, duri nﬁ‘%@égﬁyﬁreaét'ﬂ% begh wtitahiyngattegned, fdielestricolayebdtiwéany bnangf 5. 20
This d e Of h ch.width is a.property of the etch
met hodg{"ﬁgﬁii ?gﬁﬁées %@tﬁ?geétg'tg;eérbfrhotbgnﬁﬁ%c@g‘?nﬂgnﬁ' 0%%&9'3%9?%@ i on
et chi nA@RISE) eptides mete mumith [RldonvoxiuRy el préffred) 2 BBHoGHER @ages. An
ex lﬁ]@{ t&lge%ww illustrated in FIG 3 where, after etching under 'the
safit cBHdinasshetwsen ahout d and 4 imigronsrandtis thenipatismiedity fhempa pluralityest
trench indgi I ; | $I N | fferent dept o be
o mod o it Sach o AP I, 2; PaedbE RAE ool s U ESRbAD. b

for pulspadey fentweael the invieation tthat at lerst twenditfefert WatitHsoare valvdd oy sane
Note - that it is al so necessary

tine .32 are not.showy in FIG 3, .
to pr g@‘legé ‘i%%zwque ’"ﬁﬁvl'h@ea"%r%@dﬁm gﬂ 1S usgd @ssa heed masknforveichingnches
of di ffremeis Wollhhsntar thet QNIRBAT 854 . W I their,
intersection. This is a result OI?H cﬂ(}%i Hcg]r yv(gée;%ctss SL&\E (r)“r?\gga%i%r%g ific
i }qﬁJj dnfleergechin 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 efch 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 propetty 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 SFs, Oz, and C4Fs 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 aliows multiple trenches

25  having different depths to be formed simuitaneously 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 vaive is formed at
~ their intersection. This is a result of capillary effects - for a hydrophilic liquid, flow out




16 Novenber 2006 WD 03/097520 PCT/ S&3/00117 6 .- of narrow tube into a

wi der one tends to be resisted while flow froma w de tubRoL&LRr 280Har r oner
one ter\gﬁokﬂg.}gﬁ) enhanced. The reverse holds true for a hédro&/hobi c |iquid.
5 Anot her key step now follows, nanely the performance B¥TSE6V40L ¢ dry
etching of silicon body 10. This was inplenented using XeF2 or SF6 in
DRIE, or SF6 in plasnma or wet etching processes, with SF6 in DRI E being
preferred. The etchant selectively atacks only the silicon so that all

trenchtﬁsrhegr ow w der gas_ wel | as deeper) wthout the openings 21 changing
t hei r i FERY 15t prydielen ovgiendsmio ke rasistast while flewdirersr & wide tubeointo ayer
11 ta . t r I ey 0 | 4..anot her
they v 1T S0Shisl [orise ool AT e volosSh JUid WHeCRE, & RSl
FI G 4diguid.| arge nunber of trenches were | ocated cl ose enough to one anot her
to formthe single cavity 45. is After the conclusion of isotropic
etching, a third dielectric layer (layer 41) is deposited, as seen in FIG*

a4 This | " . s i de .
i eri al s LoiogrRey REpHow FBWhAfelpine Saomddet is8foRRYry BRI . e
~ bei ng girsiicanr bady 110s THis ckae dmpldneented nusihg XeF, an®F in ORIAS Jori SFgrafle to

be  sufficient to al some of the trenghes hose whose openi ngs, have
wi dt h®PEER et ?ESF%E'W PEOGEHSES W'@kéggé'? .Dﬁiﬁé BEiNg E‘Eﬁfﬁfﬁedaﬁ-lhet tehapbnches

-out " Waisldutioaly isttAckS onRBthE; ol thchdnstdh \of
encl osi_ng 45¥ I nCF_I 8\“@2’( we l’ﬁ]o%ﬁlo%%g}g%pﬁhe%g d(}?ﬁ @P@Q_%%g@g?st%éﬁ) 46
~ that witheut Sedeperings 2 Ushaisgingltheiaslimansiondeso that rchelsstaftialamnouat ef not

seal ed. .2 ' in.th eneral .process) is_the selective renpval

o) apgfulii ot B3kr 7 B ylecs HMens i tRHERES Bletdb Bt IR dRAP b

These apathdpehe Ll emmamr@??e ntblsingie ERRENH B @kb:ﬁgm SKGh M FIGhere
are several sub-processes that formpart of ;o0 the present i1nvention:

: ’ 4, a targe number of trenches were located close enough to one another to form the

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, 'siiicon- nitride, or any
“polymeric materials such as polyimides, parylenes, epoxies, etc., with silicon oxide
being preferred. lts 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, al the trenches out which cavity 45 was formed
are sealed in this manner thus fully enclosing 45. In FIG. 4 we also show exampies () '
of a sealed trench 46 that is outside cavity 45 as well as two wider trendhes 47 that

- were not sealed.

i’ 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. | |

| Degending on application, there are- several sub-processes that form part of
0 the present invention: o |




16 Novenber 2006 WO 03/097520 PCT/ SQ&03/00117 7 Sub-process 1'a, formation
of el ectrostatical ly driven mcro punps: Referring oncel@gg{,@ngégzﬁd)@ 4, in
the are tely above cavity 45 s (whose centre is_pointed by
arrow 48), condzgct'i ve layer 13 is patterned to form el %ﬁ?é”"?llﬂ(see FI G
7 for closeup view) which covers all available area except at the opening
that were used to formthe trenches. Layer 13 is any conductive nmateri al
such as Al, Ti, Au, including their alll oys, and polysilicon, with A being
preferred. It is deposited to a thickness between about 1 and 3 m crons,
with 2.5 mcrons being 1o preferred,- and is electrically insulated from the

il con vef eiibloB8sd Hal fohmibbh BBICTY it and 10. When

this is done, it, and i ‘of which it is
a part, are attracted or repelled (dependr ng on the|r relative polarities)

b t at f h by th nb to b
Car de or BETGNG<Oiteh Agalhdn oElS 1 e Ty $hi rfo8: Tmedisie (§ome AW HBqui d
Wi l4 b@Nth@sé)Uéﬂﬂ%' ré)'fbbuﬂéd ab b)f‘hpro{r\h%)c%nﬁ&ctr@%a}lﬁregﬁc%ﬁ@a@érﬁ@ﬁqoaﬁ)rﬁart of

form ng the punp nber have w dt hs” between a m crons and
dept hselgstrader’ 1a(§@&th§i) 7 ﬁrrdcl%@lmvew)mhrcmwemca& swdildbde arédexcgstratr al

Pr 06 oS e itk et udrB B4 o0lohE Toe HEDRBRE. (Y 4 e AP et niodaing 1o
the cheutreas M HiLGA, ir\chﬁﬁQQh@iF auwse%@reﬁoryaﬁ@dh R ﬂgﬁémﬁg)rg ér?a:ﬂe fE width

fromthe other, fluld will be prefler to cone in throug
t r enc he@pasiigddior atthickngss th@éW@@he%bOL$dbapdo3:eBIsrdn$ with 1268 imioroois bdslagmal

t F|] G 4, th
o B Biethed Shd T MRS pouipted BB Sl Vol 8005 D wilpemipw 45)
conduché appliey etidern & aral Her ek ehié & Bope, RESHE Ghe! SnEMBRRTR ( iggferésﬂe F][ G
I CoONn war er

10, T2 B Y ebih K i % Prgs pER %t'rr%%'ei%ﬁé%‘élué‘éﬁéeééﬁé?agiogﬁhétgemg 30 as
' t COvﬁdlénﬂ“&'ﬁtbégau%aeoﬁé%%tl%‘éﬁhc%\‘ééé' tﬁéreb\ohggugi%rtﬁ metnd?ai8 §8 Sy ouan
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 eiched 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 confrolled
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, fiuid 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 heat's that part of the membrane with which # is in contact,




resistive elenent it heats that part of the nenbrane with which it is in
contact, 16 Novenber 2006 WO 03/097520 PCT/ SE3/00117 I%NW gobdre

| atter WQog)gpgagl and thus bow. The direction of this bo epend on
the rel ati ve expansi ons of t-he |layers making up the rrenyfﬁ%é% 1égmanner N

anal ogous to the bowng of a bi-netallic strip when it is heated.
Regardl ess of the direction of bowing, it changes the volune of the cavity
so that liquid will be punped s in or®out of it. Wen current ceases to

fl t d th I
cavi 0y et S G LOURI R Bl B0F, TS eRHSe o7 e Syipe Wi SReBng? was

one oforsithé cratative éﬂpaﬁ&ubrﬁ@@lﬁ thel falere maling b B YABhbfad@ ik 'd Fhaniich as

pol yi mr@ﬁogw \Fél en .epoxies, etC., with "to silicon oxide being -

pr ef erd dhachoiving o4 a bi-mefaliic Bﬁeswhbatmheamuﬁégasdmd o thiecr ons,

wth ' So n d a |ate. efficient of

t her rrg:{ l%ecgggnm on‘gﬁl agé’pé‘@g Ehee V‘?@&] h%a}?f C%VntV Sg)p T’”d‘g W %q B’é’ﬁ‘pﬁat ri de,'
or Sanyn Qolouteocf . rWhenlahrserﬁucéla@% o | fiovim tRSughP e |r8SRve SNBMRE thEt C-
with silicon oxi dE?@QFFI ngr referred. |t was deposited to a thickness

bet wedHEIRPHARE £09 | cavity vokinge id restaredbei ng preferred. Layer 41
was one of silicon oxide, S|I|con nitride, or any polymeric materials such
as polyi mdes, parylenes, epoxies, etc., with silicon oxide being

pr ef erred. To foms ajmmpl.mb bf) ttas ttjap@ klh?éﬁ 1R avae efe afXilicch aﬁﬂe5sm‘b¢§ﬁ ons,
%ge rons hei gref Since material used to formt e
reS| S ePEFENP %élge gr 83618 pﬁ%‘)@'&!@ﬂld%:nmlan% ®bexigg, ete. ovitler
Pap t s silicohsxigey b ! i spors
coul d not be usequ-gﬁ%ﬁd ql \{J&\%cﬁﬂ sﬁeﬁﬁ ers gggbémgﬁi%bﬂ& QB ci
coul d2naiaopsewithtd. 5|m®nbnsybetdg|p'rgferm addiit hamaln SpEoplitd bEeMERHESH - The
mat er 0se for er e fornmed intg elenent 71) was any
Rkl e { e a3 She o
of Al AP cll'?Y(?r alsg) o8 ©F silicenpexidsi silican, nittiden off amei ng
pr ef epolygheri d nvm&nél%pﬁﬁihtﬁéi bﬂ/lrﬁidésh'p%mé és %566@&9 &BO%I’(H sfidfn g Ons-
Sub- pBocess formati on of ther mal 1'SO cavi'ti
eing preferred. It was deposited to a thlckness between about 1 and 4 microns, with
153 microns being 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.

0 Since material used to form the resistive element was also used to provide
conductive wiring in qther parts of the system, material normally used to form thin (}
- film resistors could not 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 {to be formed into element 71) was any of Al, Ti, Au,

3 including their alloys, and polysilicon, with Al being preferred. It was deposited to a
thickness between about 1 and 3 microns.

'Sub—procesé 2, formation of thermally isolated cavities;




0 16 Novenber 2006 WD 03/097520.PCT/ SG03/00117 9 The formation of
cavities such as 45 in FIG 5 was discussed in the desgmfldar Shost he
general_ process above. Mre specifically, to form m cro-chanbers suitable
for theVRP 987 3essing, the trenches from which the cavPCH/SHa%0§1a7 ned ( by
mergi ng then) each had a wi dth between about 8 and 12 mcrons and were 5
separ ated by between about 40 and 60 mcrons, their depth being between
about 140 and 220 m crons. Thernmal pgocessing in mcro-fluidic systens
requires that the mcro-chanbers in which such processing occurs be well
t hermal |y i hbal Er@atiandohaayitieswsutler amnl 45 lin E¥Pad tveas adisdisBed5in the

addl © 1 GRETRLPR P S G P aroy btk Jares skl b B b appers
sel ectéigl¥e f@t flerwal BrocklsingOhd ttr%nla'ﬁgserﬁ%’nﬁi‘%vtﬁ&?"th@ﬁa@i@?ﬁra%%];méag)gd.es
wel | as't nt toit. hi ng

m cr o- chanber 45 as renches 47 that are adj ace
of t hanerging othemf each rivad ia vidim detweae aleoutas cangl 12 eitrdns Kod faareowed

Y dhe RAB AR RL petel PERE ()" Sn BOCREESRp o i lailaseing BotepRcahaty, °
t renches0 4dd @0l idichend.ocated within a di stance of between about 300 and

500 microns from m cro-chanber 45. The width of trenches 47 was typically
bet ween about 8 and 12 microns while their 20 depth exceeded that of

m cr o- cha 220 m.crqns, .. Etching fromthe
under si demera l%%%%%ﬁ@n@%ﬁﬁ%‘“ﬁﬁg&?%g %re[qqusi(%@afshhpfmtqr%- ambers,y hose
di el edhrwhichayeh grbcessing doduly betwdl thuraigly hs@BEREand havBSiolotRGnRAr | i er,
the reseryoir |Fs| not .seal ed so that when 45 is heated Bressure does not

buPl d GAPACHRNGR Flir S listiates hew these conditions can readily be met through a
-small additional step to the general process discussed above. This is to selectively

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 SFs.
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 frenches 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 earlief,’ the
reservoir is not sealed so that when 45 is heated pressure does not build up inside
. |
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, femperature sensor 83, isolation trench 84, PCR chamber 85, and
30  reservoir 86. The chipis directly mounted onto a metal nesting fixture as a heat si'nrk, '
and electronically ied' out through side connectors (without the need for wire-




Prot ot ype chi ps have been successfully fabricated. A plan vi ew of part of
one such chip is schematically illustrated in FIG 8. dnhdrRBod 1 gur e
are inl 0?)‘65%253 heater 82, tenperature sensor 83, isS0 atl on trench 84,
PCR chaltbe and 30 reservoir 86. The chip is direct RFIREM¥d7onto a
metal nesting fixture as a heat sink, and electronically |led out through
si de connectors (w thout the need for wire 16 Novenber 2006 WD 03/097520
PCT/ S&Q3/ 00117 10 bonding). This conflioguration further reduces the
of t chip Structures for the mcro-fluidics (mcro

:2221? tl@w&ﬁmglhlsn?% Llfﬂféﬁfheﬁu heg fpglucepufe fabdcatiomeanserofsdhgofhind t he
det ect S?r%cﬁ]r%% fc{?dgﬁ"%%r ﬂﬁ@:&ﬁi@@mfeﬁ%% LAAN AR TRRE . %ﬂ]érn}e‘f'pv{af?/gduci ng

wi dt h can er - Ilke easily

ai r buphbings etd. hm%eysémrmrthaldet@ammebcﬂpeed@de bﬂ@nttbﬁémal cycling to
1.5 min. for 30 cycles (each cycle has 3 set points: 95C, 55C and 72C, as
usual |y used in PCR procedures) with PID (proportional-integral-

oot 1) RRRDLchalfidis i, L9/ vRARTDE! pORh O WA, (PRldec? Lo
gl'hle astedf;@mﬁﬂlfyomtmwtdntrgd@cggﬁj aML?ba?assav?eé&g?jef? :rmgﬂi::] SOC}le n "
200 5ot BRmATTRYE 5 15 AME of S0 St s oxclp Pitp ot Srpaie: Oisirba"c
reacti gpg. 7 Lt aéuamge&qnspm Lmja%:éaﬁr g)ewgﬁlrﬁlg qBRiRL rﬁﬂ-uﬁgbg%‘:t ors)

is only around 1 nper at ur e ormt
ach| ev@erivative) msnoatrpbn Wlthe thep temtlngg chahber-depthl agfer $3(hr gm t redlicgrar ent

no, t,(incl nor flugresce wavel engt hs of
npeartiipBliant Sl sl 2ABAY Thilrerdlisn VGlie, dhe Botined ower (
manuf agéngenption 1 86K0.28 Whag'dh El/éﬂa@bcfo?lé%fcﬁ%a‘é%frﬁ”chéhﬂbgr Thé @vérar& al |
etching steps, with the exception of “silicon backside etching, to dry
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).




etch processes; providing a silicon body having a topnost surface beneath
which are one or nore integrated circuits; on said top

depositing a first dielectric layer; on said first dle|g§$%I%H$%3g§?
depositing a conductive layer and form ng therefrom a pattern that

I ncludes at | east one contact pad copgpected to said integrated circuits;
on said conductive and first dielectric |ayer, depositing a second
dielectric layer; patterning said second dielectric layer to formtherein
a plurality of openings such that at |east two of said openings have

di ff er enClaiwhglt hs from each ot her, said openings extending dowward as far
as sai d topnost surface; then, using said second dielectric |layer as a hard
mask, performng deep reactive ion etching whereby trenches are etched

into saif si jpedesbesmantfasiaietn lﬁtlé fytétgrﬂlcr@m(ﬂc éﬁs?é?ﬁ%?np%ﬁg‘ ng at rates
that are pro?orilo al to their wd trenches having w der openings

bei ng et ched 3yting Al elghinggleps,; with the @(&Pﬁt‘%ﬁlfémﬁomp@kéﬂﬁreﬁ@lﬂ%mryremal ni ng
in pl acestclpgrobessdsng i sotropic etching of said silicon body whereby said
trenches grow w der while said openi ngs remai n unchanged; continuing said
i sotropic et PAVKAMSligondody bayrg aiepriest serree heseath whichrare®na ogi ngl e
cavity; m@@rmtg@@wdiﬁcmg; a third dielectric layer to a thickness sufficient
to seal all trenches H?e openi ngs have a width that Is |l ess than two

times said tANERIALYINOS] sHriace; derqsiieny ﬂr%trﬁbﬁ?}?ﬂ@c layerd second and third
dielectric |ayssig rfs@duaﬁectne 1@ép@§so§m§b c&rﬂaa%tlayéﬁgnd form n&#‘eﬁ&%ss

descri bed in |a| m | two treriches of different vm S are

connect &P2 “? %tHQC"F'QﬁSrﬁt llﬁj‘sh@nq ¢ratactipad sprracfeda saldfmt@grab%d deuts; The
process descep @@@l chiuetivd MdlfireBEIBEAC Fa%nd débés‘ﬁtn ﬁérﬁﬁ& H|efeckrﬁs\f§yﬂeri S

selected fromthe g p consisting o I'i con icon mitride, and
pol yneric meRRNermings a"i@%@@ﬂﬁﬁ“@@% ofpzmtherelna pluraﬁty 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
openings, said trenches efching 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 jsotropic 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 trenches

whose openings have a width that Is less than two fimes said thickness; and

selectively removing said second and third dielectric layers so as to expose said -
contact pad.

2. The process described in claim 1 wherein two trenches of different widths are
connected, thereby forming at their intersection a flow valve

-3 The process described in claim 1 wherein said first dielectric layer is selected -
from the group consisting of silicon oxide, silicon nitride, and polymeric materials.




4. The process described in claim1l wherein said first dielectric |layer is
deposited to a thickness between about 0.3 and 2 m cronstNgvenmﬁgzgqéocess
described in claim1l wherein said second dielectric |ayer 1s selécted from
the group consisting of silicon oxide, silicon nitride, and polyneric
materials, 6. The process described hfpi claim 1 wherein said second
dielectric layer is deposited to a thickness between about 1 and 4

m crons. 7, The process described in claim1 wherein said third dielectric

| ayer is selected fromthe group consisting of silicon oxide, silicon

- ni tride,4 andTREpreBsE GeBRR @ éairrﬁmJﬁb?eiHrééibGﬁ%t g%?ééglc?ﬁ?er' g claiml

wherein said third dielectric layer is deposite ckness between
about 1 depasitedip atbipkness betyaenmbortR.3 apd 2anictond. in claim 1 wherein the step
of deep reactive ion etching is inplenented using gases selected fromthe

gr oup c%[lsi sting of SF6, 02, and CAF8. 10. The process described in claim1l
wher ei n h%grogess desicribed ip daiy Tovharein gaidsecand digleetdc laysiis selecigdoup of

pr ocesssnt@syrlp dbisklingeflidon okideFsilicAntittide, ARofpolyphélid MatePhlgSMa et chi ng,
and wet etching 11. The process described in claim™ wherein an increase in

trench wdth by a factor of between 2 and 250 results in an increase in

~etch rage, dypd geeibehted i o ol ) between 1.1
and 5. gép%?%:gé g%css to manui;-| \gfa&uﬁa?gm %eﬁélﬁ%th@%re %dd&ﬁkgg@%%yﬁﬁ%di C system

i ncl udi & 3 ihickneps betwien pbeYld: and 44arens. al | et ehing steps, with the
exception of silicon backside etching, to dry etch processes; i providing
a sili c?n bo_ij%/ havi ng a topnpst surface beneath which are one or nore

fed cithe

| nt egra fracess desabod ibelpinp Jowherein ssid third dieleginie lyerisrelasted
deposi t 5@ the GidupteoflbishirREdrsilizoh BXIBE, silRBn Fitidh, Bhii Ponidttardteigs.! aver,
depositing a gorﬁuctive@%yer and fosrlm' p\g t’%ér e??grﬁd oftslidls
8. The process described in claim 1 wherein said third dielectric layer is deposited to
~ athickness between about 1-and 5 microns.

9. The process described in claim 1 wherein the step of deep reactive ion etching is
implemented using gases selected from the group consisting of SFs, O, and C4Fs.

10.  The process described in claim 1 wherein the step of isotropic dry etching is
selected from the group of processes consisting of XeF, in DRIE, SFs in DRIE, SFg in
plasma efching, and wet etching

11.  The process'described in claim 1 wherein an increase in trench width by a factor
of between 2 and 250 results in an increase in efch rate, during deep reactive ion '
etching, by a factor of between 1.1 and 5.

12. A process to manufacture an integrated micro-fluidic system, including a micro-
pump, comprising:

limiting all etching steps, with the exception of silicon backside etching, to dry etch
processes;

providing a silicon body having a topmost surface beneath which are one or more
integrated circuits; '




an electrode, that is electrically insulated fromsaid silicon body wafer,
as well as at |east one contact pad connected t-0 said jQNEHMLI064 CUILS;
on said conductive and first dielectric |ayer, depositing a second
dielectric layer; patterning said second dielectric layer to formtherein
a plurality, of openings such that as |east two of said openings have
different widths fromeach other, said openings extending dowmward as far
as sai d topnost surface; then, using said second dielectric layer as a hard
mask, perform ng deep reactive ion etching whereby trenches are etched
into said silicon body at said openings, said trenches having depths that
are proport i omaidtepmdstisurfaded dbgositivigt afirat dielectriopmi;ngs | eadi ng t o deeper

ot opi ¢ o Shead iy SEEERE ef RELSE A SRR P i BUBE R RY i ger
whi | e sanhelesedeibat is efestricallyinsuizind dom saidsilicon glysedfer, bs okl apiat et chi ng
unti | aqealS?(@;@ée@éfﬁﬁ%f?%lg%mﬁ%%dﬁﬁﬁeb@?ﬁ%ﬂ %T%‘@aw ty, having a vol une, bel ow

said electr epositing at Tric | ayer to a thickness
suf fici ent tonsadicoaductive amtfirskdielatids Eyep deposiingtesaroad dietchrictiadr; i s | ess

than two ti | N el ' cavi t ecqones .covered by a
menbr ane cog%ar%legﬁﬁ Sés@%%ﬁ?i%’?%ﬁ{‘ﬁ%i? ﬁoﬁ"i%%rgmcﬂ @%@@Y 9 (9pe'l'"ﬁ%§u,°%s aid
second dihet aideast twd afysmid openihgsdiasle tiffieraht dicthsefedm ieach ether, saidropenidigng

el ectric ' i d. [,Q and said silicon body whereby,

t hr ough %lpt)%l | ?&c’f#ﬁ%ﬁ a%%‘ﬂ?%&%'ﬁéﬁﬁé?ﬁﬂ&?ﬁ'i c interaction between said

el ect rode andhemiuging saidissoonddigieciic ldyepas ahacbmash) gedaingéedp ane t o bow,

t her eby Is ' iyt | ynpi ng action on
any 11 i San el Wt Rna g iy S0 BYT R A BT .o “ana
third dielestgsisaid egrohes baviag depthetipbare psaricdtionabiottiaeit widthd, witlBwidéhe pr ocess,
describ d””‘tggl'@*{‘)ﬂglfﬁﬁ%ﬁéﬂ*%ﬁ&'d conductive layer is selected fromthe

group consi st’ing « \U, “T'ncluding their alloys, and polysilicon.
14. The pr oc @b sgidseconsbdieleeiric laxemerinimgeinglacespérbrmingdsotiopicestdhinger i s

deposi t & shifl sficdPbORMATIEEY AP Fenches grow wider while said openings remain
unchanged;

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

providing electrical connections to said electrode and said silicon body whereby,
.through application of voltage, electrostatic interaction between said electrode and said
silicon body will ocour causing said membrane to bow, thereby changing the volume of
said cavity and causing a pumping action on any fluid within said cavity; and

selectively removing said second and third dielectric layers so as to expose said
contact pad. '

13. The process, described in claim 12 wherein said conductive layer is selected
from the group consisting of Al, Ti, Au, including their alloys, and polysilicon.

14. The process described in claim 12 wherein said conductive layer is deposited toa




14 thickness between about 1 and 3 m crons. 15. The process described in
claim 12 wherein said trenches have wi dths between abowg Ndva¥t: 2068 Crons.
16. The process described in claim 12 wherein said trenches have depths
bet ween about 50 and 250 microns. 17. A process to manufacture an
integrated mcro-fluidic system inclgding a mcro- punp, conprising:
limting all etching steps to dry etch processes and depositing at |east
two |ayers that have different coefficients of thermal expansion;
providing a silicon body having a topnost surface beneath which are one or
nore integrated circuits; on said topnost surface, depositing a first

di el ect. hlttkneafyb&hﬁleelmab@md 4ridr3miaiored. ectric | ayer, depositing a conductive
| ayer and formng therefrom a resistive elenent, that is electrically
insulated fromsaid silicon body wafer, as well as at |east one contact
pad conr’iéct eHhQ Droget’oaﬂasniﬁlaglritaclem 42 nheidirssaidinersheshavensidtsibetveend fir st

di el ect ﬁ%}gsi ting a second dielectric layer; patterning said
second | e ectrl c ayer to formtherein a plurality of openings such that
at |east two of said openi ngs have different widths fromeach other, said

openi ngsg eX’Tﬁé‘ﬁﬂoct s 8 ‘i*néléirﬁ %2 Whére ﬁgés% per §ha\?eLHJ g%eoet&/é‘eef{‘ usi ng

sai d second die ayer as a ormng deep reactive ion
et chi ng ahret &bgnd 2¥hwiseansar e etched into said silicon body at said

openi ngs, said trenches having depths that ‘are proportional to their

wi dths, with wi der openings |eading to deeper trenches; with said second
di el ect rile | ApEqcepeipemanuiartira apllrate@ratqdénm@rfﬁﬂdt@sysm inghidingsa widrerg of  sai d
silicon Y cohBH said trenches grow wi der while said openings remain
unchanged; continuing said isotropic etching until at |east two trenches
nerge to for lifniing aheiching stepgitegrvetoo presesses 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 more
integrated circuits;
on said topmost surface, depositing a first dielectric layer;
on said first dielectric layer, depositing a conductive layer and forming therefrom
. aresistive element, that is electrically insulated from said silicon body wéfer, as well as
at least one contact pad connected to said integrated circuits;
on said conductive and first dielectric layer, depositing a second dielectric layer;
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 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
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




t hen depositing a third dielectric layer to a thickness sufficient to seal
all trenches 16 Novenber 2006 15 whose openings have ajgigidaiddabod s | ess
than two tinmes said thickness, whereby said cavity becones covered by a
menbrane conprising said resistive elenment, said first dielectric |ayer
and said second dielectric |ayer andqgaid third dielectric | ayer; providing
el ectrical connections to said resistive el enent whereby, through
application of voltage, said nmenbrane is heated by said resistive el enent

and bowgyg S&BE{:ﬁiﬁ’q %%lﬂ& thBGs 18k YR tR5 tiﬁ'%is @%M.h&%gégﬂﬁ?&sc&féa”@ a _punpi ng

acti on,; 1 vel renovi ng sal secon ic | ayers so
as to eﬁawyeb@ams cewred@v agaembrage compriging seid sesistive eldpent, saidfrst m 17

B €1 1 id b f enll BT oA B 31 £01 Hha GBI g 0UP, COnST st ng

of silicon oxid [icon nitri meric tferrafs’and is

deposi ted t oPavidino@lasdical epnngetions4e said resnszwa@tenzenw@emby thiegighor i gi nal ) The
process asgi‘uat“érb&%ltégé?lséiu%érﬁb ‘éﬁ@fs%?te?iaqﬁaﬁaer“egi%ﬁ/ Leheidnibohadyer 1 s

sel ecteq’&9 romthe roup consistin icon oxide, silicon nitride, and
pol ymer feretnesnanging $h %YR!‘JmQOB%%@%\{'W@nﬂ@aHS'B%ﬁWﬁM asdioneand about 1 and 4

mcrons. 20.seldivdly RESHInLRAFE4BRE ahﬂtkﬁrh%‘té?éc}r?cl b s )Ebog ki

dielectric | ayer |s selected fromthe group consisting o |con oxi de,

si | i conCAMBetingd. and polymeric materials and is deposited to a thickness

bet ween about 1 and 5 mcrons, 21. The process descrirbed in claim 17

wher ei n ai dﬂ?ﬂ onductive |layer is selected from the group consisting of A,
‘ncl

Ti, Au, Rrgcesssiescrined dy slaim i whetelpssaid firstdielectric teer ipseleeted descri bed
in clai frbmhaﬂ@@ugloengéur@ d?@,mécsw@m&@ slnadrf—‘ﬁ.tddé Qﬁpﬁ&ymsﬁ?c ﬁgteruaisfahu%ness

bet ween ,about % m cr.ons. %wg%ocess described 1n claim1

wher ei ndeRgsied WEGW""@PW@WW& MiGYut 1 and 5 microns. 24. The
process described in claim17 wherein said trenches have depths between
about 5? m crons. 25. A process to manufacture an integrated

m cro-f 1% qglg@agg' be @Fﬁc.95$,gqaamp%ln§!alm 17 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.  The process described in claim 17 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,

. 21, The process described in claim 17 wherein said conductive layer is selected from
the group consisting of Al, Ti, Au, including their alloys, and polysilicon.

22, The process described in claim 17 wherein said conductive layer is deposited to
a thickness between about 1 and 3 microns.

23. The process described in claim 17 wherein said trenches have widths between
about 1 and 5 microns.

24.  The process described in claim 17 wherein said trenches have depths between
about 50 and 250 microns,

25.  Aprocess to manufacture an integrated micro-fluidic system, including a




16 Novenber 2006 16 thermally isolated m cro-chanber, conprising:
providing a silicon wafer having a topnost surface beneﬁfﬂbwgmgg & one or
nore integrated circuits; on said topnost surface, depositing a ?rrst
dielectric layer; on said first dielectric | ayer depositing a conductive

| ayer and formng therefroma resistigve elenent, that is electrically

I nsulated fromsaid silicon wafer, as well as at |east one contact pad
connected to said integrated circuits; on said conductive |ayer and said
first dielectric layer, depositing a second dielectric layer; patterning
sai d second dielectric layer to formtherein a plurality of openings such
that at theraally ispigtest miges-enasphan oagprisinge di fferent wi dths from each ot her,

sai d openi ng \ﬁdﬁdaé'gr icth \HQM@ ﬁ%&kﬁﬁgﬁﬁggﬂéﬂmﬁ aFé%ﬁ&%‘g then,

usi ng sards dre ectric la ormn ep reactive
i on etci’fﬂ@f@'ﬂtﬁ@rﬁéﬂs&ﬂﬂcﬂ@aches are etched into said silicon wafer at said

openi ngs, sabﬁs Fdﬁ@ﬂﬁ@ﬁ%u %(Iggﬁ%r%sﬁg Ie@tﬁr? épport lonal to their

wi dths, with er openi ng s eeper ehches with said second

dielectric | apéaldrﬁésrdrerﬁotr@ Iayer gemsetmg;aewﬁuoﬁvagayesam tophingdherafrorg a of sai d
si i conryadicl SeER a8k cﬁr&eﬁl{}‘rﬁk‘?ﬁa@d AU UL AR '\A!va‘?ersé'ée\%fgz%egflggﬁer emai n

unchanged; conti nuing sal I sotropi c etching unti nches
mer ge t 6NEEPRIAG pq%mmwte%m%rnbegr@ad@mcwrshen depositing a third

di el ectric |gy %Idwn(ﬁjﬁlﬁé BidreRa s%idfffr%]tﬂlé nél n,e@epo@ftrhg%ﬁ S whose

openi ngs have a w d I's less t S ‘sal ness, whereby
said cf QCV'OdéYﬁSrres said thermally isol at ed m cr o- chamber covered by a

menbrane ¢ 0|'551’fe'n§h§I 8aid %F&nﬂ‘?ﬁélé&tr‘crﬁ’ I‘ég&l d8 ?Eﬁﬁrttaer%ﬁ‘r' efpltulaﬁ@tof ﬁg ||’?§st ofi 1ayer,

said second dielectric |ayer ectrrc ere bei ng
on oppotiahgt lspsidwo ohsrid gaeriaeshavedlifferantvidthsdiomeach ataen aalé@pamrcgs) chanber

unseal egxtbhdinG B6FMWERAVASTEr 4d QM BpmYPSHTAEPt h
then, using said second dielectric layer as a hard mask, performing deep reactive
~ ion etching whereby trenches are etched into said silicon wafer at said 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 wafer whereby said frenches grow wider while said openings 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, whereby said
eavity becomes said thermally isolated 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 |
thermally isolated 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 includes
said thermally isolated micro-chamber and said frenches adjacent thereto, to a depth
- sufficient to expose said third dielectric layer on the floors of said adjacent trenches,
" thereby thermally isolating said thermally isolated micro-chamber; _
: providing elec_trical connections to said resistive element whereby, through




exceeds that of said cavity; selectively etching said silicon wafer from
its underside over an area that includes said thernaIIMyﬁgﬂg ?

m cro- chanber and said trenches adjacent thereto, to a dept ?ICIent to
expose said third dielectric layer on the floors of said adjacent trenches,
thereby thermally isolating said thegfally isolated m cro-chanber;
providing electrical connections to said resistive el enent whereby, through
16 Novenber 2006 17 application of voltage, said thermally isolated

m cro-c nt and
cel ect | dapyatortilolide, S8 uRHaI GG SHIEE priioBRatt S gl GeBuslE
expose byisdid resistivectlemadt arkb. The process described In claim25 wherein
said trench etmeen
about & and TEouy R i Sihd Sl ARl 148 (et B

m cr onscortact pade process described in claim25 wherein said trenches t hat
nmerge to form said cavity each have a depth between about 140 and 220

m crons. 28. The process described in claim25 wherein the step of

sel ecti 2@l y Bheplogesssdgagribed In daim fafwerdin said itteschasdibabimergef torfoimer

conpris | I Rl E
sing A eBty LAk Rvidtn fetod SLRUFS ol 12 BB, Ao s Ehfalbd By el
adj acenbetweeeabwtmmdmmrgzrqrsol ated mcro-chanmber are |located within a
di stance of between about. 300 and 500 microns fromsaid cavity, 30, The
process described in claim?25 wherein said trenches adjacent to said

t her mal 2?/ |stheapr@desa desoriberh itbelainh2ly wherein saitl trehchest theemergsolatfotm and 5

m crons g'gggh ﬁé\%cfﬁ%tﬂ%}?ﬁve{eh% hﬂtﬁ)la?t'd i,%%ﬁ ein said trenches

adj acen? ated m Ccro- c ave a depth that
exceeds that of said mcro-chanber by between about 50 and 250 mi crons.

28.  The process described in claim 25 wherein the step of selectively etching said
silicon wafer from its underside further comprises wet etching with KOH followed by
~ reactive ion etching (RIE) using SF.

29.  The process described in claim 25 wherein said trenches adjacent to said
~ thermally isolated micro-chamber are located within a distance of between about.
300 and 500 microns from said cavity,

30, The process described in claim 25 wherein said trenches adjacent to said
- thermally isolated micro-chamber have a width of between about 1 and 5 microns.

31.  The process described in claim 25 wherein said frenches adjacent to said -
thermally Isolated micro-chamber have a depth that exceeds that of said micro-chamber
by between about 50 and 250 microns.




