; 3e&X&UA@T6T@ 6k n~~u~~~~~ C. AP, LLAR'! INIT!-i GLASS i ~TEt =

SURFACE FI W\wm “m I NVEhI Ti OV i ~nenon~ The rnvent; o~ mmmwﬂww t he
gener a f e\ fluidics with particular re~erer~ce t
soI atabl e rrugg@mehancel s BACK~ROUI ~I G O Thi = Ii ~VENTI O~i M cusewserachr r

:d cdpiifar res ~ save found WI de Gppircat~c:: rn a~olcgicu!, ph;
|~naceut| cal, and chemcal al~;.,lrcc;io~ s. Tney also ;~ay :;~ :r~

~pcrtar, a role in ~°~C@(D‘EL&RWN¢H‘?@L/%l‘\ﬁeé"n@@r‘% berAQETed 17 vrio:a
mater ials but, bEC~ ~usa of bio-;;on.::~atrbr;~ty connderuuons) surface

hydrophilic propei "ties, good elects rca~ isolation, general chem cal
rnertness, and good optical transparency, gl ass naterials are often prefer;
ed, increasing the rnpertance of being able to fabr ~cat~ glass caprl ~aries
or cuml lanes havrr .g a glass internal surf ace The conventional apps ouch
tc fabncaring glass capil | af iE&S Bas heéNVENI4eNt c- gl ass fusi on bonding. -:
-his rec,:~;ras special surface clear;, ~g and ireatr??;:nt ternper atures
in the 500-700 C range, which has a ~~egative inpact o. ~ process geld. T c
avoid the, fusion 1 bondi ng process, tha anodi c bondi ng process has been
devel oped forTig iasentiar ildtes antrdi geridiel ﬂammbir ngcitlivigicsadilrypanctiapredéreace
silicon substrate) However, because si;:con is opaque and the thickness of
t he OXIdg(ﬂa&ﬁéaﬂﬁgg@ﬁgﬂehh&nhﬁ%ﬂ@b@g rs low, strarghtfcova~d application
of anodrc bonding lirnits the range of applications cor its use. Another

i mpor t ant

BACKGROUND OF THE INVENTION

Micro-machined capiilanes have found wide applicatic.t in piologica!l, pharmaceuti-
cal, and chemucal applicaiions. Tney also play an inporiarn: role in micre-fluiicic devices
They can be formed in vanous maternals but, because of bio-comozibiiity considerauons,
surface hydrophilic properuies, good electrical 1solation, general chemical inertness, and
good optical transparency, glass maternials are oflen preferred, increasing the importance

of being able to fabricate glass capiliaries ar caniliaries having a glass intermnal surface

The conventional approzach ta fabricating glass capillaries has been glass-to-glass

fusion bonding. This requires special surface clean.ng and treatmant temperatures in the

500-700°C range, which has a negative impact on process yield. To avoid the fusion

1



v |imtationis that the thin ox!de provides limted isolation fromthe
el'ec, ncafiy conductive silicon substrate sa that only relatively |ow
vol tage differences between ad~oi mg capillaries car, be sustained. Several
- mefhods to achieve a capillary with a glass internal su; face have beer
described in the prior art. Fusion bonding of t4J0 gl ass platas, one of the
pl at es hanng pre-fabricated channels on the internal surface, rs one e,,

Z&Lﬁég "ogh ﬁjé{s%ﬁ Hrstprflic 383%%%%%99’%@88?%%%8%. M9t a ves
cur f ace. RyaaS poBel BRIl oBePRcs 3y »?&{yﬁﬁt«@a&%tebomwr?ger‘?fvb%?ﬁ@w?heu&“n’e&e !

anneal ing at 500C (S.C Jacobson, R Nergenroaer, |-.6 |~outny . War nack,
J M Rans &ppaup and “Eéh@fﬁ*\“é%‘ ‘Eﬁ‘@@@f'aP laysy ugqd B9y HebrAfied AR H @'%“fe“@fd
oxi di zed silicon channel water to a glass plate has alreaay bean nmentioned.
Sodi um siaPPlcatien of aprskaRading §1isiteaeBop BTRARHEALENS BF 45 ey Aoertivppaniue for
forming a capillary vrrth a glass internal surface using a |low tenrerature
process. lirvtalionds thadthentinin ohde pawelesdimiigdasdationdsiro the lepidcaly coadiative~ues,
surface pre-cleaning Gid air bubble renoval are very critical for

achi evi ngsilgoodstimtdia goginat ionjy. rddatively iautiditegs ediferbneds bbrvepni adoiamy Was
ps!formed weth the followng.referer!ces of interest being found: In US

4,908, 11?6apﬁ@€n@s%h@% sasaelear for anal yzi ng bi ol oglcal sanpl es using a
capillary conduct. dass to glass bonding by a polyam de Jas;:et r-:etl iod
has al so devel oped by Pace and ot hers. However, the internal surfaces for
such aypes ocap!llary are of different materi al s, which may cause nct~~ro

flu:dcc ~a~obleik )l HethiRiDiSadid% cabifth «ﬁhg\%saﬂt@rﬁ%eﬂ@%ﬁe%m‘

cap! ci ary dev'ce Anod'c ond| ng |s used ond!i : | anar glass to a

rrocro-f esrc.n‘ﬁ%hrgq ;Fno‘?%?t (ﬁmmeéc}r%e& t‘gq é;zlpasg p?@.raé cﬁ el ot u‘?;%( F%{eeéggul‘“n

stress n ride ¢ surface 1= cgon S

stched st OB M aRe o DTGP, i BERGHIER Bl ALY,

| |
operttes BeCRAYRCA a2 EaTULIESH M. Widmer, Anal Chem 64(1992) 1926-1932). A

direct bonding technigque was zlso developed in which the glass substrate and the cover
plate were first surface hydroiyzed and then joined by hydrogen bonding, followed by
annealing at 500°C (S.C.Jacobson, R.Hergenroaer, L.B Koutny, R.J. Warmack, J M
Ramsey, Anal. Chem. €6 (1994) 1107-1113). Ancdic bonding of an oxidized silicon
channel wafer to a glass piate has aiready been mentioned. Sodium silicate or potassium
silicate bonding of glasses is a technique for forming a capillary with a glass internal
surface using a low temperature process. However, as was the case for glass fusion
-bonding techriques, surface pre-cleaning and air bubbie removal are very critical for

achieving good bonding quality.
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been etched away. |-tov,~ever, after the silicon has bee! ~ rev ~c~ed, all
that remains !'s a vEr y thin partlally oxcdczed i 04v stress nltrlde fllm

structurL h~;~.;ng threw ~wolls that forrn the channel. This makes for a
fragcl e devcce st!-uct ;~l-e, e~~~:;~ If addctconal protection by polyam de
is Included. Mathies et al. in US G 261, 431 bl sno~"r a process for a
PCR-C~ dev!ce US --- 6,22a830 bl (Harr~sen et al.) shows an absorbance cell

m cro- channel "SrinGSYAER SR e i’ B 4 pdtard i\%@h"fﬁ@ ol e PRl 0o

shows a mcro-fluidic structure The nmethod to fabr ~cate cap~l (aries
witl-r Glersst beipgfoundl| surfaces tt-;at ~s d-s;,lased rn the present

i nvention offers advant ages such as goad electrrcai rsofation and apti cat
properties as well as a | ower process tenperature relatrvG :o pI "lol- art
p. ocessus SUMVARY OF THE f NVENT10N It has been an ob~ea of at :east cne

enboduent of |rf U5~2 9pBEsien P ecaVaRidinison vﬁaﬁerpfo@\an@eyz_awgommlfserr.,Jzes using a
rnanufactu~rir~g a capil [ ary that rs Gectrrcalfy ;~ ~sUated frcmits ;;n

VT N a8k aANGbI: OBBCE 51 gals tEASACHP PEDRARIAPBLLRL LBRNnES e,

rnvent ~on as been that sal capi e Visible far optical rnspectron.

Still anot ct of ,atl | east one enbodi nen; L entrcr~
hGS be. 3 fgbedl) Bebe Bhe Plep Hao o IR P M for s P i Y spBUERLf 1
reast one eng dirnent of the present ,nvenn%n nas, been to 4

are of different materials, which may cause micro fluidic p/oblems.

In US 5,824,204, Jerman shows & rmcro-machined capiiiary device Anodic
bonding is used for bonding pianar glass to a micro-fabricated sihcon channel weter wilh
a partially oxidized, low stress nitride channel surface After anodic bonding, the sidicon
IS etched away. leaving glass and a partally oxtdized mitride structure. This meihod has*
the advantages of good optical and electrical 1solation properties because the sihicon has
been etched away. However, after the silicon has been removed, all that remains s & very
thin partialiy oxidized low stress nitride film siruciure ha.ing thres walls that form the

channel. This makes for a fragile device suucture, even If edditional protection by

polyamide is included.

Mathies et al. in US 6,261,431 b1 show a process for a PCR-CE device US
6,224,830 b1 (Harriscn et al.) shows an absorbance cell for micro-fiuidic devices US

6,176,962 b1 (Socane et al.) shows an enclosed micrc-channel structure method US



provide a process fcr rr ~anufactur;ng a capillary that possesses these

‘qual ;i;es. These objects have c~een achi eved by neans of a process having
t~rro stages. The f;rst stage, which ;s tr,a sane for both of the

I nVSnt ~on~s two enl oodl nsents, cor ~ iprvses formng a mcro-channel in the
surface of a sheet of gl:~ssy mate; id. For tr,e f;rst enbodinent, this
sheet i~ bonded to a |l ayer of cx;de, that ices on the surface of a si-~eet

of silicon, thereby sealing in the cap;llary After all s;licon has been

sel ect ; 5@1’7@.3%(;%@%6?1%i%‘-ﬁiaﬁ%m‘%ﬁ@léﬁo-wﬂlﬁétrﬁlé%ﬂns. Using a | ove tenper
ature bondi ng process, a second sheet of glassy mater;al is then bonded to
th!s nmenbra; IiE in the second enbod~mant, the s;l;con ;s not fully
renov:.~d I nstead, the o~~de ;aver of the T~rst enbod;nent ;~ replaced by

an oxi del ni t mHghRxtsteiotfabaeRs cifilisie PiANIHIRS \aRed: L ratES Gak s NSUbadd PN
between the capillary and the rema;nir; g silicon BRI EF CESCR(PTI O ~ OF THE

DRAWhI (7, glfe%%nt ?r]j\fé'trﬁibh'd’(%ré aéd%aﬁ@%egrs(?foﬁsés 6&8&%1&?@&5&qu!E(@rSl’r’%ﬁﬁté%@aF he

firsi conponent o e structure of” the preséent invention. shows

t he bondin f_the first and second conponents that mane up the f-~rsi

enbodi neHIPer AL B it PO RDToN ST R s 14y e 1obiiIT0 show
aiternate ways of formng aC-25S nOeS to the capillary FIGs. 11-14
illustrate steps in the formation of the second conponent of the structure
of the second enbodiment. FIGs. 15 and 18 show the formation of a hard nmask
on the I ower surface of the ' second conpone< <t of the second enbodi nent

SUMMARY OF THE INVENTION

it has been an object of at ieast cne embodiment of the present invention to provide

a process for manufacturing a capillary that is electrically insulated from its environment.

Another object of at least cne emkodiment of the present invention has been that

said capillary be visible for optical inspection.

Still another object of at least one embodiment of the present inventicn has been

that said capillary be mechanically robust.

A further object of at least one embodiment of the present inveniicn nas been to



FIG 17 shows t~~e bonding of the first and secone conponents that nmake up
‘the second enbodi nent. FIG 18 shows the structure after openi ngs have been
formed using said hard nmask. FIG 19 shows the s;ructure after sel ected
opc~n~ngs have been filled with spmon . glass. 6 FIG 20 shows how the
unfiifed openi ngs have been etched through to the capillary FIG 21 is a

pl an view of the structure of the second enbodi nrent of which FIG 20 is a
cross-section DESCRI PTI ON OF THE PREFERRED EN180DI V1Ei VTS W wi || discl ose
; he pr epeavide Brivoegssdes Benpiactuynma capidapy bebrewsstey thegawrabter.- . ing two
enbodi nents of the invention. In the course of so doing the structur a of
the present invention wll also becone apparent 1 ~' enbodi nent Referring
nowto FIG 1, the process of the first enbodi nent begins ~rnth the

provi si on of TH:64 e6fetishavtBeth atReldd bf ¥RbR&bI ¥ peceSS haing tWoResddd. Nthe
chromum |l ayer 12 on its |lower surface to a thickness between about 0.02

and 0. 1 oians ARS8 3Relofd Br Bun HhiS: iishobl 045 dtoddigcrepestbhen, on

t he upper sur 1 of chromum layer 1 ness between about
0.02 an

a thi Ckg%&gljﬁggi %%g(i—)cg%@ﬁﬁ a‘“"\%ggﬁﬁ gg&ﬁgﬁggggpbgslse%%te%gl t OFgr fre first 4
embodiment, this sheet is bonded to a layer of cxide, that lies on the surface of a sheet of
silicon, tl;\ereby sealing in the capiliary After all silicon has been selectively removed, a
thin membrane of oxide remains. Using a low temperature bonding process, a second
sheet of glassy matenial is then bonded to this membrane in ihe second embodiment, the
stlicon s not fully removad  Instead, the oxide layer of the trst embadument 1 replaced by

an oxide/nitrice/oxide trilayer which provides good electrical insulation between the -

capillary and the remaining sthicon

BRIEF DESCRIPT!ICnN OF THE DRAWINGS

FIGs. 1-6 illustra.e the process steps used to manufacture the first component of

the structure of the present invention.



* - 2
As shown in F1G 3, gold-chrome |ayers 13114 Gre patterned, 4

pnot ol i thograi ~hic rr;ethcds To for ma hard mask that Gef ;es t;~e shape
31 of a m~crc channel and then, us~r;g this har d mask, die;~ctr ~c subscr
Ue 11 is etc~wd to a ~ntaule depth (typically btween about 5 and 250
mcrons j theraby form ng mcro-channel 4'1 which is shown in cr
oss-section in FIG 4 Then, as seep ~ ~n F 1Gs. 5 and G all Bola and
chromi um are rempved | eaving the etched m cr o- channel an pl ace thereby

usi ng standard

f or mi ng what Fille. (ehows Bedongingpd thendsandseceshprymeaentsAn §b'86fr91ulé61ﬁ3&b’ﬁent i's ‘i

no~,v forned frorn s:i~con s;-,eet 72 (sae FIG 7) vrho5e size is sufficient
for ~t tembedisient to cover the first conponent As showmn mFIG 7, a |ayer

of silicon oxide 71 was for nmed on !ts |lower surface , using plasma er;
haced chem cal vapor deposition (P~~L'u)) follow ng which |ayer 71 was

bonc!ed to the top surface of the first conponent, thereby formng

capillary 73 ﬁ@pg%bwg forARncorReneimapas used to effect this step. Then,
as shown mFIG 8, al; of silicon sheet 72 wGs sel ectively renoved,
| eav~r~g |l ayer 71 unchanged and in place. This is followad by w, at

key novel feature of the invention, nanmely the bondi ng of a sheet of

transparent ect terial 91 to la as illustrated jn FIG 9.
Th a purpose of g Pnl@lsr@gv ?'&)erﬂﬁt?v\?'% %ﬁmﬂgggpesgtr}olee it eP%D{‘ﬂé 8
structure. Since It isrlot required to provide a perfect seal for

m cro-channel 73 (this f ~av!r~g been provided by layer 71 )) the bond!ng
of layer 71 to |ayer gl can be performed a: a Icv, tenperature that !s |ess
t han about 90FIGs. Aoh glwﬁéraﬁ stapssiesthenfermakiorh al e sesrndserrergsieat phithaise t o
acccnpi!sh tn!'s [ ow tenperature boru!ng we !'nciude sodlums!l!c~i e bonding)
pot Gss! ustructisre afdhe sbeordi ergbodimenpol ydenet h~~; s~i oxane bond!nc T; ~ere are a

is a

FIGs. 15 and 18 show the formation of a hard mask on the lower surface of the °

second campanent of ihe second embodiment

FIG. 17 shows tne bonding of the first and seconc components that make up the

second embodiment.

FIG. 18 shows the structure after openings have been formed using said hard mask.

FIG. 19 shows the siructure after selected openings have been fiilled with spin-on

glass.

T o Rk e A o
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nunber of possible ~r.G-erra,s and fornms ; hat are avallab;:,~ for sheet 91 =
~~hese ; ~~clude gl ass and pol ydenet hyl s!t oxane sheets. The thrckness of ’
shear 9 i has ~yp~ca;ly been between about 0.25 and 1 nmm Wien sheet 9 i !s

‘r ; posrt!on, rt can be us. d as a hard nask 92 for the etc~~ng of access
holes 95 f romt;~a o;~isrde world to the capillary ~a s~.en ,nr~ IG 9
anc; 1 o An inportant feature of the p; esent !nventron rs that the
format!on of thls hara n ~a~l arp be acconplished eithe ter heet 91
has been bonBl ToH s Moy e i eEI08 MoF Be Lai oM e R B
(for exanple by being punched out) bafore rt ~s bonged to 7 ~! 2"d

enbod! ment The second en; bodrnent of the process cf the ,:ovent!on also

o,

b~~gvrrs with the formation of first conmpone; ~i 11 wh!ch can be revisited .
r:~ F 1G 6 THGpoisagdan wewmnmes@tm&@recﬁmﬁwaﬁanm@m whegh £l&. 20 :
different. As sho~-rm!~~ FIG 11, !t bogrns with s!l!con 9 sheet 15

f ol | oweds bycrdds=e=ction; ul t aneous gro~~.th of silicon ~ oxide |layers 16 and
'?2 (to a thickness bEtweer about 0 03 Und O 1 microns) on its upper and

| ower surfaces respectively (~iG 12). Next, silicon nitriae |ayers 36 and
38 are sinuitanaously fornea o;~ silicon oxide |layers 76 and 22
respectively (FIG 13), to a thiclcness between about v.1 ~nd 0 2 ntcrons,
foll owi ng which sil~ccn oxide |ayer 37 ~s fornmed (to a th~cknoss between
about 0.2 and 0.5 microns) on silicon nitride |ayer 36 (FIG 14). Then,
phot cr2si st mask 51 (FI G 15) ~s used to formhard mask 53 fromsilicon
n~tnde layer 38 (F I G 16) which rviii be used Gunng the formation of

vari ous open~nJs needed by the structure These openings are t~' ~en aligned

relative to mcro-channel 41 5)
DESCRIP ION OF THE PREFERRED EMBODIMENTS

We will disclose the present through descriptions oi wwo processes for manufactur- .

ing two embodiments of the invention. In the course of so doing the structure of the

present invention witi also become apparent

1* embodiment

Referring now to FIG. 1, the process of the first embodiment begins with the
provision of dielectric substrate 11 (typicaily glass) and uepositing chromium layer 12 on
its lower surface to a thickness between about 0.02 and 0.1 microns. As seenin FIG. 2,
this is followed by the deposition on the upper surface of 11 of chromium layer 13 (to a

thickness between about 0.02 and 0.1 microns) onto which is deposited gold iayer 14 to



foll ow ng which the first conponent is bonded to silicon oxide | ayer 37,
‘thereby torm;ig capillary 73 as showmmn mFI G 17 Then, then, usnf said
silicon nitnde hard rnask, openings 85 and 86 are etched msilicon 15, as
shovmm F ~G 18, foll o~mn~ which opening 86 is filled with spin on gl ass
98 as shown mFIG 19 This allows etching of ti~u unfilled openings to
continue unto! then eby form ng access holes 93 as shown an F1G 20.

Sei ective filling of open ~ings such as 86 is Gchieved by dr~ppin~; tha
sont i ona dhitkesddsybdtMeentaboat 0 2adre 0 Banickpisnni ng tha wafer slov~rly so that
it spreads out to r,:i nn protective layer 98 FIG 21 is a pla new of the
structure of tf ;e second enbodi nen~, with FIG 20 10 being a
cross-section taken thr c~:gh 2C-20 .n !'=.G 21 The advantages of the second
en-; Dod; Ment AQusto e, G Ao J#&Pméhay&@ LS OIRARRN AR Ehagiaer
conut nes superior nsulat,cn’wt ovrer ~nterna( stress re

Si ngI e u m | ayer of tt~e thj cknge sﬁ and .out, r| n X
sil~ onpﬂggocf'fh%d'ﬂﬁl 'Qet'ro.lgs E?c%fm hEECL ‘ftccéeé' \%85?%5 iIOf %u(t"l et
channels, atc 11 CLAI f | pr ocess to m-: i ~acture an eleciricaiiy
i nsul at 6h2REg) AN e, één@n@iﬁghaiddﬁﬁﬁhgjlhgﬁ‘* @r%*béhaWnéT IeEHed ppersustgpteace
of a :;beet of a first glassy mater ial, formng a |layer of a second gl assy
mat er i aldepth dypmady setnveaoeabaiut & anubl50 mter,onbbth@iretg/ Bainchg rrcso-cohiarss 4 1
material to said second glassy rnatena~, thereby fog ~; ~o~g said capillary,
which is shown in cross-section in FIG. 4 Then, as seen in FIGs. 5 and 6, all gola and

chromium are removed leaving the etched micro-channe! in piace thereby fornung what

we will refer to as the first component.

A second component is now formed frorn s:iicon shieet 72 (see FIG 7) whose size
1s sufficient for it to be able to cover the first component As shown in FIG. 7, a layer ol
silicon oxide 71 was formed on tts lower surface , using plasma erhaced chemical vapor
deposition (PECVD), foliowing which layer 71 was bonded to the top surface of the first
component, thereby forming capillary 73 Typically, anodic bonding was used to effect thus

step.

Then, as shown in FIG. 8, all of silicon sheet 72 was selectively removed, leaving
layer 71 unchanged and in place. Thus is followed by what is a key nove! feature of the
invention, namely the bonding of a sheet of transparent aielectric matenal 91 to layer 71

as illustrated in FIG. 9. The purpcse of layer 91 is to provide mechanical strength to the



selectively rernonrg ali material of v,~hich said substrate is forned; and
then, at a temr~eratur4 that rs |ess than about 90C , bondnc~ a sn~;et of a
transparent d~eiectric nmaterial to said second gl assy natenaV | ayer 2. The
process descr abed mclaim21 wherein said sheet cf tr ansparent d-~eiectnc
material ~s selected fromthe group cons~stng of glass and

pol ydem~t nyl sUoxane 3. The pr ~CeJJ descr abed .n claim ? whare~n said
sheet of irGnspai ent rl;electnc material has a thickne:a between about Q

25 Gridg, &g:‘@ émcy?ﬁ Pbt REERSH %ﬁﬁ&gb@?%erf@ct%b%i B r%ucka Ch&TrRTPs AR heRy

bondi ngI sai' d sheet o transpare ctric material tc sald second gI assy
oy f
g?' 503?&%t§ g S.thingé'r i 3 ey e R P RGP RR,
5..T f h hi
ol es 1 SStRe e LG lg ;ﬁa”‘digﬁﬁétﬂze%%%% StplPetevaidht ne

m& enal and sal!d se;.ond glassy matenaf |ayer after sG@d sh;:et ct d!a;

ect nc ! -Suiglleifar usio B%érm%bﬁd%@ 1Yy te@ﬁﬁ@t‘ér@&%ﬂga‘g%w%ee%%wIsétgszer‘f 6.
The process descr rbed !n clam 1l further conpr!s!ng etch!ng access holes tc
t he capidanghing, tnm@iﬁgm | $h10§ & Per@ngc Bnd PalYSBECENS igxane 80RdIBS I 1HE Pri or
to bonding to s.:!;~ second glassy nater;al Layer. 7. A process to

ma~wf actnunebex cnfe;mslsﬂbm yeeahipahg !fwrmsphetvamde! awgilabid!fel gotat 9d  silnesée riatladchav! ng
upper ar~d | ower surfaces, depos!ting a |ayer of chrom umon sald | ower su;

-face a@as@Bnﬁ%ﬂol}deﬁmﬂ‘ﬁjls'mah@(sﬁeet@epﬂ% thidkgess bayeset@fi edy ypeaty been
folloVled by a |l ayer of go;c~,

between about 0.25 and 1 mm

When sheet 91 15 iri position, it can be used as a hard mask 92 for the etching of
access holes 35 from tne outside world to the capillary as seen 1 FlGs 9 and 10 An
important feature of the present invention 1s that the formation of this hara mask can be
accomplished either after sheet 91 has been bonded to layer 71 or suttable holes can be

formed in sheet 91 (for example by betng punched out) bafore it 1s bonded to 71

2™ embodiment

The second embodiment of the process of the .nvention also bagine with the
formation of first component 11 which can be revisited 11 FIG 6 The process for the

second compcnent is, however, quite different. As shown it FIG 11, it begins with sificon



patternlng sa!'d gold-chrone layer to forma tiara nmask that def!nes sala n
ilcro channel and then, using sa;d hard nmasl~~, etc!~!'ng sald c,!alectr!c
substrate to a depth, thereby formng a nlcrc-channel, then rernovrng ai
gold and chronrum form sa!d upper and | ower surfaces, thereby formng a
flrst cornponent; providing a sheet of s;iicon having a |ov~cr surface a;~d
a slze that as at least ec;ual to that of sa;d dl!a;ectric surastrate; on
said | ower siil!lcon surface fornGng a layer of s!1!con ox!de; bond!ng Said
laver of s!li said tlrst corivp reb for sald 13
capi 11 ar§eat it U8t B, Srliovt i S LPT FEGH: PROSIR S dectd aAiee

|l eaving :;aid silicon oxide |ayer unchanged and m pl Cce, and then at a
ten; peratt‘"iﬁ@e@ﬁa'?e‘W§’eFe§%°Ltt ¢ OarenhSut regraes) %Hﬁl?&?e& ‘g}?eé’cw%fs%rfcaﬁSpare
~t dielectric material to said silicon oxide | ayer 8. The process descnb~d
rn clai fPPRABIESMEGr 12hheet of transpGrent diefectnc material is selected
fromthe group consisting of glass ai <a pol ydenethylsilo:.~ane 9. The pr
ocess descr;aed in ;.laim? Vdherein sac sheet of transparent dielectric
material has a thicf;ness between aaout 0 25 and 1 nm 10. The process
descri bed i n Nedj eiComhitrdeiayetsh8s she B8adreondiangosaly dowiegedn siliconm axspar ent
dielectric material to said silicon oxide | Gyer is selected fromthe group
of bondi pyeRy EAREEB0BSIVEIY éﬂ@.QB),S@diwmrﬁsb beRicen 4polies $ aHE 10 Binldresd, E,

and pol ydenet hyl si | oxane pondi ng.
following which silicon oxide layer 37 1s formed (to a thickness between about 0.2 and 0.5
microns) on stlicon nitride layer 36 (FIG. 14). Then, photcresist mask 51 (FIG 15) 1s used

to form hard mask 53 from silicon nitride layer 38 (FIG 16) which wiil be used during the

formation of variaus openings needed by the structure

These openings are then aligned relative to micro-channel 41 {ses FIG 5),
following which the first component is bonded to silicon oxide layer 37, thereby forming
capillary 73 as shown in FIG. 17 Then, then, using said silicon nitnde hard mask,
openings 85 and 86 are etched In silicon 15, as shown in ~:G 18, following which opening
86 1s filled with spin on glass 98 as shown in FIG 19 Trus allows etching of the unfilted
openings to continue unti! thereby forming access holes 99 as shown in FIG. 20. Selectve
filling of openings such &s 86 is achieved by dnpping the solution directly into them and

then spinning the wafer slowly so that it spreads out to torm protective layer 98, .

FIG. 21 is a plan view of the strucwure of the second embodiment, with FIG 20

10



11. The process described in claim7 further co;npr!sing etching accas;,
hales to the capillary through said sheat of transparent dielectric
material and said silicon oxide |layer after said sheet of dielectric

mat enaf has peen bonded to said silicon ox; de Payer 14 12. The process
descr;bed ~t ~ cla;rnr further co~;~Nr;:,;~~g etch;;~g access "ol ~;s to
tht capillary through sa;d sheet of transparent d;electr;c matLr;al pr;or
to bo,nc;ng said sl;eea to said siSicon ox~dn ;aver 13. The process

descri befemyge] eloss-gevdeT eken sabdgh ager afrisi bicon o>ado on said Power
silicon surface .s depos;;ed by PECVD 1Q The process dascnbed :n clam?7
~rri~erein said lay..; of s;l;con oh;d~a o~i su~a tower silicon surface ;s
form:d io a th;ckness between about G? G,a G 8 ;ncr ons 15. The process

descr;bed in ‘Fh@'g?] aﬁ‘ﬁ@&’rﬁ%T tHQngéd?ﬂg e ga ?r}é‘?]ri (ﬂ%r tl’]@oﬁmoroéhdee &)y i

first conponent ere,y orrnng sai cep lary ~s achieved us~~~"< anoG-c
bondi ng S ri L ued
T2 el ect ﬁé’!ﬁs t“?éﬁé? e ?E%%t cﬁﬁ@ o5 ey HIGH ETh e ARR b Sftet] e@é’tﬁ
abo~a 5 rocess to nanufacture G c dé
conpri oi o2 G iR Pt B 6 cr e RBEERE b PR R et IRE o

surfaces, on said |lower s:!sfGCe, de;~os;ting a f;rst layer of chronnum
and, or §%?PC®”Eb§@1§§ﬂ?@%W@WSd@ﬁh@“quﬁﬁéhﬁﬂyﬁﬁ=6F gol d on a second | ayer
of ¢c;~,romurn, pattern;ng said gold-cr:rome layer to forma tiara nask
a~at aef;nes said mcro 75

en
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channel and then, using said hard rrrask, etc~~~ng said d~el ectnc substrata
to a depth, thereby formng a n-,icra-channel, then renoving al( gold anu
chromiumterm said upper and | owzr surface, thtr eby formng a firs;
conponent; prandi; ~g a sheet of sVcan hammg upper and fowe~~ suifaces and
a size that is at least equal io Lhat of said d~elcc~r is substrate, on
sai d upper and |l owar sUcon surfgoses for ming fir st upper and first | owor
lay ers of silicon oxida; on said ~;rst upi~er 2nd first !over |ayers of

m ~con nd £ d ko ~t r ~de,

form ngO‘a se ong(a%%gp@%n @‘;E/}grg{u@ ellqubcahg m°dﬁé{§é1%°s18] l‘ﬁ !:orﬁ@'ﬂsl yer of s;l;
car, ; ~itnde, and patter ng said ! o~dve nde and
orde i o tomUTHAL AT cahra a%fl?ra%rsotgfﬁée@ FhBely ao%féh%ésv Wﬁ@h*afaafter
aligning said o enln s r elative to said n' Icro channel , &)o ;aid fn
st conponent ?%‘E)E%g?‘d %eéégﬁoe%ﬁﬁﬂlglqséyé‘?dtbﬁda'ﬁnﬁ t?bhfﬁf&%ifa%eo as“%”éby forn;
~ng a capillary, then, said hard mask, renoving all silicon f, omsaid
op~: n~ngs and®¥HER Sud éti’t‘m%e"ﬁy”fqt‘?rl“i“ 1o gfug, seﬁm%%ﬁﬁgfr@#cf‘ag|‘a%'§DVéﬁr“ g
openl ngs that st;li termnate wits ~ sclicon, and then renoving ail

si ' .icorsaiticapillafyd silicon n~tr~de from ms~de any unf~iled opei pings,
thereby formng access ~,oles tc said capillary 18. The proc;as described
in claim1? vd%e_c&n’walysra'rrdvﬁ*;gr&t'rtmdataylerofofffhic}hlsalmiawnﬁﬁratedeimwt‘eandm to a

t hi ckness bezvraer: :~:aou; 2'~Wand 1, OGG Angs;ro; ~ ~~ 19 The process
descr rbed rnthehmat b7 temsdreiufe shal & Be€angn laper 901C chvomiwgnal snatepsisat ed
to a thickness bez~Neen about 200 and ~i ,u00 ~I n3strons

transparent dielectric matenal to said second giassy matenal layer

2. The process descrnbed in clam 1 wherein said sheet of wansparent dieiectric

material is selected from the group consisting of glass and polydemetnylsiloxane

3. The process described in claim 1 wherein said sheet of transparent dielectric

material has a thickness between about 0 25 and 1 mim

4. The process described i claim 1 wherein the step of bonding said sheet of
transparent dielectric matenial tc said second glassy maiernal layer is selected {rom the
group of bonding prccesses consisting of sodwum silicate, potassium silicate, and

polydemethyisitoxane conding

5. The process desciibed in claim 1 further comprising etching access holes to the

-\
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20. The process described in claim17 wherein sand |ayer of cold is
deposited to a thtckness between about 2,000 and 6,000 Angstrons 21. The pr
ocess descr ibed in claim17 wherein the depth to which said ::ielectr is
.Substrate is etched to formthe m cro-channel is between about 5 and 25C m
crons 22 The process descnbEd i n claim 17 ~wherern sand fifst upper |ayer
of silicon oxide .s forned to a thickness bet~rveen about 0 03 and C 1

m crons 23. The process descnbad rn claim 17 wherain said first |ower |ayer
of sili comilani teoud tatned:t of aahfpwkinessicheicweerraband s€id0Scand dlasky

m crons 24. The process described rn claim17 wherein Bard upper |ayer of
si | i conpittéddl tgef SitdrQERPShebOcANd BHEK PEES aDRi M8 borabOW sk dectnd dlady
rnrcrons 25. The process aescr;ia~d in claim17 wherein said | ower |ayer of
s!lcconpfiefididgydrs 17 formed to a thickness between about 0 1 and 0 2 rr;
icrens 26. The process cescribed in claimi 7 wherein said second upper

| ayer of silicon ox~Je is fornmed to a thickness between about 0.2 and 0 5
m crons 27. An electrically insulated capillary structure, ccnpr isrng a
sheet of; a gl’rﬂé?ﬁfok{@%e\fés@}ib el ﬂgtnﬁ%l Qe SR eBnihetbe noitd R
~avrng an upper ‘surtace on ich is atrilayer that fur then conprises a
first | roof oo fi xide.on a first |ayer of slili. ~~ de _on a
second %éﬁ@?ryowr%ﬁ'qq g%’ﬁ S%Sﬁedgf UEEpRAT gﬂi%@%%”s@%%é% P H§€¥bn§5r§id"I7¢) PSur f ace
on which is a bilayer th?i fur,her conprises a third |ayer oz silicon oxide
bel ow 4PRFeM D'8Say SWESIR'aY&fer of silicon nitric::. a first opening ; hat
extsnds through Second iaye; of silicon nit, ide 4s far aJ Jal,~ second

| ayer of si;icon oxide; a second cpening that extend through second | ayer
of silicon nitnde as far as, and all the vray th; augh, said first Payer of
si i con @~; r gdeproassks tohaah@ueirsdichongnotodphsingheet of gl assy materi al
bei ng bonged to said first layer of silicon oxide with said sheets being

aligned so t L dabirgal defbl2ts BROMNEVANLLL IR a8 dbwler surfaces,

depostiing a layer of chromium on said lower surface and, on sad upper surface, -
depositing a layer of chromium followed by a layer of golc,

patterning said goid-chrome layer to form a hara mask that defines saia nucro-
channel and then, using said hard mask, etching said cielectnic subsirate 10 & depth,
thereby forming a micrec-channel,

then rernoving ail gold and chromium form said upper and lower surfaces, thereby
forming a first component;

providing a sheet of silicon having & lower suriace and a size that 1s at least equal
to that of said disiectric substrate,

on said lower siiicon surface, forming a layer of silicon oxide;

bonding said layer of silicon oxide to said first componeri, thereby forming said

13



m cr o- channeS and s2cono ooen, ng provi de access ;0 sa;d mcro-channel 28.
The structure descr ibed in claim27 ~nrherein said mcro-channel has a
depth 18 bet ween about 5 ano 250 mcrons 29. The structure desenbed ;n
clam 27 wherein said first |ayer of sncon oxide has a thickness between
about 0.03 and 0. ;~ mcrons. 30. The s'truc~ure descr ibed mcia~m 27
wherein said second | ayer of s;licon oxide nas a thickness between about

0. 03 and O 1 microns 31. The str ucture desc~~bed i~~ claim 27 wherGn said

fiat X%@I f silicon nitride h~:,~ a thickness betYveen abou: u. i and 0 2
m crons %Mie structure desc: vn~'d it claim27 whare~n said second | ayer
of silicon nnnd~ ns 33.

t hi ckness bet ween
The structuréh%{é?aéfa V@i’ﬁrﬁ?ﬂ‘%‘f‘%‘? WG&M}é?'fafSﬂe@a‘“'a‘}%‘Fﬂ}/*&%&;ﬂeﬂlw @93 con
oxi de has a thickness bet~rreen about 0.2 and G5 microns. 34. The str
ucture de¥erynseanged an@impizgewditt ei n sai d second opening ~s f filed ~ ~ith
spin on glass. 19 .As. A . AR A . A9. A9. Ae. A,
. AAF L AL?. A, thtA{teﬂ‘merétuA@Nat NQ?S%&afRdMLS%Ih@ \popdspR\sheet @ransparent

dielectric matenal to said siltcon oxide layer

8. The process descrnibed in claim 7 wherein saia sheet of transparent dietectric

material is selected from the group consisting of glass and polydemethylsiloxane

9. The process descriped in claim 7 wherein saie sheet of transparent dieleciric

material has a thickness between about 0 25 and 1 mm

10. The process described in clam 7 wheremn the step of bonding saia sheet cf
transparent dielectric matenal to said silicon oxide layer s selected from the graup of
bonding processes consisting of sodium sticate, potasswin - silicate, and

polydemethylsiloxane bonding.
11.  The process described in ciam 7 further comprising etching access holes to the

capillary through said shest of iransparent dielectric material and said silicon oxide layer

after said shee! of dielectric material has pbeen bonded to said silicon ox:de layer

14
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[sss) e reslaien exsslentan iptlem ol e epbelcal bt X

| cal cal calgakeplaakealsahsalsaknabaale selamlsalealealsal 68) 7 Salelee] cal

2D222Q33@33044440555 1 6~6666P7778r 8x88. 9>9{ vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] caaﬁb%i‘ B%ﬁ t3¢a1®E] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca]

cal! >999: ?:::; ; 4<P<<<=f =| =w===| >y>>?07??? 0000

Aj AA} xsni d_Z] ] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
I AA" BBBBCs CCDI. DDEJ EEE&FWF} FFFHGe GGG>HP

ﬁLﬁﬁLf?] f?i?ﬁf@\%?‘%ﬁﬁ] %‘%%]c'g?c]@g%]72%]‘8%?]‘%3‘]“9&]‘&]"&3]‘8%{] gafe 8]%3]%‘8]"’8&] calc

al ca] ca] ca] ca] ca] ca] ca] ca! ca] cé‘ﬁ]cahcla] ca]ca! I 1 JJJITKKKK
LLMZ MWy c"Y]]ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca]

caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca] ca]ca! SXTTTTUj U
U V~VWAWNNKAE XEXP/ QQQRERRRRS] SSS} xsnmhe”Y] ] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca; V_f H &F
109& () - 14.10%€( prdéé@"&s(:x)be‘cﬂ.@%lm)? wh@8Y&AaE)lay .« of silicon oxide on sawd lower
10%:F& ()-""ss10%& ()-c' > K-s*#10%&' ()-s(y#10%&' () -s&#10%&' () - s$y#10%& ()

- Y @F10fcdn surfackQ%Eorneu 18- HO K&K shEIRRA Ribbs (#Méi@((% MIcrons
"10% 0& () - 1010109y5MLOVE () - L3Z#10%& () - 1z#10%&: () -

' 10%-+& () - VeFpf Hs*#10% SLF10% o0& ()-!"10%08& ()- "10% o0& ()-
"10% 0& ()- "10% 0& ()- "10% o0& ()-- 87
dEpf Hs*#%%)%& 1 109% 0&

1T0% og 13- o1 TR DREStS U ety TAigon benping 5=ic laver of SUSIIBHE K% () - y

10%4| & ?
& iIrst component, therety forming said cepillary is achieved using anoaic bonding
8. The process described 11 clam 7 wnerein the depth to which sad cielectnic

substrate is etched to form the micro-channel is between about 5 ard 250 microns

17. A process to manufacture & capillary, compnising

providing a dielectric subst ate having upper and lower surfaces,

on said lower surface, depositing a first fayer of chromium and, on said upper
surfece, depositing a layer of gold on a second layer of ciiromium,

patterning said gold-crnrome layer 1o form a hard mask that defines saig micro-
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10' o 10' o 10' 04t 10% o0& () -

0L10% o0& ()-.3"10% o0& ()-j\dEbCs*#10%y#10%| & () -

10%| & () -10%4| & () -#10%4| & () - Y#10%| & ()- 10%| & () -d;

dEbCs* #10%&' z#10%4| & () - &Y%a#10%4| & () - #y#10%4| & () -s! y#10%4| & () - Fy#10%4| &
()-y#10%4| & ()-; RA JKLAYNCs*#10% 104| 104|

104| 5t 10%4| & () - Ly2g#10%}| & ()-L0$10%4| & () - 3.

10%}] & ()-9*10%} & ()-L@EYNCs*#10% 10% & ()- Z 10% & ()-9

10% & () #1000 & ( 0% & 09,8 (). EQ4EY, 0% &2

Toos & () CHETB R e, baa‘%sz%"% kot ST LT & st acept

sz*#lOW%&O%& ﬁ%_&f #10%& é q%&' () 109%& () 10: 10: 10 610% & ()- ~/;

dEbCs* #1 99 NET #*1‘63)%?() &Fz#109&' () - y#109%& () y#109& () #1098 () -
dYNCs*#lO% 10 10 106s10% ()-s2&10%& ()-90 10%& ()-,y, 10%& () -

109%&: () - W SHdEoReERanpal B AR CPOFDYE f@;’ﬂf@%&%@f@"ﬁé@)&@fcﬂf@%@/&% Bby
109%&' () - H&xdBYNCs* #1098 - &10%& () - ") 109%&' ()- % 109%&' () - 9S#10%&' ()-s  109%& ()- &

109 () - Prnics2 #1099 MPEIBE: () - 1096& () - 109%6&' ()-1096& ()- 10 10

10510%& () -fK

dEbCs* #1098 +ZproQeib&) & pneé) AiCUBan(evelg Ulb &n( Joweys.omBes End ol 12008 8!s(3) -
1096& ()- K VI\IAL_1°1al dYNCs*#10% 105 105

105L-  60leABE4(3! {PLhat 60 SOUEEIE) it &UDSEAE) - / T 1096& () -- G 109%6& ()-al!!5""" @

#JEYNCs* #1098 &z#10% h& () - T#10% h&' () - #10% h&' () - #10% h& () - 10%

h& () -, F10% héa tud @& S ESUAEY DNGaSH $ QT ces Sty ét ppatlald TOSORE: (1hy erg#10%
h&' ()-@10% h& ()-FI's10% h&' () - S#10% h& () - % %886-&&&aBYNCs * #10% 3@¥10%

h& () - o#gmcxgrp G)- L. T#10% h& ()-! , $10%UD@& () -9l (10% h& () - & & #10%

h& () - bCs* #1096 10% & ()-"10% & () -

on said urst upper and first lower layers of siiicon oxiae, forming ugoer and lower
layers of silicon rnutride,

forming a seconc upper layer of sihcon oxide on sazud upper layer of silicon nitnde,
and patterning satd lower layers of silicon nitride and o;ude 10 form a hard mask that
defines one or more openings,

then, after aligning said openings relative to said micro-channel. bonding said fust
component to said second upper layer of siicon oxiae, thereby forming a capilary,

then, using said hard mask, removing all silicon from saia openings and then
selectively filling, with spin on glass, all apenings that stili terminate witi stheon, and

then removing ail silicon oxide and silicon nitnide from inside any unfilied operings,

thereby forming access holes tec said capiilary

18.  The procass described in claim 17 wherein said first {ayer of chromium 15 deposited



"10% & ()-f"10% & ()- 10 h 10 h 10 h96t 10%

h& ()-R(()Ws)) % dEbCs* #109@y" 10% & () -

10% & ()-& &10% & ()-&'10% & ()-"10% & ()-"10% & () - % **/ +>+++dEbCs* #1096L0
"10% & () - &F.

'10% & ()-*L10% & ()-L#10% & ()-L!"10% & ()-L"10% & ()-+A C D, E F,,, - bCs*#10
04.10%& ()-L "10%& ()-L"10%& ()- 10\ 10\

10\y510%&' ) - f2"10%&'()--[-- . dEbCs* #1096 109& () -s" 109&' ()-sf"10%& () -
L" 109& ( " 100% o cnd 4.0
109%& () - t?‘) RDBIHRICSER FHTE* 2 10989 (YUY AABYER™S) - 8" 1098 () - $" 1098 () - ! " 109%&

"()-9 10%&' ()-1al12 222 2D2xnmbCs*#10% , 109&' ()- 10 10 10510%& ()-210%& () -

109%& ()-f,"10%& () - D222Q333333dYNCs*#10% 10 10

10S510%&' ()-s10%& ()-s" 10%&'9(&) sf"10% ()-& - 10%& ()- 333C4444dEYNCs*#10%

9z10%&' (39 109 plocesy@estubekpygeig)n dy wheren said second layer of chromium is
109%& ()-I 910%&' ()-4C555%t 66dEYNCs* #10%

s! " 10%&' ¢9postedd & XhiListcER%R 1 (3e®abd @%RI0(Ind 109 AGYstroms

109 ()-66P7778r 8aBYNCs*#10%2" 10%&' ()-Y. 109%& ()-!k3,,

% 09B8& ()-*"10%& ()-("109%& ()-sS#10%&' ()-r8u8v8wdx88. 9>99bCs*#10% " 10% o0& (

)- 10% o0& ()-F "10% o0& ()-,"10% o0& ()- 10 10 105109& ()-99:7?:::;

dEbCs* #100&F 1% pfodels G0 () cl& YT adherdm said layer of gold 15 deposited to a

thickness between about 2,000 and 6,000 Angstroms

21.  The process descrioed in claim 17 wherein the depth to wnich said dielectric

substrate 1s stched to form the micro-channel is between about 5 and 250 microns

22 The process described in claim 17 wheremn said first upper layer of silicon oxide 1s

formed to a thickness between about 0 03 and 0 1 microns

23.  The process described in claim 17 wherein sand first lower layer of silicon oxige 1s

formed to a thickness between about 0 03 and 0 1 mucrans

24.  The process descrived in claim 17 wherein said upper layer of silicon ritride 15

formed to a thickness between about 0.1 and 0.2 rucrons

25. The process described in claim 17 wherein said lower layer of sihicon nivide ts

17
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10% 0& () - w===I >y>>?dEnbCs* #10%.S1096& ()- L&' 1096& () - 9z21096& () -

1096& ()-9 109B& () -

1096& () - 20???0@AREMDCs* #1098(: 1096& () - &' 1096& () - s#" 1096& ()-!"1096& () -
10968 {ormetit%bickhe @ PLABAMLBKI GRIALOYRE A% & () - 105 105

1055109%& () - 0109®& ()-1. " "109%& ()-S, "109%b& () - " BBBBCs CCENDCs* #10%.

10% & ()-L"10% & ()-9 10% & ()-9"10% & ()-& 10% & ()-&

"109% & () - CDI DDEJEEaBnbCs* #1099, 109 & ()-) 10% & () - s%

10% & (! s#10% " & ()-L . 4 - - e
Toot & (P51~ LORPELT ERBERES I ) FRURBED SADIRFOIBUEPTS Y igh ofon onde
10"y510% & () -Ly2109% & ()-L010% & () 93. .10% & () - FFHGc GGG>HIEmbCs* #10%&
10%& ()15 ’%ﬂ&é‘j %%l ?ih‘f%’c’/%?(s%ﬁe-ﬁ‘_’ﬁ?riég/‘%ﬁ‘@-g afﬁi’«&" [y {3)‘3
10%&' () - >HPHHHI yI | dEmbCs*#10% s109&' ()-"109%& ()-910%& () - &10%&' () - &Y
109%& () -s, &10%&' ()-11JIIJITKKAEMCs* #10%Y. : 109%& () -s@ 109%&' ()-& ! 10%& ()- (
109&' () -% 109&' ()-L# 10%&' () - KKKKKK LLMoCs*#109%®
"109 & @Y- 9" Pousiect(isalyrngdsigdcapiiagy gigucture, comprising
10510%&' () - 2" 109%& 8 - MPMWNOOOEbCs* #1092" 10% & () - S, "10% & () -s&"10% & () -
S 109% &' () - Lieshess & 2 plagonmedersi OrvioocdopPPREtEses * #10% 10% & () - 10% & () -"
10% & ()-S10% & ()- 10"
a sheet of silicor. 1aving an upper surface on which: is a trilayer that further
comprises a first layer of siicon oxide on a first layer of suicon nitride on a second layer
of silicon oxide;
said sheet of stlicon having a lower surface on which i1s a bilayer that further”
comprises a third layer of silican oxide belaw which is a second layer of silicon nitrice,
a first opening hat extenas through second iayer of silicon nitinde as far as said
second layer of silicon oxide;
a second opening that extend through second layer of stlicon nitride as far as, and
all the way through, said first layer of silicon oxide, and
the lower surface of said sheet of glassy matenal being bonaed to saud {irst layer

of silicon oxide with said sheets being aligned so that said first opening overlies said

micro-channe! and second aopenng proviae access (o sad micro-channel

28.  The structure described 1 claim 27 wherein said micre-channel has a depth
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30. The struciure described In claim 27 wheren sald second tayer of silicon oxide has

a thickness between about 0.03 and 0 1 microns

31.  The structure described in claim 27 wherem said first layer of silicon nutride has a

thickness between abow: 3.1 and 0 2 microns

32.  The strucure descaped in claim 27 wherein said second layer of silicon nitride Fias

a thickness between about 0 1 ana 0.2 microns

33.  The struciure described in claim 27 wherein said third layer of silicon oxide has a

thickness between about 0.2 and 0.5 microns.

34.  The structure described in claim 27 wherein said second opening s tilled with spin

on glass.
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