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This application relates to a nethod of bonding gl ass substrates to
ot her nonconductive substrates and to the bonded products.

The inventio S genesis in attenpts to solve the 5 f
bondi ng gl asgw?)?ﬁ‘[ %&sz on which mcrostructures, such as chaﬁ%’ﬁgs}?‘%&) for
conveying fluids, which channels have wi dths, for instance, between
about 50 and about 150 mcrons, and sim IJarIy scal ed depths, have been

fabricated. A nmethod that well \%réé'erveﬁl such _structures was sought.
Fi el d-assi sted thermal bondi ng %Tﬁ F LINGed as "an opti on because

this 10 method has never m@%ﬁ%ﬁédtﬁ%%ﬁa@éé {o\’a Mhb@gfrbgna".@%nduct ive

mat eri al such as gl ass wever, the present Inventors e di scovered
par anet ers t hiibstrates tg ‘Ptbﬁf ReMGAROUEt SR aubstrgteseand b thy Bended productssi ng t hi s
nmet hodol ogy. ni zed that
the jnvention has broad The mven sorL Bgﬁtg ’enQ;t.a?n g&é-%{pt??%s{?leaqrt\ o t he
particul ar Spreroblem ohmmgayelasswtes)onrvm&s miorsEuttutes l-'@lt:hla%Sdrﬂhﬁels it can

be used 10 ! e BBAVEAR] HEBsOlurd) oREIRR Save wianfd Il LLD0LR, Byt cal. and

chem cal sensors m cto S an electric

mechani cal syakoets0 andjat(ouz)150 micxbos,i aeiGsimilarly 8éaleddspine, Baveobégy anal ytic
devi ces The invention

provi des met hfagv%w%orﬁm of g’laéé”é'\n'-'ls’ﬁﬂﬁ?ﬁ”&g Such stryahirgs weassonabet i ve
substrat e corfielddssigtdderrh8orfing (WAk :ﬁﬂ@ﬁ\ﬁﬁﬁé&gd %s an op?ibrnft?e(‘c%uﬁé tl'gg'e

nonconductive substrate which is coated with a field-assi
materi al V% Hatheddesmevagbeen satistagtpritapried de asnanconduetiveamatefip) such

appl yi ng suf fdscgigsyd. Redleve© tﬁ@%rés\éﬁt Mﬁ&fr@hg§e aRdogareh! &k&ﬂ&ﬁY@{ﬁaﬁlge

across 25 the two substrates to bond two substrates toget BRI EF
DESCRI PTI ON (3Hov-erpetipysqeling between giass plates using mlgumahchdslhows a device

for conducting field-assig{gfl of cou}? cyeq,gc éragédqagr} ﬁgﬁ\feﬁhg%hg gfoanq t hat

Figure 2 displays a cut-away Vview 0O on
can be used vipplcabigyianddsiniod fimited to the par'acular problenﬁr@mrgavérldesqakl&/s a

di stributiy@n iplHionOTrdr iGsthhdi!if gl 8L Usoyld manufsa%%urgrgf?{) sohehiL®
(including both physical and chemical sensors), (i} micropumps and
microvalves, (3) microelectric mechanical systems, and (iv) miniaturized
diagnostic or other analytic devices.

SUMMARY OF THE INVENTION

20 The invention provides method of bonding a glass substrate

and a nonconductive substrate comprising the steps of: (a) contacting a
surface of the nonconductive substrate which is coated with a field-assist
bonding material with a conforming surface of the glass substrate: and (b}
applying sufficient heat to the two substrates and sufficient voltage across
25 the two substrates to bond the two substrates together.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a device for conducting field-assisted
bonding of glass substrates.

Figure 2 displays a cut-away view of a liquid distribution

- 30 system that can be used with the invention.

Figure 3 displays a distribution piate of the liquid distribution
system of Figure 2.
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Figure 4 displays an expanded view of a portion of the di stribution

pl ate of Figure 3. DEFI NI TI ONS The follow ng terns
shall have the neaning set forth beloww 5 * annealing t he
t enper at ur eWat9?AIMLh the internal stress in a t e SEUIPYIII654

gl ass begins to be substantially reduced. * capillary dinmensions

di mensi ons that favor capillary flow of 2a |iquid.

Typi cal ly, channels of capillary dinmensions are

no wi der than about 1.5Figure Rrdiéplaydbbry expanded view of a portion of the
channel s are, nq w der, t han..about 500 [err]m yet

nore pref ergﬁfr&%ﬂ"vﬁ*ﬁ'@r% @feabout 250 [err]m

still nore pepMTIONG no wi der than about

150[ err]m * gl ass ) any of a nunber of paterials
comonly referred 10 The following terms shall have the megning sebfodghs belpwat
contain a silicon oxide structure. *

hol e di an®ket e® annealing pecause thedRmpgrasuref atrwhighthe interngl strass inhal es
often create h are w de .

t han the ot her ?%rﬁé?;a?%rset ance, ab%ﬁ?st %%d]ﬁ%" gésgﬁ'ss ubstantially reduced.

wi der), the hole dianeter values recited to herein

refer to the_narrgwest. dianeter. . . * horjzontal.. vertical, . .
i ndi cations of PR agr‘%'gﬁpﬁ'f’f‘%n oq'"}f"B'ng tﬁﬁt {aﬁgr ig:uﬂary%{gw °ﬁ|§ liquid.
distribution systemrefer to theTywit#lly, ahatielsbebapillary dimensions are
the device is in use. The notations "EWaxis"

and "NS axis" are in reference t% widgyrthan gbgyty1.5 mm. Preferably

4, where an EWaxis goes fromri&{inneR drgfdo @idér than about 500 ym, yet
is perpendicular to the long axis of the page and

a NS axis is fromtop to bottom Pareapreieraply aqywider than about 250 pym,

still more preferably no wider than about

15Q0um.
® glass any of a number of materials commoniy referred
10 to as “glass” that contain a silicon oxide
structure.
® hole diameter because techniques for fabricating small holes

often create holes that are wider at one end
than the other (for instance, about 50 microns
wider}, the hole diameter values recited to herein

refer to the narrowest diameter.

® horizontal, vertical, indications of the orientation of a part of the

15 EW, NS distribution system refer to the orientation when
the device is in use. The notations "EW axis”
and "NS axis" are ih reference to Figures 3 and
4, where an EW axis goes from right to left and
is perpendicular to the long axis of the page and
a NS axis is from top to bottom parallel to the
long axis of the page.
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nonconducti ve made of a material having an el ectrical

substrate resistance that is at |east about as high as such
traditional iwpwhgdsgyrs as one of glass or ceramcs. pPET/URG 63T cul ar

channels in the distribution plate are

per pendi cular even if primarily |ocated on

separate horizontal planes if their vertizal

projections onto the sane horizontal plane are _

per pendi cul ar. e nonconductieéer voi r made of a material haWlilgesrselactlickf er ent neani ng

i s apparent fromthe ) ) context, the terns
"reservoir" and Syisiaje resistance that is at least about,ashigh @8 Suchnc| ude
the horizontal extension traditional insulators as one of glags'éNE&hfnics.
(sonmetines sinply ternmed "ext ensions")

directly connegt hdidiBa €S€rvoi L .  bribg i or
fluid reservoir. %éé DETAI ?_ED DESCRI l’I‘:?'Ir"lnfﬁ n theg.mg%%tmnnﬁla&%rgt rates
The met hod of the invention of pempemesdiduaraveniihprimghalydocated sunbstr at es

uses a field-assisted thermal bondj rocess. |t has.now been

di scovered that gl ass-glass seali %8%3?%80??0&@-%&'555'{ 'E%ee(?'ﬁgl bonding is
10 possi bl e despite the | ow condugtejectionsodntglthe Saime Horfzontall prmeisé bondi ng
mat eri al I's interposed between the suli)strat es to be bonded.

To the top or bottom surface of oRERAEY X ypstirate, a |ayer of a

field-assist bonding naterial is ap&gi ed. Preferably, the field-assist
bondi ng mat eri %l 488 has a t hi ckAESE 3 diffgrens suranitg isARParEB ™ the00 nm

15 nore preferably from about 15Qoﬂf€x&,%h%%%%5pé§ew&r"m% el d- assi st
on

bondi ng material can be a materi al capabl e of Ing a glass substrate to

anot her substrate using the nethodessrvaineincluderthe bwrizantal @¢tansion t he
field-assist bonding material is %ﬁ?ﬂl@(ﬁmétﬂﬁ&%@%ﬁ\’&hﬁ@t bonds with
I e |

silicon oxi de. Preferably, the d-assi st bon g material is
nonconducti ve. "extensions”) directly connected to the reservoir

or fluid reservoir.
5 DETAILED DESCRIPTION
A. Bonding Substrates

The method of the invention of permanently joining glass
substrates uses 3 field-assisted thermal bonding process. It has now been
discovered that glass-glass sealing using field-assisted thermal bonding is

10 possible despite the low conductivity of glass if a field-assist bonding material
is interposed between the substrates to be bonded.

To the top or bottom surface of one glass substrate, a layer
of a field-assist bonding material is applied. Preferably, the field-assist
bonding material layer has a thickness from about 50 nm to about 1,000 nm,

15 more preferably from about 150 nm to about 500 nm. The field-assist
bonding material can be a material capable of bonding a glass substrate to
another substrate using the method of the invention. Preferably, the
field-assist bonding materiai is capable of forming covalent bonds with silicon
oxide. Preferably, the field-assist bonding material is nonconductive.

20 Preferably, the field-assist bonding material is non-doped silicon or silica.

More preferably, the field-assist bonding material is non-doped silicon.



20 Preferably, the field-assist bonding material is non-doped silicon or
silica. More preferably, the field-assist bonding nmaterial is non-doped
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The fiel d-assist bonding material can be applied to a nonconducti ve
substrate, wo9vmsrance, by el ectron beam evaporation (WhRCEUS95/14684 ectrons
bonmbard a source material to vaporize atons that are then condensed on
a substrate), chemcal vapor deposition pr by a sputtering 5 process
(where surface nolecules are emtted froma cathode when the cat hode is

bonbarded with positive t1NfelllfL81s8 b ﬁgﬂgg‘a&emﬂsag,aggggsm fohe emtted

surface nol ecules collide wth an a near trate)
Pursuant to nmorjﬁle@emsuhwem|fehmsgaﬂc|ecbm ele&\yr@mbqarn #vmramtwnge nmto

about 500 nry dﬂ‘sl Soimba Vaes&?rEQnﬁ’a‘%Qﬁé'tB%BBHzegL?b?ﬁs A Mdes under 10

at nospheric con at can be expecte enerate an outer surface
| ayer of si Icomlnnshdmm @laubstlete)ashmlcabmﬁorZi(époémyelor byrm smategimgodi nent ,

t he ter si n ide | is fra out 15 0 abo 30 Ain :
t hi ckness% 8cess &”qbeé?gﬂ ‘6?1815’?:&0‘&? S Y& eﬂ%ﬁqﬁ'ﬁa%ﬂ@?%&f‘%&n%é@ needed, to
create chan rkﬁtﬁode ls boneisrdd iwith pesitive Rsi figim @elal & gais biRBhageinaaher | aser
abl ation technj 15 Al ternatlégﬁw such m crostructures can be forned

in the noncABd %face malgeules 5P B a9 bepd e Aqemrpnhsybitratele| d- assi st

bondi ng nat emirgliant tB&he prét inventiBASSilicdrelalySrst Yoo Mibolit 280thrAgai NSt a
gl ass substrate with a shape that conforns to the shape of the coated,

nonconduct | vabosi SO0y amehickpasyharesbeen depasited andgipsscsubistisiss Yndekot coat ed
W th the 4 eéﬁ&aﬁgﬁé cmisibﬁwtrmtc%'by e%éach%be genéwefa?@@u{ehe&rfmd | be

bonded. The two Substrates are place assi sted bondi ng
devi ce 700 slawér @fssﬂumdmxlﬂaswtat aslan mbwga% layerTHe onegimpagdiropRrt, dhe

bondi ng devi u
f ur nace. The&ﬁfg?ﬁcga@éﬁo? ﬁgg% |ng gg’\S/ngg%Ogog @her Aﬁﬂ%gﬁgggecp?ode 720
and a groundec?a’i@d nhatoraluctive sabsmdtbagereuted)esa;epuee,otoan:rewschaheelgl ass 25
substrate 740 and.the naongcon strate 75 o] I C s been
appl 1 e o | APEFRBIT REGHOTERTe e HEAG S Rafcabiabdn FERRUEET ol o
ori ent at i1®. Aﬁemtnaéli/ysudmmsdroedmhtas@@mbtmﬁd;idng the noncshdictide under a

t WO subst S are br ought

nor nal
to a tenper af‘gsé'%é? PEQL 19,8031Ng1th She f'Pl‘E’eaﬁs\ﬁf bé’lﬁ'ﬂglgr'é‘f’?é'a 3 en an
appropri ate glntiate s thieflgbsitondBRigafifit a glass substrate with a shape that

conforms to the shape of the coated, nonconductive substrate. The glass
substrate preferably is not coated with the field-assist bonding material on the

20 surface that wili be bonded. The two substrates are placed in a field-assisted
bonding device 700 such as that illustrated in Figure 1. The field-assisted
bonding device 700 has a heating device 710, such as a heating plate or
furnace. The field-assisted bonding device 700 further has an electrode 720
and a ground 730 that allows a voltage to be applied across the glass

25 substrate 740 and the nonconductive substrate 750, to which has been
applied a layer of silicon 760. Arrows 770 indicate the eiectric field
orientation. Generally, the field-assisted bonding is conducted under a normal
atmosphere,

The two substrates are brought to a temperature effective to

30 bond the two substrates together when an appropriate electric field is applied
across the plates effective to accelerate the bonding process. While not
wishing to be bound by theory, it is believed that the combination of (1) an



across the plates effective to accel erate the bonding process. Wile not
wi'shing to be bound by theory, it is believed that the conbination of (1)
an WO 97/ 17302
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720 applied t ass substrate 740 and (2) the greater
exchange- si te&&faﬁfﬂ%y of ions (such as sodium i ons) causecrcggjstg%néﬁsél evat ed

tenperature causes an ion depletion (such as a sodiumion depletion) on the
face of the glass substrate 740 opposite shat to which the cathode is
applied. 5 The ion depletion, it is believed, causes a surface charge at
the bottom electnde 428 appligd i she aless substrata 7 40\pnd: ) SHEIAseLES Wit h t he

creation of a3dHAQE-site m%ﬂ.f?&aéf'-aﬁétﬂcﬁcésr &%‘iﬁ{n insd L BEH R ke Yl diEd

nonconducti ve substrate 7 cl ear I'S process creates
st rong bondi nterbreratse cabsessarbionrdepésticaniduch s a soditrs idretepletiohitdrathet his i s

due to the fo t] Q hem ds be en.th O silica,of th ass
substrate 740*%%(1& fotﬁe i?ﬁ%' sc%’ﬁ&%%) ?‘g@ °83?8&%Aﬁ7?t 0w %?bﬁ*&%ﬁ f’Fvseagﬁl?gt rate
750. Pref ergbiTite idrhdembétiat, iodcbelidled, catisesbbofface chargel?;tqﬁerbahb)h t he
tenperature is

l%rou t to from ag %Solgerr%C t o about e)(?‘a%%aerr
more pref er abPY'?5% ARt Fubsite %ﬁc"‘f GoRietatesoyish thecregtion At FHRNY,, t he
tenperature i mcarm:acﬁ&ﬁwmtmgh P HeRéndontBc fROHIbsME7EDC |k gss than

the 1 5 annealing t nBer ature of the glass being handled, preferably from
about 200Meaf that thi§ proerssrypates syonghondingdesweenithe gubsirgies ands 6.

o E00 o e P BOBARYEY that thisk8/dua48 thy Biiinioh df HB-ARA Horad belibn BROL!

2,500 V, preferably roma 0 about I's appl1ed
across thetQdi sifea gf legg:bgtubs;ta@e 740 adithe silicovenmated ghwsthesubst r at e 750.

Tt Ot age TRahediuEA0E Ykl ¥o) Hlefdiabilt the'dlelid 2608 hRad N

substrates. ol tage he "gl ass™ su Fhonconduct i ve
substrate 750Freifmablx;l rtlngtemweratwe iobrdugheto #66h alppiti200Dto abowtr@OASC,t he
substr at es, | nt.|

achi eved wt h| n eJ?g?yt%gég%%ﬁgﬁgﬁfocalg%‘é %ﬁdl th@ﬁrs"\a‘% ?gihe:\r

di mensi ons of tdrhmergtwsi‘s ISMbghfﬁi&&m SBUixttZOD‘BU ﬁﬂbﬁd&(ﬁd"@ Rebiteae tiiglequat e
25 seali nglélarl es Wth am)ng ot her things, the snoothness of the

subst rat es'® anngalng temperatire\ef she glasshemapandled. rreterahiy dremabeyt ates to
be bonded, theoo°C t8!1BUG lead tharftrd ﬁﬁ&ns%%mﬁé}ﬁtdrewr%%e .prafékstdre

di nensi ons of the substrates. Bondin etween the substrates is

typical |y app4Piage typicglly fipm abouts20R ¥ 1ot ah%"e?cﬁ%ﬁ’arﬂ"é@"@‘/ffm about
glr sappear ?nfﬁgeb \ b6 aB\it £8boi VLS Jp%ﬁé’%aértotsé"tﬁe ﬁ%é(«_ﬁs% st@ir?&O%@%Ber n)
junction between the substrates an ormati on of
gray col or at s¢eadosiaesestbstrgte R8Ot Hidte eltageemestesuitablyrapmlied varies with
20 the thickness of the substrates. The voltage pulis the glass substrate 740
and nonconductive substrate 750, including the silicon layer 760 applied to
one of the substrates, into intimate contact. Typically, hermetic sealing is
achieved within minutes to about one hour, depending on the planar
dimensions of the glass substrates. The time required to achieve adequate
25 sealing varies with, among other things, the smoothness of the substrates,
the conformity of the surfaces of the glass substrates to be bonded, the
electrical field strength, the temperature, and the dimensions of the
substrates. Bonding between the substrates is typically apparent visually,
since it is accompanied by the disappearance of the optical interface pattern
" 30 (e.g. rainbow pattern} created at the junction between the substrates and the

formation of gray color at the bonded regions that can be seen when an
observer looks through the two substrates.
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gl ass, and Corning 7740 borosilicate glass (Pyrex[err], annealing
tenperature = 560[err]C), available from Corning d ass Co., Corning,

NY, are anong the preferred gl asses for use in this invention. O her

gl asses, i ngigwpdhgz soda |line glass, are suitable. 5 Substoraisesisesw ef er ably
pl ates, having a thickness of fromabout 0.2 mMmto about 5 mm

preferabl y fromabout 0.5 mmto about 2 nmare particularly sui t abl e.

Preferred silicon materials for use as fhe fiel d-assist bonding naterial
are pure, non-doped, de d d hav hous Luet u The
nonconducti ve substrat e%ls?’ é?e?@getb g3 &F‘é%%sellfﬁpeg?%ﬁ?'niﬂ%s% Xrde J}\ﬁ%st 10
pref erabl y, bbl@lhﬁ@t&@lﬁﬁb(ﬂywﬁ Mg labﬁédlﬁhb&ehﬁ)egdtﬁﬁs 560°C}, available from The
oot or "ot oA b Kbt RS o el s o L '

si nul t aneougdiy mv‘eﬂtxénpr@&\@f Pegse%nmmdm?&odé e gRNblOSitablgIsed to

si nmul taneouslg bond t hree ass subst Those of
or di nary BkPubstiates, p@é@ghwznéaqeﬁaham aéh@kms ®f f’ﬁ?@ gbout 0.2 mmustrat ed as

provi di ng tgﬁocgkeé“iﬁrﬂggie‘?érahgﬁf %J% b%%'r oaﬁ%rﬁtt‘f?%bgﬁ a8} Ricular} yhheat' ng

devi ces, inc i hg oV e re it is
desi rabl e t suitattieh Prmeadpdssn lmha;pnalhéorcuma‘ &s theefleid assist hending reatpa@isi on of

h b ded b
tOng \S;gr zlt gﬁ%?sp% %é%?%’%?ﬁg’d‘? esr{srgllybfl’fﬁlkgg%bgs av%:a&'lﬁﬁ%%‘g{ﬂg%é[é% Theh se to the

i nventi on i aohédridiictiaé @dbstratkiig preferablylgiaddor alumdifiurhwixide) Mpstem i s
formed o eedthro h plate 300, a distribution

at Iea three plates, a
pl at e 03?@5’@%%"?@88??%&‘@2’?’? st’saxfﬁeéiﬁ Bi gure 2). The feedthrough

plate 300 is 25 bonded Tha ﬁr@@toalo?ttﬁémnﬂanl%laﬁt{ﬁ e tehama 4 GrRsset hod of
the invention. The f eedt hr ough &nate 300 has multiple first el ectrodes

360 and sec8HeStEAtedpangther glass %@ftra g ton2 MoPACRAALIVE SHPEIraSO | s
typically remmyaNebubiyt URG ﬁr@férm(?l él'ﬂg@tflﬁﬁeq? the lnvéﬁtlow\? udb@td i bution plate

310, or the underside of inter ate plate 330 I nt erposed between the
di stri buti osinyitanecgsly band three s*e%a:wbmraé@a | plate 320. 30

Figure 3;ghows the |ayoul Qb of ofliRbdy' dKf WilrekbghiGe TatOwhile a hot plate is

illustrated as providing the heating for the thermal assisted bonding, other
heating devices, including ovens, may be used. 1t will alsc be realized that it is
desirable to match, when possible, the coefficients of thermal expansion of
the substrates to be bonded.

20 B. Liquid Distribution System

One version of the liquid distribution system 100 that gave

rise to the invention is illustrated in Figures 2-4. The distribution system is
formed of at least three plates, a feedthrough plate 300, a distribution plate
310 and a reaction cell plate 320 {Figure 2). The feedthrough plate 300 is

25 bonded to the distribution plate 310 using the method of the invention. The
feedthrough plate 300 has multiple first electrodes 360 and second electrodes
361. The reaction ceil plate 320 is typically removably fitted to the underside
of the distribution plate 310, or the underside of intermediate plate 330
interposed between the distribution plate 310 and the reaction cell plate 320.

30 Figure 3 shows the layout of a distribution plate 310

according to the invention. Figure 4 shows an expanded view of a portion of

a distribution plate 310 that better illustrates some of the features obscured



according to the invention. Figure 4 shows an expanded view of a portion of

a distribution plate 310 that better illustrates sone of the features
obscured WO 97/ 17302
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the scal e of JbetHmBed. Typically, the structures indicatedpcrussshieds! i nes
w | | be formed in the top layer of the distribution plate 310, while
the structures indicated with dotted lines will be formed in the
bottom | ayer of the distribution plate 310, except that in Figure 2

the reaction cells 350 are 54ndicated b oxes i.n_sqljd i n

t hough t hese &Y Frl?cfcd’?eeggglrgé"? $cd y&?aﬁﬁ' e st}/ucl%urleamqrcﬁegr{fg sd’i’/\ﬂiésesmp
appropriate, y&fdrhiedlinahanas idyet onfaclistribRitivh pisteBES While the stridveresop of
the distribution plate 310 with thgse in the bottom

At the top of indlcgtadewih gatteddifestwifi be formeg in thabogpmdlayeioef the 2008,

200C and 200Dy ' M id E: vel : ~Qf LFr'st 10
fluid reserV([))vl‘ lrsgﬂ%g(%ﬁ%véztg%l?@%%é ang{ 52H0f88hﬁea§tt[\% ilro gtceirlggﬁgv%rzer

ext ensi ons P lindipatashly hgxed iBrapliddines aven shdughathese Strunturesy asei locdteden a
definitions) pf | Stinl DUt 1L ] N
reservoir %Wéé'}?aen%s'i w\é&gﬁgﬁﬁkg’gﬁ%&% ggg?éigﬁgé@%%ﬁﬁé#@%‘kéé E‘ame
el evati on as tHectobiafsthe distribution platec820 with tHosedn shapgewed | ocati ons, Al,

D15 (here ave tour fiver el ien ot Rghits et rour st i (BESERERRDORNL S O
?ongect L he f?.oem, 2@6@raheizogﬁﬂtﬁﬂﬁimnﬁ}gﬂaeﬁé%éd?fiﬂ ﬁ%{) Each of tHesk f?mi zon]E al
eeder chnannel se rrent_s re or ne In the Qttom N ayer O

LR ot L T Tararvaire 260R n200k . ROSE Aas e Pk Awoct shisservoir o o1

or El, four agi@r&Bhs bitbdxtéiiihg arthg!subserthiF-BRBRSh EVP R Isee 216, which
20 are connected to separate first reservoir extensions 212, extend al ong

an NS astefinitions) of the gistrikipion plate J0. The ceilingsf the firgtoresgpyoir 12 and
J2. Each bhd v ; _R%irkhe
course of eacﬁx%ﬁ%hﬁé 95‘2%32? 2%¥ gfeoﬁgguab&%égﬁg tﬂ%ﬁ?&ﬁ%@fatﬁeﬁeﬁ“ cﬁannel
segnents 216 fitleyd|.adtfivetstaggered locaiens, A¥, BlaCt.i Dh andIBls a®®m thedkEWshown) .

At these L. . . ol ! . e four
adj acent P‘%ﬁ s%x'g%? iﬂg%msgl?m?eeqégl'ér @ﬁ‘gﬁ}?&ﬁ% the?é gﬁe%fr?é‘gt% 'EStJZ‘%éﬂggrled’égﬁé{?at ely
connect ed, vi 214dpar stoavrgethandomnvect itica First reservainarterisond 251 I math ©wown) , to

e, o [ ouT ek Reebii Bt b Pl 7B e ore FRRSHApE BRRHR 1m0 I
first distriblayeosf tHaadiseibation plaleBioe At sssrosdgheded ibeatdn AhaB1j €130
|t ge;fauc y aSUbBt1 aor}t ‘la,llfLZr ;(Egceenlt%\l{gt flaoor?zo%];aftfeheedefr Ickg}méllslelgmle%\tlse E‘lﬁ,T \I;]V icfhI a
20 are connected to separate first reservoir extensions 212, extend along an NS
axis to ten positions, A2, 82, C2, D2, E2, F2, G2, H2, 12 and J2. Each
position A2, B2, C2, D2, E2, F2, G2, {12 or J2 along the course of each such
set of four adjacent horizontal feeder channel segments 216 is adjacent to a
pair of reaction cells 350 (not shown)}. At these positions A2, B2, C2, D2,
25 E2, F2, G2, H2, 12, or J2, the four adjacent first horizontal feeder channel
segments 216 are separately connected, via separate second vertical
channels 225 (not shown), to each of four perpendicular first distribution
channels 222 formed in the top layer of the distribution plate 310. The
ceilings of the first distribution channels 222 define a second fill level that is
- 30 typically substantially the elevation of the first fill level. The fill level of a
distribution channel {e.g., the second fill level) is "substantially”" the fill level

of the connected reservoir {e.g., the first fill level) if they are offset vertically
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| evel results in filling the connected distribution channel and t he

retention of fluid in the connected distribution channel. The conbi nati on
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and such liquid that isnglidiesdetbih@iddd ixéaemtéd%r@t FRIPMPKiFst £ the
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shown) ar e reservoiroQRthien suhstaptielho el%'&v?' Wﬂlebﬂf gwihtaingddn tie &itss 300 to

create a i g«ggﬁmgn ﬁ?%ﬂgasgzzogbrgfecgégu C@M} dm%wa.r §6?leéJ¥pst

reservoirs rains qU| are const eed into
the first ffegder charmeloZld. IO ¢qsmlingtidn a@cttrsldue to the euoudleﬂlhat twpeservoirs

210 and thi ' LYQLT. [ [, t he use of an

orternal - purshigctd bbEEE L RRLiA il dbnd Y8 68K e fame el S5y ypereThe

Klul ti Cha_nneil;izeaﬂlgé ]E:barmu@d I alkones, |dih.-|tg &dpﬂmemgtlhﬁlﬁbQ\ﬂe rdmamedhatal o
ternative i.ne eve an be .maint rln the level o

A SR PN I il R B AN R e SR R PRt

210 or t¥8 rid fed intof thei filiidi @E<RFvEH zeozﬂﬂmgﬁmﬂ\aﬁﬁém i eAd FeRdtitgugh@laRenps
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di stri buti opyehigHrsin R dj |'s 218,
| ocated to e;chgy gieﬁcégl%%uﬁ %lr?"s‘? 356 'ﬁfsé??fpgﬁﬁ %g@gﬁ;&%ﬁgﬁ%ﬁgggﬁgl ong the EW

axis. Liqui fprongd :Béhggﬂptgm favenphithe feedthrough plate 300 to create a liquid
connection or sluice between the first fluid reservoirs 200 and the drains 380.

20 Liquids are constantly feed into the first fluid reservoirs 200 {as well as the
second fluid reservoirs 210 and third fluid reservoirs 220) typically by the use
of an external pump 15 (not shown}, such as the model number 205U
multichannel cassette pump available from Watson-Marlow, Inc.
Alternatively, a defined level can be maintained by monitoring the level of

25 liquid in the first fluid reservoirs 200 {or second fluid reservoirs 210 or third
fluid reservoirs 220) and only activating the pumps feeding liquid to a given
fluid reservoir when needed to maintain the defined level.

Each set of four adjacent first distribution channels 222 are
adjacent to two buffer channels 218, located to each side of the first

-30 distribution channels 222 along the EW axis. Liquid can be pumped from any
first distribution channel 222 into the adjacent buffer channet 218 by
activating the first pump 360 {indicated in Figure 4 by two filled dots



first distribution channel 222 into the adjacent buffer channel 218 by
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representing the el ectrodes of one type of punp) of the fi 4 bution
channel 222. "¥473%inpi ng creates additional pressure thatgcﬁr&ouvsggs,ﬁk#]e i qui d
over capillary barrier 370 (not shown) separating the first distribution
channel 222 and the buffer channel 238. Between each first distribution
channel 5 222, second distribution channel 224 or third distribution
channel 226 espdesentinghtbe aticrodes obuf\éevpe:hapnmb} 21 theafuct distsimeioreach buf f er
channel 218 a d | adj acent th| rtic chann 390 ed
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distribution channels 222 and the buffer channels 218. From a buffer

channel 218, liquid can be pumped using a second pump 361 (indicated in

Figure 4 by two filled dots representing the electrodes of one type of pump)

to a third vertical channel 390 that connects with a reaction cell in the

15 reaction cell plate 320. Third openings 363 (not shown) in the bottom layer
of the feedthrough plate 300 or the distribution plate 310 serve to create a
liquid connection or sluice between the buffer channels 218 and third vertical

channels 390.



I N THE CLAI MV5: 1. A nmet hod of bonding a gl ass
substrate and a nonconducti ve substrate conprising the steps of: (a)
contacting a surface of t he nonconductive substrate which is coated
with a field-assist bonding 5 material with a conform ng surface of the

gl ass substrate; and (b) applying sufficient heat to the two substrates
and sufficiwolb7yabs age across the two substrates to PomaseId634n0
substrat es together. 2. The nethod of claim1,
wherein a hermetic seal is formed hetween the two substrates. 10

3. The nmethod of claim1, wherein thé%ol tage and heat applied are
effective tg' ﬁ;ﬁgzﬁ@“&gegative surface charge at the conform ng surface
of the nonc Tbstrate. 4. The met hod of
claim 1, wherein the codti ngAahethod offibehdingssglats batretratg andteri al | s from
about 50 nmto a The

met hod of c"¥5H" %ucﬁﬁ%F‘gt?%'a[tﬁgowé’ﬂnﬁg%fﬂeps of j @ goqwasting ao%ﬁtﬂcﬁd’fnat eri al

has an out ethe mtesonaliciidduistdate which is coated with a field-d&sist bbRginget hod of
claim5, wherein the outer layer of Siderr] is from about "15A to about

30A i n t H cRy#tarial with a conforming surface of the glasshsubsirerridaed () aaPiiag wher ei n
the coati ngsofficient hab@{odfr@smosgumméglgn@%&ﬁrdﬂt \ﬂoﬁaéé ge?of%gquét& O nmto -
about 500 nmin hi ckness. e net hod of
claimil, memtmtmteswt,o pord theatwo substratepdogtither.material is silicon or

silica. 25 | n the
field-assist bondi né mat e% g\etﬁr FFltal?r?q QNhe%'% a”ﬁ%me"%ﬁ e%' 10. The
met hod of cfamedlhetwlieeneahe tivhesubstratege applied is from about 200 V to

b 2,500 V. 30 f. cl 0,. wh
?hguflol t%e applied is > fFmethed © éé‘ﬁm\’/-qt'&vhfﬁ%'f]t P’qu'g&gg%gmj har hET ST

WO 97/ 17302applied are effective to create a negative surface charge at the conforming
PCT/ US95/ 142& ace of the nonconductive substrate. 11
4, The method of claim 1, wherein the coating of
field-assist bonding material is from about 50 nm to about 1,000 nm in

15 thickness.

5. The method of claim 4, wherein the coating of
field-assist bonding material has an outer layer of SiO,.

6. The method of claim 5, wherein the outer layer of Si0O,
is from about 15A to about 304 in thickness.

20 7. The method of claim 4, wherein the coating of
field-assist bonding material is from about 150 nm to about 500 nm in
thickness.

8. The method of claim 1, wherein the field-assist
bonding material is silicon or silica.

25 g. The method of claim 8, wherein the field-assist
bonding material is silicon.

' 10. The method of claim 1, wherein the voltage applied is
from about 200 V to about 2,500 V.

- 30 11. The method of claim 10, wherein the voltage applied is

W




12. The nethod of claim1, wherein the heat applied heats the plates

to fromabout 200[err]C to about 600[err]C 13. The
met hod of claim 12, wherein the heat applied heats the plates to from
about 300[err]C to about 450[err]C. 5 14. The net hod of
claim1l, whegel 1%15 heat applied heats t he gl ass subgdedessseso from
about 200[er%]’{0 about 50[err]C less than the | owest anneal i ng
tenperature of the substrates being bonded. 15. The
met hod of claim 14, wherein the heat apphied heats the gl ass

substrates to from about 200[err]C to about 150[err]C | ess than the 10
| owest anneal i ng tenperat lze dfhetmethodbsftalaitre$, wbkrein benbleat, applied heats

16. The net ht?\g p?;tegltgifmn%’abg\qt%@éib3?%@8{;66@%?0'[ ive substrate is

gl ass. ure formed of two

hernetically bonded uB8 as sTheuhsthodt sfsclbiay | DOwhetelty e Réatfdpplidd assi st
bondi ng material interposed, 15 bet\fg n the gl ass gﬁitrat es.

18. The gl asteat F'PR:P@ ¥ oy frem-abeu faoﬁﬁe Wi er of field
assi st-bonging material igqfr Olrﬁear?g’éﬁod_?_ﬁe&ﬁ}ﬁ 9, #peHin Eheoﬂgatqﬁp:lt@d heats

t hi ckness. ) ass structure of c¢laiml18,
wher ei n t he |thpegiasst sulGtmtes - e aboub 8R8° kgtonaitoait S C less than tisdowests0 nm

to about 500 e!a[?n%?me\%f%ﬁg%??Iﬁeesubstrat?? leJFia_g bonde 20.  The gl ass

structure of clarm erern assi sctj‘ bonding material is
silicon or silica. 15. The method of @dim Thewbhkerirs thet heattappiedf cl ai m

17, wherei he 25 fiegld- ' di ' ' il
25" "The ol astoat P piss sBPSREs 17 B ARARAIOR 16 Bugius 11T tess wpp ey, 1
f rom about]050cwest anadling témpPefitid ofithe ltiuBkireRS .being bonded. 23.

The gl ass structure of claim2l, wherein the |ayer of silicgn is from
about 150 nmto about SOO?hm izﬁ‘et'ﬁfe&?ﬁe%fs‘?’a'gb" Wherein the nonconduciive

substrate is glass.

17. A glass structure formed of two hermetically bonded

glass substrates having a layer of field-assist bonding material interposed
15 between the glass substrates.

18. The glass structure of claim 17, wherein the tayer of
field assist-bonding material is from about 50 nm to about 1,000 nm in
thickness.

19. The glass structure of claim 18, wherein the layer of

20 field-assist bonding material is from about 150 nm to about 500 nm in
thickness.

20. The glass structure of claim 17, wherein the
field-assist bonding material is silicon or silica.

21. The glass structure of claim 17, wherein the

25 field-assist bonding material is silicon.

22. The glass structure of claim 21, wherein the layer of
silicon is from about 50 nm to about 1,000 nm in thickness.

23. The glass structure of claim 21, wherein the layer of

silicon is from about 150 nm to about 500 nm in thickness.
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