
;e3e&X&U4@HT6T@J 6k n~~u~~~~~ C.AP;LLAR`! 1NIT!-i GLASS i~TEt=;iv,AL
SURFACE FIELG Or Tt NE INVEhITiOIV i~nenon~ The rnvent;o~ ~ r elates io the
genera f~elc of mrcr cfluidics with particular re~erer~ce to electrically
;solatable rrucro-chancels BACK~ROUI~IG Or Thi= Ii~VENTIO~i Micro-machrr
;::d cdpiifar res ~ save found wide Gppircat~c:: rn a~olcgicu!, ph ;
i~naceuti cal, and chemical al~;.,lrcc;io~ s. Tney also ;~;ay :;~ :r~
~pcrtar,a role in ~?~icr e-f!ma~c devices They can be formed r^ vrio:a
mater ials but, bEC~,~usa of bio-;;on.::~atrbr;~ty conmderuuons) surface
hydrophilic propei`ties, good elects rca~ isolation, general chemical
rnertness, and good optical transparency, glass materials are often prefer;
ed, increasing the rmpertance 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 capillaries has been glass-tc-glass fusion bonding. -;
-his rec,:~;ras special surface clear;, ~g and ireatr??;:nt ternper atures
in the 500-700 C range, which has a ~~egative impact o. ~ process geld. T c
avoid the, fusion 1   bonding process, tha anodic bonding process has been
developed for glass to silicon dioxide bonding {typically on top of a
silicon substrate) However, because si;:con is opaque and the thickness of
the oxide layer used for the b~< ding rs low, strarghtfcova~d application
of anodrc bonding lirnits the range of applications cor its use. Another
important 



limitation is that the thin ox!de provides limited isolation from the
elec,ncafiy conductive silicon substrate sa that only relatively low
voltage differences between ad~oimng capillaries car, be sustained. Several
methods to achieve a capillary with a glass internal su; face have beer
described in the prior art. Fusion bonding of t4J0 glass platas, one of the
plates hamng pre-fabricated channels on the internal surface, rs one e,;
arip~e of the prior art ( D. J._ Harrison, A. Manz, Z.t=an, H.t_udr, H M.
Widmer , Anal Chem 64(1992) i 926-1932). ,R direct bonding technio,ue was
Glso developed in which the glass substrata and t. ie coven plate were fast
surface hydro;yzeG and then Corned by hydrogen bonding, followed o;~
annealing at 500C (S.C.Jacobson, R.Nergenroaer, I-.6 l~outny, R.!. Warmack,
J M Ramsey) Anal. Chem. c6 (1994) i 107-1113). Ancuic banding o,` Gn
oxidized silicon channel water to a glass plate has alreaay bean mentioned.
Sodium silicate or potassium silicate bonding of glasses is a technique for
forming a capillary vrrth a glass internal surface using a low temrerature
process. Hovdever, as was the case for glass f usion -bonding techrii~ues,
surface pre-cleaning Grid air bubble removal are very critical for
achieving good bonding quality. 2   A routine search of the prior art was
ps!formed wcth the followcng referer!ces of interest being found: In US
4,908,112) Pace shows a wafer for analyzing biolog!cal samples using a
capillary conduct. Glass to glass bonding by a polyamide Jas;:et r-:etl iod
has also developed by Pace and others. However, the internal surfaces for
such aypes ocap!Ilary are of different materials, which may cause mc~~ro
flu:dcc ~a~oblems. In US 5,824,204, ,ierman shows a r~mcro-machcnad
cap!ciary dev!ce Anod!c bonding is used for bond!i:g planar glass to a
rrocro-fa"~r!cated s!f!con channel wGter w!ih a partially oxidized, low
stress nitride chGnnel surface i=,ft~=:r Gnodcc t~on~l!ng, tine s:iccon Is
etched away. leaning glass and a partcally ox;~!zea n!tnda str ucture. Th!s
!;!e:hod has the advantages of good optical and electrical !soiat!on pi
opert!es because tr;e s!I!con has 



been etched away. I-tov,~ever, after the silicon has bee! ~ rev ~c~ed, all
that remains !s a vEr y thin partially oxcdczed io4v stress n!trlde film
structurL h~;~.;ng threw ~wolls that forrn the channel. This makes for a
fragcle devcce st!-uct;~!-e, e~~~:;~ !f addctconal protection by polyamide
is Included. Mathies et a!. in US G;261,431 b1 sno~^r a process for a
PCR-C~ dev!ce US --- 6,22a830 b1 (Harr~sen et al.) shows an absorbance cell
for m!cro-fiuldlc devices iiS 6,176,962 b1 (Soave et al.) shows an enclosed
micro-channel str ucture mei<hod US 3   5,376,252 (Ekstrcm at f.) aisc
shows a micro-fluidic structure. The method to fabr ~cate cap~l(aries
witl-r glass inter; .~I surfaces tt-;at ~s d~s;,lased rn the present
invention offers advantages such as goad electrrcai rsofation and apticat
properties as well as a lower process temperature relatrvG :o pl'lol- art
p. ocessus SUMMARY OF THE fNVENT10N It has been an ob~ea of at :east cne
emboduent of tt-~2 present invention to provide a process for
rnanufactu~rir~g a capillary that rs Giectrrcalfy ;~ ~sUlated frcm its ;;n
vrrcnrnant. Another object cf at .east cne ernbodiment of the pr esent
rnvent~on ! gas been that said capillary be visible far optical rnspectron.
Still another object of at least one embodiment of tt^~e present ~nventrcr~
hGS be;n that said capillary be m~cnanrcally robust. A further object of at
;east one embodirnent of the present ;nvenncn nas, been to 4   



provide a process fcr rr ~anufactur;ng a capillary that possesses these
qual;i;es. These objects have c~een achieved by means of a process having
t~rro stages. The f;rst stage, which ;s tr,a same for both of the
InVSnt~on~s two enloodlnsents, cor ~ iprvses forming a micro-channel in the
surface of a sheet of gl:~ssy mate; iGl. For tr,e f;rst embodiment, this
sheet i~ bonded to a layer 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
select;veiy ren;oved, a thin membrane of oxide remains. Using a love temper
ature bonding process, a second sheet of glassy mater;al is then bonded to
th!s membra; iE in the second embod~mant, the s;l;con ;s not fully
remov:.~d Instead, the o~~de ;aver of the T~rst embod;ment ;~ replaced by
an oxidelnitndelox;de tnlayer which provides good electrical ;nsulation
between the capillary and the rema;nir;g silicon BRIEF CESCR(PTIO:~ OF THE
DRAW~hIGS FIGs. 7-fi illustra;e the process steps used ,o manufacture the
firsi component of the structure of the present invention. 5   FIG. 7 shows
the bonding of the first and second components that mane up the f~rsi
embodiment. FIG. 8 shows formation of the capillary FIGs. 9 and 10 show
aiternate ways of forming aC~25S nOIeS to the capillary FIGs. 11-14
illustrate steps in the formation of the second component of the structure
of the second embodiment. FIGs. 15 and 18 show the formation of a hard mask
on the lower surface of the ' second compone< <t of the second embodiment 



FIG. 17 shows t~~e bonding of the first and secone 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 s;ructure after selected
opc~n~ngs have been filled with spm-on . glass. 6   FIG. 20 shows how the
unfiifed openings have been etched through to the capillary FIG. 21 is a
plan view of the structure of the second embodiment of which FIG. 20 is a
cross-section DESCRIPTION OF THE PREFERRED EN180DIV1EiVTS We will disclose
;he presert through descriptions o. Two processes for manufactur- . ing two
embodiments of the invention. In the course of so doing the structur a of
the present invention will also become apparent 1 ~' embodiment Referring
now to FIG. 1, the process of the first embodiment begins ~rnth the
provision of dielectric substrate 11 (typically glass) and u~positing
chromium layer 12 on its lower surface to a thickness between about 0.02
and 0.1 microns. As seen in FIG. 2, this is followed by tha deposition on
the upper surface of 11 of chromium layer 13 ( to a thickness between about
0.02 and 0.1 microns) onto which ~s deposited gold layer 14 to 7 ;. _. 4
a thickness betvreen about 0 2 and 0 6 microns 



As shown in F1G 3, gold-chrome layers 13I14 Gre patterned, using standard
pnotolithograi~hic rr;ethcds To for m a 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
Ute 11 is etc~wd to a ~mtaule depth (typically btween about 5 and 250
microns j theraby forming micro-channel 4'1 which is shown in cr
oss-section in FIG. 4 Then, as seep ~ ~n F IGs. 5 and G, all Bola and
chromium are removed leaving the etched m;cro-channel an place thereby
forming what we will refer to as the first component. A secorn component is
no~,v formed frorn s:i~con s;-,eet 72 (sae FIG 7) vrho5e size is sufficient
for ~t to be able to cover the first component As shown m FIG. 7, a layer
of silicon oxide 71 was for med on !ts lower surface , using plasma er;
haced chemical vapor deposition (P~~L'u)) following which layer 71 was
bonc!ed to the top surface of the first component, thereby forming
capillary 73 Typically, anod~c ponding was used to effect this step. Then,
as shown m FIG. 8, al; of silicon sheet 72 wGs selectively removed,
leav~r~g layer 71 unchanged and in place. This is followad by wr,at is a
key novel feature of the invention, namely the bonding of a sheet of
transparent :.~ielectnc material 91 to layer 71 as illustrated in FlG. 9.
Th a purpose of layer 91 ss to provide mechan~ca; str ength to the 8
structure. Since !t is r!ot required to prov!de a perfect seal for
micro-channel 73 (this f ~av!r~g been provided by layer 71 )) the bond!ng
of layer 71 to layer g1 can be performed a: a Icv, temperature that !s less
than about 90 G. Among the processes that we have found suitable for use to
acccmpi!sh tn!s low temperature boru!ng we !nciude sod!um s!l!c~ie bonding)
potGss!un~ si~!ca;e bonding, and polydemeth~~;s~ioxane bond!nc T;~ere are a



number of possible ~r.G~erra,s and forms ;hat are ava!lab;:,~ for sheet 91
~~hese ;~~clude glass and polydemethyls!toxane sheets. The thrckness of
shear 9 i has ~yp~ca;ly been between about 0.25 and 1 mm When sheet 9 i !s
;r ; posrt!on, rt can be us. d as a hard mask 92 for the etc~~ng of access
holes 95 f rom t;~a o;~isrde world to the capillary ~a s~.en ,n r~ IGs 9
anc; 1 o An important feature of the p; esent !nventron rs that the
format!on of th!s hara n ~a~lt carp be accomplished either after sheet 91
has been bonded to lay;:r 71 or su!table holes can be formed in sheet 91
(for example by being punched out) bafore rt ~s bonged to 7 ~! 2"d
embod!ment The second en;bodrment of the process cf the ,:ovent!on also
b~~gvrrs w!th the formation of first compone;~i 11 wh!ch can be revisited
r:~ F 1G 6 The process for the second compcnent is, however, qu!te
different. As sho~rm !~~: FIG 11, !t bogrns w!th s!I!con 9   sheet 15
followed by tl~e sin;ultaneous gro~~.th of silicon ~ oxide layers 16 and
'?2 (to a thickness bEtweer about 0 03 Und 0 1 microns) on its upper and
lower surfaces respectively (~iG. 12). Next, silicon nitriae layers 36 and
38 are simuitanaously formea o;~ silicon oxide layers 76 and 22
respectively (FIG. 13), to a thiclcness between about v.1 ~nd 0 2 mccrons,
following which sil~ccn oxide layer 37 ~s formed (to a th~cknoss between
about 0.2 and 0.5 microns) on silicon nitride layer 36 (FIG. 14). Then,
photcr2sist mask 51 (FIG 15) ~s used to form hard mask 53 from silicon
n~tnde layer 38 (F IG 16) which rviii be used Gunng the formation of
various open~nJs needed by the structure These openings are t~'~en aligned
relative to micro-channel 41 (ssa FIG 5), 



following which the first component is bonded to silicon oxide layer 37,
thereby tormi;ig capillary 73 as shown m FIG. 17 Then, then, usm? said
silicon nitnde hard rnask, openings 85 and 86 are etched m silicon 15, as
shovm m F ~G 18, follo~m~n~ which opening 86 is filled with spin on glass
98 as shown m FIG 19 This allows etching of ti~u unfilled openings to
continue unto! then eby forming access holes 93 as shown an F1G. 20.
Seiective filling of open ~ings such as 86 is Gchieved by dr~ppin~; tha
sontion directly into t,~ern and then spinning tha wafer slov~rly so that
it spreads out to r,:i nn protective layer 98 FIG. 21 is a pla mew of the
structure of tf ;e second embodimen~, with FIG 20 10   being a
cross-section taken thr c~:gh 2C-20 .n !=.G 21 The advantages of the second
en-;bod;ment over the pnor art Ur a (a) ;he oxtdelnitndelox;de trilaS,~er
comutnes superior msulat,cn w;th lovrer ~nterna( stress rela<iv~ to a
single uniform layer of tt~e sa.r,e thickness and (b) the outer ring o-:
si!~;on ~s ;:,va~!ab!e for locating stor age rcservoars, met ai ~d outlet
channels, atc 11   CLAIflS 1. A pr ocess to m~:n:.i~acture an eleciricaiiy
insulated capillary, compnsmg~ forming a micro-channel m Gn upper surface
of a :;beet of a first glassy mater ial, forming a layer of a second glassy
material on a lower surface of a substra:~, bonding said i~rst glassy
material to said second glassy rnatena~, thereby fog ~;~o~g said capillary,



selectively rernomrg ali material of v,~hich said substrate is formed; and
then, at a temr~eratur4 that rs less than about 90C , bondmc~ a sn~;et of a
transparent d~eiectric material to said second glassy matenaV layer 2. The
process descr abed m claim 1 wherein said sheet cf tr ansparent d~eiectnc
material ~s selected from the group cons~stmg of glass and
polydem~tnylsUoxane 3. The pr ~CeJJ descr abed .n claim ? whare~n said
sheet of irGnspai ent rl;e!ectnc material has a thickne:a between about Q
25 Grid 1 nom 4. The pr ocess described .n claim 1 wf^,ere~n the step of
bonding said sheet of transparent dielectric material tc said second glassy
mai~:nal layer ~s selected iror,~ the group of bonding processes cansistmg
of sodium silicate, potassium silicate, and polydemethyls~loxai ~e :,o.
ding 5. The process des,:r ibed m cia~m 1 further comprising etching access
holes to the 1~   cap!ilary through sa;d she;:t of tr ansparent d!eiectnc
mGtenal and sa!d se;.ond glassy matenaf layer after sG!d sh;:et ct d!a;
ectnc !~;ater!al has beer bonded to :>a!d secod glassy maternal layer. 6.
The process descr rbed !n clam 1 further compr!s!ng etch!ng access holes tc
the capillary through sa!d sr~eet cf transparent d;electr;c mater!af prior
to bonding to s.:!;~ second glassy mater;al Layer. 7. A process to
ma~wfacture a cap;llary, compr!s!ng provrd!ng a d!electr!c substrate hav!ng
upper ar~d lower surfaces, depos!ting a layer of chrom!um on sa!d lower su;
-face and, on sa! i upper su lace, depos;trng a layer of ch: or;~;um
foIloVJed by a layer of go;c~, 



pattern!ng sa!d gold-chrome layer to form a tiara mask that def!nes sa!a n
i!cro channel and then, using sa;d hard masl~~, etc!~!ng sa!d c,!alectr!c
substrate to a depth, thereby forming a m!crc-channel, then rernovrng ail
gold and chromrum form sa!d upper and lower surfaces, thereby forming a
f!rst cornponent; providing a sheet of s;iicon having a lov~cr surface a;~d
a s!ze that as at least ec;ual to that of sa;d d!a;ectric surastrate; on
said lower sii!con surface, formGng a layer of s!1!con ox!de; bond!ng Said
!aver of s!licon ox;de to said t!rst corivponer~t, thereby form!ng sa!d 13
capillary; then selectively removing afl silicon in said snEet :while
leaving :;aid silicon oxide layer unchanged and m plGce, and then, at a
ten;perature that is less t'r;an about 90 C , bonding a sheet of transpare;
~t dielectric material to said silicon oxide layer 8. The process descnb~d
rn claim 7 mherem sari aheet of transpGrent diefectnc material is selected
from the group consisting of glass ai <a polydemethylsilo:.~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 mm 10. The process
described in claim ? wl;erein the step of bonding saia sheet c. transparent
dielectric material to said silicon oxide lGyer is selected from the group
of bonding processes consisting of sodium silicate, potass~urn silicatE,
and polydemethylsiloxane ponding. 



11. The process described in claim 7 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
matenaf has peen bonded to said silicon ox; de Payer 14   12. The process
descr;bed ~t ~ cla;rn r 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
described m claim 7 wherein said layer of silicon 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 ;mcr ons 15. The process
descr;bed in claim ? wheren~ bonding s:;d layer os;l!cor; oxide to ;>md
first component, there,y forrnmg said cep;llary ~s achieved us~~~ ~ anoG~c
bonding The p; ocess described ;,~ claim r wnerem the depth to which sued
;~iclectnc substrate is etched to for;'n tf^~e n ~~cro-channel ~s bet4v;:en
abo~a 5 ur;d 250 m;cro~ ~s 17. A process to manufacture G cap;flary,
comprising prov;d;ng a dielectric sub~t: ate having upper and lower
surfaces, on said lower s:!sfGCe, de;~os;ting a f;rst layer of chronnum
and, or sari u,~per surfGc:e, depas;ting a layer of gold on a second layer
of c;~,rom:urn, pattern;ng said gold-cr:rome layer to form a tiara mask
a~at aef;nes said m;cro 75   



channel and then, using said hard rrrask, etc~~~ng said d~electnc substrata
to a depth, thereby forming a n-,icra-channel, then removing al( gold anu
chromium term said upper and lowzr surface, thtr eby forming a firs;
component; pramdi; ~g a sheet of sVcan hamng upper and fowe~~ suifaces and
a size that is at least equal io Lhat of said d~elcc~r is substrate, on
said upper and lowar sUcon surfaces, for ming fir st upper and first lowor
lay ers of silicon oxida; on said ~;rst upi~er 2nd first !over layers of
mi~con o; idc, forming ,apper and lo~~~rer layers of s;l~con n~tr~de,
forming a second upper layer of silicon ox~da an s~:~~ upper layer of s;l;
car, ; ~itnde, and patter ning said !o~dver layers of sil;;.on n;tnde and
o;ade io tom a ha~;i ma~;~ that defines ane c~ r~;are openmos, then, after
aligning said openings r e!ative to said n' !cro-channel, bondin ; :;aid fn
st component to saga second upper layer of silicon oxiae, t; ;eraby forn;
~ng a capillary, then, uswg said hard mask, removing all silicon f, om said
op~:n~ngs and then selectively filli; gig, with spin or; glass, ail
openings that st;li terminate wits ~ sclicon, and then removing ail
si'.icon oxide and silicon n~tr~de from ms~de any unf~iled opei pings,
thereby forming access ~,oles tc said capillary 18. The proc;as described
in claim 1? wherein said fvrst layer of chromium is depcsvteu 16   to a
thickness bezvraer: :~:aou; 2'~W and 1,OGG Angs;ro; ~ ~~ 19 The process
descr rbed rn clmm 17 wherein staid second layer o1 chromium is deposited
to a thickness bez~Neen about 200 and ~i ,u00 ~ln3stroms 



20. The process described in claim 17 wherein sand layer of cold is
deposited to a thtckness between about 2,000 and 6,000 Angstroms 21. The pr
ocess descr ibed in claim 17 wherein the depth to which said ::ielectr is
substrate is etched to form the micro-channel is between about 5 and 25C m;
crons 22 The process descnbEd i n claim 17 ~wherern sand fifst upper layer
of silicon oxide .s formed to a thickness bet~rveen about 0 03 and C 1
microns 23. The process descnbad rn claim 17 wherain said first lower layer
of silicon oxide rs formed to a thickness between about 0 03 and 0 1
microns 24. The process described rn claim 17 wherein Bard upper layer of
silicon nitride rs formed to a thickness betv~ee;~ about 0.1 and 0.2
rnrcrons 25. The process aescr;ia~d in claim 17 wherein said lower layer of
s!Iccon ni,ride is 17   formed to a thickness between about 0 1 and 0 2 rr;
icrens 26. The process cescribed in claim i 7 wherein said second upper
layer of silicon ox~Je is formed to a thickness between about 0.2 and 0 5
microns 27. An electrically insulated capillary structure, ccmpr isrng a
sheet of a glassy material having a lower surface, a sheet of silicon. ,
~avrng an upper surface on which is a trilayer that fur then comprises a
first layer of :;;ficon oxide on a first layer of s!iicon nrt~~ide on a
second layer of silicon oxids; said sheet of silican having a lower surface
on which is a bilayer thai fur,her comprises a third layer oz silicon oxide
below 4vhich is a second layer of silicon nitric::. a first opening ;hat
extsnds through Second iaye; of silicon nit, ide 4s far aJ JaI,~ second
layer of si;icon oxide; a second cpening that extend through second layer
of silicon nitnde as far as, and all the vray th; augh, said first Payer of
silicon o~;rde, and the lower surface of said sheet of glassy material
being bonged to said first layer of silicon oxide with said sheets being
aligned so t1 fat said first opening overlies said 



micro-channeS and s2cono ooen,ng provide access ;o sa;d micro-channel 28.
The structure descr ibed in claim 27 ~nrherein said micro-channel has a
depth 18   between about 5 ano 250 m;crons 29. The structure desenbed ;n
clam 27 wherein said first layer of sncon oxide has a thickness between
about 0.03 and 0. ;~ microns. 30. The s'truc~ure descr ibed m cia~m 27
wherein said second layer of s;licon oxide nas a thickness between about
0.03 and 0 1 microns 31. The str ucture desc~~bed i~~ claim 27 wherG:n said
fiat layer of silicon nitride h~:,~ a thickness betYveen abou: u. i and 0 2
microns 32. The structure desc:vn~:d it claim 27 whare~n said second layer
of silicon nnnd~ 1-as a thickness between about 0 1 aria 0.2 microns 33.
The structure de5cr abed m claim 27 wharei; ~ said trnrd layer of silicon
oxide has a thickness bet~rreen about 0.2 and G.5 microns. 34. The str
ucture described ~n cl2im 27 wherein said second opening ~s f filed ~,~ith
spin on glass. 19 .As.A .AR.A .A9.A9.Ae.A,
.AAf.AL?.A`,.A39y.A{,.A.e.A&Af.A9y.A&.R.A{S.Ah@;V_c'>MRV-   87  
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