CAPI LLARY W TH GLASS | NTERNAL SURFACE FIELD OF THE | NVENTI ON The
invention relates to the general field of mcrofluidics with
particular reference to electrically isolatable mcro-channels.
BACKGROUND OF THE | NVENTI ON M cro-machi ned capill aries have found
wi de application in biological, pharnmaceutical, and chem cal
applications. They also play an inportant role in mcro- fluidic
devi ces. They can beCASTHRARY WIiAT GOASSANTERNAIsSBRFACBecause of bi o-
conpatibility considerations, surface hydrophilic properties, good
electrical isolation, general chem cal inertness, and good opti cal
transparency, glass materials are often preferred, increasing the
i nportance of being able to fabricate gl ass capillaries or

capillaries having a gl as %ﬂ% Nﬁﬁ? The conventiona

approach to fabricating g ass capiTlarie as been gl ass-to- gl ass
fusion bonding. This requires special surface cleaning and treatnent
tenperatures in the 500-700C range, which has a negative inpact on
process yield. To avoid the fusion bonding process, the anodic

bondi ng pr ocese wagntisaarlagrsvie| thp geperal fieht o gma@raﬂwémﬁ|W1rbcaﬁﬂa41@rxreé@ence to

bonding (typically on top of a silicon substrate). However,
electrically isolatable micro-channels.

BACKGROUND OF THE INVENTION

Micro-machined capillaries have found wide application in biological,
pharmaceutical, and chemical applications. They also play an important role in micro-
fluidic devices. They can be formed in various materials but, because of bio-
compatibility considerations, surface hydrophilic properties, good electrical isolation,
general chemical inertness, and good optical transparency, glasé materials are often
preferred, increasing the importance of being able to fabricate glass capiliaries .or

capillaries having a glass internal surface,

The conventional approach to fabricating glass capillaries has been glass-to-
glass fusion bonding. This requires special surface cleaning and treatment
temperatures in the 500-700°C range, which has a negative impact on process yield.

To avoid the fusion bonding process, the anodic bonding process has been developed




because silicon is opaque and the thickness of the oxide |ayer used

for the bonding is |low, straightforward application of anodic

bonding limts the range of applications for its wuse. Another
inportant limtation is that the thin oxide provides |imted

isolation from the electrically conductive silicon substrate so that
only relatively | ow voltage differences between adjoining

capi | | aforeglasauto Blicsn slignide dondaygtwicaiptdmop dfoa ailidbr \substraepi IHavever,
with a glass internal surface have been described in the prior art.

Fusi on bebgiistgsifort WoogAdiESaid &iccthickpBss of tHeexigd Myes ukal ifBi¥the bonding is
pre-fabricated channels on the internal surface, i's one exanple of

the pri i ' : : j Ane :
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bondi ng,of an oxi dized sjljcon channel wafer to a glass plate has
al r eady bﬁ&’@?%ﬁ?i”ﬂ&%ﬁp”g’dﬁslﬁﬂsﬁq syshtiBedr potassium silicate bonding

of glasses is a. technique for formng a capillary with a gl ass

internal surface using a |low tenperature process. However, as was

the case for glass fusion bonding techniques, surface pre-cleaning

and air bubbBevaranmathddsdo achieveya capiltary svithfagglasa diterel sugfago bl elbeam desgribed

auat it y'in the prior art. Fusion bonding of two glass plates, one of the plates having pre-fabricated
channels on the internal surface, is one example of the prior art ( D. J. Harrison, A. Manz, Z.Fan,
H.Ludi, H.M. Widmer, Anal. Chem. 64(1992) 1926-1932). A direct bonding technique was
also developed in which the glass substrate and the cover plate were first surface
hydrolyzed and then joined by hydrogen bonding, followed by annealing at 500°C
(S.C.Jacobson, R.Hergenroder, L.B.Koutny, R.J. Warmack, JM. Ramsey, Anal. Chem. 66
(1994) 1107-1113). Anodic bonding of an oxidized silicon channel wafer to a glass plate
has already 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 technigues,

surface pre-cleaning and air bubble removal are very critical for achieving good bonding

quality.

A routine search of the prior art was performed with the following references of

interest being found:



A routine search of the prior art was perfornmed with the foll ow ng
references of interest being found: 2 In US 4,908, 112, Pace shows a
waf er for analyzing biological sanples using a capillary conduit.

G ass to glass bonding by a pol yam de gasket nethod has al so

devel oped by Pace and ot hers. However, the internal surfaces for such
types of <capillary are of different materials, which nmay cause mcro
fluidic problens. In US 5,824,204, Jernman shows a m cro-nachi ned
capillary device. Anodic bonding is used for bonding planar glass to

a m cro-fabrijgated sid | £EP&ARGLs WalSer foM érﬁhl?znﬁ@bbl@d[&é{ s%ﬁﬂégﬁgmg a

| ow stress nitride channel surface. After anodi ¢ bondi ng

silicon Ve i I n d

nitride s d "%bﬂ(}r%gda%i %Ialsgatgh@gsﬂ b%%aﬁ‘g g%vaﬁ?%es o%lag%%td oﬂﬁ FS also
and el ec i on ertl because the

ot ched 4 &Fo?ﬁgméﬁﬁceaﬁpﬁ SRS LS Ee puBhal shitbets T st dypes of
remains i s |alI xldlzedlowstresnltrldefllm

st ruct ur@Pf @lc?fh:;]ﬁ%reﬂ alt@"atl%é'l’%'?rbﬁﬁytwsﬁﬁaﬁrﬁ uidigRreblemRes for a
fragile device structure, even if additional protection by polyam de
is included. Mathies et al. in US 6,261,431 bl show a process for a

PCR- CE device. US 6,224,830 bl (Harrison et al.) shows an absorbance
cell for m crin-WYEudb.8R4,284yiJesvan ybows a micro-machined capillary device. Anodic

bonding is used for bonding planar glass to a micro-fabricated silicon channel wafer
with a partially oxidized, low stress nitride channel surface. After anodic bonding, the
silicon is eiched away. leaving glass and a partially oxidized nitride structure. This
method has the advantages of good optical and e]ectribal isolation properties because
the silicon has been etched away. However, after the silicon has been removed, all that
remains is a very thin partially oxidized low stress nitride film structure having three
walls that form the channel. This makes for a fragile device structure, even if additidnal

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 (Harrison et al.) shows an absorbance cell for micro-fluidic devices. US
6,176,962 b1 (Soane et al.) shows an enclosed micro-channel structure method US

5,376,252 (Ekstrom et al.) also shows a micro-fluidic structure.




6,176,962 bl (Soane et al.) shows an encl osed m cro-channel structure
met hod US 5, 376, 252 (Ekstromet al.) also shows a mcro-fluidic
structure. 3 The nethod to fabricate capillaries with glass internal
surfaces that is disclosed in the present invention offers

advant ages such as good el ectrical isolation and optical properties
as well as a lower process tenperature relative to prior art

brocesses. SMARHGR SHELHANENEL MG WA YRRSRIGHaI0direbs Bhaiab diditod
one enbodi nent of the present invention to provide a process

manuf ac t gt [
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i nventign _has been that |IIar

| nepect PhpEHEer A Wil e PRt prty o Bbbielie Yo Bl kb,
present invention has been that said capillary be nechanically

robust. A further object of at |east one enbodi mrent of the present

i nvention has been to provide a process for manufacturing a

capillary that possesses these qualities. These objects have been

achi eved by neans of a process having two stages. The first stage,

which is the sane for both of the invention's two enbodi nents,
conprises formng a 4

SUMMARY OF THE INVENTION

It has been an object of at least one 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 one embodiment 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 invention has been that said

capillary be mechanically robust.

A further object of at least one embodiment of the present invention has been to provide a

process for manufacturing a capillary that possesses these qualities.

These objects have been achieved by means of a process having two stages. The first

stage, which is the same for both of the invention’s two embodiments, comprises forming a



m cro-channel in the surface of a sheet of glassy material. For the
first enbodinent, this sheet is bonded to a | ayer of oxide, that
lies on the surface of a sheet of silicon, thereby sealing in the
capillary. After all silicon has been selectively renoved, a thin
menbrane of oxide remains. Using a | ow tenperature bondi ng process,
a second sheet of glassy material is then bonded to this nenbrane.

I'n the s8ERNICha8ANIGIHER B aceldg sBdek | bPQE’ss& Snafpial. f ®bd tHe Efsmﬁﬁéhlmkﬁ}sﬂzﬁas‘ﬂeet is
the oxide layer of the first embod |nent S replaced by an

oxi de/ n'b HH%F{ Oﬁ(ia gr xu@/ %}?alt W@s 811 agee 3f gg}geet 01e sfi? : c'the?ebéﬁf:ﬂﬁlg in the

i nsul at i ol e capi e remainin on

DESCRI PTI 6 illustrate the process st,
used to alryacgg% %A&?ﬁgﬁ ?F&rﬁﬁﬂ?ﬁ%YPJY BFIGHE & SR (ARG Qe remains.

present invention. FIG 7 shows the bonding of the first and second
conponeri{sing hlewv temperatyse bonding nregess, enproad ghast of ghssy mgicsiplogshen bpndedite s
of the capillary. FIGs. 9 and 10 show alternate ways of formng

access hodmlwate Inhke smpid émabodimer, the &icorlib-nbd fuillylrerndvedt dnssd¢adpthe ioride feyer
formati on of the second conponent of the structure of the second

enbodi magtthe FiréSemBRIiaBE k6reflROM by anf Qhdetitrie/oRfdearinaed wmkpmldbb@ood
| ower surface of the second

electrical insulation between the capillary and the remaining silicon.

BRIEF DESCRIPTION OF THE DRAWINGS

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

structure of the present invention.

FIG. 7 shows the bonding of the first and second components that make up the first

embodiment.
FIG. 8 shows formation of the capillary.

FIGs. 9 and 10 show alternate ways of forming access holes to the capillary.



conmponent of the second enbodiment. FIG 17 shows the bonding of the
first and second conponents that nmake up the second enbodinment. FIG
18 shows the structure after openings have been forned using said
hard mask. FIG 19 shows the structure after sel ected openings have
been filled with spin-on glass. FIG 20 shows how the unfilled

openi ngs have been etched through to the capillary. FIG 21 is a plan
view of the structure of the second enbodi nent of which FIG 20 is a
cross-section . DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 6 W wil |

- di sclose the n SGI.L Pt ]

manuf act ur i ngﬁ?gbsﬁ'fe‘}n%%g? &rerg Ettegse%ﬁ E‘!f E&éﬁlgﬁ(\?/ne%{ tlh%)\#.)coﬁ% Qﬁé&ggtuéfgfée S?ucs%r e of
doi ng thtﬁ structure.of the present invention wll also becone

appar ent*¢ i %@)‘Eﬂ"ﬁ%‘?{t Referring nowto FIG 1, the process of the
first enbodi ment begins with the provision of dielectric substrate

11 (typically glass) and depositing chromumlayer 12 on its | ower
surface to a thickness between about 0.02 and 0.1 mcrons. As seen

in FIG 2, tHl6sik dml 1toskes thy ftdvetiod e adiatd waskom thhdowgperfacucff the eecond
of 11 of chromumlayer 13 (to a thickness ‘between about 0.02

component of the second embodiment.

FIG. 17 shows the bonding of the ﬂrsf and second 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 structure after selected openings have been filled with spin-on glass.
FIG. 20 ghows how the unfilled 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 EMBODIMENTS



and 0.1 mcrons) onto which is deposited gold layer 14 to a thickness
bet ween about 0.2 and 0.6 mcrons. As shown in FIG 3, gold-chrone

| ayers 13/ 14 are patterned, using standard photolithographic nethods
to forma hard mask that defines the shape 31 of a m cro-channel and
then, using this hard mask, dielectric substrate 11 is etched to a
suitable depth (typically between about 5 and 250 m crons) thereby
formng mcro-channel 41 which is shown in cross-section in FIG 4.
Then, as seen in FIGs. 5 and 6, all gold and chrom um are renoved

! eaving t he %g%[iﬁxs%s%rtﬂ 'ﬁx@?eﬂp%lrod d@l %g:ﬁoﬁsho Ecv%j ﬁ%EQSEé‘Q[fBQm‘C‘a@ﬁ%cu‘ﬁ%g two
will refer to as &P st componert . R8eC0nd "CORPORErt I 5 now

formed fr silic sheet .72 (see FIG 10Se size is ufficient .
for it FEUBLmEpisl e dcwion 4 the P@FS%@%&#@?& the Ailictifs,f haprerel myention
| ayer of silicon 7 oxide 71 was fornmed on its |ower surface , using

pl asna &fhalee heeamsmappaienivapor deposition (PECVD), follow ng which

| ayer 71 was bonded to the top surface of the first conponent,

thereby formng capillary 73. Typically, anodic bonding was used to
effect this step. Then, as shown in FIG 8, all of silicon sheet 72
was sel ectively renoved, leaving |ayer 71 unchanged and in pl ace.

This is followed by what is a key novel feature of the invention,
namel y the bondi ng of a sheejs Qfpdfaggrarent dielectric material 91

to layer 71 as illustrated im FG 9. The purpose of layer 91 is to
provide mec hﬁgfe%%llg 1§otvy %rﬁbh 1,t e %ero%essétol% %tﬁjrgtedmbgldﬂnge%t Légiﬁsswﬂl? Ehe provision of

dielectric substrate 11 (typically glass) and depositing 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 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 layer 14 to a thickness between about 0.2 and 0.6

microns.

As shown 111 FIG. 3, gold-chrome layers 13/14 are patterned, using standard
photolithographic methods to fon_n a hard mask that defines the shape 31 of a micro-channel and
then, using this hard mask, dielectric substrate 11 is etched to a suitable depth (typically between
about 5 and 250 microns) tﬁercby forming micro-channel 41 which is shown in cross-section in
FIG. 4. Then, as seen in FIGs. 5 and 6, all gold and chromium are removed leaving the etched

micro-channel in place thereby forming what we will refer to as the first component.

A second component is now formed from silicon sheet 72 (see FIG. 7) whose size is

sufficient for it to be able to cover the first component. As shown in FIG. 7, a layer of silicon



required to provide a perfect seal for mcro-channel 73 (this having
been provided by layer 71), the bonding of layer 71 to layer 91 can
be perfornmed at a | ow tenperature that is less than about 90 C
Anong the processes that we have found suitable for use to acconplish
this low tenperature bonding we include sodiumsilicate bonding,
pot assium silicate bonding, and pol ydenethyl sil oxane bondi ng. There

are a nuiher 705 R & RIS abfadndudify ?ﬁiﬁl(}g? aeEf ché%ﬂﬁ@flllv%mn?%éé)%iﬁon

sheet 91. These include glass and pol ydene oxane sheets.

thi Cknes(%’Eﬁee ),S g@%}wsu?% w%cﬁl fa%gri ‘flalwlfa%/ b%lfelger(]ib%elt.h\éetglg Sa acl“clet ofo %1% Sr%rgg(g%ponent,

mm  When“'s n position, 1t can be uUsed" as a har

for the etchi of acges hol es_ 95 from t he outsi de rid to the.

capi | | arfﬁer o Blals e § Yaﬁﬂllﬁél?o‘{&%b‘?%r‘i’aéﬁlﬁeff Batlartdtis 5o ne
present invention is that the formation of this hard nask can be
acconplished either after sheet 91 has been bonded to |ayer 71 or
-suitable holes can be forned in sheet 91 (for exanple by being

punched out) THehpaseshotvniis Fiardjel of eiliédn si@clTdwesratadtivein terddved sleadngl layer
enbodi nent of the process of the invention also begins with the

formati on @chaddeti shd GRPREAEMhiskid MWl ARKAESs hal Hob @ dedtireFdf@he Givention,

The process for the second conponent is, however, quite different. _
As shown iy ih@boilléing'otf a.bsﬁgét%% tf’e\ﬂ:tﬁ%:e%:t i cffic ﬁ@ﬁa&]% & ll}e?%% .t?l\»lllt(srhl&f%d in
si mul t aneous gr owmt f silicon oxi'de layers 1b an 2 (t'o a thickness
bet ween ﬁ@oﬂt Tgé 8§1p%96d0fqél);ér 91 is to provide mechanical strength to the structure. Since it is not
required to provide a perfect seal for micro-channel 73 (this having been provided by layer 71),
the bonding of layer 71 to layer 91 can be performed at a low temperature that is less than about
90 °C. . Among the pfocesses that we have found suitable for use to accomplish this low
temperature bonding we include sodium silicate bonding, potassium silicate bonding, and
polydemethylsiloxane bonding, There are a number of possible materials and forms that are

available for sheet 91. These include glass and polydemethylsiloxane sheets. The thickness of

sheet 91 has typically been between about 0.25 and 1 mm.

When sheet 91 is in position, it can be used as a hard mask 52 for the etching of access
holes 95 from the outside world to the capillary as seen in FIGs. 9 and 10. An important feature
of the present invention is that the formation of this hard mask can be accomplished either after
sheet 91 has been bonded to layer 71 or suitable holes can be formed in sheet 91 (for example by

being punched out) before it is bonded to 71.



mcrons) on its upper and | ower surfaces respectively (FIG 12).

Next, silicon nitride |ayers 36 and 38 are sinultaneously formed on
silicon oxide layers 16 and 22 respectively (FIG 13), to a

t hi ckness between about 0.1 and 0.2 microns, followi ng which silicon
oxide layer 37 is forned (to a thickness between about 0.2 and 0.5
mcrons) on silicon nitride layer 36 (FIG 14). Then, photoresi st

mask 51 (FIG 15) is used bafpombtard mask 53 fromsilicon nitride

| ayer 38 (FIG 16) which wilT be used during the formation of various
openi ngs needed by the structure. These openings are then aligned
relative to mcro-channel 41 (see FIG 5), following which the first
conponent is honded.to,silicon.oxide |ayer .37, .therepy.form .
Capl [l ary 73 THE Scxomg ghbpsimenicot (o prosrss 4t Terieyentiorplig beainegith B degpation of
nitride hard nmask, openings 85 and 86 are etched in silicon 15, as
shown i rfiretagmppgentfld| which pan bihicrisiteshisrfilGg 6 8 §he srocess|farithgisespnd spmpesent is,
glass 98 as shown in FIG 19. This allows etching of the unfilled
openi ngshorsveaoatitendiffersnt. | As shvevrein\FIGE bt ,nitriggias eith sillvoh ebeed 95 dllosted vy the
in FIG 20. Selective filling of openings such as 86 is achieved by
dri ppi ngihtlemselsutrbwih otisilieeh byidé Iversti hand 2ndo b AaekneR Bykves dbbe: 0065 £1d 0.1
slowy so that it spreads out to formprotective layer 98. 9 FIG 21

is a plag.n § odinent, with FIG
20 bel g ey R P R e8I T Rl 6 o1

Next, silicon nitride layers 36 and 38 are simultaneously formed on silicon oxide layers
16 and 22 respectively (FIG. 13), to a thickness between about 0.1 and 0.2 microns, following
which silicon oxide layer 37 is formed (to a thickness between about 0.2 and 0.5 microns) on
silicon ﬁitride layer 36 (FIG. 14). Then, photoresist mask 51 (FIG. 15) is used to form hard mask
53 from silicon nitride layer 38 (FIG. 16) which will be used during the formation of various

openings needed by the structure.

These openings are then aligned relative to micro-channel 41 (see 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 nitride hard mask, openiﬁgs 85 and 86 are
etched in silicon 15, as shown in FIG. 18, following which opening 86 is filled with spin on glass
98 as shown in FIG. 19. This allows etching of the unfilled openings to continue until thereby
forming access holés 99 as shown in FIG. 20. Selective filling of openings such as 86 is
achieved by dripping the solution directly into them and then spinning the wafer slowly so that it

spreads out to form protective layer 98. .



The advant ages of the second enbodi ment over the prior art are (a)

the oxide/nitride/oxide trilayer conbines superior insulation with

| ower internal stress relative to a single uniformlayer of the sane

t hi ckness and (b) the outer ring of silicon is available for

| ocating storage reservoirs, inlet and outlet channels, etc. Wuat is

claimed is: 10 1. A process to manufacture an electrically insul ated

capillary, conprising: formng a mcro-channel in an upper surface

of a sheet of a first glassy material; formng a |layer of a second

glassy maleriggh SNih LONSonPl 8 SRuRlre e iRUBSLANRi0aRNG! DO, ERE D0 being o
second gl assy materl a , er eby

first glassy material*to sa

form ng said capillary; ecti y.renoving all material of which
sai d sdﬂ@??gF@gﬁﬁﬁ?6%?&§EQQ£%&nﬁﬁéh?Lat a tenperature that is |ess
t han about 90 degree. C., bonding a sheet of a transparent

dielectric material to said second glassy material |ayer. 2. The

process described in claim1l wherein said sheet of transparent
dielectric The advantages of the second embodiment over the prior art are- (a) the

oxide/nitride/oxide trilayer combines superior insulation with lower internal. stress relative to a
single uniform layer of the same thickness and (b) the outer ring of silicon is available for

locating storage reservoirs, inlet and outlet channels, etc.

What is claimed is:

10




material is selected fromthe group consisting of glass and

pol ydenet hyl si | oxane. 3. The process described in claim1l wherein
sai d sheet of transparent dielectric material has a thickness

bet ween about 0.25 and 1 nmm 4. The process described in claim]l
wherein the step of bonding said sheet of transparent dielectric
material to said second glassy material |layer is selected fromthe
group of bondi ng processes consisting of sodiumsilicate, potassium

silicate, and prbysksmes hyhsirkobied earb @stitically Sinsilagedd lcapiasy, d@ﬁﬁlbmsmgi
inclaiml fL#rther conprising etching access holes to the capillary

t hrough sai d 'eHaiBg %fm'PFanﬂﬁfg“\eér\‘t‘ ) dpeek sHEaGmoba sheahal Saf @t yé%%ﬁa{d
gl assy materipghicligyer after said sheet of dielectric material has
been bonded to sald second ?Iassy material |ayer. 6. The process
descri bed in cl&rming aulayaeof cosecosd rgipssycmiateyishore eslowsresurfase ¢he
capillary througgb ?{g sheet of transparent dielectric material prior
to bonding to Said sécond glassy material |layer. 11 7. A process to

manuf acture a clagmdihgsyid firetplaksy ntenyl avisdidigecond @hest materkllbbrattye
havi ng upper and | pwer surfa es; eposi ti ?1%; a Ia){er of . chrom um on,
said |ower surfQEBNg,gaid,rarlany: ively remioving all material of which said -
substrate is formed; and then, at a temperature that is less than about
90.degree. C., ‘
bonding a sheet of a transparent dielectric material to said second glassy
material layer.

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

material is selected from the group consisting of glass and polyderhethylsiloxane.‘

3. The process described in claim 1 wherein said sheet of transparent dielectric
material has a thickness between about 0.25 and 1 mm.

4. The process described in claim 1 wherein the step of bonding said sheet of
transparent dieleciric material to said second glassy material layer is selecied
- from the group of bonding processes consisting of sodium silicate, potassium

silicate, and polydemethylsiloxane bonding.

5. The process described in claim 1 further comprising etching access holes to
the capillary through said sheet of transparent dielectric material and said second
glassy material layer after said sheet of dielectric material has been bonded to

said second glassy material layer.

6. The process described in claim 1 further comprising etching access holes to
the capillary through said sheet of transparent dielectric material prior io bonding

to said second glassy material layer.
11



surface, depositing a |layer of chromumfollowed by a | ayer of gold;
patterning said gold-chrone layer to forma hard mask that defines
said mcro-channel and then, using said hard mask, etching said
dielectric substrate to a depth, thereby form ng a mcro-channel;
then renoving all gold and chrom um form said upper and | ower
surfaces, thereby formng a first conponent; providing a sheet of
silicon having a |lower surface and a size that is at |east equal to
that of said dielectric substrate; on said |ower silicon surface,
formng a Layer of silicon oxide; bhonding said |ayer of silicon oxide
to said fif<tPIRGSSS AR AENUfaRYreR, Cariiay PRI capi | | ary; then

sel ectivel y renmyiithe bickdth S QibdyatS Rhing 1854 MY bRt SaYAdYNS; Sai d
silicon oxide layer 'unchanged and i n place, and then, at a

“t enper at ur e t hadefositingss layien nf sbmmiug0onl egideloweCsyrfaem dndgom saishegmer
of transpag cedielectric material to said silicon oxide |ayer. 8.
The process destribed in claim7 wherein said sheet of transparent

dielectric mtdaposliings Bgbest dtomtupmdlioaedmyuplayenst gdld;ng of gl ass
and pol yderet hyga%gelrr?i)r(lg ns%'id gold-chrome layer to form a hard mask that defines said
micro-channel and then, using said hard mask, etching said dielectric substrate
to a depth, thereby forming a micro-channel; N
~ then removing all gold and chromium form said upper and lower surfaces,
thereby forming a first component;
providing a sheet of silicon having a lower surface and a size that is at
least equal to that of said dielectric substrate;
on said lower silicon surface, forming a layer of silicon oxide;
bonding said layer of silicon oxide to said first component, thereby forming
said capillary; ‘
then selectively removing all silicon in said sheet while leaving said silicon
oxide layer unchanged and in place; and
then, at a temperature that is less than about 90.degree. C., bonding a

shest of transparent dielectric material to said silicon oxide layer.

8. The process described in claim 7 wherein said sheet of transparent dielectric
material is selected from the group consisting of glass and polydemethylsiloxane.

12



12 9. The process described in claim7 wherein said sheet of
transparent dielectric material has a thickness between about 0.25
and 1 mm 10. The process described in claim?7 wherein the step of
bondi ng said sheet of transparent dielectric nmaterial to said
silicon oxide layer is selected fromthe group of bonding processes
consi sting of sodiumsilicate, potassiumsilicate, and

pol ydemet hyl si | oxane bonding. 11. The process described in claim?7

further cogpThé bRttt taisBibatr FESaINN Tl Wiereh sdil@heaPbi frafspardritatigBetric
said sheet of transparent dielectric materi al and said silicon oxide

| ayer af t ematgsial hanadhickhess katween abowkl-ép ieaf 1Ha®. been bonded to said
silicon oxide layer. 12. The process described in claim?7 further
conprising etching access holes to the capillary through said sheet
of trans pa‘i@n’fhed'pejoess rdieecniimde‘rrﬂ cbinpi wherem thersdemgf bsadiogsmiﬂasheei of
said silicon oxid pro ess descrihed in cl

wher ei n sal d"SPREY et B‘PY% TH bfg tEieS&B gog O’f‘%\g?‘y%ﬁ 15 %%ﬁc@ﬂ f{%e‘hfes
deposi t ed @%uBEﬂﬂﬂandﬂr@ prob&sREURSHHAEG BE Ebdlath dificagé, porssivh ilizate, 2add
| ayer of silicon oxide on said |ower silicon surface is fornmed to.a

t hi ckness PRIvVIRBaathylsioxanse bondig.0. 8 ni crons.

11. The process described in claim 7 further comprising etching access holes o -
the capillary through said sheet of transparent dielectric material and said silicon
oxide layer after said sheet of dielectric material has been bonded to said silicon

oxide layer.

12. The process described in claim 7 further comprising etching access holes to-
the capillary through said sheet of transparent dielectric material prior to bonding

said sheet to said silicon oxide layer.

13. The process described in claim 7 wherein said layer of silicon oxide on said

lower silicon surface is deposited by PECVD.

14. The process deséribed in claim 7 wherein said layer of silicon oxide on said

-~ lower silicon surface is formed to a thickness between about 0.2 and 0.8 microns.
15. The process described in claim 7 wherein bonding said layer of silicon oxide

to said first component, thereby forming said capillary is achieved using anodic

bonding.
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15. The process described in claim7 wherein bonding said |ayer of
silicon oxide to said first conmponent, thereby form ng said
capillary is achieved using anodic bonding. 13 16. The process
described in claim7 wherein the depth to which said dielectric
substrate is etched to formthe mcro-channel is between about 5 and
250 mcrons. 17. An electrically insulated capillary structure
conprising: a sheet of a first glassy material having an upper and

| ower surf ageThe arstess RBErib&y imdain M WhérehieNeépthno Srﬁrh@h gRidedielectric
surface; a second glassy material; wherein said second g

mat eri al |§U'?ﬁ5'f?c§%dst<i¥dﬂ% tapfeém ter migre-chenael; 18 Peivwaen QP%% and 250

mat eri al idfbRg said electrically insulated capillary structure with
t he m'croc annel, and a sheet of transparent dielectric material,
wherein said sheet of transparent dielectric material is bonded to

b oo AT SR Ll b forpaBh or v structure Ts
a sheet of a first glassy material having an upper and lower surface, said
sheet having a micro-channe! in said upper surface;
a second glassy material;
wherein said second glassy material is bonded to the upper surface of said first
glassy material forming said electrically insulated capillary structure with the |
microchannel, and
a sheet of transparent dielectric material,
wherein said sheet of transparent dielectric material is bonded to the second
glassy material layer _
wherein the capillary structure is manufactured by the process according o any

one of claims 1 to 6.

18. A capillary comprising
~adielectric substrate having upper and lower surfaces and a microchannel

in said upper channel,

a silicon oxide layer;
wherein the silicon oxide layer is bonded to the upper surface of the dielectric
substrate to form the capillary with the microchannel, and

a sheet of transparent dielectric material,
wherein said sheet of fransparent dielectric material is bonded to the silicon oxide
layer
wherein the capillary is manufactured by the process according to any one of

claims 1 to 6.

14



one of clains 1 to 6. 18. A capillary conprising a dielectric
substrate having upper and | ower surfaces and a m crochannel in said
upper channel, a silicon oxide |ayer; wherein the silicon oxide |ayer
is bonded to the upper surface of the dielectric substrate to form.
the capillary with the m crochannel, and a sheet of transparent
dielectric material, wherein said sheet of transparent dielectric
material is bonded to the silicon oxide |ayer wherein the capillary
i s manuf actairegle kisvidaeoPERERSE 3¢ O dndssik Ghaept&f ahe rﬁlc?ch&ﬁaﬂnéIQS
6. 14 19. The device of claim17 or 18 wherein the depth of th

ni cr o- chaﬂ#ﬂweﬁﬁab@étﬁééﬁ2§86ﬁ$mﬁsand 250 mcrons. 15
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