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PCT/ US95/ 14587 METHOD OF PRODUCI NG M CRO- ELECTRI CAL
CONDUI TS ' This application relates to a nethod of
synt hesi zi ng el ectrodes that protrude through high aspect ratio holes

In a substrate seal the hole against fluid |eakage.

The i nvention gfﬁgse %6rom efforts to construct, on wafer-si zedgcm,s%flﬁsés
(such as glass plates or seniconductor plates) conplex mcrostructures
for-directing liquids froma nunber of reservoirs to a |arge nunber of
reaction cells (e.g., 100 to-lO 000 reaction cells). These

m crostructures can be termed "liquid distribution systens." Integral
to these efforts were ei\mmeotor:nhomoommmwd-egscwﬁgnmm?un? thglt
ef fect, el ectrokinetic punping of ri ous I ds wever o feasibly
construct |iquid distribution systﬁn%apa%lpndalates 1qadneledcef synthesizingat e
t housands of pr okelditvioass ShACHIAARR lﬁ%t?gﬁ“ﬁihﬁrasﬁbéﬁ%tha holBs & 8 RibsHHRSLAR! €
Further, the el ectrodes needed to protrude”throu e substrate In a
f1 ui d-seal ed man®&®l thedole against fluid leakage.E| ectri cal conduits have been
constructed thgough thin plat D, 0 r u rate
by filling hor%s in the subst-ﬁzet ngevnﬁ ﬁngnrosetﬂ?%nk f?i"'ﬁﬁ%%&gﬁﬂg{' 0;%. §§¥Br|%@
that solidify af patesi(guchi mgbsscﬂa&es onsemicomductonpdates) comiplek midrasvacturés

f t.h h thicker | at es .g. .250
i orons. o 1. 500 5 Arelting Wafde bl AR B S8scripfs a6 o Jeraelpitobes of reionon
constructing a | lcqlls te. dJ.SthO tan;ﬁOGysécﬁmn dells).SThesd nlicrestruttiibs chf bgi a

i nk of ten cra oes ot ade uately adhere to the sides of the holes
or ot her wi se al?é’t"é‘l' gvitelse’ Holegsal indhpse sffartsywern-efiors to

wer e needgo! b@nﬁ@ur&télb'é‘fmd‘é SS&é(PFGmBE Qﬁéﬁéff@é?%%&ﬂgllhgﬁc YIS o Lalibils

pl ates. The resent invention solves these
A preferred use Sﬂ“@ﬁe Haowevgr, ¢ feasibly construet demtﬁbmlonlsystems, a method

was needed to fabricate thousands of protruding electrodes on a wafer-sized

plate of substrate. Further, the electrodes needed to protrude through the
substrate in a fluid-sealed manner.

15 Electrical conduits have been constructed through thin plates
{e.g., 50 to 200 micron) of substrate by filling holes in the substrate with
thick film via inks, i.e., inks that solidify after a firing process into conductive
solid. However, in the context of constructing electrodes through thicker
plates (e.g. 260 microns to 1,500 microns), such as the plates believed useful

20 for constructing a liquid distribution system. It i§ well known that the via ink
often cracks, does not adequately adhere to the sides of the holes or
otherwise do not adequately seal the holes. Additionally, methods were
needed to construct electrode protrusions from the surface of the plates. The
present invention solves these problems.

25 A preferred use of the invention is to create microelectrodes.
Other uses include vias to connected circuit layers in multi-level electrical
substrates, vias for substrates interconnected to electrical pins and vias for

. connecting a module to a printed wiring board.

SUMMARY OF THE INVENTION

30 - The present invention provides a method of forming a fluid-
tight electrical conduit through a high aspect ratio hole, the method

comprising sintering a via ink to form the electrical conduit and to seal the




Q her uses include vias to connected circuit layers in nulti-Ilevel

el ectrical substrates, vias for substrates interconnected to electrical
pins and vias for connecting a nodule to a printed wiring board.
SUMVARY OF THE | NVENTI ON 30 The present invention

provi des a net haod ormng a fluid- tight electrical c L ough
Paedin ffibleniclt

a hi gh aspect “1iol e, the nethod conprising sintering a viaink to
formthe electrical conduit and to seal the WO 96/ 39260

PCT/ US95/ 14587 2 hol e. The
nmet hod can be used to form.m cro-el ectrodes. 2 BRI EF DESCRI PTI ON OF THE
DRAW NGS Figure 1A - 1D depict the steps of the nethod
of * t he i nveritalen TheSmethod can be used to formymicrozelegtegdesys a cut - away vi ew

of aliquid di stéﬁEgt' RIPTION B TH h&k used with the invention.
Figure 3 displ aw‘r%%‘%‘cﬂ%% iquid distribution

system of Figure 2. Figure 1A - 1D depiptrihe Stepsof thesmatharkphtteed vi ew
of a portion of the 10 distribution plate of Figure 3. DEFI NI TI ONS

The fol | owi ng t SAMBNUGYY | have the neaning set forth bel ow [err]
addressable g a reacti plyureh! dighlagd atiRlavidy vidddsres Halidedisttibution

system that can be used with the invention.
Figure 3 displays a distribution plate of the liquid disiribution
system of Figure 2.
Figure 4 displays an expanded view of a portion of the
10 distribution plate of Figure 3.
DEFINITIONS

The following terms shall have the meaning set forth below:

¢ addressable a reaction cell or channel is "addressable” by a
" reservoir or another channel if liquid from the
reservoir or other channel can be directed to the

reaction cell or channel.



reservoir or another channel if liquid fromthe
reservoir or other channel can be directed to the

reaction cell or channel. WD 96/ 39260

PCT/ US95/ 14587 , 3

[ err]adj acent "adj acent" as used in these situaty oc/fakey
first WO 96139260 structure in one of thtgbgl at els%&i,s

adj acent to a second structure in the sane
or.-another plate if the vertical projection
of the first structure onto 3 the plate of
the second structure superinposes the first

structure on the ge r places it a_q4: " : e o W RN
about 250 [err] m?)Ta%{o%gngecond; and (itlacjjacent as used in these situations: {i) éMhH%

group'i ngs of two or nore channel s ar estad¢tmeeint one of the plates is adjacent to a
to one another if each channel is in substantially. .
t he sane hori zont al p! ane, and al | bu?eqq{gas%uc%ré/m the same or another plate if
outsi de two channels in the groupi ng hevertical projection of the first structure onto

adj acent (in the sense defined in (i) aboveg }o .

Preferably, under item (i), a first S{Hé'ﬁxts!ﬂrs?rluhﬁre on the second or places it

adj acent to a second structure if the vertica .
projection of the first structure ont Withireapeut 26Q{m of the second; and (ii)

the second structure superinposes the fl ) :
. |.h: m are adjacent
structure on the second or places it an‘{ ffﬁngsa‘f)fotu{o or more channels are adj

150 [err] mof the second. to one another if each channel is in substantially
the same horizontal plane, and all but the
outside two channeis in the grouping are
adjacent (in the sense defined in (i) above) to
two neighbor channels in the grouping.
Preferably, under item {i), a first structure is
adjacent to a second structure if the vertical
projection of the first structure onto the plate of
the second structure superimposes the first
structure on the second or places it within about
150 um of the second.

® capillary dimensions dimensions tha_t favor capillary flow of a liquid.
Typically, channels of capillary dimensions are
no wider than about 1.5 mm. Preferably
channels are no wider than about 500 um, yet
more preferably no wider than about 250 ym,
still more preferably no wider than about
* _ 150pum.



[err] capillary dinmensions dinensions that favor capillary flow of a

l'iquid. Typically, channels of capillary

di mensi ons are no wi der than about 1.5 nm
Preferably ' channel s are no w der than about
500 [err]m vy - _ nore prefer |.ger

t han about 253‘?5?’?% stil ?’p%p%b%nxgsg
preferably no wi der than about : 150[err]m
WO 96/ 39260

PCT/ US95/ 14587 4 4 [err]
capillary barrier a barrier to fluid flowin a channel conprising an

openi ng of the chann into.a | arger ace . . -
desi gned to favolr1 ?ngﬁqrgﬁ’?é'ti?'on, by Iaﬁgiif'ﬂr 19, fiyidflow in a channel comprising an
channel, of an energy m nim zing |i qeépénitgdfane channel into a larger space

such as a neniscus at the opening. Preferabl

| Y . C .
capillary barriers include a dam t hadepigneddofgyor the formation, by liquid in the

vertical height of the channel immedicghgha, Bfgﬂre‘?\ergy mgximizing liquid sm.ﬁface
the opening into the | arger space. [err] connecte ) t he
channel s, reservoirs and reaction celsuch@s & meniscus at the opening. Preferably,
i nvention are "connected" if there i ; S .
allowing fluid between them which r %5?5“9%%%"“5 include a dam that raises the
not involve using a reaction cell asvpdidal beight®ef the channel immediately before

Link. the opening into the larger space.

@ connected the channels, reservoirs and reaction cells of the
invention are "connected" if there is a route
allowing fluid between them, which route does

not involve using a reaction cell as part of the

link.
® continuous flow -a channel having an overflow outlet allowing for
channel fluid to continuously flow through the channel.
5 e directly connected reservoirs and horizontal channels are "directly

connected” if they are connected and either (1)
no other channel is interposed between them, or
{2) only a single vertical channel is interposed
between them.

®_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.



[err] continuous flow a channel having an overflow outlet allow ng for
channel fluid to continuously flow through the channel. 5
* directly connected reservoirs and horizontal channels are "directly
connected" if they are connected and either (1)

no ot her channgl ds8edsfit €r posed bet ween them or PCT/USY5/14587

(2) only a single vertical channel is interposed

bet ween them [err] hol e dianeter because techni ques for
fabricating small hol es often create hol es
that are wi der at one end 5 t han the ot her
(for instance, about 50 m crons w der), the

hol e di anet er vaI U

t her ei refer
to the narrowest ﬁcz i#l ngcgl V\dﬁr%ymﬁf the orientation of a part of the
PCT/ US95/ 14587 EW, NS distribution system refer to the brientation [velier
hori zontal , vertical, i ndi cati ons f the qrientation of a par f the
W NS st r bt obe leviais it iper JereaRpBAr B BKEhnen
the device is in use. The notations "dnd/'aNS %xns are in reference to Figures 1, 2, 3
and "NS axis" are in reference to Fi gures

1 3
and 7, where an EWaxis goes fromri @i o i"éﬁan EW axis goes from right to left
and is perpendicular to the long axi San‘aflstﬂé?pé}mlar to the long axis of the page

and a NS axis is from top to bottom parallel to
the long axis of the page.

e perpendicular channels in the distribution plate are
perpendicular even if primarily located on
separate horizontal planes if their vertical
projections onto the same horizontal plane are

perpendicular.

® reservoir unless a different meaning is apparent from the
context, the terms “reservoir” and "fluid
reservoir” include the horizontal extension
channels {sometimes simply termed
"extensions") directly connected to the reservoir

* or fluid reservoir.

5 o viaink a fluid material containing conductive material
| that sinters at a given temperature to form a
mass that, upon cooling below the sintering
temperature, is an electrically conductive solid.
DETAILED DESCRIPTION
. A. Fabrication of Electrical Conduits
. The invention relates to the formation of conduits in a
substrate material. These conduits are preferably fabricated in the top plate
10 of the liquid distribution system (described above) to create electrodes.
Typically each pair of such electrodes is closely spaced {e.g. 50 to 250
microns separation). The electrodes are fabricated with diameters of
preferably about 25 microns to about 150 microns, more preferably about 50



and a NS axis is fromtop to bottomparallel to

the long axis of the page. [err] perpendicular channels in the
distribution plate are per pendi cul ar even
if primarily |ocated on separate horizontal
pl anes if thei %{&{ cal Pr OpSbéoRASs PNt O
t he sane hori a plane are

per pendi cul ar . [err] reservoir unl ess a different neaning
i's apparent fromthe context, the terns
"reservoir"” and "fluid 6 reservoir" include

t he horizontal extension channel s

(soneti mes si nphigrons tecabout 756 microns. The liquid distribution systegygambavm30)000
directly Connquggtu&_pcél 850 Swith \E3kh reaction cells 350 havi}np 6-10 assoclﬁted or
err] via rnk a

fluid reservoir urd mate
cont ai ni ng condedtrode-basedrpurhps. Thus, a liquid distribution system can reduire abiout er s

Sfooﬁ 21)‘(;?%;6%}){5{)30&%@%3000 electrodes. Preferably, the method of tﬁeass that,
t enper ature, i Sn@éhtﬁirﬁ%MsbG&b'fbnﬁCH‘thé‘éﬂ abdus 20,000 or md?e efedthbail¥svidaits bnON

A. Fabrication of Electrical Conduits The i nvention

rel ates to the & sybaitatenwhichcepnmyitscanbe used ag glectiodes. (Mot praferaliye the
conduits are prrﬁéﬁfo%%msiaab%'fs%%%ow1bbeoc56>lare%?éa¢ caﬂduﬁé of Rforé! 'o%ua d

di stribution system (descri above) to create el ectrodes. Typically
each pair of sueiystiatest Tedeeduce suassiryctymesesing enags oduetionstechniqugscr ons

separation). '}% §ir§§ﬁ&orﬁﬁ’r‘?q Eohdiitd 24 Qra‘MeF P t%?‘gﬁ‘é %%Jlﬁntrgbfasmcﬁ{eﬁ\abl y

about 25 mcron mcrons re pr’e era
10 preferred method of forming the conduits involves formmg the holes through

the substrate (e.g., feedthrough plate 300) through which the conduits will
protrude, filling the holes with a metallic thick film ink {i.e., a so-calted "via
ink") and then firing the substrate and ink fill to convert the ink into a good
conductor that also seals the holes against fluid leakage. The method can
15 also create portions of the conduits that protrude through the substrate to, for
instance, on one side provide the electrodes that will protrude into the liquids
in fiuid channels and, on the other side provide contact points for attaching
electrical controls.
For example, holes are drilled in 500 micron thick plates of
20 borosilicate glass using an excimer laser. Holes are then filled with thick film
inks, using an commercial Injection Via-fill Machine (Pacific Trinetics Model
#VF-1000, San Marcos, CA). Select formulations of via inks have been
unexpectedly discovered that sufficiently function to fill such high aspect ratio
holes such that the fired ink adheres to the sides of the holes, does not crack
25 during the firing process, and seais the holes against fiuid flow. One
parameter that is important to so forming sealed, conductive conduits through
high aspect holes is selecting metal powder and glass powder components for
the via ink that have sufficiently fine dimensions. One suitable formulation
uses: 12-507 Au powder (Technic Inc., Woonsocket, Rl), 89.3 % w/w; F-92
30 glass {O. Hommel Co., Carnegie, PA}, 5.7 % wi/w; 15 % w/v ethyl celluldse
N-300 {N-300, Aqualon, Wilmington, DE) in Texanol™ {monoisobutarate
ester of 2,2,4-trimethyl-1,3-pentandiol, Eastman Chemical Products,



WD 96/ 39260 PCT/ US95/ 14587
6 mcrons to about 75 mcrons. The liquid distribution system can have
10, 000 reaction cell 350 with each reaction cells 350 having 6 - 10
associ at ed el ectrode- based punps. Thus, a liquid distribution systen1
can require a 200, 000 to about 300, 000 el ectrodes. t he
met hod of theqaégﬂﬁQthion Is used to format |east about 10, §§§§or nor e

el ectrical conduits on a substrate, which conduits can be used as

el ectrodes. More preferably, the met hod is used to form about 100, 000
el ectrical conduits or nore on a substrate. To produce such structures
usi ng mass production techni ques requires formng the conduits in a
paral |l el , ratheKirgsports Fjler2.na washilsr Mﬂﬁlmﬁé@&@] nipohdsbbeitylf or ni ng

the conduits involves rm t he hro t he substr

feedthrough pl af®t %Y{ PWﬁPEﬁ ‘f@e 'B'@)‘ﬁggﬂtéar Wtfrlpen% aq%%‘%’ﬁﬁ%?ugs

fi Ikl |) ng 'Ejhehhol ]?ﬁ: )/\ll\hlhwlﬁgtl‘m,g'iﬂu 2.1 9% aWywi;i hnﬁiDUbrﬁéereTD(ﬁMS(Ntwbhedkywi a
ink")_and then firing,the, substrate an onve e |n

good) ™ " conduc FmeTRIATa NS Slpares ke, Fhemigale, Coicaat 1)1 &5, Wwrnihe ®
nmet hod can 15 algsll séwaéeefrpi Teéhtic Onct REs aARerddge pMEIWQMM%ﬁamugh
the substrate to, for I nstance, on one side provide the el ectrodes that

will protrude i Migronke Amefbpagwtabbﬁﬁrmwa@ usasnig Loyyder Q@ powyder dMedz. si de
provi de contact SBQ{H‘H%HEIWI? aﬂﬁ)acéﬁ 39’/6 wiwel 851 ((f%l’hm Co Carnegie,

For exanple, holes are mcron thic ates o
borosilicate gl &, 8 ﬂ@v'dw.e)(é?l-imesthdal% Wl EsrmmmltThath 551@6 wifwibutil ck

ol ks us) o Lot et . -
Tri net i os Model SaiblOR SO Exfvicolisss Nho!! Eguisldn, MfiliRon (381 4.7 %,
i nks have beth wlw,uﬂSx%ewVvedtbyicheﬂnbseNaIOOhatTesmhbliTU; 4rﬂ%yMwnc‘tSth,(v

fill h hi gh & fired h

the sidos of t nEREE 2R alyifdh il MotihcyiBle) ¢ TecbinBot 1317 HLE 0B i
seal s the holes m@mmmt)ﬁ'f"dots t%vwmeand Temhamenes %halwi SThegportant to

so form ng seal conducti ve condui t ro h aspect holes is
sel ecting netal ?ﬂm§?°%wﬁ‘é?$§§d LRI Cc Y?rr%gﬂbwgg gsppect ratio §RNAUCLIVeK ¢ hat

have sufficient lgnbiie di mensions. One suitable fornulation uses:

12-507 Au powder (Technic Inc., Wonsocket, R), 89.3 %ww F-92
Note that via inks are typlcally admixtures of four types of

components: {1} glass powders; {2) metal powders; (3) one or more organic

resins that function primarily to adjust the flow characteristics of the ink; and

{4) one or more solvents, which are typically organic solvents.

When the size of the glass or metal powders increases, good

20 filling properties (lack of cracking, good sealing against liquids, good

adherence to sides of hole) can still be obtained by adjusting the amount of

the resin and solvent components in.the via ink. Preferably, the average

particle size of the powders is from about 0.3 microns to about 12 microns,

more preferably from about 0.6 microns to about 8 microns. Preferably, the
25 at least about 80% of the particles have sizes that are about + 60% of the

- average particle size.

The invention is particularly applicable to creating conduits in
high aspect ratio holes. Such holes are defined herein as having a ratio of
hole thickness to diameter of at least about 3, more preferably at least about

30 5, get more preferably at least about 6.5, still more preferably at least about
10. The substrate substrates through which the conduits are formed are
generally from about 50 microns to about 1,500 microns thick preferably



30 glass (O Homel Co., Carnegie, PA), 57 %ww 15 %wv ethyl cellul ose

N-300 (N300, Aqualon, WImngton, DE) in Texanol[err] (nonoi sobutarate
ester of 2,2,4-trinethyl-1, 3-pentandiol, Eastnman Chem cal Products,

WD 96/ 39260 ’ _ PCT/ US95/ 14587
7 Ki ngsp% ﬁg 4% ww, 15 % w v Elvacite 2045TM ( ppbyuSsaa sy !
nmet hacryl at e) erpi neoI T-318 (m xed tertiary terpene al cohols, Hercules

I nc. Wlmngton, DE), 2.1 %ww, and Duoneen TDJ err] (N-tallow al kyl
trimet hyl enedi am ne ol eates, Akzo Chem cals, Chicago, IL), 0.5 %ww The
5 gold powder from Technic, Inc. has an averége particl e dianeter of 0.9
m crons. Anot her suitable formulation uses: Ag Powder pomdeﬂél\/btz

Sout h Pl ai nfi el dromapouBd08 micrgng toralbouty) 099 miorong ropre prefefaglycabout

car b tol , 7. 55 wg iRl el I mIBL MO °*P§rﬁ%§%'?%5‘£€?%%‘? WA, o1

ww 15 % w v etdopduite lakeufmmdl\b Poeferably exglasﬂ (E\lk:hésct%lvﬁng 7140 Borpsilicate

El vacite 2045[err] (polyisaqhut hacr yl i n Terp eol 8. 4.1 %
w S Duomee AR RINBS IS Fa CHTTRLN Y bbEarel SyBsFare HBEe
fornul ati ons Benwreferatsig, ittis geserr] C to form hi gh aspect ratio conductive

conduits. 15 Note that via,inks are y. adm xt ures
of four types of conponefh&deyiggs yped 1o insrreyie; '“'ﬁ%gﬂg‘PLﬂs ig Angrihstrate 3y

one or nore or g%??i%ally lndhﬁ:ﬁa' 5‘?nettglaétef':h'i'l‘Wlﬂpﬂp&ﬁhﬁﬁébﬂré’sd&dﬁﬁb t5thd HFerdihgyV
characteristics he i nk (4) one or nore solvents, which are

typical |y organii@ tesybstrate. Vaa ink is applied above thgytenailn avhich gesis amthey| ass
or metal powder g LafhfANRY a B/38der device is used to pressurize the ink to force it to fill

10 the holes. After filling, the substrate with its via ink-filled holes is removed
for further processing, as described below.

Prior to firing, much of the organic component is evaporated
away by, for example, placing the ink-filled substrate in a oven (e.g. at 100
°C) for one to five minutes. Preferably, the firing is conducted at a

15 temperature from about 450°C to about 700°C, more preferably from about .
500°C to about 550°C. Preferably, the via ink sinters to form the conductive
solid at a temperature of about 600°C or less, preferably 550°C or less.
However, the upper end of the appropriate firing temperature range is
primarily dictated by the temperature at which the substrate being treated

20 would begin to warp. Accordingly, with some tybas of substrates much
higher temperatures could be contemplated.

To assure that there is conductive material that protrudes
above and below the glass substrate after firing, the top and bottom surface
of the substrate can be coated with a sacrificial layer of thickness equaling

25 the length of the desired protrusions. The sacrificial layers can be applied
before or after the holes are formed in the substrate. |f before, then the holes
are formed through both the substrate and the sacrificial iayers. H after, then
{a) corresponding openings through the sacrificial layers can be created by
creating a gas pressure difference from one side of the substrate to the other,

30 which pressure difference blows clear the sacrificial material covering the
holes or (b} such openings through at least the top sacrificial layer are created
when the pressure of the ink pushes through the sacrificial tayer and into the

-



20 filling properties (lack of cracking, good sealing against |iquids, good

adherence to sides of hole) can still be obtained by adjusting the anount
of the resin and solvent conponents in the via ink. Preferably, the
aver age particle size of the powders is fromabout 0.3 mcrons to about

12 microns, woofkee Preferably fromabout 0.6 microns to alpewiuséstaser ons.
Preferably, the 25 at |east about 80%of the particles have sizes that are
about 60% of the average particle size. The

i nvention is particularly applicable to creating conduits in hi gh
aspect ratio holes. Such holes are defined #erein as having a ratio of
hol e thickness to dianeter of at |east about 3, nore preferably at |east
about 30 5, geholesrileaving an insloguaus lapmwsint s Gacrificiel layer material dn the helesh| y

e formed ar oAn aperblriat R ERA Ve bOHRE Y g Bt bbbty T0Cr ons”

t hi ck pr ef er ablSacrificial fayers b B6/d@ie6Eoating a substrate with, for instance, 5 - 25
PCT/ US95/ 14587 . . [
Fbout 100 o SH % MIBEIPS 2 SYY! HeUVIBRR 3D {r.9- ! Gellylase pf309, kiR,
500 nicrons §ownighingtoR,0DE) dissolvbd ok TerpPiesi b3t 83 or tToxanal™ bt 8h 50

conduits are forned s preferably a aglgss (such as Corn ng 7140
borosilicate Whymisturesgf ﬁlmﬁa@é&’@dn,{%mpwﬁw}ﬂ 3Fte&@r'aai the

substrate. Mrgyuaces 8 & Bbiduit bah Bedrfdfced by plating metals, such as hitkel,
devices used to Iinsert via inks into holes In a 'substrate typically

i ncl ude a net alsiléere @eld. platinurapehadiig. etsr r EBe daapsitions candeapasfarmes usingj n
s e L I 0P R4l by b WD L1,
to fill " 10 The invention can be explained by reference to Figures 1A
through 1D. Figure 1A shows a 20 mil thick plate 10 of substrate coated on
both sides with a 1 mil layer of sacrificial material 20. Two mil diameter
holes 30 were formed in the coated plate 10 {Figure 1B). Via ink 40 was
injected into the holes 30 (Figure 1C). Finally, the plate 10 was heated to
15 solidify the via ink and burn-away the sacrificial layer (Figure 1D).

Preferably, where a Substrate that is to contain etched
openings will be processed to include conduits, the etching occurs first,
followed by coating with the sacrificial layer and forming the conduit holes.

In an alternate method of manufacture, for each pump, two

20 or more metal wires, for example gold or platinum wires about 1-10 mils in
diameter, are inserted into the openings in the channel walls about, e.g., 150
microns apart. The wires were sealed into the channels by means of a
conventional gold or platinum via fill ink made of finely divided metal particles
in a glass matrix. After applying the via fill ink about the base of the wire on

25 the outside of the opening, the channel is heated to a temperature above the
flow temperature of the via fill ink glass, providing an excellent seal between
the wires and the channel.

it will be apparent that while the invention arose in the
context of creating electrodes for electrokinetic pumps, the invention is

30 applicable to any context where it is desirable to form electrical conduits
through high aspect ratio holes. It is also applicable where it is desirable to
form protrusions to facilitate joining the conduit to another electrical



10 the holes. After filling, the substrate with its via ink-filled hol es

I s renoved for further processing, as described bel ow

Prior to firing, much of the organic conmponent is evaporated away by,
for exanpl e, placing the ink-filled substrate in a oven (e.g. at 100
[err]C) for on e mnutes. Preferably, the firing is CQQH%%&Q@ a
15 tenperature ron1 out 450[err]C to about 700[err]C, nore pretera

f rom about 500[err] C to about 550[err]C. Preferably, the via ink
sinters to formthe conductive solid at a tenperature of about
600[err]C or less, preferably 550[err]C or |ess. However, the upper
end of the appropriate firing tenperature range is primarily dictated
by -t he tenperatuSUUaﬂ"mhich the substrate being treated 20 woul d begin to
war p. Accordi ngl L i i % ég substrates much hi gher
tenperatures cou To assure that

there is conductive nateri al Qﬁmfteqsmtoijﬂmshqund disatilmtionesybteml mﬁtthat ga\es s
substrate after firin

can be coated wi[lie%° g'&%H{ﬁ%Pi'Pgl‘s B‘é@gﬁ%‘ﬁf éHFE'i?naé' E'Eﬁjglsi"ﬁ%”% tﬁ‘rqal'éﬁgt h

of the desireds pr&hsaﬁwaﬂeaimréaﬁrdtés Gd ?éedhﬁ%ﬁbﬁ ptae 300, aepaistmmon plate
before or after the holes are forned in the substrate. |If before, then the

hol es are fanReand areasiontraliplate-320 HEiguER @)-arfhe fardthrrygly plate, BOO is

layers. |f after poh8édto the d{s?r)btﬁﬁfnr ﬂafé)sdonqwemmdw&nfuk}f i Feddifrough plate'
-sacrificial layers can be created creating a pressure

di fference from SR Rasg@uliiple ﬁ@t%{q%séﬁ% anﬁ@esméplecy@demsdhtwé‘@gmee
di fference bl ows gl ctbﬂéa ra.B Ghathe TRYSHtloH. ’fﬁé’?éz{cﬁﬁnté%ﬁ plate 339&S OF

(b) such openi ngs t roug eas the top sacriticla er ‘are created
when t he presHir typicalivheemonabhufitted to I‘themguldetsm ohithe dlstnbamohaglete Ahd, onthe
}32; / US95/ 1 4587"\%894%?&69\‘ intermediate plate 330 interposed between the distribution piate
310 and the reaction cell plate 320.
Figure 3 shows the layout of a distribution plate 310
according to the invention. Figure 4 shows an expanded view of a portion of
15 a distribution plate 310 that better illustrates some of the features obscured
by the scale of Figure 4. Typically, the structures indicated in solid lines will
be formed in the top layer of the distribution plate 310, while the structures
indicated with dotted lines will be formed in the bottom layer of the
distribution plate 310, except that in Figure 2 the reaction cells 350 are
20 indicated by boxes in solid lines even though these structures are focated in a
lower plane . Where appropriate, vertical channels connect the structures in
the top of the distribution plate 310 with those in the bottom.
At the top of Figure 3 are four first fluid reservoirs 200A,
2008, 200C and 200D, each having a defined fill level. Each of these first
25 fluid reservoirs 200A, 200B, 200C and 200D has two first reservoir
extensions 212 extending along substantially all of an EW axis (see
definitions} of the distribution plate 310. The ceilings of the first reservoir
extensions 212 preferably are at substahtialiy the same elevation as the first
fill level. At five staggered locations, A1, B1, C1, D1 and E1, along the EW
30 axis of the first reservoir extensions 212 there are four first vertical channels
214 {not shown) that connect the first reservoir extensions 212 with four
first horizontal feeder channel segments 216 that are formed in the bottom



9 hol es (Il eaving an innocuous anount of sacrificial layer material in
t he hol es). An appropriate sacrificial |ayer burns away during the
firing process. Sacrificial layers can be nmade coating a substrate
with, for instance, 5 - 25 ww % m xtures of ethyl cellulose resin

e.g., Ethyl e N-300, Aqualon, 5 WI mngton, DE) d|

iI'ergi neol y ?‘é%’g Texanol ™ or 5 - 50 % w w m xtures o'#" %?‘vam te
2045TM i n Terp| neol T-318[err]. After firing, the surfaces of the
conduit can be enhanced by plating netals, such as nickel, sil ver,
gold, platinum rhodium etc. The depositiong can be perfornmed using

standard electrolytic and/or electroless plating baths and techni ques. 10
The invention clagebef mqoﬂatrmdlohwlam‘ 81encet éachFstgggasdlodation AllhBdydin,1 D.

i dos i th a3 i jor Y dpup pdisgent it Reri2ngiaL Fossfer SBatag eriondt 218 apich
hol est 38 yve: e Iﬁrremgﬂ'irie&tésdaﬁ) quﬁrm wé)afres;wo:f Ekwﬂts&m&mz,\b?ena Iﬁld}% u?wds t
injected into the holes i g Y, a S ated to
15 solidify t heBXi540itan p&ﬁﬁ'("ﬂﬁr# @é,%eéi.il%#.i F2. $§4 ﬁ% @i?"gﬁﬁ\%ulfe
Preferably, whepgsifiof WBIBRIS2, D2} EIZSFIZOGQO'M 3t D26d16W$ the coun%BQﬂ" dHth yudﬂ

be processed to include condui'ts, the etch |ng occurs Ttirst, fol | owed by

coating with thestsefciour agiagent hgrizontakiferdenthannehsegmaats 216 ds adjacent to a

In an alternate f 0 t al

wires, for exan%ﬁgtogggada lon gt?frgj d&mﬁr&g&rgboﬂu{]t%ﬁos}tmszﬂz angf anef’er,

are inserted i nE3, FEeG&pHﬁ ﬂg;,son 92t the folunad@Ecenafitst hatizahtal deeder chabnel

m crons apart. The wire seal e i nto the chann ns of

conventi onal gof?F'B?mrﬁl %ﬁ\%lﬁﬁ?ﬂaéaﬁ FoPﬂ%tﬁgd‘é’aoﬁapﬂarsﬁIsécﬂﬁ'@"a'étbc%t al

particles 10 i shanrglf225nbt showAf tﬁrempdﬂyfm phhﬁendicmlén firlst luidtnnbﬁu‘h E:I he
ne cated to

base of the wire_on e _out si.de of t

a tenperature aﬁ'a%‘eiﬁéﬂ °"PP€\’\'? fhetep Vl?F 8?6+e 8%"%%””’ ate i3ﬂQ ?ﬁ%s
provi ding an exegéilihgHbf e firsifisvfiBation chihReldi 2265 défirek hfs@céh@ﬂiﬂﬁlbvel that is
It wll be apparent that while the invention arose in .. context of

creating el ect rB&?'Wo?“@%‘?ﬁ"bﬂI@hﬁ(ﬂ?‘@"'ﬁ’&rﬁfsthetfﬁét f‘“m i gie; fll lpyel of a
applicable to apinfRidh EndtiR fe. bt th§ éi%§h& Y 1evdiPis! @uﬁbfdrﬁféﬁl{/" ¢Ré fRQEGRYI ts

t hrough hi gh aspect ratio hol es. i's also applicable where it is
desirable td5 of theeanpeaied me@vmr e gf kel first.fib levsl)if toey Ree effaetuverticelly

anot her el ectri gglno more than about 10% of the depth of the channel; even if the fill levels
are further offset vertically they are still substantially the same if filling the
reservoir to its fill level results in filling the connected distribution channel and
the retention of fluid in the connected distribution channel. The combination
20 of a first vertical channel 214, connected to a horizontat feeder channel
segment 216, in turn connected to a second vertical channef 225 makes up a
first feeder channel 217 (not identified in the Figures).
if liquids are maintained at a defined first level in a first fluid
reservoir 200, then substantially the same level will be maintained in the first
25 distribution channels 222 connected to that first fluid reservoir 200 via first
feeder channels 217. This equalization occurs due to the principle that two
connected bodies of liquid will tend to seek the same level and, where the
size of the channels allows, due to capillary flow. Liquids are maintained at a
defined level in the first fluid reservoirs. In the illustrated embodiment, liquid
30 is fed into the fluid reservoir 200 through channels in the feedthrough plate
300 and such liquid that is not needed to fill the fluid reservoirs to the defined
level is drained through drains 380. First openings 381 (not shown) are
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structure. B. Liquid Distribution System One
version of the liquid distribution system 100 that gave rise to the

I nvention is i ed in Figure 2-4. The distribution systﬁzﬂny

formed .of at Ig‘lads%%&ee pl ates, a feedthrough plate 300, a dist 4??70n
pl at e 310 and a reaction cell plate 320 (Figure 2). The feedthrough
plate 300.is bonded to the distribution plate 310. Most inportantly,

t he feedthrough plate 300 has nultiple fixst el ectrodes 360 and second

el ectrodes 361 that can be manuf actured according to the invention. The
reaction cell pifateedirothesbattomiigyercedl the feedtiveratyplate 80@ toocrente afliguidsi de

of the distributd, Re@éncﬁ'ﬁ ﬁr glé%e t%rtg}e?.ﬁ the f1r§'{]ﬂt? B%’E%Xg Qbe#ﬂaﬂ%eahf‘a.ﬁé 356

330 interposed et Ween 1St I'on e reaction cell
pl ate 320. Liquids are constantly féeglinto &ws hmﬂ‘lmdmesle&ycmﬁ 200 (as avellt as thet | on

| ate 310 r di 0 the,i ti . FiLgure 4 sho n ex edV|eW
Dt 6 por ti on of 5o80nd At @bl i and Bried s34 Soscndiree2 G bR IcRRY BS e sioe
of the featurgs oflamceNtechal Funbywhﬁotsgﬁhﬁnpfsul?h Qdthe %o@mm&yzosme

structures indicated in idlines wll b orrredlnthetoplayer of

the di stributi ofMykgpan easmq rumpavaiipblefieme WatsontMaglew: d¢-wi t h dot t ed

lines will be fQXIfH?Haﬂl\Fhl* he dBfhé P [BviePY AN b@fmélhf%med bghﬁrﬁtc}?h‘\b' #R iBlater 310,
except that in Figure he reaction cells 350 are I ndi cated by boxes

in solid lines é'ﬁéﬁ‘ inbedirst fuidaresenvgirs 2005 (afsecond Huictirasarvpirs 210 efdhird
Ph"S o o) e TRAPRY G Y2058y AR S5O BB SR ES il
At the top ofOFifiuid eesyrmremnrneradadtmfmammm ésedefined; lex@DA,

Each set of four adjacent first distribution channeis 222 are
adjacent to two buffer channels 218, located to each side of the first
distribution channels 222 along the EW axis. Liquid can be pumped from any
first distribution channel 222 into the adjacent buffer channel 218 by

15 activating the first pump 360 (indicated in Figure 4 by two filled dots
representing the electrodes of one type of pump) of the first distribution
channel 222. This pumping creates additional pressure that moves the liquid
over capillary barrier 370 {not shown) separating the first distribution channel
222 and the buffer channel 218. Between each first distribution channel

20 222, second distribution channel 224 or third distribution channel 226 and
the adjacent buffer channel 218 and between each buffer channel 218 and its
adjacent third vertical channel 390 .(described below) there is such a capillary
barrier 370 that inhibits liquid flow when the pumps are not activated.
Second openings 362 {not shown) are formed in the bottom layer of the

25 feedthrough plate 300 to create a liquid connection or sluice between the first
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

30 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



200B, 200C and 200D, each having a defined fill level. Each of these first
25 fluid reservoirs 200A, 200B, 200C and 200D has two first reservoir
extensions 212 extendi ng along substantially all of an EWaxis (see
deflnltlons) of the distribution plate 310. The ceilings of the first

reservoir gwoons 212 preferably are at substanti al | yp¢fiossasnsssy

el evation as the tirst fill level. At five staggered |locations, Al, Bl,
Cl, D1 and E1, along the EW30 axis of the first reservoir ext ensi ons 212
there are four first vertical channels 214 (not shown) that connect the
first reservoir extensions 212 with four 13first horizontal feeder

channel segnents 216 that are fornmed in the bottom WO 96/ 39260
PCT/ US95/ 14587 channels 390. 11 | ayer

of thg distribution plate 31:@‘.5%? ?to? ggr@ghgﬁgt&@pc%m risel

D1 or E1, four adjacent first der segnents 216, which
are connected t elestrpde-diaeed puntps: eéte laast twexypes pbsucl lectmdtemedlp@lngﬂw

NS . axis to ten | S F 2 nd J2.
Each 5 positi ohaﬁ gelscégrdddyplggﬁy ﬂéger&% rﬁ’%%sr %‘Ec‘%’c‘s@%’ﬁég’? urse of
each such 5 spumping® aEHmtanmc'Eaﬁqtmsmm'a(Edlem punaping lhasawwant s 216
pos 1| one. A2, _paeseabelihy Brt St ~MBcraigbrigusd ety 3 e SR acent
first horizont algehssrdendclAéiatdrs, A21SAZBENDS- R PIS0 aRARISHRE ¥t apnACt ed,
via separate secgnd vertical 10 channel s 225 (not shown), to each of four

per pendi cul ar f Migfomachined ElertsahydrodypamicPump2Sersars gnAswatarsy | ayer
of the distri bu;«zywé%@ 3 TF@ pumps%beman%seheeé b{,%:sa hﬁ% d boat,i on

channel s 222 define a secon | eve ypi cal | stantlally
the el evati ot of' Ekentropsmasis{ AI Reﬂ&b&% Fluid-Reopfulgion Swam deor ﬁlow Injection

Analysis," Anal. Chem., 66: 1792-1798, 1994,

EO pumping is believed to take advantage of the principle
that the surfaces of many solids, including quartz, glass and the like, become
charged, negatively or positively, in the presence of ionic materials, such as

15 salts, acids or bases. The charged surfaces will attract oppositely charged
counter ions in solutions of suitable conductivity. The application of a voltage
to such a solution results in a migration of the counter ions to the oppositely
charged electrode, and moves the bulk of the fluid as well. The volume flow
rate is proportional to the current, and the volume flow generated in the fluid

20 is also proportional to the applied voltage. Typically, in channels of capillary
dimensions, the electrodes effecting flow can be spaced further apart than in
EHD pumping, since the electrodes are only involved in applying force, and
not, as in EHD, in creating charges on which the force will act. EO pumping
is generally perceived as a method appropriate for pumping conductive

25 solutions.

EHD pumps have typically been viewed as suitable for
moving fluids of extremely low conductivity, e.g., 1014 to 10? S/m. It has
now been demoh_strated herein that a broad range of solvents and solutions
can be pumped using appropriéte solutes than facilitate pumping, using

30 appropriate electrode spacings and geometries, or using appropriate pulsed or
d.c. voltages to power the electrodes, as described further below.

The electrodes of first pumps 360 and second pumps 361



di stribution channel (e.g., the second fill level) is "substantially" the
fill level 15 of the connected reservoir (e.g., the first fill level) if
they are offset vertically by no nore than about 10% of the depth of
the channel; even if the fill |evels are further offset vertically they
are still sub @%Qﬁly the same if filling the reservoq;c-m;sgg,igg-illl

| evel results In I ng the connected distribution channel and t he
retention of fluid in the connected distribution channel. The comnbi nation
20 of a first vertical channel 214, connected to a horizontal feeder

channel segnent 216, in turn connectedt4 o a second vertical channel
225 makes up a first feeder channel 217 (not identified in the
Fi-gures). used in the liquid distributionisystem pssferam have actiametes frermiabeyt

first level in f%;,hérg;,s% %g 150 ,h@;@;g/qrarzeé% fprkb gf}B&Hba%o%@tzaa{d ?Ib&d}z ,

sane |l evel wll mal nt ai ne int uti on channe
connect ed to t HHO microns{ étill chore peeferably Homn abta.lthQ sicrons tof aheddr7&channel s

217. This equallzatlon C e to rinci that,t ected

Cod eaor 11 aoimmiehns pRiGrEbR, € olduiodea RIS} ¥ 1gplPt e chenhBBSE] °F

gf f t hedclhannlel f:‘de@|tl|r\] e\tv];sromiueo?osmprbl about 959 %ot tﬂeqdéptlhl dirtherohannel, rm%teat a
efine evel in e first uid_r serv0|rs | st i ment,

liquid 30 is cRsgtarakl frame sppUt 35 53)55 Pmlﬁ; eyt e 31%

feedt hrough pl Qdgally, as EQQs@f‘Qhé H@@tfbugy'&hﬂn@atas' ﬁe@ém@ﬁﬁdﬁﬁtti&ef-édt wﬁlhe

fluid reservoirs to the defined | evel 1s drained through drains 380.

Fi rst openi ngs faéd, gredrorsrabayt Samicrons to about §Hngsyanszigdength, preferably from
PCT/ US95/ 14587 d
T e bot t ooy about 28 microns about to 60 micjons, Brsferably, a pump fgludes o 3iifa
connecti on 3P dHlectoader@64dsuch ae fifstrelectrdde ﬂﬁﬁAs:arthﬂHretgcﬁmdeaamAhandraai ns
380. Li qui CL ?ec(ir rase 3”&‘ ké’uch as thll’ndt 8ectrod; '3%6& d"' #o%r{h sl%cr:%{'ghé %6%%?

(as well as the
that are preferably spaced from about 100 microns to about 2,500 microns

apart, more preferably, from about 250 microns to about 1000 microns apart,
yet more preferably, from about 150 microns to about 250 microns apart.
15 The separation of electrodes is measured from the center points of the
electrodes as they first protrude into their associated fluid channel. In a
particularly preferred embodiment, a gamma electrode 366 (not shownl) is
spaced from about 200 microns to about 5,000 microns, more preferably
from about 500 microns to about 1,500 microns, yet more preferably about
20 1,000 microns from the farther of the alpha electrode 364 and the beta
electrode 365. In an alternative preferred embodiment, the pump has two
additional electrodes comprising a gamma electrode 366 {not shown) and a
delta electrode 367 {not shown) that are spaced from about 200 microns to
about 5,000 microns, more preferably from about 500 microns to about
25 1,500 microns, yet more preferably about 1,000 microns apart. Where the
electrodes are located in fluid channels that have bends, the distances are
measured along a line that defines the center line of the fluid channel. In
contexts where relatively low conductivity fluids are pumped, voltages are
applied across the alpha electrode 364 and the beta electrode 365, while in
30 contexts where relatively more highly conductive fluids are pumped the
voltage is induced between gamma electrode 366 and one of alpha electrode
364, beta electrode 365 or deita electrode 367. The latter circumstance



second fluid reservoirs 210 and third fluid reservoirs 220) typically by
the use 5 of an external punp 15 (not shown), such as the nodel nunber

205U mul ti channel cassette punp avail abl e from Wat son-Marl ow, I nc.

Al ternatively, a defined |evel can be maintained by nonitoring the Ievel of
liquid in the“%5$§§uﬁluid reservoirs 200 (or second fluid r 210 or
third flui rvoirs 220) and only activating the punps

liquid to a given 10 fluid reservoir when needed to maintain the deflned

| evel . Each set of four adjacent first distribution
channel s 222 are adj acent to two bufferashannels 218, |ocated to each
side of the first di stributi on channels 222 along the EWaxis. Liquid

can be punped ftypicalinyapplies forrsolvatits traditionaliy minaped with220 ipunipingcalthjughent
buf f gr channel fhr 6 Flgure
4 by two fill o IR r¥éntSn ?%é?ﬁ@éh?‘? rﬁ% iyl inkBly Pilhed Hevbloldl a’i"%@“’%?""e

of the first di Gnnaelpms obEHD or EQ pumping2No Tihhsulesndictage evhdeit etecinbdiet | onal

pressure that npves. the Liguid . ver capillar bar |er ot shown)
Ceparat i ng he Sameiegea s ABeroprate Rt afveR 'solvEnt o23ghuekhs JifreER Smannel
218. Bet ween geagppropfigte cbmbihation can behdéteahinéd e?ﬁﬁnc@lﬁfiﬁrlibrﬂ'o?tthbbm lon
channel 224 or third distribution channel 226 and the adj acent buffer
channel 218 anddigelofu®s heseiR- buf f er channel 218 and its adj acent third
vertical channel 390 (described below) there is such a capillary

barrier 370 that inhibits liquid fl ow when the punps are not activated.

Second openi ngs 362 (not shown) are fornmed in the bottom | ayer of the 25
feedt hrough plate 300 to create a liquid connection or sluice between the

first di stribution channels 222 and the buffer channels 218. From a
buffer channel 218, liquid can be punped using a second punp 361
(indicated in Figure 4 by two filled dots representing the el ectrodes
of one type of punp) to a third vertical channel 390 that connects with
a reaction cell in the 30 reaction cell plate 320. Third openings 363 (not
shown) in the bottom | ayer of the feedthrough plate 300 or the
distribution plate 310 serve to create a | i qui d connection or sluice

bet ween the buffer channels 218 and third verti cal
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13 channel s 390. First punps 360 or second punps
361 can conprise el ectrode-based punps. At |east two types of such

el ectrode- based punpi.ng has been described, typically under the nanes
"el ect rohydr od ) 5 punping” (EHD) and "el ectroosrmS| s"

punpi ng has bewﬂﬂgzﬁaescrl bed by Bart et al., "Mcrofabri Catﬁ?}usgﬁ%

El ect rohydr odynam ¢ Punps, " Sensors and Act uators, A21-A23: 193-197,
1990 and Richter et al., "A M cr omachi ned El ectrohydrodynam ¢ Punp, "
Sensors and Actuators, A29: 159- 168, 1994he EO punps have been descri bed
by Dasgupta et al., 10 "El ectroosnosis: A Reliable Fluid Propul sion System
for Flow | njectilNTHE Cl__AmgySi s," Anal. Chem, 66: 1792-1798, 1994.

EO punping is believed to t %ant th.e pr i nGi.pl . t

sur faces of nmany solids, inc ’udl E&?f’? fﬁﬁ'ﬂ'gg aaﬂ‘&' ft@‘qﬁl?kcéf'g%g‘_&éocﬂ@ﬁ
charged, negati \tRtough'a mgal dspéet patid Role) thepiitsstt orbiprisingisintetingrd viladnk seich
as 15 salts, acids or base The har ed suifaces will attract oppositely

char ged courfeep thBﬁ?""l‘F%GPUE’P’Gﬂé‘ thehdeconductivity. The

application o5 a voltage  2fo Sﬁfé"m%tlﬁﬂi uf b@ﬁnﬁewkéraw fheaavsrsg@baﬁm@f
the counter ions to the oppositely arged el ectrode, and noves the

bul k of the fl uisizesef thel glassrard mﬁtehnowuem in the vig inkiis ffﬂm;ﬁbppt Ond imictenshe
current, and thg,\@lougs ZT&‘ nerated in the fluid 20 is al so proportional
to the applled voltage yp! ca Iy, I n channel s of capillary di mensi ons,
the el ectrodes effecting fI o canTheemephaskdf &tannrzewvlaq:amtnermerage particleHD

punping, since the ef get élg&egn@h?etgmgw mﬁﬁys .h tﬁg Jepm?tpiQ'f}’d boﬁE 66%3%@%5.

not, as in EHD, Tn Creat charges orce w punpi ng
S general I y1pertoeabwai8amiclomt hod appropri ate for punping conductive 25

23: ;J:[albf)gsi‘ or nmovi ng fl ur Hds E&‘%&Pﬁ \éfag{}\/yng’ﬁ%éflfﬁ %ﬁe%syé&\é&ds@% of
10[err] to 10[ erthg ¢tds® ard maest panucleﬁﬁuvbe&asdnmtmdr l60%i of thacdvebage
broad range qf spoal&/lglgts?zeand sol uti ons

5. The method of claim 1, wherein the via sinters to form

15 the conductive solid at a temperature of no more than about 600°C.

6. The method of claim 1, wherein the via sinters to form
the conductive solid at a temperature of no more than about 550°C.

7. The method of claim 1, wherein the hole is in glass.

8. The method of claim 1, wherein the aspect ratio of the

20 holes is at least about 3.

9. . The method of claim 8, wherein the aspect ratio of the
holes is at least about 6.

10. The method of claim 9, wherein the aspect ratio of the
holes is at least about 10.

25 ' 11. The method of claim 8, further comprising, coating the
substrate in which the hole is formed with a sacrificial layer prior to filling the
holes with via ink.

12. The method of claim 11, wherein the coating with the
sacrificial layer occurs before forming the holes.

30 13. The method of claim 11, further comprising, after
coating the substrate with the sacrificial layer, treating the substrate with an
etching process to create channels, reservoirs or reaction cells.

LN D L




can be punped using appropriate soiufes than facilitate punping, using 30
appropriate el ectrode spaci ngs and geonetries, or using appropriate pul sed

or d.c. voltages to power the el ectrodes, as described further bel ow.
The el ectrodes of first punps 360 and second punps 361 WO

96/ 39260 PCTHM4R%5 7

14 used i%os{%sgﬁoi quid distribution system preferably have a di aneter

f rom about 25 microns to about 150 nicrons, nore preferably from about
25.to about 100 mcrons, still nore preferably fromabout 50 mcrons to
about 75 m crons. Preferably, the el ect¥dodes protrude fromthe top of a

channel to a 5 depth of fromabout 5 %to about 95 % of the depth of the
channel , nore pr ef er abl ¥4 r ctheamethod ef giaira 1dpdvhersin aftes thenkealing: h of

t he channel . sﬁ#ﬁ*@biﬂnk?&nﬁs bﬁ}ﬁ%oﬁyﬁomfﬁﬁtg Tate defined as the

el ements that interact with are fromabout 5 microns to about 95
m crons in |ength, preferabtly. frtm methaboficlaind &riwhenein thiechoies hage

1 rstai ect roaciagngters M Bpa0ELB I8 Bodl T Bickdngl oo 00 208 N oet fode 365
(such as thisd el ectrode 3608 arThd metiidd of et dde wWikdrdin the hbleathase e

preferably spacgd fromabout 10Q_m crons apout 2,500 m crons apart,
nmore preferabl ,'a'?‘PEﬁW&’BHbeQB'ogﬁitEr"&Hé"t‘badﬂlﬁﬁ?“stooo m crons apart,

yet nore preferably, from apput fRDmiBtiked b clafim AB) Uvherfelh fHeCholes havart . 15
The separation gf electrodes is_neasured_fromthe center points of the

el ectrodes as tdigmetars &rom pbeut,BQ toaheut {6 mickeRsci ated fluid channel. In a
ticularl f d enbogl t '
particularly prererred e O@B.rmnfh%ﬂwwggglaﬁﬁ 1295hah ﬁﬂpﬁolég%\gég%roﬁ

spaced from about 200 microns to abo m crons, nore prefer y
10 about 50 microns to about 1,500 microns deep.
19. The method of claim 15, wherein the holes are from
about 100 microns to about 1,000 microns deep.
20. The method of claim 15, wherein the holes are about
500 microns deep.
15 21. The method of claim 1, wherein about 10,000
electrical conduits are concurrently formed on the substrate.
22. The method of claim 21, wherein about 100,000
electrical conduits are concurrently formed on the substrate.
23. A méthod of forming an electrokinetic pump in a
20 channel éomprising:
inserting a conductive wire through openings into the
channel; and
sealing the openings containing inserted wires with a via ink.
_ 24, The method according to claim 23, wherein the
25 channel has capillary dimensions.
25. The method according to claim 23, wherein the
conductive component of the via ink is selected from the group consisting of
gold and platinum.

* c L ] S *



from about 500 microns to about- 1,500 mcrons, yet nore preferably about 20
1,000 mcrons fromthe farther of. the al pha el ectrode 364 and the beta

el ectrode 365. In an alternative preferred enbodi nent, the punp has two
addi tional el ectrodes conprising a ganma el ectrode 366 (not shown) and a
delta el ectro%&gzz‘gnot shown) that are spaced from about 2Qn%éiess tO
about 5,000 mcrons, nore preferably from about 500 mcrons to about 25
1,500 mcrons, yet nore preferably about’%, 000 ni crons apart. \Were the

el ectrodes are located in fluid channels that have bends, the distances are
measured along a line that defines the center line of the fluigghannel. In
contexts where rel ati vel yptow-corrttret=tvity ieha—n pempegse” Vol t ages are

30 contexts where rel ati vy npEE-HBA-ECand Ut iV L T L LTHs> mped t he
vol tage is induced betweerfamret-ttse Y = wHtpha el ectrode
364, beta electrode 365 or delta electrode 367. The latter ci nst ance
WO 96/ 39260 / US95/ 14587
15 typicaFL aﬁBELes for solvents traditionally punped with EO punping,
al t hough t ﬂéai tionis not limted to any theory that has devel oped
around t he concepts of . EHD or EO punping. No firmrul es dictate which
el ectrode conbi nation is appropriate fop a given solygnt or solution;
i nstead an 5 appropriate conbination ca P& det erni ned, @ iricahby in |ight
of the - disclosures hergfps 1 ¢ .._v’
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met hod conprising sintering a via ink to

and to seal thayboésdaee 5

3. » The method of claim2,. wherein the
gl ass and netal powders in the via ink

about 8 m crons. 4,
| east about 80% of the glass and ne
about . 60% of the average particle

met hod of claim11, wherein the via sint
at a tenperature of no nore than about
The nmethod of claim 1, wherein the via
solid at a tenperature of no nore #han
7. The nethod of claim1, mhereid%the

| east about 3.

PCT/ US95/ 14587

A nethod of formng a
fluid-tight electrical conduit - through a high aspect ratio hole, the

formthe

el ectrical conduit

. The nmethod of claim1,
wherein the average particle size of the glass and netal B%ﬁ?sé“?% t he
via ink is fromabout 0.3 microns to aBbut 12 microns.

age particle si ze of the

aspect ratio of the hol es i t-
The nmethod of claim9, wherein thge a
| east about 10.

8. The nmethod of claim1, wheng n%:e
9.
p

.V

mcrons 10 to
claim?2, wherein at
e sizes that are
5. The
e conductive solid
A 6.
t he conducti ve

S.
the 20 holes is at
claim8, wherein the
10.
hol es i s at




25 11. The nethod of claim8, further conprising,
coating the substrate in which.the hole is fornmed with a sacrificial

| ayer prior to filling the holes with via ink. 12.
The nethod of claim 11, wherein the coating with the sacrificial |ayer
occurs before rp t he holes. 30 13.  Ther/sésaaskrof
claim11, furt‘&é?%%%bri sing, after coating the subst ratg&\l;m' th ?%g
sacrificial layer, treating the substrat@/ith an etching process to
create channels, reservoirs or reaction cells. WO 96/ 39260

PCT/ US96/ 14587 17

14~ The nethod of claim11l, wherein after the heating step the via ink
fornms protrusions fromthe substrate. 15. The met hod of
claim 8, wherein the hol es have di aneters from about 25 to about 150
mcrons. 5 16. The nethod of claim15, wherein the hoI es
have di aneters from about 25 to about 100 m crons.

17. The nethod of claim 15200kerein 2088 hol e200Cive  2gghaneters from about
50 to about 75 m crons, met Nod of claim 15,
wherein the hol es are m crons deep.
19. The net hod of T . e =

m crons to about iseEeRe—dged __.__“.___.___. od of
claim 15, wherein s e . 5 ‘

’ ] ‘ _|I_,1_'IL.L‘.| LJ{IL.LJL
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15 21. The nethod of claim11, wherein about 10,000

el ectrical conduits are concurrently fornmed on the substrate. .

22. The nmethod of claim 21, wherein about 100, 000 el ectrical conduits
are concurrently formed on the substrate. 23. A net hod
of formng an_el rokinetic punp in a 20 channel conpri sing,

I nserting a c%'ﬁd@%%@e wi re through openings into the C grl;,r?gsl’s;mgsgd
sealing the openings containing inserteffdwires with a via ink.

24. The nethod accordipg to claim 23, wherein the 25 channel has capillary

di‘nmensi ons. 25. The method according to_claim 23,
wherein the conduct i v& conmpone2OB®f the via ink is @r{(;(;gﬂ\fromthe
gr.oup consisting of gol 38end _pl &ti num
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