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ELECTROKI NETI C PUMPI NG This application relates to el ectrode-based punps,
nmet hods of operating such punps, and calibration devices for such punps.
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One mechanism for developing new drugs not provided for
by nature has been dubbed "rational” drug design. This process looks at the
structures of biological macrorﬁolecules as determined by crystallography and
at the structures of pharmacological agents known to interact with these

15 macromolecules. With the use of computer workstations, it was hoped that
new pharmacological agents could be designed that had appropriately
positioned functionalities for strongly interactfng with the macromolecute.
One difficulty with this approach is that growing crystals appropriate for
crystallographic structural determinations is a tedious, empirical science. In

20 many cases, it is unclear if appropriate crystals can be grown (for instance,
for the glycoprotein hormones such a chorionic gonadotropin or other
glycoproteins). Another difficulty is that chemistry does niot provide the
malieable construction tools evoked by the phrase "design”; instead, chemical
building blocks provide only a limited number of bond angles and lengths. For

25 example, the structural routes by which a chlorine group might be positioned
in particular part of a drug-binding pocket in the macromolecule may be many,
while the advaniages or disadvantages of the ancillary structures needed to
position this group are hard to "rationally” evaluate.

Combinatorial chemistry seeks to create its own

30 T"evolutionary” process that selects for compounds with the desired
pharmacological activity. The key to making the process evolutionary is to

generate large families of "mutants”, in this case families of compounds with
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may have very small concentrations of potentially useful compounds, and at
best only contain compounds selected by evolutionary pressures that may

10 have nothing to do with the disease that is sought to be treated. After an
extract has been identified, the process provides little information as to the
identity of the active ingredient.

Combinatorial chemistry seeks to create the large family of
compounds by permutation of a relatively limited set of building block

15 chemicals. Preferably, the combinatorial method will create identifiable pools
containing one or more synthetic compounds. These pools need not be
identifiable by the chemical structure of the cémponent compounds, but
should be identifiable by the chemical protocol that created the compounds.
These pools are then screened in an assay that is believed to correlate with a

20 pharmacological activity. Those pools that produce promising results are
examined further to identify the component compounds and to identify which
of the component compounds are responsible for the results.

The follow-up protocol used to identify the active compounds
in a combinatorial pooi can also invoive a combinatorial method. For instance,

25 the promising pool could result from the reaction, first, of a mixture of
compounds A, B and C, which compounds do not react with one another,
with compounds D, E and F, which compounds do not react with one another
but do react with compounds A, B or C. Second, the resuiting compounds
are reacted with compounds G, H and I. To narrow the possible identity of

30 the active compounds in the pool, the A-D, A-E, A-F, B-D, B-E, B-F, C-D, -C-E
and C-F products can be separately created by combinatorial chemistry and
separately reacted with a the mixture of G, H and [. After this step, the
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chemistry is to attach the first chemical building blocks to a solid support,

10 typically a glass or polymeric support, such as the supports used in the well
known Merrifield method for synthesizing polypeptides. This attachment
provides a mechanism for quickly isolating product by simply washing away
reactants and related impurities and decoupling the product from the support.
In some cases, the support-coupled product can be assayed for

15 pharmacological activity. '.

Miniaturization is usefully employed in combinatorial
chemistry since: (i} workers generally seek compounds that are
pharmacologically active in small concentrations; (ii) in creating a vast
"evolutionary” assortment of candidate molecules it is preferable to have the

20 numerous reactions well documented and preferably under the direction of a
limited number of workers to astablish reproducibility of technigue; (iii) it is
expensive to create a vast, traditionally-scaled synthetic chemistry complex
for creating a sufficiently varied family of candidate compounds; and {iv)
substantial concerns are raised by the prospect of conducting assays of the

- 25 products of combinatorial chemistry at more standard reaction scales.
Miniaturization allows for the economic use of robotic control, thereby
furthering reproducibility.

The wafer-sized devices described above can be ideal for
combinatorial chemistry, allowing for numerous synthetic chemistry reactions

30 to be conducted substantially under computer control using only small
guantities of reagents. However, the academic literature advocating such

micro-scale devices has not adequately addressed fundamental issues in



sub-pool that is active in the screening assay generally will contain a
nore limted famly of conpounds. Once prom sing nolecules are identified
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that aides in the 5 design of further conbinatorial experinments. The ful
array of prom syogeseepounds identified by conbinatorial cheptaussnsss
provi de val uable information to guide traditional pharmaceutical chem stry
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from about 100 microns to about 2,500 microns apart. in another
embodiment, the invention provides an electrode-based pump comprising a
first electrode, second electrode and third electrode.
BRIEF DESCRIPTION OF THE DRAWINGS. )
15 Figure 1 shows a voitage pulse pattern used to powser an
electrode-based pump useful in the liquid distribution system of the invention.
Figures 2A and 2B show the field strength and orientation at
numerous points about electrode-based pumps.
Figure 3 shows a calibration device.
20 Figure 4 shows another calibration device.
. Figure b displays a cut-away view of a liquid distribution
system that can be used with the invention.
Figure 6 displays a distribution plate of the liquid distribution
system of Figure 5.
25 Figure 7 displays an expanded view of & portion of the
distribution plate of Figure 6.
Figure 8 shows a capillary barrier between a first distribution
channel and a buffer channel.
Figures 9A - 9D show various capillary barrier designs.
30 Figure 10 shows a device for conducting field assisted
bonding of plates.
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i nstance, how does one manage to effectively punp fluids in such a device
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wi thin such devi €0 BUBBRMVARY OF THE | NVENTI ON The i nvention provi des

el ectrode-based punps and netpgekes A0h 850 128ShbN a PARASI deicelsdvimyinps. | n
one enbodi nent, the invention provides an el ectrode-based punp situated in

\%fl ui d cEan?_eI @dﬁm?'dg'rbagegppm el ectrode and a second e:c ect rode,
e e e kst and second Bhe 12URSwId BIFa R ATR St IMARH S RRe

m crons to abott 100 m crons and are ace rom about
2,500 m crons apdiyidrolbgic dinoidhdistributiodisystem. t he invention provides an
el ectrode- based punp ORI sihg, 3 {4 LRbwE'sTebi oI e ARG o Thesibe §idFa o
thermocouple.
Figures 15A and 15B show a valve design.
10
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.



BRI EF DESCRI PTI ON OF THE DRAW NGS. 15 Figure 1 shows a

vol tage pul se pattern used to power an el ectrode-based punp useful in the
liquid distribution systemof the invention. Figures 2A and 2B show t he
field strength and orientation at nunerous points about el ectrode-based

punps. Figure 3 wigwgsemzcalibration device. 20 1@1‘%5514
shows another calibration device. Figure 5 displays a cut-away View ol a

liquid distribution systemthat can be used with the invention. Figure 6
displays a distribution plate of the liquid distribution systemof Figure
5. 25 Figure 7 displays an expanded view of a portion of the

di stribution plat e.ofd. Fi ﬁure 6. Figure 8 shows a capillary barrier between
a first distributi0f%P8Ahel and a buf Peiacest Asarsedrn ghessssigmtiongp (8 @ofist

various capillary barrier designs. 30 gtycture in ?n%IOf thé:b%‘l!é? g?l%\ﬁ%g

device for conducting field assisted bonding o ates
PCT/ US95/ 14586 5 Figure 11 shows a di gecand diristars inothepsanss ongndther plate if

el ectrode- based punps. . N .
punmp 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 250 ym of the second; and {ii)
groupings of two or more channels are adjacent
to one another if each channel is in substantially
the same horizontal plane, and all but the
outside two channels 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 that favor capillary flow of a liguid.
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 um,
stili more-preferably no wider than about
150um.



Figures 12A and 12B show a channel device having el ectrode-based punps. 5
Figure 13 shows a liquid distribution system design pursuant hydrol ogic
liquid distribution system Figure 14 shows a reaction cell having a heater
and a thernocouple. Figures 15A and 15B show a val ve design. 10 DEFI NI TI ONS

The foll ow ng teswmosgbak! have the neani ng set forth bel ow. [eﬁdﬁ] S95/14586
|'e

addr essabl e a reaction cell or channel is "addressab

reservoir or another channel if liquid fromthe reservoir or other channel
can be directed to the reaction cell or channe. WO 96/ 39252
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situations: (i) a fII’St structure in one of the plates is adjacent to a
second structure i1 ERRMNangbargsr oot hep Barngreo ﬂlu‘c{ Hew/ierg FE@T"%PBWEF'PB@%f

the first structure onto the plate of 55&1@@@9% SharH HE aSidRRSrispReses the
first structure on the second or places it

designed to favor the formation, by liquid in the
channel, of an energy minimizing liquid surface
such as a meniscus at the opening. Preferably,
capillary barriers include a dam that raises the
vertical height of the channel immediately before

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.

® 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.

¢ flow preference the direction that a liquid pumps under the
influence of an electrode-based pump having
two symmetrically situated rod-shaped

electrodes.

5 @ 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.



wi t hin about 250 pm of the second; and (ii) groupings of two or nore
channel s are adjacent to one another if each channel is in substantially

t he sane horizontal plane, and all but the outside two channels in the
groupi ng are adjacent (in the sense defined in (i) above) to two nei ghbor
channel s in the whoHed. Preferably, under item (i), a firstpSifsschdsse 1S
adj acent to a second structure if the vertical projection of the first
structure onto the plate of the second structure superinposes the first
structure on the second or places it within gpout 150 [err]mof the second.
[err] capillary dinensions di nrensions that favor capillary flow of a

liquid. Typically, channels of capillary dinensions .are..no der . t han about
1.% nm P?/gferab?/f E‘HH?R@FIS vertica (F; wi fiications °§5‘6%P”%t'f’5t°\?n n‘?a'§/8??‘?ﬁ)re

preferably no wider gifnaggabout 250 [ egiskiutidn dystdRrEfeP ke ited Bhbitafion Wity

than about 150[err]m WO 96/ 39252 ‘ . . .

PCT/ US95/ 14586 7 the device is in use. The notations "EW axis”
and "NS axis" are in reference to Figures 1, 2, 3
and 7, where an EW axis goes from right to left
and is perpendicular to the long axis of the page
and a NS axis is from top to bottom parallel to

the long axis of the page.

® independent channels, reservoirs or reaction cells that are not
connected.
5 e offset two sets of channels are "offset” when none of

the channels in the first such set is adjacent to

any of the channels in the second set.

® 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.

® second reservoir these extension channels inciude the distribution
extension channels channels that may branch off of these extension

channels.



[err] capillary barrier a barrier to fluid flowin a channel conprising
an opening of the channel into a |arger space designed to favor the
formation, by liquid in the channel, of an energy minimzing |iquid surface
such as a neni scus at the opening. Preferably, capillary barriers include a
dam that rai seswdwngmnti cal hei ght of the channel i nmmedi at el ychgéoangssé he
opening into the | arger space. [err] connected t he channel s,
reservoirs and reaction cells of the invention are "connected" if there is
a route allowing fluid between them which raute does not involve using a
reaction cell as part of the link. [err] directly connect ed reservoirs

and horizontal channels ar I rectly connected"_ | connected and
either (1) no oth& @ﬂﬂ‘h‘é"‘% tg mterpBE@E 5@%@#0‘?%&“&‘% t%’ BAPY a single
vertical channel IS|ehPtreapaﬁ@6fmtmeeﬂohml d.%hhoﬁé w'?pfrefevnﬁacns

the di.rection that a [iquid s under the influence an electrode based

punp having two synhefzanial ¢'9"e§$'9ﬁ%1t edimensionsajiesirased in tregligures) of ftiag
hol e di anet er because techni gg%dﬂyrﬁggrlcatlng snmal | holes often
create holes that are wi der at one en than t ot her (for instance, about
50 m crons ® U-plumbing channel a channel designed to connect at least two
channels or reservoirs such that the liguid level
in one of the connected channels or reservoirs
will equalize with the liquid level in the other
connected channel or reservoirs due to
hydrological forces. U-plumbing channels
typically have vertical channels that connect
channels or reservoirs located in a higher vertical
plane with a substantially horizontal channel
segment of the U-plumbing channel located in a
lower piane -- these vertical and horizontal
segments together comprise the U-plumbing
channel. The feeder channels of the invention
are typically U-plumbing channels. -
5 DETAIWLED DESCRIPTION
A._Electrode-based Pumps
At lsast two types of such electrode-based pumping has
been described, typically under the names "electrochydrodynamic pumping”
{EHD) and “electroosmeosis” (EQ). EHD pumping has been described by Bart
10 et al., "Microfabricated Electrohydrodynamic Pumps,” Sensors and Actuators,
A21-A23: 193-197, 1990 and Richter et al., "A Micromachined
Electrohydrodynamic Pump," Sensors and Actuators, A29:158-168, 1991.
. EC pumps have been described by Dasgupta et al., "Electroosmosis: A
Reliable Fluid Propulsion System for Flow Injection Analysis," Anal. Chem.,
15 66: 1792-1798, 1994. In the present application, pumping effected with

electrodes is termed "electrokinetic pumping.”
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orientation of a part of the EW NS di stribution system
refer to the oriwobgideh When the device is in use. The not at p@fEsoski¥saxi s"
and "NS axis" are in reference to Figures 1, 2, 3 and 7, where an EWaxi s
goes fromright to left and is perpendicular to the |long axis of the page
and a NS axis is fromtop to bottom parallel 1o the long axis of the page.
[err] independent channel s, reservoirs or reaction cells that are
not connected. 5 [err] of f SBO pumping is believed t¢ takesad\antdgectiativegirinciple

"of fset” wh t he .ch s in the. first h set i ' t
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separate horizontal planes if their vertical projections onto the sane
hori zontal pl ane S@lts. peifp o diages-aihe charged surfaces will attract oppositely charged

5 counter ions in solutions of suitable conductivity. The application of a voitage
to such a solution results in a migration of the counter ions to the oppositely
charged electrode, and moves the bulk of the fiuid as weil. The volume flow
rate is proportional to the current, and the volume flow generated in the fluid
is also proportional to the appiied voltage. Typically, in channels of capillary

10 dimensions, the selectrodes sffecting 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
solutions.

15 EHD pumps have typically been viewed as suitable for
moving fluids of extremely low conductivity, e.g., 107" to 10 S/cm. It has
now been demonstrated herein that a broad rangé of solvents and solutions
can be pumped using appropriate solutes than facilitate pumping, using
appropriate electrode spacings and geometries, or using appropriate pulsed or

20 d.c. voltages to power the electrodes, as described further below.

The electrodes of first pumps 360 and second pumps 361
used in the liquid distribution system described below preferably have a
diameter from about 25 microns to about 100 microns, more preferably from
about 50 microns to about 75 microns. Preferably, the electrodes protrude

25 from the top of a channel to a depth of from about 5 % to about 95 % of the
depth of the channel, more preferably from about 25 % to about 50 % of the
depth of the channel. Usually, as a result the eilectrodes, defined as the
elements that interact with fiuid, are from about 5 microns to about 95
microns in length, preferably from about 25 microns about to 50 microns.

30 Preferably, a pump includes an alpha electrode 364 (such as first electrode
360A or third electrode 361A) and a beta electrode 365 (such as third
electrode 360B and fourth electrode 361B) that are preferably spaced from



[err] reservoir unless a different neaning is apparent fromthe
context, the terns "reservoir" and "fluid reservoir" include the horizontal
extension channels (sonetinmes sinply termed "extensions") directly
connected to the reservoir or fluid reservoir. [err] second reservoir

t hese extensi on vwdhegeeedxs | ncl ude the distribution extension cggp@%g
channel s that may branch off of these extension channels. /s @55%2
PCT/ US95/ 14586 9 [err] substantially the at | east about 70% of one of

the major |length of one of the hori zontal ,di mensions (e.g. the EWor NS
hori zontal dinensions dinensions illustrated™in the Figures) of the

di stribution platghouk 00 midrohd FPAEML 886 Phicrons® P@'Fﬁﬁ% )G oebA
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forces. U plunbing channe y have vertic connect
embodiment, from about 150 microns to about 250 microns apart. The

) 5 separation of electrodes shall be measured from the center points of the
electrodes as they first prétrude into their associated fluid channel. In a
particularly preferred embodiment, a gamma electrode 366 {not shown) 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

10 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 that are spaced from about 200 microns to about 5,000
microns, more preferably from about 500 microns to about 1,500 microns,

156 vyet 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 chénne!. In contexts where
relatively low conductivity fiuids are pumped, voltages are applied across the
alpha electrode 364 and the beta electrode 365, while in contexts where

20 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 delta electrode 367. The latter circumstance typically
applies for solvents traditionally pumped with EO pumping, although this
invention is not limited to any theory that has developed around the concepts

25 of EHD or EO pumping. No firm rules dictate which electrode combination is
appropriate for a given solvent or solution; instead an appropriate
combination can be determined empirically in light of the disclosures herein.

The voltages used across alpha and beta electrodes 364 and
365 when the pump is operated in d.c. mode are typically from about 40 V to

30 about 2,000 V, preferably from about 50 to about 1,500V, more preferébly
ably from abocut 100 V to about 750 V, yet more preferably from about 200
V to about 300 V. The voitages used across gamma electrode 366 and



channel s or reservoirs located in a higher vertical plane with a
substantially horizontal channel segnent of the U plunbing channel | ocated
in a lower plane -- these vertical and horizontal segnents together
conprise the U plunbi ng channel. The feeder channels of the invention are
typically U pl usimsgsegsiannel s. 5 DETAI LED DESCRI PTI ON A. El ecigraskes/hased
Punps At | east two types of such el ectrode-based punpi ng -has been
described, typically under the names "etectrohydrodynam ¢ punpi ng" (EHD)
and "el ectroosnosis” (EQ . EHD punpi ng has bggn described by Bart 10 et
al., "Mcrofabricated El ectrohydrodynam ¢ Punps,” Sensors and Actuators,
A|21- A23 h é936197,a|ﬂl9:9,09a8®r Bbt:htem:tmtigaBBA, 385NMr@3gmatieh e pump is operated in
El ect rohydrodynam ¢ Punp, " Sensors, and Actuators,  A29; 9-168, 1991, EO
punps have been %gcm"ﬁ’&?'ﬁ)‘}\’%@&uﬁ?'& @PU&F‘SV"@B&% i Breforaply from) o

Fl uid Propul si on 3% &0 {Pabdut 1500V Shlotd BretBrdblSably froff 8bout TNV, tolabdif:
1792-1798, 1994. In the present application, punping effected with

el ectrodes is terTRQ V. aeemareipreferabdy frampabayt 200 Vo apeus306V. The voltages
PCT/US95/ 14586 510, 0 QYHRL BiBnk 3n8 BetYiElrbled 355 AU Y AH8n We blfmgPs' NPl -
operated in pulsed mode can be as indicated above for d.c. mode, but are
typically from about 50 V to about 1,000 V, preferably from about 100 V and
about 400 V, more preferably from about 200 V to about 300 V. The
voltages used across gamma electrode 366 and the alpha, beta or gamma
10 electrode 364, 365 or 367 when the pump is operated in pulsed mode can be
as indicated above for d.c. mode, but are typically from about 50 V 1o about
1,000 V, preferably from about 100 V and about 400 V, more preferably
from about 200 V to about 300 V. Preferably, the ratio of pumping to
current will be such that no more than about one electron flows into the
15 solution adjacent to a first pump 360 or second pump 361 for every 1,000
molecules that move past the pump 360 or 3_61, more preferably for every
10,000 molecules that move past the pump 360 or 361, yet more preferably
for every 100,000 molecules that move past the pump 360 or 361.
_ it is believed that an electrode-based internal pumping
20 system can best be integrated into the liquid distribution system of the
invention with flow-rate control at multiple pump sites and with relatively less
complex electronics if the pumps are operated by applying pulsed voitages
across the electrodes. Figure 1 shows an example of 2 pulse protocol where
the pulse-width of the voltage is 7, and the pulse interval is 7,. Typically, 1,
25 is between about 1 ys and about 1 ms, preferably between about 0.1 ms and
about 1 ms. Typically, 7, is between about 0.1 s and about 10 ms,
preferably between about 1 ms and about 10 ms. A pulsed voltage protocol
is believed to confer other advantages including ease of integration intc high
density electronics (allowing for hundreds of thousands of pumps to be
30 embedded on a wafer-sized device), reductions in the amount of e!ectrol’ysis
that occurs at the electrodes, reductions in thermal convection near the

electrodes, and the ability to use simpler drivers. The pulse protocol can also



that the surfaces of many solids, including quartz, glass and the |iKke,
becone charged, negatively or positively, in the presence of ionic
materials, such as salts, acids or bases. The charged surfaces will attract
oppositely charged 5 counter ions in solutions of suitable conductivity.
The applicati onw@foseirsel tage to such a solution results in a pagokisee Of
the counter ions to the oppositely charged el ectrode, and noves the bul k of
the fluid as well. The volunme flowrate is proportional to the current, and
the volune flow generated in the fluid is also proportional to the applied
vol tage. Typically, in channels of capillaryl30 dinensions, the el ectrodes

effecting flow can be spaced further apart than in EHD pu % since the
el ectrodes are oNF§ ﬁ”?ﬁ?oW@%gPﬂm&Btﬁsﬁhﬁba%meée CoIRR %a“& elb ckipgttern

creating charges it é:ip, ,t:,ggefpr ce will act. EO punping is generally
perceived as a netho appro riate for punping conductive solutions. 15

EHD punps have typical |y beerAnotbendrogcedsne that canfle appliediy 16 luse dsnwhber of
extrenely | ow co LWVity, .eq0. Of.err I

denonstrated her gﬂ%ﬁ‘ﬁﬁ%% ! éipbcragg(f’v Pé‘ﬁ' S%d s?o)rfdlgcI ﬁéé gﬁ%‘ég}’gt"%’% o;{ﬁ(\f"%t}ﬁg{‘
p:mped gsi ng a@pﬁﬁmfdeataevafdgata&sea‘chmurfmdjadmelmmdeagn a:mn%tgnmeﬂmatat e
el ectrode spacin eonetries usi ng appropri ate pul se :
vol tages to povve?"'?tﬁée 28 pwggoitage ths fi ?b%c?"idu?%t"ﬂéfj ergtiades 'I'ﬁ'@“ to the

el ectrodes of fisgbomy"ahd thiH) cIGtrscRSOBRd BYGRS Shdh HiveRbds arblieskiiBt th Fuhr
di stribution system described bel ow preferably have a di aneter from about

25 nicrons to abe&tel-idoMicreelentricaiystemseleridir {49+ @)9{9&de{5 tetieved thats t o
T o Sas el ALY kb 5 SR AR T g
channel , nor el1@r ebedadtivity mmmwthatzscmatm ebeloiniat fisld-ifdaded fhed flow. Such .
temperature gradients can also be induced by paositioning electrical heaters in
association with the electrode-based first pumps 360 and second pumps 361.
While not wishing to be restricted to theory, several
theoretical concepts are believed to play a role in the mechanics of EHD

15 pumping. The forces acting on a dielectric fluid are believed to be described

by:

-

F =qE + P-VE - %E?Ve +V[’Apg_eE2]
o

20
where F is the force density, q is the charge density, E is the applied field, P
is the polarization vector, € is the permittivity and p is the mass density. Of
the terms in the equation, the first and third are believed to be the most
significant in the context of EHD pumping of fluids. The first term (qE) relates

25 to the Coulomb interaction with a space-charge region. The third term
{%:E2Ve) relates to the dielectric force which is proportional to the gradient in

. permittivity.
In low fields, i.e., the Ohmic region where current is linearly
proportional to voltage, the primary source of charges that will be acted upon

30 by the electric fieid are believed to be primarily due to ions from additives,
ions from impurities and ions formed by autodissociation of molecules in the
fluid. In intermediate fields, i.e. from beyond the Ohmic region to about 2

SUBSTITUTE SHEET (RULE 26)



depth of the channel. Usually, as a result the electrodes, defined as the
el enents that interact with fluid, are fromabout 5 mcrons to about 95
mcrons in length, preferably fromabout 25 microns about to 50 microns. 30
Preferably, a punp includes an al pha el ectrode 364 (such as first el ectrode
360A or third elywgbéfee 361A) and a beta el ectrode 365 (such ggribyshiskss

el ectrode 360B and fourth electrode 361 B) that are preferably spaced from
WD 96/ 39252 PCT/ US95/ 14586 11
about 150 m crons to about 2,500 mcrons- aparly, nore preferably, from about
1 50 mcrons to about 1000 m crons apart, yet nore preferably from about
250 microns to ab¥ipm,ldeGhargesoare befievdd toobe piimadly fatrhed bgtdissocizionrandt |

f bout 150 m . bout 250, mcr. t. ,The, 5 ti .of
ol oot rodes shal | BECHIVES plFaspetiny e i ot PRBPH e tng B aEfts e dpieVagkto
they first protrusl@dbfet-miﬁeawin@ieﬁiﬁb@éks& Ht theCdlgdti®des, Which PRédtigdesar |y

preferred enbodi nent, a ganma e trode 366 (not shown) is spaced from
about 200 ni cr onsinjast 8EMecharg®80 ni crons, nore preferably from about 500

R L L
an alternative pri¢ éoneid theliirdctiembf tiéregative ehectrddes and diegativel-) tibecthaides’
O S & O BoeShiRAuraiat BE s BRivfedoh2 ©l ot ode, 367, that
from about 500 microns to aboia préf@ftetriefibddiment of the invention, the controller 10
has a device for storing data and stores the values of voltage and polarity
10 suitable for pumping a number of solvents.
Experimental results indicate that the properties of fluid flow
{like direction of flow) correlate well with the solvent’s ability to stabilize and
solvate the charged species injected or induced from the electrodes. The
direction of flow is believed to be determined by the preference of the solvent
15 to solvate either cations or anions. This solvation preference is believed to
imply a greater shell of solvent molecules that will be dragged in an electric
field, creating fluid movement, when a field is applied to the electrodes of a
first pump 360 or a second pump 361. For example, a preferred solvation of
cations correlates with a preference for fluid flow from the anode to the
20 cathode li.e., the positive direction). The degree of such a solvation
preference for a solvent is believed to depend on the ability of the molecules
within the solvent to accept or donate hydrogen bonds. In one aspect of the
invention, for liquids whose pumping behavior has not yet been characterized,”
the controller will store initial pumping parameters estimated using on the
25 Linear Solvation Energy relationships established by R.W. Taft and
co-workers. See, Kamlet et al., J. Org. Chem., 48: 2877-2887, 1983 and
Kamiet et al., Prog. Phys. Org. Chem., 13: 485, 1981. These workers have
categorized solvents in terms of the following parameters: m, the ability of
the solvent to stabilize a stabilize a charge or dipole by virtue of its dielectric
30 properties; a, the hydrogen bond donating ability of the solvent; and 8, the
hydrogen bond accepting ability of the solvent. These parameters are more
fully defined in the above-cited Kamlet et al. publications.



1 5 yet nore preferably about 1,000 mcrons apart. \Were the el ectrodes are
| ocated in fluid channels that have bends, the di stances are neasured al ong
a line that defines the center line of the fluid channel. In contexts where
relatively | ow conductivity fluids are punped, voltages are applied across
the al pha el ect r'9ae6/33s and the beta el ectrode 365, while in eppiug¥Ssssher e
20 relatively nore highly conductive fluids are punped the voltage is

i nduced between gamma el ectrode 366 and one of al pha el ectrode 364, beta

el ectrode 365 or delta el ectrode 367. The |atter circunstance typically
applies for solvents traditionally punped w t]h EO punpi ng, although this
invention is not limted to aQyingEehy mii@apias, SevirduPhed gg_ﬁwﬁmt, '&epaé‘r of
concepts 25 of EHD or EO punping.” No firmrules dictate V\/ﬁl ch el ectrode
conbi nation i s apPPdpEran ©dr#apgd gplatnurciigetradesrpesprndiudarty insetted do ardepth
appropri ate conbi ' p ) L 5lopAl | |

d!ogcl gsures her ei ﬁﬁﬁ@rﬂgn '\gﬁcf}}sgggog&tgge#l%g?gg{smglspha Ldn%l' g%'lt’éé'gg{’régo%eggds b§§4
and 365 when the #8@yY figidophs direstiannofdflaw wasldeterminey for s¢verall sadvereabo(fthe40

b 0 bly, f bout 50 to about 1. 500V
pr ef erably abl ¥ {AERCRBIL IR the % Bl €760 WPolg chomiaiiies e (pWsin

about 200 V to alfiF—SO0o— v —Tie—vortH SRRl i SEE s Lutii sacincic Fote=366
and WO 96/ 3925pSolvent direction a B 7 PCE/ USY5Mdipthé 6
12 al pha, beta orff delta el ecirodes 34, 365 or 367 ywhen tHe punp i $noment
operated in d.c. |ffode are typrcarry 1romn apgot_ A0 V[to_ apbgot. 2, ooy Vv,
preferably from ethano! - 0.83 0.77 .54 24.55 1.69
tetrahydro- + 0 0.55 .58 7.58 1.75
furan
10 “ chioroform - 0.44 0 .68 4.808 1.01
acetone + 0.08 0.48 71 20.7 2.69
methanol - 0.93 0.62 .8 32.7 2.87
2-propanol +/- 0.76 0.95 .48 19.92 1.66
acetonitrile + 0.19 0.31 .75 37.5 3.92
15 || N-methyl- + 0 0.77 92 32.0 4.09
pyrrolidone
diethyl ether + 0 0.47 0.27 4.335 1.15
1,2 dichloro - 0 0 0.81 10.36 1.2
ethane
20 | DMF + 0 0.69 .88 36.71 3.86

It is believed that the @ and B values reflect the ability of the
solvent under an electric field to solvate a negative or positive charged ' '
species, with the magnitude of o - £ correlating with (-) flow, and the

25 magnitude of £ - a correlating with (+) flow. According to one aspect of the
invention, the preferred direction of flow of a liquid can be reversed from that
predicted as above if the fluid has a difference in ¢ and 28 values that is small
but not zero and the electrode pair used creates an asymmetric field, such
that the acting force on either positive or negative charged species is

30 enhanced. One such electrode pair has an alpha electrode 364 with that
points in the direction of intended flow and a beta electrode 365 that lines the

walls of the channel in which it is located. Preferably, the alpha electrode



about 50 to about 1,500V, nore preferably ably from about 100 V to about
750 V, yet nore preferably from about 200 V to about 300 V. The voltages 5
used across al pha and beta el ectrodes 364 and 365 when the punp is operated
i n pul sed node can be as indicated above for d.c. node, but are typically
from about 50 Vvi®egdegest 1, 000 V, preferably from about 100 \peygsoahsxsé 400
V, nore preferably from about 200 V to about 300 V. The vol tages used
across gamma el ectrode 366 and the al pha, beta or gamma 10 el ectrode 364,
365 or 367 when the punp is operated in pul sgd node can be as indicated
above for d.c. node, but are typically fromabout 50 V to about 1,000 V,

preferably from amptyfRRndydtin@inthe 4P6:tén SONEW BUBHARSDIY pbinotetihesit 200
V to about 300 V. Preferably, the ratio of pungll ng to curre uch

t | .b
that no nore tharingdbat inserseetscbe mianerdedingdin e pia f?‘%’&pﬁ{}ieé\r/]m é‘?ﬁf%(gg ¥ to
first 360 ; ; , | t hat
Dast ' the punp. 36078 W Ec U 368 enlitln 8Bk o NMLIRGEY ISR AR VD

past the punp 36 nore prefera or ever
nmove past the pungedfiiesbasadipunymtfabmicateghired dr aint gapidaryehas hedr0sh@@o to be

nmol ecul es that _.no ast the 360.0r .361. It is.believye a

el ect r ode- base8 ﬁ\ff 'P{SI“’W#&HE%MQ 40 %’5‘??“885&""5‘@ i‘ﬂE"éS‘Pé?@gd‘a. %F%tr?%ee
liquid distributi3gy sthécwheh thdoltayecdppliod thithd efectrodesingplizdrd (-pdirattion of
mul tiple punp sites and with relatively | ess conpl ex el ectrogieé:s i f the

punps are oper at PV Prapiihyaome whatsueekes floxg suhen theswoltage applied fo e
Figure 1 shows a@Igc:}?d’qysq"ﬁiie@agql)scgrdgﬁg{.,gg%v\ymere the pul se-width of the
n

voltage is [err] a the pul'se interval is [err]. Typically, [err] 25 is
between about 1 [err]s and abbhe asymmetris; elestradesbased memp effasiive o pusdp 2nd

oo o o Bo b g AR U bl Soate st At
Figure 2A. Alpha electrode 364 points from ieft to right in the figure. Beta
electrode 365 is a ring électrode that is flush with the sides of the capillary

~ 501. Using the QuickField program available from Tera Analysis, Granada

Hills, CA, the electric field strengths and orientations at varicus points about

15 the electrodes is indicated by the size and orientation of the arrow at that
point. It can be seen from Figure 2A that where alpha electrode 364 acts as
a cathode, the area where a solvated negative ion wouid be influenced by a
strong field pushing it in the (+) direction is greater than the area where a
strong field would push a solvated positive ion in the {-) direction. The

20 integration of these forces acting on these solvation spheres explains why
asymmetric fields can be used to pump a liquid against its ordinary preferred
direction of flow. Thus, depending on the liquids to be pumped, asymmetric
fields can be used to assure a given direction of flow.

For comparison purposes, Figure 2B shows the field strength

25 and orientation of a number of points about a more symmetrical pump having
alpha electrode 364 and beta electrode 365.

The pumping parameters of a liquid can be calibrated using a
plug of the liquid disposed in a capillary that has an electrode-based pump and
is angled uphill. [f optical devices are associated with the capillary for

30 monitoring the position of the plug, the velocity of pumped flow uphill and the
velocity of gravity driven downhill motion can be measured. With these

velocities and the angle of the capillary, the pressure applied to the liquid can



I's believed to confer other advantages including ease of integration into
hi gh density electronics (allow ng for hundreds of thousands of punps to be
30 enbedded on a wafer-sized device), reductions in the anmount of

el ectrolysis that occurs at the el ectrodes, reductions in therna

convection near wbesshectrodes, and the ability to use sinplerpdhis¥Sfasss The
pul se protocol can al so WO 96/ 39252

PCT/ US95/ 14586 13 use pul se wave geonetries that are nore conplex than the
block pattern illustrated in Figure 1. Anothgr, procedure that can be,
applied is to use a nunber of electrodes, typically evenly spaced, and to

use a travelling wevelcoODCFHIulhAlsistanded W as(ga, ¥l 8 g@hdte pARAinBaViscBiity

adj acent el ectrodes }n a timed manner that first begi ns to apply voltage to

the first and secHit’ & thet'pagidsof rdhid plug: cPressyRdPar RANLY UVaivele tWiRIR A

and so on. Such ngt h b | ¥ AT - '
Systens, 1: 141- 145&%%3%®$?§d%'eF?.gvégg&teﬁ%\'{ Sﬁrggv%?rpﬁrfngé%/d;%?g{cg?g s('7

can induce tenper &t (#°2*@Ndirath svhanel gc or icbergsrnfieige =0 deasitylot tiquitit @ = flow
o721 7t L1t ol BLRaChES Tl INSES L 8B o o
i n associ ati on wimnbasured elitrcinuttifde BingRdpdint 6bsgrvaticns3®0theN8c ARFOSTeitHER e
ggﬁ.ceV\hi | e not V\nfz&lén %(a) k%z rfest r ifcthed lt 0 gihegr Y, severnal trileo%et i carl fin
pts are bel i t'§2HINAS/ TALRS AR P % USIRE diYad i LED spaindeppioas dgtaeiera
The forces actings @dnfinubuelresdd Lsinglalightaina Dsailiés BRoloRiddR SRk atlor,
such as a SL15 or SC10 position sensor avaitable from UDT Sensors, Inc.,

10 Hawthorne, CA. With the latter method, the correlation between the signal
produced at the difference amplifier connected to the position sensor must be
calibrated prior to experimental use.

Figure 3 shows a calibration device having first optical
detector 401, second optical detector 402 and third optical detector 403.

15 These are preferably photodiodes such as the OTS-254 phototransister
available from Opto Technology, Inc., Wheeling, IL. Not shown are
corresponding first light source 411, second light source 412 and third light
source 413. These are preferably LEDs such as the Super Bright LEDs
available from Radio Shack. A capillary 420 is situated in mount 430. Mount

20 430 can be manipulated to orient capillary 420 at an angle offset from a
horizontal orientation. First lead 441 and second lead 442 relay voitage to
the electrode based pump 480 {obscured by mount 430) from the voitage-
generating portion 470 of controller 10. Electrical signals correlating with
light detection are relayed to the signal processing portion 480 of controlier

25 10 by way of first data lead 481, second data lead 482 and third data lead
483. In operation, the signals from first optical detector 401, second optical
detector 402 and third optical detector 403 will show a transition point when
the interface of a plug 11 of liquid in capillary 420 goes by the respective
detector (401, 402 or 403). The timing of these transitions provides a

30 measure of the velocity of movement of the plug 11.

Figure 4 shows a calibration device having a position sensor

490 which generates electrical signais based on the distribution of light from



by: [err] 20 where F is the force density, q is the charge density, Eis
the applied field, Pis the polarization vector, e is the permttivity and
pis the nmass density. O the terns in the equation, the first and third
are believed to be the nobst significant in the context of EHD punpi ng of
fluids. The firebdsasme (qE) relates 25 to the Coul onb i nt er agiirRRodnqtds a
space-charge region. The third term ([err]) relates to the dielectric force
which is proportional to the gradient in permttivity. In lowfields, i.e.,
the Chm c region where current is linearly pygpportional to voltage, the
primary source of charges that will be acted upon 30 by the electric field
are believed to lighpsourae id9y taeinmadteonise burdaeanfdihei position sersof A8 Light

i mpurities and ions_fo by aut odi ssocjati on_ of tecules in the fluid.

it er medi at e APATAAST Ras SR FaYTRA The erta 440 dift st gl puhS

96/ 39252 460 are shown schematically. The voltage is controfied blyIhe/cbhbdferl 10

V/i[err]m the charges are believed to be prinari L‘% formed by dissociation
v

and el ectrol yti c tpioystdisaulsmgenasator 4i7d. andvaliage r 47ds, Eleefaicebatges are
B oges” oo AR A6 RaPRGE 1388 gl LRS! AR 1
appl i cation, posimodute 8% dflcwntroliad 10. It will be recognized that the signal from the
position sensor can be calibrated so that it can be processed to determine the
position of the interface of plug 11. This information can be used to
calculated the velocity of the movement of plug 11.
10 The pumping parametells for a number of sclvents have been

determined in the 1 mm capillary described above, as follows:

Solvent Flow rate, Q Pressure, P electrical
plisec N/m? efficiency,

r;, molecules/e’
acetons 14.56 16.33 1.9 x 108
methanol 24.46 26.32 9.7 x 10%
15 || 1-propanol 16.39 74.89 4.2 x 10°
diethyl ether 18.44 20.45 5.8 x 108
1,2 dichioroethane 14.24 46.55 2.9 x 107

Another aspect of pumping is the observation that fluids that
20 are resistant to pumping at a reasonabie field strength can be made more
susceptible to electrode-based pumping by adding a suitable pumping
additive. Preferably, the pumping additive is miscible with the resistant fluid
and can be pumped at high pressure, P, high flow rate, Q, and good electrical
efficiency, n {i.e., molecules pumped per electron of current). Generally, the
25 pumping additive comprises from about 0.05 % w/w to about 10 % w/w of
the resulting mixture, preferably from about 0.1 % w/w to about 5 % w/w,
more preferably from about 0.1 % w/w to about 1 % w/w. Carbon
tetrachloride and cyclohexane do not pump using the electrode pump situated
in a capillary described above at a voitage of 2,000 V. By adding 0.5 % w/w

30 acetone or methanol as a pumping additive, both of these fiuids can be



be flow in the direction of the negative electrode, and negative (-) flow
shall be flowin the direction of the positive electrode. In a preferred
enbodi ment of the invention, the controller 10 has a device for storing
data and stores the values of voltage and polarity 10 suitable for punping
a nunber of soygegsssz Experinental results indicate that th@®CFUSpss4s8ses of
fluid flow (like direction of flow correlate well with the solvent's
ability to stabilize and solvate the charged species injected or induced
fromthe electrodes. The direction of flowis believed to be determ ned by
the preference of the solvent 1 5 to sol vat® either cations or anions. This

sol vation pref pliffibe 8 dt% Pcﬁgd&g 0'\9“3 I sﬁ‘m%rfq%%? dt ?J“Séé rable 4 +e‘(/%gée the

nol ecul es t hat be dra n el ecfric cretlng
novenent , vvhenpaeférredi dioms dmmﬂarensf ] qunbdoyednbdmg odesit af pmnbmgsatdqumq)tr&ﬁo or

d 361. F tl tl | at
i ih a pr o er REEABPUTRA (5o P Aretotn JUEN Eo%ath umping ARBNES pre o

the positive disgleetddosn thelbasisl 88 fRar mmﬁu@mﬁrmbﬁaﬁds%mr%&ﬁﬁaﬁm a
solvent is believed to depend on the ability of the nolecules within the

sol vent to a'%cé\pt the ehamistriiss\araienprosassss sovabhto begebieved in the lignidnt i on,
for liquids WnP havi or has not yet been characterized, the
controller wl store Imitral punping paranmeters estimated using on the 25
Li near Sol vati @n Energy r eITdiei alerthoqesbassdainimps ofi the/inedtioT aén baruperated
co- wor kers. 48:, 2877- 1983

Kam et et al Se%ha eﬁm,gé rﬁ’s& ﬂo&ﬁw%eigh g]'é%ct'omopel’ﬁ E%z%PHmPs? ave

cat egori zed sot-uemes thé uhwaitedoflowh eTd pblventingeleatrad@bassd plimps] oné be
ability of {Qe solvent to stabilize a gtablllze a charge or dj gqme by
virtue of itQ gQipsigital drivers, Gppsigting et for gxample, ﬁéh‘@dﬁ’ﬂiﬁ'@ﬁ' gfdRat i ng

abi ity of thegaglswafhingBevit& duch 4'¢ DMOS transistor, permits simplified
electronics so that fluid flow in each of the channels can be controlied
independently. Preferably, each digital driver is connected to multiple
switching devices that sach can be used to control the pumping rate of

15 separate electrode-based pump, as illustrated in Figure 11. In Figure 11, data
is input into shift register 50. The shift register 50 is connected to multiple
electrode-based pumps 360 or 361 via a pathway that includes serially a
latch, gate 56, and high voitage switching device 52. The latches are each
connected to a latch signal input. The gates 56 are sach connected to a gate

20 enabling input. The high voltage switching devices 52 are connected to a
high voltage source via a pull-up resistor.

The invention includes employing an electrode-based pump to
move reagent selected from the group consisting solutions of amino acids,
protected amino acids, nucleotides, protected nucleotides, carbodiimides,

25 reactive derivatives of N-protected amino acids and phosphoamidite
derivatives of nucleotides. The carbodiimides are preferably C2 to C12 aryl
carbodiimides. The concentration of these reagents is preferably from about
0.01 M to about 0.2 M.

The invention further provides a method of pumping

30 comprising ernploying an electrode-based pump to move a reagent selected
from the group consisting of organic amines, such as C1 to C10

hydrocarbons substituted with an amino group and carboxylic acids, such as

RECTIFIED SHEET (RULE 91)



hydrogen bond accepting ability of the solvent. These parameters are nore
fully defined in the above-cited Kanml et et al. publications. WO 96/ 39252
PCT/ US95/ 14586 15 Using a one nmcapillary of circular cross-section, a
pair of 50 micron rod-shaped, platinumelectrodes perpendicularly inserted
to a depth of S50@owkae@ns nNto the capillary with a 500 m_crogvc? RiRedAkIsON
powered by a 400 V field, the direction of flow was determ ne sever al
solvents. The 5 direction of flow and the [err] and di pol e nonment val ues

are as follows: Solvent di rection [err] [err] [err]

[err] di pol e nmonent et hanol - 20 00835 0. gg .5471 e
54'725f ur an 1(1)' 69 he‘t a&ia;noxfdrocarbogs substi’uﬁeg Mvith a cagboxylic acigigaroup. dygferably,
1. 01 acetone the re'agent ls dlgsélaed in 8 sdi@ent. n7énother %re?é}ygd embo&nﬁa‘?\t the
met hanol 6 87 2-propanol
+ - 0.76 osolyent, '"4be absq@egfzf the feagwtﬁéO%ﬁ:mfommp iusing a dwe powered

0.19 0.31 Zéctrode ba%%d gb:mr? a’c;g% I%[é% o p)ﬂ.m more pquferably it dcﬁas

0.77 .92 r et her
0. 47 0.27 B 4ng’39ump dsing a d.c. powered electrode- based pump at a voitage of 4,000

V/imm..

Features of other distribution systems described in this
application can be applied to this embodiment, irrespective of under which
subheading they are described.

10
B. Hydrologic Liguid Distribution System

One structure in which the invention is usefully employed is a
hydrologic liquid distribution system made up of a number of reservoirs and a
large number of reaction cells, wherein liquid from any given reservoir can be

15 systematically directed to all or a substantial subset of the reactor cells.

Such a liquid distribution system 100 is illustrated in Figures
8-10. The distribution system is formed of at least three plates, a
feedthrough plate 300, a distribution plate 310 and a reaction cell plate 320
(Figure 8). The feedthrough plate 300 is bonded to the distribution plate 310.

20 Most importantly, the feedthrough plate 300 has multiple first electrodes 360
and second electrodes 361 that can be manufactured according to the
invention. The reaction cell plate 320 is typically removably fitted to the
underside of the distribution plate 310, or the underside of intermediate plate
330 interposed between the distribution plate 310 and the reaction cell plate

25 320. '

Figure 6 shows the layout of a distribution plate 310. Figure
7 shows an expanded view of a portion of a distribution plate 310 that better
ilustrates some of the features obscured by the scale of Figure 6. Typically,
the structures indicated in solid lines will be formed in the top layer of the

30 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

6 the reaction cells 350 are indicated by boxes in solid lines even thought
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1,2 dichloro 0 0 0.81 10. 36 1.2 ethane 20
DM + 0. 69 . 88 36.71 3.86 It is
believed that the [err] and [err] values reflect the ability of the solvent
under an electric field to solvate a negative or positive charged speci es,
with the nmag gf [err] - [err] correlating with (-) flpewusssmdssshe 25
magni t ude of err - [err] correlating with (+) flow According to one
aspect of the invention, the preferred direction of flowof a liquid can be
reversed fromthat predicted as above if the fluid has a difference in a
and [err] values that is small but not zerozénd t he el ectrode pair used
creates an asy tric field, that the acting ce on eifher positive
or negative charJe3f SFUIHERS qrglfg@ate Hharewar pl@qg s&'@T‘FrEIaBEE%@Ee' 5%' 3las an
al pha el ectrode chaAndk hhnhéattha@tmuﬂea uf\ |ﬂﬂa €Hrf @F{Heodisﬁfbu*tlﬂhftﬂﬁﬁch‘!fd Qighand
a beta el ectrode 365 that |ines the he channel in which_ it is

| ocated. Pref er 3BPSe in the hatiam. eﬁ%@?ﬂb@f@e"c‘? \WP gxisFoomthe top of the illustration
PCT/ US95/ 14586 t
3@ tﬁééo&%{ ug}ae&srg{la\fe@wm s, \}Oﬁiléji E6tik Won fngh{ EﬂWe?ﬁe et a

that its point defines a Intersects t ane de
el ectrode 3655 RhefdY akisy, t he al pha el ectrode 364 ends in a point or wedge

shape. Such an el ectrode- bas ted.in.a has
been shown to be 5 effectiv H'Pep{ﬁpogzéﬁw(?p Al faug fFﬁé”‘dT‘?r'&E‘?’VB B§Pﬁ‘f ed to
by the al pha el e2008)@00¢4neiz00e, e‘dﬁﬁm\ahh@ & QL firaPfilRvel.caéto of isese first

| ectrodes lie -) .direct
el ectrodes 1mplied 8 (voia S6GA! 3808, 200C and 200D has two first reservoir

extensions 212 extending along substantially all of an EW axis of the

10 distribution plate 310. The ceilings of the first reservoir extensions 212
preferably are at substantially the same elevation as the first fill level. At five
staggered locations, A1, B1, C1, D1 and E1, along the EW 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

15 horizontal feeder channel segments 216 that are formed in the bottom layer
of the distribution plate 310. At each staggered location A1, B1, C1, D1 or
.E1, four adjacent first horizontal feeder channel segments 216, which are
connected to separate first reservoir extensions 212, extend along an NS axis
to ten positions, A2, B2, C2, D2, E2, F2, G2, H2, 12 and J2. Each position

20 A2, B2, C2, D2, E2, F2, G2, 12 or J2 along the course of each such set of
four adjacent horizontal feeder channel segments 216 is adjacent to a pair of
reaction cells 350 {not shown). At these positions A2, B2, C2, D2, E2, F2,
G2, H2, 12, or J2, the four adjacent first horizonta) feeder channel segments
216 are separately connected, via separate second vertical channels 225 (see

25 Figure 8), to each of four perpendicular first distribution channels 222 formed
in the top layer of the distribution plate 310. The ceilings of the first
distribution channels 222 define a second fill level that is typically
substantially the elevation of the first fill level. The fill level of a distribution
channel {s.g., the second fill level) is "substantially” the fill level of the

30 connected reservoir (e.g., the first fill level) if they are offset vertically by no
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
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flowor, with somewhat weaker flow, when the voltage applied to the
electrodes inplied a (+) direction of flow The asymretric, electrode-based
punp effective to punp 2- 10 propanol in the direction pointed to by the

al pha electrode 364 is illustrated in Figure 2A. Al pha el ectrode 364 points
fromleft to ”\F{iha{xsﬁszt he figure. Beta electrode 365 is a ri pgresesnsssede
that is flush w e sides of the capillary 501. Using the QuickField
program avail able from Tera Analysis, Ganada Hlls, CA the electric field
strengths and orientations at various points about 15 the electrodes is

i ndi cated by the size and orientation of the #row at that point. It can be

area where a sol vARSEMalLih Er 08 P eaufied e ety s Pef b g o

pushing it in thetheretdhti@edt flvidiia the eahnected astiibetio eitannal (for instdrioeng
field would push a solvated positive ion in the (-) fc:jirection. The 20

i ntegration of th&atention due tathe aapibery: hasdersdsscrbed,further below with tafaengsy
asymmet (i c fel dS 5 dihupg gS afoldonibiftidh bf A¥ret kAl Thahtid) PI4lidbRhEcted 10 2
preferred direction o ' ow. Thus, depending on the Iiquids to be punped,
asymetric fi el @ls hotrottsl feeder charmek seagmenty? & rindurrecanngatast tof & seacombyertical

conpari son purpose Fi S . fiel t L Q. | ation
of a nunber of poFﬁ?gn%%mééﬁ%pg\%ﬁftﬁ?g‘?ﬁeg5Ha%&é’rlrp§qﬁa@?ﬁg’%ﬁgﬁg "Jle?'gé(:t rode
364 and beta el ecFigudes)365. The punping paraneters of a |iquid can be

calibrated using a plug of the, |liquid disposed.in a, capill)ary that has_an
el ectrode- based punp and is aﬁb"@ggﬁjﬁﬁ 'f“!aﬁ‘t?'f'e%ﬁf Féﬁ?'“géwgéév%lr'ﬁa&“ fluid
associ ated with t hesrgdit bor ihefnoéub%%mgttﬁé sahellB! RAR bbirABinBindd M Helist
the velocity of punped flow uphill and the velocity of gravity driven

downhi Il noti olP c distibutiammeharsgls 222 sopnecied to that first fluid reservoir 200 via first
feeder channels 217. This equalization cccurs 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

15 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 1o the defined
level is drained through drains 380. First openings 381 {not shown) are
formed in the bottom layer of the feedthrough plate 300 to create a liquid
connection or sluice between the first fluid reservoirs 200 and the drains 380.

20 Liquids are constantly feed into the first fluid reservoirs 200 {as well as the
second fluid reservoirs 210 and third fluid reservoirs 220) typically by the use

. of an external pump 15 {not shown), such as the model nhumber 205U

mulitichannel cassette pump available from Watson-Marlow, Inc.
Alternatively, a defined level can be maintained by monitoring the level of

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

Each set of four adjacent first distribution channels 222 are

adjacent to two buffer channels 218, located to each side of the first

30 distribution channels 222 along the EW axis. Liquid can be pumped from any
first distribution channel 222 into the adjacent buffer channel 218 by
activating the first pump 360 (indicated in Figure 7 by two filled dots
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velocities and the angle of the capillary, the pressure applied to the
liquid can WO 96/ 39252

PCT/ US95/ 14586 17 be calculated. (Fluid resistance, R = (8[err])/[err],
where [err] defines viscosity and / = the length of the fluid plug;

Pressure, P = ®Bdoghess] - v[err]), where A = cross-secti onalpcaneesngsihe
efficiency of the punp can also be calculated ([err] = (g.p.QNerr])/ml,
where q = charge of e, p = density of liquid, Q= flow5 rate = v[err].A m
= mass of liquid, and i = current). The velocities can be neasured with

mul tiple single point observations of the | 88ation of either the front or

rear interfaces of the plyg using,fixed LEDs d optigcal detectqQrs.or in a
conti nuous node rggqeﬁgntgﬁ)q H&%e%gd%ﬁ & ?'?%Bﬂ’e dt\yn )oﬂégﬁofg’ﬁ sﬁﬂ" ¥or |
such as a SL15 thaﬁﬁ‘élOZI)P.S%i@&:rﬁ?ﬁ§%e§c¥§'3h&ﬁioﬁaf PR k-hFEMBOES theé N§uid 10
Hawt horne, CA. Wth the latter nethod, the correlation between the signal

produced at t he ayer Fapillpryebarripl 371365?3&,:5\4@:?)&?!{%3?@%‘%@'15? distrilsgiesor nust
e bt 20 PG RXGRTF BT Voo 28 St e LB
third optical 5dethanhelr22®)3secbhd distebetiar ehannel @24hdrythirdalistedibotiiers charvtelas
AT € A I RR b T IR TN R
source 412 and tZWg dnd itghidjscent esird-iarticdhefinel 890 1(@ésurbbl \beldwliSthers It as
t he Super Bright LEDs avai Habl e from Radi g Shack. A capillary 420 is
situated in nourfdchspcaniliamybarrier 370 that inhibits liquid flow when the pumps are not
activated. Second openings 362 (see Figure 8) are formed in the bottom
10 layer of the 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 8 by two filled dots representing the electrodes of one
type of pump} to a third vertical channel 390 that connects with a reaction
15 cell in the reaction cell plate 320. Third openings 363 (see Figure 8) in the
bottom layer of the feedthrough plate 300 or the distribution piate 310 serve
to create a liquid connection or sluice between the buffer channels 218 and
third vertical channels 390.
Figure 8 illustrates a capiliary barrier 370, at which a
20 wmeniscus 371 forms, at the junction between a first distribution channel 222
containing liquid 11 and either a buffer channel 218 or a third vertical channel
390. The meniscus 371 formed at the outlet of first distribution channel 222
into buffer channel 218 will tend to inhibit seepage from the first distribution
channel 222, such as the seepage that can result from capillary forces. In
25 some embodiments there are vents {not illustrated) that extend through the
feedthrough plate 300 at the tops of buffer channel 218 or third vertical
channel 390.
Note that only a small cut-away of NS oriented horizontal
feeder channel segments 216 are shown in Figure 8. Typically, these
30 channels extend inwardly and outwardly from the illustrated cut-away and
connect with additional first distribution channels 222 situated to distribute
liquid to other reaction cells 350.
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20 430 can be mani pulated to orient capillary 420 at an angle offset from
a horizontal orientation. First |ead 441 and second | ead 442 relay voltage
to the el ectrode based punp 460 (obscured by nount 430) fromthe voltage-
generating portion 470 of controller 10. Electrical signals correlating
with I'ight deygsdgnesizare relayed to the signal processing [reomnisesidd®0 of
controller 25 10 by way of first data | ead 481, second data | ead 482 and
third data |l ead 483. In operation, the signals fromfirst optical detector
401, second optical detector 402 and third optical detector 403 will show a
transition point when the interface of a pl 11 of liquid in capillary 420

v ansitions provides a 30 - faesee fan'sde 3Lk Ayl Bn et b 15 ° i g

11. Figure I4 sh@worfu ﬂaﬂirblsaﬁgﬁ@ 2geyeaawh ha\éingg E&gﬁﬁd lrés@?ossems:coﬁmmhl \c/\g
enerates electrical _signhals ased . on_the distripution o { rom
86/ 39252 extending glong an EW axis. Second distribution mp{lggglz%4@g@ 18 1i ght

source 491 that «) fiafdn3ichl@fbf %@%dqfesé%w%ﬁsid?ﬁ waﬁa afdBach-| ght ,
source 491 has a power source 4 Leads 440 that voltage to punp 460
are shown scheénpesitioney adjifbent/tsl & agnarage buifen clianpel Jbll&t mhctbﬂt thereare 1@
through its pul 7 r utput 5
fromthe positi %ﬁc%@@%ﬂ b?ém?ie aa?@glsw a ?’%89’;‘5&?’3{ P ﬁzg%h Eéa%t%g Haegig}‘]df’& tion

nodul e 485 of cextergidre240.0 Eath secdnhd bstnmamgmhaadeltm hbéa mingm360fthatn t he

osition sensor can be calibrated so it.ca essed to determ ne
f he can move l?quxd rom a seconé rélstntmtu)n c annePﬁgg to the adjacent buf!?;r

channel 218. Second openings 362 (not shown) in the bottom of

10 feedthrough plate 300 serve to provide a sluice or route of liquid connection
between the second distribution channels 224 and the buffer channels 218.
Liquid moves from the buffer channels 218 to the reaction cells as described
above. Located adjacent to each second reservoir 210 is a drain 380 (not
shown) that operates to maintain a defined third fill level as describied above.

15 As will be described further below in Section D in reference
to Figures 9A - 8D, the capillary barriers 370 and sluices created by the
second openings 362 or third openings 363 aét as a combined valve and
pump. The capillary barriers 370 prevent flow to the reaction cell, which flow
would be favored by capillary forces, until the first pumps 360 or second

20 pumps 361 provide the extra pressure needed to overcome the capiliary
barriers 370. Narrowing the sluices can increase the capillary forces favoring
fiow, thereby reducing the amount of added pressure needed to overcome the
capillary barriers 370. The use of the capillary barriers 370 allows flow
control to be governed by the first pumps 360 or second pumps 361, which

25 are typically controlied by controller 10.

Located along the bottorh edge of the distribution plate
illustrated in Figure 6 are ten third liquid fiuid reservoirs 220. Horizontal
feeder channel segments 230 are connected to the third fiuid reservoirs 220
and to third distribution channels 226 via fourth vertical channels 227. The

30 third distribution channels 226 have first pumps 380 which can move liquid
into adjacent buffer channels 218 via openings 362 (not shown) in the
feedthrough plate 300. Located adjacent to each third fluid reservoir 220 is a
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position of the interface of plug 11. This information can be used to

cal cul ated the velocity of the novenent of plug 11. 10 The
punpi ng paraneters for a nunber of solvents have been determined in the 1
nm capi |l | ary descri bed above, as follows: Sol vent Flow rate, Q
Pressure, P wologadaki cal [err]l/sec Nnferr] mﬁj‘sﬁyggggncy,
[err], nol ecul es/e acetone 14. 56 16. 33 .9
x 10[ err] net hanol 24. 46 26. 32 9.7 X 10[err]
15 1 - propanol 16. 39 74. 89 4.2 x 10[err]

di et hyl et her 18. 44 20. 425 5.8 x 10[err] 1,2

di chl or oet hane .14 24 46. 55 2.9 x 10l e An er
aspect of punpi nﬁr%"ééfsﬁe‘n85§%9‘va’tﬁh€ﬁ opRLates F%PW%FWa? d?& "'{:1 Jé" #E’?“%Pst 0
punping at a reagestipkd asboobd THirl GRGd Pestmioilc2 70 @Ad %hﬁe@ﬂé&&ﬁi@ﬂ ldi%tﬁb&ﬁbn

el ecttode- based purrpl ng by adding a sujtable punping additive. Preferabl Y,

the punpi ng addi $harnels226 Sperate injush the samevay aﬁlf"?f"lle"éj reseIveiss 28@ adnped
at high pressur eﬂrs? digtigttidn Eﬂ‘ér{rf’éisegzg ﬁi&%%‘?%‘i’dlﬁhﬁ%ﬁdl Eﬁheez;ri il ?E‘ﬁdﬁy

[err].(i.e., nolecules punped per electron of curre erally
punpi ng addi t |5/eewarpn|atwmatwergeamnmes)mremw/wmberaﬂjcawanale%mVﬂum‘ t he

eS0T XL oA [ BBERA o N BB e Pk sl

cycl ohexane do ntHirdodishibusion @hlahrels 226 posttomsdadjstdntab ele boffer ehphhe! 2 18.

ot hanol as & pUERFHE BEACETS, casty TTaHTepreR A0 Rcaorim 38R Inot showni that
operates to maintain a defined third fill level as described above.

10 The above discussion describes the distribution system as
being formed with a feedthrough plate 300, distribution plate 310 and
reaction cell plate 320. HoWever, it will be clear that additional plates can
conveniently be incorporated inte the distribution system. For instance, a
intermediate plate 330 is, in a preferred embodiment, permanently bonded

15 underneath the distribution plate 310 and interposed between the distribution
plate 310 and the reaction cell plate 320. The use of the intermediate plate
330 allows for much greater flexibility in the design of the channels the form
the distribution system.

20 C. Controller
The controller 10 will typically be an electronic processor.

However, it can also be a simpler device comprised of timers, switches,
solenoids and the like. The important feature of controller 10 is that it directs
the activity of the first pumps 360 and second pumps 361 and, optionally,

25 the activitw} of external pumps 171. A circuit of thin film transistors {not
shown} can be formed on the liquid distribution system to provide power to
the wells via ieads and electrodes, and to connect them with the driving
means such as the controller 10, so as to move liquids through the array.
Pins can also be formed substrate which are addressable by logic circuits that

30 are connected to the controller 10 for example.
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WD 96/ 39252 PCT/ US95/ 14586 19
punped at a voltage of 1,000 V. In sone cases, it is desirable to reverse
the preferred flow direction of a liquid by mxing with it a punping
additive that strongly punps in the desired direction. In all cases,

punpi ng addi ti weysasRs sel ected on the basis of their punpi ngcrmsesndsss
characteristics and their conpatibility 5 with the chemi stries or other

processes sought to be achieved in the liquid distribution system 7
The el ectrode-based punps of the invention can be operated to as a valve to
resist flowin a certain direction by opera&8 ng the punps to counter the

unwanted flow. To power the eI ectrode- based punps, one or 10 nore digital
drivers, consis# a anple, a shift register, latch, gate and

sw tching device, such as ac@wm@n} hafiﬁérssrwe,bmrdagcﬁbéa @BbUd Wit 1REGBRESNI CS
so that fluid flow in each of the channels can be controlled i ndependently.

Preferably, eact Bioyra & Hpweesr, mpre samplexcdpsign aensiderRioRsthadwei® devi ces
that each can b&s&é&s‘édtéba% Yahlln %&Iﬁe RY %%e&?ﬁg 8% n&ﬁa?ﬂ?@@%ﬁérgaqaén?ré

el ect rode- based I ustra ure gure
input into stef tn sca'ge s:aees (s désieabidid harrmgltlae estunéé)fdrmedcmpmdoad dpening

mul tiple electr e unps or 361 v th I ngl udes
serially a |at cagsé’étté"g@g gﬁg ﬁﬁ’ 6742554 g\ﬂ'{:’g‘?ﬁ réefiﬂ @%Q%Whe
| atches are eacfictioREEsRearic@ @ ﬂl&hFBs 8 Bhaieﬂﬁt’érnva' e afldpproprfat@fieweach
connected to a gate 20 enabling he hi gh vol tage sw t chi ng devices

52 are connect etate dvfzerhﬂtgrﬁaﬁemaéﬁjb %mua@ 36% oz speend gumpesispctivated.
Such a narrowing is illustrated by comparing the sluice of Figure 9A with the

10 narrowed sluice of Figure 9D. The problem that this design alteration can
create is that narrower chnnels.can increase capillary forces, thereby limiting
the effectiveness of channel breaks.

Thus, in one preferred embodiment, a channel break further
includes one or more upwardly oriented sharp edges 369, as illustrated in

15 Figures 9B and 9C. More preferably, a channel break includes two or more
upwardly oriented sharp edges 362. In Figure 9B, portion 362A of opening
362 is cut more deeply into first plate 300 to create an open space useful for
the operation of upwardly oriented sharp edges 369.

20 E. Fabrication of Plates, Channels, Reservoirs and Reaction Cells
The liquid distribution systems of the invention can be

constructed a support material that is, or can be made, resistant to the
chemicals sought to be used in the chemical processes to be conducted in the
device. For all of the above-described embodiments, the preferred support

25 material will be one that has shown itself susceptible to microfabrication
methods that can form channels having cross-sectional dimensions between
about 50 microns and about 250 microns, such as glass, fused silica, quartz,
silicon wafer or suitable piastics. Glass, quartz, silicon and plastic support
materials are preferably surface treated with a suitable treatment reagent such

30 sas chioromethylsilane or dichlofodimethylsiiane, which minimize the reactive
sites on the material, including reactive sites that bind 1o biological molecules

such as proteins or nucleic acids. As discussed earlier, the expansion valve
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The invention includes enploying an el ectrode-based punp to nove reagent
sel ected fromthe group consisting solutions of am no acids, protected

am no aci ds, nucl eotides, protected nucleotides, carbodiimdes, 25
reactive derivatives of N-protected am no acids and phosphoanm dite
derivatives ofwglugh@sesi des. The carbodiim des are preferabl ypcgdishéhsbak2 aryl
carbodii m des. The concentration of these reagents is preferably from about
0.01 Mto about 0.2 M The invention further provides a nethod of punping
30 conprising enploying an el ectrode-based punp to nove a reagent selected
fromthe group consisting of organic am nes27such as Cl to Cl10 hydrocarbons
substituted with an am _no _group and carboxylic acids, such as WO

96/ 39252 liquid distribution system is preferably constructegof /a plastic.4¥86 20 C1 to

Lo 5 5o S SR B et

reagent is disso In a s erre I ment’,
sol vent, in thenabsonductiig sunpartogierial, stebsasasuitablp alassnis prefierced. power ed

o e o, DRl iRo 411 b BERS 2 A 77 ABEBERG D g 55 °
Vimm  Feat ur e @lon® CofriingliGldgsi Qolt, iQofning s N¥Maredeimong kel prafeirbd gylaasps.i cat i on
can be applied Lo this embodiinnt i bEkTaRRR 4 sherd or HhS Shvenios s SR "0
constructed from separate plates of materials on which channels, reservoirs
and reaction cells are formed, and these plates are later joined to form the
liguid distribution system. This aspect of the invention is described in some
10 detail with respect o the hydrologic liquid distribution system. Preferably,
the reaction cell plate, e.g. reaction cell plate 320, is the bottom plate and is
reversibly joined to the next plate in the stack. The other plates forming the
distribution system, which preferably comprise two to three plates are
preferably nermanently joined. This joinder can be done, for instance, using
15 adhesives, such as glass-glass thermal bonding.

One preferred method of permanently joining the plates is to
first coat the plate with a layer of glass glaze generally having a thickness
between about 50 microns and about 500 microns, more preferably between
about 75 microns and about 125 microns. The above thicknesses

20 contemplate that substantial amounts of channe! structure will be formed in
the glaze layer. Otherwise, the glaze generally has a thickness between
about 1 microns and about 100 microns, more preferably between about 10
microns and about 25 microns. These methods are preferably applied to join
glass plates. Suitable glazes are available from Ferro Corp., Cincinnati, OH.

25 The glazed plate is treated to create channels, reservoirs, or reaction cells as
described below. The glazed plate is positioned against another plate, which
preferably is not glazed, and the two plates are heated to a temperature of
about the softening temperature of the glaze or higher, but less than the
softening temperature for the non-glaze portion of the plates.

30 Another preferred method of permanently joining glass plates
uses a field assisted thermal bonding process. It has now been discovered

that glass-glass sealing using field assist thermal bonding is possible despite
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10 B. Hydrologic Liquid D stribution System One structure in which the

I nvention is usefully enployed is a hydrologic liquid distribution system
made up of a nunber of reservoirs and a | arge nunber of reaction cells,
wherein liquid fromany given reservoir can be 15 systematically directed
to all or a sulgHagderedl subset of the reactor cells. Such a pégisodnasss
distribution system 100 is illustrated in Figures 5-10. The distribution
systemis fornmed of at |east three plates, a feedthrough plate 300, a
di stribution plate 310 and a reaction cell glate 320 (Figure 5). The

f eedt hr ough
| nportantly,

$bution plate 310. 20 Most

plate 300 is bonded to the dist

t he, f eedt hr qugh .pl 30Q h nultiple.first electrodes 360
and second el ec&?‘bg"é’g @Gguaﬁ’é@ %a"taiﬁa gﬁaﬁ%‘f’ﬁf‘ﬁ{ ending materia) i H‘tﬁﬁ’é’seg
invention. The pRawbéwthe platesiiobEbdrnded.s typically renovably fitted to the
undersi de of the distribution plate 310, or the underside of internedi

plate 330 interposed betweerfa#e @parrhasitam sHrfgeaptona glagablataa layacef an
cell plate 25 3 L LU . t ' [ '
i gur b 7 shows Sd B ot \iEertl s gL, eorefat) She Ul Ellsthdidin

that better

e Cop | oye b nrkiadl g iR ol 5P s6d bRk ot e el drfigets

i 51 umsdterisldayerdvas athitknest datweers ablsticB0 ach &yd sbeutst,O00 mrh,

ate

10.
10

0{ nmed

i ndi cated wi th gehtiRg mbteeial ¥dn be ReEmbrtiabPeapdbld bEbEinE Blass YRite® putdirnt
distribution plate 310, except_that in Figure 6 the reaction cells 350 are

i ndi cated by bot@dhg inasbed dessrihed hayein- (RiBirgehly. the field assist bonding material
is silicon or silica. More preferably, the field assist bonding material is silicon.

10

15

30

instance, by chemical vapor deposition or by a sputtering process where
surface molecules are emitted from a cathode when the cathode is
bombarded with positive ions from a rare gas discharge and the surface

molecules collide with and bond to a nearby substrate. Pursuant to the

thickness have baen bonded to glass piates undar conditions that can be

expected to generate an outer surface layer of silicon dioxide, such as an

about 20A layer, although the sealing process is believed to be effective in

The field assist bonding material can be applied to a plate, for

present invention, silicon layers of between about 150 nm and about 500 nm

the absence of this layer. The coated plate is treated, as needed, to create

20 channels, reservoirs, or reaction cells using the method described below.

Alternatively, the plate was so treated prior to coating with the field-assist

bonding material. The coated plate is then positioned against another plate,

which preferably is not coated, and placed in a field assisted bonding device

700 such as that illustrated in Figure 9. The fieid assisted bonding device
25 700 has a heating device 710, such as a heating plate. The field assisted

bonding device 700 further has an electrode 720 and a ground 730 that

allows a voltage to be applied across the first plate 740 and the second plate

750, to which has been applied a layer of silicon 760. Generally, the field

assisted bonding is conducted under a normal atmosphere.

appropriate electric field is applied across the plates effective to accelerate

The plates are brought to a temperature effective when an

the bonding process. While not wishing to be bound by theory, it is believed
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21 these structures are located in a | ower plane . Were appropri ate,
vertical channels connect the structures in the top of the distribution
plate 310 with those in the bottom For conveni ence, the axis fromthe top
of the illustrawigssbmset hé bottomis designated the NS axis, péwtsstdsss axis
fromright to left is 5 the EWaxis. At the top of Figure 6 are four first
fluid. reservoirs 200A, 200B, 200C and 200D, each having a defined fil

| evel . Each of these first fluid reservoirs 200A, 200B, 200C and 200D has
two first reservoir extensions 212 extendi ng28l ong substantially all of an

EWaxis of the 1 di,strihution ate 310. The cei] f the, fLrst
reservoir ext ensg%??s%hflcfng?'%?mg% 9 CQF"EP‘% awﬁgtct%ﬁ%‘f ﬁ?ﬁ%ﬁqﬁ?ep §%Z4§Iaé\9atf‘?on
as the first fil lgréfr¥ebxchithgbisite mésBgesEidnk PSR s8Sodidvh, iofsd), cdubed BY tgd
El, along the EWaxis of the first reservoir extensions 212 there are four

first vertical cHEYSEadISMRErawER CAURARAN tandeniefinneen the,tace ofsthe firstplpss r
extensi ons 212 w f | i r n . Al
that are for rredwzpinate m%é‘%‘f)s%fg‘mé‘ew% %ﬁ?ﬁ#%ﬁb?ﬁﬁt? n%gl Slthees 'gi%%eti‘%égh
st aggered | ocadi imbelieveBleades aldurbaceRthargeat thedpeitemisurfacetofifisst glaas al

f eeder channel se nt.s ,..which are conpegte S rate fir
reservoir extensr ﬁgtrétfzf&ngtvg'ﬁ Uk ﬁageﬁﬁv'ﬂfs&aexﬁggﬁ%“ ?g% sS‘E%"igtlf’S%ILz,edAZ, B2,
C2, D2, E2, F2, Eehctiddtatic?ataadtidr folttehsgeaatdtsubstra@ 75, B2 cléaz, thBRthi&2,

F2, &, 12 or J2 along the course of each such set of four adjacent,
hot i zontal 1 cede P atRRARFAES SHFRNG LODURG Retigen tha subgrales and, fis halievachat

cell's 350 (not shiignd dublio the $Eniktint 60EeniIdal ohds Botwedn the silitd of the first

10 glass substrate 740 and the silicon coated onto the second glass substrate
750. Preferably, the temperature is brought to from about 200°C to about
600 °C, more preferably from about 300°C to about 450°C. During the
process an voltage typically from about 200 V to about 2,500 V, preferably
from about 500 V to about 1500 V, is applied across the first glass plate 740

16 and second glass plate 750. The voltage most suitably applied varies with
the thickness of the glass plates. The voltage pulls the first glass plate 740
and second glass plate 750, including the silicon layer 760 applied to one of
the plates, into intimate contact. Typically, hermetic sealing is achieved
within minutes to about an hour, depending on the planar dimensions of the

20 glass plates. The time required to achieve adequate sealing varies with,
among other things, the smoothness of the plates, the electrical field
strength, the temperature, and the dimensions of the plates. Bonding
between the plates is typically apparent visually, since it is accompanied by
the disappearance of the interface between the plates and the formation of

25 gray color at the bonded regions that can be seen when an observer looks
through the thinner dimensions of the two plates.

The method described above can be used to bond a glass
substrate 1o another glass substrate and to a third glass substrate
simultaneously.

30 Those of ordinary skill will recognize that while a hot plate is
illustrated as providing the heating for the thermal assisted bonding, other

heating devices, including ovens, may be used. It will also be realized that it is
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GQ H2 12, or J2, the four adjacent first horizontal feeder channel
segnents 216 are separately connected, via separate second vertical
channel s 225 (see 25 Figure 8), to each of four perpendicular first

di stribution channels 222 formed in the top layer of the distribution plate
310. The ceil i nggogieakhe Tirst distribution channels 222 def papuspsagsend

fill level that is typically substantially the elevation of the first fill
| evel . The fill level of a distribution channel (e.g., the second fil

l evel) is "substantially" the fill level of the 30 connected reservoir
(e.g., the first fill level) |f they are of Pfet vertically by no nore than
about 10% of the,de of t annel v he f.i Ieve s _are.further
of fset verti cal |g,e§||r%§l} tgrrga rl"‘{ egdboﬁsgﬁq,ie’tﬁfePyeff&er&taﬁith?m* Ff‘??l '?%81;

WO 96/ 39252 the substrates to be bonded. PCT/ US95/ 14586 22
reservoir to its fill |evel results in filling the connected distribution

channel and the retention of The [RSETVQirsy n%aré@ﬁr?@éﬁé@rapgtaﬂ channels apf sthen
for i | h
(for instance, ﬁh‘i‘&htéoéfbgdm@ fﬁ@%?féﬁ%ﬁﬁh éryrgiéh Rah e §f1§déj§?%é baithviiH t er

bel ow wi th reference e conbi nati on rst verti
channel 214, @mmewet&@iﬁehﬂmt xdthfor inktapde makeaumene sé@pashhronga,plata

Lyrn connect e ! S0, B RNRaN e 0o SHAARE chFRaf4A o Puputddite ABRLESD,
defined first | egaloated seduensiblly bnibdth sides with, f2) a thirechrerismdayeradfl gbdue
sarre L evel W1 BB B SieHcklel el Sbert  ad it ik SB06 SR 22
thick in known manner, as by evaporation or chemical vapor deposition
10 (CVD), to protect the plate from subsequent etchants. A two micron layer of
a photoresist, such as Dynakem EPA of Hoechst-Celanese Corp., Bridgewater,
NJ, is spun on and the phoforesist is exposed, either using a mask or using
square or rectangular images, suitably using the MRS 4500 panel stepper
available from MRS Technology, inc., Acton, MA. After development to form
15 openings in the resist laysr, and baking the resist to remove the solvent, the
gold layer in the openings is etched away using a standard etch of 4 grams of
potassium iodide and 1 gram of iodine {l,) in 25 ml of water. The underlying
chromium layer is then separately etched using an acid chromium etch, such
as KT} Chrome Etch of KTi Chemicals, Inc., Sunnyvale, CA. The plate is then
20 etched in an ultrasonic bath of HF-HNO,-H,0 in a ratio by volume of
14:20:66. The use of this etchant in an ultrasonic bath produces vertical
sidewalls for the various structures. Etching is continued until the desired etch
depth is obtained. Vertical channels are typically formed by laser ablation.
The various horizontal channeis of the distribution system
25 embodiments typically have depths of about 50 microns to about 250
microns, preferably from about 50 microns to about 100 microns, more
preferably from about 50 microns to about 80 microns. In an alternative
embodiment, the preferred depths are from about 150 microns to about 400
microns. The widths of the horizontal channels and the diameters of the
30 vertical channels are typically from about 50 microns to about 200 micrens,
preferably from about 100 microns to about 200 microns, more preferably
from about 120 microns to about 150 microns.
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feeder channels 217. This equalization occurs due to the principle that two

connected bodies of liquid will tend to seek the sane |evel and, where the
size of the channels allows, due to capillary flow Liquids are naintained
at a defined level in the first fluid reservoirs. In the illustrated

enbodi ment, |i qwidleghazsai s fed into the fluid reservoir 200 th;gﬂg&s nel s
i n the feedthrough plate 300 and such liquid that is not neede )fwj?{' t he

fluid reservoirs to the defined |evel is drained through drains 380. First
openi ngs 381 (not shown) are formed in the bottomlayer of the feedthrough
plate 300 to create a liquid connection or sBuice between the first fluid
reservoirs 200 and the, dralns 380 20 LIOUIdS are constantly feed into the
first fluid resefsaist f Elegis 2ased Fusmsond f|UId reservoirs 210 and
third fluid reservoirs 220) t r nal

(not shown), such as the nndé%phﬁﬂ%é¥b§%ghhﬁsqﬁ anne Eﬁﬁ'?ﬁ% g&%ﬁﬁg&ﬁw
avai | abl e from Winvestionsequite thenf@rmAtwrelohaumerbqa elactledesfot ;ium;ﬂhg ﬂatdsbe

f 25 the first
Toservoire obo ¢ Sirolh ¥ iial iebufion SYste, Tihére' dabTiees reiesheiiyor s
220) and only Bicfabricataint the tbb"@’@ssf;ﬁﬁfél mnbllwaicﬂdisﬁummnvmtédawﬂ;pscauy
reservoir when needed to g@ ntain the defined | evel. Each set of four

adj acent first dPEth PEEOS GlPctiossnds slosely sppeed:ig-acBRto126Q micrpns separation).
channel s 218, |ogab %cmd@@%he %rm%a?éd Mkﬁ cféérf.a{ers?%f% ?&deﬁ\}‘é fi e

222 along the EWaxis. Liquid can rom any rst |on
channel 222 i nt otq Reouid] 2R sicramsf me @r@fnw@lv aiautB0 micrionatto rayotmésf i rst

punp 360 (indi capgohs. Th BPeRrrbd WndoMimbhds! Gk ﬁé)dua distribution system has 10,000

10 reaction cell 350 with each reaction cell 350 having 6 - 10 associated

electrode-based pumps. Thus, a liquid distribution system can require about
200,000 to about 300,000 electrodes. To produce such structures using
mass production techniques requires forming the electrodes in a parallel,
rather than sequential fashion. A preferred method of forming the electrodes

15 involves forming the holes in the plate {e.g., feedthrough plate 300) through
which the electrodes will protrude, filling the holes with a metallic thick film
ink (i.e., a so-called "via ink", which is a fluid material that scinters at a given
temperature to form a mass that, upon cooling below the scintering
temperature, is an electrically conductive solid} and then firing the plate and

20 ink fill to convert the ink into a good conductor that also seals the holes
.against fluid leakage. The method also creates portions. of the electrodes that
protrude through the plate to, on one side, provids the electrodes that will
protrude into the liquids in fluid channels and, on the other side, provide
contact points for attaching electrical controls.

25 For example, holes are drilled in 500 micron thick plates of
borosilicate glass using an excimer laser. Holes having diameters between 50
and 150 microns are then filled with thick film inks, using an commercial
Injection Via-fill Machine (Pacific Trinetics Model #VF-1000, San Marcos,
CA}. It has been unexpectedly discovered that only select formulations of via

30 inks sufficiently function to fill such high aspect ratio holes such that the fired
ink adheres to the sides of the holes, does not crack during the firing process,
and seals the holes against fluid flow. One parameter that is important to so
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representing the el ectrodes of one type of punp) of the first distribution
channel 222. This punping creates additional pressure that noves the |iquid
over capillary barrier 370 (see Figure 8) separating the first distribution
channel 222 andwighwgsbussfer channel 218. Between each first dipgh/ishbitiassen S
channel 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 Iiquid3#low when the punps are not

activated. Second openin 362 (see Fiqgyre are . forned |p the baottom 10- -
| ayer of the feeg?ﬁ'ﬁgg??géfjafgné'ﬁﬁ'vﬁﬁ°gaE'é? 32'3”9}? &{ﬁqﬂa?gﬁtgﬁlffbﬁs%ﬁcgﬁ'%i ce
between the firsimétappbivabt 59d gRBSPBR/JSr d8rhpaRentsiTer By {iglinie ftnfive 218.
From a buffer channel 218, |iquid_can be punped using a second pug 3?‘119

t

(indicated in Fi gufficiently finedimensians. [Ope pamalsethat iy inpritant de

one type of pu a b0 ' 3 ' a
Ceactlon 15 bel | sehfehebRulctona6f; ipaQR Plos sbhebt Rltes WAL igtalC
Figure 8) in t&e postderrandaglass péwidrecdnamutiemt® tarhihplvid k3@t bave befficiently

distribution plate 310 serve to crea |iguid conn | or_ sl pj .
bet ween t he bufféﬂnecqjiﬁ'}‘?ﬁﬁ'PQSQ eaﬂﬁtaﬁ’ﬁﬁ %&W%gppdéﬁestﬁg#r?g]éuﬁ&&%ﬁgﬁ?@%
illustrates a camhd.| dordsdeke€ RIS 69.3 36 wWihi;CP-92 ﬁ@sm.i H6met Cb.f Cafffagialt
the junction between a first distribution channel 222 containing liquid 1 1

and either a buf Fé¥ Bhhfhar/wi1850% W rthd cpdviope A-3BRANRA0, 38guateRe
et o Snamne, e TR e R Sholk by i Shamebpdinie,

10 pentandiol, Eastman Chemical Products, Kingsport, TN), 2.4% w/w; 15 %
w/v Elvacite 2045™ (polyisobutyl methacrylate) in Terpineol T-318 {mixed
tertiary terpene alcohols, Hercules Inc., Wilmington, DE), 2.1 % w/w; and
Duomeen TDO™ (N-tallow alky! trimethylenediamine oleates, Akzo
Chemicais, Chicago, iL), 0.5 % w/w. The gold powder from FTechnic, Inc.

15 has an average particle diameter of 0.9 microns. Another suitable formulation
uses: Ag Powder O powder (Metz, South Pléinfield, NJ}, 80.8 % w/w; F-92
glass (O. Hommel Co. Carnegie, PA}, 5.2 % w/w; VC-1 resin (37% w/w
Terpineol T-318, 55.5% w/w butyl carbitol, 7.5% w/w ethyicellulose N-300,
Agualon, Wilmington, DE), 3.7 % w/w; 15 % w/v ethyl cellulose N-300 in

20 Texanol™, 4.0% w/w; 15 % w/v Elvacite 2045™ {polyisobutyl
methacrylate) in Terpineo! T-318, 4.1 % w/w; Duomeen TDO™, 0.6 % w/w;
and Terpineol, b.6 % w/w. These formulations were fired at 550°C to form
high aspect ratio conductive conduits,

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

25 filling properties {iack of cracking, good sealing against liquids, good
adherence to sides of hole} can often still be obtained by decreasing the
amount of organic in the via ink.

The devices used to insert via inks into holes in a plate
typically include a metal stencil with openings corresponding to the openings

30 in the plate. Via ink is applied above the stencil, which rests on the plate,

and a bladder device is used to pressurize the ink to force it to fill the holes.
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channel 222, such as the seepage that can result fromcapillary forces. In
25 sonme enbodi nents there are vents (not illustrated) that extend through
t he feedt hrough plate 300 at the tops of buffer channel 218 or third
vertical channel 390. Note that only a small cut-away of NS oriented

hori zont al feedgipgghepel segnents 216 are shown in Figure 8.pciyiNesedsse) .

t hese 30 channels extend inwardly and outwardly fromthe illustrated
cut-away and connect with additional first distribution channels 222
situated to distribute liquid to other-.-reaction cells 350. WO 96/ 39252

PCT/ US95/ 14586 24 Along the right side of th#3distribution plate 310 are
ten second fluid, eservoirs 210, each havjng.,a,second reseryqir_ extension
290 oxt endi ng al G JHhnewrs ALte ST ViR RATIBEMART Erarmard Tommist m
"L"-extensions OptodeksiigCaddesARREMYISWEXT ensi ons 240 and are each 5
positi.oned adjacent to a separate buffer channel 218, such that there are

ten second distribution chanféios tefiringxmeshiofghe roasic samponerisEvapeEted r

move b qui d 11 ome ARG o sraple, eI 1A0Req Bpts 175 ol SRR P41

channel 218. S c dodoreptenfivegmild@as( Ryefesstiiywntheifiririghie dontiuctedadt d femperature
feedth h plate 300 | deA.8l ui t f ligud,
connect i on bet el AR GSHERE AP eBbrbaPPof Hirimaeersmatersid 4

channel s 218. =
Reagent Flow direction
4-{aminopropyl} morpholine +
" 9-fluorenemethanol +
10 ﬂ p-nitrobenzy! alcohol +
“ p-(methylthio} benzyl alcohol -
o-aminobenzyl! alcohol +
2-methoxybenzyl alcohol +
2-(triflouromethyl) benzyl alcohol +
15 2-amino-3-phenyl-1-propanol + P
diethylazodicarboxylate -P
4-dimethylaminopyridine + P
“ carbazole +
azobenzene +
20 3,4-dihydroxybenzoic acid -P
4-methylmorpholine N-oxide +
3-cyanobenzoic acid No flow
4-nitrophenylacetic acid _ No flow, at 0.1M, flow occurs
lower concentrations {0.01 -
0.1M)
2-(1H-benzotriazole-1-yl)- No flow, at 0.1M, flow occurs
25 1,1,3,3-tetramethyluronium lower concentrations (0.01 -
hexafluorophosphate (HBTU) C.1M)
2,3-dichloro-5,6-dicyano-1,4-benz + weak
oquinone
tetrapropylammonium No flow
30 perruthenate
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Li quid noves fromthe buffer channels 218 to the reaction cells as

descri bed above. Located adjacent to each second reservoir 210 is a drain
380 (not shown) that operates to maintain a defined third fill |evel as
descri bed above. 15 As will be described further below in
Section D in refyasegmosst o Figures 9A - 9D, the capillary bar rpeEmssesifsand
sluices created by the second openings 362 or third openings 363 act as a
conbi ned val ve and punp. The capillary barriers 370 prevent flow to the

reaction cell, which flow would be favored bé capillary forces, until the
first punps 360 or second 20 punps 361 provi & the extra pressure needed to
overcome the capil | apy—hacLiors 370 Narrow , S . ase-the

capillary forces f avipr Jedd OW:
pressure needed to o SRp—t
capillary barriers 30 allows flow control to te governedNQyﬂotvhe fi rst
punps 360 or second qj_gpg 385, i Midiypi cal ly controlled by

controller 10. Locat fd p’? ﬂaﬂd %%Ebot t om_pe'gégeI off the distribution pI ate

B~V S AW PN T

illustrated in Fi gurE —at-e—tehR—t-pi-g—eti-a—tHtH-e—eSerrot+S—226-

Hori zontal feeder chibAsdnzimigerolesarBaRylirazidonriect.ed to thh.DAird fluid
reservoirs 220 _and tfp tThird distripution channgl's 226 via fourth vertical
channel s 227. The 30 fnieminemethwllhenzels adthnnells 226 have M-Pst pumps 36

whi ch can nove |iqui E4| bﬁnﬁﬂéﬁ&ﬁrﬂeng@gfﬁd Shannel s 218 vi g, Qpenl ngs ?62

(not ShOVVn) I n the f yCUL"III uu LILJ I al e_d u.d] U.C_e_n'l. LUTHDII I.III LA N
fluid reservoir 220 {|N.N- dusoMﬁpQ&’tmﬂaﬁme N.D.
PCT/ US95/ 14586 - )
isobuylamine N.D.
glutathione (SH) N.D.
10 . -
* Those directional indicators {" +" or "-") followed by a "P"
indicate that flow was achieved using a pulsed voltage
program pursuant to Figure 1, where 7,= 0.1 - 1 ms and
1'2: 3.0 - 10 ms.
15 5 °'N.D.", in this table and the tables below, indicates either

ihat the solute was immiscible with the solvent or that visual

inspection suggested that it had decomposed.

The following solutions in DCM, at 0.1M unless otherwise indicated , have
20 been tested:

u Reagent l Flow direction’

allylamine -

butylamine -

cyclohexylamine -

25 1-{3-aminopropyl) imidazole -

diethylazodiacarboxylate -
Il TP Patiadium -

H isobutylamine -
isoamylamine -
30 propylamine -
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25 drain 380 (not shown) that operates to maintain a defined fourth fil

| evel as described above. Third fluid reservoirs 220 and connected third
di stribution channels 226 operate in just the same way as first fluid
reservoirs 200 and first distribution channels 222. Those of ordinary skill
in the art willwoeeski2zbyy 5 envision alternative geonetries whecesosasasssnber
of separate third fluid reservoirs 220 can interact with a given buffer
channel 218 via a nunber of third distribution channels 226 positioned

adj acent to the buffer channel 218. Located adjacent to each third
reservoir 220 is a drain 380 (not shomn) th&P operates to maintain a
defined third fill |evg he above
di scussi on describes t| g formed with @

f eedt hrough pl ate 300, FaCT 10 s ht e 320.
However, it will be cl @rcqrhatcvteﬁm@%'ﬁanam% es cah convBPent |y be

i ncorporat ed into the |2sgr,_§ Bb'ﬁ el az%YeStlexm For instéance, f hnt er mefli ate
r

plate 330 is, in a prej manent | y bonded 15 undgr neat h
t he di stribution plate% ﬁ ﬂ {@%5% tween the distribution]plate
310 and the r&action chlE*d "59"9 93P thelinterpediate plate 330
all ows for nuch greater flexibility in the deS| gn of the channels the form
the distribution system 20 Thosgodirecsionekintticatarsdt tdlare")1followet by i'BAl | y

be an el ectr on! C processor. H‘&Yl@a {hat ff v, a%%)@e\{%? ‘?s'ﬁérﬁ@"”fsrﬁggﬁ“gﬁg

conprised of timers, swtches, en0| S’ ana _
feature of controller 10 is ph:@ramt pulisuact ® Fibereat! wheteyr,cf O.he ¥ imssdndounps

360 and seco punps 361 and 25 the act|V|ty of external punps
171. A mrcwqﬁ thin fllmha%b n‘?rg‘y(n

The following solutions in methanol, all at 0.1M, have been tested:

Reagent Flow direction”

4-flucrophenylacetic acid -

15 “ 9-fluorenemethanol -P
lr p-({methylthio) benzyl alcohol -

“ (R) sec-phenethyl alcohol -

u 3-cyanobenzoic acid No flow

u 4-nitrophenylacetic acid - weak

20 u allylamine No fiow

| 2-aminoethano! No flow
2-(1H-benzotriazole- 1-yi)- N.D.

1.1,3,3-tetramethyluronium
hexafluorophosphate {(HBTU)

25 isobutylamine N.D.
isomylamine N.D.

Those directional indicators (" +" or "-%) followed by a "P”
indicate that flow was achieved using a pulsed voltage

30 program pursuant to Figure 1, where 7, = 0.1 - 1 ms and
7,= 3.0- 10 ms.
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shown) can be fornmed on the liquid distribution systemto provide power to
the wells via | eads and el ectrodes, and to connect themw th the driving
means such as the controller 10, so as to nove liquids through the array.
Pins can al so be forned substrate which are addressable by logic circuits
that 30 are conggeéamst o the controller 10 for exanple. Ver-P403R 456
PCT/ US95/ 14586 26 D. Capillary barriers Capillary barriers have been

descri bed above with reference to Figure 8. However, nore conplex design
consi derations than were di scussed above can, in some cases, affect the
design of the capillary barrier. 5 1n sone cd%es it is desirable to narrow
the sluice forned, by second openlno 362 or thir openlﬂg 363 to |ncrease
the inpedance to A ample 2 -An glectrads 3 papeq geate St
appropriate to arrive at an aﬁ%%hb%ﬁtéﬂw%é%ﬁc%%ﬂﬂﬁo%ﬁ%* stcinéﬂb t
punp 360 or second punp 361 is activated. Such a narrowmng is i ustrated
by conparing the 20 micplates ofi JUt é)ogmnwg!assﬂﬁerrﬁm ﬁéasScﬁmd%@rmngeN‘@ﬁ tFi gure

9D, The Probl e t ek HGTHIUARCLORI B30 ABLRR! ol HdehRy BRI

o hd

channel s can i ncrease cap orces |vene
of channel br e&ksthemges applmi o edredin etécaﬁhe(has‘edlbumsc hﬂrmmehtrb!redak

e e e RS S e crdn sl 52 B R85 i i 5w by
includes two or MO um deep), second channel 805 {550 ym long by 100 ym wide by 100
um deep), third channel 806 (800 um long by 275 um wide by 100 #m deep),
fourth channel 807 {200 um long by 100 #m wide by 100 ym deep), fifth
10 channel 808 (550 ym long by 100 um wide by 100 ym deep) and sixth
channel 809 (2,600 ym iong by 150 ym wide by 100 um deep} were
fabricated on channel plate 810 {not shown). Also fabricated on the channel
plate 810 were first well 800A, second well 800B and third well 800C, which
were connected by the channels. An electrode plate 820 was overlaid and
15 sealed to the channel plate 810 by field assisted thermal bonding. The
electrode plate 820 had openings into first well 800A and second well 800B
{not illustrated). Third well 800C included a center drain 855, The electrode
plate 820 further had platinum electrodes, fabricated by inserting 25 ym
wires. The electrodes included first platinum electrode 801A, second
20 platinum electrode 801B, third platinum electrode 801C, fourth platinum
electrode 802A, fifth platinum electrode 802B, third platinum electrode 802C,
and the two electrodes comprising gamma electrode-based pump 803. First
platinum electrode 801A, second platinum electrode 801B and third platinum
electrode 801C make up alpha electrode-based pump 801, while fourth
25 platinum electrode 802A, fifth platinum electrode 802B and sixth electrode
802C make up beta electrode-based pump 802.
Figure 12A shows methanol flowing from first well 800A to
second well 800B, while bypassing third well 800C. This is done by applying
160 V to alpha electrode-based pump 801. Figure 12B shows methano!
30 fiowing from second well 800B to third well 800C while bypassing first well
800A. This is done by applying 200 V to beta electrods-based pump 802,
100 V to gamma electrode-based pump 803 and 120 V to alpha

RECTIFIED SHEET (RULE 97)



upwardly oriented sharp edges 369. In Figure 9B, portion 362A of opening

362 is cut nore deeply into first plate 300 to create an open space useful
for the operation of upwardly oriented sharp edges 369. 20 E. Fabrication
of Plates, Channels, Reservoirs and Reaction Cells The liquid distribution

systens of the wWiwembisen can be constructed a support materi apcfnigdsidsgs Of
can be nmade, resistant to the chem cals sought to be used in the chem cal

processes to be conducted in the device. For all of the above-described
enbodi ments, the preferred support 25 material will be one that has shown
itself susceptible to microfabrication nmethod® that can form channel s

havi ng cross-sect%gnal I mensi ons_bet ween about 50 m crons and about 250

m crons, such as®fclede-baged guap §QL where the palarity a8 Relmprd 9ammai ¢ abl e

plastics. G ass, eRdfble-baSed pGAPs FUD RhABDBCIaHRRMdw MbSheahFd & gooc,
preferably surface treated wth a suitable treatnment reagent such 30 as

chl or onet hyl si | afad dhe gpleritn pbalphe elegtridedrased WyMph8@7 avared flove amaycirome
sites on the mat gfdiahen BAGAUCI NY reactive sites that bind to biol ogical
nol ecul es such as pro?elns or nucleic acids. As discussed earlier, the

expansi on val \&e ExaMfledB - Eittédbde-based pumping past capillary barriers
PCT/ US95/ 14586 27 liquid dis

pl astic. In enbodi nents that tFHé‘(tﬁ)%ﬁlrsgs § %%?R?%ﬁlcé"fgevrsﬁég{’ épskékmssé{'%g%‘??cgr :
devi ces, a non- Ccegktieatdd BusUBRI! thEBRIrbIBbic IR dREributoH dyabdR, afrass, s
preferred. Corning 211 borosilicate glass, Corning 7740 borosilicate gl ass,
avail abl e distribution system was constructed from three plates of Corning 7740
borosilicate glass, Corning Glass, Inc., Corning, NY which plates became top
10 plate 910, intermediate plate 820 and bottom plate 930. The top of
intermediate piate 920 was coated with silicon as described above. In top
plate 910 were formed, by laser drilling, first hole 901A, second hole 901B,
third hole 902A, fourth hole 902B, fifth hole 903A, sixth hole 903B, seventh
hole 904A and eighth hole 904B, which holes each had a diameter of 75 um .
15 First and second holes 901A and 901B were used to form first model
electrode-based pump 961. Third and fourth holes 902A and 902B were
used to form second prototype electrode-based pump 962. Fifth and sixth
holes 903A and 203B were used to form third prototype electrode-based
pump 963. Seventh and eighth holes 904A and 904B were used to form
20 fourth mode! prototype electrode-based pump 964. The electrodes in each of
first through fourth prototype electrode-based pumps, 961 - 964, were
separated by 200 #m . By etching, alpha opening 805, beta opening 906 and
gamma opening 907 were formed on the underside of top plate 910. By laser
drilling, ninth hole 808 and tenth hole 909, each with a diameter of 150 um,
25 were formed through upper plate 910.

In intermediate plate 920 were formed first prototype
channel 911 (made up of segments 911A - 911Dj and second prototype
channel 912 (made up of segments 912A - 812D). First and second
prototype channels 911 and 912 having a depth of 80 ygm and a width of

30 150 um . The entries into these two prototype channels 911 and 912 are
provided by ninth hole 908 and tenth hole 909, respectively. First reaction

cell access hole 913 and second reaction cell access hole 914, each with a

RECTIFIED SHEET (RULE 81)



5 from Corning dass Co., Corning, NY, are anong the preferred gl asses. The
liquid distribution systemof the invention is preferably constructed from
separate plates of materials on which channels, reservoirs and reaction
cells are fornmed, and these plates are later joined to formthe liquid

di stribution sysygtgssdfdi s aspect of the invention is descri begjiisospssks 10
detail with respect to the hydrologic liquid distribution system
Preferably, the reaction cell plate, e.g. reaction cell plate 320, is the
bottom plate and is reversibly joined to the next plate in the stack. The
other plates form ng the distribution systen38which preferably conprise two

to three plates are prefer 8'3’ permanently joined. This joinder can be
done, for instan%m‘%ﬂ ﬂé@ M ol YT F RSer %‘ﬂ%q'l_ﬂ?;fsughé'%%!’ﬁ?fzi%%d'?ﬁé_ﬂﬁ‘ﬁlgzo-_
bondi ng. One pr efne&ﬁeedndagfead:fqﬁteﬂ%aﬁf@Br‘e{yem,'a:dlaﬁatﬁfbsn 23 15 wle fbfindd," St

coat the plate with a |ayer of glass glaze generally having a thickness
bet ween about 50 Whieh delta gneniap @5 somesicthenreaction eelh PEO Lo Hirst amd sewnnd

about 75 m crons oMt Gl O e above thicknesses 20
contenpl at e t hat pzét}ggﬁ’taén%g\lg%ﬁ%ng%gsg@g%%annel structure will be forned in

the glaze layeB. Otherw se, tihehgborengpiaty 880 ythearastidrcelkDBESvieiorRRE by
about 1 m crons and.abouyt 100 n‘icrg’ns,, %g greferabl bet ween about 10
raigt 2

mi crons and aboutf'@¥gri EF ¥ RIotgtype @Bd 5eEPRY RHtOtsAralnhale 824 n

gl ass plates. Suiebifsed HARES titbBgR battoabprtd 820) AtNe' Rp(RaR 916-aRG! NNat i,
OH 25 The glazed plate is treated to create channels, reservoirs, or

reaction cel |'s adtgeaediatelatecP e werpdograg tepsgiher ey fisldmssistedthesmabai nst
anot her pl ate, V\ABioﬁEing.r eferably is not glazed, and the two plates are
heated to a tenperatufe of about the softening tenperature of the glaze or
hi gher, but 1#s than the sofWhen mgthanglevast intredficed inte finsirprgtatype phanniebn
of the plates. 911, the liquid was stopped’from flowing into reaction cell access hole 913
by the capillary barrier formed by the structure at alpha opening 805,
Correspondingly, the capillary barrier formed by the structure at beta opening
906 prevented methanol flow into the reaction cell access hole 914. Flow
15 into the reaction cell access holes 913 or 914, by either route, could be
initiated by activating the appropriate pumps. For instance, to pump
methanol through first prototype channel 911, first prototype electrode-based
pump 901 and second prototype electrode-based pump 902 were biased by
applying 200 V. Flow through the prototype channel 211 was observed.

20
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30
pl ates uses a field

possi bl e despite

PCT/ US95/ 14586 ®® ssheest ow conductivity of glass if a field a
I's interposed between the plates to be bonded. To the

mat eri al

assi sted thermal

WD 96/ 39252

Anot her preferred nethod of permanently joining glass
bondi ng process.
di scovered that glass-glass sealing using field assist thermal

It has now been

bonding is
sod)4agh N9
op or

bottom surface of one glass plate a |ayer of a field assist bonding

material is applied.

has a thi ckness between about 50 nm and- abou

bet ween about 150 n
can be a nateri al
descri bed herein. Pr
or sikica. Mre pref
10 Thip
pl ate, for instance,
process where surfac
i s bonbarded with po
nol ecul es .col | i de wi
pr esent |nventéon S
t hi ckness have™been
expected to generate

caf

Preferably, the field aﬁgi

I

= . = - =
L date nonrnevlf mruheimu st bq

st bonding 5 material |ayer

1, 000 nm nor e preferably,

nd| ng maten&l is silicon.

d ass) st pondi ng mat
ot fargadetabal o Cuno oy |

fTal can be applied 1o a
on_or by a sputtering

apfm{reséﬂﬁﬁaﬁbﬁolem tted frg

STt T ve—romns—fFroma—t+are oz

R-(aredhyithia) btmzyl aleahdly sul

di.cochar nn anrl fhn cllrf
UT O UTTCAT 3

strate. Pursuant to the 15

m a cat hode y@en t he ca;r;%de

| 1 con et ween af
b SrAfigo ?ﬁ/@fﬁ ﬁlﬁg at es undd

OUT 150 N and apout 500
r conditionstthat can be

m

@&n@ﬂmw&w afe@hbpyer of

silicon diodee, such as 4dn

2-{triflouromethyl!) benzy!l alcohol +
2-amino-3-phenyl-1-propano! + P -
diethylazodicarboxylate -P

10 4-dimethylaminopyridine + P
carbazole +
azobenzene +
3,4-dihydroxybenzoic acid -P
4-methylmorpholine N-oxide +

15 3-cyanobenzoic acid No flow
4-nitrophenylacetic acid No flow, at 0.1M, flow occurs

it lower concentrations (0.01 -
0.1M)

2-{1H-benzotriazole- 1-yl)- No flow, at 0.1M, flow occurs
1,1,3,3-tetramethyluronium lower concentrations {(0.01 -
hexafluorophosphate (HBTU) 0.1M)

20 2,3-dichloro-5,6-dicyano-1,4-benz + weak

l oquinone
tetrapropylammonium No flow
perruthenate
No flow

25 l-oxo-2,2,6,6-tetramethylpiperdini
um chloride
5-benzimidazolecarboxylic acid N.D.¢
4-{aminomethyi) benzoic acid N.D.
4-(aminomethyl) benzoic acid N.D.

30 N,N-diisopropylethylamine N.D.




about 20A | ayer, although the sealing process is believed to be effective
In the absence of this layer. The coated plate is treated, as needed, to
create 20 channels, reservoirs, or reaction cells using the nethod

descri bed below. Alternatively, the plate was so treated prior to coating
with the fiel d- asebgiozipondi ng material. The coated plate is thepusRgidgs oned
agai nst anot her plate, which preferably is not coated, and placed in a
field assisted bondi ng device 700 such as that illustrated in Figure 9. The
field assisted bonding device 25 700 has a hqeoatl ng device 710, such as a
heating plate. The field a55| sted bond| ng deV| ce 700 further has an

el ectrode 720 and a ¢ ~ » , 2 S-ek=96
the first plate 740
| ayer of silicon 760.fceme s
under a nornmal at nosp kSDbuviamme The pI at es areNErought to a
tenperature effectiv V\p an a( oprirate elecific frerd i1s_applied acros
the plates effective n [ n rocess. WiN-8-not wi shin
to be bound by theory, it is believed WO 96/ 39252

PCT/ US95/ 14586 29 that the cofbosadirectionl mduﬂrdmdt%atwlw—'échtlwbh&:ﬁa rBt
gl ass plate 74Q. and the greater excqP -site |I|ty of ions (such as

sodi um i ons) calsed by the el SAFaE? R %Yfé’e‘és'%alpliﬁeﬂé’;ﬂ'@ﬂ?on on

the face of the first gl ass plpaﬁggaﬁﬂgu.cggaﬁ{std Biguhat, Mﬁe?@f Ghot e 1cakhpde 1 s
applied. The ion depletion, it 5 s believed, causes a sur'f ace charge at -

the bottom surface of first gITa’szs3
¢ "N.D.", in this table and the tables below, indicates either

-

that the solute was immiscible with the solvent or that visual

10 inspection suggested that it had decomposed.

The following solutions in DCM, at 0.1M unless otherwise indicated , have

been tested:

Reagent Fiow direction”

15 allylamine

I butylamine -

cyclohexylamine -

1-{3-aminopropyl) imidazole -

iiethylazodiacarboxylate -
20 TP Palladium -

I isocbutylamine -

isoamyiamine -

propyiamine -

1-(3-aminopropyllimidazole -

25 p-carboxybenzenesulfonamide N.D.

2-(1H-benzotriazole-1-yl)- N.D.
ff 1,1,3,3-tetramethyluronium
hexafluorophosphate (HBTU)

*>

30 Those directional indicators (" +" or "-") foliowed by a "P"

indicate that flow was achieved using a pulsed voltage



substrate 740, which correlates with the creation of a strong |ocalized

el ectrostatic attraction for the second substrate 750. It is clear that
this process creates strong bondi ng between the substrates and, it is
believed that this is due to the formati on of chem cal bonds between the
silica of the Jyphghenif 9lass substrate 740 and the silicon pganisesh@sy 0 t he
second gl ass substrate 750. Preferably, the tenperature is brought to from
about 200[err]C to about 600 [err]C, nore preferably from about 300[err]C
to about 450[err]C. During the process an voltage typically from about 200
V to about 2,500 V, preferably from about 56 V to about 1500 V, is applied
across the f| rst glass plat I Iate 750

vol tage nost suitably appli g’dzéarl }ur?u tﬁ?%?eél‘ﬁﬁ?lc% L& Tyt ?h 1|r;a|;£;§nd
plates. The voltage pulls thg=fBrest 10lmass plate 740 and second gI ass plate
750, .including the silicon | ayer 760 applied to one of the plates, into
intimte contact. Typically, hernetic sealing is achieved within mnutes to

about an hour, d'h@efﬂ%\ﬁﬁ\goéblﬁﬂﬁsﬂhaﬁé‘ﬂhaﬁblméﬂ%lt@$M0flwa{ré‘8eé’t9te§ié@55 pl ates.
The tine required to achieve adequate sealing varies with,_ _anong ot her

t hi ngs, the spoot hness !ﬁ' t he
et et _-- plates'

tenperature, and the d .
is typically apparent 2\ S acconpanled by the §

di sappearance of the i b’% reﬁ(h an: ca d afpd—t-he—forrati-dn of 25
gray color at the bond gfrmemﬁethbnm can be seen hen an- qpbserver | ooks

t hrough the thinner di}Ter 0 Tettrod—descTyi bed
above can be used to b Hdm&ﬂa\f"fﬁ@ %"53{ ?'ﬁ?@'t o anot her gl ass subs;r ate and
to a third gl ass substl & i X 30 . Thode of
ordinary skill will rdeldset FREnk A kY s
10 3- cyanobenzonc acid No fiow
4-nitrophenylacetic acid ' - weak
allylamine No flow
2-aminoethanol No flow
2-{1H-benzotriazole- 1-yl}- N.D.
15 1,1,3,3-tetramethyluronium
hexafluorophosphate (HBTU)
isobutylamine N.D.
isomylamine N.D.

20 Those directional indicators (" + " or -") followed by a "P"

indicate that flow was achieved using a pulsed veitage

program pursuant to Figure 1, where 74 = 0.1 - 1 ms and

7,= 3.0 - 10 ms. '
Example 2 - An electrode-pump based preferential flow system

25 A channel system was fabricated on two inch by two inch by
20 mil plates of 211 Corning glass (Corning Glass Co., Corning, NY)} to
confirm that liquids can be switched to a desired flow pathway by controlling
the voitages applied to certain electrode-based pumps. As illustrated in
Figures 11A and 118, first channel 804 {2,600 ym iong by 150 ym wide by

30 100 um deep}, second channel 805 (550 ym long by 100 ym wide by 100
um deep), third channel 806 (800 ym long by 275 ym wide by 100 um deep),
fourth channei 807 (200 um long by 100 um wide by 100 ym deep), fifth



il lustrated as providing the heating for the thermal assisted bondi ng,

ot her heating devices, including ovens, nay be used. It will also be
realized that it is WD 96/ 39252

PCT/ US95/ 14586 30 desirable to match, when possible, the coefficients of
thermal expansi g g@hodshe substrates to be bonded. The reservgidrfysod/fasdst | On
cells, horizontal 'channels and other structures of the fluid distribution
system can be nade by the following 5 procedure. A plate, that will for

i nstance nake up one of ' feedthrough plate 300, distribution plate 310,

reaction cell plate 320 or internedi ate plat %30, is coated sequentially

on both sides wt | ' ' ns
t hi ckness and, seg%%'ﬁ'!er' gbgéﬁgbmrﬁr'ﬁﬁﬁ)gﬁpﬁ?dldg@ﬁag r@k%wﬁnhl c%) ?ﬁg%ﬁgﬁm
manner, as by evapharatel 809d2, 80 pivclahg \bypth0 gepeoidet by h0QQnt G¥E)), weee pr ot ect

the plate from supsequent etchants, A m cron | ayer of .a phototresist
such as Dynakem E rgptq%%ﬁgmr@ép};ﬁ@éw)@pbstww},.d Mp&?gatga,oniéiesc&gﬂhgn
and the photoresi gfatéd 816%pE6Ntst NelllBIOAISIR8nd WENSEOTE ab§ kil HRUBED®'which
rectangul ar images, suitably using the MRS 4500 panel stepper avail abl e

y C
from MRS Technd? o¥igre cagnectad by the phanngls.c Angrieetresishlate 840 Masevssiaishard ngs
in the resist |ay | ' - QA 3 gol d
| ayer in the openlgér%%@?(gtﬁe%aﬁée}g'ega%# 82?%’ gagtagﬁgfaér%(}h gﬁgﬂ%oo i gg'rzﬁg of
pot assi um i odi de akedtrode plate $20i atl openings inka ficd well 800Andrsecthé well 800B

underlying chrom g, liayfardd). "Fff RERBoBLehYILEES Rehnts din?H5 4 C il LU RFB™

etch, such
plate 820 further had platinum electrodes, fabricated by inserting 25 #m

10 wires. The electrodes included first platinum electrode 801A, second
platinum electrode 801B, third platinum electrode 801C, fourth platinum
electrode 802A, fifth platinum electrode 8028, third platinum electrode 802C,
and the two electrodes comprising gamma electrode-based pump 803. First
platinum electrode 801A, second platinum electrode 801B and third platinum

15 electrode 801C make up alpha electrode-based pump 801, while fourth
platinum electrode 802A, fifth platinum electrode 802B and sixth electrode
802C make up beta electrode-based pump 802.

Figure 12A shows methanol flowing from first well 800A to
second well 800B, while bypassing third well 800C. This is done by applying

20 160 V to alpha electrode-based pump 801. Figure 12B shows methanol
flowing from second well 800B to third well 800C while bypassing first well
800A. This is done by applying 200 V to beta electrode-based pump 802,
100 V to gamma electrode-based pump 803 and 120 V to aipha
electrode-based pump 801, where the polarity at beta and gamma

25 electrode-based pumps 802 and 803 favgred flow into the third well B0OC,
and the polarity at alpha electrode-based pump 801 favored flow away from
first well 800A.

Example 3 - Electrode-based pumping past capilla[x- barriers
Figure 13 shows a prototype liquid distribution system

30 fabricated pursuant to the hydrologic liquid distribution system. The

distribution system was constructed from three plates of Corning 7740

borosilicate glass, Corning Glass, Inc., Corning, NY which plates became top



as KTl Chrone Etch of KTl Chemi cals, Inc., Sunnyvale, CA. The plate is then
20 etched in an ultrasonic bath of HF-HNJ err]-Herr]Oin a ratio by

vol une of 14:20:66. The use of this etchant in an ultrasonic bath produces
vertical sidewalls for the various structures. Etching is continued until

the desired etcRyglggots,i s obtained. Vertical channels are typpé&plidoddses med
by | aser ablation. The various horizontal channels of the distribution

system 25 enbodi ments typically have depths of about 50 mcrons to about
250 microns, preferably from about 50 rricroni to about 100 m crons, nore
preferably from about 50 m crons to about 80 ficrons. In an al ternative

enbodi ent, the 0iekei{@dnieRElR2hfd 698 AR0MdR Qb YRNSTH 1abapt 400

m crons. The wid t’he zon annel S meters of the 30
vertical channel Sntermediaps plalté 92Drwas ab)amﬂ viith silicomas deecritiesiab®®@0 Initepons,

preferably froma out rons, to .abouj..200 . .m.cron re pr r
from about 120 mp? n 11(?5"85% %r{n%g:y#ﬁroaﬁghng, f"ﬂ%‘@%?&é%f‘ec me;‘g'e%ﬂé’
PCT/ US95/ 14586 3lthird Hoth80RA} fsuntioholkl 90028, difth Beie @D IA ngsthl Wole90RB, seventh

enbodinments, the liquid distrjibution systens of the inventi n requ the
formation of nondiat08AY BaBE: hF ST HRICH haledseach B BISEHh ¢fuf 3em

distribution sysisp: ahBaseofl RElEUAR ahe 9098 vecd tBadahhcfﬁgteﬁhouaa the top
glass plate of the liquid distribution system Typical each gal r

el ectrodes is cl cdlestyodspbased qump 2650 Thirdoawl h%ﬂbmeséﬁar‘\a@% 928 were
used to form second prototype electrodeé-based pump 962. Fifth and sixth

holes 803A and 903B were used to form third prototype electrode-based

10 pump 963. Seventh and eighth holes 904A and 904B were used to form
fourth model prototype electrode-based pump 964, The electrodes in each of
first through fourth prototype electrode-based pumps, 961 - 964, were
separated by 200 ym . By etching, alpha opening 805, beta opening 906 and
gamma opening 907 were formed on the underside of top plate 910. By laser

15 drilling, ninth hole 908 and tenth hole 909, each with a diameter of 150 ym,
were formed through upper plate 910.

In intermediate plate 820 were formed first prototype
channel 911 (made up of segments 911TA - 911D) and séccnd prototype
channel 912 (made up of segments 912A - 812D). First and second

20 prototype channeis 911 and 912 having a depth of 80 ym and a width of
150 um . The entries into these two prototype channels 911 and 912 are
provided by ninth hole 908 and tenth hole 9092, respectively. First reaction
cell access hole 813 and second reaction cell access hole 914, each with a -
diameter of 150 um , were laser drilled through the intermediate plate 920.

25 In the underside of intermediate piate 820, a delta opening 915 was formed,
which delta opening 215 connects the reaction cell 950 to first and second
prototype drain holes 921 and 922.

In the bottem plate 930, the reaction cell 950 was formed by
etching. First prototype drain hole 921 and second prototype drain hole 922

30 were laser drilled through bottom plate 220. The top plate 210 and
intermediate plate 920 were bonded together by field assisted thermal
bonding.



The el ectrodes are fabricated with dianeters of preferably about 25 m crons
to about 150 mcrons, nore preferably about 50 microns to about 75 m crons.
In preferred enmbodi nents, the liquid distribution systemhas 10,000 10
reaction cell 350 with each reaction cell 350 having 6 - 10 associ ated

el ect rode- basegygoegmessy Thus, a liquid distribution system cascingsdsidsss about
200, 000 to about 300,000 el ectrodes. To produce such structures using nass
production techniques requires formng the electrodes in a parallel, rather
than sequential fashion. A preferred nethod qQf formng the el ectrodes 15
involves formng the holes in the plate (e.g., feedthrough plate 300)
through which the el ectrodeswhdd metahbtd@s intréducad .H@eﬁra@hmowpremannel
metallic thick filmink (i.e., a so-called "via ink is a

material that scPhiethe liguid weseprashisemaflawiagtiator wagtien aelkaceassthole, Bo3
cooling below th ) ctive
solid) and then ?Y?’?%SL@LWQ?@?%E{@&%G thi%ﬂﬁﬁtﬁ%%@% %‘\%Zdlplexmﬁe Ink into a
good conduct or tGatresporalirsgin) thetdapillbry esrriagfirmetd 4y thedsthealrags. betheperingod

al so creates riions of the el ectrodes that rotrud thro ate to,
o one. o de. B b evemed Ereipin SomGeS IR roA5Bh Calacrrding 1 PtS | ¢
fluid channel s ajngs tee rddetioRtdeRacsésdcholdd QYBdﬁ A by CdithirPrdlite, &dild dlet achi ng
el ectrical controls. 25 For exanple, holes are drilled in

500 mi cron t hi ckingiase@PyACtivating the BRArRPLAIEPUIMES. nEPrdAS@RER HOrPYBRer . Hol es
havi ng di amet er sagl e %r‘égﬁfmi‘f‘stlpﬁgtd@ﬁé eﬁ‘§nr%ri 914 hﬁ&tfdrb{ﬁ?pé’\kﬂeetrbaé Bksdd | m

i nks usi ng an commer Ci al ection Machi ne Pac Ic Trinetics
Mbdel #VF- 1000, ssanpl\mmsqi s&rgnd protdtype b@sﬁoda@apee&pampy%la weoe biasdd thivat

i oh aspect i BPEPBLE, T roshhe bt g hannel #13 HALobfarkkd o1 °{ e

hol es, does not crack during the firing process,



and seals the holes against fluid flow One paraneter that is inportant to
o) WD 96/ 39252 PCT/ US95/ 14586
32 form ng seal ed, conductive conduits through high aspect holes is

sel ecting netal powder and gl ass powder conponents for the via ink that
have suffici ent%%&gzdi nmensions. One paraneter that is inpogdidesiddsé O
form ng seal ed, conductive conduits through high aspect holes Is selecting
netal 5 powder and gl ass powder conponents for the via ink that have
sufficiently fine dinensions. One suitable formul ati on uses: 12-507 Au
powder (Technic Inc., Wonsocket, RI), 89.3 %ow/w, F-92 glass (O Homel

Co., Carnegie, Pﬁ‘h’ﬂ% é’ K/ﬂ\x\éw 15 %wv ethyl cellulose N300 (N300,

Aqual on, W m ng Texanol [err] (nonoi sobutarate ester of
2,2,4-trimethyl-1,3- 10 pent andi olAn diesttoderbaSedmurap cPmpdeings filkt elpsiwede,

™), 2.4%ww 15 % w v Elvacite 2045[err .pQl vi,sobut yl hacr, te) in
Ter pi neol ’ T-318 @Wg?eifcf’gfjﬁ?%ﬁ dee %%"zﬁl’%g'ﬁsgl d ﬁ@?@éleé%%or@g,h%bga

W1 mngton, DE), dgfardetdp oW afdist I8aii@eRAs 1abeut 1 0G Mitmns@ndadrksbaced from
trimet hyl enedi am ne ol eates, Akzo Chem cals, Chicago, IL), 0.5 %ww. The

gol d powder frBmalpeehhP@ micians tesaheas 2:80Q Ni¢rege 8partti cl e di aneter of 0.9

m crons. Anot her suitable forqgmul aty . I {18 € wHeMh Zhe Sout h
Plainfield, NJ), 80.8 %w w, %92&5’?%&&5&% ifhel BIRE o Carnegi e, PA), 5.2 %

ww, VC-1 resin @andis/situdtadinneflidTclendel eiscapidlany dimensienssarbitol , 7. 5%

w w et hyl cel | ul ose N-300, Aqual on /. m C 3 9 W, %0 .
ethyl cellul ose N-300 in U Thxvelégt%%te%semmp of cidil1 VawereifOtHE Virst

and second electrodes are from about 150 microns to about 1000 microns
10 apart.

4. The electrode-based pump of claim 1, wherein the first
and second electrodes are from about 150 microns to about 250 microns
apart.

B. An electrode-based pump comprising a first electrode,

15 second electrode and third electrode.

6. The electrode-based pump of claim 1, wherein the
pump is situated in a fluid channel of capillary dimensions.

7. The electrode-based pump of claim 6, wherein the first
and second electrodes are spaced from about 100 microns to about 2,500

20 microns apart, and wherein the third electrode is spaced from about 200
micron to about 5,000 microns from the first electrode and is closer to the
second electrode.

_ 8. The electrode-based pump of claim 8, wherein the
third electrode is spaced from about 500 micron to about 1,500 microns from

25 the second electrode.

9. The electrode-based pump of claim 6, further
comprising a fourth electrode.

10. The electrode-based pump of claim 9, wherein the first
and second electrodes shall be positioned between the third and fourth

30 electrodes, and wherein the third and fourth electrodes are spaced from about

200 micron to about 5,000 microns apart.
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20 Texanol[err], 4.0%wWw, 15 % w v Elvacite 2045[err] (polyisobutyl

nmet hacryl ate) in Terpineol T-318, 4.1 %ww, Duoneen TDOerr], 0.6 %ww,
and Terpineol, 1.6 %ww. These formulations were fired at 550[err]C to
form high aspect ratio conductive conduits. Wen the size of the glass or
metal powders i wede@ss, good 25 filling properties (lack of EA\dsg 900d
seal i ng agai nst |iquids, good adherence to sides of hole) can often still
be obtai ned by decreasing the anbunt of organic in the via ink. The devices
used to insert via inks into holes in a platggtypically include a netal
stencil with openings corresponding to the openings 30 in the plate. Via

ink is applied above the stentil, Tiaidlécticsitbased pubtp ot dlain 1@)dviierbihafger
device is used to_presdsurize the ink to force it to fill the holes WO
96/ 39252 first and second electrodes are spaced from abqutyl/QQ<mnigrens; i a@gutAf ter
filling, the plateshbthickdns agapt.i Nk-filled holes is removed for further
processi ng, as described below. Prior to firing, nuch of the organic
conponent is evaporated away b3, fline alectmslechasgt pumpgot tlein 11K, fwwhdreid the at e

7o (e 0 A IS bl Yo oo i B B0 R it 560
700[ err] C, nore pmiet@aisadpayt.f rom about 500[err] C. Reagent
Flow direction 4-(am nopropyl 1)3.nDrADR109|t!i10ndeof pumping comprising em;oning an
electrode-based pump to move a reagent selected from the group consisting
of organic amines and carboxylic acids. _
10 14. The method of claim 13, wherein the reagent is
dissolved in a solvent.

15.  The method of claim 14, wherein the solvent, in the
absence of the reagent, does not pump using d.c. powered electrode-based
pumps at.a voltage of 2,000 V/mm.

15 16. The method of claim 15, wherein the solvent, in the
absence of the reagent, does not pump using d.c. powered electrode-based
pumps at a voltage of 4,000 V/mm.

' 17. The method of claim 13, wherein the organic amines
are C1 to C10 aryl amines and the carboxylic acids are C1 to C10 ary!

20 carboxylic acids.

18. A method of pumping comprising employing an
electrode-based pump to move reagent selected from the group consisting
solutions of amino acids, protected amino acids, nucleotides, protected
nucleotides, carbodiimides, reactive derivatives of amino acids and reactive

25 derivatives of nucleotides.

18. A method of changing the electrokinetic pumping
parameters of a liquid, the method comprising

(a) selecting a pumping additive based on the pumping
pressure, pumping flow rate and electrical efficiency exhibited by the additive,

30 and

{b) mixing the pumping additive with the liquid to obtain a

mixture havina either (i) improved pumping pressure, pumping fiow rate or

T S




9-f | uor enenet hanol + 10 p- ni tr obenzyl

al cohol + p-(nethyl thio) benzyl al cohol

o- am nobenzyl al cohol + 2-met hoxybenzyl al cohol
2-(triflouronethyl) benzyl al cohol _ + 15 2- am no- 3- phenyl -
- pr opanol WO 96/39252 + P di et hyl azodi carboxyl ate PCT/US95/14586
P 4-di net hyl am nopyri di ne + P carbazol e

+ 20 3, 4- di hydr oxybenzoi c acid 4-methyl mor phol i ne N-oxi de _
+ 3-cyanobenzoic acid 4MNo flow 4-nitrophenyl acetic
acid No flow, at 0.1 M flow occurs | ower concentrations (0.01 -
0. 1M 2- (1H benzelectdea letficidncyy loy {i)) havivy §|pﬁé"ﬂere¢'htce%ﬂp%pf OW &ipedtion’®
1,1,3,3-tetraneth Iuronlu | ower concentratlons (0.0

hexaf | uor ophosph thﬂt of the liquid, in the absgnge M pumping additive.

2, 3-dichl oro-5, 6- dl cyano , 4-d®NZ The method o‘ﬁ’%ﬁ&nom”\ﬂﬁé\%in the mixture obtained
t et rapr opyl ammoni um perru heha
has a flow preference opposite that of the liquid.
5 21. The method of claim 19, wherein the mixture obtained
has improved pumping pressure, pumping flow rate or electrical efficiency.
22. The method of claim 19, wherein the pumping additive
comprises from about 0.05 % w/w to about 10 % w/w of mixture.
23. The method of claim 22, wherein the pumping additive
10 comprises from about 0.1 % w/w to about 5 % w/w of the mixture
24, The method of claim 23, wherein the pumping additive
comprises from about 0.1 % w/w to about 1 % w/w of the mixture.
25. An electrode-based pump situated in a fluid channel
comprising two or more electrodes, which pump can create an field such that
15 a liquid pumps in the direction opposite its flovy preference.
26. The electrode-based pump of claim 25, comprising a
. first electrode situated along the walls of the channel such that it defines a
plane intersecting the fluid channel and a second electrode oriented to point in
direction that intersects the ptane defined by the first electrode. -
20 27. The electrode-based pump of claim 26, wherein the
end of the second electrode is pointed or wedge-shaped.
28. A calibration device comprising
{a) a fluid channel of capillary dimensions,
(b}  an electrode-based pump situated in the fluid channel,
25 {e)  a signal generating means for generating a signal
indicating the position of a moving plug of liquid situated in the fluid channel
either continuously or at two or more different times, and
(d)  a calculating means for accepting the signal and
caiculatmg the velocity of the fluid | plug therefrom——

30 — |
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WD 96/ 39252 PCT/ US95/ 14586 34

Reagent Fl ow direction* No fl ow 1-o0x02,

2,6, 6-tetranethyl piperdini umchloride 5-benzi m dazol ecar boxyl ic acid

N.D. 5 4- (am nonet hyl ) benzoic acid

4- (am nonet hyl JwEegmes,c acid N.D. N, Ndii sop ‘ﬁ‘%{ M}g%am ne
N. D. i sobuyl am ne N. D. gl ut athi one

N. D. 10 Those directional indicators (" + or "-") followed by a "P"

i ndi cate that flow was ach| eved using a pul seBd vol t age program pursuant to
Figure 1, where [err] = 0.1 - 1msand[err]—30- 10 ns.

[err] " N.D.", in this “tabl e 2and ?H@célﬂ%ﬁ&w 9@\1';9¥Vof bﬁ@hgﬁ Qﬁrtﬁértélﬁﬁprﬁé?ﬁ’é

the solute was imm scible with the solvent or that visu i nspection
suggest ed t hat i 8 rheansdefcraaiinnien thenBuid sheoos!fg ®et iitis onse nw-gqmorual 0.1 M
unl ess ot herw se |ragi cated , have 20 been tested: Reagent

Fl ow di recti on aP am ne -

30. The calibration device of claim 28, wherein the
5 calculating means can calculate the pumping pressure based on the pumped
fluid velocity uphill and the gravitational velocity downhili.

31. The calibration device of claim 29, further comprising
a liquid distribution system and a controller comprising an electrical data
storage device comprising a database of pumping programs for pumping one

10 or more liquids, wherein the values generated by the calibration device can be
stored in the database.

32. A method of controlling electrokinetic pumping devices
comprising spaced electrodes in a channel having capillary dimensions
comprising:

15 a. loading data directed to the applied voltage pulse with,
pulse repetition rate, electrode geometry and fluid properties inte a computer

b. converting the data to instructions for a digital driver
and transferring said instructions to said digital driver using a shift register;

c. applying a latch signal to transfer data loaded into said -

20 shift register; and

d. applying the latch output signal and an enabling signal
of constant amplitude and variable pulse width and repetition rate to an AND
gate' connected to a switching device, thereby controlling the flow of a-fiuid
in said channel.

25 33. A method according to claim 32 wherein a plurality of
electrode pairs are connected through a switching device, an AND gate, and a

latch to said shift register and wherein the computer can apply instructions to

]

each switching device independently.
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but yl am ne - cycl ohexyl am ne -
25 1- (3-am nopropyl) imdazole - di et hyl azodi acar boxyl at e

- TP Pal | adi um _ - i sobutyl am ne isoanyl am ne 30
propyl am ne WO 96/ 39252

PCT/ US95/ 14586 35 1-(3-am nopropyl )i m dazol e p-carboxybenzenesul f onam de

N. D. 2-(1H benapdpésasl e-1-yl ) - N. D. 1,1,3, 3-tetraaRhbhshiggeni um
5 hexaf | uor ophosphat e (HBTU) Those directional indicators (g +" or
"-") followed by a "P" indicate that flof achi eved using a pul sed
vol tage program pursuant to Figure 1, wh [err] = 0.1 - 1 ns and 10
[err] =3.0-10nms. The foll ow g0l uti ons thanol, all at 0.1 M have
been tested: Reagent Fl ow di rection*
4-f| uorophenyl acetic acid -
' — L FIG. 1
364 g365
501~_~ .

[}
7
N -

~11

! AN -

so1—1__/ [~ [-[ 1 FH 1 HAHBHHE

365
o) ) AR |
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15 9-fl uor enenet hanol - P p-(met hyl t hi o)
benzyl al cohol (R) sec-phenethyl al cohol 3-cyanobenzoic acid

No fl ow 4-nitrophenyl acetic acid - weak 20

al Iyl am ne No fl ow 2-am noet hanol

No flow 2- (1H heogeieszazol e- 1 -yl)- N D. PCT/US95/14586
1,1, 3, 3-tetranet hyl uroni um hexafl uorophosphat e (HBTU) 25

i sobutyl am ne N. D. isonyl am ne

N. D. Those directional indicators (" + g) "-") followed by a "P" indicate
that flow was achi eved using a pul sed v /{'hge pr ogr am
pursuant to Figure 1, where [err] = 0.1 - 1 ns and [err] = 3.0- 10 ns.

WD 96/ 39252 PCT/ US95/ 14586 36
Exanple 2 - An el ectrode-punp based preferential flow system A channel
systemwas fabricated on two inch by two inch by 20 m| plates of 211
Corning glass (Corning dass Co., Corning, NY) to confirmthat |iquids can
be switched to a desired flow pathway by controlling
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5 the voltages applied to certain el ectrode-based punps, As illustrated in
Figures 11A and 11B, first channel 804 (2,600 [err]mlong by 150 [err]m

wi de by 100 [err] m deep), second channel 805 (550 [err]mlong by 100 [err]m
wi de by 100 [err]m deep), third channel 806 (800 [err]mlong by 275 [err]m
wi de by 100 [ er povsgtessp), fourth channel 807 (200 [err]m ongl,&y%sgg% %@rr]m
wi de by 100 [err]m deep), fifth 10 channel 808 (550 [err]m Il ong by 8
[err]mwi de by 100 [err] m deep) and sixth channel 809 (2,600 [err]m|ong by
150 [err]mw de by 100 [err] m deep) werenfabricated on channel plate 810
(not shown). Also fabricated on the charffélf folate 810 were first well S800A,
second well 800B and third well 800C, which were connected by the channels.
An el ectrode plate 820 was overlaid and 15 sealed to the channel plate 810
by field assisted thermal bonding. The el ectrode plate 820 had openi ngs
into first well 800A and second well 800B (not illustrated). Third well
800C included a center drain 855. The electrode plate 820 further had

pl ati num el ectrodes, fabricated by TmSertIng 2o jerrfmwres. The

el ectr.odes included first pfatinum el ectrode 8017, second 20 pl ati num

el ectrode 801B, third pl at @um el gctrode 801 C, jougsh plati num el ectrode
802A, fifth platinumelectrpde 802B, third plati 1un@| ectrode 802C, and the
two el ectrodes conprising g3anma elieg - based punpy 803. First platinum

el ectrode 801 A, second platinum ¢l ec%ro e 801 Bland third platinum

el ectrode 801C nmake up Jal pha el ectrp bpsed punp 801, while fourth 25

pl ati num el ectrode 8024, fifth pl at | ectrodg 802B a si xtfy el ectrode
802C nmake up beta el ectjrode-based|p 2. Figufe 1 2A shows hanol
flowing fromfirst wellf 800A to secomd—wett+—8668, while third
wel | 800C. This is dong by applying 160 V to gl pha el ect ed punp
801. Figure 1 2B shows |nmet han&l

<r

i

_—492

490
)
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FIG. 4
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30 flowing fromsecond well 800B to third well 800C while bypassing first

wel | 800A. This is done by appl
100 V to ganma el ectrode-based

ying 200 V to beta el ectrode-based punp 802,
punp 803 and 120 V to al pha WO 96/ 39252

PCT/ US95/ 14586 37 el ectrode-based punp 801, where the polarity at beta and

gamua el ect r odavdegsngszpunps 802 and 803 favored flow into th?cf‘/gésfﬂ
800C, and the polarity at al pha el ectrode-based punp 801 favore TSI

800A. 5 Exanple 3 -

fromfirst well
barriers Figure 13 shows a prot

pursuant to the hydrologic liquid distri

4§§/gl I

oW away
El ect rode- based punpi ng past capillary
q%idd di stribution system fabricated

otype I|i
filon system The distribution

system was constructed fromthree plates of Corning 7740 borosilicate

gl ass, Corning dass, Inc.,

910,

Cor ni ng,
i nternmedi ate plate 920 and bottom

NY whi ch plates becane top 10 pl ate
pl ate 930. The top of internediate

pl ate. 920 was coated with sili N ‘:\ig’;.e gt /ofjove. In top plate 910 were

formed, by laser drilling, fir d hol e 901B, third hole

902A, fourth hole 902B, fifth N °;‘7 2 3} e 903B, seventh hol e 904A
7 eter of 75 [err]m 15

and ei ghth hole 904B, which ho
First and second hol es 901A an
el ectrode- based punp 961. Thir

form second prototype el ectrodg

NN "B s /

o formfirst nodel
51902A and 902B were used to
gi fth and sixth

216
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G
/R
0
7ZIk

T EITI IR

SUBSTITUTE SHEET (RULE 26)



hol es 903A and 903B were used to formthird prototype el ectrode-based punp
963. Seventh and ei ghth holes 904A and 904B were used to form 20 fourth
nodel prototype el ectrode-based punp 964. The el ectrodes in each of first

t hrough fourth prototype el ectrode-based punps, 961 - 964, were separated
by 200 [err] m wdyerpbphi ng, al pha openi ng 905, beta openi ng PEfysHaAlssgeE
openi ng 907 were forned on the underside of top plate 910. By | aser
drilling, ninth hole 908 and tenth hole 909, each with a dianeter of 150
[err]m 25 were forned through upper p e 910. In internediate plate 920
were formed first prototype channel 911%¢ifelie up of segments 911A - 911D)
and second prototype channel 912 (nade up of segnents 912A - 912D). First
and second prototype channels 911 and 912 having a depth of 80 [err]mand a
width of 30 150 [err]m . The entries into these two prototype channels 911
and 912 are provided by niqﬂﬁvpole 9Gngnd te hol e %B respectlvely
First reaction cell access e 913 ang secon eactlo access hol e
914, each with a WOA36/ 39252 B1 Ci E1

PCT/ US95/ 14586 38 di I rill rough_t he

I nternmedi ate platd 920. %% = =5 = ¥ 920 a pelta
openi ng 915 was fCrnqd,ﬁ 34 T -1 o—GiOTTT: 1ﬁrfe?ct|on Cel
950 to first and Jecqngs : - honee I 54 it
In the mntom;{ate A dgtiion cel kD50 e rimed ﬁ%'
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etching. First prototype drain hole 921 and second prototype drain hole 922
were laser drilled through bottom plate 920. The top plate 910 and

i ntermedi ate plate 920 were bonded together by field assisted thernal

bondi ng. 10 When net hanol was introduced into first
prototype channgjodhdasat he Iiquid was stopped fromflow ng i PGniBafdsson
cell access hole 913 by the capillary barrier fornmed by the structure at
al pha openi ng 905. Correspondingly, the capillary barrier formed by the
structure at beta opening 906 prevented gﬁ}hanol flowinto the reaction
cell access hole 914. Flow 15 into the r&dctfon cell access holes 913 or
914, by either route, could be initiated by activating the appropriate
punps. For instance, to punp nethanol through first prototype channel 911,
first prototype el ectrode-based punp 901 and second prototype

el ectr,ode- based punp 902 were biased by applying 200 V. Flow through th!\~

prot ot ype channel 911 was observed. 20 WD 96/ 39252 -
PCT/ US95/ 14586 39 Reagent Fl ow direction
4- (am.nopropyl ) norpholine + 9-fl uor enenet hanol -
+ p-ni trobenzyl al cohol O + p-(§§tnvlthi§z benzyl W
al cohol °
EJ ~_/
|
B E 2
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g N S R £ N § POl b bttt
: -o-u _____ Sl | EEEE LR
B 8 §

rd
2 S e o ROttt § ittt
ol ANl <
o C\l&i o
_| o o
_'15) ‘ |° 1 o
Vel O)
o ﬂ o 8
@ U |l B | A |
& H:ii: 2§ B | SRSt § IOttt bttt
= - s i s s PR Ebht b Mttt ittt
- i © Rl Ittt b bbbl
. g B 3§ paant
I
| B S
H
©
H‘“b? O A
W
<

SUBSTITUTE SHEET (RULE 26)



5 0- am nobenzyl al cohol + 2- nmet hoxybenzyl

al cohol + 2-(triflouronethyl) benzyl al cohol

+ 2- am no- 3- phenyl - 1- pr opanol + P di et hyl azodi car boxyl at e
- P10 4- di net hyI am nopyri di ne + P carbazol e

+ azobenzene o + 3, 4- di hydr oxyiamnesiasgci d
- P 4-nethyl m)rphol | ne N—OXI de + 15 3-cyanobenzoi c
acid No fl ow 4-nitrophenyl acetic acid No
flow, at Oll\/l fl ow occurs | ower concev tions (0.01 - 0.1M

2- (1H benzotri azol e-1-yl) - No flo /;t‘]o.llvl fl ow occurs

1,1, 3, 3-tetranet hyl uroni um | ower concentrations (0.01 -

hexaf | uor ophosphat e ( HBTU) 0.1M 20

2, 3-di chl oro- 5, 6-di cyano- 1, 4- benz + weak oqui none

t et rapr opyl ammoni um No fl ow perruthenate No flow 25
1-ox0-2, 2,6, 6-tetranethyl piperdini umchloride 5-benzi m dazol ecarboxylic
acid N.D[err] 962

218 360A 360B
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4- (am nonet hyl ) benzoic acid

aci d

N.D. 30

N. D. WD 96/ 39252
PCT/ US95/ 14586 40 Reagent
gl ut at hi one ( SHiyo og/39252

or "-") followed by a "P" 5
fl ow was achi eved using a pul sed voltage program pursuant to Figure 1

I ndicators (" + "

where [err] = 0.1 - 1 ns mM[ew]zz&Oéy?fm.[mr]Nilﬁ
tfthe s

and the tabl es bel ow,

t he sol vent or that vi

had deconposed. The f

i ndi cat ed, have been t

direction 15
1- (3-am nopropyl)

i m

i ndicates either th

N. D. 4-(am nonet hyl) benzoic
N, N-diisopropyl et hyl am ne

Fl ow direction N.D.

N. D. Those di r ecidwisdsn4sss
i ndi cate t hat

Reagent

| am ne but ¥l am ne cycl oh
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di et hyl azodi acar boxyl ate 20 TP Pal | adi um i sobutyl am ne
I soanyl am ne propylam ne 1 -(3-am nopropyl)im dazole 25

p- car boxybenzenesul f onam de N. D. 2-(1H benzotriazole- 1-yl)-
N.D. 1,1, 3, 3-tetranethyluroni um hexafl uorophosphate (HBTU) 30

Those di rectionwggsggysgators (" +" or "-") followed by a "P" dcqslises48sst hat
fl ow was achi eved using a pul sed vol tage WO 96/ 39252 .

PCT/ US95/ 14586 41 program pursuant to Figure 1, where [err] = 0.1 - 1 ns

and [err] = 3.0 - 10 ns. The follow ng sg tions in nethanol, all at 0.1M
have been tested: 5 Reagent /:']1 Fl ow

direction 4-fluorophenyl acetic acid 9-fl uorenenet hanol
- P p-(methylthio) benzyl al cohol (R) sec-phenethyl al cohol

|
_’l Si f54 (360,361
50 : [ 56; 52 l

- [366,361

52

(55' 56’
FIG. 11
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10 3-cyanobenzoic acid No fl ow

4-ni trophenyl acetic acid - weak allylam ne

No fl ow 2-am noet hanol No flow

2- (1H benzotri azol e-1-yl) - N.D. 15 1,1

, 3, 3-t et r amet hy Iy grigpsp hexaf | uor ophosphat e (HBTU) i sobut yl ampRfuses/14sss
N D. isonyl am ne ch{ N. D. 20 Those
directional indicators ("+" or "-") fo vl by a "P" indicate that flow

was ach| eved using a pul-sed venl;tage program pursuant to Figure 1, where
[err] 0.1 - 1 ns and [err] 7 loms Exanple 2 - An electrode punp

- A Thametr—SysT e was

based preferentlal flo ystem 25

fabricated on two incl—%tg t wo_irich | by Z&m'l pl ates of 211 Corni hg gl ass
(Corning @ass Co., Co ; t0iconfgrmthat qui ds can be switched to
a desiyed flow pat hvvay contgSol | i g th vol tages Iappl to ceftain

el ect r ode- based punps.3As il ra ed--t-n- F-rg-m*es “14-A 1lB flrst

second channel 805 550 [err]mlonyg by 100 [e 'r] mdeep),
third channel 806 (800 [err]ml ong+by 275 [ [er ] m deep),

e
(0]
\<
'_\
O
o
('D

channel 804 (2,600 [erT]mlong by:i50--[est]- m-w-de- bEi 30K 0o [ er L] m deep) ,
%d

fourth channel 807 (200 [err]m Il ong by 100 0D [efr] mdeep),
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channel 808 (550 [err]mlong by 100 [err]mw de by 100 [err] m deep) and

si xth channel 809 (2,600 [err]mlong by 150 [err]m w de by 100 [err] m deep)
were fabricated on channel plate 810 (not shown). Also fabricated on the
channel plate S4Bogssne first well 800A, second wel |l 800B and pchjysos/iasys!
800C, which 5 were connected by the channels. An el ectrode plate 820 was
overlaid and sealed to the channel plate 810 by field assisted thernal

bondi ng. The el ectrode plate 820 had op?g gﬁ;lnto first well 800A and
second well 800B (not illustrated). Thi 800C included a center drain
855. The el ectrode plate 820 further had platlnunlelectrodes, fabricated by
inserting 25 [err]m 10 wires. The el ectrodes included first platinum

el ectrode 801A, second platinumel ectrode 801B, third platinum el ectrode
801 C, fourth platinumelectrode 802A, fifth platinumelectrode 802B, third
pl ati num el ectrode 802C, and the two el ectrodes conprising ganma

el ectrode-based punp 803. First platinumelectrode 801A, second pl ati num

el ectrode 801 B and third platinum 15 el ectrode 801C nake up al pha

el ectrode-based punp 801, while fourth platinum el ectrode 802A, fifth

pl ati num el ectrode 802B and si xth el ectrode 802C nake up beta

el ectrode-based punp 802. Figure 1 2A shows nethanol flowing fromfirst

wel | 800A to second wel |l 800B, mhll ypaSS|ng ird well 800C. This is
done by applying 20 160 V ecf36 punp \Figure 12B
shows net hanol fl ow ng frrn1seco.d wel | 808§ 4 80pC whil e
bypassing first well 800A~ Tﬁi§' S Wone by R Tofbet a

el ectrode- based punp 802, 1} ‘ . and 120 V

to al pha

FIG. 14

38 36

70 70

R o
FIG. 15A FIG. 15B
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SVGL L
el ect.r ode- baséd punp 801, where the polarity at l?e‘ta it game_ 25
el ectrode based punps 802 and 803 favored flow int§ {f)e
and the polarity at al pha el ectrode-based punp 801 f'avored fldqw QWG
first  well 800A. Exanple 3 - El ectrode-ba ?%d punpi ng past capil ljar
barriers Figure 13 shows a prototype |iquft distribution systgmi3005 FEB 1998
fabricated pursuant to the hydrologic liquid distribution systieh The
di stribution systemwas constructed fromthree plates of.Conirg 7740

WREBLABRENT SHEET |

borosili ca ss Corning dass, Inc., Corning, NY which pldtes.bhecane
top PCT/ US95/ 4586 43

0,,int ate 920 and botto
Pt teremgé. e % Efg % e i 8 j@%‘scﬁ%@%@nﬁédsegﬁv@e'emo@%
pl ate 91039\‘%r §ca8 %Frtfq &SAvE R IMALer drogn #baut 28 dyREPNStoe

901B, t hiFRPULJPR roigsais ﬁaqratrﬁ aﬁaped mabpuf 10 eireonsdgAabasit 2 50thBlierons 3B,
sevent h SARes, avirse Rpiieoaty e pumpl ie sit0atsd inha dbichcharmedat bapitiaryadich emsienes:
of 75 [err]mFirst and second hol es 901A and 901B were used to formfirst
nodel el ec2.r odén biestddpugsedtdumy tohthrisity Baitst Sebpb®s é&@ﬁd@l@bt&ﬂj@aﬁ\@r e
used to ftﬁrrmemm WHekeihvRe fngs is oeatBasR S MHARNIARe & Qnrﬁé é.

nol es 90%hpfe s.n Hom g@:g cgggégta\‘laéteg§ @naﬁ E#

burp, 963, @eee%h
model %[XIRS liqu \1{‘%0;2 atrve hlgRer on ct:vu éﬁ? 8&%% fi°ca8 Btled

- 3. The electrode-based pump of one of claim 1 and 2, wherein the first and
second electrodes are spaced from about 100 microns to about 2,500 microns apart,
optionally from about 150 microns to about 1000 microns apart, and wherein the third
electrode, if present, is spaced from about 200 micron to about 5,000 microns from
the first electrode and is closer to the second electrode, optionally the third electrode
is from about 500 micron to about 1,500 microns from the second electrode.

4. The electrode-based pump of claim 3, further comprising a fourth electrode,
optionaily wherein the first and second electrodes shall be positioned between the
third and fourth electrodes, and wherein the third and fourth electrodes are spaced
from about 200 micron to about 5,000 microns apart, optionally from about 500 micron
to about 1,500 microns apart.

5. A method of pumping comprising employing an electrode-based pump to move
a reagent, optionally dissolved in a solvent, wherein the reagent is selected from the
group consisting of organic amines and carboxylic acids (optionally C1 to C10 aryl
carboxylic acids).

6. The method of claim 5, wherein the solvent, in the absence of the reagent,
does not pump using d.c. powered electrode-based pumps at a voltage of 2,000

Vimm, and optionally does not pump using d.c. powered electrode-based pumps at a
voltage of 4, 000 Vimm.

7. A method of pumping comprising employing an electrode-based pump to move
reagent selected from the group consisting solutions of amino acids, protected amino
acids, nucleotides, protected nucleotides, carbodiimides, reactive derivatives of amino
acids and reactive derivatives of nucleotides.

8. A method of changlng the parameters for electrode-based pumplng of liquid,
the method comprising
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first_ through' fourth prototype electrode-based punps, 961 - 964 PLECEMENT SHEET
separated by 200 [err]m. By etching, alpha opening 905, beta ope -
and. gamma openi ng 907 were forned on the underside of top platef 910, B
laser 1 5 drilling, ninth hole 908 and tenth hole 909, each wit QiSa%EBéWB
of 150 [err]m were forned through upper plate 910. In intermnmed plate
920 were formed first prototype channel 4611 (made up of segnents 91 1A -
911D) and second prototype channel 912 (nade up of segnments 91 —9d-2.D)- —
First and second 20 prototype channel.s 911 and 912 havin t :
[err]mand a (@ dt FeCiNos8 P‘T%a.d‘,j’ﬁ’{ég@‘fﬁﬁi% 15 PP 82‘@?%’%?8@'6&
channel sfio ratecanti elegtrigat efffcienayeernibitad BY e 8rditiedethd tenth hol e 909,
respecti vel y.(bFi r shixirgihg pumping additiee,soptisnally whessin t8e PHMPIRG ASCIYE cel | -
access heodrapiseb fremcabouttM108 Wivahetocabmit 15t éw of mixinee, eviththe ligid tped
t hrough émhtain 8treikitRe indivihgobitiher @2Ripré®ed bontpivey pressuss, geingding ribes radelicat e
plate 929e-@icdPbiigicRF b Hi) Having'@préRrémed forpupibingin a dieeton®ppisite that
connects 8'!{ %?cftih?@eca[@&; n ?‘_ng?g ﬁ&ta giigesecond prototype drain holes
921hand 29 N4 AR T3 om prl at (5 tHe reaction cell 950 was forned by
etching. Firs rototyp rain hole. 921 and second 0 ' | e 922
30 were I%se(+'a$mqtaﬁgnggﬁlﬁhgvbWB?W eaf’lé?ﬂg%P t?m‘gociig%s %@S’e%ﬁ%@i&% | .
i nt er nedepRasite| thabobthe ligyid bonded together by fiel d assisted thermal
bondi ng. WO 96/ 39252
PCT/ US95/ 1@586n electrode-based pump situated in a fiuid channel comprising two or more

.~ electrodes, which pump can create an field such that a liquid pumps in the direction

=  opposite its flow preference.

11. The electrode-based pump of claim 10, comprising a first electrode situated
along the walls of the channel such that it defines a plane intersecting the fluid
channel and a second electrode, which optionally is pointed or wedge-shaped,.
oriented to point in a direction that intersects the plane defined by the first electrode.

12. A calibration device comprising

(a)  a fluid channel of capillary dimensions,

{b)  an electrode-based pump situated in the fluid channel,

(c) a signal generating means for generating a signai indicating the position
of a moving plug of liquid situated in the fluid channel either continuously or at two or
more different times, and

(d) a calculating means for accepting the signal and calculating the velocity
of the fluid plug therefrom, and which optionally calculates the pumping pressure
based on the pumped fluid velocity uphill and the gravitational velocity downhill.

13. The calibration device of claim 12, further comprising a means of positioning
the fluid channel so that it is on a non-horizontal plane.

'14. The calibration device of claim 12, further comprising a liquid distribution
system and a controller comprising an electrical data storage device comprising a
database of pumping programs for pumping one or more liquids, wherein the values
generated by the calibration device can be stored in the database.

15. A method of controlling electrokinetic pumping devices comprisiné spaced
electrodes in a channel having capillary dimensions comprising:

a. loading data directed to the applied voltage pulse with, pulse repetition
rate, electrode geometry and fluid properties into a computer
b. converting the data to instructions for a digital driver and transferring said

instructions to said digital driver using a shift register;



44 V\hen met hanol was introduced into first prototype channel SEPLACFMéNT
I|qU|d “was stopped fromflowing into reaction cell access hdl'éd 913 by th ’
capil l'ary barrier formed by the structure at al pha opening 90%. 05 FEB 1958 i
Correspondi ngly, the capillary barrier fprned by the structyre¢ at beta !
opening 5 906 prevented nethanol flow into the reaction cell} access—hote—

914. Flowinto the reaction cell access holes 913 or 914, by either route, ]

could be initiated by activating the appropriate punps. For instance, to

o S

punp met hanod; thr Vln | 4 FdtchysRired Y@&aﬁb@ﬂ@%'ta fbbedfintos§aig rshifbtegister: and
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punp i sinstrigtionsdta each switchingidavig indepeagentlyary di nensions. 2. An
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ng, optionally utilizing integrated electromcs a voltage pulse pattern
to a said electrode-based pumping device to cause liquid to flow in the associated
channel, wherein optionally the voltage pulse pattern is applied using a driving
comprising a shift register, latch, gate and switching device coupled to each electrode-
based pump.

- 17. The method of claim 186, wherein the method further controls which of the
electrode-based pumping devices receive the voltage pulse pattern,-the method further
comprising:

(b) applying under the control of an electronic processor a sugnal to the shift
register designating which of the electrode-based pumping devices is to be
operational; and

(c) applying a voltage to the driver and having that voltage selectively passed
through as the voltage pulse pattern to the electrode-based pumping devices
designated by the shift register as operational to cause liquid flow in the associated
channels.



3. The el ectrode- based punp of one of cl ai m‘f 5&1’@ i/‘“w‘\h'eréj n.the first and--

‘second el ectrodes are spaced from about 100 m St 0 about ._.'@E FET '
apart, optionally from about 150 mcrons to abgth ?'1500 m cron MAUI i\P’n§H ET
wherein the third electrode, if present, ,is spaced from aboutf_230 mcron to
about 5,000 nicrons fromthe first el ect #édé and is closer t:lthe SelbB 1998
el ectrode, optionally the third electrode is fromabout 500 m cron _to about
1,500 microns fromthe second el ectrode. 4. The el ectrode-based punp of

claim 3, % conprising a fourth el ectrode, optionally wherein-the
first and el ectrodes shall be positioned between the third and

{1 om aboutt 20 Sétﬂﬂd% §%<§'a?"t@“e hiﬂs%ﬂﬂff%a%d§%ﬁ.§“%&?3n¢‘eﬁ%ﬁ?‘%‘% .
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in a sol apatt, whaes eptionaily théa;;y@rm IS situated dn @diyi @hﬁﬂh@l eraapﬂlaébdgn@msmgs of
organi ¢ am nes and carboxylic acids (optionally CL to Cl10 aryl carboxylic

aci ds). 62. Thn efetthedb-bhsed pumpbcompasiagrs fifse efstiroes! second bleckbde e of

the reag&nﬁd e:d@eéd@%h@wm@ uﬂapdisc‘satuafé@errﬁal ﬂaldegiém@ob@é@ﬂa@mﬁen%tor%
V|O| t?grggd i QinV4 @g}ntﬁﬁg ; E\J ﬁ“ gac,% d"éjof

ec
olectro f@@% i e
the grouf 6?'3 acrﬂnﬁ'b' ¥hds, prot ect ed anino aci ds

nucl eot i des, rot ected nucl eoti des, carbodiim des, reactive derivatives of

anino aci-@s a ¥tie eleattadeebasad pUPsonst ohgleirmdk snb2, waerein the firgenst

changi ngsétmndoeleatredes ard spacdd frorpdbobita$@@ nionopsrtg about RdiGdmiarbes @partpd

conpri si pgtionally from about 150 microns to about 1000 microns apart, and wherein the third
electrode, if present, is spaced from about 200 micron to about 5,000 microns from
the first electrode and is closer to the second electrode, optionally the third electrode
is from about 500 micron to about 1,500 microns from the second electrode.

4.  The electrode-based pump of claim 3, further comprising a fourth electrode,
optionally wherein the first and second electrodes shall be positioned between the
third and fourth electrodes, and wherein the third and fourth electrodes are spaced
from about 200 micron to about 5,000 microns apart, optionally from about 500 micron
to about 1,500 microns apart.

5. A method of pumping comprising employing an electrode-based pump to move
a reagent, optionally dissolved in a solvent, wherein the reagent is selected from the
group consisting of organic amines and carboxylic acids (optionally C1 to C10 aryl!
carboxylic acids).

6. The method of claim 5, wherein the solvent, in the absence of the reagent,
does not pump using d.c. powered electrode-based pumps at a voltage of 2,000
Vimm, and optionally does not pump using d.c. powered electrode-based pumps at a
voltage of 4,000 V/imm.

7. A method of pumping comprising employing an electrode-based pump to move
reagent selected from the group consisting solutions of amino acids, protected amino
acids, nucleotides, protected nucleotides, carbodiimides, reactive derivatives of amino
acids and reactive derivatives of nucleotides.

8. A method of changing the parameters for electrode-based pumpihg of liquid,
the method comprising
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: 46 - () Sel ecting a punping additive based on the puntgi A
punping flowrate and electrical efficiency exhibited by tHe m&md

(b) m xi ng the punping additive, optionally wherein the puH"pi ng additive;

conpri ses fromabout 0.05 %w w to about 10 % w w of mi xturfe,| VQEIFEREI8
liquid to obtain a m xture having either (i) inproved punpijnd pressure, .
punping flow rate or electrical efficrefy* or (ii) having '-aﬁ‘bTﬁT’éTé‘rTf:‘é_T_]or
punping in a direction opposite that of the liquid, in the {absence_ of ;

i
i
]

punpi ng additive. 9.  The method of @,I aim 8, wh%(r?ei'n the m xture obtained

has a flow pr@} er &QCHgR BHMPIRG e BaseriQLiNg PUBPING PTEPYIEr BHEIHYS ed

punp si tfleak eatejamdaelertiica! efligiansy exdilitedshnie addikye.@id el ectrodes, which

punp can credbp amikirg thesprempingaadditive, putionglrpéerein the pamping @dditiypposi t e

i ts fl owommisesenoa. abidut 0108 % ivegat toaatmub ddeth wiwpf ofixtateiwitnlthe kprgnosi ng a

first eldrsincs tisture ABOMESIHE (t)hﬁip\“@ézﬁghptd’gept@hsﬂmlpumpmrg flbatraté or

def i nes QogtiddCehiBbRER S il Hality 4 b &aNBe bufpthdtinss enedtich eppbsits that

whi ch O%Itﬁﬁ% L 'ir?tr%)bpg é)BfPﬁﬁl' ﬁgié%ﬁ\zg oriented to point in a

di rection at'"I'htersects the plan rned by the first electrode. 12. A

calibration Vi ce,co I si.ng, ( .a fluid channel aof capillar

il mons o (e egiod L EBI iR herelr e e Samed s TPYUSFRiRaRRe

(c) aofngste et theiliayideans for generating a signal indicating the

position of a noving plug of liquid situated in the fluid channel either

cont i nuoukd.y A ekectrode-tmased pump situated in a fluid channel comprising two or more
electrodes, which pump can create an field such that a liquid pumps in the direction

%:»« opposite its flow preference.

11. The electrode-based pump of claim 10, comprising a first electrode situated
along the walls of the channel such that it defines a plane intersecting the fluid
channel and a second electrode, which optionally is pointed or wedge-shaped,
oriented to point in a direction that intersects the plane defined by the first electrode.

12. A calibration device comprising

(a) a fluid channel of capillary dimensions,

(b)  an electrode-based pump situated in the fluid channel,

(c) a signal generating means for generating a signal indicating the position
of a moving plug of liquid situated in the fluid channel either continuously or at two or
more different times, and

(d)  a caiculating means for accepting the signal and calculating the velocity
of the fluid plug therefrom, and which optionally calculates the pumping pressure
based on the pumped fiuid velocity uphill and the gravitational velocity downbhill.

13. The calibration device of claim 12, further comprising @ means of positioning
the fiuid channel so that it is on a non-horizontal plane.

14. The calibration device of claim 12, further comprising a liquid distribution
system and a controller comprising an electrical data storage device comprising a
database of pumping programs for pumping one or more liquids, wherein the vaiues
generated by the calibration device can be stored in the database.

15. A method of controlling electrokinetic pumping devices comprisiné spaced
electrodes in a channel having capillary dimensions comprising:

a. loading data directed to the applied voiltage puise with, pulse repetition
rate, electrode geometry and fluid properties into a computer
b. converting the data to instructions for a digital driver and transferring said

instructions to said digital driver using a shift register,
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Jore different ti,mes, and (d) a cal cul ating neans for accep |31F(§Lf\h”‘5r’\3' SHEE‘{

signal and calculating the velocity of -the fluid plug therefrp and whi ch
optionally calcul ates the punping pressure based on the punpefl fl| @igiFER 1998
velocity uphill and the gravitational- wyel acity downhill. 13. [The

calibration device of claim12, further conprising a neans of] posttiontng
the fluid channel so that it is on a non-horizontal plane. 14} The

ot

O e e >

calibration device of claim12, further conprising a liquid distrrbution
system and a.contappiyiag eclagit sgnagtoamaﬂéfeﬁUatecmbddatumosaaw abift mgister and
conpri sing & dat ai}HHaAng fth® YeBh Rt Bt OGE RaTBaridCan RUEBKP sigRal of carstant! | qui ds,
wher ei nath u&é'dﬁ%sv &?h&% Wit %ﬁd%giamam 8 tdeH &ﬁDcﬁéteQ%nﬁEaEfe%dtdé‘ the
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pul se r 93 Poﬁ”‘i’ét @tcrbﬁoeﬁ"{“ dawiereliihe ShBpWef | @@q o a
conput dpstiuctionsdaeaah switettieg G’&V@etiﬁdﬁﬁiﬁéﬂdﬁi@ ions far a digital driver and
transferring said instructions to said digital driver using a shift

regi ster16. Améthod.of opeppling aglevideahaving itgoar rhoret cremsiets olledpilldrgaded i nto
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channel, wherein optionally the voltage pulse pattern is applied using a driving
comprising a shift register, latch, gate and switching device coupled to each electrode-
based pump.

- 17. The method of claim 16, wherein the method further controls which of the
electrode-based pumping devices receive the voltage pulse pattern,-the method further
comprising:

(b} applying under the control of an eiectronic processor a s:gnal to the shift
register designating which of the electrode-based pumping devices is to be
operational; and

(c) applying a voltage to the driver and having that voltage selectively passed
through as the voltage pulse pattern to the electrode-based pumping devices
designated by the shift register as operational to cause liquid flow in the associated
channels.
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{57) Abstract

The invention provides clectrode-based pumps (803) and methods of operating such pumps. In one embodiment, the invention

o | provides an electrode-based pump situated in a fluid channel comprising a first electrode (801A) and a second electrode (801B), wherein
the first (801A) and second (801B) electrodes have a diameter from about 25 microns to about 100 microns and are spaced from abont 160
microns to about 2,500 microns apart. In another embodiment, the invention provides an electrode-based pump comprising a first electrode
{801A), second electrode (801B) and third electrode (801C).




