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Thi s app”}&gﬂig% relates to a nethod and system for MaRCPAISs/1459p
fluids, Ich 1s useful in a nunber of contexts, including in

acconpl i shing various synthetic, diagnostic and drug screening reactions.
5 More particularly, this invention relates to a system and net hod, which
i ncorporates a |layered array, for distriluting reagent |iquids while

i nhi biting t he contam nation or cross-contam nation of these |iquids

Recently, a nunber of acadent-tQHIRIRISIRIBHFIONRYEEEMDN t he pr obl e_ms-
associ ated with conduct Hﬂﬁégém&%’? f$?§é§o€&§ RBi L5 & §{:e%qor 10 This

literature has di scusse 0SS managl ng such reactl ons on

waf er - si zeghamdplidtingAas swihicti ihageflieern ausibed of @ ontestse imtladimghiannel s.
React or systens of this scale could allow nultiple diagnostic or_drug
screeni ng a@%%@@“ﬁbmﬁeviféﬂﬂﬁj%‘(meﬁﬁ'5‘?9"&?%50?’1“£HF%9 3e{ReUNg REECHRYS spmal |
amount s of : educi |

e mecianMSTRHEH G, SnisvEh g aAEE 1B ¥lsfhRRf SRy MeRoY, dhith o s
been dubbethcorpbtatesla’lagers deaygfor distdbpting esagdradicuids vt inhibiting
structures of biological nacronolecul es as de}égr m ned. crystal |l ography

and at th £08{aMMANOLErgsisar PRtAEMBgHReR ot HheRe Jian to interact wth

ng:g ¢ hat macr ondl ecul egeBhtil), Bheumber of aQ:%GBH{ié’rarMQEKﬂaaﬁei Rittisel lon\Bie

problems associated with conducting chemical reactions on a micro-scale.

10 This literature has discussed the possibility of managing such reactions on
wafer-sized solid supporis that have beeri etched to create microchannels.
Reactor systems of this scale could allow multiple diagnostic or drug
screening assays to be conducted in a transportable device that uses small
amounts of reagents, thus reducing supply and disposal costs.

15 - 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 macromolecules as determined by crystallography and
at the structures of pharmacological agents known to interact with these
macromolecules. With the use of computer workstations, it was hoped that

20 new pharmacological agents could be desighed that had appropriately
positioned funclionalities for strongly interacting with the macromolecule.
One difficulty with this approach is that growing crystals appropriate for
crystallographic stru;:tural determinations is a tedious, empirical science. In
many cases, it is unclear if appropriate crystals can-be grown (for instance,

25 for the glycoprotein hormones such a chorionic gonadotropin or other
glycoproteins). Another difficulty is that chemistry does not provide the
malleable construction tools evoked by the phrase "design"; instead, cHemical
building blocks provide only a limited number of bond angles and lengths. For
example, the structural routes by which a chlorine group might be positioned

30 in particular part of a drug-binding pocket in the macromolecule may be many,

while the advantages or disadvantages of the ancillary structures needed to

position this group are hard to "rationally” evaluatef, SEPLACED SHEETS SG
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20 new pharmacol ogi cal agents could be designed that had appropriately
positio fupctionalities for strongly interacting with t | ecul e.
One difgggaﬁ@gﬁﬁﬁth this approach is that grow ng crystaI§Q§B%§§%§?gte for -
crystal |l ographic structural determnations is a tedious, enpirical science.
In many cases, it is unclear if appropriate crystals can be grown (for

i nstance, 25 for the glycoprotein hornmoges such a chorionic gonadotropin -
or ot her gl ycoproteins). Another difficulty is that chem stry does not

provide the mal | ea@b&m&ta&ue&%gﬁgw%ék@wF&%@laéawté beyPhr ase
u

"design"; instead, chem cal bui | di ng bl ocks provide only a limted
number of "BYAIILANATYES PiRgesethatisslerisrfor compsuamgs with tee desiied ur al rout es

by whi ch i . . M itipned,30 in particular part of a
it ug- b naPiET B ee ko PR ThE TR R R R i e Bl e e
advant agegyeper siesihatyatamiirs of "iRanRC| in dhi¥ cseUaimilies of eenesbirds with
position this group are hard to "rationally" eval uate.

2 5 some chemical relatgAppanbyitiwith alean diffeercas s The cansapts pfs own
"evol uti oRgfiynaPEeSEAmbY Ye feRCAdYIbgE YMRWAECtG thd RmiRs! §°d

compounds to be explored by the combinatorial method.

Combinatorial chemistry seeks to generate new leads to
classes of compounds that have potential pharmacological activity.

10 Traditionally, such leads have been found by screening various plant or animal ‘
extracts for pharmacological activity. Such extracts are tedious to obtain,
.may have very .small concentrations of potentially useful compounds, and at
best only contain compounds selected by evolutionary pressures that may
have nothing to do with the disease that is sought to be treated. After an

15 extract has been identified, the process provides lf‘ttle information as to the
identity of the active ingredient. | )

Combinatorial chemistry seeks to create the large, diverse
family of compounds by permutation of a relatively limited set of building
block chemicals. Preferably, the combinatorial method will cre.ate identifiable

20 pools containing one or more synthetic compounds. These pools need not be
identifiable by the chemical structure of the component 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
pharmacological activity. Those pools that produce promising results are

25 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 pool can also involve a combinatorial method. For instance,
the promising pool could result from the reaction, first, of a mixture of

30 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 resulting compounds



phar macol ogi cal activity. The key to maki ng the process evolutionary is to
generate large fam |l i es of "mutants", in this case famlies of conpounds

with 5 sogr %53 rel at edness but with clear differences. PC‘-EW}-‘S9§ U
esign am ['i

of ration may be taken advantage of in selecting the i es
of conpounds to be explored by the conbinatorial nethod.
Conbi natorial chem stry seeks to generate new | eads to cl asses of

compounds that have potential pharnacol ogiBal activity. 10 Traditionally,
such | eads have been found by screening various plant or aninal

extracts forrphaastecowddi campacndsiGyH Sudh eba naobsv dhe posdibdesdentitybsfi n,
may have ve

best only. cONE oy EcHRBaRAboRan Be atpolh T B BE Ay BhoC B EC e 5o

have not hi ngirdoCdo prédiictshsarfbs aaparated) créatéetwbthfbuhstdrra@?eh%ﬁusﬁ&ta?{d an
1 5 extract has been identified, the process provides little information as

to the isepAtately tgaqthd widhia the mjkturiecof G, H and l After this step. the
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chemi cal s. H’hhai@d dbinjly dfheormpolangss or i aI method will create identifiable 20

pool s containing one or nare synt heti c conpounds.  These CEool S need not be
m

i dentifiable by the cheni aFeé’FPU'ﬁ?‘GBemee% aemistandified Bynsombinatarial
shoul d be | ¢hamistRDke Wer tifed WidlbEaloshiRRTL intbRALERCARE diddie i grpounds.

These pools are then screened In an assay t leved to correlate
with a mesigmobifoghealcoadtinatdrial ekpesineratsl. sThé dull @rayuct ppomisisg ng
results ?Q/ﬁ 25 exam nefq{{gq%r to jdentify the conmponent conp ounds and to

i dent i fy! RhigamPounds ! ¥ RERTO DGR RIS, BeR ey Siecy FlyAblenc
results. information to guide traﬁhf‘orfé?'dlﬁ’?’rﬁ%e?ﬁ&tapﬁﬂéwh@ﬁg eifbrrglentify the

active compounds inTa conbinatorial pool can also Involve a

conbi nat ori al net hod. ForAimaILdacmol in th'ehsmprglngsfleiq gfocdmbimatdrisiesul t

fromthe r eac telnsujig’tryf u's to éttach the flrst cﬁemlcal building blocks to solid support,
typically a glass or polymeric support, such as the supports used in the well

15 known Merrifield method for synthesizing polypeptides. This attachment
provides a mephanism 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
pharmacological activity.

20 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
numerous reactions well documented and preferably under the direction of a

25 limited number of workers to establish reproducibility of technique; (iii) it is
expensive to create a vast, traditionally-scaled synthetic chemistry complex
for creating a sufficiently diverse family of candidate compounds; and (iv)
substantial concerns are raised by the prospect of conducting assays of the
products of combinatorial chemistry at more standard reaction scales.

30 Miniaturization allows for the economic use of robotic control, thereby

furthering reproducibility.

The wafer-sized devices described above can be ideal for



30 conpounds A, B and C, which conmpounds do not react w th one anot her,

W th cotqusgmdsrsD, E and F, which conpounds do not react wedinmusssa4senot her
but do react with conpounds A B or C. Second, the resulting conpounds .

3 are reacted with conpounds G Hand I. To narrow the possible

i dentity of the active conpounds in the pool, the A-D, A-E, A-F, B-D,
B-E, BbF, CGD CE and C-F productstcan be separately created by

conbi natorial chem stry and separately reacted with a the mxture of G

H and |. cafrolinatorfial chespistryhellowing fopoumersus systhetici ghemistiheeasdiossni ng

assay gener,al | ] L0, r limted faml.y of c nds.

Once pro#\gs@naxﬂo ételﬁg@sg?:gtnﬂygﬁpﬁﬁ 88"15’#‘%’0 ?“g‘(“%%lﬁglonlygﬁgﬂgm stry, the
i denti fi efliamitikeudieeagents.deidviévdrmibé @@atiBaic Htdtatureadviriating glesi gn of
further copbinatorial, experinents.” The full arraguof prom si ng 10 conpounds
i dent i fi dBICKY-SCIHLARYCSES ihas nNatafaquatelyaddressedidundarnantal issuesiipf or mat i on

A popul ar sl B ERA Ay S TG skHlel, [dfibptance. how does one,
attach t hmahagsto chemiie aéadrnts thrgudi e dsnplexgnicrdscale gevice and
accomplish this without significant cross-contamination while allowing a
complex assortment of different syntheses to bcc‘ur in a large number of
microscale reaction vessels {e.g., 100 to 10,000) in the device? The present
10 invention provides a microscale device that solves these issues. .
SUMMARY OF THE INVENTION

The present invention provides a liquid distribution system,

which is useful in a number of contexts, including accomplishing various
synthetic, diagnostic and drug screening reactions. The distribution system

15 can comprise an alpha reservoir and a beta reservoir, a first set of parallel and
adjacent first and second feeder channels and a second set of paralle! and
adjacent third and fourth feeder channels which are offset from the first and
second feeder channels, wherein (a) the first and third feeder channels are
connected to the alpha reservoir via a first connector channel that is situated

20 above or below the second and fourth feeder channels and are independent of
the beta reservoir and (b} the second and fourth feeder channels are
connected to the beta reservoir via a second connector channel that is
situated above or below the first and third feeder channels and are
independent of the alpha reservoir. The distribution system is preferably a

25 microscale distribution system.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a system of channels for addressing any of

one hundred reaction cells with any of four fluids.
Figure 2 displays a distribution plate according to the
30 invention.
Figure 3 displays an expanded view of a portion of the

distribution plate of Figure 1.

L




typically a glass or polyneric support, such as the supports used in the
well 15 known Merrifield nmethod for synthesizing pol ypeptides. This

attachnea,to%?”ss’%rovi des a nmechanismfor quickly isolating péf’g%;l“g’é si mply

washi ng awa reactants and related inpurities and decoupling t

product fromthe support. In sone cases, the support-coupled product
can be assayed for phar macol ogi cal activity. 20

Mniaturization is usefully enployed ingonbinatorial chem stry since:
(1) workers generally seek conpounds that are phar macol ogi cal |y active
in small concentrati ongigdrel 4Ai ShdW &3l ddHillAyViSsTier betwr¥R! dfirgnary”
assortnent of candidate nolecules.it is preferable to have the NUer ous

react i ons digdribution whennetiand@ bufeecchbhpelunder the direction of a 25
limted nunber of workers to,establish reproduci.bili of technique; (iii)
it is expensi ve to éqlggt%ga?}\?é%st a %ﬂpg‘_ r_f’icllﬁ{HFT b?t‘%ﬁ?’é@ ﬁgﬁqt hetic

cheni st ry deaBLESN channel afleAbuffgr 2haHhEl §h@ Ahbyhéh ¥&silieryf Bafriey Of

candi dat e conpounds; and (i V) substantial concerns are raised by the

d
prospect &rtwepawrbutigr sbanps! and @nertical phaangli s of conbi natori al
chem stry at nore stan &grgi‘ﬁto'v?{3@?%%?2%9\%9\394#{1\?%#665@M-%Uvaaxl LGS For

the econom c use of robo contro hert ng

r epr oduci hiflthe feedthrough plate, distributionTplatevahdrreactien cdiplagsoflascri bed
above can be jdeal for . .
distribution system of the invention.

Figure 6A shows a cross-section along an EW axis through a
10 distribution channel.

Fig-ure 6B shows a cross;-section along an EW aicis through a
first reservoir.
Figure 7 is a top view of a part of a distribution plate.
Figure 8 shows a voltage pulse pattern used to power an
15 electrode-based pump useful in the liquid distribution system of the invention.
Figure 9 schematically illustrates a liquid distribution system
of the preferential flow liquid distribution system. _
Figures 10A and 10B show cross-sectional views of a liquid
distribution system of the preferential flow liquid distribution system.
20 Figure 11 shows a schematic top view of a liquid distribution
system of the preferential flow liquid distribution system. |
' Figure 12 shows a top view of a liquid distribution system of
the expansion valve liquid distribution system.
Figures 13A - 13C show cross-sectional views of various
25 embodiments of the expansion valve liquid distribution system
Figure 14 shows a top view of a portion of an
electrode-based liquid distribution system. '
Figures 15A and 15B illustrate reaction cell designs.
Figures 16A - 16D show various capillary barrier designs.
30 Figure 17 shows a device for conducting field assisted
bonding of plates.

Figures 18A and 18B show a channel device having



4 conbi natorial chemstry, allowng for numerous synthetic chem stry

reacti ons wg og/is3742€ conducted substantially under conputer eehAjwsdk145bNg
only smal | guantities of reagents. However, the academic literature

advocati ng such m cro-scal e devi ces has not adequately addressed
fundanmental issues in 5 conducting conbinatorial chemstry at this scale:

for instance, how does one manage to shuttle reagents through a conplex °
m croscal e device and acconplish this w thout significant

cr oss- cont aeleatroderbageid pumapsowi ng a conpl ex assortnent of different

synt heses to occur in a Large er of . . mcroscale reaction vessels

(6550 0o 56 000) | nFEhES A PREws R dapid st SHsER dsFien sorcent,
n croscal e geMeAyERAbgROINAS diS@bRitiochss\Btem. SUMVARY OF THE | NVENTI ON
The present invention provides a liquid distribution system which is

useful in a nunmber of cohfigwe20 shewsda ngactiwveplliraving akedteuand a
synt het i % rTﬁj}ar n%stig and drug screening reactions. The distribution system
15 can conply r1"pha reservoir and a beta reservoir, a first set of

parallel and adj acenFigurés 2 1BV Ande2 PB GHowe GevalvBajyyegs. and a second set
of parallel _and adj acent third and fourth feeder channels which are

of fset fronPERINITIONS 3nd second feeder channels, wherein (a) the first

and third feeder channel $ngrfg”owin§angg%g%,ﬁ,ﬁ%@},&%@,{;%%ﬁé&hﬁ vt

first connector channel that 1s sifuate ove or be second and
fourth feeder channel,s and are i ndependent qf t he .bet a reservojr and

(b) the secoﬁ asﬁ)laFth f eeder EH%r?ﬁ 1y ‘:aﬁ?'e°r chaggﬁdgctaggr?%sqb\rﬂ% b@taa
reservoir via a second connector ¢8semelr dh@iother chanhkl HQIQQHdQRQ%Qh‘ér ‘
below the first and third feeder channels and are i ndependent of the

al pha reservoir. The distributi onresesvein orsothesichaabiey can be directed to the
reaction cell or channel.

10 o adjacent "adjacent” as used in these situations: (i) a first
structure in one of the plates is adjacent to a
second structure in the same or another plate 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 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.



25 mcroscale distribution system BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure 1 shows a system of channels for addressing any of one hundred

reacti on Ggbleg/iyd7gh any of four fl uids. POTINGH98/€4580
di splays a distribution plate according to the 30 invention.

Figure 3 displays an expanded view of a portion of the di stribution
pl ate of Figure 1. 5
Figure 4A shows a capillary barrier betweeh a first di stribution
channel and a buffer channel. Figure 4B shows a

capil l ary bagrjert: Lrst . LSt rihytd o uf f.er
channel and anl(‘ﬁ? 'grgﬁi:gﬁﬁﬁ‘%?bgbar rq'?ren%%e{h&%gﬁvgr ggﬁﬂgﬁ gﬁ%ﬁg q%ﬂ%ﬁga
vertical channel . Typicalfy, gthanriels bbwapillary dirmensiorersé ons
vari ous cut-away Vi ews of the feedthrough plate,_distribytion plate and
reaction cell piate of a no wider than agout ?.5 mm. ll’reL#era%ly
' channels are no wider than about 500 ym, yet
more preferably no wider than about 250 ym,
still more preferably no wider than about

150um.

® capillary barrier a barrier to .fluid flow in a channel comprising an
opening of the channel into a larger space
designed tdf 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 celis of the
invention are "connected” if there is a route
allowing fluid between them, which route does

not involve using a reaction cell as part of the

link.
® continuous flow a channel having an overflow outlet allowing for
5 channel fluid to continuously flow through the channel.
® 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.



di stribution systemof the invention. Fi gure 6A shows
a cross-section along an EWaxis through a 10 distribution channel.
Fi gure 6EVOHRSIES™S cross-section al ong an EWaxis through a PCT/US$5/14590

reservoir. Figure 7 is a top view of a part of a T
di stribution plate. Figure 8 shows a voltage pul se

pattern used to power an 15 el ectrode- basgd punp useful in the liquid .
di stribution systemof the invention. _ Figure 9
schematically illustrates a liquid distribution system of the

preferenti ale ekpansiogquwalveli st ri buin expaydabl@d chamber, associated with a flui@ur es

10A and 10B show cross-sectional views of a liquid distribution system

of the preferential flow liquid dfRammaluwhieh §4/"§Fé?ﬁ' (apis filled with a gas
Figure 11 shows a schematic top vie Iﬁfux@leﬂglé'tSjo fhG Woihith abousyStem of

the preferential flow liquid distribution
Figure 12 shows a top view of a IIQBCdoﬁthH mtbude@rmp&eysﬁtmgrtm‘hperatuté}ef
expansion valve liquid distributi Flgures

13A - 13C show cross-secti onal &\%F‘\é d\fg]ﬁ’lﬂ}g'%s\é?\‘ﬁﬁhﬁﬁ’éﬁpé hgs am
expansion valve liquid distri but | 85 ciFle8Meater element for heating t é gure 14

shows a top view of a portion of an el ectrode-based |1 qui I stribution

system ' Fi gwmarltﬁ)blanbamrltbl ot treet ﬁquielamt exmaruxbl I

desi gns. Fi QUL 1§A U§ﬂ yarious, cag h

barrier designs. 30 € gag; %l?raé’sff 5"8@0?@@ ofhe

conducting field assisted bonghk pehddbl@lchbftber to fill a cross-section of the

Fi gures 18A and 18B show a channel device having '
fluid channe!

® hole diameter because techniques for fabricating small holes
| often create holes that are wider at one end
than the other (for instance, about 50 microns
wider), the hole diameter values recited to herein

refer to the narrowest diameter.

® horizontal, vertical, indications of the orientation of a part of the
EW, NS distribution system refer to the orientation when
5 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.
® 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.



6 el ect rode- based punps. Figure 19 shows a liquid
di stribution system design pursuant to the hydrologic liquid

distri butﬁg’;h[@ﬁ;gem Fi gure 20 shows apéfﬁggg,ﬁg%(pel I

havi ng a nd a 5 thernocouple. gures 21A and
21B show a val ve design. - DEFI NI TI ONS The foll ow ng
ternms shall have the neaning set forth bel ow [err] addressable
a-reaction cell or channel is "addressablg" by a

reservoir or another channel if liquid fromthe

reservoir or other channel can be directed to the .

reaction cel® °9enAfhel . 10 [ arepiosyphagitannel that widens tgglesieane’ as

used in these situations: (i) a f'{ﬁeghow—ir}duced pressure of a fluid flowing
structure in one of the plates is adjacent to a

second structure in the sane or atiwough thleatieanrel.
the vertical projection of the first structure onto

® 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, th’éq"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 include the distribution
5 extension channels channels that may branch off of these extension
channels.
® substantially the at least about 70% of on of the major horizontal
length of one of the dimensions {e.g. the EW or NS dimensions
horizontal dimensions  illustrated in the Figures) of the distribution

plate.



the plate of the second structure superinposes

the first re on the second or places it

Wi t hin ab‘(‘)’éi%)i% H[ err]mof the second; and (ii) PCT/USISIAS30
groupi ngs of two or nore channels are adjacent

to one another if each channel is in substantially

the sanme horizontal plane, and all but thg

outside two channels in the grouping are

?%aﬁg%hgg; @PFQHS ?Egei ea}\hg gr Io{]?p Pﬁ%}\nel? des gned to connect at least two

Preferably, under item (i), a ficHanhklsUst HsBridirs such that the liquid level
adj acent to a second structure if the verti cal
projection of the first structur encmteooftt’ma poramectetl channels or reservoirs

t he second structure superinposes ihe fII
structure on the second or pl aces” I" e%ﬁhﬁ W%SB&UF liquid level in the other

%50 [err] mof the second. 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 plane -- these vertical and horizontal
segments together comprise the U-plumbing
channel. The feeder channels of the invention
are typically U-plumbing channels.
DETAILED DESCRIPTION )
One version of the invention is a hydrologic liquid distribution
system comprising: a distribution plate comprising: a least two first
5 reservoirs having a common first fill level; at least one feeder channel
connected to and extending from each of the first reservoirs, each feeder
channel having a horizontal feeder channel segment, wherein the top of the
horizontal feeder channel segment is below the first fill level; at least one
distribution channel connected to each feeder channel having a second fill
10 level at substantially the same elevation as the first fill level; and a first liquid
lgvel maintaining means for maintaining the liquid level in each first reservoir
at the first fill level, wherein filling each first reservoir to the first fill level
results in the filling of the connected feeder channels and'ﬁlling the connected
distribution channels to the second fill level. The distribution channels
15 preferably have at least one capillary barrier.
The distribution plate is preferably coupled with a
feedthrough plate that fits above the distribution plate and provides channels
or conduits to allow for the passage of liquids or electrical leads through to

the distribution plate. A detachable reaction cell plate is preferably coupled



[err] capillary dinmensions di nrensions that favor capillary flow of a

li quid. Typically, channels of c |IIary

di Mensi oNwo3sA5576 no w der thafCHH 6???
Preferably channel s are no w der than about
500 [err]m yet _ nore preferably no w der

t han about 250 [err]m still nore
preferably no wi der than about 11 1 50 [err]m
err] capillary barrier a ha f

gn ] P undeyrneath the dlstrlbuttorgrpallae{;p%rg ﬁlglrjwlsgnfls :pgmw I nm?éghﬁ]%glrge?%%&l Fin

space two or more, reaction cells into wHIER IiGURSS fr@n‘f aY Masthtovd eésari/bs8.mby
liquidint channel , of an energy

m ni m zi ng be gistdbsted sizethe distribution plate. The reaction cell platgcprefgrably
meni scus at_the. o eni €18§referab

capillary b%qrnam aﬁ:ﬂ% qr mofe r %g?tl?%icsegg ??f:h addressable by at least two

vertical ghejggBivaifs.t Morehsraredablyrimelireéaction befl piate contains about 1,000 or
the opening into the | arﬂer space. [err] connected t he
channel s, reogeves¢ionne seoash éddt%ﬂﬁabl%byt%éeas" two Teservoirs. Yet more

i nvention ar ee(j 553}'?\6\35 gﬂce{r:ﬁ;n V\Eﬁéﬁa{e c gbout 10,000 or more reactlon

aIIovmngfIEﬁ roue

not i nvol vecdisd, Ehch 46R@issaleds) bt dsastanio Oésérhelrs.

l'i nk. [err] continuous flow a channpel havin n rflow outl et
al | owi ng for channdihe distribution plate p"efQ"Pm‘/dh?%%E@HPﬁﬁEﬁ}s’Ieﬁef‘f%W

Lg: ?gggt y] ﬁanne?ée%?rgol'rai[cr%@%?gé LESrirhYry* PENRGOTE DortibR S he %r%ﬁere first
reservoir extension channels, which preférably together extend along
substantially the length of one of the horizontal dimensions of the distribution
plate. Two or more such extended first reservoirs are preferably adjacent and
parallelly arrayed along one side of the distribution plate. In some

15 embodiments, it is desirable to relay liquid from two or more of such paraliel,
extended first reservoirs to each of two or more reaction cells arrayed along a
substantially straight line (the "linear” reaction celis). To accomplish this
liquid relay, preferably a first feeder channel extends from the parallel first
reservoir nearest the edge of the distribution plate and underneath the

20 interiorly located paraliel first reservoirs, while separate, feeder channels,
located adjacent to and parallel to the first feeder channel, extend from the
interiorly located parallel first reservoirs passing beneath other first reservoirs
as needed to maintain the segregation of the liquids in the reservoirs. In this
preferred embodiment, arrayed adjacent to the location of each of the linear

25 reaction cells are one distribution channel for each such first reservoir, each
“such distribution channel connected to a separate one of the parallel feeder
channels. Thus, the distribution channels located adjacent to a reaction céll
form a "bundle” of distribution channels. Using pumps located in each of the
bundled distribution channels and conduits from each bundled distribution

30 channel to the adjacent reaction cell, liquid from each of the sebarate first
reservoirs can be distributed to any of the linear reaction cells.

Each distribution channel preferably includes at least one



connected" if they are connected and either (1)

no ot hervﬁﬁ?&'ﬁ%@'{s is interposed between them or PCT/US95/14590

(2) only a single vertical channel is interposed

bet ween t hem : 8

[err] expansion valve an expandabl e chanber, associated with a fluid

channel , which chanber (a) is filled wittga gas
or aliquid with a boiling point wthin about
10[ err] C ofumpe whicbriieterepbr eempgisestper ar tireeodlectrodes. To operate the

the liquid. distributi b)..has. an .. . L
associ at edptﬁﬂg}%éb a:af‘f éﬁgmﬁ%g?@ﬁgggpéa ’{I'ﬁ:eéls?rqbutlon system of the invention is
expandabl epifairdbty cbanbetidd the domikbikr dhaC¥BAtdIs each of the pumps. The
the gas to cause sufficient expansion of the

expandabl ePEHaiBE IV electiods RYMPS-Rreterably afe eperated by applying a puised

: laltjlr ?C;?fi%@lgﬁ%ﬁ Pr%%r{agfi Ebpwr%tg'fﬂmg\ying the liqﬁ&%@ﬂaﬁt ttg(manbﬂH\%sedf.or
Preferably, the controller includes a data storage device comprising a
database of pumping programs designating parameters, such as the pulse
length, voltage amplitude, pulse shape and voltage polarity, suitable for
moving each of a plurality of liquids.

10 The invention fui’th-er relates to a preferential flow liquid
distribution system, which is suitable, for example, for conducting reactions
for chemical syntheses or chemical reactions involved in an assay, the
distribution sys'tem comprising: two or more continuous flow channels, each
having a upstream end and a downstream end, wherein the continuous flow

15 channels have an open zone at the downstream end; for each continuous
flow channel, a branch channel extending off of that continuous flow channel
in the open zone; and, for each continuous flow channel, an alpha constrictor
for constricting flow in the open zone, the alpha constrictor located
downstream of the branch channel inlet, wherein when a liquid flows through

20 one of the continuous flow channels from the first to the second end a first
ratio amount of fluid is diverted into the branch channel when the alpha
constrictor is not operating and a second ratio amount, which is greater than
the first ratio amount, flows into the branch channe! when the alpha
constrictor is in operation. Preferably, the branch channel inlets are within

25 about 300 microns of the upstream point at which the open zone begins.
Preferably, the distribution system has, for at least one branch channel, a beta
constrictor for constricting flow through the branch channel. In another
preferred embodiment, the distribution system has a buffer channel
addressable by at least two continuous flow channels via their associated

30 branch channels.

The invention additionally relates to a expansion valve liquid

distribution system made up of a reaction cell, two or more feeder channels, a



often create holes that are wi der at one end
than the other (for instance, about 50 m crons

wi der), % di aneter values recited to herein PCT/US95/14590
refer tot‘?ﬁeggﬁ 5r%‘rsowest di anet er. [err] horizontal, verti ca?,
I ndications of the orientation of a part of the EW NS

di stribution systemrefer to the orientation when 5
the device is in use. The notations "EWqxis"
and "NS axis" are in reference to Figures 1, 2, 3

and 7, whegepaat&\dbaxuit f@peschrfesder ghbnhel dafdecting that feeder channel to
and i s perpendicul ar tl? the long axis of the pa%e . .
and a NS a¥?&reactanRel.odnd 8 sxansinhyplye for eagh conduit, wherein the

the long aékﬁaﬂéiohhﬁa!@@ﬂ‘éfl? expgn&éﬁigﬁﬁt@qﬁgf fills a cross-section G He Sonduit

reservoirs or reaction ce that are no
connect ed. and prejvents floidf Bew through the conduitwand ehscarftradtadrsthte that
"of f set™ channel s iin the

wh h
first S&haﬁgwg?{l]&ggfjfl%\gew[ro?%h the conduit. In a preferred em%o%iment,é‘rﬂpdd.ptst he
channel s | RalB]wWASBPPebrChreferably three or more, expansion valves which can be

operated in concert to pump liquid from the connected feeder channel into the
reaction cell. .
The invention further relates to a electrode-based liquid

10 . distribution system made up of (a) ohe or more, preferably two or more,
.feeder channels each made up of a feeder channel inlet and a feeder channel
outlet and, connected to each such feeder channel, a distribution channel,
each feeder channel having a three-way junction connecting a feeder channel
inlet, a feeder channel outlet and the connected distribution channel, the

15 distribution channel connecting with a reaction cell, {b} for each such
three-way junction, a first electrode-based pump in the feeder channel inlet or
in the feeder channel outlet and (c) for eac_:h such three-way junction, a

" second electrode-based pump in the distribution channel, wherein the

voltages applied to the first electrode-based pump and the second

20 electrode-based pump can be chosen (i} so that fluid in one of the feeder
channels can be moved from the feeder channel iniet to the feeder channel
outlet of the feeder channel without substantial flow into the connected
distribution channel or (ii} so that a substantial amount of flow proceeds via
the connected distribution channel.

25 A. A Basic Liquid Distribution System

The invention relates to methods of addressing a large

number of reaction cells 350 with a plurality of fluid reservoirs 200 {see
Figures 1 and 2). In figure 1, reservoirs 200A - 200D are connected to
reservoir extension channels 212A - 212D via first connector channels 211A -

30 211D, respectively. The ceilings of first connector channels 211A - 211D are
located in a lower horizontal plane than the floors of extension channels 212A

- 212D, thereby assuring, for instance, that fluid from reservoir 2008 does



9 [err] open zone a region of a channel that w dens to

decr ease the fl owinduced pressure of a fluid
flowi ng WO 96/15576 t hrough the channel . PCT/USISA#599
per pendi cul ar channels in the distribution plate are

perpendi cular even if primarily |ocated on
separate horizontal planes if their verti_cal
proj ections onto the sane horizontal pl ané are : A

er pendi cul ar . .. [.err] .reservair unl ess .a differept neapi S
gppgr ent fPSh'§3einto the %’85[‘35&“, 8'?7%"?'«3%}1%“?%585 O TERETOM ngA Eackl
reservoir” firsictonifedtde chehhgPniala extiesiceRnects with its respective reservoir
channel s (sonetinmes sinp t er med

"ext ensi on§xjengiepA13A claﬁa@cvi@d\f%féiqahéhaéeehsv@olt illustrated). Connected to

Ol e SIS s 2V2h 22590 oL Yoo, ARESGR B R

branch & f 203A heXSk3Ef dinst, @econd, third and fourth feeder channels 2aiBXRS1BD.

Lg; Ir ]Zoflggftrﬁgtée{j},i#gs E:rf]?chese feea erlc:Ghaasr;[neellsl?%%,lgcogé)egfin%nhgltizér?t%l rp;llaa%n%rbeneath
the floors of the extension channels 212A - 212D. Via these extension
channels, fluid from each of the four first fluid reservoirs 200A - 200D can be
brought to a location adj:acent to any of the one hundred reaction cells 350

10 into which the fluid can be moved imder the control of pumps or valves as
described hereinbelow. Note that reaction cells 350 are located in a lower
horizontal plane than first, second, third and fourth feeder channels 216A -
216D. Other geometries by which a large number of reaction cells can be
addressed by separated fluid reservoirs are described below.

15 Features of other distribution systems described in this
application can be applied to this embodiment, irfespeciive of under which
subheading they are described. It will be understood by those of ordinary skill
that while the embodiments of the invention are described with reference to
channels that join at orthogona! angles, other angles are possible. in

20 preferred embodiments of the invention, the operational flow rate (i.e., the
flow rate when the appropriate flow-inducing mechanisms are activated) from
a given reservoir (e.g. first fluid reservoir 200) to a given reaction cell 350 is

from about 0.01ul/ min to about 10ul/ min, more preferably from about O.1ul/

min to about 0.3ul/ min.

25 B. Hydrologic Liquid Distribution System
i. _the distribution, feedthrough and reaction cell plates
Typically, the liquid distribution system of the invention will
be formed of at least three plates, a feedthrough plate 300, a distribution
plate 310 and a reaction cell plate 320. The feedthrough plate 300 is -
30 typically bonded to the distribution plate 310 using one of the methods
described below. The reaction cell plate 320 is typically removably fitted to

the underside of the distribution plate 310, or the underside of intermediate



| engt h of one of the di rensions (e.g. the EWor NS di nensions
hori zontal dinmensions illustrated in the Figures) of the distribution

plate. ’ | Pt /usosiiaseh €7 1)
U- pl unbi ngog’ésr?n%l a channel designed to connect at |east two

channel s or reservoirs such that the liquid | eve
in one of the connected channels or reservoirs
will equalize with the liquid level in tye other
connect ed channel or reservoirs due to

hydr ol ogi Gahtd 8B0Efmot B tHaTRIdN n1@PBHEE Between the distribution plate 310 and
typically have vertical channels that connect

channel s dherregetioniqell PBta3e®-in a hi gher verti cal
plane with a substanti aHg(xég‘}r LEOREIheBEBIF bf a distribution plate 310

segnment of the U plunbin anhe

| ower pl arccordingeaetiveinveraiomnBiguweiZ 8Réds an expanded view of a portion of
segnents toget her conprise the U pl unbing

channel ® Theistdbytipndiatndil 9 etdiedtarijustratas some of the features obscured
by the scale of Figure 2. Typically, the structures indicated in solid lines will

be formed in the top layer of the distribution plate 310, while the structures
indicated with dotted lines will be formed in the bottom layer of the
distribution plate 310, except that in Figure 2 the reaction cells 350 are

10 indicated by boxes in solid lines even thought these structures are located in a

~ lower plane . Where apprbpriate, ve'_'rtical channels connect the structures in
the top of the distribution plate 310 with those in the bottom. For
convenience, the axis from the top of the illustration to the bottom is
designated the NS axis, while the axis from right to left is the EW axis.

15 At the top of Figure 2 are four first fluid reservoirs 200A,
200B, 200C and 200D, each having a defined fill level. Each of these first
fluid reservoirs 200A, 200B, 200C and 200D has two first reservoir
extensions 212 extending along substantially all of an EW axis of the
distribution plate 310. The ceilings of the first reservoir extensions 212

20 preferably are at substantially the same elevation as the fir-st fill tevel. 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 (see Figures
5 and 6B) that connect the first reservoir extensions 212 with four first
horizontal feeder channel segments 216 that are formed in the bottom layer

25 of the distribution blate 310. At each staggered location A1, B1, C1, D1 or
E1, four adjacent first horizontal feeder channel segments 21.6, 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
A2, B2, C2, D2, E2, F2, G2, 12 or J2 along the course of each such set of

30 four adjacent horizontal feeder channel segments 216 is adjacent to a pair of

- reaction cells 350 (see Figures 5 and 6B). At these positions A2, B2, C2, D2,
E2, F2, G2, H2, 12, or J2, the four adjacent first horizontal feeder channel



are typically U plunbing channel s. DETAI LED DESCRI PTI ON

One version of the invention is a hydrologic liquid distribution system
conpri si nGYO /53¢ ri buti on plate conprising: a |east two fiFGHUS35/1459%
reservoirs having a common first fill level; at |east one feeder channel

connected to and extending fromeach of the first reservoirs, each feeder
channel having a horizontal feeder channql segnent, wherein the top of the
hori zontal feeder channel segnent is beIOM/the first fill level; at |east

one di %E%hmﬁts% srfaa@@ebaf:aqawe&&ﬁs’eétedeamé d&7 sShARNGLayi ng a

second fill I0 level at substantially the sane evatlon as the irst fi
| evel ; and chahpeks 2RPdsed Figurelsed] 4BaiSnand GiAlg toreank dfdlourrmenpemmculgrt he

iquid | evel jn.each.f he f | | i
(g cudiest PiskfbUtbhiHanPeRo2 2R dormeg iRitn SpUakst of the gisfiibution Piate
filling of e gerneslicgs B¢QH€rﬁrsbargiﬁbétu@ﬂ‘éhléhhélb@zi e fing ' ses sl il

di stribution channels to the second | evel The distribution annels 1
5 pref er%bllgNeiethet & tynjasily snbstaa-pnallvahy dbaw aticer of the first fill level. The fil  The

S DU 03 ol B P et B Pt S KBl e
al l ow for tfilelepassfgite ebnheatédreserveit @@br | gl fidseanisiel/ BN LIEHey Bre offskéhe
di stributi ?/réral:g‘%yebypr\\odg;[o%g qggl\eat;o%%c‘lt(l)‘%nofctegel dg;!)t%t gf 1thse g{iggr?élagllgn (I:foghpel ed
fill levels are further offset vertically they are still substantially the same if
10 filling the reservoir to its fill level resuits in filling the connected distribution
channel and the retention of fluid in the connected distribution channel (for
instance, retention due to the capillary barriers described further below with
reference to Figure 4A). The combination of a first vertical channel 214,
connected to a horizontal feeder channel segment 216, in turn connected to a
15 second vertical channel 225 makes up a first feeder channel 217 (not
identified in fhe Figures).
| If liquids are maintained at a defined first level in a first fluid
reservoir 200, then substantially the same level will be maintained in the first
distribution channels 222 connected to that first fiuid reservoir 200 via first
20 feeder channels 217. This equalization occurs due to the principle that two
connected bodies of liquid will tend to seek the same level and, where the
size of the channels allows, due to capillary flow. Liquids are maintained at a
defined level in the first fiuid reservoirs. In the illustrated embodiment, liquid
is fed into the fiuid reservoir 200 through channels in the feedthrough plate
25 300 and such liquid that is not needed to fill the fluid reservoirs to the defined
level is drained through drains 380. First openings 381 (not shown) are
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.
Liquids are constantly feed into the first fluid reservoirs 200 (as well as the
30 second fluid reservoirs 210 and third fluid reservoirs 220) typically by the use
of an external pump 15 (not shown), such as the model number 205U

multichannel cassette pump available from Watson-Marlow, Inc.



11 underneath the distribution plate and contains one or nore, nore

preferably two or nore, reaction cells into which liquids fromat | east
t WO reserwoivgsssigy be distributed via the distribution ptpuses 1k
reaction cell plate preferably cont ai ns about 100 or nore reaction
cells, each addressable by at least two 5 reservoirs. Mre preferably the
reaction cell plate contains about 1,000 or nore reaction cells, each
addressabl e by at | east two reservoirs. Y& nore preferably the
reaction cell plate contains about 10,000 or nore reaction cells, each

addr essabl Altgynativelgagtdefined eyvet senre maintained by monitoring thEHevel of
distributipn plate preferably has.nulfjiple first reservoirs. 10 The first
reservoirs '%"é'ﬁ 'Ha@’g @'%ﬁ%ﬁf%s?%@é’ﬁv@b {BBFFFBHde{[ﬁﬂgdﬁée'dP" EOfqr third
reservoir fyldrsservoicd 208 shd BRIyCHC 1N iy ﬁbélbum&e?&@dinsﬁq%{ﬂ&’ft@ Ogﬂren

I
substantially the length of one of the horizontal dinenstons o tah
di stri but i gHid resepyeir avhempegedypemaintrirethedefivedilevel. r eservoirs are

preferaly y adjacent and r al RV Y .Qng . one side of
di stri bttﬂ ion plate. In §85h s%g Cﬂ:e#r?g’léoalldrlrgén{ng,ﬁrgtt%l'%r%’é'g'iolna%?aé’qegs éﬁ?’e
l'i qui d froadjaerentto mereboffes etlanpatsalli 8| jocatedasteiviedidel 65thg Geftr voirs to

each of tvxg. gr. nor e react isog éel | s arrayed al ong a substantial ly
straight | PISLPYHRN chappsgls 222-alpngthedr\WVsaxisTdligrichaan ibehpumiped from pqui d
relay, pref ; | d : ) el first
reservoir ﬁ:gﬁf&gé?mﬁ@iggé@? ?%%qﬂfas]ﬁ% ggﬁcgﬁ?m{eg%%%ueﬂzﬁg& h the 20
i nteriorl yatticatirgl theufst punfp BSO fiedieavel Irs Figdte |3 byetvas diiled dseder
channel jacent to and parallel to the first feeder

1Y Iocat§d aqlé ! . T eed
channel'? SGRERTETVRIGtRR&lectrodes,pE N, tvpe  QcRum®w) 94 the) finst distsibutieser voi r s
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gregation of the liquids in the reservoirs. In this preterre
enbodi ment OVeh ¢aRillarvabpuiasi 7@ dseh Eigweat4 AndBfarehbh sepatdting thedirst
distribution channel 222 and the buffer channel 218. Between each first
distribution channel 222, second distribution channel 224 or third distribution
15 channel 226 and the adjacent buffer channel 218 and between each buffer
channel 218 and its adjacent third vertical channel 390 (described below)
there is such a capillary barrier 370 that inhibits liquid flow when the pumps
are not activated. Second openings 362 (see Figures 4A and 4B) are formed
in the bottom layer of the feedthrough plate 300 to create a liquid connection
20 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 3 by two filled dots representing the electrodes of
one type of pump) to a third vertical channel 390 that connects with a
reaction cell in the reaction cell plate 320. Third openings 363 (see Figures
25 4A and 4B) in the bottom layer of the feedthrough plate 300 or the
distribution plate 310 serve to create a liquid connection or sluice between
the buffer channels 218 and third vertical channels 390.
Figure 4A illustrates a capiltary barrier 370, at which a
meniscus 371 forms, at the junction between a first distribution channel 222
30 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



25 reaction cells are one distribution channel for each such first

r eser voivwo 962£€47¢ such distribution channel connected tEcHuUSHpAsRt € one
of the parallel feeder channel s. Thus, the distribution channels

| ocat ed adj acent to .a reaction cell forma "bundle” of distribution
channel s. Using punps |ocated in each of the bundl ed distribution
channel s and conduits from each bundl ed18i stribution 30 channel to the
adj acent reaction cell, liquid fromeach of the separate first

reser voi r shaanelhe2di sueh 9stibe sesragp bRtee nesylafroreaarilary éences:.
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i qui ds. embodiments there are vents (not illustrated) that extend through the
| feedthrough plate 300 at the tops of buffer cﬁan‘nel 218 or third vertical

10 channel 390.

_ Note that only a small cut-away of NS oriented horizontal
feeder‘c,hannel segments 216 are shown in Figures 4A and 4B. Typically,
these channels extend inwardly and outwardly from the illustrated cut-away
and connect with additional first distribution channels 222 situated to

15 distribute liquid to other reaction celis 350. .

Along the right side of the distribution plate 310 are ten

second fluid reservoirs 210, each having a second reservoir extension 240
extending along an EW axis. Second distribution channels 224 form
"L"-extensions off of second reservoir extensfons 240 and are each

20 positioned adjacent to a separate buffer channel 218, such that there are ten
second distribution channels 224 extending off of each second reservoir
extension 240. Each second distribution channel 224 has a pump 360 that
can move liquid from a second distribution channel 224 to the adjacent buffer
channel 218. Second openings 362 {not shown) in the bottom of

25 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 described above.

30 As will be described further below in Section H in reference
to Figures 16A - 16D, the capillary barriers 370 and sluices created by the

second openings 362 or third openings 363 act as 3 combined valve and



10 The invention further relates to a preferential flow
liquid distribution system which is suitable, for exanple, for

conduct i Rgalheasdlons for chem cal syntheses or chem calpchRRSELRYS
i nvol ved T n"an assay, the di stribution systemconprising: two or nore

continuous flow channels, each havi ng a upstream end and a downstream
end, wherein the continuous flow 1 5 channels have an open zone at the
downstream end; for each continuous {4ow channel, a branch channel
extendi ng of f of that continuous flow channel in the open zone; and,

for each cpokigiuTne ddpivarghaitnels 320 FePBAt BORS S tKé Peaction tell, MK Fib&s i Ng
flowin the open zone, the al pha constrictor |ocated downstream of the

branch chaMsildibg tavoreg dyesavilimyrfosces. gintdl theditst pwmnrgyR6800r serond t he

cont i nuous ' ' to t e fi ratio
Count of Pl S8R iokhe ARMANE drbbillrelifddif B8RO e Cablery

constri ct obatriers B7@pdNartawihgathe slutcesateh IritireSsatmel Bhpillaby €drcies faveahgr

t han the first ratio ampunt, flows into the branch channel when the

alpha 5 Hemstthesely reduging dhe 2mew. ofbrdded Rressure meesrg oo versams the

I nl ets are.w il ier@lerg ] . ' ich the
open zone ngfllﬁljb%ﬁnergr ef érgg‘lgy‘?gét:hg%g? gtfaPlF"%ﬁY #%Eﬁéﬁgﬁ%%llg&ﬁlngt | east
one branchcohtohed beagdedraed by thenfitstipimps f360 opsstond tpumgps BAW, twhiztgh
the branch channel_ . In -anﬁt h%r gigerfe red enbodi nment, the distribution
syst em has 25 bRically cpatpied by copfgellerst-e by at |east two continuous flow

channel' s via their assogihahifl H3nk’ MeChoRREESS of the distribution plate . 1he
i nvention additionally relates to a expansion Val ve FI qul (5) d’l stribution
syst em ¥thdélusprased an Figurei brare ¢én thirddiqoid fiuiderdseedeirs 22énndlosizoatal
feeder channel segmerits 230 are conne;cted to the third fluid reservoirs 220
and to third distribution channels 226 via fourth vertical channels 227. | The
third distribution channels 226 have first pumps 360 which can move liquid
into adjacent buffer channels 218 via openings 362 {not shown) in the
15 feedthrough plate 300. Located adjacent to each third fluid reservoir 220 is a
drain 380 (not shown) that operates to maintain a defined fourth fill level as
described above. Third fluid reservoirs 220 and connected third distribution
channels 226 operaie in just the same way as first fluid reservoirs 200 and
first distribution channels 222. Those of ordinary skill in the art will readily
20 envision alternative geometries wherein a number of separate third fluid
reservoirs 220 can interact with a given buffer channel 218 via a number of
third distribﬁtion channels 226 positioned adjacent to the buffer channel 218.
Located adjacent to each third reservoir 220 is a drain 380 {not shown) that
operates to maintain a defined third fill level as described above.
25 Figure 5 shows perspective views of portions of feedthrough
plate 300, distribution plate 310 and reaction cell plate 320.

Figure 6A shows a vertical cross-section along an EW axis
that slices through a first distribution channel 222. Underneath the first
distribution channel 222 can be seen four horizontal feeder channel segments

30 216, only one of which is connected to the first distribution channel via -
visible second vertical channel 225. Leads 303 and 304 which connect the

electrodes of the first pumps 360 and second pumps 361 are illustrated.



13 separate conduit for each feeder channel connecting that feeder
channel to the reaction cell, and a expansion valve for each conduit,
wher ei n M@I6/15576ex pansi on val ve has an expanded state that PEFUS3S/1#590
cross-section of the conduit and prevents fluid flow through the
conduit and an contracted state that 5 allows fluid flow through the
conduit. In a preferred enbodi nent, condyits have two or nore, _
preferably three or nore, expansion val whi ch can be operated in

" ancton cutd verdd'chanhBaB0°eSRABGE e ERifingi A fa soplfan 1350,

el ect r ode-whrddhas quiradirl @5@i. st ri buti on system nade up of (a) one or nore,
preferably two or nore, feeder channel s each nade up of a feeder
channel inlet and a feed@HreRBpRPws a Vémqfﬂﬁraﬁ%seﬁﬁ‘h‘h@&%af‘o":‘é’a%*issuch

feeder chapgelsiicés @h'%tdgmgtffrepfxepggjggrwog 2o@a¢aoﬁﬁﬁf£|ﬁtrﬂ&aarag§.lv(§?év' ng a

t hree-way junction connecting a annel channel
out | et andcexthesicosn2t? eandies seebuwomfirstheenica) chhendls®2 th that bath @onabatnel

ti th t f h t
SOMvet oitors Baeass Hiaaann tedeh ShebBaL SoGRaRE ! - PabinaB0 Tor et Futd”™
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second el ectrode-based BPunp in the distribution channel, wherein the
vol t ages #fystemd first flbigd resesvois| 200 opeasdaste mppf mmn@mpme 300 via

fourth openings 302.

_10 The operation of the liquid distribution system can be
described with reference to Figure 7. Liquid can be distributed to first
reaction cell 350AA {not shown) connected to third vertical channel 390A
from any of first, second or third fluid reservoirs 200A, 200B, 200C, 200D,
210A or 220A. If "liquid A" is maintained at first fiuid level in fluid reservoir

15 200A, liquid A will flow through the connected vertical channels 214 into the
connected horizontal feeder channel segments 216A, 216A2, 216A3, 216A4
and 216A5 and into the connected distribution channels 222A1, 222A2, and
so on. From first distribution channel 222A1, liquid A is pumped into first

. bufter channel 218AA using pump 360A under the control of controller 10

20 (hot shown). From first buffer channel 218AA, liquid A is pumped into first
reaction cell 350AA via third vertical channel 330A using pump 361A under
the control of controlier 10.

When a distribution plate 310 according to the invention
makes use of a buffer channel 218 and the buffer channel 218 lacks a vent to

25 the outside atmosphere, the relationship between the pumping rate of a first
pump 360 that pumps liquid into the buffer channel 218 and the pumping
rate of a second pump 361 that pumps liquid from the buffer channel 218 to
a reaction cell 350 can be manipulated to advantage. When a first pump 360
moves liquid from, for instance, distribution channel 222A1 (Figure 7), a

30 pressure increase is created in buffer channel 218 which inhibits flow past the
capillary barriers for distribution channels 222B1, 222C1, 222D1, 224AA and
226AA. A delay in the corresponding activation of second pump 361 will



20 el ectrode-based punp can be chosen (i) so that fluid in one of the
f eeder channel s can be noved fromthe feeder channel inlet to the

feeder ch outl et of the feeder channel w thout subgiaikbépdsed | ow
into the"‘?cgﬂﬁred?é?(’ed di stribution channel or (ii) so thall? a substanti al

anount of flow proceeds via t he connected distribution channel. 25 A.
A Basic Liquid Distribution System The i nvention

rel ates to nethods of addressing a | arge21 nunber of reaction cells 350
with a plurality of fluid reservoirs 200 (see Figures 1 and 2). In

figure 1, feR8RMOIHIS cPOS conBifination iBbIbIRGY plessure bein@Seaintdinedx tTéesi on
channel s 212A - 212D via first connector channels 211A -

Irespec'éll veb'yffefl'ﬁbaﬁéﬁl Zﬂ.ésf%thernﬁegve%éqaﬁlélyf%@nmﬁeﬁﬁm%tabﬂ%rﬂo%ﬁ?@rar e
ocat l
21CgAe | ”d*_%trﬁ&@@ r&?\rah?'ng!;ét%nﬂ%uﬁﬂﬁdfegggn{shﬁo{ ’rﬂ@ﬁae@fforeiﬁf fgegr nghannel s

_ there assurl I nStance, tha
reservoi r gtiothoesl! 350. This dilution will typically reduce the concentration of 14

t |eak to th t 212
i st *connEasivecIagons BEnsSth D18 EPRRRAUBLER Al I9rHear HRRREHO T8RS of r

ext ensi on gla128 infrided’ ot tHY hdjedbnt FedbtRIrscéin@B0. | [ ustrated). Connected to

Note that in the illustrated embodiment, each of six solutions
or solvents can be distributed to each of one hundred reaction cells 350 from
first, second and third fluid reservoirs 200A, 2008, 200C, 200D, 210 and

10 220. Each of the ten second fiuid reservoirs 210, or each of the ten third
fiuid reservoirs 220, can contain a separ’été ‘solution or solvent intended for
use in the ten associated reaction cells that can be addressed by the fluid
reservoir. The four first fluid reservoirs 200A, 200B, 200C and 200D each
can address any of the one hundred reaction cells 350. Further flexibility is

15 available by flushing a given fluid reservoir with a new solution or solvent
when appropriate during a protocol.

Note that the buffer channels 218 are optional. Buffer
channels 218 can be avoided by providing for direct conduits from the outlets
of distribution channels {which outlets are preferably capillary barriers 370) to

20 the appropriate reaction cell 350. |

The fluid reservoirs (e.g. first, second and third fluid
reservoirs 200, 210 and 220) are typically simply expanded (i.e. wider)
portions of the attached extension channels. Preferably, the liquid in the fluid
reservoirs is maintained within £ 10 % of the difference between the floor of

25 the fiuid reservoir and its fill level. Replenishment of the liquid in the
reservoirs can be continuous, step-wise on a defined schedule, or based on
sensor data feed to controller 10. The drains 380 are designed to remove
any excess fluid added to the reservoir by use of external pump 15. The fluid
reservoirs, filled to the respective fill level, preferably have a volume from

30 about 1 yl to about 5 pl, more preferably about 02.5 pl. Thus, in the more
preferred embodiment, the volume in the fluid reservoirs will preferably be 2.5

ul + 0.25 ul. Appropriate peristaltic pumps, such as. the model number 205U



extension channels 21 2A - 21 2D are first, second, third, fourth and fifth
sets 5 213A - 213E of first, second, third and fourth feeder channels 216A
_ 216D. WO %HE6cei | ings of these feeder channels are | oc2CEEPSIH14590

hori zontal pl ane beneath the floors of the extension channels 212A -
212D. Vi a these extension channels, fluid fromeach of the four first
fluid reservoirs 200A - 200D can be grought to a | ocation adjacent to
any of the one hundred reaction cells 3% into which the fluid can be

moved undgyf,ii E‘ﬁaﬁﬂé\tééﬂseﬂfeS%%BSav%laE@ 5'3?0 Wa son-M8AGW, BRE, h:?arneéi%mf% ohe

Note that reaction cells 3 | ocated I n a ower hori'zont

t han firstiquisieatoratestasi lodv and fbpet bed¢awlie Suchagrureps re@edehly be actNatGB)
QO her geopetri.es b ge nunbe reaction,cells can be

aidr esoedrdh @ AR B arqasoad oad SE . e haEat o had TBaeda 1 o
Features of ot her di st MHaUshEe 8)sTUSERNIESSribR8dhk WistiibYition sxPsQ@M g@tion
can be applied to this enbodi nent, |rresgect|ve of under whi ch

subheadi ngetrgeforaned gt gi feedthroughii platen 300n disteibatian W}Gtﬁhﬁte asd or di nary

skill that whi)e,th I ment s .of e inventi.on | bed with
et er encertiton Sol R8I AT, HOWBORE 1P Wl oo BHE A B BlSn BRI SRR o o e
possi bl e. cbnvaﬂuem@f@éir&sbrgaifmdurmm theHisthButity epbiern, Forane@ecal monal
flowrate (i. ow rate when the appropriate flowinducing

mechani snﬁ*t&r@eatﬁtﬁxﬁd@@d?wr'émn a prgfejred ambegiment.rrgrenanentiyy kendedi d
reservoir | I rjl/
mn to abc‘i‘ﬁt9 Q)lb%agp r g/&%ﬂh&'ﬁﬁrﬁ *é%?)? 231?'(9 aﬁ?qn{fé?)%’?%% ﬁﬂ%)é'?q‘[%rd%tﬂﬁ UL%F’ ]m'n
tﬁ agpm Olabe?o‘rQldndndhehre%uEn delbiplate 20. Lquaiuke[bStHe’ intérraedigys phate [ ‘
the distri edt hr ou an tion ce | at e

Typi car |y 35thalova 25 Toweh G saier diexd bt e dewibn R dheichennels the forg
formed of 1/ d,ﬁ%ht,blar%tg}nat es, a feedthrough plate 300, a distribution

plate 310 and a reaction cell plate 320. The feedthrough plate 300 is 30
typically bonded to the distribution plate 310 usi ng one of the nethods

i, _the pumps

15 Any pumping device of suitable dimensions can be used as
the internal first pumps 380 or second pumps 361 in the liquid distribution
system of the invention. Such pumps can include microelectromechanical
systems {(MEMS) such as reported by Shoiji et al., "Fabrication of a Pump for
integrated Chemical Analyzing Systems," Electronics and Communications in

20 Japan, Part 2, 70: 52-59, 1989 or Esashi et al., "Normally closed microvalve
and pump fabricated on a Silicon Wafer,"” Sensors and Actuatoré, 20:
16'3-1 69, 1989 or piezo-electric pumps such as described in Moroney et al.,
"Ultrasonically Induced Microtransport,” Proc. MEMS, 91: 277-282, 1991.
Preferably, however, the first pumps 360 and second pumps 361 have no

25 moving parts. Such first pumps 360 or second pumps 361 can comprise
electrode-based pumps. At least two types of such electrode-based pumping
has been described, typically under the names "electrohydrodynamic
pumping” (EHD) and "electroosmosis” (EQ). EHD pumping has been
described by Bart et al., "Microfabricated Eiectrohydrodynamic Pumps,"”

30 Sensors and Actuators, A21-A23: 193-187, 1990 and Richter et al., "A
Micromachined Electrohydrodynamic Pump,” Sensors andIActuators,
A29:159-168, 1991. EO pumps have been described by Dasgupta et al.,

4



descri bed below. The reaction cell plate 320 is typically renovably fitted
to the underside of the distribution plate 310, or the underside of

i nt er medy foy1sst PCT/US95/14590
pl ate 330 (‘not | I | ustrated) interposed between the distribution plate 310

and the reaction cell plate 320. Fi gure 2 shows
the layout of a distribution plate 310 according to the invention.
Figure 3 shows an expanded view of a porzZzon of 5 a distribution plate 310
that better illustrates sone of the features obscured by the scal e of

Fi gure 2. "Elgutoxdmpesishé Beliahdeuﬁeisi PropuisibadSystesofaerdFliomn ésjestibh be
formed in th op, lL.a the di,stri ion ate 310, while the structures
i ndi cat ed%?ﬁs'aotf‘@\é? '\/\gﬁl 4‘3?#@ é‘)é‘f ‘he bottom | ayer of the
distribution plate 310 e@piaRbinghstodieyEudy fid i&\%ﬁts 6 dotheCHTihGipRPO are
10 indicated by boxes in solid™lines even thought theSe structures are

| ocat ed | rthat the shfages p:lfa'nenv smhds.elrminpqhogrqtaaru, gﬁess Bodltmwméie;mnect
the str res e. di strlbutlon ose in

the bord oiiarded. heaatiield o Hbsfivaifeiie pretincRrel kil pratersls (Bt oS | on

to the bORsTaCtB] b8ids or bases. The charged surfaces will attract oppositely charged

counter ions in solutions of suitable conductivity. The application of a voltage
to such a solution results in a migration of thg counter ions to the oppositely
charged electrode, and moves the bulk of the fluid as well. The volume fiow

10 rate is proportional to the current, and the volume flow generated in the fluid.
is also proportional to the applied vo!taéé. Typically, in channels of capillary
dimensions, the electrodes effecting flow can be spaced further apart than in
EHD pumping, since the electrodes are only involved in applying force, and
not, as in EHD, in creating charges on which the force will act. EO pumping

15 is generally perceived as a method appropriate for pumping conductive
solutions.

EHD pumps have typically been viewed as suitable for
moving fluids of extremely low conductivity, e.'g;, 10'% to 10°° S/ecm. It has
now been demonstrated herein that a broad range of solvents and solutions

20 can be pumped using appropriate solutes than facilitate pumping, using
appropriate electrode spacings and geometries, or using appropriate pulsed or
d.c. voltages to power the electrodes, as described further beiow.

The electrodes of first pumps 360 and second pumps 361

used in the liquid distribution system preferably have a diameter from about

25 25 microns to about 100 microns, more preferably from about 50 microns to
about 75 microns. Preferably, the electrodes protrude 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 electrodes, defined as the elements that

30 interact with fluid, are from about 5 microns to about 95 microns in length,
preferably from about 25 microns about to 50 microns. Preferably, a pump

includes an alpha electrode 364 (such as first electrode 360A or third



designated the NS axis, while the axis fromright to left is the EWaxis.

15 At the top of Figure 2 are four fII’S 59“ serv0|rs
200A, WO%HSE® 200C and 200D, each having a defined fill evg% )
t hese first fluid reservoirs 200A, 200B, 200C and 200D has two f| rst
reservoir extensions 212 extending al ong substantially all of an EW
axis of the distribution plate 310. The ceilings of the first reservoir
extensions 212 20 preferably are at suzbstantlal ly the sane el evation as

the firstg lé#rbdé%m'm &Md Blafaa elecﬁbae%saqsuapa& ItARS elddiroBd 3608 aR4 and

El, along t EWaxis of the first reservoir extensions 21 2 there are
four firdpuvter ¢liectiodeh3dmhB) thazlaré Q@éeaﬁl\gapesed frors alowt R0 Miatorsotmect

the f t t ' first J | feed
Channel - <t 538, BTE 1008 ST BPHE F P P eRY st iHqut, 280 SHEFGHE fhe o
di stri butdgyutPl @@ riitPonLbp8ARC et ma@ehRdet !t irem ABouBlB0Chicrbhsab

El, four adjacent first horizontal feeder channel segnents 216, which are
connecﬁecahquts%@@rrameoms apart; cbke geperatiarent elastrodes isaneasidres isam the NS

Dositi on SenteRBoRfS'ar Blisllingbe as ey Hrss orlge ifify 1y sladBfed fid a0
such set ¢Hanel. flew padicut®n} pheferzanérabotinndst, < hanimé esagredd 36B81Mats

adj acent to a pair of reactlon cells 350 (see qug%)res_ 5 and 6B). At
t hese pos$hawWnkisaspaged from apput 200 pycrops topboyhd TYIFTONS. MAEE f our

adj acent éafég%b*\?w&é? %toghtfwmlcm{begbout 1,500 mcgﬁg‘,ségtsmore

PCT/ US95/
10 preferably about 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 deita electrode 367 that are spaced from about 200 microns to
about 5,000 microns, more preferably from about 500 microns to about

15 1,500 microns, yet more preferably about 1,000 microns apart. Where the
electrodes are located in fluid channels that have bends, the distances are

~measured along a line that defines the center line of the fluid channel. In

contexts where relatively low conductivity fluids are pumped, voltages are
applied across the alpha electrode 364 and the beta electrode 365, while in

20 contexts where relatively more highly conductive fluids are pumped the
voltage is induced between gamma electrode 366 and one of alpha electrode
364, beta electrode 365 or 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

25 concepts 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

30 365 when the pump is operated in d.c. mode are typically from about 50 V to

about 2,000 V, preferably from about 100 V to about 750 V, more preferably

from about 200 V to about 300 V. The voltages used across gamma




16 segnents 216 are separately connected, via separate second vertical
channel s 225 (see Figures 4A, 4B, 5 and 6A), to each of four perpendicular

first di st‘,{,bgmgs%l channel s 222 forned in the top | ayer of phendo§iisbuti on
10.

pl ate 3 The ceilings of the first distribution channels 222 define a
second fill 5 level that is typically substantially the elevation of the
first fill level. The fill | evel of a distribution channel (e.g., the
second fill level) is "substantially" thes fill level of the connected
reservoir (e.g., the first fill level) if they are offset vertically by

no nore thaslealade 3680z0fd slpbadbptarooticttheiedtanded 36dy 365 fortIBY wherdf thd

| evel s are further offset. vertically theg,cgbe still sub&hvtial ly the sane
if 10 fill PHE'R eOPR@eq it F-q-dnpde are typically froamasahqut P 2PRY 15 R00
connect ed distgrbRubi Yeb AR detfut BIEN, ABrbréderislyis

connect ed di eri bu%F%rgWaﬁﬁé;?tn(?or * i nstt an(ge, re{é;%tr% gnétgh’e ?%‘hfﬂ%oem
capill ary b200i ¥rto alemr 30@d/ .f Uiheheoltdgd soused abross alpbaarshbeta eleitmpaies

4A). Th i ti f fi t ti | h |, 214 t
o BBacand b hafbr e byt Bl St At M tisAAdhods a8 PEAY feoond
vertical chapget 58920 teedssutun 000 Vr, %irefe‘?éﬂﬁrf@ﬁﬁé\ﬁﬁt li@@ V¥Hd about 400 V,

identified in the Figures). I qui ds are nai nt ai ned
at a defi netnarerrreterably from abeut 200f Vitiogabout 3@QeY v dihe yollageswsed across

substantial Ly Ae e%?ﬂ?&c%%‘é%lﬁ Wha khQ%%;g?%h%aﬁhgq?%%rnpfaﬁgggt{o%te 364, 385.00,.

distributi oﬁ channel's conhected I reservoir

first 20 fa@fewhdhathtepampli.opetatedinupliisédirmode @r6 Uypicdlig fiomtditsout 50 V
principle that two connected baodies of liquid will tend to seek the

sane | eVl A@bowdnQ0Pn¥, prefeegble feamghowtnkQthM andiabows 4QRY .tHokapi | | ary
flow. Liqui ' Lt _ @qft\p e ' hg. f i fel ui d
reservoirs. g?%é?%a'%%gé rat e%é%ﬁ/b(t)%iar?gﬁzt, | (\q/ll]i g?éfel'ﬂ?lg, ?’é%kélﬁ 8ft he fluid
reservoir 2edngingughcwrhentnwilsbe suchehheedt imooe ghaplabioet 2me dé6tramdflewsh

liquid that ,is not needed fo fill the fluid ervoirs o the f] ned
ouel i & ar ipRcie sPGHGR ashShent tech hre PUTPOSE0 GABORRE HEE 3R5ueT SreEy

1,000 molecules that move past the pump 360 or 361, more preferably for
15 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
system can best be. integrated into the liquid distribution system of the
20 invention with flow-rate coﬁtrol at multiple pump sites and with relatively less
complex electronics if. the pumps are operated by applying pulsed voltages
across the electrodes. Figure 8 shows an example of a pulse protocol where
the pulse-width of the voltage is r, and the pulse interval is r,. Typically, r,
is between about 1 ys and about 1 ms, preferably between about 0.1 ms and
25 about 1 ms. Typically, 7, is between about 0.1 us 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 into high
density electronics {allowing for hundreds of thousands of pumps to be
embedded on a wafer-sized device), reductions in the amount of electrolysis
30 that occurs at the electrodes, reductions in thermal convection near the
electrodes, and the ability to use simpler drivers. The pulse protocoi can aiso

use puise wave geometries that are more complex than the block pattern



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. WPRGi#T6are constantly feed into the first fluid rRBSEP§I{1H8%0200
(as well as the 30 second fluid reservoirs 210 and third fluid reservoirs
220) typically by the use of an external punp 15 (not shown), such as
t he nodel nunber 205U mul t i channel Qﬁ§sette punp avail able from

Wat son- Mar| ow, Inc. 17
Al ternati vehystratedsh Figdrd g@vel can be maintained by nonitoring the level of
liquid in the first fluid reservoirs 200 (or second fluid reservoirs 210 or
third flui d reservoi Apol)) paockedurieythat tdandbe agpliéd iptopsefeaditger of
liquid to Lyven fluyid reservair when needed to intain the defined
level . 5 ©isktrodes, typicallyevenlk'sbaceds and i0 sk AdkRvellng vovn Bratosal that

channel s 233datés a voltdjeaseBhch Pain®f Bdfateht eltdtrfies iRlP timdf Alfithdr@ngach
side of the first di stribution channels 222 along the EWaxis. Liquid

can be pRinfEat Peainsatfy apply yeltage o dbeifisat Aod sisandetiectrodes thenhto thi acent
ot Sl B BELURY, Ao SleEHIRER o TSR o
punp) of the dli,r8tMicreeladititablysterns, 1: 141-145, 1992. It is believed that
travelling wave protocols can induce temperature gradients and corresponding
conductivity gradients that facilitate electric field-induced fluid flow. Such
10 temperature gradients can also be induced by positioning 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

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

.- - de _.
F=q£+P-VE—%E’VE+V[%p§§-E']

where F is the force density, q is the charge density, E is the applied field, P
20 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 pumbing of fluids. The first term {qE) relates

to the Coulomb interaction with a space-charge region. The third term

(V2E?Ve) relates to the dielectric force which is proportional to the gradient in
25 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
by the electric field are believed to be primarily due to ions from additives,
ions from impurities and ions formed by autodissociation of molecules in the

30 fluid. In intermediate fields, i.e. from beyond the Ohmic region to about 2

V/um, the charges are believed to be primarily formed by dissociation and



channel 222. This punping creates additional pressure that noves the liquid
over capillary barrier 370 (see Figures 4A, 4B and 5) separating the first
di stri bulg®sseRagnel 222 and the buffer channel 218. Betweearasednkeg st
di stribution channel 222, second distribution channel 224 or third
distribution 15 channel 226 and the adjacent buffer channel 218 and

bet ween each buffer channel 218 and its adjacent third vertiecal channel
390 (described bel ow) there is such 27capillary barrier 370 that
inhibits liquid fl ow when t he punps are not activated. Second openings

362 (see Félgutrebyt@pmmes«s@ iantbe fihridedn highernfiellde, broe cbmgesyane twdlievied to

f eedt hrou pl ate 30Q to.create a ct] o ui ce between
the tir et b Beferupa P irrrars ploseshis atBertipripderahiin Sletto3es From a
buffer chapped tr?ér%ochéﬁqfsd can be punped using a second punp 361
(indicated in Figure 3 two filled dots representing the electrodes of

one type of punp) to a fhf tiie werrpoees of thiamsipligationhpesitivarieck Bowi shall

Fi gur es S250e SR i YRR RoF R oeRtFe Mhrdab, hLAFRMAM K 3Pt 3880, o

t he di 5é Fidwtih QRe [dirdcRiohlOf Sed positivecsleatrada. |'i qui d connection or
sl ui ce between the buffer channels 218 and third vertical channels 390.

Fi gure 4A i | | ustrates altagefeirgd gampodimem@f the iRMpaHog, the coptipler 10371
f
Cont i ni g & J8fs 9 SESIREBats shiiuofsild bihieg HWARE addpolifty,

channel  suit&ifle thepmﬁmthaJmﬁ?Herf@rr seldents.t he outlet of fi rst
di stribution channel .into buffer, channel] 218 will tend. to I?hl bi t
seepagd® romthe fir st XBEFMAtabiesults indicate that the properties of fitid 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
to solvate either positive charges or negative ions. This solvation preference

15 is believed to imply a greater shell of solveht 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 positive charges correlates with a preference for fiuid
flow from the anode to the cathode {(i.e., the positive direction). The degree

20 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 éspect of the invention, for liquids whose pumping behavior
has not yet been characterized, the controlier will store initial bumping
parameters estimated using on the Linear Solvation Energy relationships

25 established by R.W. Taft and co-workers. See, Kamlet et al., J. Org. Chem.,
48: 2877-2887, 1983 and Kamlet et al., Prog. Phys. Org. Chem., 13: 485,
1981. These workers have categorized solvents in terms of the following
parameters: 717, the ability of the solvent to stabilize a stabilize a charge or
dipole by virtue of its dielectric properties; g, the hydrogen bond donating

30 ability of the solvent; and S, the hydrogen bond accepting ability of the
solvent. These parameters are more fully defined in the above-cited Kamlet et

al. publications.



18 channel 222, such as the seepage that can result fromcapillary

f orces. Figure 4B shows, in a variation of the distri ' em

i |1 ustrVeISA7E gur es 2 and 3, capillary barriers 37gggbg9ﬂ£%?unct ion _
between first distribution channel 222 and buffer channel 218 and at '
the junction between buffer 5 channel 218 and third vertical channel 390.

Al so shown are first el ectrode 360A,gnd second el ectrode 360B naki ng up
first punp 360 and third el ectrode 5 1A and fourth el ectrode 361B

meking up punp 361. 1N 39RE a one MFACEH IR Soft Sifd RarERoséCEBctid) ¥ pair of

Il lustrated) that extend through the feedt hrough plate 300 at the tops

of buff er 56hericrin aidB3sbepedii pidtinem elegtrodes ¢eaperdicgply inserted to a depth

Not e t hat a smal |l . cut;away.pf NS..ori ed. hori zont al. f

channel sé’g:y’e(m @'fi%n%F'HostHSVﬁgq'lf?rﬁV&UBeasgﬁh 'thdoﬂﬁepﬂ?%ﬁ'%rélplc)w ee,ggegyt Rese
channel s epgendfibRManE! direttidnosl Hewdivasi dagirhied fdrusdvierdiasblosrtsawlye

and connect with additional first distribution channel's 222 situated to 15

~di stri but eitecgigindot Howt hed theat 18, oh ecand digde moment values are as followgy ong

the ri ght i distribhutiagn :’\I ate 210 arao taon . cocgnd f£1 uid
reservoiry ddlentach hpyiBgénsiecopd reserygoir i i ng
al ong an axis. Secohd distrijpution ¢hannel s "B iflons
of f of sedend—resorvoil oxtonci land groalanch 20 pocitidaod odiadant
to a sepaflai@apel fer cpannel 218, ommhithgtzahgresrelt oy 55 |seqqed :
di st ri but ifor—eharetrs—p24—extench Y off—of—each—secomg—TeservarT
+ 0 0.55 . .68 7.58 | 1.75
tetrahydro-fu ‘
10 ran -
chloroform - 0.44 0 .58 4.806 1.01
acetone + 0.08 0.48 71 20.7 2.69
methanol - 0.93 0.62 .6 32.7 2.87
2-propanol +/- 0.76 0.95 .48 19.92 1.66
15 acetonitrile + 0.18 0.31 .75 37.5 3.92
N-methyl-pyr + 0 0.77 .92 32.0 4.09
rolidone
diethyl ether + 0 0.47 0.27 4.335 1.15
1,2 dichloro - 0 0] 0.81 10.36 1.2
20 ethane
DMF + 0 0.69 | .88 | 36.71 3.86

it is believed that the @ and 8 values reflect the ability of the

solvent under an electric field to solvate a negative or positive charged

25 species, with the magnitude of a - B correlating with (-) flow, and the
magnitude of B - 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 a and £ values that is small
but not zero and the electrode pair used creates an asymmetric field, such

30 that the acting force on either positive or negative charged species is
enhanced. One such electrode pair has an alpha electrode 364 with a sharp

point pointing in the direction of intended flow and a beta electrode 365 that



extensi on 240. Each second distribution channel 224 has a punp 360 t hat

can nove liquid froma second distribution channel 224 to the adjacent
buffer woshapg! 218. Second openings 362 (not shown) in pEgubsitsyy of 25
f eedt hrough plate 300 serve to provide a sluice or route of liquid

connecti on bet ween the second distribution channels 224 and the buffer
channel s 218. Li quid noves fromthe buffer channels 218 to the reaction
cells as descri bed above. Located adpgcent to each second reservoir 210
is a drain 380 (not shown) that operates to maintain a defined third
fill ‘levellires treserdliseaf izovkani@d in which it is located Bachidn eleetrdelectadeer
further belom/ig?Sec on Hin referenc ures 16A -. 16D, the

capi | | ary BaTPr dPRASFEIIRL J| m%&e%‘p Yt bas Wel"h own @e@%ﬁ(ﬁf%'é’ﬁl*r?gs 362

or third Oﬁﬁrﬁ'pnzfprgégnalcah 2 Sir€Odh PREh¢al 4Eb@MHe alpha electrode 364 either
19 punp. The capillary barriers 370 prevent flow to the reaction cell,

whi ch f I owvhen theuveltage spphieddo Bheceipctrpdey implieds (-lidirectioheoff flowt opunps
S R L R R
capillary fepiRb afiavogiré&ion of flow. :

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. if optical devices are associated with the capillary for

10 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 ahgle of the capillafy, the pressure applied to the liquid can
be calculated. (Fluid resistance, R = (Beye/)/m*, where y defines viscosity
and / = the length of the fiuid piug; Pressure, P = RA(v,, - v4,,n), Where A

15 = cross-sectional area). The efficiency of the pump can also be caiculated (n
= (qep*Qe*N,)/mel, where ¢ = charge of e", p = density of liquid, Q = flow
rate = v, ,*A, m = mass of liquid, and | = current). The velocities can be
measured with multiple single point observations of the iocation of either the
front or rear interfaces of the plug using fixed LEDs and optical detectors or in

20 a continudus mode using a light and a silicon photodiode position sensor,
such as a SL15 or SC10 position sensor available from UDT Sensors, Inc.,
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.

25 The pumping parameters for a number of solvents have been

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



5 flow, thereby reducing the anount of added pressure needed to overcone
t he capillary barriers 370. The use of the capillary barr] 3
all ows fl wgs/lss%ontrol to be governed by the first punps ﬁ}l’[gégé%gnd

punps 361, which are typically controlled by controller 10.

Located al ong the bottom edge of the distribution plate 1 O illustrated in
Figure 1 are ten third liquid fluid reseg&oirs 220. Hori zont al f eeder
channel segments 230 are connected to the third fluid reservoirs 220

and to thi ' ;

The t hii rgbidést ri buti on dhammehsratgbghavie PrésdurBUPPS 3@&%@,@“@%5@
li quid into adjacent bufifer chiygael s 218 vi aygreni ngp 362 ik yufRBAAN)
inthe 15 . ' ' '
reservoir Hf2deton@  drairf 380 (HoF6shown) thats.gperatps to1rra|,nt1@I5n a
defined fofrtm fitT TEever—a dgescriped gbove.  Third o d TEServorTs

220 and cofyifeettd@od hi rd di stiri but 24md6  chlannel28-326 opkrateS-h % 48 the

same way a$ first fluid resdqrvoirga,2 and dIS rlbutl n annel s
222. Those -&_MSM-LL_L-D_L.@&QQLJMJ_ ' ' _Lei’@ o &2k 99

al ternatgve (g@@{wterth@,s wherdin a qgipgr of separzz@_ast h| rd fl U|5qlg x 108
reservoirs LLU can—trteract—wtir . .

third distii Bu2idichlohzethehe [226 pddi.24oned fpdj addnhb5t o t he bufZ.8rx didnnel
218. L ted dd] acernt —CaCil (M TJ TEServoriT 220 TS5 & ararim 360 (ot
shown) t hat oper at es | | ;

described above. 25 Aﬁ&h@a%g&:f‘oﬁpﬂﬁ#lﬂ&g tt %sfel'\uétlclergp%\}eﬁ\lj’ds that

portions ofaré eedbtﬂrﬁugl‘pumpnm ate r%@@onabletfi‘el@lstnair@tb|oaheb6hﬁhd¥1d16rea0t I on '
cel | gure 6A shows a verti cal

Cross- sﬁét |sb‘ﬁ°§PBh'§ onelegirgdebased retwap'rga byadding guHitable ffloyy-eahaneingut i on
channel 22744 gweer W@@e'?atﬂk}etﬁ% Folw- enhaﬂbﬁxgré&ﬂ%‘bgﬁs GhEBRR wid? tF@Redtagen

four horizont f eeder annel segnents 3 only one of which iIs
connect ed tflwid laedf ¢cars bediuwrtped at indgh pinessure, Pi high flow satel €,swwbgdoderti cal

channel 225e1ec ncaFeﬁncuency, 3?4e mnl'nglte]cgl%rsmpetfr%peg per electron of current).

Generally, the flow-enhancing additive comprises between about 0.05 % w/w
15 and about 10 % w/w of the resistant_ fluid, preferébly between about 0.1 %
w/w and about 5 % w/w, more preferably between about 0.1 % w/w and
about 1 % w/w. Carbon tetrachioride and cyclohexane do not pump using
the electrode pump situated in a capillary described above at a voltage of
2,000 V. By adding 0.5 % w/w acetone or methanol as a flow-enhancing
20 additive, both of these fluids can be pumped at a voltage of 1,000 V. In
| some cases, it is desirable to reverée the preferred flow direction of a liguid
by mixing with it a flow-enhancing additive that strongly pumps in the desired
direction. In all cases, additives are selected on the basis of their pumping
characteristics and their compatibility with. the chemistries or other processes
25 sought to be achieved in the liquid distribution system.

The electrode-based pumps of the invention can be operated
to as a valve to resist flow in a certain direction by operating the pumps to
counter the unwanted flow. To power the electrode-based pumps, oﬁe or
more digital drivers, consisting of, for example, a shift register, latch, gate

30 and switching device, such as a DMOS transistor, permits simplified

electronics so that fluid flow in each of the channels can be controlied



el ectrodes of the first punps 360 and second punps 361 are illustrated.

20 Third vertical channel 390 connects buffer channel 218 to reaction
cel | 350’wo96 1‘9@}60h has a drain 355. PbetiisesmBssphows a
vertical cross-section along an EWaxis that slices through a first
fluid reservoir 200. Fromfirst fluid reservoirs 5 extensions 212 can be
seen two first vertical channels 214 that each connect to a separate
hori zontal feeder channel segnent 21 6. &fain 380 for first fluid

reservoir 200 is indicated by dotted lines. In the illustrated distribution
system fifrﬁ:teﬁdndiedtllyeWefﬁabl%%wp&@&at gritBeist ephwdctbdadt mubiigb pl ate 300
Vi a fourth openings 302. The operation of the

liquid di sﬁW'lﬁJhﬂ"Q)ﬁeé’iFsetseﬁWéﬁcbeca” be Mértpbﬁﬂwltwer'é‘F@Pé’?ﬁ:éatteoﬁ:Pguré 7.
Li quid can | reaction cell 350AA (not shown)
sBPafhe e e epOed B oo,

connect ed hi'r I ca A fromany of first, second or

third fluid reservoirs I@@Axre?%&th’éﬁ%tnﬂﬁﬂ@n systerﬁ%(ﬂbs@rib&ﬂﬁh thig "liquid
A" is maintained at first fluid |evel Eofl uid reservoir 00A, ljquid A

will fl v BRPEcRten sandmarRlied]te Ehisieabodimente irgesnectve &f bpger which
subheading they are described.

C. Preferential Flow Liquid Distribution System
Another embodiment of the distribution system wherein a

plurality of microscaled reaction cells can be separately addressed by a

10 number of reagent liquids uses a continuous flow system is illustrated

- schematically in Figure 9. Features of oiher distribution systems described in
this application can be applied to this embodiment, irrespective of under
which subheading they are described.
Figure 9 illustrates a first continuous flow channel 400A, a

15 second continuous flow channel 400B, a third continuous flow channel 400C
and a fourth continuous flow channel 400D, each continuous flow channel
having an upstream end U and a downstream end D. Fluid can be pushed
through first through fourth continuous flow channels 400A-400D with the
assistance of one or more external pumps 171. Third pumps 460 (not

20 shown), which can be electrode-based pumps, can provide further pumping
within the first through fourth continuous flow channels 400A-400D.
Constricted zones 401A-401D at the upstream end of the first through fourth
continuous flow channels 400A-400D have a first cross-sectional area. Open
zones 402A-402D at the downstream end of the first thrdugh fourth

25 continuous flow channels 400A-400D have a second cross-sectional area that
is greater than the first cross-sectional area. At the upstream end of the open
zones 402A-402D, are first branch channel 410A, second branch channel |
410B, third branch channel 410C and fourth branch channel 410D,
respectively. Each of these branch channels 410A-410D preferably has a

30 smaller cross-sectional area than that of the open zones 402A-402D and each
flows into a buffer channel 440. In the open zones 402A-402D, there are
first alpha constrictor 420AA, second alpha constrictor 420AB, third alpha



connected horizontal feeder channel segnents 216A, 216A2, 216A3, 216A4 4 |
and 21 j nto the connected distribution channels 2 %S , an |
SO on. %‘ﬁﬁgﬁr st distribution channel 222A1, liquid A i? &Jr%ég'?gsﬁto first |
buf fer channel 21 8AA using punp 360A under the control of controller 10 20 ¢
(not shown). Fromfirst buffer channel 218AA liquid Ais punped into first

reaction cell 350AA via third verti cal3é:hannel 390A using punp 361A under
the control of controller 10. When a distribution

pl at e 3kQnafrictofi42DAE, bRE fHOYENLILAR constn@{EﬁséLi’(zED?frerQéﬁ\;qubchannel 218
and the buffer channel 218 |acks a vent to 25 the outside atfosphere, the

rel ati onshi p between A I§engtrigtiongsuch @sodn alphiarsenstrictgrumgan3td at hat punps

liquid i f 8 d,.th unpi n rate qf second -
punp. 36T FRoIEn ML i e et Wt 1 Pt ive Plesteotrheticafly 32 | on
cel | 35@ressurbeacraaieplan eldctr@dadyssddgampbpérating irStio RUBB R modeloves
| quisg from for instance, distribution channel 222A1 (Figure . a 30

pr essur &' iFetRaseonstrictentes®anzesdift the aHankenstricgouhppRrataitobiedsicel ow past
0 o D B S S ORI AR, 227, 200
361 will The downstream outlets of the continuous flow channels
400A-400D connect with a common bypass 430 'which connects to first
drain 431A and second drain 431B.
10 Branch channels 410A-410C have a first beta constrictor | ‘
- 420BA, second beta constrictor 420BB, third beta constrictor 420BC and
fourth beta constrictor 420BD, respectively. From buffer channel 440, there
extends a reactién cell conduit 442, a first buffer overflow 441A and a
second buffer overflow 441B. Reaction cell conduit 442 has a gamma
15 constrictor 420C. First and second buffer overflows 441A and 441B have
first delta constrictor 420DA and second delta constrictor 420DB,
respectively.
When a “liquid A™ flows through first continuous flow
channel 400A and first alpha constrictor 420AA is not in operation, liquid A
20 will tend to flow to the common bypass 430 via the open zone portion of the
first continuous flow channel 400A having relatively large cross-sectional area
rather than flow through relatively narrow branch channel 410A. First beta
constrictor 420BA can be operated to restrict or block flow in branch channel!
410A, further assuring greater flow through to the common bypass 430. To
25 direct liquid A to the reaction cell 350, first alpha constrictor 420AA is
operated, while first beta constrictor 420BA is not, resulting in greater flow
into first branch channel 410A. The entry of liquid A into buffer channel 440
can result in the application of upward.pressure at second through fourth
branch channels 410B-410D, depending upon the rate of outflow through
. 30 reaction cell conduit 442 or first or second buffer overflows 441A or 441B.
This pressure can be used to inhibit cross contamination with fluids from

second, third or fourth continuous flow channels 400B-400D.



21 result in this cross-contam nation inhibiting pressure being

mai nt ai ned. The buf fer channel 21 8 further serves to dilute any

acci dent ayo@¥géfskows from di stribution channel s cont ai pichysogagesnt s not
i ntended for the adjacent reaction cell 350. This dilution wll
typically reduce the concentration of 5 reactive reagents beneath the
concentration effective in the reaction process that is intended for

t he adj acent reaction cell 350. 33 Note that in the

il lustrated enbodi ment, each of six solutions or solvents can be

distributed to each of é&flecanadetarsrdl pireferablyl cartéperfatene stop fiquidt |

second andg,third, fluid reservgirs 200A ..20 0 200D, 210, and 10 220.
Each of t hgo{'l'_e'r? eI FFReClvE m%iqdét'ﬁfgﬁyoﬁrsggbw {%ilq Qﬁp‘f hird

fluid resesymétrizterd0420BA §08LGH M ZOBE RMEHEMEM dbhehic®sr 8obeent i nt ended
for use in the ten associated reaction cells that can be addressed by

the fluid reservoi r Figpie QA shows a grpgssectigaahienwsobgontingaasflos00C

and 2008 eé‘ﬁé‘nn?xiﬁ@&@q&é%&t@pﬁgﬁg ﬂb}t}?]ﬁr}}g‘;’%{%\égﬂr&%nﬁ?‘% o ifie Figia?:

Furt her Tl exiDbi aval g a grven f e

wi th a newl©8lilluswates treotomtinuous flolae shanpelopODAL speratddifp dirpeDfoN®into
Note that the buffer channels 218 are optional. Buffer channels 21 8

can be avolfe8omMer LvrdsadIQr Alrgactionteali$o0sand Gnreagtiop palidrain 355 o

di stributign sl38NNGsTatet)i ch outlets are preferably capillary barriers 370)
to 20 the appropriate reaction cell 350. The fluid
reservoirs (e.g. first, Fgagendl shdwshhow fHeuficst througle feuntbicontid@ous210 and

220) are typically si e ded (i.e. wde ortjons, of, the
attacndd oBEnaindls AN SR i b e rmBrisd 1o ailaredt Bk RRvipeirst
reservoi r sthrpughl folurtH BHMAry TeBd cHankeRf 45ba-gydber PReCtH8LYR §Bufthe f 1 oor
of 25 the fluid reservoir and its fill level. Replenishnment of the liquid
in the primary feed channels 470A-470D are located on a higher or lower horizontal
plane than first through fourth continuous fiow channels 400A-400D,
allowing the two sets of channels to be interconnected. In one preferred
15 embodiment, the inlets of each of first through fourth continuous flow
channeis 400A-400D have third pumps 460 (not illustrated) that facilitate
drawing fluid from the first through fourth primary feeder channels
470A-470D.

D. Expansion Valve Liquid Distribution System

20 The expansion valve liquid distribution system has a reaction
cell, two or more feeder channels, a separate conduit connecting each feeder
channel to the reaction cell, and a expansion valve for each conduit, wherein
the expansion valve has an expanded state that fills a cross-section of the
conduit and prevents fluid flow through the conduit and an contracted state

25 that allows fluid flow through the conduit. This embodiment differs from
other embodiments in that the distribution system is preferably constructed of
plastic, rather than glass or a silicon-based material. Preferred plastics include
polyethylene, polypropylene, liquid crystal engineering plastics, polyvinylidine
fluoride and polytetrafluoroethylene. Plastics with low moisture vapor

30 transmission rates (e.g., polyethylene, polyvinylidine fluoride and
polytetrafiuoroethylene) are particularly preferred. Laminates such as a

laminate of polyethylene and a polyester such as poly(ethyleneterephthalate)



reservoirs can be continuous, step-wi se on a defined schedule, or based on

sensor qdgha ,?gggl to controller 10. The drains 380 are despgfgfod/ssEnove
any excess ? urd added to the reservoir by use of external punp 15. The

fluid reservoirs, filled to the respective fill |evel, preferably have
a volume from30 about 1 [err]l to about 5 [err]l, nore preferably about
02.5 [err]l. Thus, in the nore predserred enbodi nent, the volunme in the
fluid reservoirs will preferably be 2.5 [err]]l 0.25 [err]l.

Appr opr i cre geo ipsetdread fgutinesr, vaparhbarsier ipeoperdiels. niimbehad@@l or conduits
22 ' f.i.ch . tt i | abl, Wat - Mar | . .
Gl iver |OF Hif Baftdiner e e Pt RS vef ittad bR i SBRON dy Whighis nood
only be agddctte’kabricalioh refHodst | namgvé, 836 ncth dAineR TRt BbYe k4IRS 0 a

fluid reservoir. he above di scussi on describes 't he

di st ri butb®nsegwismlargerscpls faptitgsrstiohi ahlaagercehanmels @ndpleactios®@)ls.

distributio | at 10 and.. .. reaction cell ate .320. .However, .it will be
cl ear Endiahurs pE lter Parinutior S9Stena aSgrindh 1, Bg SPRUSRISH Sebbd nto « ne
di stri butagpliezysd €l drabodiftdran despective dNusdsedhidesibRdAlingheg arén a
preferred enbodi nent, permanently bonded underneath the distribution

pl ate 3109e§fdiB&ster posed between the distribution

Figure 12 shows a schematic having fifth through eighth
primary supply channels 580A through 580D, respectively. Fifth primary

10 supply channel 580A connects to first alpha feeder channel 570A1, second '
alpha fegder channel 570A2, and so on. Sixth through eighth primary supply
channels, 5808 through 580D, resbéctively, are also connected to feeder
channels. Focusing on second alpha feeder channel 570A2, second beta
feeder channel 570B2, second gamma channel 570C2 and second delta

15 feeder channel 570D2, these are each connected to a number of alpha
distribution channels 500A, beta distribution channels 5008, gamma '
distribution channels 500C and delta distribution channels 500D, respectively.
For instance, second alpha feeder channel 570A2 is connected to eleventh
alpha distribution channel 500A11, twelfth alpha distribution channel

20 500A12, and so on. Sets of four distribution channels 500, e.g. eleventh
alpha distribution channel 500A11, eleventh beta distribution channel
500B11, eleventh gamma distribution channel 500C11, and eleventh delta
distribution channel 500D 11, are connected to a given reaction cell 350, e.g.,
reaction cell 350. '

25 As illustrated below, each distribution channel 500 has an
expansion valve which can be activated to block flow from the feeder
channels 570 into the reaction cell 350 connected via the distribution channel
500. In one preferred embodiment, fluid in thé primary supply channéls 580
and feeder channels 570 is maintained a constant pressure using upstream

30 pumps and downstream pressure release valves.

Figure 13A shows a cross-section through eleventh alpha

distribution channel 500A11. Three of the plates that form the distribution



10 plate 310 and the reaction cell plate 320. The use of the internedi ate

pl at e 330 aIIovxs for much greater flexibility in the design

of the

channel the distribution system 1.t BeTRISID 4530
Any purrps‘l'vng c}ew ce of suitable dinmensions can be used as t he ?nt er nal

first punps 360 or second punps 361 in the liquid distribution
of the invention. Such punps can include m croel ectronechani cal
(MEMS) such as reported by Shoji et al.gg"Fabrication of a Punp

system
syst ens
f or

I nt egrated Chem cal Anal yzing Systens,"” Electronics and Communi cations in
20 Japan, sPaein, XirsT @late2589, sd088d @latesBSDiared tifitd plato59B) bye heseded.

and

| fabri Si | Vaf " S .
Act uat or sSeepnd 5‘316?*’%61%@?%@3 SR ssennd Dots feeqmphanalis 208 Bescr i bed
i n Moroneye &dndlhamma feedbr EWIWbXﬂM%@ﬁ MfiQ:feq’{J Pé%?rcgrggngf g0 MEMS,

91: 277-282, 1991. Preferably, however I rst punps

second

punps 361DRawan be f2bmedomi sngngldimtg pr@ueds Gised to fommp Sirs6@late ssa:orﬁiepenms

ol cot r BucARRe IRy EheneORBa] FoahFisgibe forgen it

f such

'erpﬁ‘é?res

"el ect rohsgﬁoﬂyaleabsnd pnaﬂa%@z%d £EhDe Pd?% &haakg%mmn (;CFIQhesEHD

punpi ng has been descri bed by Bart et al rof abri ca

El ect r ohydsediyodairo thespplated) TBemsutionadd1 Adtluat ememﬂmmﬂﬁeumaﬂ

1990 and cht

Sensors aRd®'Att u%ﬁ)AEI ¢°nneA§§’9Lg%%rfgga 63 ned 55 ctro ﬁ@é? %EEH bed

by Dasgupternedd aking a drilling process, such as a !aser drilhng process. The portion
10 502A11 (see Fig. 13B) of eleventh alpha distribution channel 500A11 that

connects to reaction cell 350B1 is typicéily formed during the molding of

second plate 592. Expansion valve 580 includes a low modulus, elastomeric

film 581 such as a hydrocarbon elastomer, acrylonitrile-based elastomer or

polyurethane films, which films include natural latex films, ethylene-propylene

15 rubber and acrylonitrile-butadiene-styrene copolymer films. The elastomeric

film can, for example, be bonded to the substrate using an adhesive such as a

thermal setting acrylic, polyurea or polysulfide adhesive or it can be bonded

by thermal compression bonding or ultrasonic welding. Elastomeric film 581

covers a fluid chamber 582 that is filled with a gas, such as air or argon, or

20 with a low-boiling liquid, such as freon or another refrigerant. Situated

sufficiently near fluid chamber 582 is an heating element 583, which is

preferably controlled by controlier 10. The heating element 5683 functions to

heat the gas or liquid in fluid chamber 582 to cause the expansion of the

expansion valve 580. Reaction cell 350B1 has a drain 355B1.

25 Heating elements 583 can be any number of heating devices

known to the art including electrical resistance heaters and infrared light

sources, including infrared diode lasers, such as edge-emitting diode laser

arrays available from David Sarnoff Research Center, 'Princeton, NJ or the

1300 nm or 1590 nm lasers available from LaserMax Inc., Rochester, NY. |f

30 the heating element 583 is an infrared light source, the materia that

intervenes between the heating element 583 and the fluid chamber 583

preferably transmits at least about 50%, more preferably B0%, of the infrared



23 "El ectroosnosis: A Reliable Fluid Propul sion System for Fl ow

I njectign Anal ysis," Anal. Chem, 66: 1792-1798, 1994

EO punpiQY%g?/EsBé;I i eved to take advantage of the principl ePCT/US?SrngPgot he
surfaces of many solids, including quartz, glass and the |ike, becone 5
charged, negatively or positively, in the presence of ionic materials, such
as salts, acids or bases. The charggd surfaces will attract oppositely -
char ged counter ions in solutions Of suitable conductivity. The
applicatthtQﬁ”ﬁtKQnggﬁ, elerePt BN a solution results in a migration of
the counté&r ions to the 3bp05|tely charged el ectrode, and noves the

bul k of the fluid as Veglre TBR sholvwsre ddroparbble aersiors ofrabpot-ainwayavietro t he

current, andg the vglune.flow generated_in the fluid is also

o opor | GRATeYS P APHR ST BB G A ne GOAT T yvheTh the anRAnS T VeS| 1 ar y
di mensi oy tNEoshiBALEAWASreNthect i ng flow can be spaced further apart than
I n EHD punpi ng, since the el ectrodes are only involved in applying
force,5and not, adigureEHEL shows eatutawenarfgeprefermdd embodineot ce wil |
oot o oo A ebeied BRI RPLRSAIE D BrdFASEh BRI SEpA

typi cal | web6Ald esRMRibraGalvyi BSIE @ndos third eXPEh&ignfVa € S8TC exitHex@ethyed OW

conductivity, e.g., 10[errcl to 10[err! S/'cm It has
valves can be operated sequentially to create a pumping force that moves

liquid into the reaction cell 350B1. For instance, at time one, eleventh

10 distribution channel 500A11 is filled with a liquid and first expansion valve ‘
580A is expanded. At time two, first expansion valve 580A remains _
expanded and second expansion valve 580C begins to expand, pushing liquid
into the reaction cell 3508B1. At time three, second expansion valve 580B
remains expanded and first expansion valve 580A begins to contract drawing

15 liquid from second alpha feeder channel 570A2 to fill the volume formerly
occupied by the expanded valve. Also at time three, third expansion valve
580C begins to expand, forcing liquid to flow into reaction cell 350B1. At
time four, third expansion valve 580C remains expanded and second
expansion valve 580B begins to contract at the about the same time first

20 expansion valve 580A begins to expand. At time five, first expansion vaive
580A is expanded, while the other two expansion valves, 5808 and 580C,
are contracted, setting the stage for a new pumping cycle.

E. Electrode-based Liquid Distribution System

Figure 14 shows a top view of a liquid distribution system of
25 the electrode-baséd liquid distribution system showing how channels from a
number of feeder channels, e.g., alpha through delta feeder channels 670A
through 670D, respectively, can connect to a fifth vertical channel 628 that
connects to a given reaction cell 350.
In Figure 14, alpha feeder channel 670A, beta feeder channel
30 B670B, gamma feeder channel 670C and delta feeder channel 670D connect
to alpha first distribution channel 622A, alpha second distribution channel
B624A, beta second distribution channel 624B, and beta first distribution



now been denonstrated herein that a broad range of solvents and sol utions
20 can be punped using appropriate solutes than facilitate punping, using
appr opr ivad 96/€dse€t r ode spaci ngs and geonetries, or using amoTogEYsaiwopul sed
or d.c. voltages to power the el ectrodes, as described further bel ow.
The el ectrodes of first punps 360 and second punps 361 used in the
liquid distribution system preferably have a dianeter from about 25 25

m crons to about 100 microns, nore pref& ably fromabout 50 mcrons to

about 75 microns. Preferably, the electrodes protrude fromthe top of a
channel tehanngS22bhirespeaiiv@yut APhg tistadistibudieornoshannald 2%: Blpdfa t he

channel | TRenerg SUESRO chhRfbiRa4h, Bhre snlefd Hrvmuscrleo sl A o that

30 interged betd firdtl distibtich Eharhelbe®R2BhdUeCam AR firdr0slbcRodBisdseays i N
| engt h, preferably from about 25 m crons about to 50 m crons.
Pr ef er abl RN™R §R4H. @ betanfist ¢lactspdedbgrad ausy 66OB. eapynafirat fir st

el ectrgde I g : i 24

el ectr gdeel%QQ?Qabnat g %‘e’?g 6ee?%cc:tarnoddg dfé? f('[ssﬁcer%e%téo?%ibra 3eglpeucr??osa%0%608 and

fourth elmspeotieelytlBhe tahptia first gistitartédn ghameel cdi2 2 Aarorademts t&Gftli crons to
vertical channel 628 via alpha second connector channel 623A and alpha

third connector channel 625A. The beta first distribution channel 622B

connects to fifth verticaI. channel 628 via beta second connector channel
10 623B and beta third connector channel 625B. Note that alpha second and

beta second connector channels 623A and 6238 are in a lower plane'than

their connected alpha first distribution channel 622A and beta first

distribution channel 6228B, respectively. Alpha second distribution channel

624A and beta second distribution channel 624B each connect directly with
15 fifth vertical channel 628.

Note that the “N" portions {indicated in the figure) of alpha,
beta, gamma and delta feeder channels 670A-670D, respectively, are referred
to as the "feeder channel inlets”, while the "S" portions are referred to as the
"feeder channel outlets”. The inlets of alpha, beta, gamma and delta feeder

20 channels 670A-670D, have an alpha second electrode-based pump 667A, a
beta second electrode-based pump 6678, a gamma second electrode-based
pump 667C and a deita second electrode-based pump 667D, respectively.
The outlets of alpha, beta, gamma and delta feeder channels 670A-670D,
have an élpha third electrode-based pump 668A, a beta third electrode-based

25 pump B668B, a gamma third electrode-based pump 668C and a delta third
electrode-based pump 668D, respectively. The \)oltages used to operate the
three electrode-based pumps in the channels that form the three-way
junctions {made up of a feeder channel inlet, a feeder channel outlet and a
distribution channel) can be adjusted to either allow flow into the distribution

30 channel or to block flow into the distribution channel. Preferably, at each
three-way junction, each electrode of the first electrode-based pump 660,

second electrode-based pump 667 and third electrode-based pump 668 that



about 2,500 m crons apart, nore preferably, fromabout 250 mcrons to
about 1000 m crons apart, yet nore preferably, fromabout 150 mcrons to 5
about 25WO9&¥S8T6s apart. The separation of el ectrodes is nmPEIASEH149OM t he

center points of the electrodes as they first protrude into their

associated fluid channel. In a particularly preferred enbodi nent, a
gamma el ectrode 366 (not shown) is aced fromabout 200 mcrons to
about 5,000 m crons, nore pr ef er abl rom about 500 m crons to -about
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yet nore pr tra out m crons apar el €CiT 0des are
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along a line nter line of the fluid i:m%nnel. I n
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20 contexts ere relatively nore highly conductive f s are punped the
vol t age i sﬁ?&d&m@dabﬁbm&roggfntheedhembtﬂm 8Bénneld B22 a3f624 phdesd ect r ode

364, beta elect 65 r det e] ectrode 36 e |latt ci rcunst ance
Do ol 18uBfad B HoR, Rivaniet fhestaetien erp el G205 par e eny suRsn dge Tret
al t hough electt—méaa@éerﬁmﬁ 660 Mthé ldrathgdt*ba @mhﬁéw@rey oplardteda> gampl oped |
around the 25 concepts of EHD or EO pu firmrules dictate which
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I nst ead a{khhannei’@gé g@[élgﬁg fﬁS{JHiélﬂBhRBnCc‘Wan%%l s VRIS aeéﬁ’ér(ne?@'&h sa‘i‘use d

| i ght of ures age
across al phe epuhihghvitielthettheskesvBOfurttidn that is about 50% or less of the
width the connected feeder channél 670, more preferably the width is about

15 40% or less of the width the connected feeder channel 670.

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

E. Controller _

20 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,
the activity of external pumps 171. A circuit of thin film transistors {not

25 shown) can be formed on the liquid distribution system to provide power to
the wells via leads 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

are connected to the controller 10 for example.

30 G. Reaction Celis and Reaction Cell Plate

Reaction cells 350 are typically depressions formed in the

upper layers of a reaction cell plate 320. The drain 355 to a reaction cell 350



30 365 when the punp is operated in d.c. node are typically fromabout 50 V
to about 2,000 V, preferably fromabout 100 V to about 750 V, nore
pref erabl y wo9s/165@m about 200 V to about 300 V. The vol t agePQATEIS/ALOOSS
ganma : 25 el ectr ode
366 and al pha, beta or delta el ectrodes 364, 365 or 367 when the punp
Is operated in d.c. node are typically fromabout 50 V to about 2,000

V, preferably from about 100 V to about 7589V, nore preferably from about
200 V to about 300 V. The voltages used across al pha and beta el ectrodes 5
364 and 365 @#enPe REepAptesbeierhpthe regrticneaehe®d. dn aviighi casel §rafmage is

about 50 V t&oﬁhmﬂedlkiﬂgﬂcéﬂzyoamfb‘%} F}g%%t&\{é B &@P&E{!@‘?Sr&? c%'ﬁﬂeé?éﬁiéhérﬁ’&’elél:

nore preferably from about 0 Vtoa tages used across
gamma el ect r deleerddivehd thharalmpBab imeybeorpdpaenttelitiee reactiors6él] 35€6and
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punping to current w e such that no nore than about one el ectron flows

reaction cell 350 by sluice 351. In this case, flushing volumes, which are
substantial volumes relative to the volume of the reaction cell but minuscule
in absolute amount, are passed through the reaction cell 350 to remove all of
a given reactant previously directed into the reaction cell 350. In another

10 alternative, the reaction cell 350 is connected to a alpha first horizontal drain
channel 356A and beta first horizontal drain channel 3568, having an alpha
drain pump 357A and beta drain pump 357B, respectively, which can be an
electrode-based pumps, as illustrated in Figure 15B. The alpha and beta first
horizontal drain channels 356A and 356B can be connected to alpha vertical

15 drain channel 358A and beta vertical drain channel 3588, which in turn are
connected to an alpha and beta second horizontal drain channel 359A and
359B, respectively. Alpha and beta second horizontal drain channel 359A
and 359B open into the alpha drain 355A and beta drain 355B. The alpha
and beta pumps 357 are operated under the control of the controller 10,

20 which operates the pumps as appropriate to drain the reaction cell 355. Note
that this latter drainage structure includes a form of a capillary barrier 370.
Where alpha and beta pumps 357A and 357B are electrode-based pumps,
one can be operated so that a - flow would drain the reaction cell 350 and
the other so that a + flow would drain the reaction cell 350. In this way, no

25 matter what the flow preference of the liquid in the reaction cell 350, one
drain mechanism would push fluid out of the reaction cell 350, while the
other merely pushed a limited volume of fluid into the reaction cell 350,.
yielding a net draining effect.

Another way by which the reaction cell 350 can be

30 controllably drained is to use a bottom drain 355 having an outlet channel

that has constrictor, such as one of the constrictors described above with

reference to the second preferred embodiment.



into the solution adjacent to a first punp 360 or second punp 361 for every
1,000 nol ecul es that nove past the punp 360 or 361, nore preferably for 1 5
every 10xRP8k/gtecul es that nove past the punp 360 or 361, PEUSIIIE0
preferably for every 100,000 nol ecul es that nove past the punp 360 or

361. It is believed that an el ectrode-based i nternal
punpi ng system can best be integrated into the liquid distribution
systemof the 20 invention with flowra#@ control at nultiple punp sites
and with relatively | ess conpl ex electronics if the punps are operated

by aplpl Vi ][lg pul Iseo| vol t Rgeigs are aptianal, siRee dn SOMSHESS thggm@n; ehliftgd an
exanple o , . - Wi .th i
el R Y bR ES80 el LR AR Pl SRR g

about 1 [ edrdiss arel abbont, Howidvervehes abk yedetaw:e Vemhsdbr thd resxtimdcdfs
about 1 ns, Typically, [err] is between about 0.1 [err]s and about 1 0 ns,
pr ef er abl y3BBt MecAPRIBAIIEtE IMBRAIFLAYEHES-10 ns. A pul sed vol tage prot ocol

I's beligved to confer 0&*&%&&9}12{4}&&%&{65%& VRSB HohBEL Y5 Aht Paxk Nt O

hi gh density el ectronics ow ng for hundreds of thousands of punps
"to be hightee gdizte by, foniaéamcsi assudegitbal the twacsurbaces aretsreoathivint of

e g

drivers. Thetdtdifle Paeket,uctass al @flon, polyiByRsHeSer B4R \ePagoniaric files ($uvH
are nore conplex than the block pattern
as a natural rubber, ABS rubber, or polyurethane elastomer film) gasket is
10 interposed between the plates. One way to maintain a force adhering the ‘
plates against the gasket is to have a number of vacuum holes cut through
the bottom plate and the gasket and applying a vacuum at these locations.
Generally, the seal should be sufficient so that the pump used to form the
vacuum can be shut down after initially forming the vacuum. The gasket is
15 preferably from about 0.0x5 mils to about 1 mil, more preferably from about
0.1 mils to about 0.3 mils in thickness. )

Fluid exiting the bottom of the reaction cell plate 320 can,
for instance, simply collect in a catch pan or it can diffuse into a porous
substrate such a sintered glass, gléss wool, or a fabric material. Alternately,

20 a fifth plate 340 is attached to the underside of the reaction cell and has
channels that connect the outlets of the reaction cells 350 to individual
collection reservoirs from which fluid can be sampléd. For instance, the fifth
plate 340 is wider than the reaction cell plate 320 and the collection
reservoirs are located at the top surface of the fifth plate 340 in the area not

25 covered by the reaction cell plate 320.

Preferably, synthetic processes conducted in the reaction
cells 350 of the liquid distribution system will take place on insoluble
supports, typically referred to as "beads", such as the styrene-divinylbenzene
copolymerizate used by Merrifield when he introduced solid phase peptide

30 synthetic techniques. Merrifield, J. Am. Chem. Soc. 85: 2149, 1963. See,

i

also Barany et al., "Recent Advances in Solid-Phase Synthesis,” in Innovation

and Perspectives in Solid Phase Synthesis: Peptides, Polypeptides, and



26 illustrated in Figure 8. Anot her, procedure
that can be applied is to use a nunber of el ect rodes, t |caII evenly
spaced, WRP¥§SPse a travel ling wave protocol that i ndd %?age at
each pair of adjacent electrodes in a tined manner that 5 fi rst begins to
apply voltage to the first and second el ectrodes, then to the second
and third el ectrodes, and so on. Such nethods are described in Fuhr et
al., J. Mcroelectrical Systens, 1: 141-1% 1992. It is believed that
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concepts are belTeved to play a role in the nechanics o punpi ng.
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Chemtech, Louisville, KY, and polyethylene g_lycol grafted poly styrene resins -
(PEG-PS resins) are available from PerSeptive Biosystems, Framingham, MA or

10 under the tradename TentaGel, from Rapp Poiymere, Germany. Similar solid
phase supports, such as polystyrene beads, are also used in the synthesis of
oligonucleotides by the phosphotriester approach (see Dhristodoulou,
"Oligonucleotide Synthesis: Phosphotriester Approach,” in Protocols for
Oligonucleotide Conjugates, S. Agrawal, Ed., Humana Press, N.J., 1994}, by

15 the phosphoramidite approach (see Beaucage, "Oligodeoxynucleotide
Synthesis: Phosphoramidite Approach,” in Protocols for Oligonucleotide
Conjugates, S. Agrawal, Ed., Humana Press, N.J., 1994), by the
H-phosponate approach (see Froehler, Oligodeoxynucleotide Synthesis:
H-Posponate Approach," in Protocols for Oligonucleotide Conjugates, S.

20 Agrawal, Ed., Humana Press, N.J., 1994}, or by the silyl-phosphoramidite

" method (see Damha and Ogilvie, Oligodeoxynucleotide Synthesis:

" Silyl-Phosphoramidite Method,” in Protocols for Oligonucleotide Conjugates,
S. Agrawal, Ed., Humana Press, N.J., 1994). Suitable supports for
oligonucleotide synthesis include the controlled pore glass (cpg) and

25 polystyrene supports available from Applied Biosystems, Foster City, CA.
Solid supports are also used in other small molecule and polymeric organic
syntheses, as illustrated in oligocarbamate synthesis for organic polymeric
diversity as described by Gorden et al., J. Medicinal Chem. 37: 1385-1401,
1994,

30 Preferably, the reaction cells 350 are rectangular with
horizontal dimensions of about 400 microns to about 1200 microns, more

preferably about 500 microns to about 1000 microns, yet more preferably



significant in the context of EHD punping of fluids. The first term (qE)

rel ates to the Coulonb interaction with a space-charge region. The
third teVM¥1557 err]E[err]) relates to the dielectric foPSEURRYL s
proportional to the gradient in 25 permttivity. _ In
low fields, i.e., the Chmc region where current is linearly
proportional to voltage, the primry sopsce of charges that will be acted
upon by the electric field are believed to be primarily due to ions
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about 1.6 mmoles/g. Typically, between about 1 and about 10 of such beads
are loaded into a reaction cell 350 to provide a desired capacity of between
about 1 nmole and aboﬁt 10 nmole ber reaction cel! 350. Recently, bea.ds
10 have become available that have a diameter that ranges between about 200 ‘
microns and about 400 microns, depending on the solvent used to swell the
beads and the variation in size between the individual beads, and a reactive
site capacity of between about 5 nmole and about 20 nmole per bead have
become available. These large beads include the beads sold b'y Polymer
15 Laboratories, Amhearst, MA. Desirable reactive site functionalities include
halogen, alcohol, amine and carboxylic acid groups. With these large beads,
preferably only one bead is loaded into each reaction cell 350.
Another option for creating a solid support is to directly
"derivatize the bottom of the reaction cell 350 so that it can be reversibly
20 coupled to the first building block of the compound sought to be synthesized.
The chemistry used io do this can be the same or similar to that used to
derivatize controlled pore glass (cpg) beads and polymer beads. Typically, the
first step in this process is to create hydroxyl groups (if they do not already
exist on the support) or amino groups on the support. If hydroxy! groups
25 exist or are created, they are typically converted to amino groups, for
instance by reacting them with gamma-aminopropyl! triethoxy silane. Flexible
tethers can be added to the amino groups with 'cyclic acid anhydrides,
reactions with polymerized alkylene oxides and other methods known to the
art. Examples of such methods are described in Fields et al., "Synthetic
30 Peptides: A User’'s Guide," W.H. Freeman and Co., Salt Lake City, UT, 1991.
Methods of creating reactive sites include, for the case

where the reaction cell plate 320 is made of plastic, exposing the bottom of



be flowin the direction of the positive el ectrode. In

a preferred enbodi nent of the invention, the controller a device
for storiW@%#a¥q6and stores the val ues of vol t age and poI ar q&,msssn:sgqal t abl e
for punping a nunber of solvents. 10 Experinmental results
i ndi cate that the properties of fluid flow (l'i ke direction of flow)
correlate well with the solvent's ability :%]o stabilize and sol vate the
charged species injected or induced from‘f e el ectrodes. The di rection
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1981. TheseinthidifgcdaingsH eeianaedletob @il atd glais Eredited g Rt ng
paranmeters: [err], the ability of the solvent to stabilize a stabilize a -

charge or Vaper gepesiignyren e eicheds far mstanee with bydrefleeric acid dissolved
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bond accepting a vent ese pararfeters are nor g% y
defined in bhmrebswtﬂmmmiwlmeérget surfacéibreapumr\l|$pbrdl.i§structure can be
treated with alkali to expose hydroxyl groups. The degree of reactive site
15 substitution on such surfaces is preferably at least about 83 nmoles per cm?,
more preferably at least about 124 nmoles per cm? {implying a substitution in
500 micron by 500 micron reaction cell 350 of at least about 0.31 nmole),
yet more preferably at least about 256 nmoles per cm?.

The above described methods for using the bottom of the

20 reaction cells 350 as a solid support can be supplemented by methods that
increase the surface area of the bottom of the reaction cells 350. One
method is to create columnar structures of silicon monoxide, for instance by
thermal evaporation of SiO, . Another such method is to insert into the
reaction cells fabrics, such as non-woven glass or plastic {preferably fiberglass

25 or polypropylene fiber) fabrics and plasma treating the fabric to create
reactive sites.

Another method uses spin-on glass, \_Nhich creates a thin film
of nearly stoichiometric SiO, from a sil-sesquioxane ladder poiymer structure
by thermal oxidation. Soi-gel processing creates thin films of glass-like

30 composition from organometallic starting materials by first forming a
polymeric organometallic structure in mixed alcohol plus water and then

careful drying and baking. When the sol-gel system is dried above the critical



28 Using a one mmcapillary of circular cross-section,

a pair O mcron rod-shaped, platinum electrodes 19@%;3 arly

[ nserte‘gBtggnas-’gept h of 500 mcrons into the capillary w gg?go m cron
separation powered by a 400 V field, the direction of flow was '
deternmined for several solvents. The 5 direction of flow and the [err] and

di pol e nonent values are as follows: 44  Sol vent direction [err]
[err] [err] [err] di pol e

rmggm . tempefitlind @hd pressure of the soluéuo@x &h aero@e??esults Aiﬂogels%@
1.

1.75 chegticalhgRMBOfiiions thaF Ae similarc ) si&tﬂSSFr‘@ g. S'Oz) But have o 44 0

2387 4. %%?rGeénely porls microsPGELRBE. Their densities are cotPtably idWwAh 71

some cases having only about one to_about three percent solid composition,
5 the balance being air.
H. Capillary barriers
Capillary barriers have been described above with reference
to Figures 4A and 4B. However, more complex design considerations than
were discussed above can, in some cases, affect the design of the capillary

10 barrier. In some cases it is desirable to narrow the sluice formed by second | ‘
opening 362 or third opening 363 to increase the impedance to flow (i.e., the
frictional resistance to flow) as appropriaté to arrive at an appropriate flow
rate when the associated first pump 360 or sécond pump 361 is activated.
Such a narrowing is illustrated by comparing the sluice of Figure 16A with the

15 narrowed sluice of Figure 16D. The problem that this design alteration can
create is that narrower channels can increase capillary forces, thereby limiting
the effectiveness of channel breaks. _

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

20 Figures 16B and 16C. More preferably, a channel break includes two or more
upwardly oriented sharp edges 369. In Figure 16B, 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.
|. Fabrication of Plates, Channels, Reservoirs and Reaction Cells ‘

25 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
material will be one that has shown itself susceptible to microfabrication

30 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 plastics. Glass, quartz, silicon and plastic support
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Corning 7740 borosilicate glass, available from Corning Giass Co., Corning;
NY, are among the preferred glasses.

10 The liquid distribution system of the invention is preferably
constructed from separate plates of materials on which channels, reservoirs
and reaction cells are formed, and these plates are later joined to form the
liquid distribution system. This aspect of the invention is described in some
detail with respect to the hydrologic liquid distribution system. Preferably,

15 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 piates are
preferably permanently joined. This joinder can be done, for instance, using
adhesives, or techniques such as glass-glass thermal bonding.

20 One preférred 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
contemplate that substantial amounts of channel structure will be formed in

25 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.
The glazed plate is treated to create channels, reservoirs, or reaction cells as

30 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
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nes the walls of the channel in which it is |located. Such an

el ectrode- based punp, fabricated in a 1 mmcapillary, h own to
be ef f ectWQa6/1%576 punp 2-propanol in the direction point é’gﬁf‘%gg@"s?ﬂe

al pha el ectrode 364 either when the voltage applied to the el ectrodes
inplied a (-) direction of flowor, 5 wth sonewhat weaker flow, when the
vol tage applied to the el ectrodes ng |ed a (+) direction of flow.
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| more preferbBift, hetweenGiholW 180tda dritf BB6uNBODOs. t TBe diRid @ksist On
heog(ljlgxgarlnatenal can be a material capable of bonding glass substrates using
the method described herein. Preferably, the field assist bonding material is
silicon or silica. More preferably, the field assist bonding material is silicon.
The field assist bonding material can be applied to a plate, for
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
present invention, silicon layers of between about 150 nm and about 500 nm
thickness have been bonded to glass plates under conditions that can be
expected to generate an outer surface layer of silicon dioxide, such as an
about 20A Ilayer, although the sealing process is believed to be effective in
the absence of this layer. The coated plate is treated, as needed, to create
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’17. The field assisted bonding device
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. Arrows 770 indicate

‘ .



produced at the difference anplifier connected to the position sensor nust
be calibrated prior to experinental use. 25

- T
punpi ng pXCHEP¥6s for a nunber of solvents have been d%?gpﬁgsﬂég"%i n the
1 mmcapillary described above, as foll ows:

30 Sol vent Flow rate, Q Pressure, P electrical
efficiency. 47 lerr]l/sec N nferr]
[err], nolecul es/e acet one 14. 56 16. 33
1.9 x 10[ ethé electric'fRil@tRIntation. Generally, the flal‘& é‘@srsted bonding 136 32

9.7 x 10[err] 1- pr opanol 4. 89

4.2 x 10[ ecpndusted yndenhgincsmadratmosphere. 18, 44 20. 45

5.8 x 10[err] 1,2 C

>0 x 10[err] HEPlREE RS oans 1o & sEmpesprysa by plRerive,

obser vat i orvtidratanfapprdpriateblectric dietd i€ applied acidssPthEdplate il todad @Aelabl e
field stren th can be made nore 10 susceptible to el ectrode-based punping
by addi R &heBongine ProerssenWdila Agt wishing to be bound by theory, it is believed

that the combination of a cathode applied to the first glass plate 740 and the
greater exchange-site mobility of ions (such as sodium ions) caused by the
elevated temperature causes an ion depletion on the face of the first glass
plate 740 opposite that -to which the cathode is applied. The ion depletion, it
10 is believed, causes a surface charge at the bottom surface of first glass
substrate 740, which correlates with the creation of a strong localized
electrostatic attraction for the second substrate 750. It is clear that this
process creates strong bonding between the substrates and, it is believed that
this is due to the formation of chemical bonds between the silica of the first
15 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 abou_t 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
20 and second glass plate 750. The voltage most suitably applied varies with
the thickness of the glass plates. The volitage 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
25 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
30 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



additive. Preferably, the fl owenhancing additive is mscible with the
resi st ant fluid and can be punped at high pressure P, high flow rate,
Q and gWe®PsnssTeel ectrical efficiency, [err] (i.e., nol ecBFELSSHMAY per

el ectron of current). Generally, the flow enhanC| ng additive conprises .

bet ween about 0.05 % w w 15 and about 10 % w w of the resistant fl uid,
preferably between about 0.1 % w w and about 5 %ww, nore preferably
bet ween about 0.1 % w w and about 1% w w. Carbon tetrachloride and

d
Chpi |1y B B leRs b SRS 85N SR ng 0.5 06w w

acet one orsifriitsmeeushs a fl ow enhanci ng 20 addl tive, bot h of these fluids

can be punped at a voltage of 1,000 V one cases, it is desirable
to reverse the preferredPPSORF ArdiBALY 6h'"o‘ﬁ’"'a"e|°i°§m4§ that whilerphigtplate s i t a
f1 ow enhang Y&vil F Iy tion.
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valve to rgsd sibdtr®Wsitd e BBRLAYN direction by operating the punps to
counter the unwanted flow. To power the el ectrode-based punps, one or

nore digital drivers, cohgiresémgirsf redatioresealtsplherizantsiichannels andothermt ch,

te 30 1 t chi devi.ce,. .S DVOS t t lified
oot ron cRreR AR NG I BT BR TR RseM ne bR TRade Btk Tolokdngr ol ed
10 procedure. A plate, that will for instance make up one of feedthrough plate '

300, distribution plate 310, reaction cell plate 320 or intermediate plate 330,
is coated sequentially on both sides with, first, a thin chromium layer of about
500A thickness and, second, a gold film about 2000 angstroms thick in
known manner, as by evaporation or sputtering, to protect the plate from

15 subsequent etchants. A two micron layer of a photoresist, such as Dynakem
EPA of Hoechst-Celanese Corp., Bridgewater, NJ, is spun on and the
photoresist 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 openings in the

20 resist layer, 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 KTl
Chrome Etch of KTiI Chemicals, Inc., Sunnyvale, CA. The plate is then etched

25 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 channels of the distribution system

30 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. The widths of the



31 I ndependently. Preferably, each digital driver is connected to

mul tiple swi tching devices that each can be used to control the punping
rate of W0 96/1553&par at e el ectrode-based punp. PCT/USOS/IpEOAt ur es
of other distribution systens described in this 5 application can be
applied to this enbodi nent, irrespective of under which subheadi ng t hey
are descri bed. C. Preferential Flow,Liquid Distribution System

Anot her enbodi ment of the distribution &§stem wherein a plurality of

m croscal . [ I 3 rat.el ddressed by, _a 10 nunber of
reagent | ﬁgﬂ?‘g@&tlﬂs?g‘g nggcso%%ﬂf u%@ia’igg%?vsz?fg?‘éﬁ?‘?’g'ﬁFﬁ%’t’?%‘?eade typically
schenat i céony abBultisrficdnsFRabbbes200 widrehsdpedferdbll ifpomsasdsirsodescr i bed
in this application _can be applied to this enbodi nent, irrespective of
under Migians wuphedt2RE mirrensr evqreskiefgyally from about 120 microns & gure 9
Il lustrat gngt B'Egs%i&%p‘gi_ nuous fl ow channel 400A, a 15 second conti nuous

4 :

fl ow channe a third continuous flow channel 400C and a fourth
cont i ndoud. f Fatwicdtiom el EldtitydeBabed ®urhpsious fl ow channel havi ng an

upstreamend U and a downstreamend D. Fl yid can be pushed t hr qugh
first through fourth cgﬂwm*begnhqﬂwemanﬂm Eq‘A'GO&-S 815‘5‘%‘ fKstaqas of the

ey " A R LR, SN SOHRUL ko PRI WhaZD
within t hehrdught thehliquighdis bibutiorcsystemio Theisk lectiades ase 4864raIBOD.
fabricated in the top glass plate of the liquid distribution system. Typically
10 each pair of electrodes is closely spaced {e.g. 50 to 250 microns separation).
The electrodes are fabricated with diaméters of preferably about 25 microns
to about 150 microns, more preferably about 50 microns to about 75
microns. In prgferred embodiments, the liquid distribution system has 10,000
reaction cell 350 with each reaction cell 350 having 6 - 10 associated
15 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 paraliel,
rather than sequential fashion. A preferred method of forming the electrodes
involves forming the holes in the plate (e.g., feedthrough plate 300) through
20 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 sinters at a given
temperéture to form a mass that, upon cooling below the sintering
temperature, is an electrically conductive solid} and then firing the plate and
ink fill to convert the ink into a good conductor that also seals the holes
25 against fluid leakage. The method also creates portions of the electrodes that
protrude through the piate to, on one side, provide the electrodes that will
protrude into the liquids in fluid channels and, on the other side, provide
contact points for attaching electrical controls.
For example, holes are drilled in 500 micron thick plates of
30 “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,



Constricted zones 401A-401D at the upstreamend of the first through fourth

continuous fl ow channel s 400A-400D have a first cross-sect| . Open
zones AWONGMBSTS at the downstream end of the first throug%cggﬁrb?lgjs%@

continuous flow channel s 400A-400D have a second cross-sectional area that
I's greater than the first cross-sectional area. At the upstreamend of the
open zones 402A-402D, are first br h channel 410A, second branch

channel 410B, third branch channel 0C and fourth branch channel 410D,
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sufficiently fine dimensions. One suitable formulation uses: 12-507 Au
powder {Technic Inc., Woonsocket, Rl), 89.3 % Wlw; F-92 glass (O.
Hommel Co., Carnegie, PA), 5.7 % w/w; 15 % w/v ethyl cellulose N-300

10 (N-300, Aqualon, Wilmington, DE) in Texanol™ (monoisobutarate ester of ‘
2,2,4-trimethyl-1,3-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 alkyl trimethylenediamine

15 oleates, Akzo Chemicals, Chicago, IL), 0.5 % w/w. The gold powder from
Technic, Inc. has an average particle diameter of 0.9 microns. Another
suitable formulation uses: Ag Powder Q powder (Metz, South Plainfield, NJ),
80.8 % wiw; F-92 glass (0. Hommel Co. Carnegie, PA), 5.2 % w/w: VC-1
resin (37% w/w Terpineol T-318, 565.5% w/w butyl carbitol, 7.5% w/w

20 ethylcellulose N-300, Aqualon, Wilmington, DE), 3.7 % w/w; 15 % w/v
ethyl cellulose N-300 in Texanol™, 4.0% w/w; 15 % w/v Elvacite 2045™
(polyisobutyl methacrylate) in Terpineol T-318, 4.1 % w/w; Duomeen
TDO™, 0.6 % w/w; and Terpineol, 1.6 % w/w. These formulations were
fired at 550°C to form high aspect ratio conductive conduits.

25 When the size of the glass or metal powders increases, good
filling properties (lack 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

30 typically include a metal stencil with openings corresponding to the openings

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.



The dovvnst reamoutl ets of the conti nuous fl ow channel s 400A- 400D

connect with a comon bypass 430 whi ch connects to first drain 431 A
and seconggléeisgred31 B. 10 Branch channel spar0%9543856 have
a first beta constrictor .420BA, second beta constrictor 420BB, third
beta constrictor 420BC and fourth beta constrictor 420BD, respectively.
From buf fer channel 440, there extends a reaction cell conduit 442, a
first buffer overflow 441A and a secd buffer overflow 441 B. Reaction

cell conduit 442 has a gamma 15 constrictor 420C. First and second buffer
overf.| ows 4Aften filling.4the Eat@wth its i irk-filetitholevistemeved fandmthemd second
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entry of liqud Ainto bu fer chann can result in the application
of upvvard pm&drbegm tsocapd Abcotdihglyowvitih some typescof plates ehschibigihet 10D,

depend| on t'gﬁ rate® out f| ow t'hro(ggh 30 reaction cell conduit 442 or
first or se FRReHIFEeS coVd 9e 5QRTeIRIf Y, 441 B. This pressure can be

o oot puous s CHEPSRE 108, e drcie ateris g e o
above and below the glass plate after fmng, the top and bottom surface of
the plate can be coated with a sacrificial layer of thicknesses equaling the
length of the desired protrusions. The sacrificial layers can be applied before

15 or after the holes are formed in the plate. If before, then the holes are formed
through both the glass plate and the sacrificial layers. If after, then (a)
corresponding openings through the sacrificial layers can be created by
creating a gas pressure difference from one side of the plate to the other,
which pressure difference blows clear the sacrificial material covering the

20 holes or {b) such openings through at least the top sacrificial layer are created
when the pressure of the ink pushes through the sacrificial layer and into the
holes {leaving an innocuous amount of sacrificial layer material in the holes).
An appropriate sacrificial layer burns away during the firing process.
Sacrificial layers can be made coating a plate with, for instance, 5 - 25 w/w

25 % mixtures of ethyl cellulose resin {e.g., Ethyl Cellulose N-300, Aqualon,
Wilmington, DE) dissolved in Terpineol T-318™ or Texanol™, or 6 - 50 %
w/w.mixtures of Elvacite 2045™ in Terpineo!l T-318™. After firing, the
surfaces of the electrode can be enhanced plating metals, such as nickel,
silver, gold, platinum, rhodium, etc. The depositions can be performed using

30 standard electrolytic and/or electroless plating baths and-techniques.

Preferably, where a plate thaf is to contain etched openings

will be processed to include electrodes, the etching occurs first, followed by
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Al'l constrictors 420 preferably can operate to

stop liquid flowin their respective channels, partlcul ar | gﬁt
t hr ough W8S 7Bet a constrictors 420BA through 420BD affdt é%?ﬁé

constrictor 420C.
vi ew of continuous flow 5 channel

channel 410A, while Figure 1 OB iII rates the continuous flow channel
400A operated to direct flowinto common bypass 430. A reaction
cell 350

Figure 11
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in a glass matrix. After applying the via fill ink about the base of the wire on
the outside of the opening, the channel is heated to a temperature above the
flow temperature of the via fill ink glass, providing an excellent seal between
the wires and the channel. The via ink, which is used to seal the holes, can
be substituted with, for instahce, solder.or an adhesive.
. _Miscellaneous Features

In the case where the temperature of a particular well is to
be monitored or changed, a means of heating or cooling the well is built into
the well, as will be further explained below with reference to Fig. 20. The
first well 36 in this example has deposited on its bottom surface a thin film
57 of a suitable metal oxide, such as tin oxide or indium tin oxide. The thin
film 57 is connected by means of an electrically conductive metal connection
58 to the end or outer edge of the well 36. The tin oxide coating 57 serves as
a heater element for the well 36. The sides of the weli 36 have a surface
bimetal film 59 and Ieeds 60, suitably made of chromel-alumel alloys, forming
a thermocouple to measure the temperature in the well when a source of

current is applied to the tin oxide coating 57 and to the leads 58. A voltage

applied to the well 36 via electrodes 56 deposited on the backside as shown -

regulates the temperature in the well. The amount of current applied can be
regulated by the controller 10 in resbonse to the temperature measured
through the leads 60. '

| In some applications of the liquid distribution system a
significant vapor pressure may develop in reaction cell 350, causing a back
pressure into the distribution plate 310. Thus preformed valves 70 (see Figure
21A) formed of bimetallic materials as described by Jerman et al,

"Understanding Microvalve Technology", Sensors, September 1994 pp 26-36

Figure 10A shows a cross-sectional
400A operated to direct flow into branch



drawing fluid fromthe fi rét t hrough fourth primary feeder channels
470A- 470D. D. Expansion Valve Liquid Distribution Syste

The expan?f%?ﬁ’\?ﬁ?ﬁk/e liquid distribution system has a reacti gﬁ‘?l%sssnég?q , two

or nore feeder channels, a separate conduit connecting each feeder
channel to the reaction cell, and a expansion valve for each conduit,
wherein the expansion valve has an exggnded state that fills a
cross-section of the conduit and prevents fluid flow through the

condui t andcaw besituaretad thirdtverdioal Ehainatl 390VSThESH FhatbGarstHERUS héhSal
condui't. This enbodinent differs from ot her enbodi ments in that the
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ol yet hyl er® BETTEREEE2R30 e FermeLFoahan baRil frag il fagas into the
pol yvi nyl i divel 36 (séé FRjurde2 BA MO hhib abhiperairo &b ibib GVl 3Bl instddsesMid) | ow
noi sture vapor 30 transm ssion rates (e.g., polyet h{:l ene, polyvinylidine
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pol y(et hyl enéterep a
34 from passing into and out of the first well 36. Alternatively, a conventional

check valve having a bearing, such as a bearing made of quartz or
polytetrafluoroethylene polymer can be used to isolate the reaction cell 350.
10 Where it is important to have the capability to have fiuid flow counter to the
direction established by the check valve, the check valve can have an
insulating or magnetic bearing, which can be moved to allow such counter-

flow with externally applied electrostatic-or magnetic fields.

15 EXAMPLES
Example 1 - Liquids pumped with a simple eléctrode-based pump
Using the 1 mm capillary with a two electrode-pump
-described above in Section B.ii., a number liquids have been tested, including

the following solvents:

20 Solvent Flow direction voltage applied
N-methyl-pyrrolidinone | + . 1470
{NMP)

Dimethyl formamide + 390
{DMF)

25 || Dichloromethane (DCM) - 686
Methano! {MeOH) - 489
Isopropanol {IPA) +
Acetone +
Acetonitrile +

30

The following solutions in NMP, at 0.1M uniess otherwise indicated, have



are also preferred for their vapor barrier properties. The channels or

conduits of this enbodi ment are preferably as described bel ow in

Secti on WO 9415576 describes fabrication nethods. HowevefCT/T$RsE4590

enbodi ment can nore readily be used with larger scale features, such as ’
| arger channels and reaction cells. 5 Features of other distribution
systens described in this application c be applied to this

enbodi ment, irrespective of under which bheadi ng they are descri bed.
Fi gure, 125§%e2‘\/\? sacea;:hemati c having fifth through eighth primary supply
channel s %rou'gh 580D, respectively. Fifth primary 10 supply channel
580A conngts tO TTTSt arpna T ecder canner  5rOAL,  secomnd al pra er
channel S%BRE?QQT\H so on. Sixth through ei ghth prilaw direction y channgl s,
580B thro p 580‘?, respectively, are @l so connected to feeder channgl s.
Focusi ng dh &880 mgm@é@g‘ T channgl 570A2, second beta f eeder re
channel 57pBSNagRAIC gamm channel 5Y0C2 and second delta 1 5 feeder

Gi st Dot | R R B ARSI, 1.t on ohannct ™ 0008 —ganma

di stri butipnN,NhdiageloheRORGrEeirflidet a ¢i stribution channel s 500D,
respectivery: '

r , ot pta—feeter—chanmet—570A2 5
connect ed | dsebutamine  al pha distribution channel 580A11, twelfth al pha

distributi

nnel 20 00A12, and $o0 on., Sefs of I stribution
channel s g,’ Z'? .e"é?é{%HFqi?'yjn,z' al pha|di st ri\® {q%ﬁtéim&%‘é’oﬁﬁﬁ‘fs el evignt h
beta di st r|| BuliDhra-tehmamethyluronisimp 1 | el dowier FogsaRE2PBE AP i h 1 Miannf
500C11,10anihexafleataphesphate (HBEULt ri buti on channel 500D11, are connect gd ‘

to a given reaction ce , €.30., re_acfl on cell 350. 25

As illustrated bhel ow, each distrjbution channel 500 has an expansi on
val ve whic hegﬁﬁw%&ﬁp long indPMFoall 34 @M exsepHagRigefdine, which Was s 570

into the r 8864 i\m}’ ﬁg\l,é b@ég teQyEect ed via the distribution channel



R

500.. I'n one preferred enbodinment, fluid in the primary supply channels 580
and feeder channels 570 is maintai ned a constant pressure usi ?‘?s upstream 30
punps anWQ¥k$ster eam pressure rel ease val ves. PCT/USIS14®P gure 1
3A shows a cross-section through el eventh al pha di stribution channel
500A11. Three of the plates that formthe distribution

35 system first plate 591, second Iate 592 and third plate 593, are

i1 lustrated. Second alpha f eeder - charf 570A2 second beta feeder
channel 570B2,

f eeder channel 105G: 11G
first plate 59 awaptb—b alnbhadicteibuttign ghannal HBOOATT | S—nr | e '

formed with p NI second pl atep592 and can

formed during Fre—tetthfg—process tsed—fo—+ormthese—plates—Fhe
portion 501A11 o4-flelceophnediylatetia adidst ri butijon channel P500A11 connec“i ng
to second al phjgp Teeder channel 5/0AZ_can De Tormed using a arfri+img
process, such §'§'9F'a%’éYPhﬁ'1W'¢‘F‘?féF BeCess. [The portion 10P502A1 1 (see Fig.
13B) of geleve mﬁrﬁlb%rgh%%y{%%&% ghannel| 500A11 that o
3-(4-methoxyphenyl)propionic _ -
acid :
4-bromocinnamic acid -P
terephthalic acid ' -P
10 isophthalic acid - . : -P
1,3-phenylenediacetic acid -P
1.4-phenylenediacetic acid -P
3-{4- carboxyphenyl) propionic -P
acid
15 1,4-phenylenedipropionic acid -P
4,4'-oxybis {benzoic acid) | -P
4,4’-dicarboxybenzophenone -P
piperidine +
1,3-diisopropylcarbodiimide +
20 allylamine +
butylamine +
isoamylamine +
propylamine +
isobutylamine +
25 cyclohexylamine +
heptylamine +
benzylamine +
phenylamine + P
3-amino-1-propanol + P
30 2-aminoethanol +




connects to reaction cell 350Bl1 is typically forned during the nolding of
second pl ate 592. Expansi on val ve 580 includes a | ow nodul nerlc
film58WQd¥KS2& a hydrocarbon el astoner, acrylonitrile- bd’@&’sglqi?tgg

pol yuret hane filns, which filns include natural | atex filns,

et hyl ene- propyl ene 15 rubber and acrylonitril e-butadi ene-styrene copol yner
films. The el astoneric filmcan, fogsexanple, be bonded to the
substrate using an adhe5|ve such as a t her mal settlng acryllc polyurea
or polysul fi dpg=ecesss 2 : D= =

bondi ng or ul
chanber 582 t
| ow-boi ling | Er
sufficiently 0 e 82— S —am freat Ty e emEnt—58 W ' I
preferably coptdbd- Iaéﬂnb tfw@nmoophehna_o The heating el efreRt 583 functi §ns
to heat t g?s or Uﬂyld | Pld chapber 582 to cause the expans“
of the ex hait$ B0 Yignid ﬁ&g ion chll 350B1 has 3 drain 355R]
Heati ng el emelitys B8Ry IpRBsBRIANY number of heating devices known tojthe
art including ' ' ces,
i ncl udi g i nf {adedminopepydserosphelimér as eflge-eni tting diode | aser
arrays avail afe Trom Davi d sarnoi1 Resear gn Ccenter, Princeton, NJ or {he
1300 nm or 159@-Heprenssprethans | abl e from Lhser Max I nc., Rochester, NY. IHI f
30 the heati ) an infrared{light source,,the materia tljat
I nt ervenes be ﬁh? & §§ °h%| _and_Lhe_LLuLdiciguﬂuu;iﬁil__‘
preferably transmnktathibebshzy@Mebnhsi0% npre preferably. 80% of the ‘
i nfrared ) -
' o-aminobenzyl! alcohol ' + :
10 2-methoxybenzyl alcohol +
2-({triflouromethyl) benzyl alcohol +
2-amino-3-phenyl-1-propanol + P
diethylazodicarboxylate _-P
4-dimethylaminopyridine + P
15 carbazole +
azobenzene +
3.4-dihydroxybenzoic acid -P
4-methylmorpholine N-oxide +
3-cyanobenzoic acid No flow
20 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
1,1,3,3-tetramethyluronium lower concentrations (0.01 -
hexafluorophosphate {HBTU) 0.1M)
+ weak
25 2,.3-dichloro-5,6-dicyano-1,4-benz
oquinone
tetrapropylammonium No flow
perruthenate




36 light fromthe heating el ement 583. Figure 1 3B
shows a conparable version of a cut-away view of el eventh al pha
di stri bwoosrisshennel 500A11 where the expansion val ve PEBWSPY14586i t | oned
differently. 5 . Figure 13C shows a cut-away of a preferred
enbodi nment where el eventh al pha distribution channel has a first
expansi on val ve 580A, a second expansi on valve 580B and a third
expansi on val ve 580C. These three val ves can be operated sequentially
to createap' g force that nopve liquid intg e reaction cell
350BL. For i .f at time one, eleventh 10 di St'l_:ll butln“hannel )
is filled w tig 1id and X Nan a8l
time two, fi rt expansi on val ve 580A remaifn expg\rllgei%vgnd second
expansi on val | ? 580 b % ps,t 5 h| ng |iqui nto the reagftion
cel | 350B1. e B&Pﬁ&%‘ qn val ve 580B remai ns exphnded
and first expg §“6 e\/e 580A begins to dontract draw ng iguid flrom
second al pha the voI une fIQr[SmrI y occupi ed
by the expandgpd c : 5B0C
begi ns g 0 expf nto react| on N:ﬂ I 35081 At
time four, thy X panted ATt SeTond
expansi on val - EHZGBODm}hMB bte@zomac!dct at| the about tNeDsame tine firlt 20

expansi on val y RB A begl nls tci exgand At jitime Ti1ve, fll\f { expansion Vil ve
580A i s expan ansion va 5908 and 580

isobuylamine N.D.
glutathione (SH) ) N.D. : “
10 : y
" Those directional indicators {" + " or "-") followed by a "P"
indicate that flow was achieved using a pulsed voltage
program pursuant to Figure 8, where r;= 0.1 - 1 ms and
7,= 3.0- 10 ms.
15

9 "N.D.", in this table and the tables below, indicates either
that the solute was immiscible with the solvent or that visual

inspection suggested that it had decomposed.



are contracted, setting the stage for a new punping cycle. E.
El ectrode-based Liquid Distribution System .__Figure 14
shows a WOP6N$84 of a |iquid distribution systemof 25 t hPSHEXFAARNL- based
liquid distribution system showi ng how channels from a nunber of feeder

channel s, e.g., alpha through delta feeder channels 670A t hrough 670D,
respectively, can connect to a fifth veréé' cal channel 628 that connects -
to a given reaction cell 350. In Figure 14, al pha

f eeder ch e I hapnel 670C
and del ta%et?é’?’zgﬁgn%gmgz}g%q%%ﬁgg{rﬁ1'\ﬁg’ ﬁ%?%ﬁg%?l rgs? Ergcﬁgﬁepguﬁ?\éeﬁ
channel 62%en wispddt second di stribution channel 624A, beta second

di stribution channel 624B. _and beta first distribution

37 channel 4.2&8 respectively. Alpha first di rva b icqno shahnel 622A,
al pha second | I on
channel 624B, first distribution channel 622B have @n al pha
first electrode- ﬂgfﬂgan\%épumg -660A—a—bet-a—firsfi—electrode-basell punp
660B, asgammua fi ffisbutyiamine

cyciohexylamine -

1-(3-aminopropyl) imidazole -

diethylazodiacarboxylate -

TP Palladium - ‘

10 isobutylamine B -

isoamylamine -

propylamine - -

1-(3-aminopropyllimidazole -

p-carboxybenzenesulfonamide N.D.

15 ' 2-{1H-benzotriazole-1-yl}- N.D.
1,1,3.3-tetramethyluronium '
hexafluorophosphate (HBTU)

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

program pursuant to Figure 8, where 7,= 0.1 - 1 ms and
7= 3.0- 10 ms.



5 el ectrode based punp 660C and a delta first el ectrode-based punp 660D,

‘respectively. The alpha first distribution channel
vertical wbhaghgds628 via al pha second connector channel

622A connects to fifth
62 PETARYSA4h A

third connector channel 625A. The beta first distribution channel 622B
connects to fifth vertical channel 628 via beta second connector channel 10
623B and beta third connector channel 625B. Note that al pha second and
beta second connector channels 623A and 83B are in a | ower plane than

t heir connected al pha first distribution channel 622A and beta first

di stributi d‘mechﬂlrmmhgﬁétﬁﬁilomeypmethmeby allMdtphet Me bene b@lesatnesbaﬂ [ on channel
624A and beta secouod.distribution channel 624B each conne tly wth
15 fifth vertical jcf dea%oﬁhe "N
portions (indicat ¢edtatha figural of aloba _ loota . atetaze=Wi=Tals delta

f eeder channels 6] o,gfﬁ,z,g bh& 5y EEE{Ib‘é%H’ ar e ref rred to as tihe "feeder
channel inlets", e "f eeder
channel outlets". T@f!uaim@ma@bpha beta ganmie and dePta f eeder 20
channel s 670A- 6700 AVE 0 < oUE-DasSed—pumnmp 66 4A, a

beta sec®nd el ectHo@é“@b@dhlpurh?ngﬂvﬂcohobam selcond el ect rode- lﬂased
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dsﬁiﬁ%beﬂﬁoﬁeaérﬁé punp 668A, a

bet a Nglﬂcq,,,el ectfr ode- based
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eb)arGiRdehiSasli usted to ei t her
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el ect rpgdp. of thd first

isobutylamine

N.D.

18

isomylamine

20

Example 2 - An electrode-pump based preferential flow system

N.D.

indicate that flow was achieved

Those directional indicators (" + "

or "-") followed by a "P"

using a pulsed voltage

program pursuant to Figure 8, where r;=0.1-1ms and

7,= 3.0 - 10 ms.

A channel system was fabricate

d 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

25

the voltages applied to certain electrode-based pumps. As illustrated in

Figures 18A and 18B, first channel 804 {2,600 ym long by 150 ym wide by
100 ym 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 ym deep),
fourth channel 807 {200 ym iong by 100 ym wide by 100 um deep), fifth

30

channel 808 {550 ym long by 100 ym wide by 100 ym deep) and sixth

channe! 809 (2,500 ym iong by 150 ym wide by 100 ym deep) were

fabricated on channel piate 810 {not shown).

Also fabricated on the channel



second el ectrode-based punp 667 and third el ectrode-based punp 668 t hat

38 | (v6@{R$¢ the junction is connected to a comon vopdPUSIsAAsHICE Of
gr ound. In a preferred enbodi nent, capillary barriers,
for instance | ocated at the four junctions (unnunbered) with fifth
vertical channel 628 can be used to limt unintended flowinto fifth
vertical channel 628. In another 5 prefeeged enbodi nent, the al pha and
beta first distribution channels 622A and 622B and the al pha and beta

second di st pldatet8 bD veérenfirsit svél? BA0M dsecondoréB 8C0R: andrthodewel BOGER] whiich hs
that their connected fe nne L.ow t hr ough thﬁ
t he

t.h
di stribution¥ ?:rﬁa%?{m?tgg %{)v‘%'gﬁan%e Feddn Jec‘"foéi?d?'@get F%anfalso%'? %38

feeder changghfedbtdthddahanmdllfialey8NOBY FiBRI hédistedlPeraebbhamgy.bangd punp
660 in the distribution channels are operated to agai nst the

unwant ed fl @lgctreds plaie|820 bad apeningeinip firse vmllsge%u@mbﬁecond wmelhBO08
(e.g. a'@“?n&{ []I%}sﬁr%'t?cpr ! ?H%a Q,Uex? %ﬁﬁ’éﬂnct ﬁ&@ a'L%Y\ ?&@Sg% "Q‘hg.té]e?ttr?ﬁ%

t he opem ng "W junction l'ess
wi dth the cophstecs8z2d fﬁﬂeﬁerhadfmaﬂﬁbnﬁél@ctrmw mﬂfcewd)by inbertinigd2b gra about

15 40%or lva?gs OfThteheele\év{rgEigs t.rbceluggg rfllergtt ggtlt\%%ig{ec%r%%%ng& RTOS'econd
platinum electrode 801B, third platinum electrode 801C, fourth platinum
electrode 802A, fifth platinum electrode 802B, third platinum electrode 802C,

10 and the two electrodes comprising gamma electrode-based pump 803. First
platinum electrode 801A, second platlnum electrode 801B and third platmum
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.

15 Figure 18A shows methanol flowing from first well 800A to
second well 8008, while bypassing third well 800C. This is done by applying
160 V to alpha electrode-based pump 801. Figure 18B 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,

20 100 V to gamma electrode-baséd pump 803 and 120 V to alpha
electrode-based pump 801, where the polarity at beta and gamma
electrode-based pumps 802 and 803 favored flow into the third well 800C,
and the polarity at alpha electrode-based pump 801 favored flow away from
first well 800A.

25 Example 3 - Electrode-based pumping past capillary barriers

Figure 19 shows a prototype liquid distribution system
fabricated pursuant to the hydrologic liquid distribution system. The
distribution system was constructed from three plates of Corning 7740 glass,
Corning Glass, Inc., Corning, NY which plates became top plate 810,

30 intermediate plate 920 and bottom plate 830. The top of intermediate plate
920 was coated with silicon as described above. In top plate 910 were
formed, by laser drilling, first hole 901A, second hole 8018, third hole 302A,



Features of other distribution systens described in this application
can be applied to this enbodi nent, irrespective of under which

subheadwmyoa/136% ar e descri bed. F. Controller 20 PCT/US95/14590 The
controller 10 will typically be an el ectronic processor. However, it
can also be a sinpler device conprised of timers, swtches, sol enoi ds

and the like. The inportant feature of controller 1 0is that it directs
the activity of the first punps 360 and®3econd punps 361 and, optionally,

26° ehowrfputthnglE BERRE i Hore, bPka vkt Bl sﬁ%ﬁéhﬁewgs@ﬁoﬁeﬁﬁizééé’éspé&iﬁ
to t hegwed h&lé’B@dBeavdﬁ:cﬁnﬁol%%‘édrpﬂfé a @Rthdter 6 VE gt Gy Whiyh the

driving means such as the controlle so as to nove |iqui s t hr ough
the arraysecond poles 3QhAaandh 9@6 E‘ wefedmmbm ferme finkt oloded eleatdodesbabéd by

| ogi c CII‘ |ts at ar.e the ol ler 10 for,  exanple. 30
G Reacti o %2 Y r??éaggt ? Q? fd 928 OwePe used't3 foRxLcti on

cells 35056'Uoﬁhd umt@w;be/ er&mfc&ﬁdsbeeéd ponie®62) Fiteh and s:smp%lésay@gﬁ &hd a

reaction cell plate 320. The drain 355 to a reaction cell 350

39 803B were used to form third prototype electrode-based pump 963. Seventh
and eighth holes 904A and 904B were used to form fourth model prototype
electrode-based pump 864. The electrodes in each of first through fourth
prototype electrode-based pumps, 961 - 964, were separated by 200 ym .

10 By etching, alpha opehing 905, beta opening 906 and gamma opening 907
were formed on the underside of top plate 910. By laser drilling, ninth hdle
908 and tenth hole 909, each with a diameter of 150 ym, were formed
through upper plate 910.

In intermediate plate 920 were formed first prototype

15 channel 911 (made up of segments 911A - 911D) and second prototype
channel 812 {made up of segments 812A - 912D). First and second
prototype channels 911 and 912 having a depth of 80 yum and a width of
150 yum . The entries into these two prototype channels 911 and 912 are
provided by ninth hole 908 and tenth hole 909, respectively. First reaction

20 cell access hole 913 and second reaction cell access hole 914, each with a
diameter of 150 ym , were laser drilled through the intermediate plate 920.

In the underside of intermediate plate 920, a delta opening 915 was formed,
which delta opening 915 connects the reaction cell 950 to first and second
prototype drain holes 821 and 922.

25 in the bottom plate 930, the reaction cell 250 was formed by
etching. First prototype drain hole 921 and second prototype drain hole 922
were laser drilled through bottom plate 920. The top plate 910 and
intermediate plate 920 were bonded together by field assisted thermal
bonding. |

30 When methanol was introduced into first prototype channel
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.



can be open at the bottomof the reaction cell 350, in which case drai nage

S W;glfgslhfd kinetically and by negative pressure freprhligs/sqa95ect ed
channel s. Al ternatively, the drain 355 may be adjacent to the reaction
cell 350 and open at a height greater than the height of the floor of
the reaction cell 350, 5 as illustrated in Figure 15A. In Figure 15A
drain 355 is connected to reaction g2ll 350 by sluice 351. In this
case, flushing volunes, which are = substantial volunes relative to the
vol une of Cotrespeadinighn theldanillaryrbardec ddbened byi theasitsoture artmtatopering

passed th h the reaction cell 350 .10 renpve all _ of a.gi,ven, react ant
previ ousl ?8599'5(‘,(?859‘15“’;%#‘?%@ 6%‘3(&(‘?%#’8(5??0%%@9.3"rf’céﬁﬁ? .ﬁv&le ? 4'aPl°é’Ynat ive,
the reactingd thelrkadshén icell @RB8S Hed 918 & B2, by SthdHoutONEGligkhé@i n
channel 356A and beta first horizontal drain channel 356B, having an al pha
drai n punipited binactivatingthe @ppooprias7Bimpss parnt instdnce, vhiplmpan be an

| de- d i1 ' ' . | ph b
Firet 2 adRFSaiBaen Bs pictihard SHahelo B o Bi Mot Hp kAR AR P TH L) pha
vertical pufmpdoai narthasdeid pestdtpel editPodebhbed pudtin00 X e diasBBy whi ch

in turn are . connected to an al pha and beta second horizontal drain
channel 323RRlYHIH200 Vasdpw threyebithedprptolynmehaniel it b was ehaern®d: zont al

drai n chagpg A59A compiigh da08 RIS UQilEAUBAYEr @ N 35°A and beta

drai n 3558. 7 are operated under the control

of the controller 10, 20 wihiEhspmhesisbeging withps namiepfqpslyetyeene drain
on,cell 355. Note that this latter drajnage structure

h ' )., 1)
itn§| L Zﬁtéem RPER whighis svatke /i R thy @hosphorgraidite nspdndl Phetestednps
3578 and ShddhddiBofile Halfifa RRAREnELTEE 1o 3'); UEABRLRTAGRPAREHGAR Nt 2

- flow would drain the reaction ce " the other so that a + flow
woul d dr aBeet fog inetartdeoCarethersl. all, Wielhadsvity Enapmdiogynti ler3-20at1 g f | ow

ol 0 pustPrr e sliteiston g aenPfracela Sibelginelidas, e’ " MCneN ST

functionalized polystyrene beads, available from Bacham Bioscience {King of

15 Prussia, PA) are inserted into each of the reaction cells of a microscale liquid
distribution system having 4 X 4 reaction cells. The liquid distribution system
has four first reservoirs, reservoir-1, reservoir-2, reservoir-3 and reservoir-4,
each of which can address any reaction cell in the 4 X 4 array. The liquid
distribution system has four second reservoirs, reservoir-5, reservoir-6,

20 reservoir-7 and reservoir-8, each of which second reservoirs can address the
four reaction cells along a given row (i.e., the reaction cells aligned along an
EW axis). Further, the liquid distribution system has four third reservoirs,
reservoir-9, reservoir-10, reservoir-11 and reservoir-12, each of which third
reservoirs can address any of the four reaction cells in the corresponding

25 column (i.e., reaction cells aligned along an NS axis).

The following process steps are executed:
. 1. Each of the reaction cells in the distribution
system is washed with acetohitrile from reservoir-1.
| 2. 3% trichloro acetic acid (TCA) in

30 dichloromethane, from reservoir-2, is pumped through all of the reaction cells.

This solution is effective to remove the dimethoxytrityl protecting groups at

the 5’ ends of the oligonucleotides on the beads.



other nerely pushed a limted volune of fluid into the reaction cell 350,

yielding a net draining effect. Anot her way by whi ch
the reac{igyys8dsl 350 can be 30 controllably drained is tgcrggsaslpttom
drai n 355 having an outl et channel that has constrictor, such as one of
the constrictors described above with reference to the second preferred
enbodi nent . 40

Drains are optional, since in sone usessghe anount of |iquid noved into
a reaction cell 350 is less than the reaction cell's volune. If dr ai ns
are absent, however, vents @ e requof ek ré&itcﬁw teolls irhehg Bagid @RtGRbtien

350 are appropriate in gther cantexts The reaction

cel | pl at 8YSEA FEe AgeLt Srphsd Mﬁ%é&e'ﬁf"ﬁ"ﬂé frrmireservaii-dher plate by, for .
i nstance, assuring that thegt r
g 4t V‘@ostﬂ%{f%?}fﬁeé‘éﬁoﬁ BRt r&b%necte&ﬂ?%?ﬁg%l o Sisket |

pressing the two pl ates toget her exanpl e,
such as aatreidtorg op&l. yist h;dtented)adamnelwlmsmimamlduté in @setdnitrile isasdded

2t ol SRR,k evalo BB olB TS ol R B g
of the oligonucleotides in the four reaction celis connected to reservoir- 5. To
the four reaction cells connected to reservoir-8, a mixture of 0.1M protected
cytosine phosphoramidite in acetonitrile is added. This addition is effective to
attach protected cytosine groups to the 5’ ends of the oligonucleotides in the

10 four reaction cells connected to reservoir-6. To the four reaction cells
connected to reservoir-7, a mixture of 0.1M protected guanosine
phosphoramidite in acetonitrile is added. This addition is effective to attach
protected guanosine groups to the 5’ ends of the oligonucleotides in the four
reaction cells connected to reservoir-7. To the four reaction cells connected

15 to reservoir-8, a mixture of 0.1M protected thymidine phosphoramidite in
acetonitrile is added. This addition is effective to attach protected thymidine
groups to the 5 ends of the oligonucleotides in the four reaction cells
'c_dnnected to reservoir-7.

B. The reaction cells are washed with acetonitrile

20 from reaction cells from reservoir-1.

6. The reaction cells are flushed with acetic
anhydride:2,6-lutidine:tetrahydrofuran 1:1:8 from reservoir-3. This solution is
effective to cap any oligonucieotide chains that did not react with the added
monomer.

25 7. The reaction cells are flushed with 1.1 M
tetrabutylperoxide in dichloromethane. This step is effective to oxidize the
phosphite triester, which links the newly added monomer to the
oligonucleotide, to a phosphate triester.

8. Steps 1-3 are repeated.

30 9. To the four reaction cells connected to
reservoir-9, a mixture of 0.1M protected adenine phosphoramidite in

acetonitrile is added. This addition is effective to attach protected adenosine



pl at es agai nst the gasket is to have a nunber of vacuum hol es cut through

the bottom pl ate_and the gasket and applying a vacuumat th ns.
General | y,W 8ﬁ@15>55 shoul d be sufficient so that the punp usi Eﬁ#é}g@%&rgﬁ] t he

vacuum can be shut down after initially formi ng the vacuum The gasket is 1
5 preferably fromabout 0.0x5 mls to about 1 m|, nore preferably from
about 0.1 mls to about 0.3 mls in tghckness.

Fluid exiting the bottom of the reaction cell plate 320 can, for

i nstance, sppgbps EOkheS! dndsaofcaiecbligemudieotiies antish féuiseedotion @ellgOr ous
substrate such a sintered glass, glass wool, or a fabric nmaterial.

Al t er nat el yconpected (o tapesveif9.370 the tourdeneton sellacommested & of t he

react i on cell 2006 o mixklRNEDS A CORRCCI LIS HOLALS AATghBS,  cact  on

cells 350 to T ndrv ect| reservolrs can be

sanpl ed. Foacettaiinieds atidedf |'|fmb addlttqnh i effadtive tovatiach bhetectéd ciyessihe on
cell plate 320 and the ollei:&)g reserval rs are | ocated at the top
surface of ORRURS 19 AheSyqndsef the pligonydigotiges Ik the dowh erpabien ¢RllS eact i on

cel | plate 3gRnected to reservoir-10. To theDfo%Ir%%Eth DB e tPd Rgesses
conducted in the reaction - cell's 350 of liquid distribution system

wil | take prmvon 1 hsaimistwe of O. ‘sunp@rtestedtgmmmmg phefsphoeaamiditedis

bead h . .St -di.vi d by
Nbrri T el d- RRETPTHIER if PHHER e 81 Hae AL eestivadSoptad] Rrptied tl@?ﬁ‘ﬁﬁét?es
Merrifiel d, gdoup¥ito Ches’ PRIs. o BHe 3 nudi868deSas the four ?éaﬁﬁlo@ﬂééﬂy et al.

"Recent Advances in Solid-Phase Synthesis, in | nnovati on
Per specti@esonnestad tb FeresvoiByht.hdg the fayn teastionmsligrannassed tand

reservoir-12, a mixture of 0.1M protected thymidine phosphoramidite in
acetonitrile is added. This addition is effective to attach protected thymidine
groups to the 5’ ends of the oligonucleotides in the four reaction cells
connected to reservoir-12.

15 The above outlined process is effective to generate 16
separate oligonucleotides, each with a distinct dinucleotide sequence at the 5’
end. Similar synthetic methods can be applied to create various combinatorial
rr_to.lecules, including peptides and other molecules such as those having
potential pharmacological activity or those useful for diagnostic or other

20 analytical application.



41 A i gonucl eoti des, Roger Epton, Ed., collected papers of the 2nd

I nt ernati onal Synposium 27-31 August, 1991, Canterbury, England, p.
29. These supports are typically derivatized to provide a "handle" to
whi ch t he WPr6115576  bui | di ng bl ock of an anti ci pated produc®Cd4HofEass0
reversibly attached. In the 5 peptide synthesis area,.-sui.table supports

I ncl ude a p-al koyxbenzyl al cohol resin ("Wang" or ' Il abl e
f rom Bachem Bi osci ence, Inc., King of Er ussi a, PAjﬂﬂmHﬁ[mg@lﬁw
2-chlorotrityl resins available from Advafided -  Chenwec , , KY,
and pal yet hyy| Y, grafted poly styrene resins (PEG PS resins) are
avai |l abl e f@%—%ﬁ%’e Bi osystens, Fram ngham MA or 10 wunder the
tradename TentaCel, fromiRapp LaistAiBution&/sti@iycorbisiharars alphd reserydifse
supports, such as gaol ystyrene beads, are also used in the synthesis of

ol i gonucl eoBNdex bBYa {#T¥ABs PhHTst ot @ Paraleband adissentifr stsand serend

vg i | : P . g
a1 gonuel eofefé GHINAAS ahia LBESHNE L} 6F pSFall@BRANacedt i 406 R
15 the mhosedderachahirieds aytfichanh dffen eauttrgfirst 'ddd gprdarikiseder ebbndels,

Synt hesi s: Phosphoram dite Approach,"” in Protocols for O igonucleotide
Conj ugat es, Vergi} fflaihe {Ee.t,a i fendes chapngls aregpnnected te dhe aipha

H- phosponat (; r ' %Y. ' | 8 _
[+ Posponat e Teproaan 7 At BPoReCkt che AT BT ekbie S BasEL e o
Agrawal , Edsecbindearal fowtls feeder. chdrdtls andrarb\ind épersidny lofthedpdtarrasedidie

met hod (see nd ilvie, di deoxynucl egti de Synt hesi s:
( a%%nnﬁ tﬁe se%%nd and fourt ?eege Qhanne s are coXnected to the beta
10 reservoir by a second connector.channel that is situated above or below the

first and third feeder channels and are independent of the alpha reservoir.

2. The distribution system of claim 1, wherein the first
and second feeder channels are each connected to a first set of two or more
15 reaction cells and the third and fourth feeder channels are each connected to

a second set of two or more reaction cells.

3. The distribution system of claim 2, wherein the feeder

channels of the first and second feeder channel sets are parallel to each other.

20
4, A liquid distribution system comprising:
(a) a distribution plate comprising:
a least two first reservoirs having a common
first fill level;
25 at least one feeder channel connected to and

extending from each of the first reservoirs, each feeder channel having a
horizontal feeder channel segment, wherein the top of the horizontal feeder
channel segment is below the first fill level;
| at least one distribution channel connected to
30 each feeder channel and having a second fill level at substantially the same
elevation as the first fill level; and

a first liquid level maintaining means for
This Sheet Has Been Replaced . :
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"Si |yl - Phosphoram di t-e- Wethod," in Protocols for G I gonucl eot i de

Conj ugat S. Ag a Press, 1994)
supports%'fsdo%ﬁl15576 ol i g mw!mﬂ"ﬁnmﬂem s incl ude the cont rﬂﬁfggﬁp%gre

gl ass (cpQg) and 25 supperts avail able from Applied Bi osystens,
Foster GCty, CA Sol I d supports are also used in other small nol ecul e
and pol yneric organic syntheses, asgglustrated in oligocarbanate

synt hesis for organic polyneric diversity as described by Gorden et

al ., J. Modeditamingltieeniiqdid 1el@8im 24€H first resb&%ir aBthe first fill level,
Preferably, the reaction cells 350 fare rec %ul ar with hori zont al

di mensi ons of about 400 ni cr WREreH fAlivgeas (f kiresegMeir tegthe first filllavel ap) y

about 500 : I
rEsGI8NR the Ry of #adeﬂr@cﬁ]{e%ﬁ)&ﬂ% el 858 ffﬁmq%he gonnected

42 about 640 m crons; dept 0 mcrons

m crons. distrithdian bbauselmtblthbesamd fith levred. r eaction cells 350, the depth
of the peaction cells 350 is preferably at |east about 50 m crons
greater “than the swell ed di aneter of the beads. The support beads

typically used as in sokid- p*ﬂﬁé%st’?nb’iﬂﬁ&hhﬁ&ﬁénﬂfpbﬁ%w WeeidiiAtREer S
bet ween about 50 m crons and about m cr ons, nd reactive site
capaci t i esdistrithstion platabmng fe@det crhanhek)'rgnaadch of the at least two first

reservoirs are parallel and adjacent to one another.

10 6. The distribution system of claim 5, wherein each of
the parallel feeder channels is connected to a separate distribution channel
positioned perpendicular to thé horizontal feeder channel segments of the
parallel feeder éhanneis, and each of the connected distribution channels are
parallel and adjacent to one another.

15

7. The distribution system of claim 6, comprising in the
distribution plate at least four first reservoirs and at least two sets of parallel,
adjacent feeder channels, wherein each of the feeder channels in each set is
connected to a separate reservoir, and wherein each set of parallel, adjacent

20 feeder channels is connected to at least two sets of adjacent, perpendicular

distribution channels.

8. The distribution system of claim 4, wherein in the
distribution plate the horizontal feeder channel segments connected to the
25 first reservoirs are substantially parallel to one another and wherein the
distribution plate comprises one or more second reservoirs, each having a
third fill level, a second liquid level maintaining means for maintaining the
liquid level in each second reservoir at the third fill level, and an second
reservoir extension channel the top of which is at substantially the same

30 elevation as the third fill tevel.

This Shee T 9. The distribution system of claim 8, wherein the second
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about 1.6 mmol es/g. Typically, between about 1 and about 10 of such beads
are loaded into a reaction cell 350 to provide a desired capacity of

bet ween WOHSE 1 nnol e and abo L‘meaction c R FT/UBTH/14590
Recently, beads 10 have becone av ﬂﬁg‘“ﬂﬁmﬁ“‘m a dianeter that ranges
bet ween about 200 m crons and about 40 miScr8ns, dependi ng on the

sol vent used to swell the beads and the variation in size between the

i ndi vi dual beads, and a reactive site.ogpacity of between about 5 nnole
and about 20 nnol e per bead have becone avail abl e. These | arge beads

i ncl ude the hegals owobghePidPPbhiaRfeld éemaﬁﬁénﬁerﬁéﬁ@@bﬁmohﬂﬁe l%ﬁidrﬂ'ai e

reactive site functionalities include hal ogen, al cohol, am ne and
carboxyl i ¢ adreder ehprnel\gagmenissand angeohmears, of the peesnrd a@seyvom qmtenelon
bead is Ioad%q\

option for creab ?’tr?gs gg%&&‘g&gt“%%g?t% ?'1193%59,&3 offzeptal feegder o “EPP?LS?%@‘?“

bottom of the reaction cell. 350 so that it can be reversibly 20 coupled to
the first building block of the co[@ound sought to be synthesi zed. The
chemistry ®sed to do this t8n béheisElution Sxstem &f glaim aifugthed qamprising

derivatize coiH g hitealifietbAatndiSP WndlaRt's: ML AMY BEGreh 2adinel WPhEaLbYEg

t he first step in rocess |s crea oxXyl ~groups

not al ready adjamssitsto anldalse twnpf]m*ttd:smbmmm@hgmumand dtheastupnesecohd
hydr oxyl gr ougs 25, exist or are cr eated, they are typically converted to
ami no gr oups,Tepgfvoir ex‘ierﬁ’ssl%EEaB?ereactl ng them wi th gamma- ami nopr opyl
triethoxy silane. Flexible tethers can be added to the am no groups
with cyclic acid anhydri des, reactions with polynerized al kyl ene oxi des
and ot her1®et hods known to1ihe The daistribLEimnp{/etemfofsmlahnmtfhoﬂ'ﬁeracrmnprising:
described in Fields et al Synt het | cl F’iecPt I des: A User's @uide," WH.
Freeman and Co., Salt Lake(b():l E% an Met hods of

oI 5ty g s i o
dlstnbutlon plate comprising supply channels extending through the
feedthrough plate to the first reservoirs and electrical leads extending through

15 .the feedthrough plate,
wherein the distribution plate comprises pumps at
each distribution channel connected to the controller by the electrical leads

extending through the feedthrough plate.

20 12. The distribution system of claim 11, further
comprising:
(d) a reaction well plate having one or more reaction celis
that can be positioned below the distribution plate,
wherein the distribution plate comprises conduits by
25 which liquid can be moved from the distribution channels to the reaction cells

under the control of the pumps.

13. The distribution system of claim 11, wherein the first
liguid level maintaining means comprises an overflow release channel

30 connected to each first reservoir that drains any liquid above the first fill level.

This Sheet Has Been R 14. The distribution system of claim 11, wherein the
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43 the reaction cells 350 too.a reactive plasm, such as that created

by a gl ow-di scharge in th nia or water, to create NH2
gr oups. WO 96/185th pr ocedur es a(riﬂil!ﬁﬁﬂgmﬁ&w Modi fi cat i oRCEUSBYHI4MRr s,
Carraher and Tsuda, eds., «Joc., Washi ngton, DC, 1980.

Anot her 5 nethod, useful with glass, ceramc or polyneric substrates, is

depositing a filmof silicon nonoxide by vapor deposition at |ow
tenperature to create hydroxyl functiggalities. G ass surfaces can be
treated with alkali, for instance with KOH or NaCH sol utions in water

or water/ algiehps inithé ditfibution platL¥ROS @ omyshiseH firkt BdchRitd a8 A/BScond
Non- anneal ed borosilicate gl ass surfaces, 10 including coatings of

non- anneal €lewsrdsandchecoitliierctamdsachy riiesd valtage tothgopumsdoi cause
can be etcgb% ;‘n%r i nstance with hydrofluoric acid dissolved . in water,
to dissolv R egions that are rich in boron, which process creates a
porous structure with a large surface area. This porous structure can be
treated with alkali to expose hydr_ox_)r/,l groups. The degree of reactive site
15 subs®itution on such!2ur f e distEibytionesysien at claidst4amdipremsthol es

per et ef loonolldFUfngade 4R otuilcal 923 oAtk chACBBLERIGRS Aotiebale

(inmplying a substitution | cron'reaction ce
of at | eastofghumapirty Blogranisefor pumping one or more liquids.

16. The distribution system of claim 14, wherein one or
10 more of the pumps further comprise a third electrode and, for the three '
electrode pumps, the controller can (i) direct a pulsed voltage across the first

and second electrodes or (ii) acfo_ss the first and third electrodes.

17. A liquid distribution system comprising:
15 (a) a reservoir, '
- (b} a channel addressable by the reservoir having a

capillary barrier.

18. The liquid distribution system of claim 17, wherein the

20 capillary barrier comprises a dam.

19. The liquid distribution system of claim 17, wherein the

capillary barrier comprises one or more_upwardly oriented sharp edges.

25 20. The liquid distribution system of claim 1, further
comprising a pump associated with the channel for pumping liquid past the

capillary barrier.

21. The liquid distribution system of claim 20, further
30 comprising a reaction well and a conduit from the outlet of the capillary

barrier to the reaction weill.
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yet nore preferably at-1east about 256 nnoles per cnierr].
The above descri bed me“isummlmﬂllmm bottom of the 20 reaction cells
350 as a WoI9%assFapport | |kA ted by methods that PCT/USPH/1458&e t he

surface area of the bottoniof* tfle feaction cells 350. One method is to
create columar structures of silicon nonoxide, for instance by t her mal
evaporation of SiJerr] . Another such nmethod is to insert into the

reaction cells fabrics, such as non-woven ass or plastic (preferably
fiberglass 25 or polypropylene fiber) fabrics and plasnma treating the

fabric to create reacssve $i 1 diatribg i obRe t ho
uses spin-on glass, whi c?%’r eaﬂéésﬁguf%lc!hsnf'??%on sys(t) mn%fa‘r: a@“s%@l ((:'Y]tiqg(;rr?g{ ﬂ'i'%
Si 2 from a murhpdsanuelezaodetzabder pyoipymer structure by t her nmal

oxi dation. Sol -gel processing creates thin filnms of glass-Iike 30

conposi tion fromorganonetallic starting materials by first formng a
DL ot S8 s o meh i gt Sl bifmalgegy o0, | 1o
critical 5 one or more continuous flow channell} each having a
Lemper At Ur e A rdim end and a downstream 2nd, Wherei toe continuous fsw Sharnele ©
have an open zone at the downstream end,'
for each continuous flow channel, a branch channel
extending off of that continuous flow channel in the open zone, and -

10 for each continuous flow channel, an alpha constrictor
for constricting flow in thé open zone located downstream of the branch
channel inlet,

wherein when a liquid flows through one of the
continuous flow channels from the upstream to the downstream end a first

15 ratio amount of fiuid is diverted into the branch channel when the alpha
constrictor is not operating and a second ratio amount, which is greater than
the first ratio amount, flows into the branch channel when the aipha

constrictor is in operation.

20 24. The distribution system of claim 23, further
comprising, for at least one branch channel, a beta constrictor for constricting

flow through the branch channel.

25. The distribution system of claim 23, wherein the
25 system has two or more continuous flow channels and further comprising a
buffer channel addressabie by at least two continuous flow channels via their

associated branch channels.

28. The distribution system of claim 25, further comprising
30 a reaction cell and wherein the buffer channel is connected to a reaction cell

conduit to the reaction cell and to an overflow conduit.
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chem cal conpositions that are simlar to glasses (e..g. SiJerr]) but have

extremely porous mcrostructures. Their densities are conmparably low, in
sonme ca¥X9¥§T6ng only about one ﬂ ul ercent sAGHUEGHT ti on,
5 the balance -being air. H. J:ﬂnm uu‘“m lnﬂms

Capillary barriers have been descri béd &abote i t'h reference to Figures
4fisoRebt U3 BeddRaploas? |, nore conpl ex desi gn consi derations than wer e

¢
an, in sone cases, affectgthe design of the capillary 10
cases it is desirable to narrow the sluice fornmed by

di

[

se _ opening 362 o371t hitKe YsthiblsioROstysterm BE chaRe 2BNavhampslanse to
flow (i.e., the frictional resistance to flow) as appropriate to arrive
at an appr opactiom cellmenduit has @ gamyna konatrintor anddthie everflwca@sivivhas a
second purrquzm IS ax:%i vat ed. Such a narrowing is illustrated by
conpari ng tHEAFOMTLCE? ™ Fi gure 16A with the 15 narrowed sluice of Figure 1
6D. The problemthat this design alteration .can create is that narrower
channel s can increase capillary forces, thereby limting t he

ef fecti vBness of channel 28r eaRsdistribution system comprisingiys, in one
preferred enbodi nent, a channgl further I ncl udes one or nore
upwardly oriented sharp edgességg%’:ﬁg's cleﬂr ustrated in 20 Figures 1 6B and
16C. More preferably, a channgliobsemiére fetdercshanmels; nore upwar dl y
oriented sharp edges 369. In Figure 16B, portion 362A of openi ng 362 is
cut nore deeply into first platsePaoate epryuinfar EHCBﬁéﬁdgbﬁgé"‘ﬂ%le?‘lﬂ'“‘?‘iﬂ"g

t he oper at it?\%t%ea'%@égll\ﬁ(elqy &Y c?i%‘?tr@elﬁ 369. | . Fabrication of

Pl at es, Channel's; rvorrs and Reaction s 25 _ The
liquid dostribution systens ob éxparisivrenaivenforesadieconduitomaterent tie a ‘

support material that is, or-can be de, rgm%ant to the . h m'cald$.
sought to bRXRASOD Yalveehas & %’éﬂ’a"}ﬁ%@ﬁ%@s’: b e F GHRRR-PEEPR o?ﬁEe conduit
device. Foraahbr@fedd&i il HEWARTELER G e CHMMIERE Bn EOAtrBEESLEE4E thdRPOr

allows fluid flow through the conduit.

15 29. The distribution system of claim 28 further comprising
at least about two cells, each separately addressable by two or more feeder

channels via conduits each having a bubble expansion valve.

30. The distribution system of claim 28, wherein at least

20 one conduit has two or more expansion valves.

31. The distribution system of claim 30, wherein at least
one conduit has three or more expansion valves which can be operated in
concert to pump liquid from the connected feeder channel into the reaction

25 cell.

32. A liquid distribution system comprising:
one or more feeder channels each made up of a feeder
channel inlet and a feéder channel outlet and, connected to each such feeder
30 channel, a distribution channel, each feeder channel having a three-way
junction connecting a feeder channel inlet, a feeder channel outlet and the
connected distribution channel, the distribution channel connecting W_iEtl a
o HAS BEEN |
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“haterial will be one that has shown itself susceptible to mcrofabrication
30 nethods that can form channel s havi nﬁ cross-secti onal di mensions

tS)ie][}Nggn ;;grsflgmat SOSirr} Ica ﬂlﬁ“ﬂ“ﬁﬂ‘\ln m crons, such RCHUPSHISHPPuUsed

ble plastics. dass, quartz,
silicon and plastic support* ¢

45 materials are preferably surface treated with a suitable treatnent
reagent such as a siliconizing agent,_ ?vgi_ch mnimze the reactive sites
on the material, i ncluding reactive sites that bind to biol ogical

nol ecul es such o'y ei ns or nucl eic acids. As discussed earlier, the
expansi on valSAFY ‘%’ﬁﬁ? distribution 5 systemis preferably constructed of

a plastic. In enbodi rrentsfé.haécnﬁ%whrmree-wéﬁj@{dtw Ya fiegtsabotrodsipaded
el ectrical devices, a non-conductin port material, such as a

sui tabl e gl ap¥mA in H?%f@d%cphmehl"%gt §6r"b§h$ ifeeder ghannel aRlet: andoor ni ng
7740 borosilicate glass, ?Xlabgélt?ls%ﬁwtﬂ%gng RS %%oqcfcg{?%%e-basew ’

are anong the preferred glasse

di stri buti®onpaygs aintied distdbutisardhammet,s preferably constr uct ed from
separate plates of materials on which channels, reservoirs %ar eaction

cells are fornmed, and thedéhgyein the Hpgagﬁﬁépﬁ"ﬁﬂﬁédtﬂeof'ﬁsérqﬁ?‘itﬁéde

pump and the second electrode-based pump can be chosen (a) so that fluid in
one of the feeder channels can be moved from the feede.r channel inlet to the
feeder channel outlet of the feeder channel with a first amount of flow into
10 the connected distribution channel or (b) so that a second amount of flow
which is greater than the first amount proceeds via the connected distribution

channel.

33. The distribution system of claim 32, wherein for at
15 least one such three-way junction there is a third electrode-based pump in
whichever of the feeder channei inlet or feeder channel outlet lacks the first

electrode-based pump.

34. The distribution system of claim 32, wherein one or

20 more distribution channels have a capillary barrier.

35. The distribution system of claim 32, wherein the
opening of one or more distribution channels at the three-way junction has a
width that is about 50% or less of the width of the connected feeder channel.
25
36. A liquid distribution system suitable for conducting
reactions for chemical syntheses or chemical reactions involved in an assay,
the distribution system comprising a reaction cell, a channel connected to the
reaction cell and a pump situated in the channel comprising a first electrode,
30 second electrode and third electrode.

This Sheet Has Been Replaced 37. The distribution system of claim 36, wherein the first
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liquid distribution system This aspect of the invention is descri bed in

sone %% dd/issvg th respect to 'mlmm mﬁ l ll qui d di st r iforigsds/sseet em

Preferably, 1 5 the reaction cell ction cell plate 320, is
the bottomplate and is reversi bfy foimed te the next plate in the
stack. The other plates formng the di stribution system which
preferably conprise two to three plates are preferably permanently
joined. This joinder can be done, for |nsté%%é using adhesi ves, or

t echni ques such as glass gl ass thernmal bonding

preferred netah@ctrede sadntarond glectiodeng e ?féa‘iﬁdaPﬁ'@”F%" @gout 109 Fﬁ?r%ﬁa@“q he
plate wth a Jgygim igf%fg% ﬁ?ﬁgg gﬂaeth%eé‘ﬁééh%%&@\)’é fml'cgglé%%r%de an@@,t'gveen

about 50 microns an m crons

75 mcrons arnéaabsuofﬂ%fumtcmosecoﬂ'dhelemmchesh bdmwe;'eabout 1601trmmlnatamd

t hat substant% anpunts of channel structure will be formed in 25 the

gl aze | ayer. RIMICERNSt he gl aze general |y has a thickness between

about 1 migrons and about 100 microns, nore preferably between about 10

m crons and about 25 mcrons. These nmethods are preferably applied to join
gI ass plates. Suitable gl a&&s af be gdistribvtion systenrof ceidodp, witknen thenfirst

OH. Th d pl
Foncti on cel (REEE8YE Mclascanid, EReFide st Sncat hofVErd atota miftar and
agai nst anot hmorplrﬁtceen%psh and ﬂfeeésaahbmtsvéw the oFiedl eledtfbdd8nd WRe

plates are heated to a tenperature of about the softenln t enperature
of the gl aze ngargpsypbthe fHigst pesecomd ¢legteodes is between about 250 microns and

10 1000 microns.

39. The distribution system of claim 38, further comprising
a controller that controls the operation of the pump, wherein the controiler
can operate any pair of electrodes in the pump.

15

40. The distribution system of claim 39, wherein the
controller comprises an information storage means which stores pumping
protocols for one or more liquids, each of which stored protocols include a
designation of an appropriate pair of pump electrodes for pumping the liquid

. 20 of the protocol.
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46 softening tenperature f portion of the plates.

Anot her preferred nethod of perlmuu "lﬂ";ﬂn nml gl ass plates uses a
field assisted thernmal bondi ng prodess. as now been di scovered t hat
gl ass- gl W9 9645876 ng using fiel d assist ther mal bonding is FEIYBILMEspite
5 the Iow conductivity of glass if a fjheld assist bonding material is

I nt er posed bet ween the pl at es to To the
top or bottom s rface i_st

bondi ng mat eri a é? Ibry g” Hre gg% gs?t §§§65)

mat er-i al | ayer ?\ 4 %s about %sr?m 10

nore pref eravlggé(nvoﬂeéﬂgﬁgloﬁ%'%né@%rg@uﬂ nallgp\'?'% %%Qxd?éﬂlfl;r%etﬁé I%rgzo%%ﬁ' st

bondi ng material can be a materi al capa ass substrates
usi ng t higeden chrhnib seginests ars one. orPnerfeeoﬁaﬁteysectdnei feisetuvbiasgessiobondi ng

material is cha %Isl égcq'{"cr% s%iblobgaat lQ@Jteon%rﬁgr?zro%?alyf?ﬁagﬁcg+ d!eqaisssgéifrs‘%ondi ng

bondi ng materi a
mat eri al can be appl ied to a plate, for 1 5 instance, by chem cal vapor
dep03|t|og or by a sputt Iecu es are

em tted fPoma cathode wh e‘gn Eregagfeﬁsﬁi’ﬂé”’f’sws‘emlﬁ’i%ﬂ%gd \WiPs GRI8RHSING i ons

froma rare @asodnﬁﬁba:rug&ramdnhae Q&Hefraaeat leastrm-leesuif%cleﬂtridld@p@&:hbné’d\d
bond to a near. b(}e/ substrate. Pursuant to th resent invention, silicon

| ayers of befHiR atﬁo?ft‘eiﬁo“’ﬁ?nf'é?fa‘“étﬂﬁ&t“°5’(ﬁ‘%e nq At 15852 95818568 Been

bonded to gl aserwiréaensiodathaagedi ti ons that can be expected to
generate an outer surface |ayer of silicon dioxide, such as an about

20A | ayer, although the sealing process is believed to be effective in

t Pgafgsen@e of this layen1. ThangQRkatbutloR!syste!drabife! 4, fargrdflpridiRg:

(b) a controller; and

{c) a feedthrough plate attached to the top of the
distribution plate comprising supply channels extending through the
feedthrough plate to the first reservoirs and electrical leads extending through

15 the feedthrough plate, -
wherein the distribution plate comprises pumps at

each distribution channel connected to the controller by the electrical leads

extending through the feedthrough plate.

20 12.  The distwribution system of claim 11, further
comprising:
(d) a reaction well plate having one or more reaction celis
that can be positioned below the distribution plate,
' wherein the distribution plate comprises conduits by
25 which liquid can be moved from the distribution channels to the reaction celis

under the control of the pumps.

13. The distribution system of claim 11, wherein the first
liquid level maintaining means comprises an overflow release channel

30 connected to each first reservoir that drains any liquid above the first fill level.

e - 14, The distribution system of claim 11, wherein the
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channel's, reservoits. or reaction cells using the method described bel ow.
25 Alternatively, m\mﬁu‘lﬂi\l\“\) treated prior to coating wth the
fiel d- asgdséisse bH u i & i The coated plate is theRrnmo§iisb®ned

agai nst anot her plate,¢ *t i Ch prefepgbly is not coated, and placed in a
field assisted bondi ng device 700 such as that illustrated in Figure
17. The field assisted bonding device = 700 has a heating device 710,

such as a heati_ng{ plate. The field assisted 30 bondi ng device 700 further
has an. el B¢TPSdR theHiskriputiogRiairieaaincomprise a firsy ¢legitode apdtagecend be

appl i ed a&l@@&%d%%c{ {He'séorgl]fré‘ﬁsél?l c?aq‘pdﬁ'é;%jtoé' r&ils%ﬁc\%f}a% ?‘th g}ecggréwpést%’ casei ch

has been applied a | ayer I con r'r ows

47 thempirgtric field orientation. Generally, the field assisted
bonding is conduct ed under a nornmal atnosphere.

The plates are brought to a tenperature that is effective, when an

appropii ate electric fi1gl d The apttibetoAEy8tsm idtciBnRiIasS whéretfisd erate 5

t he bondi ng process. Wile not wishing to be bound by theory, it is

bel i eved CONtroligf CAMEBriseHBN Migqtosabdata steraanidevispldomprising teedatabgse gl ass

pl ate 740 r = S | :ikky of ions (such as

D o ool progPCId meHEIY GRe S For i
16. The distribution system of claim 14, wherein one or

10 more of the pumps further comprise a third electrode and, for the three
electrode pumps, the controller can (i) direct a pﬁlsed voltage across the first ‘

and second electrodes or (ii) across the first and third electrodes.

17. A liquid distribution system comprising:
15 (a)  a reservoir, '
(b}  a channel addressable by the reservoir having a

capillary barrier.

18. The liquid distribution system of claim 17, wherein the

20 capillary barrier comprises a dam.

19. The liquid distribution system of claim 17, wherein the

capillary barrier comprises one or more upwardly oriented sharp edges.

25 20. The liquid distribution system of claim 1, further
comprising a pump associated with the channel for pumping liquid past the

capillary barrier.

21. The liquid distribution system of claim 20, fun_'ther
30 comprising a reaction well and a conduit from the outlet of the capillary

barrier to the reaction well.
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el evated tenperature causes an ion ' t face of the first gl ass
plate 740 opposite that to which thﬂ“ﬂunmllﬂmuﬂﬂ I ed. The ion depletion,
it 10 is believed, causes a surface thatge at" t Re bottom surface of first
gl ass vmlmlss'mte 740, which correlates with the creati orrafrusssaissong

| ocal i zed el ectrostatic attraction f6r 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

betweenthe silica of t f|rt|15§‘£tb bstrate 74 gndér i licon
coated onto the second HEFYGUStIoUTPRSYSIPEY RF G153t h¥ eéﬁ‘ﬁe‘r“&t ure

i s brought gugng iahaestroddBleed buni®. about 600 [-err]C nore preferably
from about 300[err]C to about 450[err]C. During the process an voltage

typically fromabout 200 V to about 2,500 V, preferably from about 500

V to about 1 500 V, is )| i egd laﬁfaogétﬁ%“ﬁsw %Z%ﬁe% %%ﬁrﬁ%sgﬁg.amo 20 and

second gl ass plate 750. e vo t'age nos y app aries with
the thi'ckness of the glass plateesr mibhe comtinuges(fidwscHaneels, redichghaaagpd at e

740 d d gl te 750 ding the sil | 760 appl i ed
{0 one of  UPSCERE G el BidRnsHeameai CohPiRin theartianeys Tow feanpes |

sealing is m@@vggen zondl AthiHz ddWHERSahPealout an hour, depending on the
pl anar di mensions of the 25 glass plates. The tine required to achieve

adequate sealing varies wt h for eachgasipususdiowghannel .t éramsiochaesel of

L Lo 2 ok LS dr oo S flous ot AR i 6 BERRIBRABGg, o0 1

apparentOvi sual ly, since it iferaachrgumtirRdul)yflow chdrrel,dars aiene negicedr t he
i nterface etvveen t he ates nd the formation of 30 gray FOl or at the
bonded r egi 8F1§°PﬁHi°5‘a£ Y W:HIP QReR 29RedpSted owgg‘ggam of the BIRpER he
t hi nner di n@agin@nmief, the two plates. The net hod
descri bed above can be used to bond a gl ass

wherein when a liquid flows through one of the

continuous flow channeis from the upstream to the downstream end a first

15 ratio amount of fluid is diverted into the branch channel when the alpha
.constrictor is not operating and a second ratio amount, which is greater than
the first ratio amount, flows into the branch channe! when the alpha

constrictor is in operation.

20 - 24. The distribution system of claim 23, further
comprising, for at least one branch channel, a beta constrictor for constricting

flow through the branch channel.

25. The distribution system of claim 23, wherein the
25 system has two or more continuous flow channels and further comprising a
buffer channel addressable by at least two continuous flow channels via their

associated branch channels.

26. The distribution system of claim 25, further comprising
30 a reaction cell and wherein the buffer channel is connected to a reaction cell

conduit to the reaction cell and to an overflow conduit.
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48 substrate to another gl ass substrate and to a third gl ass substrate
“J' Those of ordinary skill will recognize

si mul t aneously. I né .
et o et MMM o o oo o s paspe 7,

used. It will also be realized that it V8 desirabl e to match, when
possi bl e, the coefficients of thernal expansion of the substrates to be
bonded. The reservoirs, reaction cells, horizontal
channel.s and ot her 8Vr ucTheeistibution $ydteth f 8ldimbR6) Amesyiml §1® can be
made by the follow 19. 18, rocedure. A plate, that will for instance nmake
up one of f?é’(ﬁpﬂr?ﬁlg oRfuit §as a gapENa GrastHET iA8d theafveriiow cpedeitings el |
plate 320 ggjth Rbpsimdbat e pl ate 330, is coated sequentially on both
sides with, first, a thin chrom um | ayer of about 500A t hi ckness and,
second, a gold film about 2000 angstrons thick in known manner, as by
evapor.até on or sputteri ?g tg $ir$grt' ectt. t he fél ate from1l 5 subsequent
etchants. A two mcron yer o ?)%6?'6%5 (P COMppS1ag: Dynakem EPA of
Hoechst - Cel anese Corp., Bridgaeatton ddll, is spun on and the phot or esi st
I s exposed, either using a mask or using square or rectangul ar | mages,
suitably using the MRS 4500 PARPT A&p feeder,ehannsls from MRS

a separate conduit for each feeder channel connecting

*

that feeder channel to the reaction cell, and

10 a expansion valve for each conduit, wherein the
expansion vaive has an expanded state that fills a cross-section of the conduit
and prévents fluid flow through thé conduit and an contracted state that

allows fluid flow through the conduit.

15 29. The distribution system of claim 28 further comprising
at least about two cells, each separately addressable by two or more feeder

channels via conduits each having a bubble expansion valve.

30. The distribution system of claim 28, wherein at least

20 one conduit has two or more expansion valves.

31. The distribution system of claim 30, wherein at least
one conduit has three or more expansion valves which can be operated in
concert to pump liquid from the connected feeder channel into the reaction

25 cell

32. A liquid distribution system comprising:
one or mare feeder channels each made up of a feeder
channel inlet and a feeder channel ouflet and, connected to each such feeder
30 channel, a distribution channel, each feeder channel having a three-way
junction connecting a feeder channel inlet, a feeder channel outlet and the

connected distribution channel, the distribution channel connecting with a
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Tecﬁ_ﬁolog_;yl nc., Acton, MA. After devel oprment to form openings in the 20
resist |layer, and baking the resist t ent, the gold | ayer
in the openings i s etched away usﬂmmmanHﬂlﬁﬁmch of 4 granms of
pot assi um Wﬁfigﬁggﬁe and 1 gram of iodine® (12) "in®25"m of wak@psestigo

u

underlying C m | ayer is then separately etched using an acid
chrom um etch, such as KTI Chrone Etd¥ of KTl Chenicals, Inc.,
Sunnyval e, CA. The plate is then etched 25 in an ultrasonic bath of
HF-HNO err]-Herr]Oin a ratio by volune of 14:20:66. The use of this

et chant in areadtiorae®lhi c bath produces vertical sidewalls for the

bt ai ned. Ver i cal channcld S Syt BER)NRY ity € Bl at tr aved

The various pampmttl feddenahbAnel inldteordnshei fegleOBhaysdi URY; emepdi ment s
typically have depths of about 50 microns to about 250 m crons

preferably from about 50 FRfcPAISSYEN %&GIWM@U%‘&%%?e?ﬁi?‘ée"ec“"ﬁleéﬂ’%ﬁe&’bl y
from aboutg 5 um;:?[rpﬂﬁa Bgtr‘%{ﬂ%n 2R m,%r ons. The wi dths of the
[ channel s and tﬂe

49 hori zont'a [ameters of the vertical channels are
typically from about hereiorthesvoltageasoanpli2dOtoriher Hirss, elpetedds-bhbgd f r om
about 100 pump and the second electrode-based pump can be chosen {a) so that fiuid in
one of the feeder channels can be moved from the feeder channel inlet to the
feeder channel outlet of the feeder channel with a first amount of flow into
10 the connected distribution channel or (b} so that a second amount of fiow
which is greater than the first amount proceeds via the connected distribution

channel.

33. The distribution system of claim 32, wherein for at
15 least one such three-way junction there is a third electrode-based pump in
whichever of the feeder channel inlet or feeder channel outiet lacks the first

electrode-based pump.

34. The distribution system of claim 32, wherein one or

20 more distribution channels have a capil!éry barrier.

35. The distribution system of claim 32, wherein the
opening of one or more distribution channels at the three-way junction has a
width that is about 50% or less of the width of the connected feeder channel.

25

36. A liquid distribution system suitable for conducting
reactions for chemical syntheses or chemical reactions involved in an assay,
the distribution system comprising a reaction cell, a chahne! connected to the
reaction cell and a pump situated in the. channel comprising a first electrode,

30 second electrode and third electrode.

"~ 37. The distribution system of claim 36, wherein the first
This Sheet Has Been Replaced '
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m crons to about 200 m crons, nore p rom about 1 20 mcrons to
about 1 50 mcrons. 5 J. Fabrl catlo ! u ed Punps

I n many ts, the liquid distriDUt f the.c-m]sgg,ﬂgg,nt i on
require fﬂg’%?eﬁgtlon of nunerous el ect des for purrpl ng fluids t hr ough
the liquid distribution system These e ctrodes are generally

fabricated in the top glass plate of the liquid distribution system

Typically 10 each pair of electrodes is closely spaced (e.g. 50 to 250
m crons sepbecatddenand secorruel@dte@de adespaced babweentabduni i ohicnoesearsl of

preferably ut 25 mcr t o _about 150 m bl y about
50 m eronszt%g) a%ﬂ:[on%apart ?H%F'&%épamgp?%%?% eeﬂﬂ%n%é‘ﬁ'to?e '}f{aﬁ'ﬁ qui d
di stributi eaafasttcinhzasrst @r@RGond elEER6HES NS BEIWesPAbVLE h 0BAGILbAIGRHON
cell 350 having 6 - 10 associ ated 15 el ectrode-based punps. Thus, a liquid

di stributi 90 8HefANEan requi re about 200, 000 to about 300, 000
el ectrodgs. To produce such structures using. mass production techni ques
requires formng the electrodes in a parallel, rat her than sequenti al

fashion. A preferred net3gd dtha‘ drsmn'nhgndsheyetamtdfaﬂam 36, whereln/gee fictimi ng
t he hol es | the throu 300) .thr 20 which the
el ot odes efR i Bt R o 1P RCE Hee RUAEEY herregm RaNt 250 (Fa0S a1

ink (i.e., 1ocnegtddapiitdandihe spcftly betidedh 'ﬂhé‘tﬁﬂ?@%‘!é&l’oéé‘é‘ﬁd sp,étters at
a given terrperature to forma mass hat, upon cooling bel ow t he

sintering nearestrgfethe firss orisecamdetlectrodealis petwaen @biows 256 Migroascenchen

firing e ink fill to convert.the ink into a good conduct or
t hat al ‘L@o gracfcssﬂtlgmhol es 25 against fluid | eakage. The net hod al so ‘

creates portions of the electrodes t hat _protrude through the plate to,
on one side, provide the

es .t hat will protr nto the |iquids

in fluid channel s and, t he '?ﬁ aeﬁmgt‘tﬂ@” systRm & daim étémfat:thebspmpg'ﬂf&
attachi ng g gghirbhé! tt'FaQrEJrﬂl'o'is the op framon of the pump, Wer&XaRR @ntfillers are
drilled in 500 mcron thick plates

can operate any pair of electrodes in the pump.

15 '
40. The distribution system of claim 39, wherein the

controller comprises an information storage means which stores pumping

protocols for one or more liquids, each of which stored protocols include a

designation of an appropriate pair of pump electrodes for pumping the liquid

20 of the protocol.

41. An electrode-based pump comprising a first electrode
and a second electrode, wherein the first and second electrodes have a
diameter from about 25 microns to about 100 microns and are spaced from

25 about 100 microns to about 2,500 microns apart.

42, The electrode-based pump of claim 41, wherein the

pump is situated in a fluid channel of capillary dimensions.

30 43. The electrode-based pump of claim 42, wherein the
first and second electrodes are from about 150 microns to about 1000

microns apart.
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30 bor05|I|cate gl ass_using an-excimer |aser. Holes having dianeters
bet ween 50 and 150 mi croni ‘i“m“ren filled wth thick filminks, using

an conmerci al rﬂ“‘“““‘“‘“ Machi ne (Pacific Trinetics Mdel
#VF- 1000, wWRags/1¥876C 0S PCT/US95/14590 50

CA). It has been unexpec echy di scovered that only select formul ations of
Vi a I nks sufficiently function to fIT such high aspect ratio hol es
such that the fired i nk adheres to the sides of the holes, does not
crack during the firing oce | he a

fl ow. One paraneter that R|E"s |?f§8r I%%ttrg@%b?gggspf" 0 Rg'agé"a gdlwq%rﬁ'&‘u S ve
condui ts t hfiegihdsgdoras pretrotelsesrel fiomeaivsit 250 micromd & apowda00@nd gl ass

powder conponents for the via ink that have sufficiently fine
di mensi ons. "H@N&ARAB| e fornul ation uses: 1 2-507 Au powder (Technic
Inc., Whonsocket, RI), 89.3 %ww F-92 glass (O Honmmel Co., Carnegie,

PA), 5.7 %ww 15 %wv ethyl cellulose N-300 10 (N300, Aqual on,
W I mingt&, DE) in Texandbfer ﬁ‘pe(efembdemmadamneafmiaim 42, wherein the

2,2, 4-trimethyl -1, 3-pent andi.ol , Eastian em Produc Ki n
> avowi w1590 SEPOR B a2 TOPLEPORL OB TICTRAS R aried %’%‘5’ Fljeroh?
Ter pi neol Tagad®. (m xed tertiary terpene al cohols, Hercules Inc.
W | m ngt on,
46. An electrode-based pump comprising a first electrode,
10 second electrode and third electrode.

47. The electrode-based pump of claim 46, wherein the

pump is situated in a fluid channel of capillary dimensions.

15 48. The electrode-based pump of claim 47, wherein the
first and second electrodes are spaced from about 100 microns to about
2,500 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.

20
49. The electrode-based pump of claim 48, wherein the
third electrode is spaced from about 500 micron to about 1,500 microns from
the first electrode. '
25 50. The electrode-based pump of claim 47, further

comprising a fourth electrode.

51. The electrode-based pump of claim 50, wherein the
third and fourth electrodes are spaced from about 200 micron to about 5,000

30 microns apart.

- 52. The electrode-based pump of claim 51, wherein the
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DE), 2.1 %ww, and Duoneen TDOTM( t.od et hyl enedi am ne 15
ol eates, Akzo Chem cals, Chicago, hﬂiﬂlﬂgﬂtﬂmﬂm gol d powder from
Techni c, ‘* 85/1%}?{ an average particl (] +9 MmMcr ﬁr

sui tabl e i on uses: Ag Powder QC&(()Wder (Metz, South arnfie d NJ),

80.8 %ww F-92 glass (O Homel negie, PA), 5.2 %ww VC1
resin (37% w w Ter pi neol T-318, 55. 5%vv/w butyl carbitol, 7.5%w w 20

et hyl cel l ul ose N-300, Aqualon, WImngton, DE), 3.7 %wWw 15 %w vV

et hyl cell fitss and\ssomd eleTrdrsishall leopagitipnadsbeswien Ehe abird @n@0fosfty r ]
(polyi sobu%% tg@WIQacryl ate) in Terpineol T-318, 4.1 % ww, Duoneen

TDd err], Bt W, and Terpineol, 1.6 %ww. These formul ati ons were
fired at 550C to form hi gh aspect rati o conductive conduits. 25

When the size of the glg met al powders, increases, filling
properties (lack of craeRi ngThﬁ(%%FtE‘%‘?ﬁ bazpdpeinRsef ‘F‘Ptﬂ‘ﬁ%ﬂs wWhHein the

adher enee §iRtSirfifSe Qdnd 8le@troe@l d?fats%'acéa ittdm l%%ogpﬁ"{l)'onﬁ\%rhe gscafbed?fﬁ' ng the

amount of organic in the via ink evices used to
i nsert vi a2i9fQ migrenhapas. in a pI ate 30 typically include a netal stencil
Wi t h openi ngs correspondi ng to the openings in the plate. Viaink is

appl i ed above the stencil, which rests on the plate, and a bl adder

device is used to preSSBﬂLZeThb%lédﬁtkod@bE@éd?squ &Pclairh!5 1,hhBRdiRthe

third and fourth electrodes are spaced from about 500 micron to about 1,500

10 microns apart.

55. A method of chahging the electrokinetic pumping
parameters of a liquid, the method comprising

(a) selecting a pumping additive based on the pumping

15 pressure, pumping flow rate and electrical efficiency exhibited by the additive,

and

(b}  mixing the pumping additive with the liquid to obtain a
mixture having either (i) improved pumping pressure, pumping flow rate or
electrical éfficiency, or (ii) having a preference for pumping in a direction

20 -opposite that of the liquid, in the absence of pumping additive.

56. The method of claim 55, wherein the mixture obtained.
has a flow preference opposite that of the liquid.

25 57. The method of claim 55, wherein the mixture obtained

has improved pumping pressure, pumping flow rate or electrical efficiency.

58. The method of claim 55, wherein the pumping additive
comprises from about 0.05 % w/w to about 10 % w/w of mixture.
30
59. The method of claim 58, wherein the pumping additive

comprises from about 0.1 % w/w to about 5 % w/w of the mixture
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51 After filling, the plate with its via ink-filled holes is renpved

for further processi ng, as described bel ow. Pri or
to firing, much of the organic conponent is evaporated avva\é’ﬁb for
f%’/’éﬁ) 5 for

exanpl e, SI acing the ink-filled plate in a oven (e.g. at REWUS
‘one to MOt es. Pref erably, the figging is conducted at a tenperature
fromabout 450[err]C to about 700[err]C, nore preferably from about
500[err]Cto about 550[err] C. However, the upper end of the appropriate

firing tenperature range is primarjly. dictated b r iGe at
which the plate being 6Peat &ae me‘%?ﬁc%@i%'t‘ﬁ’?\ﬁé %_t‘w%?%%rﬁg?ﬁg y‘%mg\net h
sone types of plates ch W r UL er/aoof thdeniztureenpl at ed.
To assureCPﬁt&rgﬁﬁéF@{%oé%?dgc J \?é’gvn%fgrgfggla t hat protrudes above and
bel ow the glass plate after firing, the top and bottom surface of t he
pl ate can be coated with a sacrificial |ayer of thicknesses equaling the
| ength of the desired protrusions. The sacrificial |ayers can be applied
before 15 or after the holes are fornmed-in the plate. If before, then the
hol es are forned t hrough bo e and the sacrificial
| ayers. If after, then (a) 1@"!@@"8'“%“””' ngs through the

y

sacrificial layers can be create Lt mreatkng a gas pressure difference

fromone side of the plate to the other, whi ch pressure difference
bl ows clear the sacrificial material covering the 20 holes or (b) such
openi ngs through at |least the top sacrificial |layer are created when

the pressure of the ink pushes through the sacrificial layer and into the
hol es (Il eaving an i nnocuous anount of sacrificial |ayer material in the
hol es) . An appropriate sacrificial layer burns away during the firing
process. : o
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Sacr|f|C|aI | ayers can be made coating a plate with, for instance, 5 - 25
ww 25 9%mxtures of ethyl cellulose resin (e.g., Ethyl Cellul ose N 300,

Aqual on, Pg}%%ﬁgngt on, DE) dissolved in Terpineol T-318[ e%‘;,ﬁlﬂf‘ﬁg9?'é?53f’neo|

Texanol[err 50 % w w m xtures of Elvacite 2045

T-318[err]. After firing, the surfaces of the el ectrode can be enhanced
plating netals, such as nickel, silver, gold, platinum rhodium etc.
The dep05|t|ons can be perforned u5|ng1§p égandard el ectrolytic and/ or

el ectrol ess plating baths and techni que 1 Preferably,
where a plate that is to contain etched openings wi |l be processed to
I ncl ude el ectrodes, the etching occurs first, followed by

52 coating with the sacrificial layer and formng the electrode hol es.
In an alternate nethod of manufacture, for each punp,ni*ﬁb or nmet al
wires, for exanple gold orp280&Aum wi ~&00Bout 1-10-m™ Gn BDQ ter,

are inserted into the opernjings in the/channel wallsf about,
m crons apart. The wr re seal MNto the ¢

conventi onal gﬂﬂdﬁor pl at i iBa/til | Rifle/ of fiNely

el | . .
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t he outside of the opening, the channel is heated to a tenperature above

t he flow tenperature of the via fill ink glass, providing an excell ent
seal bef¢agAss the wires and the channel. The via ink, WiGhsdsgsdsged to
seal the holes, can be substituted with, for instance, solder or an
adhesi ve. | . Mscell aneous Features In the case
where the tenperature of apartlcular well is to " be nonitored or
changed, a means of heating or cool e well is built into 15 the well,
as will be further explained bel ow wthUreference to Fig. 20. The first

well 36 in this exanple has deposited on its bottomsurface a thin film
57 of a suitable netal oxide, such as tin oxide or indiumtin oxide. The

thin filmb57 is connected by neans of an electrically conductive netal
connection 58 to thgognd or amopgr edge% gic the we é(}O@G The tin oxide
coating 57 serves as 20\ a heater el enent r the we 6. The sides of the

wel | 36 have a supfiace i3 inet al |I0n 59 and I@hds 6P, <Ef tably nmde of
chronel - al unel_attoys. forsare ouai—e-t-o as-u-r‘e—t he
tenperature [ n the =% 7 CEH=r=S ot ed to the tin

oxi de coatin ga. mt the wgl| 36
6

via el ectrodg ‘ g AL E"t”r‘—réngul ates the
tenperatuge . . X pl i ed can. e | redul at ed
by the r ___ ?"_ ;’ -2 b ‘:‘.-,._;.'V 3 ¥
t he |e§§$3 = = S ‘,l:“-'-"‘ S @l | QUi 5%}'\
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53 can be situated in third vertical channel 390. These material s have
a thernmal expansi on m smatch. Wen the tenperature in the reaction cel
350 is lo e ball valve 62 is in its normal position kdd i free
fl ow of fmodgsfllf‘xr’jtgo t he wel | 36 (see Figure 21A). As theptegjghpgesﬁlg?%re in
the well 36 increases, the 5 ball valve 62 noves to a cooler position
(Figure 21B) blocking the third vertical channel 390 to isolate the
reaction cell 350, thereby preventing f£%¥(j from passing into and out
of the first well 36. Alternatively, a C d\@nti onal check val ve havi ng
.~ a beari'ng, such as a bearing nade of quartz or pol yt etrafl uor oet hyl ene
- polynmer can be used to isolate the reaction cell 350. 10 Were it is

i nportant to have the capability to have fluid flow counter to the
direction established by the check valve, the check val ve can have an ™M
i nsul ating or magnetic bearing, which can be noved to allow such counter-_ =

floww th externally applied electrostatic-or nmagnetic fields. 15
EXAMPLES Exanple 1 - Liquids punped wiith a sinple el ectrode-based puqi:
Using the 1 mmcapillary with a two el ectbde-punp <t W e
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descri bed above in Section B.ii., a nunber |iquids have been tested,
I ncl udi ng ‘the follow ng solvents: 20 Sol vent

Fl ow direction vol t age applied N- net hyl - pyrrol i di none

+ WO 96/15576 1470 . (NWP) D net hyl f or maRCTES95/14590

+ 390 ( DIVF)

390 25 Di chl or onet hane ( DCM 686

Met hanol ( MeCOH) " 489

| sopr opanol (1 PA) + 4/16 Acet one

+ . Acetonitrile + 30 The foll ow ng sol utions
in NMP, at 0.1Munl ess otherw se indicated, have
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-——peen test ed: Reagent Fl ow

direction trans-4- (trifluoronethyl) - cinnamc acid 5

5- benzi m dazol ecar boxylic acid N, N- di cycl ohexyl car hrariirgs9sa¢590

+ ' tyd am ne +
2-(1|—|—B‘le(?1§z)é3#r| azole- 1-yl)- No flowat 0.1 M flow occurs

1,1, 3, 3-tetranet hyl uroni um | ower concentrations (0.01 - 0.1 M 10
hexaf | uor ophosphat e ( HBTU) - Th ol l owing solutions in DMF, all at

0. 1M excepting pi peridine, which wa¥/f{6 20% v/v, have been tested:
55
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56 - Reagent Fl ow di rection*

4--(am nonet hyl ) pyridine + P 4- (2-am noet hyl)
nor phol i ne - + P 1- (3-am nopropyl) imdazol

tri phenyl ph9FfiiFRT6 . + 5 4- (ani ﬁ&%ﬁ’&ﬁ 14590
mor phol i ne + 9-f | uor enenet hanol '
p- ni trobenzyl al cohol + p- (et hyl t hi o)
benzyl al cohol - 087m nobenzyl al cohol

+ 10 2- met hoxybenzyl al cohol 16 2-(triflouronmethyl) benzyl
al cohol +

420DB
+—431B

N

vl

431B

FIG. 9
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2- am no- 3- phenyl - 1 -propanol + P
di et hyl azodi car boxyl at e P

4-di met hy)] am nopyri di ne + P 15 car bazagl e,
+ &JOJPQ%% eeeeee - 3, 4-di hydr oxybenzoi ¢ acid PCTUSIS14s%  _ p
4- et hyl nor phol i ne N-oxi de + 3-cyanobenzoi c acid
No flow 20 4-ni trophenyl acetic acid No flow, at 0.1 M flow
ccccc S 9 | ower concentrations (0.01
- 0.1M 2-(1
H benzotriazole- 1 -yl)- No flow, at 0.1 M flow occurs
1,1, 3, 3-tetranet hyl uroni um | ower concentrations (0.01 -
hexaf | uor ophosphat e ( HBTU) 0.1
+ weak 25 "~ 2,3-dichloro-5, 6-di cyano-1 , 4-benz oqui none
t et rapr opyl ammoni um No fl ow perrut henate
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57 Reagent : Fl ow direction*
No fl ow | -oxo- 2,2, 6,6-tetranethyl pi perdini um
chl ori de 5- benzi m dazol ecar boxylic acid

, N. D.Jserr]
S AN QW5 hyl ) benzoic acid NPEI/US95714590

4- (am nonet hyl ) benzoic acid N. D. N,
N-di i sopr opyl et hyl am ne N. D. I sobuyl am ne
N. D gl ut at hi one (SH) N.D. 10

or 107{160,1.' ovvled by a "P"

Those directional indicators (" +"

i ndi [ h fl acieved—ust o ptsed—vottage- 47
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[err] = 3.0- 10 ns. 15 : [err] NND.", in this table and the

tabl es bel ow, indicates either that the solute was
I mm sci bl ' e solvent or that visual ' tion
suggestedw(ﬁ%%/&ls%phad deconposed. _ PCT/USSAARES
58 The follow ng solutions in DCM at 0.1 Munless otherw se indicated
, have been tested: Reagent Fl ow
direction allylanine 5 {1 butyl am ne
cycl ohexyl am ne 1-(3-am nopréﬂﬁ) i m dazol e
di et hyl azodi acar boxyl ate TP Pal | adi um
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10 | sobut yl am ne | soanyl am i ne propyl am ne

1--(3-am nopropyl )i mdazol e p- car boxybenzenesul f onam de
N.D. 15 -(1H benzotri azol e-1-yl) - N. D. _
1,1 ,3, 3-te‘¥(r)§6’ 5t71§I ur oni um : hexaf | uor ophosphat e P(qéqsaf/usm

Those directional indicators (" + " or ¥'2') fdblowed by a "P'" 20
I ndi cate that flow was achi eved using a pul sed voltage
program pursuant to Figure 8, where @mB =0.1-1nms

[err] = 3.0 - 10 ns. 670A 6?6& 670D 59
The foll ow ng,sol ut_i}ﬁs in met ha r1\£been t est eé:?
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Reagent

4- quorophenyIacetic aci d

P

sec- phen&%yﬁ“ssf'coh

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

2- (1H benzotri azol e-
, 3, 3-tetranet hyl Lgoonl u

C\l

|sobutylan1ne
N. D.

foll owed by a "P"
using a pul sed vo
where [err] = 0.
Exanple 2 - An e
A channel system
pl ates of 211 Co
that |iquids can

t he vol t ages appli
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PCI/U S§5)4590
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ol
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Figures 1 8A and 1 8B, first channel 804 (2,600 [err]mlong by 150 [err]m
w de by 100 [err] m deep), second channel 805 (550 [err]m | ong by 100
[err] mw ogo136@ [err] m deep), third channel 806 (800 geqirfshihisend by
275 [err]mw de by 100 [err] m deep), fourth channel 807 (200 [err]m

|l ong by 100 [err]mw de by 100 [err] m deep), fifth 30 channel 808 (550
[err]mlong by 100 [err]m w de by 100 [err] m deep) and sixth channel
809 (2,600 [err]mlong by 150 [err] m wfdesby 100 [err]m deep) were
fabricated on channel plate 810 (not sho 16AI so fabri cat on t he channel

60 - plate 810 were first well 800A, second well 800B #n hird wel |
800C, which were connected by the ghannels. An electrid at e S
overlaid and sealed to the channe ate 810 by field &ssisted ther
bondi ng. The el ectrode plate 820 had] openings into first well 800A gnd

ird well 800C included a center

second well 800B 5 (not illustrated)
%20 pl ati num el ect rodes

drain 855. The el ectrode pl ate 82 _ A
fabricated by inserting 25 [err]m es. The el ectrodes included fj+st
pl ati num el ectrode 801 A, second i num.el ectrode 801 B, third
pl ati num el ectrode 801 C, fourth platiAnym el ectrode %%%ﬁ, fifth
pl ati num el ectrode 802B, thir i g
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FIG. 18B
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10 and the two el ectrodes conprising ganma el ectrode-based punp 803. First
pl ati num el ectrode 801A, second platinum el ectrode 801B and third platinum

el ectrode 801C nmake up al pha el ectrode-based punp 801, Whl| &?ﬁg {]
pl ati num eWE6f158€ 802A, fifth platinum el ectrode 802B and si X P ode

802C nmake up beta el ectrode-based punp 802. 1 5 Fi gure 18A
shows methanol flowing fromfirst well 80045 tol 6 second well 800B, while
bypassing third well 800C. ghis is done by applying 160 V to al pha

el ectrode- based punp 801. F&RJUMeL18B shows net hanol fl owi ng from second
wel | 800B to third well 800C whi gsstTig frrst—wet+—~—800A " This is
done by applying 200 V to beta e ectr(ﬁ based punp 802, 20 100 V to ganma
el ectrode- based punp 803 and('TZ'D Y to gpha el ect r ode- based punp 801,
where the polarity at beta &hd ? e el ectrodet based punps 802 and 803
favored flowinto the third |t | 800C;---N.--.-- a-ndthe-l-polarlty at al pha

el ect rode- based punp 801 faG‘Bred_ flow.away..from....|:first well 800A. 25
Exanpl e 3 - El ectrode-based punpl ng past cap<fl ar arriers

Figure 19 shows a prototype | IQUI$d distri butg) m—fabricated

pursuant to the hydrologic liquid distri bL@@h SV$ éem The di stribution
system was constructed fromthreg plates T 740 gl ass, Cor ni ng
A ass, Inc., Corning, NY which plates becafe top
i nter msdl ate pl ate 920 and bOttO%ﬁ pl ate 930. The

of internediate plate
p plate 910 were
|l e 901B, third hole

]
920 was coated wth silicon as déscribed abeve. In
formed, by laser drilling, first |hole 901A, second
902A, ) §

- - %
O O

e

912C

"l"{ .

FIG. 19

L.

9018

11A

- /9~

k/e QHRSTITITE QUECT /DIl © 2\



61 fourth hole 902B, fifth hole 903A, sixth hole 903B, seventh hole
904A and ei ghth hol e 904B, which holes each had a dianeter of 75
[err]m First and - second holes 901 A and 901 B were used to formfirst
nodel el ¥PPH I Hased punp.961. Third and fourth hol es BSFEUS%511d59902B
were used to form 5 second prototype el ectrode-based punp 962. Fifth and
sixth holes 903A and - 903B were used to formthird prototype

el ectrode-based punp 963. Seventh 1371 ei ght h hol es 904A and 904B were
used to form fourth nodel prototype egf@ctrode-based punp 964. The

el ectrodes in each of first through fourth pr ot ot ype el ectrode- based
punps, 961 - 964, were separated by 200 [err]m. 10 By etching, alpha
openi ng 905, beta opening 906 and ganma openi hg 907 were formed on the
underside of top plate 910. By laser drilling, ninth hole 908 and tenth
hol e 909, each with a dianeter of 1 50 pm were forned t hr ough upper
pl ate 910. In internediate plate 920 were fornmed first
prototype 15 channel 911 (nade up of segnents 911A - 911D) and second

pr ot ot ype channel 912 (rmade up of segnents 912A - 912D). First and
second prot otype channels 911 and 91 2 having a depth of 80 [err]m and
a w dth- of 150 [err]m . The entries into these two prototype channels
911 and 912 are provided by ninth hole 908 and tenth hole 909,

respectively. First re 0 59I agée\ss hggL? and _secgnd reaction °

cell access hole 914, gach wi

0 38

TV

56 “58 57— clg 56 60

FIG. 20

36

e
-

FIG. 21A FIG. 21B
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d| an’ét.er of 1..50-[err}m-—-were laser drilled through tf,asm‘fgg z/e |‘%§e90

920. * I'n . the undersi de of internediate plate 920, a ‘ng
was for ned, umm:m m’ll) Hml ng 91 5 connects the reaction cel 0 t
first and secon rain holes 921 and 922. 25

In the botton1p|ate 930 "the reaction cel Ig950 was formed by’ et chi ng.
First prototype drain hole 921 and second prototype drain hole 922 wer e

| aser drill egedeVsiH @Rtdtdid® @hahAéls é?&&ub?ﬂmﬁaﬁlp pdrpendiBdfar aodhe horizontal
i nternmedi ate plate 920 were bonded together by fjeld a@il sted thermal
bondi ng. 30 feeder channel Segmevweﬁ"%ﬂﬁafﬂdln%? ithe Ssa0R2 desaryoir rgxtension

prototype Ch?ﬂ%els eag ]cragsl%gSvé a‘Wé&tV@rﬁe g%f??cf}ﬁgl i{)ar ! fclhgﬂhé‘lgséd?ﬁ%;/t.t he

reaction cell access the c ier forned
structure at al pha openlng 905.

62 respondi ngl y, e barrier for by, the structure at
bet a opeﬁq:’rr]g . 906 pr evéE’r qﬁ\?t‘ﬂ “t'PI"oWﬁtﬁ'tnoo{TEg' ‘?‘P&W r COMPTE@ss
hol e 914. Fl gie or mbﬂzt ButfBE ch8A8dI5 OWHePdih ACIe8SS oA Ibefe? EhaRhellikdpoditioned
either route, could initiated by activating the appropriate punps.
For inst anceadjpgelptmq) at.least two first distribution channels and at least one second

reservoir extension channel.

~. 10 11. The distribution system of claim 4, further comprising:
’ (b) a controller; and
(c) a feedthrough plate attached to the top of the
distribution plate comprising supply channels extending through the
feedthrough plate to the first reservoirs and electrical leads extending through
15 the feedthrough plate,

wherein the distribution plate comprises pumps at each

distribution channel connected to the controller by the electrical leads

-extending through the feedthrough plate.

20 12. The distribution system of claim 11, further
comprising:
(d) a reaction ‘wvell plate having one or more reaction cells
that can be positioned below the distribution plate,
wherein the distribution plate comprises conduits by
25 which liquid can be moved from the distribution channels to the reaction cells

under the contro!l of the pumps.

13. The distribution system of claim 11, wherein the first
liquid level maintaining means comprises an overfiow release channel

30 connected to each first reservoir that drains any liquid above the first fill level.

14. The distribution system of claim 11, wherein the

B L el
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5. ‘ et hanol through first prototype channel 911, fi rsj;:g';MJSt ﬁé/l 45 90
el ect r ode- based u 901 and second prototype el g b d 2
wer e bi ased by ”mnﬁmmlm Fl ow t hrough the pro%eeim&mg
was observed. i natorial Synthesis of O igonucleotide

Thi s synthesis begins with"a furmber of pol ystyrene 10 beads onto which is
synt hesi zed, by the phosphoram dite net hod 88 pr ot ect ed ol i gonucl eot i de

havi ng a sequence (5 .t0,3"): GGA TAGGACGAGAG. .. ee or _i,nstance
Caruthers et %ﬁ'm?s&@tthaa%str'ﬁur:*ﬂwﬁgﬁw@ampg.sm frgg plecirods PBr & Beqand
di scussi on of elgtirg88 Wrdedel ckshtpolldy Rk &rélﬁ?é‘ﬁdﬁsed-r\hﬂtalge td w%um&l 1c788use
pol ystyrene beads, avail able from Bacham Bi osci ence (Ki ng of 5 Prussi a,

PA) are inserP@opingo each of the reaction cells of a microscale liquid
di stribution systemhaving 4 X 4 reaction cells. The liquid distribution

system has four first reservoirs, reservoir-1, reservoir-2, reservoir-3
and reservair -4, each 0§. WwhTké distribatieh &ystein \ofl laieh 11a) wRédein thd he 4 X
4 array. The liquid di stribution system has four second, reservoirs,
reservoir-5, 9%@@9%90-@"92@ e 8lactiira -data fioragecienice COMRIisiNg rdatabase of

second reserv&j,ﬁ?igﬁa@,gl@ g ESSr ?gﬁ“’éﬁ‘%rﬁ’g‘%&?{ &%@Mmsgel | s along a given row

(i.e., the react alig axis). Further, the
liquid distribution systemhas four third reservoirs, reservoir-9,
reservoir-10, reservoir-11 and geservqjr-12, each qf whi third,

167 T Flsbutals Sy e & LA T avhdsRineepe o ng

reservoirs can address any _ _
25~¢o0l utm1 61 .rRere LA bgmp%eﬂdr&eﬁldmbeHGd%%d’é(hﬁb; for the three
The foll owi ng process steps are execut ed: 1
Each of the relegiradspumipiss the cohtrollescam filtditest a pulsgd tvoltage acuess: thenfir:
acetonitrile fromreservoir-1. .. . . 2. 3%trichloro
acetic acid (afeAﬁe(ﬁOH%SﬂeﬁﬁrEﬂ?%PBrﬁ'\Qt?ﬂﬂﬁs, the Sirst and thigd electrades, e
through all of the reaction cells. This solution is effective to renove

the di met hoxytrityl protecting groups at
17.  Aliquid distribution system comprising:

15 (a) a reservoir,
(b) a channel addressable by the reservoir having a

capillary barrier.

18. The liquid distribution system of claim 17, wherein the

Q" 20 capillary barrier comprises a dam.

19. The liquid distribution system of claim 17, wherein the

capillary barrier comprises one or more upwardly oriented sharp edges.

25 20. The liquid distribution system of claim 1, further
comprising a pump associated with the channel for pumping liquid past the

capillary barrier.

21. The liquid distribution system of claim 20, further
30 comprising a reaction well and a conduit from the outlet of the capillary barrier

to the reaction well.
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't"he 5" ehds -of the oligonucl, eotides on the beads. 'T/US 95/1 4590

Al'l of the reacti t he
I | qui d di Hlﬂ“ﬂ“l" I“" "m " lmst em are again flushed with y’msfﬁgéwy)wgs

reservoir 4. To the four reaction c
connected to feservoir-5, a mxture ofgd.1 Mprotected adenine
phosphoram dite in acetonitrile is added. This addition is effective to

attach protected adenosi ng>gr o#Rg jigid B%tﬁbuﬁ&?%gstem‘gf didifn 21, whergin the

ol i gonucl eotides in the four reaction cells connécted to reservolr

the four reapuipnisan electrodedassed puwmpeservoir-6, a mxture of 0.1 M
pr ot ect ed cyt osi ne phosphoram dite in acetonitrile is added. This
addition is effective to attach protected cytosine groups to the 5

ends of the oligonucl eotigdgs iR fidifid ,L_ﬁ)stf-,guf,oﬁebq@é,grb&ﬁb},gngonnect ed to
reservoir-6. To the four reaction cel connected to reservoir-7, a

m xture of 0.1M protected guan©Be & mOfe ponfipissafiow ehannelsceachnhavinge | s
added. This @&Fédnﬁ%n'ds ﬁéfeézé\hxgttr%%gaé&é’w\p grein ﬁbgtc%%ﬂﬂog%@fb%'c ‘FPEEQUpS

to the 5 Snicl 8 SRR reaction ce
connect ed tohamem\ameh zbneTgx tHeedbwmetreaacehdn cell s connected

for each continuous flow channel, a branch channel

extending off of that continuous flow channel in the open zone, and
-~ 10 for each continuous flow channel, an alpha constrictor

for constricting flow in the open zone located downstream of the branch
channel inlet,

wherein when a liquid flows through one of the
continuous flow channels from the upstream to the downstream end a first

15 ratio amount of fluid is diverted into the branch channel when the alpha

constrictor is not operating and a second ratio amount, which is greater than
the first ratio amount, flows into the branch channel when the alpha

constrictor is in operation.

20 24, The distribution system of claim 23, further
comprising, for at least one branch channel, a beta constrictor for constricting

flow through the branch channel.

25. The distribution system of claim 23, wherein the
25 system has two or more continuous flow channels and further comprising a
buffer channel addressable by at least two continuous flow channels via their

associated branch channels.

26. The distribution system of claim 25, further comprising
30 a reaction cell and wherein the buffer channel is connected to a reaction cell

conduit to the reaction cell and to an overflow conduit.
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1 5toreserv0|r 8, "a-mxture of -0.1 Mprotected thyrg‘alur?eap#osp‘ﬁo%aﬂ\%?g

protect ed thym 8 Lilllﬂllﬁﬂﬁ"ﬂm MRS " onos*or e AR, B 851001996

the four reaction cél L ®onneeted to reservoir-7

5. The reaction cel I s are washed with a-;@tonltrl I e 20 fromreaction cells
fromreservoir-1. 6. The reaction cells are
flushed with acetic @thydmh(éedlztrﬁﬂtwri sydtend 8t eﬁmdmf%%.a the8 from
reservoir-3. This solution is effective to cap any ol igonucl eotide

chal ns that repctionocelt eanduiihel & bamaiednstrictoanddhe opgrilow conduit l;as a
The reﬁghéocr&‘)%f té{ are flushed with 1.1 M tetrabutyl peroxide in

dlchloronet ep is effective to oxidize the phosphite
triester, which links the newly added nononer to the ol i gonucl eoti de,
toaphos hatetrlester 8. Steps 1-3 are

r epeat ed. 28- A distributian systes CREWTSING:r eact i on cel | s
connect ed to reservoir- areg%:fféh”c‘én()f 0. 1 Mprotected adeni ne
phosphoram dite in acet on| tri is added. This addition is effective to

attach protected adenosi ne  two or more feeder channels,
a separate conduit for each feeder channel connecting
that feeder channel to the reaction cell, and
10 a expansion valve for each conduit, wherein the
expansion valve has an expanded state that fills a cross-section of the conduit
and prevents fluid flow through the conduit and an contracted state that

allows fluid flow through the conduit.

15 29. The distribution system of claim 28 further comprising
at least about two cells, each separately addressable by two or more feeder

channels via conduits each having a bubble expansion valve.

30. The distribution system of claim 28, wherein at least

20 one conduit has two or more expansion valves.

31. The distribution system of claim 30, wherein at least
one conduit has three or more expansion valves which can be operated in
concert to pump liquid from the connected feeder channel into the reaction

25 cell.

32. A liquid distribution system comprising:
one or more feeder channels each made up of a feeder
channel inlet and a feeder channel outlet and, connected to each such feeder
30 channel, a distribution channel, each feeder channel having a three-way
junction connecting a teeder channel inlet, a feeder channel outiet and the

connected distribution channel, the distribution channel connecting with a
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64 : :'gr'oij'b's“tmb' the 5° ends of the oli %on]tcjcl eot | de';_r'imu§h:,9f%drlrg'a:t9c9

ir-9. To the four reac C e o]
f:lslefvoi r-iﬂmmmﬂﬂmfmn}slmyg:\/lrprot egt ed cytosine p’PoEMSSabiS%L ﬁm fgg
acetonitrile*istadded. Fhis addition is effective to attach protected
cytosine 5 groups to the 5' ends of the 4igonucleotides in the four

reaction cells connected to reservoir-10. To the four reacti on cells
connect ed t geaction €8lervoir-11, a mxture of 0.1 M pr ot ect ed guanosi ne
phosphoram dite in acetonitrile is added. This addition is effective to

attach protected guanosi f@r each Q"'@b'ﬁbrqeo‘l"@“d”aw@“'dg ﬁ"ft glngtrode-based_ 11
. cLo ; c. ed to reservoir-11.
ol i gonucl eobl“g'ﬁ’z ![ril ghnet i%dleg'i:rhaﬁﬁélcfni nCEl’OI?I the fr]_egggf %Pﬁfel 102t}eg, A

To the four'r conneécte rr-" _ ure of 0.1
M protected thyni di ne phéspbattaguch tthrdeway juREEbRNA lsebbd icfecifbtRibastd S
addition is effective to attach protected thym dine groups to the 5
ends of t$1epHmFb6'hmﬁ distribigion ghamrels our reaction cells connected to

reser vpi r-12. 15 wherein the voltagﬁs. J ie%bﬁvfhé)ﬂutié?g @Jézfsﬁaésd s
effective to generate 16 separ at e ol'i gonucl eoti des, each with a
di stinct di puaipeand diee seqomh@éecitodedzased pumpecah biatidsan (alysb hat fluieinhods

lied ' I nat or.i al |.ecu] es, including
pept i des. and o iane BPAS, FAANEE G358 MGV UM he feedg0chapiellinet To the

phar macol ogfeeder @hbhiélt dulst shaRereedtl thahAél Withda$sdt smBUnPbP$lowthto the
anal ytical application. .
10 connected distribution channel or (b) so that a second amount of flow which is

greater than the first amount proceeds via the connected distribution channel.

33. The distribution system of claim 32, wherein for at
least one such three-way junction there is a third electrode-based pump in
15 whichever of the feeder channel inlet or feeder channel outlet lacks the first

electrode-based pump.

34. The distribution system of claim 32, wherein one or
more distribution channels have a capillary barrier.
N 20

36. The distribution system of claim 32, wherein the
opening of one or more distribution channels at the three-way junction has a

width that is about 50% or less of the width of the connected feeder channel.

25 36. A liquid distribution system suitable for conducting
reactions for chemical syntheses or chemical reactions involved in an assay,
the distribution system comprising a reaction cell, a channe! connected to the
reaction cell and a pump situated in the channel comprising a first electrode,
second electrode and third electrode.

30

37_. The distribution system of claim 36, wherein the first
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65 IN THE CLAAMS 1. Aliquid distri bQLETNSS&EE‘]l 4590
;Orr:g[:/\zlr Egbf flui d(ﬁlml“ullmuﬁlmﬂml ary di manglbz)ns fm %-'HWUW

fromthe |iquid sources td a pI drality of outlets; (c) punps for
each outlet, incorporated into the substral2, for selectively punping
liquid froma | i quid source and out of the outlet; and (d) a well

pl at e havi ngelsstrode anst eecwid electradecara mcedlbﬂmnyatpmm W@mﬂmﬂ aw:lt he

di stribution te.to aI| each. wel | w t

M aut d ai o r PROD! Bier8y8 dert PeckCenacd BeleR iy Featede APd o o
more |iqui d. Resrestof ithe Firft oF 8bédnd efechiddakiiobetwieb dboiit YOG AHiBFdng aved

(a) the |iquid sources; (b) for each liquid source, a channel of

capillary di *ORSi®infonsidr essable by the |iquid source having at |east one
outlet togone of said |ocations and having for each outlet a capillary
barrier for inhibiting flow out of the outlet; (c) for each outl et
a mcropunp for punping | B8ui d Thedistribtitioapsystemyobalaimed36, wherein the first
wherein the s can be selectively operat eg and at | eas %Gone, sai d

| ocation can Fgg A¢and spaand ?'GﬁerFrﬁé'F sparpd hetween 3k it 2PQ FuiFQnsHang,

second sai d hpgb! HictOhS GParCRRBYNA%Ring between the third electrode and the

nearest of the first or second electrodes is between about 250 microns and
10 1000 microns.

39. The distribution system of claim 36, further comprising
a controller that controls the operation of the pump, wherein the controller can
operate any pair of electrodes in the pump.

156

40. The distribution system of claim 39, wherein the
controller comprises an information storage means which stores pumping
protocols for one or more liquids, each of which stored protocols include a
designation of an appropriate pair of pump electrodes for pumping the liquid of

20 the protocol.

41. An electrode-based pump comprising a first electrode
and a second electrode, wherein the first and second electrodes have a
diameter from about 25 microns to about 100 microns and are spaced from

25 about 100 microns to about 2,500 microns apart.

42. The electrode-based pump of claim 41, wherein the

pump is situated in a fluid channel of capillary dimensions.

30 43. The electrode-based pump of claim 42, wherein the
first and second electrodes are from about 150 microns to about 1000

microns apart.
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“ the operatlon of the punps.. 3. The liquid di str|§ut9(§1/ ‘s‘lsteﬁmgc

of claim 2, .conmprising: “a plurality of wells, eacnmm e at orig

of said | ocatl uids are selectively chan t
plurality of ﬁgﬂlhlllgmljﬁuu mm‘t he plurality of wells through the 'yE‘N 96
plurality of chann®l 73

66 4. The liquid distribution systemof claim3, wherein said

channel s are di sposed on 44.subEhte alegtroglecdased pump of\/\tlarrm4r2 saherein th@punps
th bst r opu
o1 ect r ode. balish apdseond igsrodes are HaRLABRYS 2hE MIKRET 4 abert 4 080,

di sposed on micpbd @phAtat can be rel easably positioned bel ow the substrate.

5 45. The electrode-based pump of claim 42, wherein the
first and second electrodes are from ébout 150 microns to about 250 microns

apart.

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

10 second electrode and third electrode.

47. The electrode-based pump of claim 46, wherein the

pump is situated in a fluid channel of capillary dimensions.

15 48. The electrode-based pump of claim 47, wherein the
first and second electrodes are spaced from about 100 microns to about
2,500 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.

; 20
49. The electrode-based pump of claim 48, wherein the
third electrode is spaced from about 500 micron to about 1,500 microns from
the first electrode.
25 . B0. The electrode-based pump of claim 47, further

comprising a fourth electrode.

51. The electrode-based pump of claim 50, wherein the
third and fourth electrodes are spaced from about 200 micron to about 5,000

30 microns apart.

52. The electrode-based pump of claim 51, wherein the
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5. ° AL lqwd distribution system conprising: l"’bl Hrba /l A’ CQ
I nlets an p| | I'ary di mensi ons di sposed oh axﬂﬂ sfl ubs r
~a plurali @ ﬁ jmmu h alignable with an outlet of ‘a channel Wherel n
“are sele fromthe plurality of liquid inlets to the

plurality of wells through the plurality channel s, a second
substrate wherein the top surface of the first substrate is sealed to the

bottom surf fef £Hd sdcoreeRBfodB®Shaf iR positioned b%t\l%la'ﬁ éthbttHIrSfarﬁi RAtirH cal
condui ts extending through the second substrate; and a plurality of

m cropunps elestredesd to the electrical conduits, which punps can for
exanpl e each conprise two el ectrode projections fromthe el ectrical
condui ts. 6. A nmet hod of performng a synthetic process in a

l'iquid distribution systgg haThB®iéarsdd-Baséd pusnp 69 ERIMSS NIwaiEPtiAthBy an
el ectrode- based punp for punping at |east one reagent into a reaction cell.

7. Th® niitsicindosecang alestrofpg aee spaerd frompalout s QD aiemessyioi abati d, a
car bod| i m de, 5@ nSididRNssd e, an amne, an alcohol, a pyridine, an

azodi car boxyfate a carbazol e, an azobenzene, an anmi no N-oxi de, a

1, 4- benzoqui none or an ammoni um perrut henat e.

54. The electrode-based pump of claim 51, wherein the
third and fourth electrodes are spaced from about 500 micron to about 1,500

TN 10 microns apart.

55. A method of changing the electrokinetic pumping
parameters of a liquid, the method c.omprising

(a) selecting a pumping additive based on the pumping

15 pressure, pumping flow rate and electrical efficiency exhibited by the additive,

and

(b) mixing the pumping additive with the liquid to obtain a
mixture having either (i) improved pumping pressure, pumping flow rate or
electrical efficiency, or (ii} having a preference for pumping in a direction

20 opposite that of the liquid, in the absence of pumping additive.

56. The method of claim 55, wherein the mixture obtained

has a flow preference opposite that of the liquid.

25 57. The method of claim 55, whe'rein the mixture obtained

has improved pumping pressure, pumping flow rate or electrical efficiency.

58. The method of claim 55, wherein the pumping additive
comprises from about 0.05 % w/w to about 10 % w/w of mixture.
30
59. The method of claim 58, wherein the pumping additive

comprises from about 0.1 % w/w to about 5 % w/w of the mixture.

s Setpa
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67 . “ 8. . _The .method of . clai m 6, wherein the synthetiC process

I lid t A distri but
ggﬁsw:tg ign{)rﬁﬁﬂﬁﬁlﬂlﬁlmlul ui d sourceI Sar Ibe'tjaI Fpm @mﬁmqg%
system of chann | mensi ofif, the system conprising a first

set of parallel ahd ‘adjtacnt®fitst and second capillary feeder channels and
a second set of parallel and adj acent th|rd and fourth capillary feeder

channel s which are offs the fi ftc iﬁder channel s,

wherein (a) the first a th| Elb%{ 5318 ROVDRIME, 't he al pha
|'i quid source a flrs | | 0, t .uat ed above
or below the ?@?&%&eﬁ F%ggﬁ?ﬁgé%%tr@@ﬁcﬁﬁétgggﬂgﬁi% ‘t}%af&%du St he
beta |iquid source and (b) the second and fourth feeder channels are
connected to the beta liquid source by a second capillary connector channel

that is situated above @i, bel&ﬂﬂétﬁ@dbeéffo%%g'sfﬁltﬁ&?@ﬁfoc@g@ﬁpﬁl s and are

i ndependent of- the al pha I'i quid source, wherein upon f I ng the al pha
l'iqui d sous ce ligulid destribatiod s?rbféni hasingyedcties @els, coftifisin m%éfﬁiﬂbﬁngr& filled
by capillary action via the Tirst connector channel and erein upon
filling the bele&ttodebated pumap for plimping atiledst bae réagehtdntb & eesdtior eeder
channels are filled by capillary action via the second connector channel.
10. The di seell.buti on systemof claim9, wherein the substrate is gl ass,
fused silica, quartz, silicon wafer or plastic.

Di—l

N

62. The method of claim 61 wherein the synthetic
10 process is employed to synthesize a small molecule, a polymeric organic

compound, an oligonucleotide or a peptide.

63. The method of claim 61 wherein the reagent is a
carboxylic acid, a carbodiimide, a sulfonamide, an amine, an alcohol, a
15 pyridine, an azodicarboxylate, a carbazole, an azonbenzene, an amino N-

oxide, 1,4-benzoquinone or ammonium perruthenate.

64. The method of claim 61 wherein the synthetic

process is carried out employing a solid support.
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11. A liquid distributicon systemfor directing paitigdeot Opien o MMLey
Iocatlons corrprl t hree or nor, g/@]‘ s, each hé 9.4, £o0
and bottom incl ﬂmﬂ"mmm ’ml plate and a { ﬂ‘%‘bﬁ%?. i ’i(ly'g SO @héﬁ{
nore distribution *pldtes |sn| adIStI’IbUtIC)nDS%sS, éh_‘
di stribution plate joined top to bottomggsher ein 16 f!’fgh 0 paged .

di stribution substrate is joined to the bottom;of the first ‘gw

bottom of the dj sty t&ﬂdlﬁg substrate is joinedit 84Tk Qrb[ﬁ‘zéifult’he‘--t.hl ool

pl ate, and wh ribution substrate conprises
68 a least two first liquid sogy3enf) B

-0
at least one fjrst £eqgdgq g.%ngﬁzg st EBmpristhg:capi | | ary di men ns connect ed
to and extendi ng from&lgaclhs of theyfl rst rgour%:es each first|¥ égd channel

segnent for nedanl odiguideoujcgsict i on of the distribution substrate and t he
second pl ate; d . nel
of capillary d@?rensﬁ%’ﬁ%mée TR e aingtvgcglé%%p Lﬁ?ﬁ&n&ﬁfﬁﬁ:‘gﬁﬁlﬁﬂm or rrerﬁrﬁlnong
the j unct gigderipg lighe ﬁféhﬁﬁh&h&mtilsancesubatpnmlay@nduudng first plate;
wherelnfllllng each first source.with a | Uld resul t ﬁpfllhﬁ%ﬁé
capillary acti®h trteumrﬁwaa%autfthl&qw%aér %H‘&r?H'é‘i“a?eg‘ﬁé VSR P ct ed
di stri but f;gq FRANRdd stk HBSLEs g Bittet; and

(d) a well plate having one or more wells that can be releasably positioned below the

distribution plate to align each well with an outlet.

2. A liquid distribution system for selectively distributing liquid from two or more
liquid sources to a plurality of locations, the system comprising:

(a) the liquid sources;

(b)  for each liquid source, a channel of capillary dimensions addressable by the liquid
source having at least one outlet to one of said locations and having for each outlet a capillary
barrier for inhibiting flow out of the outlet;

(c) for each outlet a micropump for pumping liquid past the capillary barrier,

~ wherein the pumps can be selectively operated, and at least one said location can
receive liquid from either a first said liquid source or a second said liquid source depending on

the operation of the pumps.

3. The liquid distribution system of claim 2, comprising:
a plurality of wells, each alignable at one of said locations;
wherein liquids are selectively channeled from the plurality of liquid sources to the plurality of

wells through the plurality of channels.
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| ocations are addressed by the liquid sources via the first feeder channel

segnents and-the-connected di stri buti on channel s. 12. The
di strlbutl conprising in the distribution substrate
at least f Efm Qi“m ﬂ" ources and at |east two sets of parallel,
adj acent feedere anne erein each of the feeder channels in each set

IS connected to a separate liquid sourgg and wherein each set of parallel,
adj acent feeder channels is connected to at | east two sets of adjacent,

per pendi cul ar distribution channels. 13. The distribution
systemof claiml urt

on the .pl ateé for T?‘Eéjﬁ\“& “[“HE si’qt%%f)?la‘ln? N l?f"%'ﬂ%?fﬁ6@““8‘%3%@?81’59%&@?{%%

(c) 3ubRntd: anhiee for cont roI l'ing the m cropunps, wher ei n
the first plate is a feedthrough plate conprising supply channel s

ext endi ng t hrwhegdin sm@nn@emtmsmngnn plesubstrate; BR&/of i rst | i qui d sources and

I I Pl
\(/a\hg(r:terlnC% crov@l??ﬁﬁ‘gx% gt m@lar?é}ré’g@gté%@%& Wf?&ﬂ chghﬁel and are

connect ed t 0 wHeli@n @RiTtactibh edlishaye diggosed on b placathat can dis reledsebiyl positidried balplw t he

f eedt hr ough pl ate.
the substrate.

5. A liquid distribution system comprising:

a plurality of liquid inlets and channels of capillary dimensions disposed on a first
substrate,

a plurality of wells, each alignable with an outlet of a channel, wherein are selectively
channeled from the plurality of liquid inlets to the plurality of wells through the pIurality of
channels, _

a second substrate wherein the top surface of the first substrate is sealed to the bottom
surface of the second substrate;

a plurality of electrical conduits extending through the second substrate; and

a plurality of micropumps connected to the électrical conduits, which pumps can for

example each comprise two electrode projections from the electrical conduits.

6. A method of performing a synthetic process in a liquid distribution system having
reaction cells, comprising employing an electrode-based pump for pumping at least one reagent

into a reaction cell.

7. The method of claim 6, wherein the reagent is a carboxylic acid, a carbodiimide, a
sulfonamide, an amine, an alcohol, a pyridine, an azodicarboxylate, a carbazole, an azobenzene,

an amino N-oxide, a 1,4-benzoquinone or an ammonium perruthenate.
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14,  Aliquid. distribution system conprising: one or nore feeder

channel s of b i mensi ons each made up of a feeder channel inlet and
a feeder chaqm‘!uﬂ@m,ﬂﬂmmwconnect ed to each such feeder channel, a
di stribution G , ¥®eder channel having a three-way junction
connecting a feeder channel inlet, a feeder channel outlet and the
connected distribution channel, the distribution channel connecting with a
reaction cell; for each such three-way junction, a first

el ectrode-based punp in the feeder channel inlet or in the feeder channel
outlet; and 8  Themethedefrlainch wherade thesynthetircrrpenss employedsalid support.

el ectrode- based punp in the distribution channel, : wherein the

vol tages applied to the first el ectrode-based punp and the second

el ectrode-bagsed paistdanionsysém sermedan a SEbstrixdicombptisidg amalpheligfid sbwecd, aeder
channel s can be noved fromthe feeder channe] inlet to the feeder channel
out | et Sftadiquidrsenge andhsysicar ofighemnels qficapiflary,dimesions. e syjtem empnisingaHifbct ed

St o e n s 2 s AR UL Lt e

channel and adjacent third and fourth capillary feeder channels which are offset from the first and second
feeder channels, wherein (a) the first and third feeder channels are connected to the alpha liquid
source by a first capillary connector channel that is situated above or below the second and fourth
feeder channels and are independent of the beta liquid source and (b) the second and fourth
feeder channels are connected to the beta liquid source by a second capillary connector channel
that is situated above or below the first and third feeder channels and are independent of the
alpha liquid source, wherein upon filling the alpha liquid source with a liquid the first and second
feeder channels are filled by capiilary action via the first connector channel and wherein upon
filling the beta liquid source with a liquid the third and fourth feeder channels are filled by

capillary action via the second connector channel.

10.  The distribution system of claim 9, wherein the substrate is glass, fused silica,

quartz, silicon wafer or plastic.

11.  Aliquid distribution system for directing liquids to two or more locations
comprising:

(a)  three or more plates, each having a top and bottom, including (i) a first plate and a
second plate and (ii) one or more distribution plates defining a distribution substrate, each
distribution plate joined top to bottom, wherein the top of the distribution substrate is joined to
the bottom of the first plate and the bottom of the distribution substrate is joined to the top of the

third plate, and wherein the distribution substrate comprises

L T ,
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a least two first Ii;:_]uid sources;

at least one first feeder channel segment of capillary dimensions connected
to and extending from each of the first sources each first feeder channel segment formed along
the junction of the distribution substrate and the second plate; and

at least one distribution channel of capillary dimensions connected to each

feeder channel and formed along the junction of the distribution substrate and the first plate;
wherein filling each first source with a liquid results in filling by capillary action

the connected first feeder channel segments and connected distribution channels, and wherein the

locations are addressed by the liquid sources via the first feeder channel segments and the

connected distribution channels.

12.  The distribution system of claim 11, comprising in the distribution substrate at
least four first liquid sources and at least two sets of parallel, adjacent feeder channels, wherein
each of the feeder channels in each set is connected to a separate liquid source, and wherein each

set of parallel, adjacent feeder channels is connected to at least two sets of adjacent,

perpendicular distribution channels.

13.  The distribution system of claim 11, further comprising:

(b)  micropumps deployed on the plates for regulating the flow of liquid through
channels; and

()  acontroller for controlling the micropumps,

wherein the first plate is a feedthrough plate comprising supply channels

extending through the feedthrough plate to the first liquid sources and electrical leads extending
through the feedthrough plate,

wherein micropumps are located at each distribution channel and are connected to

the controller by the electrical leads extending through the feedthrough plate.
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14. A liquid distribution system comprising:

one or more feeder channels of capillary dimensions each made up of a feeder channel
inlet and a feeder channel outlet and, connected to each such feeder channel, a distribution
channel, each feeder channel having a three-way junction connecting a feeder channel inlet, a
feeder channel outlet and the connected distribution channel, the distribution channel connecting
with a reaction cell;

for each such three-way junction, a first electrode-based pump in the feeder channel inlet
or in the feeder channel outlet; and

for each such three-way junction, a second electrode-based pump in the distribution
channel,

wherein the voltages applied to the first electrode-based pump and the second
electrode-based pump can be chosen (a) so that fluid in one of the feeder channels can be moved
from the feeder channel inlet to the feeder channel outlet of the feeder channel with a first
amount of flow into the connected distribution channel or (b) so that a second amount of flow

which is greater than the first amount proceeds via the connected distribution channel.
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(54) Title: LIQUID DISTRIBUTION SYSTEM
(57) Abstract

The present invention provides a liquid distribution
system, which is useful in a number of contexts, including in
accomplishing various synthetic, diagnostic and drug screening
reactions. The distribution system can comprise an alpha
reservoir (200A) and a beta reservoir (200B), a first set of
parallel and adjacent first and second feeder channels (211A-
211B) and a second set of parallel and adjacent third and fourth
feeder channels (211C-211D) which are offset from the first
and second feed channels (211A-211B), wherein (a) the first
(211A) and third (211C) feeder channels are connected to the
alpha reservoir (200A) via a first connector channel (211A) that
is situated above or below the second (211B) and fourth feeder
channels (211D) and are independent of the beta reservoir
and (b) the second (211B) and fourth feeder channels (211D)
are connected to the beta reservoir via a second connector
channel (211B) that it situated above or below the first and
third feeder channels (211A and 211C) and are independent
of the alpha reservoir (200A). The distribution system is
preferably a microscale distribution system. Various particular
mechanisms for controlling flow into a liquid distribution
system are described.
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