WD 2004/ 063103 PCT/ US2003/ 037693 Ml ti channel and
Mul tilayer Pharnmaceutical Device TECHN CAL FI ELD The
woOized4hesiin3t he i nvention is that of sinultaneously/Us2003/037693
testing many conpounds for biological/chem ca
interactions. In particular, the current invention is
a device / structure and a nethod to test drug
interactions, BACKGROUND OF THE I NVENTION I n the
pharmaceutical industry, it is necessary to test the
reaction (including biological activity) of chem ca
A to chem NRlEcBannel-arfdl Multiigye Phaamdeatieal Diviee
nunber, on the order of mllions. A popular nethod is
that of providing an array of substances B, - B" on a
plastic card and pl aci ng substance A in contact with
GROHNICAE BIELBommercial |y avail able plastic card
arrays include 96 and 384 wells. The well dianeters
are of the order of fewmllineters. The nethod of
chem cal placenent or dispensing usually is by
Aheefiekkof theeinveationdsrthat ef smgltaneaisly éeatimg snageyd
to type the chem cal interactions. -1 WO 2004/063103
eonipusaotaforbiebwiciicheminal anteractions. ilp partieular, the current
conbi nations of chemcals to test to exhaust the )
poventhon is aeevice / stmeirg eads methed ptast dsug pateragtions,
i nvol ved in drug

BACKGROUND OF THE INVENTION

In the pharmaceutical industry, it is necessary to test the reaction (including
biological activity) of chemical A to chemicals B, - - B,, where n can be a

large number, on the order of millions.

A popular method is that of providing an array of substances B, - B, ona
plaétic card and placing substance A in contact with each of the B,.
Commercially available plastic card arrays include 96 and 384 wells. The
well diameters are of the order of few millimeters. The method of chemical
placement or dispensing usually is by pipettes. There are computer assisted

scanners used to type the chemical interactions.



di scovery, to bring a successful drug to the market.
Wth the current speed of conputer assisted scanning
wdevi4meslo3it i s possible to reduce the drug dPeT@S$2009/037693
time, for exanple, by increasing the nunber of sanples
scanned at a time. This is possible if we can pack
iBinee thereere ahilliehk ©f domnbinatianplof chiemigalgi todasi/isl ethgust the
A larger nunber of wells in a given volune also
rpedeibektichdt dmoemyears foosompapiemihsaliase tnvadlweddnding a
given well. The plastic cards are usually_fornmed by
aliscarsrgntabrngresyeasss il shiugrtoithe market” Widhtheeeuizert speed
|l ocation within the array is not,adequ%ge enough Hf
foflacneputer eesistehegasing deyieasn ) 1§ POSH eé%%‘xweat g/ drug
limts the extendabiljty .of plastic in this_fiel
THECqRIY TBeAITCRN APy DY PCTAASHRE o PREDER of Samnlss sganned

for mcro_devi ces, i

.wWth multiple thousands o [
it eriien T s Dossible i PedangpAdomors g Shels, for
channel s. connecting the lective wells at, differen
[CRABNAIC, ) £ BVER HOIHTPayh I GeR RIS of eelR iR glume
inventjon relates to ceram ¢ _deyi ce, Wi.th.nlGr I
80 T G Soiort oSSRl I pE b Th i SiveR e
thereof. -2 WD 2004/ 063103 PCT/ US2003/ 037693 A feature
of the invention is the fabrication of an array of

ni‘l% Blavéﬁlclc%rgy Qre usually formed by extrusion and the precision of the
hole diameter and location within the array is not adequate enough to
fabricate micro holes and channels. This essentially limits the extendability

of plastic in this field.

The pharmaceutical industry is searching energetically for micro devices,
with multiple thousands of wells with diameters of the order of 100
microns and channels connecting the selective wells at different levels

within the array.

SUMMARY OF THE INVENTION

The invention relates to a ceramic device with micro wells and micro

channels and a method for formation thereof.
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m cro channels in a ceram c structure by |am nating

mul tiple personalized green sheets. In one aspect of
woheodioayeat i on, the open wells and channel s ar ectaSamad/037693

by individual |ayer personalization. In another

aspect, a nulti-layer arr of wells_ and cha

A deatuie of thomnuemionisthe MbTialion o &b army) anWrPhwﬁus and

material that, will fornrchanneg af.ter, S|nter|n% .

TRl inoa SETARIS HANKGHES B 1guneHang ggi GpI¢ Personalized

mat er i removal techniques to formwells, channels
eﬁ’f@e%@gﬁe%‘ﬁpert ures. Another feature of the invention
is the use of a sacrificial material that escapes
fromthe ceramc structure during the sintering

r°«§.peé§mcr. b imuciioth ihEoneh well¥ Sp0 HphRlt i, fifhed by
r feature of the invention is
tIHQI\GQBa #aygr ?%E?C?Itch@a Clnaterial that |eaves a

resi due of a porous structure whose pores are
connected after sintering -3 WO 2004/ 063103

i T
tn?%n)ttgra EQBOsthl &iited G1LQ WHHE AanAR 'tﬁatawﬁT 'féh)ﬁ' Andels

after sintering.

Yet another feature of the invention is the use of material removal

techniques to form wells, channels and such apertures.

Another feature of the invention is the use of a sacrificial material that

escapes from the ceramic structure during the sintering process.

Another feature of the invention is the use of a sacrificial material that

leaves no residue after sintering.

Another feature of the invention is the use of a sacrificial material that
leaves a residue of a porous structure whose pores are connected after

sintering.



Anot her aspect of the invention is the control of the
channel volunme during sintering process. Another
waprews3os the invention is the use of a nmater pal/usSm03/037693
the channel that |eaves a coating due to chem cal
deconposition or vapor phase deposition. BRIEF

DESEHAETAPNCO6f THE RRANONGS the gt o ncihdeasidiabdemhaatdl

structure after a first version of the process.

FigBf@mié or RetaleWcoifRSsiteR) td€ofm chhnpedessdensifiabke matrix.
6 shows a conpl eted structure after a second version

of the process. Figures 7 - 10 show steps in the-

second process. DETAILED DESCRI PTION Fig. 1 shows a
pAmoitiaer @fpeat of the irfvientionoisithe toed tstl rafdhachaanebyaiume during
to the -X)WD 2004/ 063103 PCT/ US2003/ 037693 i nvention
hginktering psocesse hori zontal channel 25 fornmed in a

sheet 10-2 <connecting a first vertical aperture 22

formed in sheets 10-1, 10-2 and 10-3 and a second

aperture 24 fornmed in sheet 10-3. Sheets 10-1 to 10-3
wAmethémaspieat bf thesinveationcisrthaiuse pfcematesalsin thechanpg! that
been | am nated and sintered in a c¢onventional  process ..

t leaves m enaiting dupicekemmisal decopmasiiion or yapey phags deposition.
may be forced upward through sheet 10-1, diverge and

exit intw |ocations in sheet 10-3. Simlarly, the

flow could be in the opposite

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a completed structure after a first version of the process.
Figures 2 - 5 show steps in the first process.
Figure 6 shows a completed structure after a second version of the process.

Figures 7 - 10 show steps in the second process.

DETAILED DESCRIPTION
Fig. 1 shows a portion of a simplified completed structure according to the
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direction, with two substances entering through two

apertures in sheet 10-3, conbining and exiting
woOhomoghios he si ngle opening in sheet 10-1. Fi grC®U$2003/037693

shows a structure forned using 3 green sheets and 1

hori zontal channel connecting two vertical wells for

dbnphiions having 4 bingle Aovrimontalhchannel 26tformedds aoéhfrﬁt 10-2

assenbl ed from i ndividual sheets by | aninatian,

asmmestingpr frgserticat apersaree22 dormed amishees ltd u ﬂ@s’l and 10-3

with arrays of thousands of holes, wth thousands 6

rend 2 secand eperines 24 dermediinghpet laﬂrﬁech@etst -Litgidl 0-3 were

vertical holes. The ceran1c mat er i al cIu

anumllﬁase@araggcer@@mg,gr@en eats thahha Vlerr? nated and sintered

borosilicate glass and gl ass. The

\A@ra cemyenigonal prasessclOIPIR SEEMICH al?ﬁ)nf@ 519 HQ%%M

th can be_ 20 m rons

TG 8y bedorreq yagvar ﬁ@gé) nge&mglm&‘%t 25 5 %“- in two
aieeéﬁéhs‘i‘—?é‘?h%qaéﬁéh. e NE e AR hy “ it

Pedtiisn gk ?woes%qs@@ﬁéq%fe%{t%ﬁ' & dhiRtif Bl apBRurdSfh sheet 103,
f‘cgﬁabﬁﬁfl' S iling GHGEAS e SRRIE Bethll BRI 10 o

The | am nation process involves heat, pressure and
time. The preferred |am nat| on pressure i s under 800

p?1$%llehfts{%8§;g? Qs ré ?o e u ﬁrﬂ% eln Sckts el Iahbh%ntal

m nu g process i nvol ves
t ffanfR €bhAbcting two Verucal wells for simplicity in illustration. The

structure has been assembled from individual sheets by lamination. The
assembly process is the same for ceramic structures with arrays of thousands
of holes, with thousands of horizontal channels selectively connected to
link vertical holes. The ceramic material may include alumina, glass
ceramic, aluminum nitride, borosilicate glass and glass. The diameter of
vertical wells can be 20 microns or more, the channel width can be 20
microns or more and the length can be a minimum of 20 microns. The shape
of a well exposing a substance may be circular, rectangular, smooth or
rough. The total thickness of the plate 10 may be any desired amount, but
preferably is under 1 mm. The thickness of the greensheet depends on the

application, but preferably ranges from about 3 mils to about 30 mils.



of choice and the binder systemused to formthe

greensheets. Figs 2A through 2C show t he separate
wgoresnskest s 10-1, 10-2 and 10-3 that have beedT/us2003/037693

lam nated to formthe structure of Fig. 1.

[I'lustratively, horizontal channel 25 has a |ength

g‘lﬁa{aﬁmhﬂﬁﬂ PricEss HRldEaRBAES E)r@s‘su@@ andRiné UThe p2eferred

ustratively, apertures are about 20 microns

94 t fe@upd R 8hderT860 Pishrht eemperduiaish widerc?d deg C and
Wepeﬁd on the paﬁl cu?S appl ?catl on and ?

thP hniraalofVasd abines ntinekesa THehdntwranopidoessinvdlees the material
substance passing through, the surface

igfehiodey and ité binddr sylseernursedae fanma theygrdenshesits.ed

flow force, capillary or forced flow, desired quantity

and rate of flow, etc. Accordlngtothelnventlon

the greensheets are fornmed froma substance such
FrigsRrathrough<C shoanthe sephrgleagreensiicated 8nl .c10 ﬂ«.@ld 10-3 that
technique for formng vertical apertures_and

e dwendantnatedetosfors the struefure efbigl 1ojllusteativelyues

such as punching the material out jncl bbl
vBrontal hirined > Schaoa st grenter tha a@?c%gﬁ%e@ 405f an

hi gh pressure | d jet M di

pariva 02 o1 540 [HRBTalivelyaABCHISoR ”%wé B Fictois or more
greensheet is not includ [ the
dhisbameeen sThndimelerscndndapEAAiGE Vb‘iln ‘?%ﬂ%‘”ééh%PamC“laf

Tl PR EAES B EGHEY e Ttnce
B%%:S{Q'gg@@gﬁ gﬁ V%urf 1% te?lsy(\gl)]/eztgtci)éi/tyg Q#1088 surface and fluid, desired

flow force, capillary or forced flow, desired quantity and rate of flow, etc.

According to the invention, the greensheets are formed from a substance
such as alumina, glass, ceramic and glass and ceramic. The technique for
forming vertical apertures and horizontal channels is material removal by
techniques such as punching the material out including nibbling, laser

drilling, e-beam drilling, sandblasting and high pressure liquid jets.

Micromolding by pressing the material to the side and distorting the
greensheet is not included in the preferred embodiments and will be referred
to generally as a material displacement technique. Such techniques are

undesirable, since the desired well and channel position accuracy with
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respect to each other is very snall, e.g. a few

mcrons, and the distortions introduced by nateri al
wdize@loagesent techniques are a significant obspatius2i06/037693

providing the desired accuracy. The fugitive materials

for the first enbodi mrent nmay be any conpati bl e ) .

vespatt ¢o rachrather suctryasnalér @ gt Adewomagrons, ¥ad Han digertions

ot her organi c materials. The materials to formthe

pnirodsced bycmetestalidisplenemeat trrnagpetiticeh s1gmiicapkobstacle to

ceram cs such as alum na, glass ceramc, alum num

mrovidiegdha desuedaccreaaye gl ass, illustratively in a

particle size of less than 40 microns. The horizontal

and vertical apertures may be left open if there is no

SBae s BB B AR eSS v
s BTSSR el il SRR i M.

no residue after it leaves. The process of rempving
the fugitive material may involve heating it past the

L
RN e M YA, a0 AT
b B et 7 et a1 s o,

The formof the fugitive material is preferably one
that is easy to apply into the apertures in the

O RENSREBhtal 2t vifichP8pé@hfisahaf bedstt®open if there is no concern
that pressures during handling or other operations will distort them, or they

may be filled with a fugitive material.

In a first embodiment of the invention, the fugitive material is one that
leaves no residue after it leaves. The process of removing the fugitive
material may involve heating it past the boiling or subliming temperature, so
that the material goes off in vapor form into the ambient; or the technique
may involve burning or other chemical reaction that combines the molecules
of the fugitive material with the molecules of a reactant gas to from a
substance that is a gas and goes into the ambient. The form of the fugitive
material is preferably one that is easy to apply into the apertures in the

greensheet, e.g. in the form of a paste.

-7-



-7 WD 2004/ 063103 PCT/ US2003/ 037693 I n the second

enbodi nent, the fugitive material is conbined with a
weoeeomrd3losat erial that will form a porous strueCumus2mB8/037693

being sintered; e.g. a mxture of fugitive nmateri al

in particle form the particle size being sufficiently

l‘rﬁ‘é% sédtd ERBoRR/ERE RS fliSHEFE MAtéMa 1léer1ﬁl§fﬂleﬂt\ﬁItﬁ -a second

refore, a continuous open structure wi | remain in

amALLRT 0R SvilBfdrika ?f 6his Siriteirk ok b@n@ﬁﬁﬂtdre(ﬂ*@g a mixture of
passage of a test material through the pores fromone

s fisitiok raberill ah patficledfori)ehepaeticlel dizs beitlgdsufifiogeritty large
obvious that the unsintered porous body in the

ctiennheé partitlesltbovh 0 thounfieadhstatt. dtheopiene votongnaous open
channel di nensions. Also, the unsintered porous body

| strubeare vaitihemdial in 40 opesipareehatrd dfpseEntehing ngperrmt the
sintering process. Fig. 6 is a counterpart to Fig

spassagg of tosp nettedakthroughrthe iporemirom onerside aff the plate 10 to
apertures are open, having been filled with a fugitive,
ntheother. Ibshonld alseberobygous thatibenmsinteredporoisbedy in the
has a porous matrix. Horizontal channel 225 was

f chamaelpgilbabow o EarimgoniroHed opem eolumeg and shanh%ltdlmenswn&
a mxture of the fugitive materi

d
métlep; the unsantesedpereus body inthe cﬁm&é‘@m‘i‘m FOIR Cﬁwnﬁbcollapse

open pores that permt the passage of a fluid through
|ﬂuﬂﬁ§rﬁ10@mg:m°°§§érture 22 to vertical aperture 24.
Figs 7A and 7C show greensheets 20-1 and 20-2 filled
with the sane

Fig. 6 is a counterpart to Fig. 1, showing a completed structure in which
vertical apertures are open, having been filled with a fugitive material
before sintering and the horizontal channel has a porous matrix. Horizontal
channel 225 was filled before sintering with a filler material that is a
mixture of the fugitive material and a matrix material that sinters to form a
porous matrix having open pores that permit the passage of a fluid through

it from vertical aperture 22 to vertical aperture 24.

Figs 7A and 7C show greensheets 20-1 and 20-2 filled with the same
fugitive material 222 used in the previous example. Fig. 7B shows

greensheet 20-2 with the aperture empty.
Fig. 8 shows a sublaminate of sheet 20-1 and 20-2. Fig. 9 shows the
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fugitive material 222 used in the previous exanple.

Fig. 7B shows greensheet 20-2 with the aperture
wenids3®sg. 8 shows a subl am nate of sheet 20PATAIS2003/037693

20-2. Fig. 9 shows the -8 WD 2004/063103

PCT/ US2003/ 037693 hori zontal aperture having been

f hotirdntal aperttnee havimg been €idled whshe fill¢nusaterialvily,

the material 225 is a blend of the fugitive materjal

wiiustraivet y cthesmptegiad @ 2bisva blangt ofuhel fuginve materipbmith

an open-{qore structure. At the designer's option, the

vparticies liptedsahpaie thay velllseniss toi foradamppantpose stustare. At the

material to achi eve a _design objective. Fig. 10 _shqws

t desighemp options the yer%@ld?raegssggﬁ BYY S0 hptf%ﬂ%gwlﬂbﬁle porous

forms of the . inveniion ipclude using a densifiﬁble

ninagetial toraghieysa destah RISty ea gfﬁpmlwm@ pahstrgeture
m%%p a non-densifiable material in order to preserve

t RELOIE §HHETHEs of the passages . For exanple, the

matrix material may be an inorganic phase like

alumna mxed with glass frit for densification,

wher eas the non-densifiable phase in the channel (and

or holes) could be just larger ceramic particles like

Ry it B B et BT A bt Mo BTRRAP Rfptoril for

S G M B SFRIFR 590 M heASab ¥ cra

C ORI IO FESAVENNE BB the JREEEER! For example, the matrix
material may be an inorganic phase like alumina mixed with glass frit for
densification, whereas the non-densifiable phase in the channel (and or

holes) could be just larger ceramic particles like alumina.

Additionally, the material in the passages may be one that forms a non-
porous sheath on being sintered, so that the passages receive a liner, such as
that the sheath has alternate surface energy/activity than the matrix material
/ the body of the plate 10. The material for the sheath can be inorganic,
metal or composite. The sheath formation may be due to chemical
decomposition between a first material in the laminate and a second material
in the filler or in the ambient gas and/or the sheath formation may be due to
vapor phase deposition. As another option, the liner could be produced by a

vapor emitted by the filler material that deposits on the walls or reacts with

9.



/ the body of the plate 10. The material for the
sheath can be inorganic, netal or conposite. The
wehemtoa3sr mati on may be due to chem cal decoRpPDAISEI06K37693

between a first material in the |amnate and a second
material in the filler or in the anbient gas and/or

ﬁﬁﬁnéﬁﬁPﬁaneggﬂPhi PRYinAge.due to vapor phase
deposition anot her option, the liner could be
produced by a vapor emtted by the filler materi al

that deposits on the walls or reacts with -9 WO

A0 B3R ME2OEH Aesatied i teatsrofd severahprefdried

the lam nate. Wile the invention has been descri bed
émbbaimensy, thosesidtlet iprthé art will reobguizethaisthetinvertion can
skilled in the art will recognize that the invention
b@pradicadl Acvadeds versions withindghsispirit and s¢opa dkthe following
spirit and scope of the following clains. -10 WO
2ROAHs063103 PCT/ US2003/ 037693 What is clainmed is: 1.

A nmethod of forming a plate (10) for the passage

through a set of apertures of at |east one substance
froma first side to a second side conprising the

steps of: formng a plurality of vertical apertures

(22) (24) in a first ceramc

-10-



greensheet; formng a plurality of horizontal

apertures (25) in a second ceram c greensheet;
woaomwoagioa plurality of vertical apertures (22pC{a42008/037693

athird ceramc greensheet, in which at |east sonme of

said horizontal apertures (25) in said second

greensheet connect an aperture in said first

greensheet with an aperture in said third greensheet;

What isclatméd st some of said apertures with a filler

material containing a fugitive material (222);

| am nating said first, second and third ceramc

reensheets together; sinteri said fiyst, .
gecon& methed éogm%@ éﬁesh%ﬁr@l’ %P?Wﬁér@%ﬁlﬂa set of
plate and releasing said f |t| al. 2. .
ATt Ride s 2 sedond sige

ap@ﬂatﬁSanc@irI@aﬁthm% S'éb%tﬁﬁ? rm

form ng at. | east ge of sald first, second and third
goauntBathe sighs Gt fected by a naterial renoval

techni que. -11 WO 2004/ 063103 PCT/ US2003/037693 1 3. A
nmet hod accordi ng to claiml1, in which: 2 said second

oRBHEs pusTiny Ofycoicerunatnet G PR Bl ieimic
%%eor{s%eetfurt her step of filling said

forming a plurality of horizontal apertures (25) in a second ceramic
greensheet;

forming a plurality of vertical apertures (22) (24) in a third ceramic
greensheet, in which at least some of said horizontal apertures (25) in said
second greensheet connect an aperture in said first greensheet with an
aperture in said third greensheet;

filling at least some of said apertures with a filler material containing a
fugitive material (222);

laminating said first, second and third ceramic greensheets together; and
sintering said first, second and third greensheets, thereby forming said plate

and releasing said fugitive material.

2. A method according to claim 1, in which:
said steps of forming at least one of said first, second and third greensheets

are effected by a material removal technique.

-11-
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11

12
13
14

15

16
17

18

4 apertures with said fugitive material (222). 5 4. A
met hod according to claim1, in which: 6 apertures in

weacady/oes103ai d first, second and third greensheeCs/uae®3/037693

filled with 7 said fugitive material (222) before a
step of Iamnatlng wi th another of said 8

reensheets. _methdacordln toclaiml1, in
i chA mtb@@ﬁ%@@ngﬂoeﬁ tméﬁﬁlé‘ Bf said first,

second andgg@glngg@ :15 gg}?gae}tﬁa %fg%tfga?t\wtﬁ&ﬂﬁ%‘l gg‘}répﬁad third
t° F sSin “‘#éﬁ?ﬁ ?l)gff h fiptfieE P dfinbdt i

SI nteri n rocgsfs t nﬁ according to claim
BPETHIGHVE ngtélv‘ﬂ}& £ie erial (222) escapes
wi thout |eaving a residue during a 17 sintering
process. 18 8. A nethod according to claim4, in

R I e P

SRR Ao B s R SR S ABPEAT BRiRA gFefhstRelPhRofllled with

said fugitive material (222) before a step of laminating with another of said

greensheets.

5. A method according to claim 1, in which:
apertures in at least one of said first, second and third greensheets are not

filled with said fugitive material (222).

6. A method according to claim 2, in which:
said fugitive material (222) escapes without leaving a residue during a

sintering process.

7. A method according to claim 3, in which:
said fugitive material (222) escapes without leaving a residue during a

sintering process.

8. A method according to claim 4, in which:
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13
14
15
16
17

18
19

20

4 said filler material (225) filling said apertures is
a mxture of a fugitive 5 materi al that escapes

wonzodamdsioBeavi ng a residue during a sintering pPCOMS3®3/037693

6 and a matrix material that | eaves a porou [
adideiuggaye mBaleOal (AGLrCHapEe S¥LNgUy fpay %r‘é‘thB’an‘tch‘Lﬁmg a
accordi-ng to claim3, in which: 9 said filler nmateri al
SOUEHNEINIPLHYS-sai d apertures is a mixture of a

fugitive 10 material that escapes w thout |eaving a
residue during a sintering process 11 and a matriXx

s SRS, L, 50
]sm? ﬂ{sr gg&gﬂgip @@}égﬁ% g%lfdréégﬁﬂxg@gg B'ﬂxtﬁﬁgf a fu%tive
Sl 8 SECRITR IR 4 RYD00 Rl P ces
@Ves flg %‘%’T‘Iaﬁf‘ﬁeﬁ agggg b rﬁét?fxe{ift&gsai'ia sintering

|ngtoca|m

m?é§$§ 19 said fugitive naterlal (222) is selected
he group conprising: 20 terepthalic acid and
carbon. -13 WD 2004/ 063103 PCT/ US2003/ 037693
terepthalic acid and carbon.

10. A method according to claim 3, in which:

said filler material (225) filling said apertures is a mixture of a fugitive
material that escapes without leaving a residue during a sintering process
and a matrix material that leaves a porous matrix after said sintering

process.

11. A method according to claim 4, in which:

said filler material (225) filling said apertures is a mixture of a fugitive
material that escapes without leaving a residue during a sintering process
and a matrix material that leaves a porous matrix after said sintering

process.

12. A method according to claim 1, in which:

said fugitive material (222)is selected from the group comprising:

terepthalic acid and carbon.
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13. A nmethod according to claim9, in which: said
fugitive material (222) is selected fromthe group

woamcsiong: terepthalic acid and carbon; andpPe®ius2003/037693
matrix material is selected fromthe group conprising:
ceram cs such as alum na, glass ceramc, alum num

[Erbglﬂgﬁjcgﬁga@@r@ﬁbbhgate gl ass. 14. A nethod of
formng a plate for the passage through a set of

apertures of at |east one substance froma first side
to a second side conprising the steps of: formng a
pBur al netledd wecdidiag tapdaiuPem (24¢h:(24) in a first
ceram c greensheet; forming a plurality of horizontal
apiel fugidse (Rfprinh (22 asseteated drom thgigeews bosiprising:
formng a plurality of vertical apertures (22) (24) in
terepthalicacidrnd caybeanahdet, in which at |east some of
said horizontal apertures (25) in said second
gaidematde materiakix selecteddirony @iei grovip GPrAPHSINE:

greensheet with an aperture in said third greensheet;.. .
ceranniesisugh i aluniinas glags eeramiss aluminun adirigs, @nd borosilicate
greensheets together; and sintering said first,

ghasénd and third greensheets. -14 '

14. A method of forming a plate for the passage through a set of apertures
of at least one substance from a first side to a second side comprising the

steps of:

forming a plurality of vertical apertures (22) (24) in a first ceramic
greensheet;

forming a plurality of horizontal apertures (25) in a second ceramic
greensheet;

forrhing a plurality of vertical apertures (22) (24) in a third ceramic
greensheet, in which at least some of said horizontal apertures (25) in said
second greensheet connect an aperture in said first greensheet with an
aperture in said third greensheet, |
laminating said first, second and third ceramic greensheets together; and

sintering said first, second and third greensheets.

-14-
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formng a plate according to claim14, in which: said
webtepded3f orm ng at | east one of said first, BeTmse003/037693

and third greensheets are effected by a materi al

renmoval technique. 16. A nethod according to claim1l4,

in which: said second greensheet is |am nated together

wi,th one of. sai irst anqd third reensheets, t.o for
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whi ch: sai d _.second eensheet. i s, l.am nat ed, t oget her
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Yare gﬁ%&e‘?ﬁ%f a material removal technique.

16. A method according to claim 14, in which:

said second greensheet is laminated together with one of said first and third

greensheets to form a sublaminate.
17. A method according to claim 15, in which:

said second greensheet is laminated together with one of said first and third

greensheets to form a sublaminate.
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