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architecture. In the example of FIGURE 1, pressure transducer 102 is mounted
on substrate block 104 and filter 106 is mounted on substrate block 108. Gas
stick 100 requires substrate 108 to accommodate the standalone filter 106. The
additional substrate 108 makes gas stick 100 longer, heavier and more
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Several attempts have been made to shorten the gas stick by using a stackable
filter. Prior filters have been made that have a purification element sandwiched
between two sections of a block or purification elements vertically aligned with the
various flow passages to/from the substrate or components stacked on top of the
filter. The first type of filter suffers the disadvantage of requiring multiple seals
between various sections of the filter block. The additional mechanical seals can
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According to other embodiments, the filter can actas a standalone filter in which
gas is received from the substrate block, filtered, and retumed to the substrate

block.
[0009] Another embodiment of the present invention can include a method for filtering a

gas using a low-profile filter comprising mounting a filter to a substrate block,
directing the gas from an inlet in a filter housing to a generally horizontal first filter
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conjunction with the accompanying drawmgs in which like reference numbers

indicate like features and wherein:

[0014] FIGURE 1 illustrates one embodiment of a gas stick using a modular architecture -
and a standalone filter with its required substrate;

[0015] FIGURE 2 illustrates an embodiment of a shortened gas stick using a low-profile
fitter mounted between a substrate block and a component;



indicate |ike features and wherein: [0014] FIGURE 1
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its required substrate; [00f 5] FIGURE 2 illustrates
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FIGURE 13 is a cutaway view of another embodiment of a low-profile filter;

FIGURE 14 is a diagrammatic representation of a sealing mechanism for a low-

profile filter;

FIGURE 15 is a diagrammatic representation of another embodiment of a filter.

DETAILED DESCRIPTION OF THE INVENTION

[0029]

[0030]

Preferred embodiments of the present invention are illustrated in the FIGURES,
like numerals being used to refer to like and corresponding parts of the various

drawings.

Embodiments of the present invention provide a system and method for a low-
profile filter. The low-profile filter includes, according to one embodiment, a filter
housing with ports on the top and bottom for gas ingress/egress. The filter body
defines a filter cavity running generally horizontal through the filter body. A filter
assembly divides the filter cavity into two horizontally adjacent sections. A first



filter. The lowprofile filter includes, according to
one enbodinent, a filter housing with ports on the top
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defines a filter cavity rumning generally horizontal
through the filter body. A filter assenbly divides the
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bI qotdile filter 210 according to embodiments of the present invention. In the
example of FIGURE 2, low-profile filter 210 is mounted between substrate block
212 and pressure transducer 214. In comparison to FIGURE 1, one substrate
block is eliminated, thereby shortening the gas stick. Additionally, fiter 210 is
noticeably shorter than filter 106. Low-profile filter 210 can be configured to filter
gas before the gas flows to pressure transducer 214, after gas leaves pressure

transducer 214 or both.



212 and pressure transducer 214. |In conparison to
FIGURE 1, one substrate block is elimnated, thereby
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noti ceably shorter than fildéer 106. Lowprofile filter
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housing 400 to be connected toa substrate block

Filter housing 400 is formed of a material suitable for directing gas flow such as
stainless steel, though other materials can be used. Various characteristics of
filter housing 400 can be configured to allow low-profile filter 210 to be compatible
with a variety of substrate blocks and components. By way of example, but not
limitation, low-profile filter 210 can be compatible with a C-Seal architecture.
Consequently, filter housing 400 can be 1.125 inches wide, 1.125 inches deep



i ncl ude various connector holes (one of which is
indicated at 420) to allow filter housing 400 to be
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400 is fornmed of a material7suitable for directing gas
fl ow such as stainless steel, though other materials
can be used. Various characteristics of filter housing
400 can be configured to allow lowprofile filter 210
to be conpatible with a variety of substrate bl ocks
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typically have a slightly larger diameter than the portion machined second,
making it easier to ensure that the second portion cleanly meets the first portion
during machining. For example, the first portion of flow passage 414 can have a
diameter of .125 inches while the diameter of the second portion (the smaller
portion) can be .094 inches. Flow passage 416, according to one embodiment,
can also have a diameter of approximately .125 inches, while flow passage 420
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area that the seal is to be formed. Filter assembly 430 can be forced into filter
cavity 402 using a press to form the interference seal between adapter 440 and
filter cavity 402. According to another embodiment, filter assembly 430 can be
chilled (e.g., with liquid Nitrogen or other chilling method) and filter housing 400
heated. While filter assembly 430 is contracted due to cooling and filter cavity
402 dilated due to heating, filter assembly 430 is placed in filter cavity 402. As



formed between filter assenbly 430 and the walls of
filter cavity 402. According to one enbodi nent, the
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into the center of tube filter 438 and permeates out of tube filter 438 into section
434. The gas then flows out of filter cavity 402 through flow passage 416 and
through port 410 to a component mounted on low-profile filter 210. The gas
returns from the component through port 412 and is lead back to the substrate
block. In this example, the gas is filtered prior to entering the component.



210 show ng filter cavity 402 fromthe side. Shown in

FIGURE 5 is filter housing 400 including bottom port
wao®y/ovxaps ports 4 10 and 412 and filter cavityPdDPRS2007/003628

FIGURE 5 also illustrates fillter assenbly 430

including tube filter 438 and adapter 440. Sealing

button 424 is al so shown. As can be seen in Fl GURE 5,

filter assenbly 430 separates filter cavity 402 into

hori zontal | y adj acent section 432 and section 434.
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[0050] A filter assembly 730 is disposed in filter cavity 702 and separates filter cavity 702
into two horizontally adjacent sections, shown generally at 732 qnd 734 (shown in
FIGURE 8). Flow passage 716 enters filter cavity 702 in section 732 and flow
passage 718 enters filter cavity in section 734. Thus, the flow passage from the
top inlet port 712 to the filter cavity 702 (i.e., flow passage 716) and the flow
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[0055] FIGURE 8 is a diagrammatic representation of a cutaway view of low-profile filter
210 of FIGURE 7. Shown in FIGURE 8 is filter housing 700 including bottom
ports 706 and 708, top ports 710 and 712 and filter cavity 702. Also shown is
filter assembly 730 including tube filter 738 and adapter 740. FIGURE 8 further
illustrates sealing button 724. As can be seen in FIGURE 8, filter assembly 730 *



2. Gas enters flow passage 714 through port 706 and
flows to the conponent nounted on top of lowprofile
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housi ng 900 having a pair of generally horizontal
filter cavities 902 and 903 therein. Although only

W@ b@wooxgs ori gi nating from surface 904, filterPCHUS1008603628

[0058]

[0059]

[0060]

902 and 904 can originate flBom addi ti onal exterior
surfaces of filter housing 900 to facilitate insertion
of filter assenblies 930 and 931. One or nore ports on
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However, low-profile filter 210 can be configured as a dual filter for the outlet side

of a component. According to another embodiment, one filter can act on the inlet
side of the component while the other filter can act on the outlet side of the
component. According to other embodiments, both filter can be in the same filter
cavity (e.g., inserted from each end) and the gas recirculated through the filter

cavity.



cavity 903 can be sealed at surface 904 using a
sealing button or plug forned of stainless steel or
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mnimally reactive with thd4i ntended process gas. The

pl ugs or sealing buttons can be sealed to filter

housi ng 900 using a fusion weld. [0060] In operation,
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[0065] t heAe¢ardingite teuemhbediment hbGURE d0i Gitenassemblyr 1930 dneludes tube

S U r fu?eq-%aé icbliSiEd § ¥bispter 9640. CABWETAIHIRA8sEMBI 1030 can include
Iargylf f?lpe?lmeec)éltaﬁlrs%ofrorSs’ggrgie%gtlr?g filter cavity 1002 such that gas is filtered
between the sections. Tube filter 1038 can include any tube filter suitable for a
set of process requirements. Tube filter 1038, according to one embodiment of
the present invention, is a TEFLON filter comprising multiple TEFLON tubes (e.g.,
hollow fibers) that are open to the first section. The tubes can optionally be
straight tubes or, for example, “U” shaped tubes. Adapter 1040 can be a
stainless steel ring. Examples of similar TEFLON tubes can be found in Mykrolis

Corp. pHasor Membrane Contactor PH2005FQF. According to one embodiment,



of filter housing 1000 to facilitate insertion of
filter assenbly 1030. One or nore ports (e.g., port

wao@G/9yest 1008, port 1010, port 1012) on t heP€DPS2007/003628
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surface and bottom surface1df filter housing 1000 act
as inlets or outlets to lowprofile filter 210. Flow
passages defined in filter housing 1000 | ead gas
to/fromfilter cavity 1002 and to/fromthe

i nl et/outlet 8orts For exanple, flow passage 1014
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1030 is inserted into filter cavity 1002 and
a gré gpeéénpﬁelawfgpwgéﬁer 210 is mounted to a substrate, as shown in FIGURE

2. Gas enters flow passage 1014 through port 1006 and flows into the first
section of filter cavity 1002. The gas then flows through the open ends of the
TEFLON tubes exposed to the first section of filter cavity 1002 and permeates
through the walls of the tubes into the other section of filter cavity 1002. The
filtered gas flows from filter cavity 1002 to port 1010 via flow passage 1016 to a
component mounted on low-profile filter 210. According to other embodiments,



filter assenbly 1030 and the walls of filter cavity
1002. According to one enbodi nent, the seal is forned

wao boooigi4mn i nterference fit between adapter 1PdDUS2907/003628
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the wall of filter cavity 1002. According to this

enbodi nent, the radius or outer dinension of adapter

1040 is slightly larger than the radius or outer

di mension of filter cavity 1002 at the area wher e
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exanpl e of FIGQURE 10, gas is filtered on the inlet
si dehusifapdhe inverofiledilier bas been dasgsinstiin the cantext of adilter that is
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t he out%I f' e conponent or both 1 t he et and

out?rﬂ? S of the present invention, however, low prot” le f" lter canbe a
standalone filter (e.g., low-profile filter 310 of FIGURE 3). FIGURE 12 is a
diagrammatic representation of one embodiment of a cutaway view of low-profile
filter 310. Low-profile filter 310 includes a filter housing 1200 having a generally
horizontal filter cavity 1202 therein. Although only shown as originating from one
surface, filter cavity 1202 can originate from additional exterior surfaces of filter
housing 1200 to facilitate insertion of filter assembly 1230. One or more ports

(e.g., port 1206, and port 1208) on the bottom surface of filter housing 1200 act



Additionally, multiple TEFLON (or other material)
filters can be used to filter can on the inlet side,

WwWo@io7e95183 de or both. [0070] FIGURE 11 il | ust reCBEESHNT003628
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enbodi nent of forming filtdy assenbly 1030. Adapter
1040 and nultiple TEFLON tubes (e.g., such as tube
1102) are placed in a crucible 1103. Small TEFLON
beads are interspersed between the tubes (e.g., beads
1104) to act as a potting material. Preferably, beads
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: he1 zapbaRtcivd Horizo AtaRe é@ﬁ;ﬁ:_er?ysebﬁ&\sf?, 'ie‘]hb?h geaeidlly avibiBand 1234,
O fLorman I n erenc | . . 1US e
| ok BraRrene 1714 P s ey IALA Bacton ¢ ¢ ae gy passage
of 1216 édriters filleatavity ih seetiom 23dt \idhaus, thefldws passagelitootthe inlet
S .
or cnd PR ERR e ERA A0 (1) A BhodE R Bha it e Passage
a sfremditeoeavityifj208o the eutlet pork180 are segrepaied byfiteppssembly

FI Gddo. FiterdSeMbIyl f23cPcah iAbIAGE ATTIBE hSsdrRby SRRk &8 filh
of one enbodiment of a cuta

y view of |lowprofile

{1 19emPlES 480,73 SPPI 85T 1PPRFr SYG file RRASSICISF] | { o1
o SR N A SIE L el b Shownin riume
or | i Gasienters flow paseagel 2 B trough past 1206 a0y fla@e B seation 1232 of
Do fidh @hfin] 1292, 2 GO fih 18K hrbn T LEPoladhlerl 210 into
assbbpTIen 328 ansheermreates Braygiythe wall g tubs filler 1298 inta saction
2% | 23'428ﬁ)t IteP Bla\Pi?el Jdoot t'ﬂfé} fﬁttéféctﬁg‘e%l Wws frbrﬁ'\_el‘lllteh fe#;ﬁt'tyn@oz to port

Ct.a | nNlets or S 0 (0] I |1l e | er
310720 v ipurersaes 4ef hedk ihe bR Blagng 1200 1 cad
.gaSA{:(;gruﬁwgg{: %Iioﬂgﬁrt%gr?b%%}’rhéﬁis,]f?o%pﬂ%ggg q/2f| ﬁ%téﬁ?er filter cavity 1202

inl'et/o
in section 1234 and flow passage 1216 can enter filter cavity 1202 in section

1232. Consequently, gas will be filtered by passing from the outside of tube filter
1238 to the inside of tube filter 1238. Additionally, it should be understood that
filter 310 can include multiple filter cavities for filtering the gas in paralilel or series.

FIGURE 13 is a diagrammatic representation of another embodiment of the
present invention. According to the embodiment FIGURE 13 low-profile filter 210
includes a filter housing 1300 having a generally horizontal filter cavity 1302
therein. Although only shown as being open to one surface, filter cavity 1302 can



For exanple, flow passage 1214 runs from bottom port
1206 to filter cavity 1202 while fl ow passage 1216

wOo eovg/op3iesn filter cavity 1202 to bottom port 1ROBUS2007/003628

[0077]

[0078]

© [0079]

[0080]

[0081]

Filter housing 1200 can fun8her include various
connector holes (indicated at 1220) to allow filter
housi ng 1200 to be connected to a substrate bl ock.
[0072] Filter housing 1200 is forned of a nateri al
suitable for directing gas flow such as_ stainless

st & oPehin RN pieHpErACSS Oh e oS, 1398 {Vaeus ports and
chafldg besdaglel Qﬁot@‘hofldri) ah bBaWanged #2Athaimer Bienilar to those

fi d file filt 310 to b
ConREboHFY %fﬁﬁev%dp. e <=8 BEEPEPEeBfRocks and
I ) .
v GRS Sl 20 BLuSIRBI T oy 1obs B Bbifes spr caviy
ar chdQivtatheee D@dzmr}alw( spam@wdwa#ﬂwmmm@ at 1332, 1334 and

di spegedridinidthd ﬁﬁer‘@‘(/w 3{3@293&?@91 s%‘éﬁ@r'i 3585 ahd iebutiet exits at
cavity 1202 into two horizont al % adj acent secti ons,

shoSfFigRASARI GRsAntarsditenrryity 1392, fiy iifter asgembly 1330

ent ghdekitd filsr ety 1304202 in section 1232 and flow
passage 1216 enters filter cavity in section 1234.
ThuAgcdrtiagftt tve @abedug&anl pORGURE 18| fiterpsseémbB0B30dntihdes one or

{11 it SRK nharsXaQ2. dibk frors 4104 RAS380BSI A RAY 1582 such that

fl ow passage er cavi

poreaqﬁ@@s @Ughe@ﬁéb%h fiterpip 9 PﬂméHIYdﬁl@%ﬁa&dﬁ%gn Each disk

Fi | figdr cﬁﬁ%é’aﬁ@ﬁ%r%ﬂa&l@%ﬂéﬂ&t%f 'rdde%é ré@d @i‘i’%lﬁs including by
simlar _to filter assemblies %@? gw %P

or WeKef e¥?'T’P‘8rb“é§%'HB'|tﬁtlQ§ s‘f’@b?ﬂ']a"l“ﬁ Il of Pihgr disk filters.

| owagasier i 340 islwetded® od Sthesvis® sohmdd totha dislbﬁltdrﬁtcﬁforrasa seal. As
sho I t&h fl S

¢ hr S0esrBel PO antE il cBh b A BIRILE GH0 us

cavintgrference fi tm@ﬂg%@eah ef¥hiie,dnthe hxamtg}a abhee,caaamgle aﬂapter seats

ad a%ﬁfplelﬁéfgs iR B&eﬁ‘ R obinhdrfRE, rﬁglﬁélead&pfé‘?g BAbEUsed.
t hrough t of tube filt'er 1238 into section 1234

of Fiitkt 84vi al\Bb!Z)baﬂawseaTéheusfuhé b%bﬁﬁh?@@ttcfd P34 b &Aer piece of
ass

|t t t 1208
baciratesan Bdon A @nibesbrnag Bostafionsed chgHes e thatis
enbpdaferablymonf—deamn\;msa@ené]mam with the ihtdntded poavess gas.

120 cé&dﬁ@‘“t{: oﬂ% fﬁﬁo‘h ABA FLt‘PcY}‘. ?%tgggs%gae%]t@ fﬁé{‘p@&&rg_c{; 300 using

filter ca In settion nsequen
wi | 8 fssion we rBwaayrr\@@gsnetgs ot bmpregend inveinden gan preyide low-

fi | beilelfidds tHat LS&s bR bplﬁaoeé disk ftersith ifter 4 §38.
Additionally, it should be understood that filter 3 10

canln ﬂhelpndwﬂomwémbabménté tties s€=l\bietwesh A adaptet and filertHoising is

O oBhPaR Reehed s B iERarahty (o Bhesiby ik ditefpos jn size of the
t heagapteeand filteraavity thoyghcatheli sapls can be uea@oﬂ!aléRE 14isa
Fl GdBﬁré'rﬁng%ﬁc‘f\’Fa rQééHtgtlJH éfta%rcrt éto%)&éﬁ%lé‘ des nﬁ?él'iamcgf seal that can

housi vVing a genera I%/ orizont al
Cavpgylsg@.op the embodlment of FIGURE 14, a metal or other material gasket

1402 (e.g., a steel ring or other gasket) is placed between filter housing 1406 and
adapter 1404. Each of filter héusing 1406 and adapter 1404 can include a thin
protruding edge (e.g., edge 1408 and edge 1410). When adapter 1404 is
pressed into the filter cavity, the respective edges dig into gasket 1402, creating a
mechanical seal.

Embodiments of the present invention thus provide low-profile filters that can fit
between components of a gas stick or act as a standalone filter with minimal



therein. Al though only shown as being open to one
surface, filter cavity 1302 canbe open to additi onal

we@zaioenyans surfaces of filter housing 1300. VarPOUES2007/003628

[0082]

[0083) /

ports and fl ow passages (nd? shown) can be arranged in
a manner simlar to those previously described or in
ot her suitable arrangements. [0077] A filter assenbly
1330 is disposed in filter cavity 1302 and separates
filter cavity 1302 into three horizontall

sedfPaREon Q¥Rsal 98 ﬁ@‘f“a‘l‘?'?htatThféS‘ﬂ‘p’?@S Ailt '%/?cf’ai‘ﬁ@r onrfe inlet
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ni C‘&E%“ I‘O‘gf ﬁ oL mofe Sﬁgrf?c? ?éﬁasam;ﬁgh? gf?ov‘ig hE qlven arlnalérgt of filtering.

or ldowever gwedicaly efibrited fitker ray t:equnrletaetaliertfdief-bouslag For

seabxarisie ABLIRE 8 pRARISS yAURBIRE SHAAAR oP8 TRERISD which

ousli n nterfterence
Seanoluges fer GaNtien 562 ang1B0ADAAIoR 570 a1 53fpTiee assembly of
s eafiiferMBbb ichh Be @irfilter to that@hB®h i® Ft@ldRESrgﬁandTgBtdxﬁéﬁ that the

ad ers n_b sed. er._ cavity 130 n he

o atlet <Ruiag a5t QiR orm, gRtatsH b oF Sghdrily Yierdedl g Yoush the
mat eanitids. V2hile showirBidd tvanfiltee chofiguratiof, astimgle vedisalftiiee kan also
or of []% material that is preferably non-reactive or
mnimalTy reactive with the i ntended process gas.

Ac Coéﬂéd%geﬁ%d?ﬁﬁnﬁ'ﬁ?% B%%Ent PUEALRIM &ré%ﬂe 'a%v%@bé‘éjo@& prior art

filter housing 1300 usi ng fusi on wel
enbWiarsRy fadusing the "Hff&eéﬁf C‘P’HV%’P&’I% ﬁe%[ﬁd @“S\YP@F&'"Q the number
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[0084] ¢ avAltioughiibe gresenhinvenrtion Rasbeerpdesssibed indetaiirerein with seference

di aﬁf tﬁ@"mfstrﬁtl\feeél'l"\s&@meﬂé Qr’sh‘éﬁld% @ﬁdh@ﬁo@é@ﬂﬂi'ﬂ@e @ésdtiption is by
mechani cal seal E’I at. can be used jl nbodi nent_ of

FI MR Of 9xamplgonly) ang is sof g b?rﬁ?’ésft\'“&fj "@8 uting sgnise. Itis to be
(e. turthefusderstood thgrelkbreotH% hugh@sdat ghangey ircibe dickstis s ¢ie

fil h RN . .
o SRS 5 8Bl e fdnl oy slenton i
pr obe agpargntidggand may. be @age by/pssansiofcetdimanysidl) in t@nt having
ada@f@r’én&é%issdéycﬁﬁﬁcﬁg h @&rﬁ pl%telot Rt HPMidhYohahB&s and

respective edges dig into 1402, creating a
additional embodlments are wnthm the scope of this invention as claimed below.



mechani cal seal. [0081] Enbodi nents of the present
i nvention thus provide lowprofile filters that can
wo pao7logtiveen conponents of a gas stick or act BGI/EHS2007/003628
standal one filter with m ni2fral i npact on overall gas
stick height. The lowprofile filters can filter on
the inlet side, outlet side or both sides of a
conmponent nounted thereon. Wile specific exanpl es of
di mensi ons and filters have been used, these exanples
2 purposes of illustration. Oher suitable
di mnensi ons and materials can be used. Mbreover, any
ui t abl e H Iﬁ.@er such as a pleated filter can be used.
? %]'”?rf"f B 6PRR 1% ed the filter cavities and
aifiteehcusifg adepteditd moentesrba dubstrdts bivick thaeingraeslarality of flow paths
' A r d vertically to filter flow on
and aﬁ{tﬁr‘é%%t&%fﬁ@&‘thg?elﬁ +|$%}E§1| de or both of the filter. The
use ofthefikencariais defined to axtend inavgeherally herizontal direction when

the |0wa.‘ﬁmgl’f||teNYQI"§bséi| |l ows for nore surface area and hi gher
iven ampunt_of filtering. Howeyv

verti é“afr It Al PRtvees s defingd tﬂé’?"?%ﬁflﬁ"r'%leéq t&?lfg?" housing to a first
sectionfof tHeefilter@asityygnd For  exanpl e FI GURE 15 provi des yet

th ' t of 1500 h d
i1 of ons R Baisde f donihSl itic § sBoaidiedfif o te mter
cavity tq §aputighef the ferthousioi: fi | t er 1500 can be sinmilar to
Ehﬁ%r SEQNLIY BOIEF@IRE§ ér 8RHo SR iﬁ’iﬁ@ ﬁﬁeﬂé&@&yf bhE sbhibl % the

avities and ters are arranged to al

Surfaceg% s Hiterycayily seraspting ‘Sﬁ/ﬂ'tﬁbﬁ@ﬂwﬂm adiapert eastionpincluding the first
section D v filteir cavityend sddohd sedtidr githatfittencavitysi ngl e verti cal

filter can al so be used. [0083] Various enbodi nents of

the present invention provide advantages over prior

ar tThiei lbweprefile filtersaf Gaing 1.t Wike eimthe filtef assembiynfenther comprises:

Eﬁ%ﬁbpﬁe‘?oéqﬂeé %r]'e ucegémgﬁ‘nu i og}he;@ r%a?ﬁé?édﬁbhﬁefd to allow
flow thrpug %Hﬁfdtelry interrupt the gas flow path, nininal

internal wetted surface are, mnimal i nt ernal dead

pace, redu i i hogd of e and, re
B TR Mo GammRe WERIgH DRATSH B ScHER Dl afeneshto allow
gas to fluas threwyh thestisk filled i @ gdeé@ily hbararital divettior:. ef er ence to
the illustrative enbodinents, it should be understood
that the description is by way of exanple only and is
AotThedowerrelde Siteraf Claim 4 Wherein thg filerisa tube filter. t 0 be
further understood, therefore t hat numerous changes

é alhgﬁ detag_ ? of t enbodi nents of this invention
n aveRretig filten A ?'ms + Wheyein hpadapies iR $utpisd fo)the gurface of
the filtea ppvityctotfornoan imetfaragcdseatnde by, persons of ordinary

skill in the art having reference to this description.

It is contenplated that all such changes and

&ddinei lowziroieiftien oferiaion 4, whevieirhthe adaptes isogpaupidd totths surface of

the ﬁuey egﬁfywigpa%ld‘édagéged bel ow. WHAT IS CLAIMED IS: 1. A
lowprofile filter conprising:

WHAT

7. The low-profile filter of Claim 4, further comprising a gasket disposed between the
adapter and the surface of the filter cavity.

8. The low-profile filter of Claim 4, wherein the first flow passage leads from an inlet
on the bottom of the filter housing to the first section of the filter cavity and the second flow
passage leads from the second section of the filter cavity to an outlet on the top of the filter
housing.



a filter housing adapted to nount on a substrate bl ock
having a plurality of flow paths and a filter cavity
waledornoexd43 herein, wherein: the filter cavity iBCTESInB3628

to extend in a generally hétizontal direction when the
|owprofile filter is in use; a first flow passage is
defined to connect an inlet of the filter housing to a
first section of the filter cavity; and a second flow
passage is defined to connect a second section of the
filter cavity to an outlet of the filter housing; a

Ql h‘h@ o P filfere? OMiSs, W(Ehéie‘hl thé ﬁl’terdkﬁj%ﬁfg&drthé}' ddﬁﬁes a pass
through(fg\w [ea)ss%g\élérfoﬁ? g Egcq? m%q ppgp E’&‘V‘?fl{b ? er&%;laltnggg Iz?tsecond outlet

on the x¢iom ofiftbeifitel hilisirgy.t he first section of the filter
cavity and second section of the filter cavity. 2. The
|l ow-profile filter of Claim1, wherein the filter )
Qs Ehe lgw-praftie Biier @b flaimss yvheseindbie firsé flow papsaas leads frem an inlet

on the tBb 'o? ﬁfe fﬂié‘ii hgevﬁ?% W fré%st@ech&@ of iHetfﬁ’lér éﬁ){ﬂytathﬁ@fsééBH(ﬁﬂbw

? rou th | ter. | ow profi |
passage ‘?atdérf ’°<5'f' "19 sgoend seeg‘m i tHe tﬂH%r ‘?%"I'Wé‘? aﬁ‘ 9“%\9%9“3@9 PPF‘?'é‘r°f the
filter hoasihngned to allow gas to flow through the disk filter

in a generally horizontal direction. 4. The

lowprofile filter of daim1l, wherein the filter is a

1 Ltb@he ildw-profil&filterio Qlaim- §vwifareio the filtenrhayising] fuitiher4lefines a pass
through“\’l?ﬁ\f Ségéagg%?%%génd it OHRhE thd & thd ﬁlté#ﬂdiéﬁ\% taf §é&%nd outlet

rman I nterference seal

on the h%tm?fomf@erhw%ng of O aim4, wherein the adapt er i's

coupled to the surface of the filter cavity with a

d seal Th file filter
TREISERINT tisig St Ratherrshs oherasrmbly RSt comerises:
anlapapter aogpledh o g suffageofdhe tiilter éa\Altyer cavity. 8. The
bAPHRHL hibekith LBl alle M@k Bnfy wherein Lhe Tivst Tl ow
ssage on the bottom of the
ﬁlsleﬁl#'l‘g mtmahglsp@smetwee@ thesere pomopt tubps and theadapter.
cavity and the second fl ow passage | eads fromthe
cond secti of t cavity to_an outl et

150 T8 SEPrafie ot Slaiiiy 1 s el 1St Baw pRgragcuoads from an
inlet onfthé bettorafof iﬁeaf Iter Bousihg tethe firbesddtibh ef thedfiter ogvifyunidithe second
flow pagl afdqugdsa{rﬁrﬂﬁﬁe ggéq%éf%cil{pg w{ t%g g,awé'q? A o%%gp&gthe top of the
ﬂterhoggmget on the bottom of the f| | ter housing. 10. The

lowprofile filter of Aaim4, wherein the first flow

Eassage |l eads froman inlet on the top of the filter

Bud PR dow pretiie fikaras ClaiEr 13, 0HPasein e ke HausIng Austiey defiges a pass

throught fltRv 8G9 ffdnow seasndifetlonaHs tdp 6Mnthb like SRR tBerddcond outlet

on the t%ttotnbgfﬁm' lfIIterh&?s}f' t.y to an outlet on the bottom of the

15. The low-profile filter of Claim 12, wherein the first flow passage leads from an
inlet on the top of the filter housing to the first section of the filter cavity and the second flow
passage leads from the second section of the filter cavity to an outlet on the bottom of the
filter housing.

16. The low-profile filter of Claim 15, wherein the filter housing further defines a pass
through flow passage from a second inlet on the top of the filter housing to a second outlet
" on the bottom of the filter housing.



filter housing. 11. The lowprofile filter of Caim?9,
wherein the filter housing further defines a pass
wao boooig143 | ow passage froma second inlet on tPEr/USODH03628
the filter housing to a seédnd outlet on the bottom of
the filter housing. 12. The lowprofile filter of
Claiml1l, wherein the filter assenbly further
conprises: an adapter coupled to a surface of the
filter cavity; one or nore tubes to act as the filter;
ATic The danPraile RRTE Gisimy Syiareln the fleleassemblin @ fispt fiter
assemﬂﬁ)&&nﬁﬂﬁ?ﬁé adinét 8 dRPSRIER -a st filtER @aligiHy I@W—ﬂr@F lta'filtélefurther
Caim12, wherein the first flow passage |eads from
°°mp”%99|nlet on the bottomof the filter housing to the

&h setoreifilter @agse@blyltaniprisingra Q@oanti)ﬂtaﬂdnsbbsedsla cosutohd dilter cavity
separatgngcf/tlﬁé %S?tleﬁog ﬁl?’egfﬁral(\)/@ aneaéjﬁggq %rtlle I|r|1 %he fil outgg?r]lng defines
the second filirecavityw profile filter of Cl aim 13, wherein the

filter housing further defines a pass through flow

passage froma second inlet on the top of the filter
ABudhe dpw-erefile Bitenrf aim tf. whereiRe bottom of the filter
ﬂ@ﬁsmter éEserHib@ fhmrﬂioﬁfdnkés hifirdteidapler Gbapied iEthe filter and
Id%’m@ {? f5 ffI{go passage |l eads froman inlet on
seale etSH aSﬁ'of g TirsY filer cq Us?'i‘l to the first section of
thecsefcohd dilte cassembly nomplisessesesuhdfddaptgrassplgd td dwdsecond filter
e . filter cavity to an
and Se;lé‘?@e‘?‘gon tﬁglago tgoérgoggﬂﬁ%eé*vﬁ}"ter housi ng. 16. The
lowprofile filter of Caim15, wherein the filter
houshe @ow&éfh@rn@beéflm@iﬁm 7, RAveteinthe H&hf.fté%d%%sas fliter are disk
froma second inlet on the top of the filter housing
to a second outlet on the bottomof the filter
housi ng. 17. The Iovv-profile filter of daim1, wherein
e I irst fi
tZQm'JFLE I(S r@fﬁ% ﬁr 2t féls'{"er; dlvhe‘g% théﬁFst?‘ﬁ? amg[y%copg glterare tube
filters. cavity, the lowprofile filter further conprising: an

second filter assenmbly conprising a second filter

di s osed in a second filter cavity separating the
<dc dha lewiprefile flgn ofyClaim $8.a¥pieBht sections, wherein

tr’ceerrfst fidwe padsd¢el lagdgﬁémmnrehen wscstfbrﬁ of ﬂ'\%rflt‘éaMbdiélng to the first
er el

sectionie g het 1RE B anf o2 s Eedionca Tt Pt lEr fafty andihe second

flow paasmgtleads:fnuplthd seoondsedtioh oé thedirst filteanlcadtyt to anhmutiet on the top of

filters.

thefitefoJ g the fi rst filter cavity; and the second
assenb:e}( nprises a second adapter coupled to
Frﬁef@é beHeing idefines arﬁ’@ff%@mf passagetlerding freaca segondgection of the

secondSMePEalityitb tiRS oG@tidnithe top of the filter housing.

22. The low-profile filter of Claim 21, wherein the filter housing further defines a
fourth flow passage from an inlet on the top of the filter housing to an outlet on the bottom of
the filter housing.

23. The low-profile filter of Claim 18, wherein:

the first flow passage leads from an inlet on the top of the filter housing to the first
section of the first filter cavity and to a first section of the second filter cavity and the second
flow passage leads from the second section of the first filter cavity to an outlet on the bottom
of the filter housing; and



19. The lowprofile filter of Cdaim17, wherein the
first filter and second filter are disk filters. 20.
wab@7logs4profile filter of Caim 17, wherein tPer/i52081/003628
filter and second filter aré tube filters. 21. The
lowprofile filter of Caim18, wherein: the first
fl ow passage |l eads froman inlet on the bottom of the
filter housing to the first section of the first
filter cavity and to a first section of the second
. thelfiiter heuging Jefings a thirdflovoprishpe ipadingsiseye A wregedseetian of the
second fiter &RAY AstheesiltiePBn Fhe borh bf e fillel hélsifgvi ty to an
outlet on the top of the filter housing; and the
filter housing defines a third fl ow passage | eadi ng
b4 omha iepaiite iR tof CRkiof 23, Whesein amslfiliariHoasingduither defines a

the outle n.the.t filt usi
fourth g b3 ae e Pt SffnSpafiolfi o1 ine flerRBHET Ry af By the top o
the filtehbawsiingy furt her defines a fourth flow passage from an

inlet on the top of the filter housing to an outlet on

the bottomof the filter housing. 23. The |owprofile

251 fTee loyy-poflg fteref Glpiey 8. whergiB: fj r st f| ow passage
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3 st_sect i 0 e fir ilter cavi and .t o

section 5 iq et et ppUY 21 BrrEsk SeRn o feusecend g sy e the second
flow passagerieadd foomtias sacpnd sstien bf then firsidiltee cavity te @ntoutiet orf the bottom

' Llter cavity to an outlet on the bottom of
Ofmeﬁtt%gh‘{dlsfrﬁ—b?ﬁﬁousi ng; andthe filter housing defines a

thei filier hpesing dsfingrea thiwddfiavwgpasseer deading flemseedand sgetion of the
secondtoffcﬂ@lt' %ééﬁi?%‘tl‘fé bRt of AN bittdrA of B Mt |h8bsiﬁ?.et he bottom

ilter housing. 24. The | ow profi filter of
G aim 23, wherein the filter housing further defines a
Peunt mefhbavornfiesiaga dasousimmna low-profiefiltdreobprisivg; of t he

filter_ h ' let on the top of the filter

H}S’b‘é‘.ﬁﬁ%??@% (&%q%‘?‘fsg'\%ﬁ%%f’ﬁ e filter of Oaim 18,

directingrihe ghe frony an infétdnagites housing:tods génerallyhoiizental fig filter
cavity'the bottom of the filter housing to the first section

"of the first filter cavity and to a first section of

flawingdbe gas inte adirstdiier aysemkly ima 9saerghy herizapial diregtipn and
througH & fifks fikéraoiitéethegend section of the first filter

avi t 0 an_.out]et.on.the hottom of f[i tilter .
fSteineghe ghs Bib e 1roliter Sl heivalic e Flies Fusing,
passage | eading froma second section of the second

%i7| e rﬁ&%& %t b%é%%A%ﬁ% gQ@igylﬁle :&95 HABLEH tHd st fiter gssembly

Il ter housi ng. d T tering a gas usl
further gompisgs fiowing the gassthreugha diskfiller- rpunting a filter to
a substrate bl ock;
28. The method of Claim 26, wherein flowing the gas through the first filler assembly

further comprises flowing the gas through a tube filter.

29. The method of Claim 28 further comprising receiving the gas from a substrate
block prior to directing the gas to the first filter cavity and outputting the gas to a component
mounted on top of the filter housing after filtering the gas.

30. The method of Claim 28, further comprising receiving the gas from a component
mounted on top of the filter housing prior to directing the gas to the first filter cavity and
outputting the gas to a substrate block beneath thé filter housing after filtering the gas.



directing the gas froman inlet in a filter housing to
a generally horizontal first filter cavity; flow ng
wob@7gesa4into a first filter assenbly in a geneCHUE2007/003628

hori zontal direction and tRB#ough a first filter to

filter the gas; directing the gas fromthe first

filter cavity to an outlet in the filter housing. 27.

The nethod of C aim 26, wherein flow ng the gas

through the first filter assenbly further conprises

1 oﬂ‘ﬁ gnatiaed giislaim 28uiwther aerarrising gispctingghe Qﬁé difgstifigthe gas
from andhleCind ﬂﬁ&@.ouwﬁg&@b@eﬁwb%ﬂ@n&&&amohbrwg@wwe first

VN TR e TR N

throughfalfiltdrdo fittemthpe gasing recei ving the gas froma substrate
mré)&{ﬂ Qﬁ s{oothg'Juﬂgf |'nr1ﬁe rfiﬁgr |n q‘rc}ntn]?né &d dffiltgf géwty
cavi 3 an outputtlng € gas conponen noun

on top of the filter housing after filtering the gas.

39. ThE %é’fﬁé&"@ﬂcﬁfm @1 afufinéf oorﬁHﬁéJi? FeceR/iRY thel g from a substrate

recei vin @% froma conponent nounted on to
block prigftodireg Siig hs st fifles cav%%ffq PRFOPA “55%3‘6"84 a1*’1’i’e°““’““'“9
the gasftb ra&torﬁ;idrkﬁf moantetyoradg of tiefilter hagsih§ aftgeiidringahe gas.
substrate bl ock beneath the filter housing after
filtering the gas.3 1. The nethod of Caim28, further
83nhesnethodiot Cleim 3d, turthegasmdrisieg reasiyindithegaas frorom cemponent
mounteH'Hrﬁpr'o‘Fﬂ% filek h8hsiRG P F‘Q) dn%cﬁn%ﬁ%e&aﬂ tb¥hd fiFst ?iﬁé\'t@wty and

second [ter cavit as 1nto a second
secondgfiltpg @v'ta@é PtRutiRg %\eg@&épa Wsﬁeﬁeagqm gnegth the filtgn housing
after filteAAg tHu gasgh a filter to filter the gas; directing the

gas to the outlet in the filter housing fromthe

second filter cavity. 32. The nethod of { aim 31,

Bdr Themetbogof Slairg ZBefx.arthei'ngmphﬂng:as froma substrate

éc%?\hn {h'e stfﬂ)nqlérsﬁﬁ% raid &I&ﬁ( glréal‘tﬁ fth% ?Es ici Lhteeffrstﬁlter

cavit secon er caV| and ou ﬁut ng € gas
cavity and cwtmﬂmmﬂierqasm @tasmpanent c:puofedtqmtopiqf the filles loupigg after
ﬂtenngqf,é gsfl Itering the gas. 33. The nmethod of C aim 31,

risi n recei vin the as froma co

Hﬁﬁ?ﬂr@oth% Hng 5B ”btf" tRERANEPE ﬁ'@’ herizgptal éegg)nd flter cavity;
flowrgithe gas o gaecbrd filfer efsSéB\blyf inlat gneedilyl Hofizan@l direction and

cavity and outputting the gas to a
througl'gigg?rqgf\tertﬁgcqﬁsb%r}] ath the filter housing after

directing thg gabto thesoutBtin thiadiltehdusingfroraitae seamd filigr cawty.
conprising: receiving the gas froma substrate bl ock
Srl or to directing the gas to the first filter cavity

Rd Aouephedtaf mpkinga &X‘Q‘Pt"ﬁ"eaf“t%ﬁﬁmﬁ’é‘ﬁ'ﬂgnount ed on top
edrriifpa Fiited SushUsaving atdpand botieh st@addie gas;

directin he gas.frgmthe component to, a_generally .

A & el ing i FHEONEE SEREDS. Fhermirrind e Gl i priented to
be generatig borimbritallin ese;assenbly in a gener ally horizontal

ma[cﬁﬂiﬁd) 3 fﬁgﬁlow passage into the filter housing, wherein the first flow passage

p g

runs from an inlet in the filter housing to the filter cavity and machining a second flow
passage into the filter housing wherein the second flow passage leads from the filter cavity
to an outlet;

forming a filter assembly;

sealing the filter assembly to a surface of the filter cavity to separate the filter cavity
into adjacent sections, wherein the first flow passage enters the filter cavity in a first section
and the second flow passage enters the filter cavity in a second section.



through a filter to filter the gas; and directing the
gas to the outlet in the filter housing fromthe
wG@emonesiis | ter cavity. 35. A nmethod of maki ng BCT/US2007/003628

lowprofile filter conprisi2hg: formng a filter

housi ng having a top and bottom surface; machining a

filter cavity into the filter housing, wherein the

filter cavity is oriented to be generally horizontal

in use; machining a first flow passage into the filter

BBuSihggnethnd b ClRIMIRS. Mhesin fqrawqb g6 apeRTELly fyfihecomprises
couplmg@ﬂfﬂferltd]aﬁhﬂa‘ﬁfel'ter housing to the filter cavity and

machi ni ng a second fl ow passage into the filter

housi ng wherein the second fl ow passage | eads fromthe

B (Tiwe roethiot pf Caimrdeo whieedin tHeofiltariga diskifiiteer assenbl y;

sealing the filter assenbly to a surface of the filter

cavity to separate the filter cavity into adjacent

38ctlineriaethap of £13imi36e whierein the Gierina dubsfileit ers t he

filter cavity in a first section and t he second fl ow

ent he filter Vit second
88, tihg method ?ﬁ&‘ 4i13% %&w' the 9555 2 pedaldpipe fi KerAngghe adapteris
a stainitbesteel ddaptersariwhareirf coupling theoiler its 8 Adzipdr fOGheér comprises

weldin% tﬁér{%ﬁ’e%ﬁgﬁ ter 37. _ The et hod of C ai m 36,

e€reln is adisk filter. 38. The nethod of
Cl ai m 36, V\/nere|nthefilter is atube filter. 39. The

ABt A9 ﬁéthgh%‘f @Iagr%  35MAGHHe %Hﬂﬁsﬁmpl&é‘étm'tgsa niSfefindoWa

filter and t tér 1s a_stal nfess adapt er
bemee&ﬁﬁem%ﬁsﬁ"ﬁ’%ﬂq @sluffé‘c‘F Pf therfiltep ca¥ily- adapt er furt her
conpri ses wel di ng the filter to the adapter. 40. The

t of .. Claim 35, er_conpri si rea
5 dfpaPetngy 2 Elaimisl, Mt onERrPne Shosdugfis InSerines est by
pressinguié¢ fiter asfsetrindy ihtd thefilteacavity with sufficiérd forebho drezfte Eledintarference
40, further conprising creating the interference seal

by pressing the filter assenbly into the filter cavity
with sufficient force to create the interference seal.

42. Theemerba o crim Qbafuﬁhépcorf'\ ﬁéu'?@ Eree@Ag theSinffiference seal by:
ﬁ @n B’%tft‘%e |ntler{ ﬁ}eeﬁte % heating the filter
gaUG e fiteg hpyugine ESY%: cooling the

tobﬁrgthef&tenbéspmblyxsertl ng the filter assenbly into

' I I ilter housing and
i%%{@ld %gggr%g%{és%bh?eacﬁl fﬁ#gg‘(vggn%er ature. 43. The
aiewing the ﬁmranqusm, andifilten asserobly to seaeh anabientigmpleetensd
of the filter cavity. 44. The nethod of C ai m 35,

ereln the inlet to the filter housing is on the
St t16y§ method of Claim 35, further comprising sealing the end of the filter cavity.

seal.

44. The method of Claim 35, wherein the inlet to the filter housing is on the bottom
surface of the filter housing and the outlet from the filter housing is on the top surface of the
filter housing.

45. The method of Claim 35, wherein the inlet to the filter housing and the outlet
from the filter housing are on the bottom surface of the filter housing.

46. The method of Claim 35, wherein the inlet to the filter housing is on the top
surface of the filter housing and the outlet is on the bottom surface of the filter cavity.

47. The method of Claim 35, wherein the filter housing is a unitary block of material.



surface of the filter housing and the outlet fromthe

filter housing is on the top surface of the filter
whowgiosy4s 45. The net hod of O ai m 35, wherei n PCEUS00T003628

to the filter housing and 2he outlet fromthe filter

housi ng are on the bottom surface of the filter

housi ng. 46. The nethod of C aim 35, wherein the inlet

to the filter housing is on the top surface of the

filter housing and the outlet is on the bottom surface

of the filter cavity. 47. The nethod of C ai m 35,

48 eAdilter tdrapfisihg: er housing is a uni tary bl ock of

é’rﬁﬁ&f HOSJ §8 da’%t c‘ tr’%un?o % ?‘%{Sggfﬁ @8&‘( ht \%F\ uraptg of flow paths

moun
andaflpﬁrwaaity defingfd themm Mtemmand a filter cavi ty defl ned

t her efy, filedp %éﬁhﬂs déﬂ?e Yedtion WHenRE filtdk is mounted on

extend in a direction ent e fl{’ter I's mount ed on
thes”bfttf?éeQE%trate block; a first flow passage is defined

to coafiestiflodpdssh isQfeihBe 1§ bbirict BRWSENS tﬁ@fnﬁerfﬁoru%tng to a first
n_of éhe filter cavity; and a second f

__secti
section Bﬁ@? & FRVI¥ef?ed to connect a second secti on of t he
filt ea seavnd flow passagels Hefineaf totdodinbl 4 eecdmdusiction obthe filter

cavutytJérﬁ 8Et|ét'df*tr‘?éﬂ?ei$ U%%h%-nconp” sing: a first filter

e tube; and a adapter coupled to
Qﬁ@tﬂtﬁFftaﬁsemewg’o the surface of the filter

cavi t)éfr*shﬁiteﬁ‘%@ﬁipﬂénn?‘éﬂféagyéﬁéjtdb @; ghgow flow thr ough
the filter er senbl y separat es

filtef aé’é(?fﬁ")”ﬁ‘ﬂ?%t%ﬁieé@éﬁ?“%éﬁ'?%%merﬁ{r@&?r?& Wéte' CaV'tY the
adapterfconBigured s attow dowttiveugh tHefiltegavi ty and second secti on

oier oRhelsih Bl B8 by seagifits ik fite ot el sdfhcapt agetons
includlnmﬂaﬂ ﬂﬁsnsectwne:f ¢hefilten cavityr st $enondsegtion ptthk filter davit¥he

filter of Claim48, wherein the adapter is coupled to
the _surface of the filter cavity to forman

4ht Ehe Hitenff Clalpyts, whereintle giregtion ighotizantah 48, wherei n
the adapter is coupled to the surface of the filter

|-t it A . 583. The f O aim48,
i The el it 4 hofiie St pBdseBitheen tho

adapter and the surface of the filter cavity. 54. The

tf‘l | "'ﬁé @ér Sk 48 wﬁ@?&b %Qg&%ﬁeI isr%'ijf;[] d‘{&'wﬁag‘?@&% of the filter

. roman I'nlét on
caV'thOnfG[@ Qﬁ’g'“t%fe!'?f@efﬁeﬁbt section of the filter cavity and
the second fl ow passage | eads fromthe second secti on

|It t oytlet, on the to t he
% ‘i'ré? fi %ﬁg‘ Xé vyhereln the adapteris coupred 1o tlEe surface of the filter
cavity with a welded seal

53. The filter of Claim 48, further comprising a gasket disposed between the adapter
and the surface of the fiiter cavity.

54. The filter of Claim 48, wherein the first flow passage leads from an inlet on the
bottom of the filter housing to the first section of the filter cavity and the second flow passage
leads from the second section of the filter cavity to an outlet on the top of the filter housing.

55. The filter of Claim 48, wherein the filter housing further defines a pass through
flow passage from a second inlet on the top of the filter housing to a second outlet on the
bottom of the filter housing.



55. The filter of Claim48, wherein the filter housing
further defines a pass through fl ow passage from a
W@ ewones1nl et on the top of the filter housi ngP€DUS2007/003628
second outlet on the bottosvof the filter housing. 56.
The filter of Caim48, wherein the first flow passage
| eads froman inlet on the top of the filter housing
to the first section of the filter cavity and the
second fl ow passage | eads fromthe second section of
the filter cavity to an outlet on the bottom of the

'ft‘?é il 5P Clm, 4%/ uﬁlEPeSn tid first i pQ},@dd@ légdé(‘ﬂ&h%rﬂnFeFSn the

ousing fur defines a pass throu
top of thsa@ga@@smq)m o fisetsRatianpidne Hien gy aad S Bebri Ppcpassage
leads frchﬁ‘tlﬁé §6:dnA ScHES 6Nthe it &vitg fo AR @ubet drotheotioheoffthé Filter
housing. 58. The filter of Cl aim 48, wherein the
housings i | t er “conprises nul ti ple tubes and the filter
assenbly further conprises a sealing material disposed
t
S 158 ) S80S ABES A o o 28 mouon
flow passegel o aseeend nlespnde topeof s filkanhorsingdom ?fetcéﬁd Sutiet on the

boﬁommHélﬂﬁgrﬁd(},sirfbe first section of the filter cavity and

he secon ow passage | eads fromthe second section
of the filter cavity to an outlet on the top of the
48| TRe fifEIUSFICIgim 56, whh€infthé filksr coinpdsas mtﬂﬁple titeseaind the filter

sssomol bt S b e S35 i R v e

adapterhousi ng to a second outlet on the bottom of the fi I ter
housing. 6 1. The filter of Caim58, wherein the
first flowp assageleadsfromanlnlet on the to

8% The fitterrof i(laim A8, wherendhe first flown@ssagr 19RIE from 5'? jnist on the
bottom Siaﬂﬁétfﬂ’telaﬁ&lélﬁ@tostﬁéwﬁ sEbtWM $TaR6 AB6r davay and tiessédodd flow passage

leads o RIGNG SPRITH STOlPR ! I TieF oRalyaP A oulist 83 e Biqr Bie fifr nousina

Caim6 1,. wherein the fllter hou3|ng further defines

?0 p?ﬁ% fi tt%rr &L@P{nﬁe 58 V\fvlﬁ)&gﬁﬁgg ﬁfté%!ﬁ;lrﬁ@ﬁﬂﬂgli 8éﬂn%ts aO;LbsEI?ﬁrough

rhous
flow pa$ﬁagedmmﬁ selsend jrfleten th@@en pighe Giter hoysing M%ﬁe%’t"‘d@“ﬂ?‘rﬁ" the

bottom #PtheffilteF ASGsik@MPr i sing: an second filter assenbly
conprising a second filter disposed in a second filter

cavity separating the second filter cavity into
a1lj TRefMiltessitliam S8, whereni the firat fibiM fassabe lesids drodeén indst on the

: d fil
o o o TR o C U pH USRI i B GIESATR ase
leads frbirrthe skcond section affhe Bier cavity tojan @tieson @n%\b @ of the filter

hous'nq\herel n: the first flow passage | eads froman inlet on
"he bottomof the filter housing to the first section
of the first filter cavity and to a first section of

sbe Thedmadof Clairg 61CwHedein thadiltehrowiapfutither defines a pass through
flow passage from a second inlet on the top of the filter housing to a second outlet on the
bottom of the filter housing.

63. The filter of Claim 48, further comprising:

an second filter assembly comprising a second filter disposed in a second filter cavity
separating the second filter cavity into adjacent sections, wherein the filter housing defines
the second filter cavity wherein the filter assembly and filter cavity are a first filter assembly
and a first filter cavity,.



fl ow passage | eads fromthe second section of the
first filter cavity to an outlet on the top of the
w0 pdoveesiousi ng; and the filter housi ng defi neBCHUS190T/aD3628

fl ow passage | eading from @second section of the

second filter cavity to the outlet on the top of the

filter housing. 65. The filter of Caim64, wherein

the filter housing further defines a fourth flow

é)assa ge froman inlet on the top of the filter housing
e Bitariof Claim §havhedeidtom of the filter housing. 66.

thi ?ét'ﬂbWas@éng%U@ﬂ@% alMiHist I the bbgofn df&h? fr"]lté}’\/housmg to the first
e

eads fr o [
section ES 7] U6 e A B seEHOT O seppre fitdr oyl andfhe second
flow pagsage leadaimn theasdoond tsestimt ofche €ifst filker ity talarh olitietron the top of
the second fl ow passage | eads fromthe
thef‘lter%ﬂs‘ 'Section of the first filter cavity to an outl et
fd)n ﬂthehwngad@fmfes»tanf@lrﬂ iflowenaskagss leagingdrain atfecend segtion of the

second fARerSdaRfly BrtheR3Icforl He Bplof i M padsngeadi ng from a

second section of the second filter cavity to the
outlet on the bottomof the filter housing. 67. The

65 | TR fumér o@w:m @43,ww&iemh@ﬂté}end‘usingeurtﬁ@t@mss tuodrteflow

passso b bt ol A SR ERR § BLbF B e

housingof the fi I ter housi ng. 68. The filter of Caim63,
wherein: the first flow passage | eads froman inlet on
the bottomof the filter housing to the first section
88. ThefikerofClaim 63 wheteinty and to a first section of

tn@enrﬁ%w&ag‘sbbé ‘&an%aﬁvﬁnﬁ ¥n @t drhﬂhe&@ﬁ Qﬂﬂmeffill@%@taéiﬁ@ﬂfthe first
m t he, second

ssction o eyt ok G g erReBe Sbihedropr et Yt and the second
flow pasuageilewis feom tltd]@eddridtsactldsmu’she dirst diftenessvity to b rotitlé ayvthe bottom

l ing froma second section of the second
Ofthef?&%fﬁgﬁ‘ga y to the outlet on the bottom of the

thie| filter hmt_ﬂm dgf nes a third flow passage leading from a second section of the
second filter cavity to the outlet on the bottom of the filter housing.

67. The filter of Claim 66, wherein the filter housing further defines a fourth flow
passage from an inlet on the bottom of the filter housing to an outlet on the top of the filter
housing.

68. The filter of Claim 63, wherein:

the first flow passage leads from an inlet on the bottom of the filter housing to the first
section of the first filter cavity and to a first section of the second filter cavity and the second
flow passage leads from the second section of the first filter cavity to an outlet on the bottom
of the filter housing; and

the filter housing defines a third flow passage leading from a second section of the
second filter cavity to the outlet on the bottom of the filter housing.



