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MOUNT FILTER TECHNICAL FIELD OF THE INVENTION [00011 This
%9 rglates generally to filters and more particularly to low-profile 28
VR ARISES A fters BACKGROUNP OF THE INVENTION o802/ RAA
manufacturing processes require delivery of relatively high purity gases at
regulated flow rates and pressures. In the manufacture of semiconductors,
for example, the purity and flow rate of a gas must be carefully regulated
to prevent defects on a wafer. The loss ?H‘a Wafeé due to a defect is both

expensive and H%'@(ﬁ%ﬁmﬁ%ﬁﬁ§f QUNTE HalFRor manufacturing,

gas is provided to a process chamber through a "gas stick." A gas stick

TECHNIBAINEIREB @,yaﬁi%mtqf,%@qents stt;]ch as filters, valves, mass flow

—————controllers, pressure transducers,or.other componen
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Tradiibreglnaesitiieients were connected in an "in-line" fashion with each

component connected to the next component by a VCR connector. More

recentl thesemlconducto industry has moved to modular architectures.

St FMERNTIOMe gas components mount to modular
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exartipke @inBIGWRE 1, pressure transducer 102 is mounted on substrate ‘
block 104 and filter 106 is.mounted on subs 0 |
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Fiow passages in the substrate blocks route flow between the substrate blocks

and hence the gas components. Modular architectures provide the advantage of
a reduced footprint and standardization of interfaces.

{0004} FIGURE 1 iliustrates one embadiment of a gas stick 100 using a modular
architecture. In the example of FIGURE 1, pressure transducer 102 is mounted
on substrate block 104 and fiiter 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
expensive.

[0005] Several attempts have been made to shorten the gas stick by using a stackable
filter. Prior filters have been made that have a putification element sandwiched
between two sections of a block m; purification elements veriically aligned with the
various flow passages to/from the substrate or components stacked on fop of the
filter. The first type of filter suffers the disadvantage of requiring multiple seals
hetween various sections of the filter block. The additional mechanical seals can



2 interrupt the flow path, increase wetted surface area and increase dead
space. Additionally, the seals may leak due to dimensional or surface
finish irregularities between the sealing surfaces of the sections of the
filter block. The second type of filter (e.g., the filter in which the
purification element is aligned with & flow passage), requires additional
height to accommodate the purification element. [0006] Consequently,
there idieREal o ARG TIREPHAPRBR KEUEPRRINTHTR 21 BRI dead
seals, gpsslickdanghnandizeighiswhae iEting hesfapiarisions moslutace finish
substrales, SUMMARY.OF THE INVENTION 10007) Embadipepis aEingoc
presen IRYeRton prow e systems an oF low- prof Iters that
can suHﬁ%ﬁﬁaﬂpﬂetmatéﬂ&ﬁrré@@céﬂﬁ@*tﬁ%ﬁﬂ%ﬁﬁdé@ efrfealigusglgment is
developgghtiltarify stapis pndspeshadiMose dpsHsuiRibht mesimetiadthe
the present invention provide a low-profile filter for use with modular gas
panel REERIYE6S %qh accordance with a first aspect of the present
eGP NANE L2, 1ULPFNS (U AARORTISIG:R SRR Gnize

a apte unt between a surface mount substrate and a fluid device
adapted"ﬁﬁ:‘?ﬁﬁ'ﬁﬁ‘t sPPthe AT BIES IRRRIAt FbSFRE, YU'SiIfEinbtRgnfpoterint of
having mgluraligvieiteywe paths and a filter cavity defined therein, wherein:
the fllter cavity is defined to extend in a generally horizontal direction

ethe low=prifiesi{ieeis in use; a first flow passage is defined to
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pass- through passage openlng and a second pass-through passage
openind!#HE!3h 338 ARSI §RSESsage running from the first surface of the
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s device
g9a ount substrate, the filter housing having a plurality of fiow paths and a filter

cavity defined therein, wherein: the filter cavity is defined to extend in a
generally horizontal direction when the low-profile filter is in use; a first flow
passage is defined to connect an inlet at a first surface of the filter housing to

a first



and a filter assembly comprising a filter disposed in the filter cavity and
sealed to the surface of the filter cavity separating the filter cavity into
adjacent sections including the first section of the filter cavity and second
section of the filter cavity. [0007b] in other embodiments, a vertically
oriented filter can be used, though thés may sacrifice the ability to

conserve height. [0008] The filter housing can be a unitary piece of
materig#eqiee Ritée Bta Rl 8NriekeacRedIovaarara T Brlsined fvtRepect a
materiad skl biters itdre-Haw passngrs sfecRIstNg $0r6a8aiiShe of the
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filter or thiteliltére paisingtuang feometseiivorgbofient Pasceerdirry tetothérst pass-
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to a generally horizontal first filter 3 cavity, flowing the gas into a first filter
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filtered aaddatvmeddastheisubsirae acksta04 QF Yies ansthenity and second

embodiment of mf resent invention includes a method of making a
Iow-proﬁ?ectfﬁﬂs?c M P%iﬁ@‘,”%’rming a filter housing having a top and
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the filter cavity is oriented to be generally horizontal in use, machining a

first floRPRHEIE ARBNHE ARRIVRIERIG Wherein the first flow passage

s fro n.inlet in.the filter housing to the filter cavit hining.
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enters tA8 i C%Ni téne gas is tiltered pefore the gas is rou
mounted on top of the filter or after the gas returns from fhe component.

According to other embodiments, the filter can act as a standaione filter in
which gas is received from the substrate biock, filtered, and returned 1o the

substrate block.

f0009] Ancther embodiment of the present invention can include a method for
filtering a gas using a low-profile filter comprising mounting 2 filter to &
substrate block, directing the gas from an inlet in a filter housing to a

generally horizontal first filter



first section and the second flow passage enters the filter cavity in a

second section. [0011] Embodiments of the present invention may

provide a technical advantage over previously developed filters by
providing a low-profile surface-mount filter that can create a sufficient
pressure drop and have a sufficient fog reduction value ("LRV") for
semicogglitgtoionmg Uiise thein ghapplitatidhis; ebdembijnimiziggrizeigirthorizontal
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[0012] Embodiments of the present inventicn may provide another advantage by
reducing the number of seals in a flow path, thereby reducing wetted surface
area and dead space internal to the filier. This can decrease the fime it takes
to dry the filter (i.e., decrease dry down time) and minimize the potenti'ai of
stray pariicies from becoming dislodged from the dead spaces and entering
the gas stream.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] A more compiete understanding of the present invention and the advantages
thereof may be acquired by referring to the following description, taken in
conjunction with the accompanying drawings in which like reference numbers
indicate like features and wherein:

[0014] FIGURE 1 iliustrates one embodiment of & gas stick using a modular
architecture and a siandalone filter with its required substrate;

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



filter of FIGURE 7; [0022] FIGURE 9A and FIGURE 9B are diagrammatic
representations of another embodiment of a low-profile filter; [0023]

VFJ)%%%F?%IQ%S a diagrammatic representation of another em%o%imezgtvof .
ow- profile filter; [0024] FIGURE 11 js a diagrammatic represgn{gﬁoﬁ gy

an embodiment of making a filter assembly; [0025] FIGURE 12 is a
cutaway view of another embodiment of a low-profile filter; [0026]

FIGURE 13 is a cutaway view of another embodiment of a low-profile

filter; [0027] FIGURE 14 is a diagrammatic representation of a seali )
[0016] mecﬁh{wﬁ f%r'alﬁswteﬁraﬂusfﬁﬁaﬁmg]‘ EREDRIEMTS A Hﬁ&aﬁﬁ]@?% acting

representéaivtalohaittter embodiment of a filter. DETAILED

DE I OF VENTION [0029] Preferred embodiments. of
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usedif8fefer to like and corresponding parts of the various drawings.
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one ehAdewREAle g"ﬁﬂf@"‘f%ﬂ'ﬁﬂ&’vﬁ‘cﬁlggﬁs‘%n the top and bottom for gas

[0019) NIGSHOME s H@NiahiRdi ABHESH Bl LEaNhE RMBA S IRERYY an
horizontal through, the filter ﬁtg(% A filter .asse s the filter cavity
S

into RIPRATBINANS SfRIBHIeJASI AOCORTR R 5145

10020]P CTEISIZRE GO 36hiSy iinwtRassresitastnityanatRerieamb e pter a low-
botto 1 lee tﬁ@eﬁlter body to the first section while a second flow passage
lead$ rom another port on the top or bottom to the second section.

[0021]BaseriGURESBds pfigia tatimmefithe pessnaithfl ofiepassage vidhecf dsdaw-befile
filtereglehefoErRiratter the gas flows to a component mounted on top of
the low-profile filter. In other embodiments, a vertically oriented filter can

[0022be uStGUIRB RanisAiGlRESfistettiacibityaticosnsesontationshef modher
The filssseemayaasaaiting mene embodiment, can include a tube
filter and an adapter. The adapter can be a ring or other shape that is
[0023oupfRBHREd Aine dirsreanalicdrrIescaiRiarech pRNREGERASRA R R low-
seateddfilghitidiifer cavity, the filter assembly segregates the filter cavity
into two horizontally adjacent sections with the tube filter projecting into

[0024)ne EEHHIRE il i€ SRRARALGREPFFSPREdiRSPY an embodiment of taking a fifter

assembly;
[0028] FIGURE 12 is a cutaway view of another embodiment of a low-profile filter;
[0026] FIGURE 13 is a cutaway view of another embodiment of a low-profile filter;

{0027} FIGURE 14 is a diagrammatic representation of a sealing mechanism for a low-
profile filter;

[0028] FIGURE 15 is a diagrammatic representation of ansther embodiment of a filter,

DETAILED DESCRIPTION OF THE INVENTION
[0029] Preferred embodiments of the present invention are illusirated in the FIGURES,

like numerals being used {o refer to like and corresponding parts of the various
drawings.

[0030} Embodiments of the present invention provide a system and method for 2 low-
profile filtter. 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 bady
defines a filler cavity running generally horizontal through the filter body. A filter
assembly divides the filter cavity into two horizontally adjacent sections. A first



via the first flow passage, flows through the center of the adapter and
permeates into the second section through the tube filter. The gas can
‘y&eﬂoﬂ%% (%% of the second section of the filter cavity via the second fl W
passage 32] According to anothgr embodiment, the fﬂter"&s’%%?ﬁ%’h/%éﬁ ‘
include one or more vertical disk membranes sealed across the filter

cavity (e.g., generally in a plane normal to the primary horizontal axis of

the filter cavity). In this example, gas enters into the first section via the

first flow passage, flows through the disk membrane to the seco
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of aﬂgpghtprofile filter 210 according to embodiments of the present
invention. In the example of FIGURE 2, low-profile filter 210 is mounted
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Theugﬁﬁﬁé‘@éégﬂ@réé%tﬂﬁ%@@?ﬁmﬁﬁ@ﬂ%pfﬂﬁ@é@érﬁﬁiﬁimcﬁiéunﬁ the
passed é) gssure tran, r}r Lﬁ 21\14,.| f{ﬁgre% SW‘?.% to substrate
blocRZT3% E6 R~ pro il gi% Be con igure it a variety of
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C-Sealslir gRRImSbriRk Yed e Lo PHEY; MW(QEC@%M&@HWQE plane
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valvessgliffusers, peesstrad egaliatocs ihedikercadin podentsck tumfilterr cavity via

developed iththe@ bd08RR. FIGURE 3 illustrates another embodiment of a
gas stick 300 utilizing an

[0033] The flow passages can be configured and ports arranged such that the gas is
filtered before flowing to & component stacked on fop of the low-profile filter or
after fiowing from the component stacked on fop of the low-profile filter.
Additionally, the flow passages and ports can be configured such that the low-
profile filter acts as a standalone filter.

0034} FIGURE 2 jliustrates an embodiment of a gas stick 200 with an example of a low-
profile 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, filter 210 is
noticeably shorter than filter 106. Low-profile filter 210 can be configured fo filter
gas before the gas flows to pressure transducer 214, after gas leaves pressure
transducer 214 or both.



embodiment of a low-profile filter 310 mounted on substrate block 312. In
the example of FIGURE 3, low-profile filter 310 is a standalone filter.

as in the example of FIGURE 2, low-profile filter m/'ﬁ’smmmosﬁzs
noticeably shorter than fiiter 106. Inghis example, the gas enters
low-profile filter 310 from substrate block 312, passes through a filter and
returns to substrate block 312. [0037] FIGURES 4A and 4B are
diagrammatic representations of one embodiment of a low-profile filter
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example; port 4 act as the Inlet port to low L
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9as (9,106 ek RQYAD&“EH&%Q E:‘Bﬁ 408, WBH% W%&‘t’ﬂ?k?@ﬁtt@t{gﬁ surface

substrate block hus, f he com t st cked on I rofile
ile fil
filter 219 PAKEF I‘?’Hffg‘ﬁ'g LRI 9| F& s%srﬁ'ée? ra?'?’a[n{?%%%“f grofile fiter
C-SedlSubavarapigsrs defined in filter housmg 400 ad gas to/from filter cavity 402
and to/ffrom the inlet/outiet ports, For example, fiow passage 414 runs from

bottom port 406 to filter cavity 402 while flow passage 416 runs from filter cavity
402 to top port 410. Flow passage 418 is a pass through passage running
between bottom port 408 and top port 412. Filter housing 400 can further
include various connector holes {one of which is indicated at 420) to allow filter
housing 400 to be connected to a substrate block.

[0038] Fiiter 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 aliow low-profile filter 210 to be compatible
with a variety of substrate blocks and components. By way of example, but not
limitation, low-profile filler 210 can be compatible with a C-Seal architecture.
Consequently, filler housing 400 can be 1.125 inches wide, 1.125 inches deep



[0039] Filter housing 400, according to one embodiment, is a unitary
stainless steel block. Filter cavity 402, ports 406, 408, 410, and 412 are
v{)ggaﬁ,g d]u%to the stainless steel block using known machln?%]U 5 03638

techniques. Filter cavity 402, for example, can have a diamefer o% Y78
inches. The various flow passages and mounting holes can then be

drilled. It should be noted that some semiconductor manufacturers

specify that the hole in the center of a C-seal port leading to a flow

passage can have a major diameter of no larger than .180 inches. The
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402 ipto tweharizontalyasiassnhsgctins, shown generally at 432 and
434 %see FIGURE 5). Flow passage 414 enters filter cavity 402 in section

10040432 Anddiding passagenbbiimendr fdikgasanttg # 4duioma3406 i Bltgreavity 402
flow RagsaaRdOM 6 stages. The first portion is machined from inlet port 406 into

filter housing 400. Again, the angle and radius of flow passage 416 can be
selected such that the elliptical inlet to flow passage 416 does not exceed
specified dimensions. The second portion of flow passage 416 can be machined
inward from the surface of filter cavity 402 at an angie to meet with the first
secﬁbn of flow passage 414. The portion of flow channel 414 machined first will
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 smailer
portion) can be .094 inches. Flow passage 416, according fo one embodiment,
can also have a diameter of approximately .125 inches, while flow passage 420



inlet port 406 to the filter cavity 402 (i.e., flow passage 414) and the flow
passage from filter cavity 402 to the outlet port 410 are segregated by

v?ﬁ ny 430. [0042] According to the embodiment of EIGURE 4

er assembly 430 includes tube filtgr 438 coupled to adapterTéf%mwm)3628
However, filter assembly 430 can include any filter mechanism for
segregating filter cavity 402 such that gas is filtered between the sections.
Tube filter 438 can include any tube filter suitable for a set of process
requirements. By way of example, but not limitation, tube filter 438 can be
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filter sgé ambient temperature, an
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cavity 402, A0 ARPTRGE b ediurini e filianas sao e ARRispacme ekl

to thejm'g%% between filter assembly 430 and the walls of filter cavity 402. According

to one embodiment, the seal is formed through an interference fit between
adapter 440 and the wall of filter cavity 402. According to this embodiment, the
radius or outer dimension of adapter 440 is slightly larger than the radius or outer
dimension of filter cavity 402 at the area where adapter 440 will seal with the wall
of filter cavity 402. For example, at ambient temperature adapter 440 can have a
radius of be .0005 - .0015 inches greater than the radius of filter cavity 402 in the
area that the seal is to be formed. Filier 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 liguid Nitrogen or other chilling method) and filter housing 400
heated. While filter assembly 430 is coniracied due to cooling and filter cavity
402 dilated due fo heating, fitter assembly 430 is placed in filter cavity 402, As



cavity 402 using e-beam, laser, tig or plasma. [0044] Filter cavity 402 can
be sealed at surface 404 using a sealing button, plug or other piece of

55%]#}?4 (shown in FIGURE 403 and FIGURE 5). The s
can e formed of stainless steel or ogher material that is pre?érgﬁﬁzﬁ%%ﬁm

- reactive or minimally reactive with the intended process gas. According to
one embodiment, sealing button is sealed to filter housing 400 using a
fusion weld. [0045] In operation, low-profile filter 210 is mounted to a
substrate, as shown in FIGURE 2. Gas enters flow passage 414 through
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substrate block. In this example, the gas is filtered prior to entering the
[0047ICOM FHBEIRE\W S 263U icRaTAISRITTICH 3oREaweY 0BrePHIBUREs filter
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FEGURE 5 also illustrates filter assembly 430 including tube filter 438 and adapter
440. Sealing button 424 is also shown. As can be seen in FIGURE 5, filter
assembly 430 separates filter cavity 402 into horizontally adjacent section 432
and section 434. Flow passage 414 runs from bottom port 406 (o filter cavity 402
while flow passage 416 runs from port 410 to filter cavity 402. In this example,
gas flows from a substrate block info port 406 and enters filter cavity 402 via flow
passage 414 in section 432, The gas flows through the center of adapter 440
into the center of tube filter 438 and permeates out of fube 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
retums from the component through port 412 and is lead back to the substrate
biock. In this example, the gas is filtered prior to entering the component.



port 410, port 412, flow passage 416, flow passage 418 and tube filter
438. According to one embodiment, flow passage 416 directs gas filtered

\Péf £H5)ﬁ Pr L 438 to a component mounted on low-profile f”%@gﬁﬁa’ms

returning from the component enterg,filter housing 400 at por
passage 418 is a pass- through flow passage that leads the gas from port
412 to port 408 and the underlying substrate block. [0049] In the previous
embodiments, low-profile filter 210 filters gas prior to providing the gas to
the component mounted on low-profile filter 210. In other embodiments,
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Th“S?léié%}%frpﬂ%@%zt%ﬁdtﬁﬂf@ﬁtﬂp@E&lé@gdﬂhﬁ%ﬁHGWW%% flow

g gTﬁfgi&ﬁfgg’EHé;ﬁ? Qo@egf'%’on‘%% %00937& po?tJT‘% Flow passage 716 runs
from top port 712 to f lter cavity 702 while flow passage 718 (shown in FIGURE 8)
runs from filter cavity 702 to bottom port 708,  Filter housing 700 ean further
include various connecior holes {indicated at 720} to allow filter housing 700 o be
connected to a substrate biock. Filter housing 700 can be formed of a unitary
block of material and can be dimensioned and machined in a manner similar to
that described in conjunction with filter housing 400 of FIGURES 4A and 4B but
with the flow passages arranged to provide outlet side filtering.

[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 gnd 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



passage from filter cavity 702 to the bottom outlet port 708 (i.e., flow
passage 718) are segregated by filter assembly 730. [0051] According to

‘{Qﬁzgﬁﬁ%qi@ent of FIGURE 7, filter assembly 730 includes tyel?et g{ggﬁ%ﬁ%zg

coupled to adapter 740 (better seen,in FIGURE 8). However,

assembly 730 can include any filter mechanism for segregating filter cavity
702 such that gas is filtered between the sections. Tube filter 738 can
include any tube filter suitable for a set of process requirements. By way
of example, but not limitation, tube filter 738 can be a .003 micron
stairiessege &rar filekerriter OA i Porore AR ResifR3 & SelPyPoTRASS
material) §08 52} feiiaeasgannd nsR0rtan 188 formed in a similar manner as

filter assembly 430 of FIGURE 4A and can be coupled to filter housin
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component mounted on top of low-profile filter 210 via port 710. The
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section 732. Consequently, gas will be filtered by passing from the
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{0054} According to other embodiments, flow passage 7186 can enter filter cavity 702 in
section 734 and flow passage 718 can enter filter cavity 702 in section 732.
Consequently, gas will be filtered by passing from the outside of tube filter 738 to
the inside of tube filter 738. Regardiess, filtering gas on the outlet side of the
mounted companent provides the advantage that any contaminants introduced
by the component are filtered before the gas is routed to other components.

[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 botiom
ports 706 and 708, fop ports 710 and 712 and filter cavity 702. Also shown is
filter assembly 730 including tube filter 738 and adapter 740. FIGURE 8 further
fllustrates sealing button 724. As can be seen in FIGURE 8, filter assembly 730 -



WO 2007/095145 PCT/US2007/003628 12 separates filter cavity 702 into
horizontally adjacent section 732 and section 724. Flow passage 716

‘{B%J ﬂg}i t&o port 712 to filter cavity 702 while flow passage, ﬁ%ﬁsr [}%03 628

rom filter cavity 702 to bottom port 708. In this example, gas ows
substrate block into port 706 and through to port 710. On the return path
from the component mounted to low-profile filter 210, the gas flows from
port 712 to filter cavity 702, through the center of adapter 740 into the
center of tube filter 738 and permeates out of tube filter 738 into section
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ﬁ e ter.
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example, flow passage 914 runs from a bottom port to fi lter cavsty 802 and filier
cavity 903. Furthermore, a flow passage leads from filter cavity 202 fo port 910
while another flow passage runs from filter cavity 903 to port 210. The flow
passage from port 912 to the bottom outlet port acts as a pass through passage.

[D057] A filter assembly 930 is disposed in filter cavity 902 and a second filter assembly
931 is disposed in filter cavity 903. Filter assembly 930 separates filter cavity 902
into two horizontatly adjacent sections, while filter assembly 831 separates filter
cavity 903 into fwo horizontally sections. Flow passage 814 enters filter cavity
902 In the first section of filter cavity 902 and filter cavity 903 in the first section of
fitter cavity 903. The outlet flow passage (e.g., running from filter cavity 802 to
port 910) enters filter cavity 902 in the second section of filter cavity 902 while the
outlet flow passage of filter cavity 803 (e.g., running from filter cavity 803 to port
910) enters filter cavity 903 in the second section of fiiter cavity 803. Thus, flow



port 910) enters filter cavity 902 in the second section of filter cavity 902
while the outlet flow passage of filter cavity 903 (e.g., running from filter

\fi t‘%éh%@.%&%’ port 910) enters filter cavity 903 in the second ?‘%%té%%ﬂo 03628

[0058]

00591, dinEaTeeMRIERSID B85 S

er cavity 903. Thus, flow WO 2007{095145 PCT/IIS2007/0¢
passage 914 is separated from the outlet of filter cavity 902 by filter
assembly 930 and the outlet of filter cavity 903 by filter assembly 931.
[0058] According to the embodiment of FIGURE 9A and 9B, filter
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tack top Of low- ter 210. [0061] In th le of FIGUR
R U T L R e

filter PO cinebdenrvigunkthadubellitemidriow trewmans djfget gas to port 910 from
filter cavity 902 and filter cavity 803. Gas retumns from compenent through port

Eowing

912, through a pass through flow passage and out an outlet port on the bottom of
filter housing 800. Thus, the flow path is similar to that described in conjunction
with FIGURES 4A, 48 and 5 except that the gas is directed to two filter cavities in
parallel to filter the gas before the gas is directed to the component stacked on
fop of low-profile filter 210.

[00B1] In the example of FIGURE 9A-9B, low-profile filter 210 acts as an inlet filter.

However, low-profile filter 210 can be configured as a dual filter for the outlet side
of a component. According o 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.q., inserted from each end) and the gas recirculated through the filter
cavity.



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
Vﬁ@%}@i J@% JLomponent. According to other embodiments, bci;h f}l{fgg{ﬁﬁ%&%zg
ein tlllé‘sa‘me filter cavity (e.g., insgrted from each end) andtHe gas
recirculated through the filter cavity. WO 2007/095145
PCT/US2007/003628 14 [0062] The use of dual filters provides an
advantage over a single filter because the dual filters can provide for

rea f ing a small diameter. This can_allow,_for reate
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yet another e nt of low- profile filter ow-profile filter
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passage 1014) and the flo ssage from filter cavity 1002 to the outlet
port %gf ezf%%@g?e%’%tsé{(rja ge,y%%%'assembly 1030. [0065] According to the

[oos4@mbodiinens Y RIBAG dilpossseninis 1036 inshzdasitubeatiller AR3%avity
coupleghivadaris ﬁ&%@tﬁ@‘%ﬁ}é@erw@cﬁéﬁgn}gwg&&@ 185%8ers filter
cavity 1002 in the first section and flow passage 1016 enters filter cavity in the
second section. Thus, the flow passage from the inlet port 1006 o the filter cavity
1002 (i.e., flow passage 1014) and the flow passage from filter cavity 1002 to the
cutlet port 1010 are segregated by filter assembily 1030.

[0065] According fo the embodiment of FIGURE 10, filter assembly 1030 includes tube
filter 1038 coupled 1o adapter 1040. However, filter assembly 1030 can include
any filter mechanism for segregating filter cavity 1002 such that gas is filtered
between the sections. Tube filter 1038 can include any tube filter suitable fora
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 canbe a
stainless steel ring. Examples of similar TEFLON tubes can be found in Mykrolis
Corp. pHasor Membrane Contactor PH2005F0F. According to one embodiment,



any filter mechanism for segregating filter cavity 1002 such that gas is
filtered between the sections. Tube filter 1038 can include any tube filter

ﬁHiEﬁmﬁJ‘l é,\a set of process requirements. Tube filter 1038 @&P%%t@%gs 628

one embodiment of the present inveation, is a TEFLON filter comiprising
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
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f0067] Filter cavity 1002 can be sealed at the surface of housing 1000 using a sealing
button 1024 or other piece of material. Button 1024 can be formed of stainless
steel or other material that is preferably non-reactive or minimally reactive with
the intended process gas. According to one embodiment, bution 1024 is sealed
to fitter housing 1000 using a fusion weid.

[0088] in operation, low-profile filker 210 is mounted to a substrate, as shown in FIGURE
2. Gas enters flow passage 1014 through port 1008 and flows into the first
section of filler 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,



steel or other material that is preferably non-reactive or minimally reactive
with the Intended process gas. According to one embodiment, button

v&@%ﬁ'ﬁ d to filter housing 1000 using a fusion weld. [09% HEEﬁmmﬂs(zs
operatlon ow-profile filter 210 is mgynted to a substrate, as's

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
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Accosding: tpathade mhndisants »aas can be filtered on the outlet side of
the component or both the inlet and outlet side. Additionally, multiple
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defonmed through establishing the interference fit with filter housing 1000 (i.e.,
when the adapter is squeezed” by the filter cavity walls to form an interference
fit).

[0071} Thus far, the low-profile filter has been described in the context of a filter that is
located between a substrate block and & component. According fo other
embodiments of the present invention, however, low-profile filter can be a
standalone filter (e.g., low-profile filter 310 of FIGURE 3). FIGURE 12is 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 onginating from one
surface, filter cavity 1202 can originate from additional exterior surfaces of filter
housing 1200 fo facilitate insertion of filter assembly 1230. Cne or more ports
(e.g., port 12086, and port 1208) on the bottom surface of filter housing 1200 act



deformed through establishing the interference fit with filter housing 1000
(i.e., when the adapter is "squeezed" by the filter cavity walls to form an

%gﬁﬁr/g&q fit). [0071] Thus far, the low-profile filter has bege,‘q]% é%gs(zs

in the context of a filter that is locatggl between a substrate block an
component. According to other embodiments of the present invention,
however, low-profile filter can be a standalone filter (e.g., low-profile filter
310 of FIGURE 3). FIGURE 12 is a diagrammatic representation of one

embodiment of a guta view ile_filter 310. Low- offlef
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an include a filte asse to filter a emblles4 0, 730, 930,
[00743 rbgB O?to({ e{PVI 1%r ags}éf%gy% is mounte o a substrafe,'as shown in FIGURE

. Gas enters flow passage 1214 through port 1206 and flows to section 1232 of
filter cavity 1202. The gas then flows through the center of adapter 1240 into
fube filter 1238 and permeates through the wall of tube filter 1238 into section
1234 of filler cavity 1202. The filtered gas flows from filter cavity 1202 to port
1208 via flow passage 1218 back to the substirate block.

[0075] According o other embodiments, flow passage 1214 can enter filter cavity 1202
in section 1234 and flow passage 1216 can enter filter cavity 1202 in section
1232. Conseguently, gas will be filtered by passing from the outside of tuba filter
1238 to the inside of tube filter 1238. Additionally, it should be understood that
filter 310 can include multiple fitter cavities for filtering the gas in parailel or series.

[0076] 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 generalty horizontal filter cavity 1302
therein. Although only shown as being open to one surface, filter cavity 1302 can



[0074] In operation, low-profile filter 310 is mounted to a substrate, as
shown in FIGURE 3. Gas enters flow passage 1214 through port 1206
WA flosstgssection 1232 of filter cavity 1202. The gas thenri%mﬁ(?#@%zs
the center of adapter 1240 into tubggilter 1238 and permeates throug

the wall of tube filter 1238 into section 1234 of filter cavity 1202. The
filtered gas flows from filter cavity 1202 to port 1208 via flow passage

1216 back to the substrate block. [0075] According to other embodiments,
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or othgfqﬁf@(f@t@ﬁ that uses one or more disk filters fo f“ iter a gas.

0080] in the previous embaodiments, the seal between an adapter and filter housing is
primarily described as an interference seal caused by the difference in size of the
adapter and filter cavity, though other seals can be used. FIGURE 14isa
diagrammatic representation of an other example of a mechanical seal that can
be used. In the embodiment of FIGURE 14, a metal or other material gasket
1402 (s.g., a steel ring or other gasket) is ptaced batween filter housing 1406 and
adapter 1404. Each of filter héusing 1406 and adapter 1404 can include a thin
profruding edge (e.g., edge 1408 and edge 1410). When adapter 1404 is
pressed info the filter cavity, the respective edges dig into gasket 1402, creating a
mechanical seal.

[CO81j) Embodiments of the present invention thus provide low-profile filters that can fit
between components of a gas stick or act as a standalone fiiter with minimal



material. Button 1324 can be formed of stainless steel or other material
that is preferably non-reactive or minimally reactive with the intended
el doTolcs According to one embodiment, button 1324 is il
housiﬁgg%%o using a fusion weld. Fhus, embodiments of thigr?}lggzeér@b&%zs
invention can provide low- profile filters that uses one or more disk filters
to filter a gas. [0080] In the previous embodiments, the seal between an
adapter and filter housing is primarily described as an interference seal
causeiBe{0R SVERIPRES TR BhINen BRI S BN Rl GUBL et
other seals can be used. FIGURE 14 is a diagrammatic representation or _
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steel pingacetbangaskien. CHreed ibehwaanditasioasingatdfiiodsh be used.
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reqmﬁé\‘@ékﬂéﬁ&ﬁ:‘ﬁ@%@%ﬁ@ o‘?é@ﬂ%ﬁ&‘ﬁe‘ﬁk@%@uﬁr&éﬂwé%ﬁl %tthe number
anoth en]bodlrgﬁnt of a filter 1500 which |ncludes filter cavities 1502
1‘?0?? & i.”ﬁ

and 1P AR PSSR e R Y
simildRtertit BReAs inrrebResIga! g wetegiwiach arsiminiaatistemal

and fittess! apear asniedddiladivivdd bf R&ally arer ieal:danitaughdgine

cavities. While shown in a two filter configuration, a single vertical filter
{0084éan a@w%@mg@dpmsent invention has been described in detail herein with reference

fo the illusirative embodiments, it should be understood that the description is by
way of example only and is not to be construed in a limiting sense. Hlis to be
further understood, therefore, that numerous changes in the details of the
embodiments of this invention and additional embodimenis of this invention will
be apparent to, and may be made by, persons of ordinary skill in the art having
reference io this description. it is contemplated that all such changes and
additional embodiments are within the scope of this invention as claimed below.



[0083] Various embodiments of the present invention provide advantages
over prior art filters by reducing the2humber of components required and
reducing the number of seals per filter required. This reduces the number
of seali ngt eqentially interrupt the gas flow path, minimal internal
WHAT -are, minimal internal dead space, reduced likelihood of
leakage and reduced filter height. [0084] Although the present invention

has be%'%_ﬁ%ﬁ din.detaibhgrein with reference to the illustrative
embodiments, it s%o'uld be uh]derfgtood that the description is by way of
egntia fid

X HHRPROBINCARP RS8R E S LHRRIN AP A TRARIMG ‘Warists
device fudHipeyndersioodn hersfere.dhstnimsssustehirger imiieitgtailaref thelurality

of fowSipRRAMEnts;of s nvention and addiiongl embodiments of his
iRGERtion wWill' be app¥;1rent to, andsmay be made by, persons of ordinary

skill in tHe diteiaavity ircfefmscdecvsdssargrnmialy isrEaria pisgstiothathen
the lovAlreHRrRRaRgRS,80d additional embodiments are within the scope of this
invention as claimed below. 20, WHAT IS CLAIMED 1S: 1, A Iow-%ro '

fiter comBRSGH & ATARIE S BB R TG 5L Rya e SUTREE the fter

e
housingauatisstastctiter ahtha flited cdewcaradapted to mount on the surface

mount syBsiae e SUSLAaYSIng YIRS AR LD URAIP AL Ater

_filter cavity erein, wherein: the filter cavity is defined to extend in
cavity {p gerurésih A ariasierd aidet ATrRAT the TBR-prRoMEgiINKIGEsA thetinstipa
secondleuBassage é» defiore deensiast andnled &livgfiegicsurface of the filter

housing to a fir, tsecH% of the fllteg,lcavhy' l?s aseignd flow passage is
e filter [

t .
defined TP EBRNECH 2 SER0MT section of 1 y PESV erougn BUtlerat g e

and a secordipanddbeouftheestabe fieninoutiingpastdhednahedsseamayuosigm the

first sUMHERCESI RN RRVSHRaSeseEsne Hllenhousing rardR Basg HHPEEMbssing
flow passage havmgga f|_rsé£ass-through passage openlg% and a second

the filtey eVl VGG iR dee g LR G AR B A S hPa S F A g SR ASR PE FRURg and
secontheadérshsudageeidbe fitenihg usingptdithesseanh drmeddde infdeddteith

corresESH&iiﬁ'g ?Aﬁ% %Qi?@%%n@t% gwara%w%/e B’@E%i%ct&eaﬁﬁst inlet, first outlet,
Irst pass-through passage opening and “second pass-through passage
opdhripaseeBifiniretsaItsiR ctsRrrfd imtediier consspeaagparie
surfacefldh@subsirateigne sasinglptBasias \iaginantodatitReassenibhs coplisinge first
fio f%JtE%r (}i osedtin tnhde filct:%% gasviét’_t\'/ioanglf eealﬁgl lgoc g\}g surface of the filter
SeCHon LY yesé%al{r ?i‘ﬁd’ fE TSt caw?y iRto % jacen Séctions including the first
section of the filter cavity and second section of the filter cavity.
2 The low-profile fitter of Claim 1, wherein the filter assembly further comprises:
an adapter coupled fo the filter and the surface of the filter cavity configured to allow

fiow through the filter.

3. The low-profile filter of Ciaim 2, wherein the filter is a disk filter aligned to

aliow gas to flow through the disk filter in a generally horizonta! direction.
4 The low-profile filter of Claim 1, wherein the filter is a tube filter.

5. The low-profile filter of Claim 4, wherein the adapter is coupled to the surface
of the filter cavity to form an interference seal.



2. The low-profile filter of Claim 1, wherein the filter assembly further

comprises: an adapter coupled to thi filter and the surface of the filter

cavity configured to allow flow through the filter. 3. The low-profile filter of

Claim 2, wherein the filter is a disk filter aligned to allow gas to flow

frough'fireiensermtls el gehtaianF nEreSHtaNgASARIT 12 CPHB'FSRRsTRM Tace
of the fittercalGlaiam b whesaisdhe filter is a tube filter. 5. The low-profile filter of

Claim 4, wherein the adapter is coupled to the surface of the filter cavity

to form an interference seal. 21 6. The low-profile filter of Claim 4,

WhereinTtielawtaesia diteup| 6o the wihticoropinindiltcsas@tyvnesed
betweslallesseal: 4nd RelouRERfiediliatef Cdaim 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

feom anT i ébwenptbiicbfittorof df dive Altehbmisitig toghiofirstasestereatithizom an
intet ol HR! §8‘th% %@%Q‘ﬁ:t@?ﬁ%ﬂgi@Qﬁtﬂé%ﬁé‘%ﬁ%%ﬁ* ﬁﬂ@r%%%pr‘%erﬁ?ﬁ%@ge%nd

the filter cavity to an outlet on the top of the filter housing. 9
flow pasgRgR oRRESiRENbIEI8RPPOd R OHES B TeAMIN P faftREHRfcthihe dop of the
filter hid@sgghrough flow passage from a second inlet on the top of the filter
housing to a second outlet on the bottom of the filter housing. 10. The
low-profile filter of Claim 4, wherein the first flow passage leads from an
iflet on Tihe top-bfafile filter tiduising&ovwhertistiedttenvlugiediftsieawsfines a

pass z%@_i}h%ﬁ%@@é&%&ﬁ%!ﬁﬁ%ﬁ&mﬁg%ﬁe&%@ sestinh el e fitstcond

cavity to an outlet on the bottom of the filter housing. 11. The low-profile
outlet g he el N UiRiNeHERfter assembly further comprises: an adapter

coupled to a surface of the filter cavity; one or more tubes to act as the

fiter o naterial. i
R ada A e Rl om ar
inlet o s tefeqbihgsientesinglés e distiseaben of the fifter sRiikiRgttd testrid flow

passa§eRias ofdneariteesandiyandiihe sroRd How RaSFAaRIRRASAEIRYRDE of the
filter hsec.ond section of the filter cavity to an outlet on the top of the filter

%ﬂgﬁ‘ig. 13. The low-profile filter of Claim 12, wherein the filter housing
further defines a pass through flow passage from a second inlet on the

LQH of thefiltelNausingiteraferant QSN HeerhottonLhteiHRE : comprises:
on ?ggéter coupied to a surface of the filter cavity;

one or more tubes to act as the filter; and

a sealing material disposed between the one or more fubes and the adapter.

12. The low-profiie filter of Claim 11, wherein the first flow passage leads from an
iniet on the bottom of the filter housing to the first section of the filter cavity and the second
flow passage ieads from the second section of the filter cavity to an outlet on the top of the

filter housing.

13. The low-profile filter of Claim 12, wherein the filier 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.

14. The low-profile filter of Claim 11, wherein the first flow passage ieads from an

inlet on the top of the filter housing to the first section of the filter cavity and the second flow



14. The low-profile filter of Claim 11, wherein the first flow passage leads
from an inlet on the top of the filterd&ousing to the first section of the filter
cavity and the second flow 22 passage leads from the second section of
the filter cavity to an outlet on the bottom of the filter housing. 15. The
passage\eip flarmiltes speanfsecionRERGHR FRUPHORSHHAB R RARA™ of the
fiter hda&asgthrough flow passage from a second inlet on the top of the filter
housing to a second outlet on the bottom of the filter housing. 16. The
low-profile filter of Claim 1, wherein the filter assembly is a first filter
ddsembire iy Bitara Hamdishoseer andhe Stmtdoeaing fuheer defines a

pass tHAWIHOBIR Flsrfuether Gosapsisingica seaanthiliaTias SREMHY GABREISIRG @nd
second filter disposed in a second filter cavity separating the second filter

outlet oy iy RIS APA LT LRCABHE Wherein the filter housing defines the

second filter cavity. 17. The low-profile filter of Claim 16, wherein: the first

filter assembly, futher femprises 2 firghadantek o lecd e Eiltef @D siter

sealed to the surface of the first filter QaVIt_Y; and the second filter
assemalsERty Wit dlieseispracdda fdrd dlisfeertdnb e daymiaiie Figh b ther

comprigrjed to the surface of the second filter cavity. 18. The low-profile filter of
Claim 16, wherein the first filter.and second filter are disk filter - .
S A B e G SR sl TR AR P vy
separaiimetiteec 20l filtes tovitprofil@diree o SRiipna Aviiereihe ftefirsugsg defines
the sePARSAES |AGS 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

finst filteMoavity-toafitedittetodidive t6pwdidhmrfilter housing; and the filter

h&g%rgq q#%éh%%aﬁ%i%&%&eaﬁsgseEQQé@@ roum:ar SR setionRf they
filter cavity to t

secon ) the outlet on the top of the filter housing. 23 21. The
sealeddquthpsdamecridhefar e GdveNthe filter housing further defines a

fenstbitonarassagedrosy asrpetandhedopidbptéitesipesingie sscond fiter
and S%élgv%%{%k:guggggg} metgeecgilﬁggrﬁngrugér\}gylzz. The low-profile filter of Claim

18. The low-profiie filter of Claim 18, wherein the first filter and second filier are
disk filters.

19. The tow-profile filter of Claim 16, wherein the first filter and second filter are
tube filters.

20. The low-profile filter of Claim 17, wherein:

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



the first flow passage leads from an inlet on the top of the filter housing to

the first section of the first filter cavify 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

fiter holSfigeRRlE HenRf fiATpaLsHEeRiadify oM s R dies @
fourth ffwhsassageriebfilten Gawityriati eopuifehefilteHookivm of shefillketrdrohsibgttom of

the ﬂlteﬁr . LQ% low-profile filter of Claim 22, wherein the filter housing further

effies'd fourth flow passage from an inlet on the bottom of the filter
housing to an outlet on the top of the filter housing. 24, The low-profile

fiter of Claimulsravienain: dheiinst flowsRassage leads from an inlet on the

R e e AP A AR e
sectiorleddssfion iller secindrsbttierict twstirstiltbe savitpddilter oavitt and the second
flow p&%ﬁé@té‘i&?%ﬂ&%@%ﬁ% @éﬁiéﬂ%m@ ﬁ}gyﬁi@g gﬁmﬁ 3R W the bottom

gas age leading from a second section of the second filter cavity to the

of the Wil ¥§ e Httom of the filter housing. 25. The low-profile filter of Claim
hpwhesesuihefltgmassethiplyicontpesegeadubipditermtbadicshinteicaod of the
first outlet are directly across from e ther on obverse sides of the

secon?i@e%?%%auvsil g°; Ealr?do tﬁ}éeﬁﬁg%heo%%{lﬁ)g go%r?g%g%gg&%%ﬁ%%% inches thick.
26. The low-profile filter of Claim 25, wherein the first inlet, the first outlet,

the firstrpassetpRieh RassratARening-RRa heSREa Kb DaRg 1hFPrEbefines a
assage opening are C-Seal E(Ejgenin

S,
fourth %ow passage from an inlet on th otton’?J of the filter housing to an outlet on the top of

the filter housing.

24, The low-profile filter of Claim 17, 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 outiet on
the bottom of the filler 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.

25, The low-profile filter of Claim 1, wherein:

the filter assembly comprises a tube filter;

the first inlet and first outlet are directly across from each other on obverse sides of
the filter housing, and

the filter housing is no greater than .375 inches thick.

26. The low-profile filter of Claim 25, wherein the first iniet, the first outiet, the first
pass-through passage opening and the second pass-through passage opening are C-Seal
openings.



