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INTEGRAL VALVED COUPLING AND METHODS FOR_ITS USE

Cross Reference To Related Applications

5 | This application is related to a copending
application entitled VALVED COUPLING FOR ULTRA HIGH
PURITY GAS DISTRIBUTION SYSTEMS, filed
simultaneously herewith and assigned to the same
assignee.
10 Field of the Invention
The present invention relates to gas
distribution systems for ultra-high purity gas, such
as systems used to provide process gasses for
semiconductor manufacturing.
15 Background of the Invention
High purity gas distribution systems, such
as are used in semiconductor manufacturing or other
thin film coating processes, typically include a

source of high purity gas coupled through a series




PURI TY GAS DI STRI BUTI ON SYSTEMS, filed S|nultaneously ere

assigned to the sane assi gnee. 10 Field of Th9$k&¥ﬁ9é&

The present invention relates to gas ,dlstrlbutlo Wﬂm*d
ultra-high purity gas, such as systens used to p

gasses for } sem conduct or manufacturing. 15

| nvention Hi gh purity gas distributlon systens such
as are used in sem conductor manufacturing or other thin film

coating processesoft geiscgidorassingiekements sudpaz e drasg ghlewrity gas

coupl ed through a series
controller, pressure sensor and/or regulator,

heater, filters or purifiers, and shutoff valves.
In semiconductor processing, a series-connected set

5 of such elements is referred to as a "gas stick".
In a typical semiconductor processing apparatus,
multiplé gas sources are connected to the chamber
through multiple gas sticks, which are typically
mounted to a frame, forming a complete assembly

10 known as a "gas box".

As the dimensibns of semiconductor devices
decrease and their density increases, semiconductor
manufacturing processes have become increasingly
intolerant of particulate contamination. One

15 important source of such contamination is the gasses
used during the process, and particularly
particulate carried by the wetted surfaces of the
gas stick which delivers gas from the source to the
chamber. Moisture or dust which accumulates within

20 a gas stick or processing component will be carried
with the source gas and deposit onto the
semiconductor devices being processed, creating
defects. Moisture also may corrode the wetted
surfaces, leading to flaking of particles from these

25 surfaces.
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of gas processing el enents such as a nass controller pressure

sensor and/or regul ator, heater, filters or purlmedsmagmghé
valves I n sem conduct or proceSS|ng _a series-conn

of 'Such elements is referred to as a "gas stick” I 'Iglm E'p"
sem conduct or _ processi ng appar at us, nultlple gas

connected to the chanber through nultiple gas sticks, which are
typically mounted to a frame, formng a conplete assenbly 10
known as a "gas box". To reduce contamination of this sort, gas

sticks and gas processing components for
semiconductor processing are manufactured in low-
dust, low-moisture environments, and purged for

5 lengthy periods of time at elevated pressures after
manufacture. Furthermore, gas processing components
are typiéally packaged and sealed in pressurized
nitrogen for éhipment. As a result, the interior of
the component or stick is exposed only to the clean

10 room envirphment in which the semiconductor
processing equipment is located, and only for the
brief period of time between removal of the
packaging and sealing of the stick or component into
the processing equipment.

15 . Despite these careful handing procedures,
even brief exposure of a gas stick or component to
clean room air results in the accumulation of
potentially damaging levels of particulate and
moisture within the stick or component, requiring

20 extensive purging of the gas stick after assembly,
and prior to further use for semiconductor
-manufacturing. Because the semiconductor
manufacturing equipment cannot operate during
purging, the time needed for purging represents

25 substantial lost revenue.
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gas distribution system, will wear and need
replacement at various frequencies throughout the
life of the processing apparatus. Typically, a
component is replaced by closing the valves most
nearly adjacent to the component, uncoupling and
replacing the component, and reopening the adjacent
valves. To simplify this operation and minimize the
extent of the gas stick exposed to room air during
this procedure, each component is typically
connected to its neighboring components or tubing
with removable couplers, and valves are placed
between components at several locations along the
stick. Nevertheless, the act of uncoupling‘a
.comppnent or portion of the stick and removing it
from the stick exposes that component and the
replacement component to room air, and also exposes
substantial wetted surface betwéen the component and
the nearest valves (including the inside of any
connecting tubing, and potentially other
components), to room air. Thus, the gas stick must
be extensively purged when the components are

reassembled.
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surfaces, leading to flaking of particles fromthese 25 ———surfaces.

To reduce contam nation of this sort, gas sticks and gas processing
conponents for sem conduct or processing are nanuf ButSheeHad m,

dust, |ow noisture environnents, and purged for = 5 |l e

time at elevated pressures after I’"ﬂ ’ ,!O

Summary of the Invention

" The difficulties are alleviated in
accordance with principles of the present invention, -
through the use of valved couplers particularly

5 suitable for an ultra-high purity gas distribution
system. These valved couplers may be integrally
incorporeted into a gas processing component and/or
connected between such components, to permit
replacement of components or changes to connections

10 between components while exposing only a minute
wetted se;face area of the gas distribution system
to room air. As a particular example, valved
couplers may be integrally incorporated into the
inlet and outlet of a gas stick, to permit

15 replacement of the entire gas stick.

Specifically, a valved coupler in
accordance with principles of the present invention
has a valve stem/bullnose structure for sealing an
aperture of the coupler. The bullnose seals the

20 aperture immediately adjacent the exterior of the
coupler; the valve stem and bullnose move on an axis
extending through the apérture, and when the
bullnose is in poeition for sealing this aperture,
the end of the bullnose is substantially coplanar

25 with the outside of the housing. As a result, when




manuf acture. Furthernmore, gas processing conponents are t

packaged and sealed in pressurized nitrogen for §H¥ L&d
resylt, the interior of the. conponent or stick is \

the clean 10 room environnent in which the seniconduc

processi ng equi pnent is |ocated, and only for the bri ef perlod of
ti me between renoval of the packaging and sealing of the stick or
conponent into t_.he roce55|n eqU| Despite
these careful hafdiend Ads 10 %&tﬁq%’ft’e%bs?ﬁleyo? a gas

stick or conponent, t.0

f
potentially danaé‘llr’?d'“}aélv(ﬁ"?u&t 53?&%0?2% ea%ziseusy ade Igfrr:)&g ﬁ?e&é{n}% |t Ino'?hg

S conponernty eﬁ%%ﬁéd'gb the external environment.

. In the first embodiment of the invention

5 discussed below, the bullnose seals at an interior
side of the aperture, and is withdrawn into the
coupler to permit gas flow. In an alternative
embodiment, the bullnose seals an exterior side of
the aperture, and is moved outwardly from the

10l coupler to permit gas flow.

rThe valve stem may be pneumatically driven_

by a piston and cylinder arrangement connected to
the coupler housing, or may be manually actuated.
The pneumatically-actuated valve described below

15 includes a return spring, which generates a force
'driving the bullnose into sealing engagement with
the aperture, so that the valve is normally sealed
in the absencé of pneumatic pressure. As an
alternative embodiment, the return spring drives the

20 bullnose out of sealing engagement, so that the
valve is normally open in the absence of pneumatic
pressure. In a second alternative embodiment, a
rack-and-pinion arrangement transfers vertically-

directed force from the pneumatic or manual

%)
ut

actuator, to a horizontally-oriented valve stem.
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20 extensi ve purging of the gas stick after assenbl§j_—#— and prior

to further use for sem conductor manuf act uri ng. BeEhiasiee HagReen Replaced
sem _gconduct or manuf acturing equi preni. cannot oper at ‘
purging, the time needed for purging represents 25 su

revenue. : The gas processing c one I'n a
gas

In another aspect, the invention features
a gas processing component (e.g., a filter), or
entire gas stick, which is sealed from the exterior
environment at both its inlet and outlet sides, by
5 valved couplers of the kind described above.
Because the couplers seal the internal wetted
surfaces'of the component/gas stick from exposure to
the external environment, the entire device can be
purged at the manufacturing site and left flooded
10 with a cqurolled environment (e.g.( pure Nitrogen
at a pressure slightly elevated above atmospheric)
during shipment, such that the component/gas stick
can be installed and used after only brief purging.
The gas stick described below includes
15 valved couplers integrally manufactured into the
housing of the gas stick, and further includes a
mass flow controller, dual filters on the inlet and
outlet sides of the mass flow controller, a pressure
sensor, thermocouple, and heater. Additional
20 elements such as a pressure regulator or purifier
could also be integrally included in the gas stick
as necessitated by the application.
In a further aspect the invention features
methods of using these devices. 1In particular, when

25 two valved couplers are joined together, they may be




stick, and other conponents and connections in t he m

system wll wear and need : repl acenent at various TGy | ,

t hr gughout the 5 life of the processing_apparatus. Typj v Replaced
conponent is replaced by closing the val ves nost neaﬁm H mmlo :
t he conponent,. uncoupling and repl aci ng the conponent’ ng

t he adj acent valves. To sinplify this operation and mnimze the 10
extent of the gas stick exposed to roomair during , t his procedure,
each conponent isusgdi aal Ehhutoff vatwasebyetiheogass pmecglsisimigng conponent s

or tubing wi th renovabl e couplers, and val ves are pl aced

bet ween conponent83pparstwer al Begauseohwoaronjoined couplegtsi dhclude

Nevert hel ess, the act of uncoupling a i
two separate valvés, and either wvalve can shut off

gas flow through the couplers, wear caused by
5 repetitive cycling of the valves can be distributed
between the valves, resulting in increased lifetime
of the cbnjoined couplers as compared to a separate
shutoff valve.
In a further aspect the invention features
10 the above-described method of pre-purging a
component and shipping the component in a purged,
controlled environment between two sealed couplers.
The above and other objects and advantages
of the present invention shall be made apparent frdm
15 the accompanying drawings and the description
thereof.
Brief Description of the Drawing
The accompanying drawings, which are
incorporated in and constitute a part of this
20 specification, illustrate embodiments of the
invention and, tdgether with a general description
of the invention given above, and the detailed
description of the embodiments given below, serve to

explain the principles of the invention.
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conponent or portion of the stick and renoving it

fromthe stick
exposes that conponent and the repl acenment conpon Sheet H ced
and al so exposes substantial wetted_surface betmeei " I ,
and” 20 t he nearest valves (including the inside of an
connecting tubing, and potentially -other ' conponents), to roomair
Thus, the gas stick nust be extensively purged when the conponents
are reassenbl ed.

Fig. 1 is a schematic perspéctive view of
a gas box formed of integrated gas stick/valved
coupler assemblies in accordance with principles of
the present invention;

5 Fig. 2 is a partial cross-sectional view
of a gas stick of Fig. 1 taken along lines 2-2, but
showing pneumatic control lines welded to tube-stub
connections on the valved coupler, to illustrate an
alternative to the threaded couplers shown in Fig.

10 1;

-
P

Fig. 3 is partial cross-sectional detail

view of two valved couplers in the gas stick of Fig.

2;

Fig. 4 is an enlarged cross-sectional view

15 of the joint between the two valved couplers of Fig.
3;

Fig. 5 is a partial cross-sectional view
of a filter having integrated valved couplers in
accordance with a second embodiment of the

20 invention, and showing the uncoupling of such
couplers;

Figs. 6 and 7 are partial cross-sectional
views of an alternative embodiment of a valved
coupler in accordance with principles of the present

25 invention;




Summary of the Invention The difficulties are aIIeV|ated
in accordance with principles of ‘the present in¥k ]IHE‘]‘SB"“R@I*‘

through the use of valved couplers particularly 5 Huﬂtmw

ul tfa-high purity gas distribution systen1 These
may be integrally i ncorporated into a gas processing conponent =
~and/ or connect ed between such conponents, to permt
repl acenent of conponents or changes to connections 10 bet ween
conponents whil e exposi ng ofig.a8nmisuea uncouplegettiew iff fthse area of the
gas distribution system to roomair. As a particular exanple,
val ved alternative valved coupler of Figs. 6 and 7;
Fig. 9 is a schematic diagram of a
complete gas d&stribution system using valved
5 couplers in accordance with principles of the

present invention.

Detailed Description of Specific Embodiments
Referring to Figs. 1 and 2, in accordance
with prinqiples of the present invention, a gas box
10 10 comprgées a number, such as 6, of individual and
separately controlled gas sticks 12. Each gas stick
12 receives a source gas for a semiconductor process
on an input line 14 and outputs gas to the
semiconductor processing chamber on an output line
15 = 16. Gas flow through each gas stick 12 is
controlled by a plurality of vélved couplers 20.
These valved couplers fespond to pneumatic actuation
through pneumatic control lines 22, or in some cases
may be manually actuated as shown at 220 and
20 discussed in further detail below in Fig. 5.
Each gas stick 12 may optionally include
additional elements, including a pressure sensor
(transducer) 24, which produces an electrical

pressure signal on a line 25, a thermocouple (46,

- 10 -
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coupl ers maybe integrally incorporated into the |nI qtlFtdof
a gas stick, to permt 15 repl acement of the entire °“‘epm”
Spegifically, a valved coupler in accordance with |‘ ﬂﬂl the
present invention has a val ve steni bul |l nose struc

an aperture of the coupler. The bullnose seals the aperture
I mredi ately adj acent the exterior of the coupl er; the valve stem
and bul | nose nove on an axis extendi ng through the aperture, and
when t he Biugl ndsefos dﬁtpetmgohempfergéatrengft Ghe gper stiick

the end of the bullnose is substantlallg | anar 25 with the outside
of the housing. 13:a2fc¥ali aghbpater blankets (bands) (51, 53, Fig.

2) for applying heat to the gas stick. Other -

elements might include a gas purifier.

5 Gas sticks 12 are firmly mounted to a
support plate 28 which provides mechanical support
for each.gas stick 12 in the gas box 10. 1In
accordance with principles of the present invention,
the dimensions of each gas stick 12 are reduced as

10 compared Ep typical gas sticks, such that support
"plate 28 may be attached to or part of existing
semiconductor processing equipment in the clean room
where the gas sticks are in operation. This
substantially reduces the floor spece used in the
15 clean room and thereby substantially reduce the cost
of its construction and operation.

A second advantage of the shaller gas
stick dimensions is the reduction in wetted surface
in the gas stick, which implies less opportunity for

20 accumulation of moisture and/or particulate in the
gas stick and less area subject to possible
corrosion or outgassing.

Furthermore, the reduced size of the gas

stick reduces the volume that must be purged, and

- 11 -
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the bullnose is in this sealed position, only a m ni mal anmount of

the wetted surface of the coupler i s exposed to TheS Replaced
enviLonnent . In the first _e.nbpdl nent \@_f_ IH“ 5
di scussed bel ow, the bullnose seals at an interior - I

n

aperture, and.is wthdrawn into the coupl er toVpermt -gas flow.

an alternative

10

15

20

25

thus reduces the purging time and the amount of
purging gas consumed.

Finally, the integral construction of the
gas stick provides fewer connections and seals and
thus fewer potential leak paths for gasses from the
gas stick to the surrounding environment, and also
reduces the amount of steel used in the gas
distribution system.

Referring now to Fig. 2, each gas stick
incorporateé four valved couplers 20a, 20b, 20c and
204 whicﬁﬂconneCt the gas stick 12 to a gas supply
and to gas distribution equipment in the processing
chamber. The four valved couplers 20a, 20b, 20c¢ and
20d shown in Fig. 2 have similar construction, but
are positioned in different orientations, and in
some cases integrally attached to housings of
adjacent components.

In particular, the valving structure in
coupler 20a is a mirror image of the structures in
couplers 20b, 20c and 20d, although the main
housings in each case are slightly differently
shaped to accommodate different applications.

In the embodiment shown in Fig. 2, the
lower valved Fouplers 20b and 20c are integrally

mounted to the housing of a gas stick (including a

- 12 -
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enbodi nent, the bullnose seals an exterior side of t he aperture,
and is noved outwardly fromthe 10 coupler to perni t TigeShedt BB een p

The wal ve stem nay be pneumatically driven __ by a p aftder
arrangenment connected to t he coupl er housing, or mgmmm

act uat ed. . The pneumatical |l y-actuated val ve descri

I ncl udes a return spring,.which generates a force driving the
bul | nose into sealing engagenent with the aperture, so that the

val ve i s nornal | ynagag| §fow controlherha8apsdnpressuppetimansdugessgdie. As

an alternative enbodinent, the return spring drives the 20
bul | nose out of s%%??ﬂbe@nbgﬁéﬁﬁﬁtwe§5-thﬁFcPﬁélnglyr theaoee s&igkrmal |y

open in the abseq%gyoéepgg%ggéacfrom the gas distribution system by

disconnecting lowe: couplers 20b and 20c from mating
5 upper couplers 20a and 20d, lifting upper couplers
20a and 20d from connection with lower couplers 20b
and 20c,'and removing the entire gas stick with
lower couplers 20b and 20c attached thereto.
In an alternative embodiment (not shown),

10 upper cogg;ers 20a and 20d are integrally mounted to
the gas stick (rather than lower couplers 20b and
20c), and these integral upper couplers 20a and 20d
are mounted to separate lower couplers 20b and 20c¢
which connect to input and output lines 14 and 16.

15 In this alternative embodiment, after disconnection,
the gas stick and upper couplers 20a and 20d
attached thereto may be directly lifted off lower
couplers 20b and 20c without requiring movement of
lower couplers 20b and 20c.

20 Returning now to the embodiment shown in
Fig. 2, a process gas input line 14 connects to the
main valve chamber 30a of a first valved coupler
20a. (The connection to input line 14 and output
line 16 may be a threaded joint as shown in Fig. 2,

25 or lines 14 and 16 may be welded to a tube stub of

- 13 -
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pressure. In a second alternative enbodinent, a rack-ands pi pigReq
arrangenent transfers vertically- directed forc®&hi$$ < tic
or manual 25 actuator, to a horizontallyzoriented val “

I n ‘anot her aspect, the invention features a gas pr nent

(e.g., afilter),

exterior

10

15

20

25

or entire gas stick, which is sealed fromthe

the kind used on pneumatic control ports 91a/91b in
Fig. 2.) This chamber 30a is cylindrical in
profile, and is shown in cross-section in Fig. 2. A
lower face of chamber 30a includes an aperture 56a
passing through the housing. An axially-positioned
valve stem 32a, terminating at one end in a bull
nose 34a; moves along a center axis passing through
aperture 56a such that bull nose may engage and seal
aperture 5é6a.

§imilarly, valved coupler 20b includes an
aperture ;Gb and a stem 32b which moves along a
center axis extending through aperture 56b and
terminates at an end in a bull nose 34b sized for
engagement and sealihg of aperture 56b.

When valved couplers 20a and 20b are open,
stems 32a and 32b translate to the positions shown
in Fig. 2. In these positions, cylindrical main
chamber 30a of coupler 20a is in fluid communication
with cylindrical main chamber 30b of coupler 20b,
via apertures 56a and 56b. Accordingly, input line
14 is in fluid communication with inlet passage 35
formed in the housing of coupler 20b.

Passage 35 is in communication with a mass
flow controller 38 (the details of which are not

shown) through a top-hat shaped filter 40. Filter

- 14 -




environment at both its inlet and outlet sides, by 5 mf

the kind described above. Because the couplers senli $nbguidi.gr0al .
wet t ed surfaces of the conponent/gas stick from ex ( gced
t he external environnent, the entire device can be r[w,’gmmﬂ e N
manuf acturing site and left flooded 10 with a control 41 (I

- (e.g., pure Nitrogen at a pressure slightly el evated above A
at nospheri c) during shipnment, such that the_conmponent/gas stick

can be installed 4Adigsédtardednsal ¢ PAtehipgr fopghat shaped chamber The
gg?]u?;:tcﬁr ggsic:llt g?-ghgglugvivnlgn%:ﬁgggi%nﬁ%’gplteﬁ\éazl g’gdsl%iq l,e%{isr%c?l W%ncl udes
a at its cuter periphery, a sealing nib which is
engaged between housing 55b of coupler 20b and the
5 housing of mass flow controller 38, to form a seal
therebetween.
The outlet of mass flow controller 38 is
coupled, through a second filter 42, to an outlet

passageway 45 and a main cylindrical valve chamber

10 30c of a third valved coupler 20c. Filter 42 is

-

mounted within the housing 55c¢ of valved coupler
20c, and housing 55c is sealed to the housing of
mass flow controller 38 by a sealing nib 44 on
filter 42. |

15 Valved coupler 20c, like valved couplers
20a and'20b, includes an aperture 56c and a valve
stem 32c¢ terminating at an interior end in a bull
nose 34c. Similarly, valved coupler éOd includes an
aperture 56d and a valve stem 32d terminating at its

20 interior end in a bull nose 34d. When valve stéms
32c and 32d are in their open positions, as shown in
Fig. 2, main valve chamber 30c is in communication
with a main valve chamber 30d of valved coupler 20d
through apertures 56c and 56d. Accordingly, in

28 these positions of valve stems 32c and 32d, outlet

- 15 -
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mass flow controller, dual filters on the inlet and outl et sides of

the mass flow controller, a pressure " sensor, ther MUGOYRLET.s B .
heater. Additional 20 el enents such as a.pressure regul ced
could also be integrally included in the gas stick l%ﬂ”mﬂHEr d
by the application. In a further aspect t _
features met hods of using these devices. In particular, when 25

two val ved couplers are joined together, they may be = = |
passageway 45 is in fluid communication via valve

chambers 30c and 30d to output line 16 of the gas
stick 12.
The pressure sensor 24 (the details of
5 which are not shown) is in fluid communicétion with
outlet passageway 45 via passageway 45a. Electrical
signals from pressure sensor 24 are carried on line
25. These signals can be used, for example, to
control the pneumatic lines controlling the
10 positions pf valve stems 32 so as to close the
valved couplers and thereby shut off gas flow if the
gas pressure drops below a set point.
Thermocouple 46 is in thermal
communication with the wall of housing 55b adjacent
15 to filter 40, and thereby detects the temperature of
gas flowing through filter 40 to produce an
electrical temperature signal on lines 48. Heater
jackets (bands) 51, 53 surrounding inlet passageway
35 and outlet passageway 45 obtain electrical power
20 through lines 50 and.52,'respectively, and may be
controlled in response to temperatures sensed by
thermocouple 46 to regulate the temperature of the

gas stick 12 to prevent gas condensation within the

gas stick 12. (Heater cartridges could be used in
25 place of heater bands, if desired.)
- 16 -
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used as shutoff valves by the gas processing apparafﬁgf‘Bétause—%M@_‘_

conj oi ned coupl ers include two separate val ves, and }%Der val ve can
shut_ of f gas flow through the couplers, wear caused i tHaSBeenRepIaCed
repetitive cycling of the valves can be distributed

val ves, resulting in increased lifetine of the con10| S
conpared to a separate shut of f val ve. 1n a fur
aspect the invention features 10 t he above-descri-bed net hod of
pre-purging a conpon&Rs &dckhilPpihd§ e V@HFIekength afur ged,

controll ed environpment between two seal ed coupl ers.
shown by numeral 54 of approximately nine inches.

This dimension is substantially smaller than -
comparable dimensions of a typical gas stick
5 assembly comprising discrete mass flow, pressure
sensor and control valve housings and couplers
therebetWeen.
As noted above, the compact size of the
gas stick 12, in accordance with principles of the

10 present invention, permits a substantial reduction
in the clean room floor space consumed by the gas
box 10. 1Indeed, in some applications the gas box 10
may be mounted on the processing chamber, thus
freeing all floor space formerly required for the

15 gas box. Furthérmo;e, the compact size of the gas
stick also advantageously reduces the number of
seals in the system, the volume needed to be purged,
and the wetted surface area, resulting in fewer
opportunities for corrosion or outgassing.

20 It will be further noted that the gas
stick 12 of Fig. 2 is an integral unit containing
all processing components needed for gas delivery,
including mass flow controller 38, and pressure
sensor 24. Furthermore, as will be explained in

25 greater detail in the following figures, the valved

- 17 -
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The above and ot her objects and advant ages of the present invent

shal |l be nmade apparent from 15

i on

t he acconpanyi ng drawh@g%mqngB&Hmwad

descei ption t her eof . Brief Description of t '
The acconpanyi ng draw ngs, which are i ncor porate EF“F“'tute
a part of this 20 specification, illustrate enbodi nen

“invention and, together with a general description of the invention
gi ven above, and the detailed descr%gtion of the enbodi nents given
bel ow, serve to couplexgpRfan L2R® pRosciaFice20sf fumstiiprematorenly as

10

15

20

25

couplers for the gas stick, but also as
automatically-actuatable shutoff valves which can be
used to initiate and terminate gas flow as called
for by the semiconductor processing "recipe" used
with the processing chamber. The substantial
reductioh in size and number of seals in the gas
stick 12, resulting from this integration of
functions into a single unit, is a particular
advantage of the present invention.

Now referring to Fig. 3, it can be seen
how valved coupler 20a or valved coupler 20b may be
used as a flow control valve during operation of the
gas stick 12. Specifically, comparing Fig. 3 to
Fig. 2, valve stem 32b of valved coupler 20b has
been moved to a closed position seen in Fig. 3. In
this positionf bull nose 34b engages to aperture 56b
of coupler 20b to seal valve chamber 36b from valve
chamber 30a of coupler 20a. To facilitate such
sealing, each bull nose 34a and 34b includes on its
lower perimeter, a gasket 58a and 58b for sealing
against aperture 56a and 56b of housing 55a and 55b.

Additional details of a valved coupler 20
in accordance with one embodiment of the present

invention are illustrated in Fig. 3. These details

- 18 -




Fig. 1 is a schematic perspective view of a gas box forned of

I ntegrated gas stick/val ved coupl er assenblies nnwamﬁaﬁdaaﬁ@m <£@
principles of the present invention_ 5

partlal cross-sectional view of a gas stick of Fi Mljﬂt@ﬂlgu

i nes 2-2, but : showi ng pneunatic control |ines wel tub
connections on the valved coupler, to illustrate an alternative to

t he threaded couplers shown in Fig.
will be described in the context of valved coupler

20a and the corresponding elements in valved coupler
20b. However, the reader will appreciate that
similar details appear in other valved couplers of

5 the same type shown in Figs. 2 and 5.

In the following, corresponding components
in each 6f couplers 20a and 20b will be described
simultaneously, while identifying the reference
characters for both components.

10 _Now turning to the details shown in Fig.
3, each coupler includes a diaphragm 60a/60b,
respectively, which is a disk-shaped sheet of
flexible metal material. Diaphragm 60a/60b seals

" the main valve chamber 30a/30b. Valve stem 32a/32b

15 passes through a central aperture of diaphragm
60a/60b. In an axial region surrounding this
central aperture, diaphragm 60a/60b is welded to
bull nose 34a/34b as shown at 62 on diaphragm 60a.

An interior end of valve stem 32a/32b

20 passes through diaphragm 60a/60b and terminates in a
threaded end as seen at 64 on stem 32a. Bull nose
34a/34b includes internal threads for accepting an
internal end of the-respective valve stem 32a/32b.
Above this threaded end 64 of valve stem 32a/32Db,

25 valve stem 32a/32b includes a radial projection

- 19 -

THIS SHEET HAS REEN
REPLACED

e, EorE



10 1; Fig. 3 is partial Cross- secm

view of two valved couplers in-the gas stick of Fig.

F|g,,4 is an enlarged cross-sectional view 15 of the ﬂﬁbes the
two val ved couplers of Fig. 3 ﬁ?ig placeg

partial cross-.sectional view of a filter having | ‘Ved

couplers in accordance with a second enbodi nent of the

i nvention, and showi ng the uncoupling of such coupl ers;

Figs. 6 and 7 areépaytébl havdag- aacbueeal diameter matched to an outer
diameter of bull nose 34a/34b. Thus, by tightening
the threaded end 64 of valve stem 32a/32b into bull
nose 34a/34b, diaphragm 60a/60b is clamped between

5 the valve stem projection 66a/66b and the bull nose
34a/34b._.The result of this combined clamp and weld
forms a ﬁositive seal between diaphragm 60a/60b and
bull nose 34a/34b to minimize leakage in the space
therebetween.

10 JVMain valve housing 55a/55b includes an
internal annular projection 70a/70b sizéd for
engagement to an outer periphery of diaphragm
60a/60b. A disk-shaped spacer 68a/68b, is inserted
above diaphragm 60a/60b and engages an opposite

15 peripheral rim of diaphragm 60a/60b. Diaphragm
60a/60b is thereby clamped between projection
70a/70b and spacer 68a/68b to positively lock
diaphragm 60a/60b in place and minimize leakage
between diaphragm 60a/60b and main housing S5a/55b.

20 An outer periphery of diaphragm 60a/60b may also be
welded or brazed to main housing 55a/55b to further
reduce leakage therebetween.

Spacer 68a/68b includes, at its radially
inwardmost position, a circular aperture as seen at

25 78 in valved coupler 20b. This aperture 78 has a-
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views of an alternative enbodi nent of a val ved coupl er in accordance
wth principles of the present 25 i nventi on,; is Sh

Fig.-8 is an uncoupl ed view of the alternative va o "R eetpoed
Figs. 6 and 7; _ _ Fig. 9 is a schematic di a}mg’*’ﬁmﬁmﬂm
conpl ete gas distribution system using val ved
diameter slightly larger than that of projection
66a/66b on valve stem 32a/32b. Accordingly, as
illustrated in valved coupler 20a, when valve stem
32a/32b withdraws into main valve chamber 30a/30b
5 and extracts bull nose 34a from engagement with
housing 55a, valve stem projection 66a fits within
annular éperture 78 to permit full withdrawal of
bull noée 34a away from housing 55a.

Spacer 68a/68b has a concave inner surface

10 conformigg to diaphragm 60a/60b when bull nose
34a/34b is in an open position, such as seen in
valved coupler 20a of Fig. 3. Spacer 68a/68b
thereby provides support for diaphragm 60a/60b
against gas pressure and prevents unnecessary

15  flexing thereof.

Main housing 55a/55b includes threads
72a/72b along its cylindrical inner periphery for
receiving a cylindrical compression-head 74a/74b
having mating threads on its exterior periphery.

20 Compression head 74a/74b engages spacer 68a/68b and
provides compressive force against spacer 68a/68b to
clamp the peripheral rim of diaphragm 60a/60b

between spacer 68a/68b and housing projection

70a/70b, as noted above.
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5 couplers in accordance with principles of the

i nventi on.

present
Detail ed Description of Specific Enbodi nents

Referring to Figs. 1 and 2, in accordance _-. Wi t h [5his Phegt plag=ece %
present invention, a gas box 10 10 conprises a nunb % of
I ndi vi dual and separately controll ed gas sticks I ck

12 receives a source gas for a sem conductor process on an i nput
line 14 and outputs gas to the : sem _conduct or grocess[ng chanber on
an output line 15 16. Spacet| 6farlhBbufnrehen gasludeskaiz is

controlled by a plurality of valved couglers 20. These val ved

coupl ers respond Paspagefasiehadsudbrin

10

15

20

25

b passing therethrough in an
axial direction. Air passage 75a/75b is in
communication with an annular channel 76a/76b formed
in compression head 74a/74b. A further channel
77a/77b formed in compression head 74a/74b leads
from chahnel 76a/76b to the clean-room atmosphere
surrounding valved éoupler 20a/20b. - Air passage
75a/75b and channels 76a/76b and 77a/77b permit air
flow from a region behind diaphragm 60b to or from
the clean-room atmosphere outside of valved coupler
20a/20b so that air pressure from a rear side of
diaphragm 60a does not inhibit movement of valve

stem 32a/32b.

In pneumatically-actuated embodiments of a

valved coupler, such as are shown in Fig. 3, main

housing 55a/55b attaches to a drive housing 80a/80b.
Drive housing 80a/80b is attached to main housing
55a/55b by a drive wire 82a/82b inserted into an
annular channel formed between compression head
74a/74b and drive housing 80a/80b. This drive wire
82a/82b connection permits drive housing 80a/80b to
rotate relative to main housing 55a/55b about their
central axes as needed to permit connection of

pneumatic gas to drive housing 80a/80b.
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t hrough pneurmatic control lines 22, or in sonme cases may be
manual |y actuated as shown at 220 and 20 discussed in further detai
belqw in Fig. 5. h gas sti et §

addi ti onal el enents, including a pressure sensor Ilﬁ'm 1|HII|Z
whi ch produces an el ectri cal pressure signal on
t her nocoupl e (46,

Drive housing 80a/80b surrounds valve stem
32a/32b and includes a pneumatic piston-and-cylinder
for driving stem 32a/32b to an open or closed
position. Specifically, housing 80a/80b defines a

5 central cylinder 84a/84b. A piston 86a/86b mounted
to stem 32a/32b is slidably positioned within
cylinder-84a/84b. Piston 86a/86b is actuated
axially through housing 80a/80b by pneumatic
pressure from pressurized gas injected into cylinder

10 84a/84b Y}g a pneumatic control line 22 (see Figs. 1
and 2) welded to tube-stub forming a pneumatic
control port 9l1a/91b. (Alternatively, as seen in
Fig. 1, pneumatic control lines may be threadedly
coupled to pneumatic control port 91a/91b, in which

15 case the port might be smaller in diameter.) Valve
stem 32a/32b carries grooves for retaining annular
locking rings 92a/92b on opposite sides of piston
86a/86b, such that valve stem 32a/32b is
mechanically coﬁpled to movements of piston 86a/86b.

20 A passage 93a/93b carries pressurized gas
from control ports 91a/91b to a front side of piston
86a/86b, so that when pressure is applied, piston
86a/86b is driven from the position shown in drive
housing 80b to the position shown in drive housing

25 80a.

- 23 -

. -
T !.-i-..,.\(;: P?‘.L-}\I

Vorogs sutm

e



Fig. 2) for detecting tenperature of the gas stick 12, as well as

heat er bl ankets (bands) (51, 53, Fig. 2) for applm;s@gee{ﬁgbegnq{cﬁlmd
gas..stick. O her el enents m ght include a gas puri filugii

Gas sticks 12 are firmy nounted to a support pl atHlﬂiJﬂlEmlm)ﬂu
provi des nechani cal support for each gas stick 12 : 10.
I n accordance with principles of the present invention, t he
di mensi ons of each gas stick 12 are reduced as 10 conpared to typica

gas sticks, such that suppdieusing 803/ &dk LEclmjedeimténibedthpeadspart of

exi sting
where the gas st

10

15

20

25

sem conduct or processing equi pnent in the clean room
itk P44 tperzaeeivimnia cylindrical cap 96a/96b

which is similarly threaded at its exterior
cylindrical surface. A helical compression spring
98a/98b is captured between cap 96a/96b and piston
86a/86b. Spring 98a/98b provides an expansive force
against biston 86a/86b and stem 32a/32b driving
these elements toward main housing 55a/55b to cause
sealing engagement of bull nose 34a/34b with
aperture Ega/SGb of housing 55a/55b. Thus, when
pneumatic pressure is removed, spring 98a/98b
automatically causes closure of valved coupler
20a/20b.

In accordance with the above description, -
it will be appreciated that the valve structure
shown in Fig. 3 is a "normally closed" valve, i.e.,
it will close and remain closed when pneumatic
pressure is removed. In an alternative embodiment
for a specific application, a "normally open' valve
could also be fabricated by forming channel 93a/93b
to communicate between control ports 91a/91b and the
space between a rear éide of piston 86a/86b and cap
96a/96b. Also the orientation of piston 86a/86b and
position of spring 98a/98b would be reversed such

that spring 98a/98b is captured between a front side
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substantially reduces the floor space used in the 15 "¢l ean roomand——

t hereby substantially reduce the cost of its constyuichl d
operati on. A second advantage of the snal ée?ﬁasqigenReplaced
stick dinensions is the reduction in wetted surface “"Mﬂmlm,mu
stick, which inplies | ess opportunity for 20 accunul at e
and/or particulate in the gas stick and | ess area subject to

possi bl e corrosion or outgassing. Furthernore, the

reduced size of tbé paston 86a/86bckndetivueingheougisoie t Finamlst, ke
pur ged, and '
alr passage from the housing to the external
environment would be provided to permit air captured
between a front side of piston 86a/86b and housing
5 80a/80b to vent to the exterior environment.

Main housing 55b of valved coupler 20b is
permanenﬁly mounted to the housing of mass flow
controller 38 to form a gas stick 12, as is seen in
its entirety in Fig. 2. Accordingly, housing 55b of

10 coupler %Eb includes passage 35 which connects to
the inlet of the mass flow controller. Furthermore,
main housing 55b includes a heater jacket 51
attached to power lines 50. Referring back to Fig.
2, it will be seen that coupler 20c¢ is also

15 integrally formed with an output side of gas stick
12, and contains structures which are similar, but
mirror-image, to those found in coupler 20b.

Referring now to Fig. 4, the details of
the passageway adjoining mating valved couplers can

20 be examined. This passagewaykis formed by the
apertures 56a and 56b into housings 55a and 55b of
couplers 20a and 20b. Housings 55a and 55b include,
at the outer peripheries of apertures 56a, 56b,
respective annular clamping jaws 99a and 99b. These

25 jaws mate to form a circular clamping structure 102
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12 t hus reduces the purging tinme and the anount of

purgi ng gas consuned. - Finally, the | gﬂ Ha5 805 REMGE] ON
of tbhe gas stick provides fewer conngctions an
thus fewer potential |eak paths for gasses fromthe Il[ lu

t he surroundi ng environnment, and al so reduces th eel
used in the gas di stribution system Referring
nowto Fig. 2, each gas stick 10 - incorporates four valved couplers

20a, 20b, 20c andsurrounding apertures 56a and 56b. A packing gland
100 (deformable washet), is inserted into the
circular clamp 102 formed by jaws 99%a and 99b.
Packing gland 100 forms a fluid tight seal

5 preventing seepage of fluid from apertures 56a and

56b and the passageway therebetween, into the joint
104 betwéen housings 55a and 55b. Packing gland 100
is permanently deformed between jaws 9%9a and 99b
when housings 55a and 55b are conjoined, and must be

10 replaced‘gfter each separation of housings 55a and
55b.

As is best seen in Fig. 4, when the bull
noses 34a and 34b are both:in their closed positions
shown in Fig. 4, both of apertufes 56a and 56b are

15 sealed. Furthermore, the bull noses 34a and 34b are
substantially coplanar with the exterior surfaces of
the valve housing along joint 104. As a result,
only a minuscule volume is contained in the region
between bull noses 34a and 34b.

20 In use, the valved coupler structure shown
in the Figs. 1-4 provides a substantially improved
coupling and shutoff valve for ultra high purity gas
processing applications such as semiconductor
manufacturing. As can be best seen, for example, in

25 Fig. 2, the valved couplers form matable pairs.
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20d whi ch connect the gas stick 12 to a gas supply and to gas .
di stribution equipnent in the processing Chanmpgy sheet s HeenBeplhaddV ed

coupl ers 20a, 20b, 20c and 20d shown_in Fig. 2 e
construction, but 15 are positioned in different i Euﬂ“l al“knd in
sonme cases integrally attached to housings of ents.

In particular, the valving structure in coupler-20a is a mrror
i mge of the structures in 20 coupl ers 20b, 20c and 20d, although the
mai n housWhga botkRavhleaseofire mhitgbikypdilf efenthyplers are shaped
to accommodate different applications. I n the enbodi nent
shown in Fig. 2, fhethe off position, as seen in Fig. 4,
substantially no wetted surface of the inside of the
valve will be exposed to external air when the
5 coupler is separated (see Fig. 5, discussed below).
Thus, the couplers may be separated without leakage
of atmoéphere into the coﬁpler valve chambers 30a
and 30b through apertures 56a and 56b, and thus
without accumulation of moisture or dust within the
10 coupleré or the attached gas processing elements.
Furthermore, it will be noted that, when
the valved couplers are disconnected in the closed
position, the only internal wetted surface of the
valve.which is exposed to atmosphere is a small area
15 at the extreme end of the bull nose. Accordingly,
only this small area may accumulate dust or moisture
when the valved couplers are disconnected and
reccnnécted. Thus, contamination of internal wetted
surface of tubing or gas processing elements
20 connected by the couplers will be substantially
reduced and the purging reduired upon replacement of
an element substantially reduced.
Accordingly, in accordance with principles

of the present invention, valved couplers are

25 positioned on opposing sides of a gas processing
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| ower val ved coupl ers 20b and 20c are |ntegrally 25““7ﬁi]ﬂ7§T77;77ﬁ;—

housi ng of a gas stick (including a npmmmmd
1_3 - mass flow controller 38 and pregsure tra ij' ia
situated therebetween. Accordingly, the gas stick
fromthe gas distribution system by di sconnecti rs 20b
and 20c from mati ng 5 upper couplers 20a and 20d, lifting upper
coupl ers 20a and 20d from connection with | ower coupl ers 20b
' element to facilitate replacement of that element

without substantial contamination. Thus, an entire

gas stick 12, as seen in Fig. 2, may be surrounded

by valved couplers 20 so that the entire gas stick

5 12 may be replaced without substantial contamination

of the attached tubing. 1In an alternative

applicaﬁion, shown in Fig. 5, an individual

component of the gas distribution system or gas

stick, such as a filter 120 or as an alternative

10 example a gas purifier,'is coupled to the remainder
of the system or stick by a pair of valved couplers
20b and 20c so that this element may be removed and
replaced without substantial contamination of either
the filter or the remainder of the gas stick.

15 _ For each of these applications, it is
contemplated that separate components (Fig. 5), or
an entire gas stick (Fig. 2), will be supplied from
a manufacturer with the valved couplers surrounding
the component factory-sealed, with the component

20 preserved therebetween in a controlled environment,
such as in pure Nitrogen at a pressure slightly
above atmospheric. Furﬁhermore, it is contemplated
that the component will be factory-purged of any
impurities prior to factory-sealing of the

25 associated valved couplers.
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and 20c, and renoving the entire gas stick with | ower couplers 20b
and 20c attached thereto. In an al t er radsishe: 1A BOAIRIRIE]
(nof shown), 10 upper couplers 20a and 20d are |ntegr

the gas stick (rather than | ower couplers 20b and Mim !ﬂr Hze

I ntegral upper couplers 20a and 20d are nmounted t

coupl ers 20b and 20c whi ch connect to input and output |lines 14 and
16. 15 In this alternative enbodi nent, after disconnecti on,

the gas stick and upper coupperdfioaldyd 26dis contempliedsited-hateraeto may

be directly lifted off | ower coupl ers 20b and 20c w t hout requiring
movenent of gas| stdcke eypcemporeptamdlipobe heated in a vacuum

oven to bake out impurities, and then back filled -
with pure Nitrogen for several cycles to remove all

5 air and moisture. Subsequently, the clean assembly
will be charged with_Nitrogen and placed in sealed
Nitrogeﬁ filled bags for shipment. As a result,
when the gas stick or component is added to the gas
distribution system, it need only be briefly purged

10 to elimiggte any impurities acquired by the small
wetted surfaces of the end of bullnose 34 during its
brief exposure to clean room air, and then
immediately thereafter used in processing. Because
the individual component or entire gas stick is

15 supplied pre-purged, and internal wetted surfaces
thereof are not exposed to contamination from air,
delays for purging are substantially reduced as
compared to those needed when replacing a component
in a typical gas sticks in the prior art.

20 In an embodiment where, for example, a gas
purifier is isolated between valved couplers in this
manner, the present invention has particular
advantage, in that purifier elements are often
consumed by room air. The isolation procedure

25 described above would prevent even brief exposure of
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20
process gas i nput

out put | i

a figxst valved coupler 20a. (The connection to i n Ii t%g@mlﬁ’a ed

Returning now to the enbodi nent shown in Fig.
line 14 connects to the mai n v

ne 16 may be a threaded joint as shown |

or lines 14 and 16 may be welded to a tube stub of

14 t he

ki nd used on pneumatic control ports 91a/91b in

Fig. 2. ) This chanber 30a is cylindrical in

10

the purifier element to room air and thus
substantially reduce consumption of the element by
room air during installation. (The use of couplers

in accordance with the present invention in

conjunction with a gas purifier will be noted below

in connection with Fig. 9.)

An additional advantage of the valved
coupler structure described herein is the inclusion
of dual valves within each coupler joint.
Specifical}y, the valve formed by a bull nose 34 and
associated housing aperture 56 may be used as a

shutoff valve during semiconductor processing, by

_automatic or manual (see below) actuation of the

15

20

25

valve stem 32 and bull nose 34.

Typically, shutoff valves are positioned
on either side of a mass flow controller and both
shutoff valves are closed when gas flow is halted.
In a typical gas stick, these shutoff valves are
coupled to a mass flow controller through separate
couplers and tubing.

By providing a combined coupler and
shutoff_valve, the present invention substantially
reduces the size and complexity of a gas stick. The
integration of both functions into a single integral

unit such as shown in Fig. 2, permits substantial

- 30 -
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pfofile, and is shown in cross-section in Fig. 2. A | ower face of

chanber 30a includes an aperture 56a 5 passi ng through the housing. An
axi gLl y- positioned val ve stem 32a, ternhinating at PReshERHas BlefReBidéel
nose 34a, noves along a center axis passing through

such that bull. nose may engage and seal aperture 56%“'&”“"3"]]“
Simlarly, valved coupler 20b includes an aperture

32b which noves along a center axis extending through aperture 56b
and t er m nzedsc&tioan iandhien sd Zeuldf RosTAB4L isikz,ewifttt the

engagenent and sealing of aperture 56b. 15 When val ved

coupl ers 20a and 2ébudtdéngp@dvantages identified above.
Another advantage arises from the

provision for dual shutoff valves at each coupling.

5 Specifically, as can be seen in Fig. 3, one coupler
of a pair of valved couplers may be used as a
shutoff Qalve while the other coupler is held in an
open position. For example, comparing Fig. 2 to
Fig. 3, a shutoff function may be achieved by

10 cycling Yglved coupler 20b between open and closed
positions while holding 20a in an open position. By
cycling one coupler in this manner while holding the
opposing coupler open, only one coupler accumulates
wear while the other coupler remains unused.

15 Accordingly, when coupler 20b nears the end of its
useful life, the roles of the couplers may be
reversed, and coupler 20a cycled thereafter to
provide shutoff valving. As a consequence, the
useful life of the shutoff valves in a pair of

20 valved couplers, can be as much as twice the useful
life of a single shutoff valve. By thus extending
the useful life of the shutoff valves, the valved
coupler structure of the invention may extend the
time between refurbishments of the gas stick due to

25 valve wear, and enhance productivity.
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stens 32a and 32b translate to the positions shown in Fig. 2. In

t hese positions, cylindrical nain chanber 30a omeﬂﬂﬁ&QﬁsﬁgﬂR phackd)
fluid communication with cylindrical__main chanber

20b, 20 via apertures 56a and 56b. Accordingly, mpuflm&muﬂu[m 14

Is in fluid communi cation with inlet passage 35 '
housi ng of coupl er 20b. Passage 35 is in comrunication

with a mass flow controller 38 (the details of which are not 25

shown) through a top-hat shHpedtirhisg #6. a Bekhéled discussion of

10

15

20

25

Fig. 5, an alternative embodiment of a valved
coupler 20c and 20d provides for manual actuation of

the valve stem 32¢/32d. In this embodiment, certain

- parts of the pneumatically actuated valve discussed

above are modified to provide manual actuation. As
was the éase in Fig. 3, elements of couplers 20c and
20d (other than the main housings 55c and 55d) have
mirror-image construction, and for clarity like
elements from both couplers will be discussed below
simultaneously, with reference to corresponding
reference numerals.

In this manually-actuated embodiment, the

main valve chamber 30c/30d and diaphragm 60c/60d are

identical to those used in a pneumatically-actuated

valved coupler such as those discussed above with
reference to Fig. 3. Furthermore, diaphragm 60c/60d
is welded/clamped to bullnose 34c¢/34d and stem
32c¢/32d and housing 55¢/55d4 in a manner identical to
that discussed above with reference to Fig. 3.

The manually-actuated embodiment differs
from the pneumatically actuated embodiment of Fig.
3, in that a modified valve stem 32c/32d is used in
conjunction with an alternative compression head

174c/174d and spacer 106c/106d, in place of the stem
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15 40 is fitted into a matching top-hat shap”H"EﬁEﬁBE7—”_—__——rH

housi ng 55b of coupler 20b. Filter 40 includes, awﬁ%g R@hwd
periphery, a sealing nib whichis engaged betmeen

coupl er 20b and the 5 housi ng of nmass flow controller

seal t.her ebet ween. The outl et of

controller 38 is coupl ed, through a second filter 42, to an outlet
passageway 45 and a main cylindrical valve chanber 10  30c of a third

val ved coupl er 202a/32d t etompxassion headoldd £tklw tdmd dhEvaobsusing5c of
val ved coupl er
80a/80b shown in Fig. 3. Specifically, the modified
spacer 106c/106d has a central aperture sized
slightly larger than the outer diameter of handle
5 112c/112d to fit around the innermost end of handle
112c/112d. As in the prior embodiment, compression
head 174&/174d is threaded at its outer periphery
for engagement to an inner threaded periphery of
housing 55c¢/55d, and drives spacer 106c/106d into
10 engagemenE:with diaphragm 60c/60d opposite housing
projection 70c/70d. Accordingly, spacer 106c/106d
compresses and seals diaphragm 106c/106d to main
housing 55¢/55d and minimizes leakage therebetween.
Compression head 174c/174d is formed with
15 a central cylindrical recess 108c/108d for
supporting the manual actuation handle 112c¢/112d and
accompanying bearings, etc. An end of valvé'stem
32¢/32d opposite bull nose 34c/34d extends into this
recess 108c/108d. This end of valve stem 32c¢/32d
20 includes extefnal threads 110c/110d. Handle
112c¢/112d inserted in recess 108c/1084 includes a
bore 113¢/113d having threads matable with threads
110c/110d of valve stem 32¢/32d.
Handle 112c¢/112d also includes an annular

25 projection 117c/117d sized for insertion within
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20c, and housing 55c is sealed to the housing of EEEE‘FTBRT““-~—-—

controller 38 by a sealing nib 44 on filter 42. 15ms$mafhsBenR
Valmed coupl er 20c, l|ike valved couplers — 20a and 2 q’
aperture 56c¢ and a val ve stem 32c term nating at a

a bull . nose 34c. Simlarly, valved coupler 20d |nc u

aperture 56d and a valve stem 32d termnating at its |nter|or end I n
a bull nose 34d. Wen valve stens 32c and 32d are in their open
positions, as showedess 108c/¥qgd to awmiallnlcensteaberhaedles in

conmuni cati on with a main val ve chanber 30d of val ved coupl er 20d
t hrough apert ur es BRAc AR GRIE RITHER gPtation. Annular bearings

114c/114d are fitted on opposing sides of projection -
117¢c/117d to permit rotation thereof while
5 constraining axial movement of handle 112c/112d. A
cap 116c/116d fitted into recess 108c/108d
constrains axial movement of bearings 114c/114d and
handle 112c/112d.
A channel 118c/118d formed in compression
10 head 174c(174d provides a path for air flow to/from
a rearward side of diaphragm 60c/60d through spacer
106c/106d, and thus prevents air compression behind
diaphragm 60c/60d that would otherwise inhibit
opening or closing of the valve (as was the case
15 with channels 75/76/77 of the pneumatically-actuated
valve of Fig. 3).
When the valve has been manually actuated
to a fully open position, as shown in coupler 204,
diaphragm 60d abuts an underside of handle 112d and
20 spacer 106d. This prevents further rotation of
handle 112d and over-travel of diaphragm 60d.
In use of the foregoing structure,
rotation of handle 112c/112d causes axial
translation of valve stem 32c¢/32d axially toward or

25 away from housing 55¢/55d to or from an open end
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25 t hese positions of valve stens 32c and 32d, outl et

16 passageway 45 is in fluid comuni cation Vvia V&h¥ Sheet Has Been Replaced
chanpers 30c and 30d to output line 16 of the gas sti

The pressure sensor 24 (the details of 5 whi ch are not ngmmuﬂ“
fluid conmmuni cation with outl et passageway 45 via pas .
El ectri cal signals frompressure sensor 24 are carried on line

closed position. Thus, the valve of the valved
coupler may be manually actuated using handle.
- Manually actuable vélved couplers may be
used in applications where a pneumatically actuable
5 shutoff valve is not needed. For example, in the
embodiment shown in Fig. 5, housing 55b of valved
coupler éOb and housing 55c of valved coupler 20c
are integrally formed with a housing for supporting
a filter 120, which filters gas flow between main
10 valve chggber 30b and main valve chamber 30c.
Since, in a typical application, only one
pneumatically-actuatéd shutoff valve is used on each
side of the mass flow controller in a gas stick,
there is noﬁneed for two pneumatically actuated
15 shutoff valves on each side of filter 120.
Accordingly, couplers 20a and 20b are configured for
pneumatic control whereas couplers 20c and 20d are
configured for manual control. In such an
application, couplers 20c and 204 would be manually
20 placed in a closed position only when the filter or
an adjoining element is detached therefrom;
otherwise, the manually actuated couplers 20c and
20d would remain in an open position.
As before, a filter element 120 and

25 adjoining integral valved couplers could be supplied
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25. These signals can be used, for exanple, to cont rol ﬂmkqmmﬂi
pneumatic lines controlling the 10 positions of valv
close the val ved coupl ers and t hereby-shut off gas

gas pressure drops bel ow a set point.

i n thermal . comuni cation with the wall of hou5|ng 55b adjacent

to filter 40, and thereby detects the tenperature of gas flomﬁng
through filter 40 to produce an el ectrical tenperature signal on
|ines 48. Heater from theaclesiufadsamds) 131 a 3Prdnqldadlienyironnentassagenay
35 and outl et passageway 45 obtain electrical power 20 t hrough |ines 50
and 52, respectivdeyg.andmppnse Nitrogen at a pressure slightly

elevated above atmospheric) and pre-purged of
impurities, permitting rapid installation of the

5 filter into the gas stick and use after only a brief
purging.

| It is contemplated that other gas

processing elements may similarly be isolated
between valved couplers, or incorborated integrally

10 into the housings of adjoining valved couplers, to
obtain the advantages noted above. For example, as
noted above, a purifier, or in-line regulator, might
be positioned between or valved couplers, or the
valved couplers might be integrally incorporated

15 into the housings of these elements. Various
embodiments and applications of this sort are
discussed below in conneation with Fig. 9.

Another application in which manually-

actuated valved couplers might be used, is where a

20 valved coupler is used to control flow of a high-
pressure gas. In such a case, it may be impractical
to use a pneumatically actuated valved coupler. For
example, referring to Fig. 2; if a high pressure gas
is input to coupler 20a via inlet line 14, when

25 . coupler valve stem 32a is in the open position, a
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controlled in response to tenperatures sensed by' t her nocoupl e

regul ate the tenperature of the gas stick 12 to @MQm@a@hgag
condgnsation within the gas stick 12._ (Heater car laged
used in 25 pl ace of heater bands, if desired.) ””/ﬁ /

17 Gas stick 12 has an overall |engt wn

by nuner al 54 of approxi mately ni ne inches.
large force would need to be applied (by spring 98b)
to valve stem 32b to overcome the gas pressure and
hold coupler 20b closed, i.e., in the position shown
in Fig. 3. However, a large force of this kind, is
5 likely to unacceptably deform gasket 58b over a few
open-close cycles, and thereby dramatically reduce
the numbér of cycles that could be obtained from the
valve.
Accordingly, where a high pressure gas is
10 in use, ;Bg input-side coupler 20b may be a
manually-actuated coupler such as those shown in
Fig. 5, which is opened after coupler 20b has been
connected to coupler 20a, and left open throughout
later processing. Coupler 20a (which is not subject
15 to the pressures deséribed in the previous
paragraph) could then be cycled to provide a shut-
off capability. As noted above, an example of a gaé
stick using a manually-actuated coupler is sﬁown in
Fig. 1, coupler 220.
20 In high-pressure applications, it is
particularly important to incorporate a heater into
the coupler such as heater S1 shown in Fig. 2. A
pressure drop is likely to be experienced in the
| coupler, which will cause a temperature drop through

25 the effect known as Joule-Thompson cooling. The -

- 37 -




. : —_—
This dinmension is substantially smaller than conpar abl e dlnen5|ons
of a typical gas stick 5 assenbly conprising discr h&@@sB&m

pressure sensor and control val ve housi ngs and c

t hel ebet ween. As not ed above, the corrp ', Im
gas stick 12, .in accordance with principles of the 10 ese

I nvention, permts a substantial reduction in the clean room f | oor
space consuned by the gas . box 10. Indeed, in sonme applications the
gas box 10 t et a1 @rieed cam e girgrciefistant charpart 1 dwbkar
freeing all floor space fornmerly required for the 15 gas box.

Furt hernore, the geaneactussiddrofseniequaiictor proegssinal so advant ageously
reduces the nunber of
Accordingly, it is important to heat the coupler
housing to prevent the condensation of gas or
5 formation of icicles in the coupler.

Now referring to Fig. 6, an alternative
embodimeﬁt of the present invention includes a
horizontally disposed valve stem 130 which engages a
main valve housing 132 at a gasket 134. Valve stem

10 130 movesﬁporizontally through housing 132. A disc-
shapedldiaphragm 136 is welded and clamped between
valve stem 130 and an actuator 138, in a manner
discussed above. Diaphragm 136 is further clamped
at its outer peripheral edge between main housing

15 132 and actuator housing 133, providing a fluid-
tight seal.

Actuator 138 includes a rack 140 of teeth
engageable with a pinion 142. Pinion 142 is
actuated by an actuator with a second rack of teeth

20 144, which is in turn coupled to, for example, a
pneumatically actuated piston and cylinder assembly
146. Assembly 146 may include a spring return to
return stem 130 to the closed position shown in Fig.
6, so that the valve returns to a seal when

25 pneumatic pressure is removed. Alternatively,
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seals in the system the volume needed to be purged, and the wetted

surface area, resulting in fewer opportunities for corros op or i
out gassi ng. 20 It will be further noted 1 ep”e
stick 12 of Fig. 2 is an integral unit containing |
conponents needed for gas delivery, I ncl udi ng ma Ier
38, and pressure sensor 24. Furthernore, as wll be explalned I n
25 greater detail in the following figures, the val ved

18 assembly 146 may return stem 130 to the open

position in the absence of pneumatic pressure. As
a second alternative, assembly 146 may include a
manually-controlled gctuatbr.
5 As seen by comparison of Fig. 6 and Fig.

7, when the valve is moved to an open position, rack
144 is éjected outward from assembly 146 in response
to pneumatic actuation, causing rotation of pinion
142 clockwise about its axis and thereby causing

10 horizontal movement of valve stem 130 away from
gasket 134.

The main housing 132 may be coupled to a
gas processing component such as a mass flow
controller 38 or other component. Mass flow

15 controller 38 includes an outer housing 148 having a
substantially planar surface 160 for mating with
main valve housing 132. A bull nose 150 is
sﬁpported within outer housing 148 for actuation by
valve stem 130. Bull nose 150 is spring biased into

20 contact with outer housing 148 by a spider (annular
spring) 152. Bull nose 150 carries a gasket 154 for
sealing to outer housing 148 when in engagement
therewith.

Outer housing 148 is held in engagement

25 with main housing 132 by a nut 156 having an
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coupl ers 20a, 20b, 20c and 20d function not only as . Goupl € %nk lackd1€

gas stick, . but also as automati cal | y-actuatable s |ch
can be used to initiate and term nate-gas flow as m ﬂ

by the sem conductor processing "recipe" used ' W th

chanmber. The substanti al reduction in size and nunber of seals in

t he gas stick 12, resulting fromthis integration of

functions into a single unit, is a particular 10 advant age of the

present inventioninternal threaded showWacef @58 mgtedle gvitd déxtexammlbe seen
how val ved coupl er 20a or valved coupler 20b may be
threads on main valve housing 132. Planar surface
160 of outer housing 148 mates to a similar planar -
surface 160 of main valve housing 132. A packing
5 gland (deformable metal gasket) 162 inserted between
outer housing 148 and main housing 132 provides a
seal pre&enting fluid flow from inside of the valve
housing.
As before, mass flow controller 38 may be
10 integral;z_constructed with a filter 162, as well as
other components such as a mass flow controller or a.
pressure sensor, and/or other components.
In use, comparing Fig. 6 to Fig. 7, it
will be seen that horizontal actuation of valve stem
15 130 causes stem 130 to abut bullnose 150, and
overcome the spring force of spider 152 to push
bullnose 150 out of engagement with outer housing
148. Thus, in the position shown in Fig. 7, gas
flow is permitted through the wvalve structure
20 whereas in the position shown in Fig. 6, gas flow is
inhibited.
As can be éeen in Fig. 8, the valved
coupling of Fiés. 6-7 may be disconnected along
surfaces 160 and separated. 1In such a situation,

25 | valve stem 130 and bull nose 150 seal the interior
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used as a flow control valve during operation of the gas stick 1IZ.
Specifically, conparing Fig. 3 to 15 Fig. 2, valve stem b of valved
couplLer 20b has been noved to a closeg_p05|t|on see 3 Be

this position, bull nose 34b engages to aperture 56b

to seal valve chanber 30b from val ve chanmber 30a of

facilitate such 20 seal i ng, each bull nose 34a and 34b |ncludes on |ts
| ower perineter, a gasket 58a and 58b for sealing agai nst aperture
56a and 56b of housétge85auafdc8Sbof the housings andAddijticemtl details of

a val ved coupler 20 _ I n accordance wi th one enbodi mrent of the present
25 i nvention arstruttsreat ed thafi gas3befdmesemdesaulre and dust are

prevented from contacting those intefior wetted
surfaces.

5 Here, as in the first embodiment descfibed
with reference to Figs. 1-5, the advantages of the
present-invention are obtained bécause valve stem
130 and bull nose 150, which move along a center
axis extending through the aperture in the valve

10 housingsw;32 and 148, come to rest at a position
where the outer surface of the stem 130 and bull
nose 150 is approximétely coplanar with the
adjoining surfaces 160 of the two sides of the
coupler, so that a minimal wetted surface of the

15 valve is exposed when the coupler is disconnected.

While the present invention has been
illustrated by a déscription of various embodiments
and while these embodiments have been described in
considerable detail, it is not the intention of the

20 applicants to restrict or in any way limit. the scope
of the appended claims to such detail. Additional
advantages and modifications will readily appear to
those skilled in the art.

As one example, the gas stick illustrated

25 in Figs. 1 and 2 may be integrally combined with a
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19 wi |l be described in the context of val ved coupler 20a

and the corresponding el enents in val ved coupl er Th@smxﬂhbaameﬁmmgye
reader will appreciate that simlar details appe ved
coupl ers of 5 the sanme type shown in Figs. 2 and 5. 11,"”',1!]”&,“““

In the foll owi.ng, correspondi ng conponents in each 0O 20a
and 20b will be described si mul taneously, while identifying the
reference

pressure regulator, for example in place of pressure
sensor 24 or in addition thereto. Further, the
valved couplers may have a second inlet aperture,
for example for purging gas.

5 As a second example, the disclosed valved
couplers could be advantageously used in connection
with other components in a gas distribution system
to permit high-purity coupling/uncoupling of gas
lines from these components.

10 Referring to Fig. 9, valved couplers 220
might be used at the connection of tubing to a gas
source, e.g. a gas cylinder in a cylinder cabinet
170 or a tank on a gas pad 172. 1In these cases, a
valved coupler in accordance with principles of the

15 present invention might be formed integrally with or
connected by tubing to a standard gas coupling.

Additional valved couplers 220 might be
provided on either side of a purifier 174 and 176 to
facilitate replacement of the purifier. Further

2Q valved couplings 220 might be provided on either
side of a manifold box 178 and 180 which distributes
gas from one of the sources 170 and 172 to multiple
gas boxes 10. Also, couplers 20 might be used at
the connections leading from a gas box to process

25 equipment 182 and 184.
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characters for both conponents. 10

shown in Fig.

30b.
Val ve stem 32a/32b 15 passes through a central aper agm
60a/ 60b. In an axial region surrounding this central aperture,
di aphragm 60a/ 60b is wel ded to bul | nose 34a/34b as shown at 62 on

di aphragm 60a.

In a tApicafle appl icad ioh ,vaouwp Il 2Z32n/ 32b 20
passes through di aphragm 60a/60b and term nates in a

as seen at 64 on sbeneg82ed Bol theogas sources 170 and 172, purifier

10

15

174 and 176 and manifold boxes 178 and 180 would be
manually-actuated couplers, as these connections are
not typically opened and closed regularly during
processing. However, couplers 20 attached to the
gas boxeé 10 and connegted to the process equipment
182 and 184 would be pneumatically actuated since
these connections are regularly opened and closed
during p{gpessing.

Thus, the invention in its broader aspects
is not limited to the specific details,
representative apparatus and method, and
illustrative example shown and described.
Accordingly, departures may be made from such
details without departing from the spirit or scope
of applicant’s general inventive concept.

What is claimed is:
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34a/ 34b includes internal threads for accepting an __ internal end of
t he-respective val ve stem 32a/ 32b. Above this threaded end 64 of
val ve stem 32a/32b, 25 val ve stem 32a/ 32h i ncl udes Tais Sh@i itds Bedn®efladed ON

20 66a/ 66b havi ng an outer dianeter matched t
di aneter of bull nose 34a/34b. Thus, by tightening d end
64 of valve stem 32a/32b into bull nose 34a/ 34b, / 60b

i s clanped between

Claims
1 1. A gas stick for ultra high purity gas
2 distribution to a surface modifying apparatus using
3 a gas as a precursor, such as a semiconductor
4 manufacturing apparatus, comprising
5 a housing assembly héving an outer
6 surface,-an inner surface defining an inner gas-
7 carrying chamber, and first and second aperture-
8 defining surfaces extending from said inner surface
9 to said outer surface ana defining first and second
10 apertures permitting gas flow into and out of said
11 housing assembly,
12 : a mass flow_controller positioned within
13 said chamber for measuring flow of gas between said
14 first and second apertures,
15 a valving element slidably mounted within
16 said housing assembly for linear translation between
17 a first position and a second position, along an
18 axis extending through said first aperture,
19 wherein at said first position said
20 valving element sealingly engages said first
21 aperture-surrounding surface of said housing
22 assembly, and an end of said valving element is
23 substantially coplanar with said outer surface of

IR ™




e

5 the val ve stem projection 66a/66b and the bull nose Bgé}lq{e@g&d

The result of this conbined clanp and weld f or ns TS s
bet ween di aphragm 60a/ 60b and bul | nase 34a/34b . to m ge

in the space t her ebet ween. 10 Main v
55a/ 55b i ncl udes an i nternal annul ar projection 70a/70b sized for
engagenent to an outer periphery of diaphragm 60a/ 60b. A

di sk-shaped spacer 68a/68b, is inserted above di aphragm 60a/ 60b and
engages a4 opposi tsmid housirer igdmmbly iind reqpdm dgoré€aifigbsai® aphragm
60a/ 60b. i s thereby clanped between projection 70a/ 70b and spacer
68a/ 68b 25 positi Velnst mgerture-defining surface,

26 ~ whereby said valving element seals said
27 first aperture such that only a minimal extent of
28 said inner surface of said housing assembly is

29 exposed to an external environment.

T —
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di aphragm 60a/ 60b in place and minimze | eakage Sﬁtmeen di aphragm
peri ph

60a/ 60b and mai n housi ng 55a/55b. 20 An outer %ﬁl&sa Reylated
60a/60b may al so be vel ded or brazed 1o main housi
further reduce | eakage t herebetween. 68b
I ncludes, at its radially | nwar dnost position, a C|rcular apert
as seen at 25 78 in valved coupler 20b. This aperture 78 has a

1 2. The gas stick of claim 1 further

2 comprising

3 a second valving element slidably mounted -

4 within said housing assembly for linear translation

5 between a first position and a second position,

6 along an axis extending through said second

7 ' aperture;

8 wherein at said first position said second

9 valving element sealingly engages said second

10 aperture-surrounding surface of said housing

11 assembly, and an end of said second valving element

12 is substantially coplanar with said outer surface of

13 said housing assembly in a region bordering said

14 second aperture-defining surface,

15 whereby said second valving element seals

16 said second aperture such that only a minimal extent

17 of said inner surface of said housing assembly is

18 exposed to an external environment.

AIA A
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di aneter slightly larger than that of projection 66a/ 66b on val ve
stem 32a/ 32b. Accordingly, as Il l'ustrated i n vallhie$hee dlapBeen RpBagd

32a/32b withdraws intg nmain valv Ob- 5
nose 34a from engagenent with | ve
stem projection 66a fits within annul ar aperture e t1ul

when_val ve stem
and extracts bul |

wi t hdr awal of

bull nose 34a away from housi ng 55a.

Spacer 68a/68b has a concave inner surface 10 conform ng to di aphragm
60a/ 60b when bul | nose 3. THa/$d stickh ah opaimp2spackagedutbras seen
I n val ved coupler 20a of Fig. 3. Spacer 68al/68b t her eby
provi des 8upport falriphephr agreBoEt 60b
3 said chamber contains a controlled
4 environment,
5 said first and second valving elements are
6 at their respective first positions sealing said
7 first aﬁd second apertures and preventing entry of
8 external environment into said chamber, and further
9 comprising
10 ’Jshipment packaging surrounding said outer
11 surface of said housing assembly.
1 4. The packaged gas stick of claim 3
2 wherein said controlled environment comprises
3 Nitrogen at a pressure slightly elevated above
4 atmospheric pressure.
1 5. The gas stick of claim 1 further
2 comprising a first filter positioned within said
3 chamber for filtering gas paésing between said first
4 and second apertures.
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agai nst gas pressure and prevents unnecessary 15 T1Texing thereof.

Mai n housi ng 55a/55b includes threads 72al 72b alon |ts cyllndrlca
i nner periphery for receiving a cylindrical conpk a“
74al 74b having mating threads on its exterior perf
Conpr essi on head 74al/ 74b engages spacer 68a/68b and
conpressive force agai nst spacer 68a/68b to clamp the perlpheral
rimof diaphragm 60a/60b bet ween spacer 68a/68b and housi ng
proj ecti on 70a/ 70b, &s fbeegdasbetéck of claim 5 wherein said

2 first filter is positioned to filter gas passing

3 between said first aperture and said mass flow

4 controller, and

5 further comprising a second filter

6 positioned to filter gas passing between said mass

7 flow coﬁtroller and said second aperture.

1 7? The gas stick of claim 6 further

2 comprisiEg a pressure sensor in fluid communication

3 with said chamber for deteéting a'pressure level

4 therein.

1 8. The gas stick of claim 7 wherein said

2 pressure sensor is a pressure transducer generating

3 an electrical signal related to pressure within said

4 chamber.

1 9. The gas stick of claim 6 further

2 comprising a temperature sensor in thermal

3 communication with chamber detecting temperature of

4 gas flowing through said chamber.

* [ L L} s *
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Spacer 68a/68b further includes air passages such as 75a/ 75b pa55| ng

t heret hrough in an axial direction. Ar passage &m
communi cation with an annul ar channel 76a/76h forned e §1on
head 74a/74b. A further channel 77al 77b for rred | head
74al 74b | eads . from channel  76a/ 76b to the cl ean- r
surroundi ng val ved coupl er 20a/20b. Air passage 75a/75b and
channel s 76a/ 76b and 77a/ 77b permt air 10 flow froma regi on behind
di aphragm 60b to or from 10. The gas stick of claim 9 wherein said

2 temperature sensor is a thermocouple producing an

3 electrical signal representative of gas temperature.

1 11. The gas stick of claim 6 further

2 comprising a pressure regulator regulating pressure

3 of gas flowing between said first and second

4 apertures.

1 12. The gas stick of claim 7 further

2 comprising a gas purifier purifying gas flowing

3 between said first and second apertures.

1 13. The gas stick of claim 1 further

2 comprising

3 a spring applying a force between said

4 housing assembly and said valving element to

5 translate said valving element toward one of said

6 first or second positions.

-

UL
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t he cl ean-room at nosphere outside of val ved coupl er 20a/20b SO

that-air pressure froma rear side of di aphragm Sﬁ@ﬁmmhmd
|nh|b|t novenent of val ve stem 32a/32b. 15 ,
pneunatlcally actuat ed enbodi nents of a val ved co }are
shown in Fig. 3, main housi ng 55a/ 55b attaches to a drlve
80a/ 80b. Drive housing 80a/80b is attached to mai n housing
55a/55b by a drive wire 82a/82b inserted into an 20 annul ar channel
formed belween conpression hedd The gas suigk4ef aplatmi Yefustberg 80a/ 80b.
This drive wire 82a/ 82b connection permts drive housing 80a/80b to
rotate reRative tEIMRFLHAZI ng 55a/ 55b about their
3 - a drive housing assembly defining a
4 pneumatic actuating cylinder, and a third aperture
5 in communication with said actuating cylinder for
6 admitting compressed gas into said actuating
7 cylindef, wherein
8 said valving element further comprises a
9 piston slidably mounted within said actuating
10 cylinder,
11 whereby said valving element may be
12 actuated between said first position and said second
13 position by injection of compressed gas into said
14 drive housing assembly actuating cylinder through
15 said third aperture.
\

T
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central axes as needed to permt connectlon of 25 pneumatic gas to

drive housi ng 80a/ 80b. 1sshee23asBeenReplaced
Drive housing 80a/80b surrounds valve stem __ 32a/32
pnelimati ¢ pi st on-and- cyl i nder for driving stem 32 n or
cl osed position. Specifically, housing 80a/80b de
central cylinder 84a/84b. A piston 86a/86b nounted to stem 32a/ 32b
is slidably positioned within

1 15. The gas stick of claim 14 further

2 comprising

3 ' - a spring applying a force between said

4 drive housing assembly and said valving element to

5 translate said valving element toward said first or

6 second position in the absence of pneumatic force

7 applied to said valving element, wherein

8 said valving element may be actuated

9 between said first position and said second position

10 against force appliedlby said spring by injection of

11 compressed gas into said drive housing assembly

12 ' actuating cylinder through said third aperture.

1 16. The gas stick of claim 1 further

2 comprising

3 a handle engaged to said valving element

4 for manual translation of said valving element along

5  said axis.

[
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cylinder 84a/84b. Piston 86a/86b is actuated axi almgﬂws%

80a/ 80b by pneumatic pressure from pressurized gash1 cted into
cyllnder 10 84a/ 84b via a pneumatic control line 22 (s asB@qumm“,
and™2) wel ded to tube-stub forning a pneumatic - contr
(Al'ternatively, as seen in Fig. 1, pneumatic control
t hr eadedl y coupl ed to pneumatic control port 91af91b |n mhlc
case the port mght be smaller in dianmeter.) Valve stem 32a/ 32b
carries grooves for retaini ng.amhd gyas stick lalalegim i 18§)S wiew'@2d on
opposite sides of piston 86a/ 86b, such that valve stem 32a/32b is
mechani catly coupl ed to novesmd hagfdls stefiimgéa/86mre having internal

3 threads and is positioned for rotation within said =

4 housing assembly around said axis extending through

5 said first aperture, and

6 said valving element defines external

-7 threads matable with said internal threads of said

8 handle,

9 _ whereby rotation of said handle translates

10 said valving element along said axis.

1 18. The gas stick of claim 1 wherein

2 said valving element engages said

3 aperture-surrounding surface adjacent said inner

4 surface of said housing assembly, and

5 translating said valving element from said

6 first position to said second position comprises

7 withdrawing said valving element into said housing

8 assembly and away from said outer surface of said

9 housing assembly.

[
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20 A passage 93a/93b carries pressuri zem

control ports 91a/91b to a front side of piston &@QBaﬁﬂmmhaa
when, pressure is applied, piston 86a/86b is dr|v |t|on
shown in drive ) housi ng 80b 'to the p03|t|on shovvn \H“‘“
25 80a. .
Housi ng 80a/80b includes interior threads _ at 94a/94b for receiving a
cylindrical cap 96a/96b
1 19. The gas stick of claim 1 wherein
2 - said valving element engages said
3 aperture-surrounding surface adjacent said outer
4 surface of said housing assembly, and
5 : translating said valving element from said
6 first position to said second position comprises
7 extending said vélving element out of said housing
8 assembly such that said end of said valving element
9 extends beyond said outer surface of said housing
10 assembly.

—

I

N

- 53 -




which is simlarly threaded at its exterior cylindrical surface.

And o ston o *BealBob Spring 984/ 98b previ des an 23?2%%‘9 mﬁ‘mﬁa‘i
agai nst pi ston 86a/86b and stem 32a/32b driving t he %I‘“
toward mai n hqusi ng 55a/55b to cause seal i ng engage se
34a/ 34b with aperture 56a/56b of housi ng 55a/55b. Thus when -
pneumati c pressure is renoved, spring 98a/98b autonatlcally causes
cl osure ofl val ved coupl er 20. Apggmpopent having integral malwedor dance
wi th the above description, _15 it wll be appreciated that the valve
"structure? couplings for connection to an ultra high purity gas
3 distribution system, comprising
4 a housing assembly having an outer
5 surface, an inner surface defining an inner gas-
6 carrying chamber, and first and second aperture-
7 definin§ surfaces extending from said inner surface
8 to said outer surface and defining first and second
9 apertures permitting gas flow into and out of said
10 housing agsembly,
11 | a gas processing element within said
12 chamber for processing gas flowing between said
13 first and second apertures,
14 a first valving element slidably mounted
15 within said housing assembly for linear translation
16 between a first position and a second poesition,
17 along a first axis extending through said first
18 aperture, wherein at séid first position said first
19 valving element sealingly engages said first
20 aperture-surrounding surface of said housing
21 assembly, and an end of said valving element is
22 substantially coplanar with said outer surface of
23 said housing assembly in a region bordering said
24 first aperture-defining surface,
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shown in Fig. 3is a "normally closed" valve, i.e amgghgﬁe

and remai n cl osed when pneumatic pressure |s r erfiis ﬁm
alternatlve enbodi nment for a speC|ftQ.appI|cat|on
open valve 20 could also be fabricated by formng c
to communi cate between control ports 91a/91b and the space betmeen
a rear side of piston 86a/86b and cap 96a/ 96b. Al so the orientation
of piston 86a/86b and position of spring 98a/98b woul d be reversed
such 2525 that spring 98ad 98écornd capluimyl dbemern alidablysndented
26 within said housing assembly for linear translation
27 between a first position and a second position,
28 along a second axis extending through said second
29 aperture, wherein at said first position said second
30 valving element sealingly engages said second
31 aperture-surrounding surface of said housing
32 assembly, and an end of said second valving element
33 is substantially coplanar with said outer surface.of
34 said houE;ng assembly in a region bordering said
35 second aperture-defining surface,
36 whereby said first and second vaiving
37 elements seal said first and second apertures such
38 that only a minimal extent of said inner surface of
39 said housing assembly is exposed to an external
40 environment.
1 21. The compopent of claim 20 wherein said
2 gas processing element_is a filter for filtering gas
3 flowing between said first and second apertures.
1 22. The component of claim 20 wherein said
2 gas processing element is a purifier for purifying
3 gas flowing between said first and second apertures.
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25 of piston 86a/86b and housing 80a/80b. Finally, an air
passage fromthe housing to the external envi r onpRR} .. ghﬁm&?lmmd
provided to pernit air captured between a front s

86al86b and housi ng 5. 80a/80b to vent to the exteri o mﬁm I
Mai n housi ng 55b of val ved coupler 20b is per mane o the
housi ng of mass fl ow controller 38 to forma gas stick 12, as is
seen in its entirety in Fig. 2. Accordingly, housing 55b of 10

coupl er 20b includes passage335Thei cbmponeatt ®ft @laim 20 whexrdin edaief the
mass flow controller. Furthernore,

2 gas processing element is a manifold for
3 distributing gas flowing into one of said apertures
4 into multiple flow paths.
1 24. The filter asseﬁbly of claim 20
2 packaged'for shipment, wherein
3 said chamber contains a controlled
4 environment,
5 ' rgaid first and second valving elements are
6 at their respective first positions sealing said
7 first and second apertures and preventing entry of
8 external environment into said chamber, and further
9 comprising
10 shipment packaging surrounding said outer
11 surface of said housing assembly.
1 25. The filter assembly of claim 24
2 wherein said controlled environment comprises
3 Nitrogen at a pressure elevated slightly above
4 atmospheric pressure.
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mai n housi ng 55b i ncludes a heater jacket 51° attached to pomer

lines 50. Referring back to Fig. 2, it wll be sEhﬂﬂk%ams
.20c is also 15 integrally formed with an_out put S|de
12, “and contains structures which are sinilar, but to
those found i n coupler 20b. Referring no
detail s of the passageway adjoining mating val ved couplers can
be exam ned. This passageway is forned by the apertures 56a and
56b into housings 55a and 55b6 0fThe filteroapkemblilafanda2fib20Housi ngs 55a
and 55b incl ude, at the outer peripheries of apertures 56a, 56b,
respecti ve annul arfuttner ngoppmbss 9 and 99b. These 25 jaws mate to
forma circular clanping structure 102

3 - 'a drive housing assembly defining a

4 pneumatic actuating cylinder, and a third aperture

5 in communication with said actuating cylinder for

6 admitting compressed gas into said actuating

7 cylinder, wherein said first valving element further

8 comprises a piston slidably mounted within said

9 actuating cylinder,

10 _whereby said first valving element may be

11 actuated between said first position and said second

12 position by injection of compressed gas into said

13 - drive housing assembly actuating cylinder through

14 said third aperture.

e e
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26 surroundi ng apertures 56a and 56b. A packing gl and 100

(deformabl e washer), is inserted into the C|rculéhs&bamnsﬁaﬂké c&Fd
by j.aws 99a and 99b. Packi ng gland 1QQ fornms a fI w}ﬂn u[,l
preventing seepage of fluid from apertures 56a and
passageway therebetween, into the joint 104 bet ween
55b. Packi ng gl and 100
1 27. The filter assembly of claim 26
2 further comprising
3 a spring applying a force between said -
4 drive housing assembly and said first valving
5 element to translate said first valving element
6 toward one of said first position or second position
7 in the ébsence of pneumatic force applied to said
8 first valving eiement, wherein
9 said first valving element may be actuated
10 between said first position and said second position
11 against force applied by said spring by injection of
12 compressed gas into said drive housing assembly
13 actuating cylinder through said third aperture.
1 28. The filter assembly of claim 20
2 further comprising
3 a handle engaged to said first valving
4 - element for manual translation of said first valving
5 element along said first axis.
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I's permanent |y deforned between jaws 99a and 99b when hou5|ngs 55a

and 55b are conjoined, and nust be 10 repl aced aftgmsﬁmﬁﬁa

-of housi'ngs 55a and 55b. As |s |g.
4, Wwhen the bul | noses 34a and 34b are both in t "'
p05|t|ons shown in Fig. 4, both of apertures 56a an

seal ed. Furthernore, the bull noses 34a and 34b are substantlally
coplanar with the exterior surfaces of t he val ve housi ng al ong
joint 1044 As a result, 29. Thd fid temusssdmbpleafeclaino2® ai ned in the
regi on bet ween bull noses 34a and 34b. 20 I n use,

t he val vezl coupl ewhstneist ure shown in the Figs. 1-4 provides a

substantially inproved i ]
said handle defines a bore having internal

4 threads and is positioned for rotation within said
5 housing assembly around said first axis extending

6 through said first aperture, and

7 | said valving element defines external

8 threads matable with said internal threads of said
9 handle,
10 _whereby rotation of said handle translates
11 said valving element along said first axis.

1 30. The filter assembly of claim 20

2 wherein

3 . said first valving element engages said

4 aperture-surrounding surface adjacent said inner

5 surface of said housing assembly, and

6 translating said first wvalving element

7 from said first position to said second position

8 comprises withdrawing said first valving element

9 into said housing assembly and away from said outer
10 surface of said housing assembly.
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couplfng and shutoff valve for ultra high purity gas processi ng

applications such as sem conductor manuf act uri ng. ASThis@ReddHastBREd Replaced
seen, for exanple, in 25 Fig. 2, the valLved couplers for
pairs. 27 Whe
of a matable pair of couplers are in the off position,
Fig. 4, substantially no wetted surface of the inside of the
1 31. The filter assembly of claim 20
2 wherein
3 - said first valving element engages said
4 aperture-surrounding surface adjacent said outer
5 surface of said housing assembly, and
6 translating said first valving element
7 from said first position to said second position
8 comprises extending said first wvalving element out
9 of said housing assembly such that said end of said
10 first valving element extends beyond said outer
11 surface of said housing assembly.

L
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valve will be exposed to external air when the 5 coupl er 1s separated—

(see Fig. 5, discussed bel ow).- Thus, the couplers L pe separ at ed
wi t hout | eakage of atnosphere into the coupler valve erRyplaced
and 30b through apertures 56a and 56b, and thus W th | n
of noisture or dust within the 10 couplers or the attac
processi ng el enents. Furthernore, it will be noted that,
when t he val ved coupl ers are di sconnected in the cl osed
position,1the only internal 3@t PethexiddaeE afortthelling gasatMew W ch i s
exposed to atnosphere is a small area 15 at the extrene end of the bull
nose. Acxordi ngl purface modifivyinghiappar@tiusanssinmya apoums & e dust or
noi sture
3 precursor, such as a semiconductor manufacturing
4 apparatus, comprising
5 providing first and second valved
6 couplers, each of said valved couplers comprising
7 a housing assembly having an outer
8 surface, an inner surface defining a gas-
9 carrying chamber, and an aperture-defining
10 _surface extending from said inner surface
11 to said outer surface and defining an
12 aperture permitting gas flow into and out
13 of said housing assembly, and
14 , a valving element at a first position
15 | in said housing assembly and slidably
16 mounted within said housing assembly for
17 linear translation between said first
18 position and a second position, along an
19 axis extending through said aperture,
20 wherein at said first position said
21 valving element sealingly engages said
22 aperture-surrounding surface of said
23 housing assembly, and an end of said
24 valving element is substantially coplanar
25 with said outer surface of said housing
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-when the val ved coupl ers are di sconnected and reconnected. Thus,
contam nation of internal wetted surface of tubin O
proceSS|ng el enents 20 connected by the _couplers w |

rediced and the purging required upon repl acement of aﬁﬁm

substantially reduced. Accordingly, in a
principles - of the present invention, valved couplers are
posi ti oned on opposing sides of a gas processing
28 26 assembly in a region bordering said first
27 aperture-defining surface,
28 mating said first and second valved
29 couplers by bringing outer surfaces of said couplers
30 into contact with the respective valving elements of
31 said couplers in confronting face-to-face relation,
- 32 and theﬁ
33 translating the valving element of said
34 second valved coupler to its second position, and
35 ' r}repetitively translating the valving
36 element of said first valved coupler between its
37 first and second positions while maintaining said
38 valving element of said second coupler in its second
39 position, to selectively shut off or permit flow
40 between said valved couplers,
41 whereby wear from repetitive use is
42 | accumulated only by said first valved coupler.

A




elenment to facilitate replacenment of that el enent W t hout

substantial contam nation. Thus, an entire gas st i s Shdat HABesFRPlated
Fig._ 2, may be surrounded by val ved cauplers 20 so i
gas stick 5 12 may be replaced w thout substantial co |
of the attached tubing. In an alternative appl i cati off; i g.
5, an i ndi vi dual conponent of the gas distribution systemor gas
stick, such as a filter 120 or as an alternative 10 exanpl e a gas
purifier,lis coupled to the 3nelmelemethod of oflaire 3ysfentberstick by a
pair of valved couplers 20b and 20c so that this el ement may be
renoved aéd comprising
3 - translating the valving element of said
4 first valved coupler to its second position, and
5 repetitively translating the valving
6 element of said second valved coupler between its
7 first and second positions while maintaining said
8 valving element of said first coupler in its second
9 . position, to selectively shut off or permit flow
10 between said valved couplers,
11 .whereby wear from repetitive use is
12 distributed between said first and second valved
13 couplers.
1 34. The method of claim 32 wherein
2 said second valved coupler is a manually
3 actuated valved coupler and translating said valving
4 element of said second valved coupler to its second
5 position comprises manually translating said valving
6 element.
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repl aced wi t hout substantial contam nation of either M

the remai nder of the gas stick. 15 o For eachqﬂﬁsthese
applications, it is contenpl at ed that__separate conp tdla E&@Rqé%&i
or an entire gas stick (Fig. 2), will be 'supplied f
manuf acturer with the val ved coupl ers surrounding t /II/
factory-sealed, wth the conponent 20 preserved therebetween 1n
controll ed environnent, such as in pure Nitrogen at a pressure
slightly 1 above at nosg@fer ik . meuhaderhnpackaging aopeepphantdfor
that the conponent will be factory-purged of any, inpurities prior to
factory-saling ofshimments and g cintd WHIvR O EFupPersty gas

3 distribution system, comprising -

4 providing a container having a gas inlet

5 for admitting gas to flow through said component and

6 a gas outlet for expelling gas after flowing through

7 said éomponent,_

8 positioning said component in said

9 container between said gas inlet and said gas

10 outlet,

11 _ providing a first valved coupler at said

12 gas inlet and a second valved coupler at said gas

13 ' outlet, each of said valved couplers comprising

14 a housing assembly having an outer

15 surface, an inner surface defining a gas-

16 carrying chamber, and an aperture-defining

17 surface extending from said inner surface

18 to said outer surface and defining an

19 aperture permitting gas flow into and out

20 of said housing assembly, and

21 - a valving element at a first position

22 in said housing assembly and slidably

23 mounted within said housing assembly for

24 linear translation between said first

25 position and a second position, along an

[ ——
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29 'Speci fically, it is cont errpl at ed W

stick or conponent will be heated in a vacuum oven to bake o
inpurities, and then back filled wi t h_pure NitrogeisiSadge: gQ\%er
cycles to renove all 5 air and noi sture. Subsequently W/ﬂ]ﬁacw
assenbly . wll be charged wwth Nitrogen and pl aced | ’l
Nitrogen filled bags for shipnent. As a result, mhen
or conponent is added to the gas

26 axis extending through said aperture,

27 wherein at said first position said

28 - valving element sealingly engages said

29 aperture-surrounding surface of said

30 housing assembly, and an end of said

31 ' valving element is substahtially coplanar

32 - with said outer surface of said housing

33 assemply in a region bordering said first

34 _ aperture-defining surface,

35 rpurging said container and first and

36 second valved couplers of impurities,

37 flooding said container and first and

38 second valved couplers with a controlled

39 environmént,

40 positioning said valving elements of said

41 first and second valved couplers at their respective

42 first positions while said container and first and

43 second valved couplers are flooded with said

44 controlled environment, to seal said container and

45 ‘couplers from external environment in said

46 controlled environment, and

47 packaging said pre-purged container and

48 first and second valved couplers for shipment.

- 65 -




distribution system it need only be briefly purged 10 to elimnate any

I mpurities acquired by the small wetted surfaces thistsﬁé%tﬁil‘ﬁe&fkeplaced
bul | pose 34 during its brief exposure.to clean roo
i medi ately thereafter used in processing. Because WU‘HH”N \I '
conponent or entire gas stick is 15 suppl i ed pre-purge
wetted surfaces t hereof are not exposed to contam nation fromair,
del ays for purging are substantially reduced as conpared to those
needed whan repl aci ng a conpdfenfThe methodnof tolgiignl3 gathextsigkssaid t he
prior art. 20 I n an enbodi ment where, for exanple, a gas
purifier i% isol at eanbrolded eavisenagns coarrises itrogen at a

3 pressure slightly elevated above atmospheric

4 pressure.

1 37. The method of claim 35 wherein

2 : providiﬁg a valved coupler at said gas inlet

3 comprises forming a housing assembly for said valved

4 coupler integrally with said container.

1 38. The method of claim 35 wherein

2 providing a valved coupler at said gas outlet

3 comprises forming a housing assembly for said valved

4 coupler integrally with said container.

1 39. The method of claim 38 wherein

2 providing a valved coupler at said gas inlet

3 comprises forming a housing assembly for said valved

4 coupler integrally with said container.
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manner, the present invention has particul ar | advant age, in that

purifier elements are often - consuned by roomair. The isolation

procedure 25 descri bed above woul d prevent even brief exposure of

30 the purifier element to roomair and thus

substantially reduce consunption of the el enent by roomair during

I nstallation. (The use of couplers I n accordance with the present

i nvention in ////”’///’//,,/»/'
Been Rep\_aced

This Sheet Has

i

TRA _ ITY GA MPONENT WITH

Valved couplers 20 and gas processing

componenE; particularly suitable fdr ultra-high
purity gas distribution for use in semiconductor
manufacturing. In the couplers, a valve
stem/bullnose 34 seals the aperture of the coupler
56 immediately adjacent the exterior of the coupler,
go that only a minimal amount of the wetted surface
of the coupler is exposed to the external
environment. A gas processing component (e.g., a
filter 120), or an entire integrated gas stick
assembly 12, may be sealed from the exterior
environment at both its inlet and outlet sides, by
these valved couplers. As a result, the entire
device can be purged after manufacture and left in a
controlled environment during shipment and
installation, reducing the need for purging after

installation.




5 conjunction with a gas purifier will be noted bel ow I n

connection with Fig. 9.) An additional advantage of the
val ved coupl er structure described herein is the inclusion

of dual valves within each coupler joint. 10 SpeciTicatty;—the—valve _
formed by a bull nose 34 and associ at ed housing aperture 56 may be
used as a shut of f val ve during sem conduct or pr BusShedt Has Bebyr laced
automatic or gfanu S ctuation of the and
bull nose 34. )1 I ally, shutoff val vesmuk“mwaﬂ[mb

on either side mass floi/ clo arjmand bot h . shu are
cl osed when das fljpw i s halted. In a typical gas stick, these

shut of f val ve | I
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coupled to a mass flow controller through sepérate 20 couplﬁ{sgm=e
t ubi ng. By providing a conbined coupler and mmerllir‘

val ve, the present invention substantially __ reduces the SI
integration of both functl

complexity of a gas stick. The

single integral 25 unit such a%shown in Fifg. 2, perm ts substantlal
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“reduction in the size of a gas stick, with the resul ti ng advant ages
I denti fied above. Anot her advantage arises fromthe

“provision for dual 5 Spécifically,
cam be seen in Fig. 3,

shutof f val ves at each coupling. as

one coupl er

be used as a

of a 'pair of valved coul
shut of f val ve \/\hll the ot her c m‘iﬁﬁgp&d
conpari Flg
22w§§ 4@9— cyﬁﬂﬂng vd%ved coupler 2

open position. For exa
function may b chi ev
and cl osed f@ﬁk < e N} an en p03|t|on
cycling one c8fpl et ' opp05|ng
coupl er ope d whi | e the ot her
coupler re
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15 Accordi ngly, when coupler 20b nears the end of its

life, the roles of the couplers my be reversed, and c Replaced
cycled thereafter to provi de shut off yal ving. As a cong m u
useful life of the shutoff valves in a pair of 20 val ved

“be as nmuch as twi ce the useful life of a_sin Ie‘abut f_val ve.
t hus ext endi ng t he usef e valved
coupl er structure of the inv et ween
refurbi shnments of the gas nhance
productivity. 39 N\
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32 Now turning to a detail ed di scussion of

5, an alternative enbodi nent of a val ved coupl er 20c and 20d
proyi des for manual actuation of t he ,\Lal ve stem 320/.I§2gh
enbodi nent, certain 5 parts of the pneunmtically actuat 'i eenReP‘aced
di scussed , above re wodi f1ed]to prpvi de=nanual jact uat ”u'
was the case in Fig. 3, nts of } coupl ¢ g c and
t he mai n housi ngs 55c ah )N ve Q.r. Nma e constructlon and
for clarity like 10 rpm bot h @%) be di scussed bel ow
=4
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simul taneously, with reference to correspondi ng ‘reference nu ra g
~.dn this manual | y-actuated enbodi nent, the mai n val ve chamb&r~30c/ 30d

and di aphragm 60c/ 60d are 15 identical to those used in a

pneumati cal | y- act uat ed val ved coupl er such as those dig 1

W th reference to Fig. 3. Furthernore, diaphragm 60c/ : i

wel ded/ cl anped to bull nose 34c/34d and stem 32c/ 32d end hou5|ng ;

55c¢/55d in a manner identical to 20 t hat di scussed above thﬁlréférenae i

to Fig. 3. The manual | y-actuated enbodi mentf differs i

fromthe pneumatically actuated enbodi ment of Fig. 3 in that a g
i

nodi fi ed val ve stem 32¢/32d is used in
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ULTRA HIGH PURITY GAS DISTRIBUTION COMPONENT WITH

INTEGRAL VALVED COUPLING AND METHODS FOR ITS USE

Cross Reference To Related Applications

This application is related to a copending
application entitled VALVED COUPLING FOR ULTRA HIGH
PURITY GAS DISTRIBUTION SYSTEMS, filed
simultaneously herewith and assigned to the same
assignee.

Field of the Invention

The present invention relates to gas
distribution systems for ultra-high purity gas, such
as systems used to provide process gasses for
semiconductor manufacturing.

Background of the Invention

High purity gas distribution systems, such
as are used in semiconductor manufacturing or other
thin film coating processes, typically include a

source of high purity gas coupled through a series
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conjunction with an alternative conpression head 25 174c| 444 -a

spacer 106c/106d, in place of the stem 3i§f3?bi
tonpressi on head 74al/ 74b, and drive housing 80a/ 80b shpwn in Flg
3. Specifically, the nodified - spacer 106c¢c/106d has a} cenBrialli3¥ 1837

aperture sized
5 112c/ 112d to f|t around the innerno end ,of handle

10

15

20

25

slightly larger tﬁhn the outer dianeteriof handle

gas processing eléemen s such as mass flow

controller, pressure sensor and/or regulator,
heater, filters or purifiers, and shutoff valves.
In semiconductor processing, a series-connected set
of such elements is referred to as a "gas stick".
In a typical semiconductor processing apparatus,
multiple gas sources are connected to the chamber
through multiple gas sticks, which are typically
mounted to a frame, forming a complete assembly
known as a "gas box". |

As the dimensions of semiconductor devices
decrease and their density increases, semiconductor
manufacturing processes have become increasingly
intolerant of particulate contamination. One
importént source of such contamination is the gasses
used during the process, and particularly
particulate carried by the wetted surfaces of the
gas stick which delivers gas from the source to the
chamber. Moisture or dust which accumulates within
a gas stick or processing component will be carried

with the source gas and deposit onto the

semiconductor devices being processed, creating

defects. Moisture also may corrode the wetted
surfaces, leading to flaking of particles from these

surfaces.




"

112c¢/112d. As in the prior enbodi ment, conpression Jead 174c/174d.......,

i.s threaded at its outer periphery for engagenent ttopam Amn §
t hreaded peri phery of housi ng 55c/55d, and drives dpacer..106c/.106d , |
into 10 engagenent w th di aphragm 60c/60d opposite housijgf,m s pere :
projection 70c/70d. Accordingly, spacer c/ 106d do ;r%§s&é:ahd
seal s di aphragm 106c¢c/106d to main housi ng 55c/ 55d dnd-d.-pi.m.zes. -

| eakage t her ebet ween. Conpr essi on head 174c/ 174d is forned
with 15 a central cylindrical recess 108c/108d for b S PP OF £ PG
t he manual actuation handle 112c/112d and acconpanyi ng beari ngs,

etc. An end of valve stem To reduddckddapppasibn Rifl tHiesesci4s/

extends into this

10
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recess 108c/108d. This end of valve stem 32c/32d
sticks and gas processing components for

semiconductor processing are manufactured in low-
dust, low-moisture environmeﬁts, and purged for
lengthy periods of time at elevated pressures after
manufacture. Furthermore, gas processiné compornents
are typically packaged and sealed in pressurized
nitrogen for shipment. As a result, the interior of
the component or stick is exposed only to the clean
room environment in which the-semiconductof
processing equipment is located, and only for the
brief period of time between removal of the
packaging and sealing of the stick or component into
the processing equipment.

Despite these careful handing procedures,
even brief exposure of a gas stick or component to
clean room air results in the accumulation of
potentially damaging levels of particulate and
moisture within the stick or component, requiring
extensive purging of the gas stick after assembly,
and prior to further use for_semiéonductor
manufacturing. Because thé semiconductor
manufacturing equipmeht cannot operate during
purging, the time needed for purging represents

substantial lost revenue.



20 i ncl udes external threads 110c/ 110d. Handl e . 112¢c/ 112d

inserted in recess 108c/108d includes a bore 113$/il@¢ﬁhtheg,
threads natable with threads 110c/ 110d of val ve t¢a1320r_ d

Handl e 112c/112d al so i ncludes an annul ar, 25 prOJectlom 117c/117d S|Zec
for insertion within —4ecess 108c/ 1089 tolax. al ly "
constrain handl e

E
3
H

The gas processing components in a gas
stick, and other components and connections in the
gas distribution system, will wear and need
replacement at various frequencies throughout the

5 life of the processing apparatus. Typically, a
componeﬁt is replaced by closing the valves most
nearly adjacent to the component,"uncoupling and
replacing the component, and reopening the adjacent
valves. To simplify this operation and ﬁinimize the

10 extent of the gas stick exposed to room air during
this procedure, each component. is typically
connected to its neighboring componenté or tubing
with removable couplers, and valves are placed
between components at several locations along the

15 stick. Nevertheless, the act of uncoupling a
-componént or portion of the stick and removing it
from the stick exposes that component and the
replacement component to room air, and also exposes
substantial wetted surface between the component and

20 . the nearest valves (including the inside of any
connecting tubing, and potentially other
components), to room air. Thus, the gas stick must
be extensively purged when the components are

reassembled.



112c¢c/112d but permt rotation. Annular bearings - 114cHtidd--are fitied
on opposi ng sides of projection 117c/ 117d to permt Y Gt 0¥ hereef:t

while 5

constrai ning axial novenent of handle 112c/112d. y~A- -
116c¢/116d fitted into recess 108c/ 108d constrains axjal govement,.f
beari ngs 114c/114d and handl e 118c/ 112d. i

118c/118d formed in conpression 10 ~—tead 174c/174d proVi des“a-pat-h.for.

esend

air flowto/from a rearward side of diaphragm 60c/@0d t hrough

spacer

¥ < Achanrel;

106c¢/ 106d, and thus prevents air conpressionbehind

di aphragm 60c/ 60d t hat woul d ot herw se inhibit openi ng or cl osing
of the valve (@umvasxy lof ¢dee Invention
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replacement of the entire gas stick.

The difficulties are alleviated in
accordance with prinéiples of the present invention,
through ﬁhe use of valved couplers particularly
suitable for an ultra-high purity gas distribution
system. These valved couplers may be integrally
incorporated into a gas processing component and/or
connected bétween such components, to permit
replacement of components or changes to connections
between components while exposing only a minute
wetted surface area of the gas distribution system
to room air. As a particular example, valved
couplers may be integrally incorporated into the

inlet and outlet of a gas stick, to permit

Specifically, a valved coupler in
accordance with princiﬁ;?s of the present invention
has a valve stem/bullnose structure for sealing an
aperture of the coupler. The bullnose seals the
aperture immediately adjacent the exterior of the
coupler; the valve stem and bullnose move on an axis
extending through the aperture, and when the
bullnose is in position for sealing this aperture,
the end of the bullnose is substantially coplanar

with the outside of the housing. As a result, when

]



15 with channels 75/76/77 of the pneumatically-actuated [/ -=

Fig. 3). When t he val ve has been manual |y actufre

to a fully open position, as shown in coupler 20d, dlaphragh1606
abuts an underside of handle 112d and 20 spacer 106d. Thi s: prévents?
further rotation of handl e 112dgand over-travel of dlqphragn160d

In use of the foregoing structure, - rotation of handlie 112¢/ 112
causes axi al transl ation of valve stem 32c/32d axi alily_toward or

25 away from housing 55c/55d to or froman open end

the bullnose is in this sealed position, only a
minimal amount of the wetted surface of the coupler
is exposed to the external environment.

In the first embodiment of the invention

5 discussed below, the bullnose seals at an interior
side of the aperture, and is withdrawn into the
coupler to permit gas flow. 1In an alternative
embodiment, the bullnose seals an exterior side of
the aperture, and is moved outwardly from the

10 coupler to permit gas flow.

The valve stem may be pneumatically driven
by a piston and cylinder arrangement connected to
the coupler housing, or may be manually actuated.
The pneumatically-actuated valve described below

15 includes a return spring, .which generates a force

-driviﬁé'the bullnose into seéling engagement with’
the aperture, so thatttng valve is normally sealed
.in the absence of pneumatic pressure. As an
alternative embodiment, the return spring drives the
20 bullnose out of sealing engagement, so that the
valve is normally open in the absence of pneumatic
pressure. In a second alternative embodiment, a

rack-and-pinion arrangement transfers vertically-

directed force from the pneumatic or manual

[ ]
wn

actuator, to a horizontally-oriented valve stem.
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act uabl e

enbodi ment shown in Fig. 5, housing 55byof valved
housi ng 55c¢ of val ved coupl er 20c
housi ng for supporting a filter 120, which filters g
val ve chanber 30b and main val ve chanber 30c.

mai n

10

10
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20
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5

cl osed position. Thus, the val ve of the-VaIveﬁWHﬁm
may be manual | y actuat ed usi ng handl e. Manual |
val ved coupl ers may be

A

used in applications where a
shutof f valve is not needed. For exanple, int

In another aspect, the invention features
a gas processing component (e.g., a filter), or
entire gas stick, which is sealed from the exterior
environment at both its inlet and outlet sides, by
valved couplers of the kind described above.
Because the couplers seal the internal wetted
surfaces of the component/gas stick from exposure to
the external environment; the entire device can be
purged at the manufacturing site and left flooded
with a controlled environment (e.g., pure Nitrogen
at a pressure slightly elevated above atmospheric)
during shipment, such that the component/gas stick
can be installed and used after only brief purging.

The gas stick described below includes

valved couplers integrally manufactured into the .

housiﬁé of the gas stigk, and further includes a
mass flow controller{hdual filters on the inlet and
outlet sides of the mass flow controller, a pressure
sensor, thermocouple, and heater. Additional
elements such as a pressure regulator or purifier
could also be integrally included in the gas stick
as necessitated by the application.

In a further aspect the invention features
methods of using these devices. 1In particular, whén

two valved couplers are joined together, they may be

neunat i cal'l
L1 cal

——are integrally forfed with a "~
_bet ween

y
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coypl riggb_andi'
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Since, in a typical application, only one pneumat i cal [ry=aet-vat-ed. ..

shutof f valve is used on each side of the mass fl ow c)ﬂﬂn&bﬁe?,ln a

gas stick, there is no need for two pneumatically actJa?edm~15

shut of f val ves on each side of filter 120. Accordi ngl j, ?uphers ZDa 5
and 20b are configured for pneungtic control whereas coégﬁers 20c "}
and 20d are configured for manuat—control. In such an -*~w~~mmmi
application, couplers 20c and 20d woul d be manually 20 |l aced in a

cl osed position only when the filter or an adj oi ni ng el ement—+s

det ached therefrom ot herw se, the manual ly actuated couplers 20c

and 20d youkd, LegRifokR 3919BENbPORhE! §8s processing

apparatus. Because two conjoined couplers include
two separate valves, and either valve can shut off
gas flow through the couplers, wear caused by
5 repetitive cycling of the valves can be distributed
between the valves, resultiné in increased lifetime
of the conjoined couplers as compared to a separate
shutoff valve. R
In a further aspect the invention features
10 the above-described method of pre-purging a
component and shipping the component in a puréed,
controlled environment between two sealed coup;ers.
The above and other objects and advéhtages
of the present invention shall be made apparent from

15 the accompanying drawings and the description

thereof.

s

Brief Description of the, Drawing

The accompanying drawings, which are
incorporated in'and constitute a part of this
20 specification, illustrate embodiments of the
invention and, together with a general description
of the invention given above, and the detailed
description of the embodiments given below, serve to

explain the principles of the invention.



As before, a filter element 120 and 25 adj oi ni ng integr

coupl ers could be supplied fromthe manpf aeturer. .ir :
control |l ed environnent (e.g., in pure Nitrogen at a préssqre__ i
slightly el evat ed above at nospheri¢) and pre-purged of; RIRREEE B P
impurities, permtting rapid installati f the 5 filterm+ﬂ{e~Lhe“ga§

stick and use after only a brief

Fig. 1 is a schematic perspective view of
a gas box formed of integrated gas stick/valved
coupler assemblies in accordance with principles of
the present invention;

5 Fig. 2 is a partial cross-sectional view
of .a gas stick of Fig. 1 taken along lines 2-2, but
showing pneumatic control lines welded to tube-stub
connections on the valved coupler, to illustfate an
alternative to the threaded couplers shown in Fig.

10 1; |
Fig. 3 is partial cross-sectional detail

view of two valved couplers in the gas stick of Fig.

2;
Fig. 4 is an enlarged cross-sectional view
15 of the joint between the two valved couplers of Fig.
3; "

Fig. 5 is a partial cross-sectional view
of a filter having integrated valved couplers in
accordance with a second embodiment of the

20 invention, and showing the.uncoupling of such
cbuplers;

Figs. 6 and 7 are partial cross-sectional
views of an alternative embodiment of a valved
coupler in accordance with principles of the present

25 invention;




pur gi ng. - It is contenplated that other 9gsT,

processing elenments may simlarly be isol ated bet ween:

couplers, or incorporated integrally 10 into the housi

val ved couplers, to obtai n the advantages noted above' For: exawphy
as not ed above, a purifier, or i n49% pe regul at or, n1ght be’
posi ti oned between or valved couplers, or the valveq coupl &rsmght—
be integrally incorporated 15 into the housings of thege el enments.

Vari ous enbodi ments and applications of this sort are

di scussed below in connection with Fig. 9. Anot her

application in which nmanual lpsg. 8 is éﬁﬂ&ﬁ&@ﬁby@aV@ge@Og§|gﬁ§ m ght be
used, is where a
alternative valved coupler of Figs. 6 and 7;
Fig. 9 is a schematic diagram of a
complete gas distribution system using valved

S couplers in accordance with principles of the

present invention.

Detailed Description of Specific Embodiments

Referring to Figs. 1 and 2, in accordance
with principles of the present invention, a gas box
10 10 comprises a number, such as 6, of individual and
separately controlled gas sticks 12. Each gas stick
12 receives a source gas for a'semiconductor prodess
on an input iine 14 and outputs gas to the
semiconductor processing chamber on an output line
15 16. Gas flow through each gas stick 12 is
controlled by a plurality of valved couplers 20.
These valved couplers respond to pneumatic actuation
through pneumatic control lines 22, or in some cases
may be manualiy actuated as shown at 220 and
20 discussed in further detail below in Fig. 5.
Each gas stick 12 may optionally include
additional elements, including a pressure sensor
(transducer) 24, which produces an electrical

pressure signal on a line 25, a thermocouple (46,



20 val ved coupler is used to control flow of a high-

gas. In such a case, it may be inpractical to use K ,§
actuat ed val ved coupl er. For exanpl e, referring to;Flg "2 e hwgh [
pressure gas is input to couplergiif viainlet lind 1A.§WMeﬂ; aﬁm P
coupler valve stem32a is in the open p ion, a | ' { i
37 | arge force would need to be applled (by sprlng TOBh )T ——— l

Fig. 2) for detecting temperature of the gas stick.
12, as well as heater blankets (bands) (51, 53, Fig.
2) for applying heat to the gas stick. Other
elements might include a gas purifier.

5 ' Gas sticks 12 are firmly mounted to a
support plate 28 which provides mechanical support
for each gas stick 12 in the gas box 10. In
accordance with principles of the present invention,
the dimensions of each gas stick 12 are reduced as

10 compared to typical gas sticks, such that support
plate 28 may be attached to or part of existing
semiconductor processing equipment in the clean room
where the gas sticks are in operation. This
substantially reduces the floor space used in the

15 clean room and thereby substantially reduce the cost
of its‘construction and operation.

A second advantage of the smaller gas
stick dimensions is the reduction in wetted surface
in the gas stick, which implies less opportunity for

20 accumulation of moisture and/or particulate in the
gas stick and less area subject to possible
corrosion or outgassing.

Furthermore, the reduced size of the gas

stick reduces the volume that must be purged, and



ALY e 0
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£yt o
to valve stem 32b to overcone the gas pressure and . roﬁglgﬁu
closed, i.e., in the position shown in Fig. 3. However{, a’l ;
force of this kind, is 5 likely to unacceptably deformfggskiet Bsb mwer | |
a few open-cl ose cycles, and thereby dramatically re¢duce _ they 5

|

nunmber of cycles that could be obtainedsfromthe val ve. T—
Accordingly, where a high pressure gas—+s 10 I n use, t Lnput - si de
coupl er 20b may be a manual | y- act uat ed coupl er such as those sHhown
in Fig. 5 which is opened after coupler 20b has been

connected to coupler 20a, and |left open throughout | at er processi ng.

Coupl er 20a (which is not subject 15 to the_pressures described in the
previ ous thus reduces the purging time and the amount of

purging gas consumed.
. . Finally, the integral construction of the
gas stick provides fewer connections and seals and
5 thus fewer potential leak paths for gasses from the
gas.stick to the surrounding environment, and also
reduces the amount of steel used in the gas
distribution system.
Referring now to Fig. 2, each gas stick-
10 | incorporates four valwved couplers 20a, 20b, 20c¢ and
20d which connect the gas stick 12 to a gas supply
and to gas distribution equipment in the processing
chamber. The four valved couplers 20a, 20b, 20c and
20d shown in Fig. 2 have similar construction, but

15 are positioned in different orientations, and in .

.some cases integrally attached to housings of
adjacent components. -

In particular, the valving structure in’
coupler 20a is a mirror image of the structures in

20 couplers 20b, 20c and 20d, although the main

housings in each case are slightly differently
shaped to accommodate different applications.

In the embodiment shown in Fig. 2, the
lower valved couplers 20b and 20c are integrally

25 mounted to the housing of a gas stick (including a



paragraph) coul d then be cycled to provide a shut- HEFe

As not ed above, an exanple of a gas stick using a nually acLuaI.;

coupler is shown in Fig. 1, coupler 220. 20 : p,,ln 20y !

hi gh-pressure applications, it is articularly inpdgrtpnt to R

I ncorporate a heater into t he coudBEL_such as heat dr b5i-showa—i-f--..
. Fig. 2. A pressure drop is likely to be experienced in the

coupler, which will cause a tenperature drop through 25 t-he—eff-ect

known as Joul e- Thonpson cooling. The

mass flow controller 38 and pressure transducer 24)
situated therebetween. Accordingly, the gas stick
may be removed from the gas distribution system by
disconnecting lower couplers 20b and 20c from mating

5 upper couplers 20a and 204, lifting upper couplers
20a and 20d from connection with lower couplers 20b
and 20c, and removing the entire gas stick with
lower couplers 20b and 20c attached thereto.

In an alternative embodiment (not shown),

10 upper couplers 20a and 20d are integrally mounted to
the gas stick (rather than lower couplers 20b and
20c), and these integral upper couplers 20a and 204
are mounted to separate lower couplers 20b and 20c¢
which connect to input and output lines 14 and 16.

15 In th%s alternative embodiment, after disconnectiocn,
.the gas stick and upper-couplers 20a and 204
attached thereto may be directly lifted off lower
couplers 20b and 20c without requiring movement of
lower couplers 20b and 20c.

20 Returning now to the embodiment shown in
Fig. 2, a process gas input line 14 connects to the
main valve chamber 30a of a first valved coupler
20a. (The connection to input line 14 and output
line 16 may be a threaded joint as shown in Fig. 2,

25 or lines 14 and 16 may be welded to a tube stub of



38

tenperature drop can be significant for particular

gasses used in sem conduct or processing. Accordingly;mitwhsnn-¢5§;T
inmportant to heat the coupler - housing to prevent tlhe condensat i-on”~of
gas or 5 formation of icicles in the coupler. .. Now
referring to Fig. 6, an alternative 14 enbodi ment of [t He hPRe&@it 195

I nvention includes a hori zontal | y di sposed val ve gt 130 which |
engages a mai n val ve housing 132 at a gasket 134. {Valve stem 10
130 noves horizontally through housing 132. A disc- . shaped

di aphragm 136 i s wel ded and cl anped bet ween

10

15

20

25

the kind used on pneumatic control ports 91a/91b in
Fig. 2.) This chamber 30a is cylindrical in
profile, and is shown in cross-section in Fig. 2. A

lower face of chamber 30a includes an aperture 56a

passing through the housing. An axially-positioned

valve stem 32a, terminating at one end in a bull
nose 34a, mo&es along a center axis passing through
aperture 56a such that bull nose may engage and seal
aperture S5éa.

Similarly, valved coupler 20b includes an
aperture 56b and a stem 32b which moves along a
center axis extending through aperture 56b and
terminates at an end in a bull nose 34b sized for
engagement and sealing of aperture 56b.

When valved couplers 20a and 20b are open,
stems Sza and 32b translate to the positions showﬁ
in Fig. 2. In these positions, cylindrical main
chamber 30a of coupler 20a is in fluid communication
with cylindrical main chamber 30b of coupler 20b,
via apertures 56a and 56b. Accordingly, inpﬁt line
14 is in fluid communication with inlet passage 35
formed in the housing of coupler 20b.

Passage 35 is in communication with a mass
flow controller 38 (the details of which are not

shown) through a top-hat shaped filter 40. Filter




val ve stem 130 and an actuator 138, in a nanner dicfﬁesedmaboug*

Di aphragm 136 is further clanped at its outer periphBE& edge;r »
bet ween nai n housing 15 132 and actuator housing 133, pr®v+d4ng“awwm ‘
fluid- tight seal. Actuat or 138 |ndl wdes,,

140 of teeth engageable with a pﬂﬁLon 142. Pinion 142 pyﬂ LFV !
actuated by an actuator with a second rack of teeth 20 A —whi-chi s |
in turn coupled to, for exanple, a pneumati cal |y aftuated piston
and cylinder assenbly 146. Assenbly 146 may i ncl udeasprthg—ei-LiLn
to return stem 130 to the closed position shown in Fig. 6,

so that the valve ey 25 QP 1388 aM@ftching top-hat shaped chamber
in housing 55b of coupler 20b. Filter 40 includes,
at its cuter periphery, a sealing nib which is
engaged between housing 55b of coupler 20b and the
5 " housing of mass flow controller 38, to form a seal
therebetween.

The outlet of mass flow controller 38 is
coupled, through a second filter 42, to an outlet
passageway 45 and a main cylindrical valve chamber

10 30c of a third valved coupler 20c. Filterl42 is
mounted within the housing 55¢ of valved coupler
20c, and housing SSc is sealed to the housing of
mass flow controller 38 by a sealing nib 44 on
filter 42. _

15 . Valved coupler 20c, like valved couplers

-20a and 20b, includes ah aperture 56c¢ and a valve
stem 32c¢ terminating at an interior end in a bull
nose 34c. Similarly, valved coupler 20d includes an
aperture 56d and a valve stem 32d terminating at its

20 interior end in a bull nose 34d. When valve stems
32¢c and 324 are in their 6pen positions, as shown in
Fig. 2, main valve chamber 30c ié in communication
with a main valve chamber 30d of valved coupler 204
through apertures 56c and 56d. Accordingly, in

25 these positions of valve stems 32c and 32d, outlet



25 pneumatic pressure is renoved. Alternatively, : :
39 assenbly 146 may return stem 130 to the open RﬂﬁﬁgggggﬁqgﬁE-
the absence of pneunatic pressure. As a second al t el nati 1

146 may include a manual | y-control | ed actuator. 5 _
seen by conparison of Fig. 6 and Fig. _16 7, when the pa vg'
an open position, rack 144 is ejected outward from a
response

passageway 45 is in fluid communication via valve
chambers 30c and 304 to output line 16 of the gas
stick 12.
The pressure sensor 24 (the details of
5 which are not shown) is in fluid communication with
outlet.passageway 45 via passageway 45a. Electrical
signals from pressure sensor 24 are carried on line
25. These signals can be used, for example, to
control the pneumatic lines controlling the
10 positions of valve stems 32 so as to close the
valved couplers and thereby shut off gas flow if the
gas pressure drops below a set point.
Thermocouple 46 is in thermal
communication with the wall of housing 55b adjacent
15 to filter 40, and thereby detects the temperature of
'gas flowing through filter 40 to produce an
electrical temperature signal on lines 48. Heater
jackets (bands) 51, 53 surrounding inlet passageway
35 and outlet passageway 45 obtain electrical power
20 - through lines 50 and 52, respectively, and may be
controlled in response to temperatures sensed by
thermocouplg 46 to regula;e the temperature of the
gas stick 12 to prevent gas condensation within the
gas stick 12. (Heatef cartridges could be used in

25 place of heater bands, if desired.)




to pneunmatic actuation, causing rotation of pinion ' 142 cl ockw se

about its axis and thereby causing 10 hori zont al novenent of val ve stem
I30 away from gasket 134. The main pew 132 ey, "]
be coupled to a gas processing conponent such as a ﬁﬁ,it i s
controller 38 or other conponent. Mass f1ldw 15 controlfl gr ncl udes’]
an outer housing 148 having a substantial ly pl anar SLrﬂd&esﬁﬁdﬁ%%rf
mating with mai n val ve housing 132. A bull nose 159 i

supported wi thin outer housing 148 for actuation by val ve stem 130.
Bul | nose 150 is spring biased |nto contact with oster—housing 148
]E)gra spi der (annul ar Gsépsr |sr€__ ':'i?2 hl%usl Iannoos‘}aerl@l Cféljié@ﬁ gasket 154
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shown by numeral 54 of approximately nine inches.
This dimension is subsﬁantially smaller than
comparable dimensions of a typical gas stick
assembly comprising discrete mass flow, pressure
sensor ahd control yalve housings and couplers
therebetween. |

As noted above, the compact size of the
gas stick 12, in accordance with principles of the
present inventibn, permiﬁs a substantial reduction
in the clean room ﬁiobr_épace.consﬁmed by the gas
box 10. Indeed, in some applications the gas box 10
may be mounted on the processing chamber, thus
freeing all floor space formerly required for the
gas box. Furthermore, the compact size of the gas
stick also advantageously reduces the number of
seals in the system, the volume needed to be purged,
and the wetted surface area, resulting in fewer
opportunities for corrosion or outgassing.

It will be further noted that the gas
stick 12 of Fié. 2 is an integral unit containing
all processing components needed for gas delivery,
including mass flow controller 38, and pressure
sensor 24. Furthermore, as will be explained in

greater detail in the following figures, the wvalved




sealing to outer housing 148 when in engagenent t hepewt-Ron —

Qut er housing 148 is held in engagenent 25 with main hod€Ehy Sngy@%L
nut 156 having an i nternal threaded urfacem$58nki;;:’
mat abl e wi t h ext ernal t hreads on qgln val ve hou3|n§

surface

couplers 20a, 20b, 20c and 204 function not only as
couplers for the gasistick, but also as
automatically-actuatable shutoff valves which can be
used to initiate and terminate gas flow as called
5 for by the semiconductor processing "recipe" used

with the processing chamber. The substantial
reduction in size and number of seals in the gas
stick 12, résulting from this integration of
functions into a single unit, is a particular

10 advantage of the present inVention.

Now referring to Fig. 3, it can be seen
how valved coupler 20a or valved coupler 20b may be
used as a flow control valve during operation of the
gas stick 12. Specifically, comparing Fig. 3 to

15 Fig. 2, valve stem 32b of valved coupler 20b has
been moved to a closed position seen iﬁ Fig. 3. 1In
this position, bull nose 34b engaées to aperture 56b
of coupler 20b to seal valve chamber 30b from valve
chamber 30a of coupler 20a. To facilitate such

20 sealing, each bull nose 34a and 34b includes oﬁ its
lower perimeter, a gasket 58a and 58b for sealing
against aperture 56a and 56b of housing 55a and 55b.

Additional details of a valved couplér 20
in accordance with one embodiment of the present

25 invention are illustrated in Fig. 3. These details



160 of outer

housi ng 148 mates to a simlar planar

mai n val ve housing 132. A packing 5 gl and (defornmabl e

i nserted between out er housing 148 and mai n housi ng

seal preventing fluid flow frominside of the val ve

As before, mass flow controller 38 may bé 10 I ntegra

wth a filter 162, as well as ot her conponents such sma“mmﬁgflomd
controller or a pressure sensor, and/or other conppnents.

In use, conparing Fig. 6 to Fig. 7, it will be seelrthat-horizant gl
actuation of valve stem 15 130 causes stem 130 to abut bul I nose 150,
and overcqie1ll Be SRECRILEAr 48 CheSRERExEODE YAUHY coupler
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20a and the corresponding elements in valved coupler
20b. However, the reader will appreciate'that
similar details appear in other valved couplers of
the same type shown in Figs. 2 and 5.

In the following, corresponding components
in each of couplers 20a and 20b will be described
simuiténeously, while identifying the reference
characters for both components.

Now turning to the details shown in Fig.
3, each coupier includes a diaphragm 60a/60b,
respectively, which is a disk-shaped sheet of
flexible metal material. Diaphragm 60a/60b seals
the main valve chamber 30a/30b. Valve stem 32a/32b
passes through a central aperture of diaphragm
60a/60b. In an axial region surrounding this
central aperture, diaphragm 60a/60b is Welded to
bull nose 34a/34b as shown at 62 on diaphragm 60a.

An interior end of valve stem 32a/32b
passes through diaphragm 60a/60b and terminates in a
threaded end as seen at 64 on stem 32a. Bull noée
34a/34b includes internal threads for accepting'an
internal end of the respective valve stem 32a/32b.
Above this threaded end 64 of valve stem 32a/32b,

valve stem 32a/32b includes a radial projection



bul I nose 150 out of engagenent with outer housing
position shown in Fig. 7, gas
structure 20

i nhi bited.

coupling of Figs.

flowis permtted throug
whereas in the position shown in Fig. 6, g?s'TFow
As can be seep in Fig. 8, thejv
6-7 may be disconnectedgbLong sur

. ™

|aces 160 and

separated. In such a situation, 25 val ve stem 130 and] bul | nose 150

seal the interior

10

15

20

25

41

66a/66b having an outer diameter matched to an outer
diameter of bull nose 34a/34b. Thus, by tightening
the threaded end 64 of valve stem 32a/32b into bull
nose 34a/34b, diaphragm 60a/60b is clamped between
the valve stem projection 66a/66b and the bull nose .
34a/34b.  The result of this combined clamp and weld
forms a positive seal between diaphragm 60a/60b and
bull nose 34a/34b to minimize leakage in the space
therebetween. |

Main valve housing 55a/55b includes an
internal annular projection 70a/70b sized for
engagement to an outer periphery of diaphragm
60a/60b. A disk-shaped spacer 68a/68b, is inserted

above diaphragm 60a/60b and engages an opposite

peripheral rim of diaphragm 60a/60b. Diaphragm

60a/60b is thereby clamped between projection
70a/70b and spacer 68a/68b to positively lock
diaphragm 60a/60b in place and minimize leakage
between diaphragm 60a/60b and main housing 55a/55b.
An outer periphery of diaphragm 60a/60b may also be

welded or brazed to main housing 55a/55b to further

reduce leakage therebetween.

Spacer 68a/68b includes, at its radially
inwardmost position, a circular aperture as seen at

78 in valved coupler 20b. This aperture 78 has a



wetted surfaces of the housings and adjacent structure
before, noisture and dust are prevented from contacti

interior wetted

surf aces: 5 Here, as in tie-firs

enmbodi nent descri bed wth referengf to Figs. 1-5, theja Vanhages: f.. 5

t he present invention are obtain
bull nose 150, which nove al ong a center axi s extendi pg

aperture in the valve 10 housi ngs 132 and 148, cone to rgst at a

position

nose 150 i s approxi mately coplanar with the

10

15

20

diameter slightly larger than that of projection
66a/66b on Qalve stem 32a/32b. Accordingly, as
illustrated in valved coupler 20a, when valve stem
32a/32b withdraws into main valve chamber 30a/30b
and extracts bull nose 34a from engagement with
housing 55a, valve stem projection 66a fits within
annular aperture 78 to permit full withdrawal of
bull nose 34a away from housing 55a.

Spacer 68a/68b has a conca?e inner surface
conforming to diaphragm 60a/60b when bull nose
34a/34b is in an open position, such as seen in
valved éoupler 20a of Fig. 3. Spacer 68a/68b
thereby provides support for diaphragm 60a/60b
against gas pressure and prevents unnecessary
flexing thereof.

Main housing 55a/55b includes threads
72a/72b along its cylindrical inner periphery for
receiving a cylindrical compression head 74a/74b
having mating threads on its exterior periphery.
Compression head 74a/74b engages spacer 68a/68b and
provides compressive force against spacer 68a/68b to
clamp the peripheral rim of diaphragm 60a/60b
between spacer 68a/68b and housing projection

70a/70b, as noted above.

5 SN .;:-.:::::.?? H
ause val ve stem “ I'8G and |

~the_|

where the outer surface of the stem 130 and bu ‘““"--»«___J



ad10|n|ng surfaces 160 of the two sides of the

m nimal wetted surface of the 15

di sconnect ed. Wil e the present

il lustrated by a description of various enbodi nents apdi _ T
enbodi ments have been described in _22consi der abl e det ai fl ) 3 JlnotiSs7 '
the intention of the 20 applicants to restrict or in any may~L¢nm1 the ;
scope of the appended clains to such detail. Addltloqal

advant ages and nodifications will readily appear to

the art. ' As one exanple, the gas stick Ilustrated 25

in Figs. 1 and 2 may be i nt &pasery 68a#AGsR Eumt 211HC1Udes air
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passages such as 75a/75b passing therethrough in an
axial direction. Air passage 75a/75b is in
communication with an annular channel 76a/76b formed
in compression head 74a/74b. A further channel
77a/775 formed in compression head 74a/74b leads
from channel 76a/76b to the clean-room atmosphere
surrounding vélved coupler 20a/20b. Air passage
75a/75b and channels 76a/76b and 77a/77b permit air
flow from a region behind diaphragm 60b to or from
the clean-room atmosphere outside of valved coupler
20a/20b so that air pressure from a rear side of
diaphragm 60a does not inhibit movement of valve
stem 32a/32b.

In pneumatically-actuated embodiments of a
lvalved coupler, such as are shown in Fig. 3,-main'
-housing 55a/55b attaches to a drive housing 80a/89b.
Drive housing 80a/80b is attached to main housing
SSa/SSb by a drive wire 82a/82b inserted into an
. annular channel formed between compression head
74a/74b and drive housing 80a/80b. This drive wire
82a/82b connection permits drive housing 80a/80b to
rotate relative to main housing 55a/55b about their
central axes as needed to permit connection of

pneumatic gas to drive housing 80a/80b.



42 pressure regul ator, for exanple in place of pre

sensor 24 or in addition thereto. Further, the val ved ¢@%plets i
have a second inlet aperture, for exanple for purging gas—..5_ 4]
As a second exanpl e, the disclosed valve%’I couplers c uldfpg mry o i
advant ageously used in connection Aith other conpone ti Hﬂéaﬁéasﬁﬁ i
di stribution system to permt high-purity coupling/ufpc g..of gas]| !

L—M'-t-n..._..____,_ i

Drive-housing 80a/80b surrounds valve stem
32a/32b and includes a pneumatic piston-and-cylinder
for driving stem 32a/32b to an open or closed .
position. Specificaliy, housing 80a/80b defines a
5 central cylinder 84a/84b. A piston 86a/86b mounted
to stem 32a/32b is slidably posiﬁicned within
cylinder 84a/84b. Piston 86a/86b is actuated
axially through housing 80a/80b by pneumatic
pressure from pressurized gas injected into cylinder
10 84a/84b via a pneumatic control line 22 (see Figs. 1
and 2) welded to tube-stub forming a pneumatic
control port 91a/91b. (Alternatively, as séen in
Fig. 1, pneumatic control lines may be threadedly
coupled to pneumatic control port 91a/91b, in which -
15 case the port might be smaller in diameter.) Valve
stem §2a/32b carries grooves for retaining annular
locking rings 92a/92b on opposite sides of piston
86a/86b, such that valve stem 32a/32b is
mechanically coﬁpled to movements of piston 86a/86b.
20 A passage 93a/93b carries pressurized gas
from control ports 91a/91b to a front side of piston
86a/86b, so that when pressure is applied, piston
86a/86b is driven from the position shown in drive
housing 80b to the position shown in drive housing

25 80a.



lines fromthese conponents. 10 Referring to

coupl ers 220 m ght be used at the connection of tub

source, e.g. a gas cylinder in a cylinder cabinet 170 .

gas pad 172. In these cases, a val ved coupler in acdord ce,MAth T I
principles of the 15 present inventid& might be forned |d£m&fafly WEhi |
or connected by tubing to a standard gas coupling. j S g g
Addi ti onal val ved couplers 220 m ght be provi ded oqéEL%gﬁr side of "a !
purifier 174 and 176 to facilitate replacenent of the T

Further 20 - . valved couplings 220 m ght be provided on either -

side of a nanifold box 178 Housirgn 8@4#/ 3Pkl srelwdgesinterior threads
at 94a/94b for receiving a cylindrical cap 96a/96b
which is similarly threaded at its exterior
cylindrical surface. A helical compression spring
5 98a/98b is captured between cap 96a/96b and piston
86a/86b. Spring 98a/98b provides an expansive force
against piston 86a/86b and stem 32a/32b driving
these elements toward main housing 55a/55b to cause
sealing engagement of bull nose 34a/34b with
10 aperture 56a/56b of housing 55a/55b. Thus, when
pneumatic pressure is removed, spring 98a/98b
automatically causes closure of valved coupler
20a/20b.
In accordance with the above description,
15 it will be appreciated that the valve structure
.shown ;n Fig. 3 is a "normally clqsed“ valve, i.e:,
it will close and remain closed when pneumatic
pressure is removed. In an alternative embodiment
for a specific application, a "normally open" valve
20 could alsc be fabricated by forming channel 93a/93b
to communicate between control ports 91a/91b and the
space between a rear side of piston 86a/86b and cap
96a/96b. Also the orientation of piston 86a/86b and
position of spring 98a/98b would be reversed such

25 that spring 98a/98b is captured between a front side



gas fromone of the sources 170 and 172 to nultiple

Al'so, couplers 20 m ght be used at t he connecti ons éad%ﬁ@

gas box to process 25 equi pnent 182 and 184. i

43 In a typical appllcatlon coupl ers 20! oY a0 i
connected to the gas sources 170 and 122P_pur|f|er- 1745and 176 an §

mani fol d boxes 178 and 180 woul d be manual | y- actuated cou“Ter§“*as~
t hese connections are i
|

of piston 86a/86b and housing 80a/80b. Finally, an

air passage from the housing to the external
environment would be provided to permit air captured
between a front side of piston 86a/86b and housing

5 80a/80b to vent to the exterior environment.

Main housing 55b of valved coupler 20b is
permanently mounted to the housing of mass flow |
controller 38 to form a gas stick 12, as is seen in
its entirety in Fig. 2. Accordingly, housing 55b of

10 éoupler 20b includes passage 35 which connects to
the inlet of the mass flow controller. Furthermore,
main housing 55b includes a heater jacket 51
attached to power lines 50. Referring back to Fig.
2, it will be seen that coupler 20c is also

15 integrally formed with an output side of gas stick
.12, aaa contains structures which are similaf, but
mirror-image, to those found in coupler 20b.

Referring now to Fig. 4, the details of
the passageway adjoining mating valved couplers can

20 be examined. This passageway is formed by the
apertures 56a and 56b into housings 55a and 55b of
coﬁplers 20a and 20b. Hous}ngs 55a and 55b include,
at the outer peripheries of apertures 56a, 56b,
respective annular clamping jaws 99a and 99b. These

25 jaws mate to form a circular clamping structure 102



5 not typically opened and cl osed regularly during
However, couplers 20 attached to the gas boxes 10 ang £
t he process equi pnent 182 and 184 woul d be pneumati cpl'F

si nce t hese connections are regularly opened and cl osefl” “IG”““”~
during processing. Thus&£2the invention in ﬁt§ proader sy
aspects is not limted to the specific details, i S
representative apparatus and net hod, and i 1lustratiye exanpre-showa-
and described. 15 Accordi ngly, departures may be nade ﬁrgnrsuch
details without departing fromthe spirit or scope of appllcaﬁr“s~«wuj
general inventivesgpRs@Rding apertures S56a and 56b. A packing gland

processing.

A ki e .-.\..g

100 (deformable washer), is inserted into the
circular clamp 102 formed by jaws 99a and 9§b.
Packing gland 100 forms a fluid tight seal

5 preventing seepage of fluid from apertures 5éa and
56b and the passageway therebetween, into the joint
104 between housings 55a and 55b. Packing gland 100
is permanently deformed between jaws 99a and 99b
when housings 55a and 55b are conjoined, and must be

10 | replaced after each separation of housings 55a and
55b.

As is best seen in. Fig. 4, when the bull
noses 34a and 34b are both in their ciosed positions
shown in Fig. 4, both of apertures 56a and 56b are

15 sealed. Furthermore, the_bull noses 34a and 34b are
substantially coplanar with the exterior surfaces of
the valve housing along joint 104. As a result,
only a minuscule volume is contained in the region
between bull noses 34a and 34b.

20 _ In use, the wvalved coupler structure shown
in the Figs. 1-4 provides a substantially improved
coupling and shutoff valve for ultra high purity gas
processing applications suchlas semiconductor
manufacturing. As.can.be best seen, for example, in

25 Fig. 2, the valved couplers form matable pairs.



What is claimed is: ' 44 Cl ai s

1. Agas stick for ultra high purity gas distribution to ?

surface

epom g

nodi fyi ng apparatus using a gas as a precursor, such as ahsgﬂxép“'ggtvr

manuf act uri ng apparatus, conprising a housing a&éﬁﬁ@m

outer
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When both valves of a matable pair of couplers are
in the off position, as seen in Fig. 4,
substantially no wetted surface of the inside of the

valve will be exposed to external air when the

coupler is separated (see Fig. 5, discussed below}.

Thus, the couplers may be separated without leakage
of atmosphere into the cbupler valve chambers 30a
and 30b through apertures 56a and 56b, and thus
without accumulation of moisture or dust within the
couplers or the attached gas processing elements.
Furthermore, it will be noted that, when
ﬁhe valved couplers are disconnected in the closed
position, the only internal wetted surface of the

valve which is exposed to atmosphere is a small area

‘at the extreme end of the bull nose. Accordingly,

only this small area may accumulate dust or moisture
when the valved couplers are disconnected and
reconnected. Thus, contamination of internal wetted
surface of tubing or gas processing elements
connected by the couplers will be substantially
reduced and the purging requi:ed upon replacement of
an element substantially reduced.

Accordingly, in accordance with principles
of the present invention, valved couplers are

positioned on opposing sides of a gas processing



surface, an inner surface defining an inner gas- carrying

first and second aperture- defining surfaces extending fro
surface to said outer surface and defining first and secon
permtting gas flow into and out of said__housing assenbly,

757

mass flow controller positioned within _28id chanber for nepsuring_flow of

gas between said first and second apertures, ‘a val ving el enent

ansl.at.i.on

slidably nounted within said housing assenbly for linear t

between a first position and a second position, along an axis extending

through said first aperture,

element to facilitate replacement of that element

without substantial contamination. Thus,

gas stick 12, as seen in Fig. 2, may be surrounded
by valved couplers 20 so that the entire gas stick

5 12 may be replaced without substantial contamination

of the attached tubihg. In an alternative

application, shown in Fig. 5, an individual
component of the gas distribution system or gas
stick, such as a filter 120 or as an alternative

10 example a gas purifier, is coupled to the remainder
of the system or stick by a pair of valved couplers
20b and 20c so that this element may be removed and
replaced without substantial contémination of either
the filter or the remainder of the gas stick.

15 - For each of'these applications, it is
.contemplated that separate components (Fig. 5), or
an entire gas stick (Fig. 2), will be supplied from
a manufacturer with the valved couplers surrounding
the component factory-sealed, with the component

20 . preserved therebetween in a controlled environment,
such as in pure Nitrogen at a pressure slightly
above atmospheric. Furthermore, it is contemplated

that the component will be factory-purged of any

impurities prior to factory-sealing of the

25 associated valved couplers.

an entire

wherein at said first position said




val ving el enent sealingly engages said first aperture-surro surface
of said housing assenbly, and an end of said valving el enen ﬂp$ ACESFENT —
substantially coplanar with said outer surface of ’;6 Q’EFT l
housi ng assenbly in a region bordering s%(j first aperture-d Eplng T
sur f ace, ? 0V 1997 |
i

g,

Specifically, it is contemplated that a
gas stick or component wili be heated in a vacuum
oven to bake out impurities, and then back filled
with pure Nitrogen for several cycles to remove all

5 air and moisture. Subsequently, the clean assembly
will be charged with Nitrogen and placed in sealed
Nitrogen filled bags for shipment. As a result,
when the gas stick or component is added to the gas
distribution system, it need only be briefly purged

10 to eliminate any impurities acquired by the small
wetted surfaces of the end of bullnose 34 during its
brief exposure to clean room air, and then
immediately thereafter used in processing. Because
the individual component or entire gas stick is

15 supplied pre-purged, and internal wetted surfaces
thereof are not exposed to contamination from ai?,
delays for purging are substantially reduced as
compared to those needed when replacing a component
in a typical gas sticks in the prior art. |

20 ' In an embodiment where, for example, a gas
purifier is isolated between valved couplers in this
manner, the present invention has particular
advantage, in that purifier elements are often
consumed by room air. The isolation procedure

25 described above would prevent even brief exposure of



whereby said valving el enent seals said first aperture such
m ni mal extent of said inner surface of said housing asse
to an external environnent. - A
2. The gas stick of claim1 further conpcising ajsecdh@ Va@nvimmg
el enment slidably nounted — |

the purifier eiement to room air and thus
substantially reduce consumption of the element by
room air during installation. (The use of couplers
in accordance with the present invention in

5 conjunction with a gas purifier will be noted below
in connection with Fig. 9.)

An additional advantage of the valved
coupler structure described herein is the inclusion
of dual valves within each coupler joint.

10 Specifically, the valve formed by a bull nose 34 and
associated housing aperture 56 may be used as a
shutoff valve during semiconductor processing, by
automatic or manual (see below) actuation of-the'
valve stem 32 and bull nose 34.

15 Typically, shutoff valves are positioned
on either side of a mass flow controller and both
shutoff valves are closed when gashflow is halted.
In a typical gas stick, these shutoff valves are
coupled to a mass flow controller through separate

20 couplers and tubing.

By providing a combined coupler and
shutoff valve, the present invention substantially.
reduces the size and complexity of a gas stick. The
integration of both functions into a singlé integral

25 unit such as shown in Fié. 2, permits substantial



wi thin said housing assenbly for |inear translation between a flrst
position and a second position, along an axis extending tpT Gl 1'"
second aperture, wherein at said first position éﬁi& ‘S .
val ving el enent sealingly engages said s Eg ond aperture-suyrpundi ng surTace
of said housing assenbly, and an end of d second val vi ng| efendnt’ t%
substantially coplanar with said outer surface of said housjng assenbly |n
a region bordering said second aperture-defining surface,
wher eby said second val ving el enent seals said second apefture such_that
only a mnimal extent of said inner surface of said housing assenbly is

reduction in the size of a gas stick, with the

resulting advantages identified above.
Another advantage arises from the

provision for dual shutoff valves at each coupling.
5 Specifically, as can be seen in Fig. 3, one couplér

of a pair of valved couplers may be used as a

shutoff valve while the other coupler is held in an

open position. For example, comparing Fig. 2 to

Fig. 3, a shutoff function may be achieved by

10 cycling valved coupler 20b between open and closed
positions while holding 20a in an open position. By
cycling one coupler in this manner while holding the
opposing coupler open, only one coupler accumulates
wear while the other coupler remains unused.

15 Accor@iﬁgly, when coupler 20b nears the end of its
useful life, the roles of the couplers may be
reversed, and coupler 20a cycled thereafter to
provide shutoff valving. As a consequence, the
useful life of the shutoff valves in a pair of

20 valved couplefs,-can be as much as twice the useful
life of a single shutoff valve. By thus extending
the useful life of the shutoff valves, the valved
coupler structure of the invention may extend the
time between refurbishments of the gas stick due to

25 valve wear, and enhance productivity.



exposed to an external environnent.

stick of claim2 packaged for shipnent, wherein S
contains a controlled environnent, said first
val ving el ements are
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Now turning to a detailed discussion of
Fig. 5, an alternative embodiment of a valved
coupler 20c and 20d provides for manual actuation of
the valve stem 32c/32d. In this embodiment, certain
parts of the pneumatically actuated valve discussed
above are modified to provide manual actuation. As
was the case in Fig. 3, elements of couplers 20c and
20d (other than the main housings 55c¢ and 55d) have
mirror-image construction, and for clarity ‘like
elements from both couplers will be discussed below
simultaneously, with reference to corresponding
reference numerals. _

In this manually-actuated embodiment, the

main valve chamber 30c/30d and diaphragm 60c/60d4 are

identical to those used in a pneumatically-actuated

valved coupler such as those discussed above with
reference to Fig. 3. Furthermore, diaphragm 60c/60d
is welded/clamped to bullnose 34c¢/34d and stem
32¢/32d and housing 55¢/554 in a manner identical to
that discussed'above with reference to Fig. 3.

The manually-actuated embodiment differs
from the pneumatically actuated embodiment of Fig.
3, in that a modified valve stem 32¢/32d is used in
conjunction with an altérnative compression head -

174c/1744 and spacer 106c/106d, in place of the stem

L

s sere vt



at their respective first positions sealing said first and second

apertures and preventing entry of external environnent iinkgpsett-ciarbery
and further conprising shi pment packagi ng surjroundi.ng.sa

outer surface of said housing assenbly. 4. The! packaged,8as
stick of claim3 wherein said controlled3environnent conpr s@é'%ﬁﬁfﬁ%’en
at a pressure slightly el evated above atnospheric pressur el 5.
The gas stick of claiml1l further conprising a first filtier positioned
within said s ~

32a/32b, compression head 74a/74b, and drive housing
80a/80b shown in Fig. 3. Specifically, the modified
spacer 106c/106d has a central aperture sized
slightly larger than the outer diameter of handle

5 112c/112d to fit around the innermost end of handle
112c¢c/112d. As in the prior embodiment, compression
head 174c/174d is threaded at its outer periphery
for engagement to an inner threaded periphery of
housing 55¢/55d, and drives spacer 106c/106d into

10 engagement with diaphragm 60c/60d opposite ﬁousing
projection 70c/70d. Accordingly, spacer 106c/106d
compresses and seals diaphrégm 106c/106d to main
housing 55c¢/55d and minimizes leakage therebetween.

Compression head 174c/1744 is formed with

15 a central cylindrical recess 108c/1084 for
supporting the manual actuation handle 112c¢/112d and
accompanying bearings, etc. 2An end of valve stem
32c¢/32d opposite bull nose 34c/34d extends into this
recess 108c/108d. This end of valve stem 32c/32d

20 includes external threads 110c¢/1104. Handle
112c¢/112d inserted in recess 108c/108d includes a
bore 113c¢/113d having threads matable with threads
110c/110d of valve stem 32c/32d.

Handle 112c/112d also includes an annular

25 projection 117c/117d sized for insertion within



chanber for filtering gas passing between said first and s

48 6. The gas stick of claim5 wherein said g
positioned to filter gas passing between said first apertufe an
flow controller, and further %anprising a second;fi

recess 108c/108d to axially constrain handle
112c/112d but permiﬁ rotation. Annular bearings
114c/114d4 are fitted on opposing sides of projection
117¢/117d4 to permit rotation thereof while
5 constraining axial movement of handle 112c¢c/112d. A
cap 116c/116d fitted into recess 108c/108d
constrains axial movement of bearings 114c/1144d and
handle 112c/112d. |
A channel 118c/118d formed in compression
10 head 174c¢/1744 provides a path for air flow to/from
a rearward side of diaphragm 60c/60d through spacer
106c/106d, and thus prevents air compression behind
diéphragm 60c/60d4 that would otherwise inhibit
opening or closing of the valve (as was the case
15 with ghannels 75/76/77 of the pneumatically-actuated
~valve of Fig. 3).
When the valve has been manually actuated
to a fully open position, as shown in coupler 204,
diaphragm 60d abuts an underside of handle 112d and
20 - spacer 106d. This prevents further rotation of
handle 112d and over-travel of diaphragm 60&.
In use of the foregoing structure,
rotation of handle 112c/112d causes axial
_transiation of valve stem 32c/32d axially toward or

25 away from housing 55¢/55d to or from an open end



positioned to filter gas passing between said mass fl.ow controller and

sai d second aperture. 7. The gas stick of claim®6 further
conprising a pressure sensor in fluid conmunication w thsard-—cheamber—i-or
detecting a pressure level therein. 8. The da®EBLASK/EET GiaEm

7 wherein said pressure sensor is a pmgssure transducer [gefreratitmg-—af--

el ectri cal
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signal related to pressure wthin said chanmbdr.| gq ©#a ey 9
The gas stick of claim®6 further B tod

closed position. Thus, the valve of the 35i§éa“”
coupler may be manually actuated using handle.

- Manually actuable valved couplers may be
used in applications where a pneumatically actuable
shutoff valve is not needed. For example, in the
embodiment shown in Fig. 5,.housing 55b of wvalved
coupler 20b and housing 55c¢ of wvalved coupler 20c
are integrally formed wiéh a housing for supporting
a filter 120, which filters gas flow between main
valve chamber 30b and main valve chamber 30c.

Since, in a typical application, only omne
pneumatically-actuated shutoff valve is used on each
side of the mass flow controller in a gas stick,
there is no need for two pﬁeumatically actuated
shutoff valves on each side of filter 120.

Accordingly, couplers 20a and 20b are configured for

-

pneumatic control whereas couplers 20c and 20d are
configured for manual control. 1In such an
application, couplers 20c and 20d would be manually-
placed in a closed position only when the filter or
an adjoining element is detached therefrom;
otherwise, the manually actuated couplers 20c and
20d would remain in an open position.

As befére, a filter element 120 and

adjoining integral valved couplers could be supplied




conprising a tenperature sensor in thermal conmunication wth.chanber

detecting tenperature of gas flow ng through said chanber.

49

sensar is a thernocoupl e producing an

gas tenperature
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from the manufacturer in a controlled environment
(e.g., in pure Nitrogen at a pressure slightly
elevated above atmospheric) and pre-purged of
impurities, permitting rapid installation of the
filter into the gas stick and use after only a brief
purging.

It is contemplated that other gas
processing elements may similarly be isolated
between valved couplers, or incorporated integrally
into the housings of adjoining valved couplers, to
obtain the advantages noted above. For example, as
noted above, a purifier, or in-line regulator, might
be positioned between or valved couplers, or the
valved couplers might be integrally incorporated
into the housings of these elements. Various
embodiments and applications of this sort.are
discussed below in connection with Fig. 9.

Another application in which manually-
actuated valved couplers might be used, is where a
valved couplef is used to control flow of a high-
pressure gas. In such a cése, it may be impractical
to use a pneumatically actuated valved coupler. For
example, referring to Fig. 2, if a high pressure gas
is input to coupler 20a via inlet line 14, when

coupler valve stem 32a is in the open position, a




-11. The gas stick of claim6 further conprising a pressure
regul ating pressure of gas flow ng between said first and

apertures. 12. The gas stick of claim7 furthef 530npr[sfﬁg“§“§
gas purifier purifying gas flowing between said first and pe¢oBdd HEY 1837 |
apertures. 13. The gas sticR7of claim1 furthef [conmprising i

a spring applying a force between said housing assenbly and said val vi ng
el ement to :

large force would need to be applied (by spring 98b)
to valve stem 32b to overcome the gas pressure and
.hdld coupler 20b closed, i.e., in the position shown
in Fig. 3. However, a large force of this kind, is
5 likely to unacceptably deform gasket 58b over a few
open-close cycles, and thereby dramatically reduce
the number of cycles that could be obtained from the
valve. |
Accordingly, where a high pressure gas is
10 in use, tﬁe input-side coupler 20b may be a
manually-actuated coupler such as those shown in
Fig. 5, which is opened after coupler 20b has been
connected to coupler 20a, and left open throughout
later processing. Coupler 20a (which is not subject
15 . to the‘pressures described in the previous
.paragraph) could then be cycled to provide a shut-
off capability. As noted above, an example of a gas
stick using a manually-actuated coupler is shown in
Fig. 1, coupler 220.
20 In high-pressure applications, it is
particularly important to incorporate a heater into
the cbupler such as heater 51 shown in Fig. 2. A
pressure drop is likely to be experienced in the
coupler, which will cause a temperature drop through

25 the effect known as Joule-Thompson cooling. The



transl ate said valving el enent toward one of said first oj—seecond

positions.

stick of claim1 further conprising a drive housi pg rassenbty—
defining a pneumatic actuating cylinder, and a third aperfurien 4ng
comuni cation with said actuating cylindéﬁ_for admtting toﬁp#éssé
Into said actuating e
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temperature drop can be significant for particular
gasses used in semiconductor processing.
Accordingly, it is important to heat .the coupler
housing to prevent the condensation of gas or
formation of icicles in the éoupler.

Now referring to Fig. 6, an alternative
embodiment of the present invention includes a

horizontally disposed valve stem 130 which engages a

'main valve housing 132 at a gasket 134. Valve stem

130 moves horizontally through housing 132. A disc-
shaped diaphragm 136 is welded and clamped between
valve stem 130 and an actuator 138, in-a manner
discussed above. Diaphragm 136 is further clamped

at its outer peripheral edge between main housing

132 and actuator housing 133, providing a fluid-

tight seal.

" Actuator 138 includes a rack 140 of teeth
engageable with a pinion 142. Pinion 142 is
actuated by an actuator with a second rack of teeth
144, which is in turn coupled to, for example, a
pneumatically actuated piston and cylinder assembly
146. Assembly 146 may include a spring return to
return stem 130 to the closed.position shown in Fig.
6, so that the valQe returns to a seal when

pneumatic pressure is removed. Alternatively,




cylinder, wherein sai d val ving el ement further conprises a

pi ston slidably mounted within said actuating cylinder, REPLACE:MRET eby-T
said.valving el ement nay be actuated between said first pg¢sifion and said’
second position by injection of conpressed gas into said driveﬂhgg;Lpgq ;
assenbly actuating cylinder through saigPthird aperture. go ol _

assembly 146 nay ralurn stem 130 to the o§§§
position in the absence of pneumatic pressure. As
a second alternative, assembly 146 may include a
manually-controlled actuator.

5 As seen by coﬁparison of Fig. 6 and Fig.
7, when the valve is moved to an open position, rack
144 is ejected outward from assembly 146 in response
to pneumatic actuation, causing rotation of pinion
142 clockwise.about its axis and thereby causing

10 horizontal movement of valve stem 130 away from
gasket 134.

The main housing 132 may be coupled to a
gas processing combonent such as a mass flow
controller 38 or other component. Mass flow

15 controller 38 includes an outer housing 148 having a
substdntially planar surface 160 for mating with -
main valve housing 132. A bull nose 150 is
supported within outer housing 148 for actuation by
valve stem 130. Bull nose 150 is spring biased into

20 contact with outer housing 148 by a spider (annular
spring) 152. Bull nose 150 carries a gasket 154 for
séaling to outer housing 148 when in engagement
therewith.

Outer housing 148 is held in engagement

25 with main housing 132 by a nut 156 having an



15. The gas stick of claim 14 further conprising

a force between said drive housing assenbly and said valving elenent to

transl ate said valving elenment toward said first or
absence of pneumatic force applied to said valving elenem ﬁ%} AT
said valving el enent may be actuated beffeen said first J@% O B
second position

said third aperture.
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second position in the

a spring applying'

g

L e

ar ek

agai nst force applied by said spring by {njfection 6f """ |
conpressed gas into said drive housing assenbly actuating (yEth%"“Pﬁfbugh
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internal threaded surface 158 matable with external o

threads on main valve housing 132. Planar surface
160 of outer housing 148 mates to a similar planar
surface 160 of main valve housing 132. A packing
gland.(deformable metal gasket) 162 inserted between
outer housing 148 and main housing 132 provides a
seal preventing fluid flow from ihside of the valve
housing.

As before, mass flow controller 38 may be
integrally constructed with a filter 162, as well as
other components such as a mass flow controller or a
pressure sensor, and/or other components. |

In use, comparing Fig. 6 to Fig. 7, it

will be seen that horizontal actuation of valwve stem

130 causes stem 130 to abut bullnose 150, and

overcome the spring force of spider 152 to push
bullnose 150 out of engagement with outer housing
148. Thus, in the position shown in Fig. 7, gas
flow is permitted through the valve structure
whereas in the poéition shown in Fig. 6, gas flow is
inhibited.

As can be seen in Fig. 8, the valved
coupling of Figs. 6-7 may be disconnected along
surfaces 160 and separated. In such a situation,

valve stem 130 and bull nose 150 seal the interior

]
g



16. The gas stick of claim1l further conprising. —.a.handle

engaged to said valving elenment for manual translation off gapdiiva JiEs
sai d axis. 17. The das.siick.of.clar

el emrent al ong
16, wherein
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wetted surfaces of the housings and adjacent
structures so that, as before, moistufe and dust are
prevented from contacting those interior wetted
surfaces.

Here, as in the first embodiment described
with reference to Figs. 1-5, the advantages of the
present invention are obtained bécause valve stem
130 and bull nose.150, dhich move along a center
axis extending through the aperture in the valve
housings 132 and 148, come to rest at a position
where the outer surface of the stem 130 and bull
nose 150 is approximately coplanar with the
adjoining surfaces 160 of the two sides of the
coupler, so that a minimal wetted surface of the
valve is exposed when the coupler is disconnected.

While the present invention has been |
illustrated by a description of various embodiments
and while these embodiments have been described in
considerable detail, it is not the intention of the
applicants to restrict or in any way limit the scope
of the appended claims to such detail. Additional
advantages and modifications will readily appear to
those skilled in the art.

As one example, the gas stick illustrated

in Figs. 1 and 2 may be integrally combined with a



said handl e defines a bore having internal threads and ¢ -t f
rotation within said housing assembly around said axis eRFEhATHIEEhSoEGH
said first aperture, and sai d valving el ement defines—extermat’
threads matable with said internal threadgs of said handle; n«~ o
whereby rotation of said handle transl at4%_ said val vi ngi el enent ai ¢
axi s. 18. The gas stick of claiml wherein ' i
val ving el enent engages said aperture-surrounding surface adjacent said

i nner ) T ermremsieennnt

pressure regulator, for example in place of pressure
sensor 24 or in addition theretd. Further, the
valved coﬁplers may have a second inlet aperture,
for example for purging gas.

5 As a second example, the disclosed valved
couplers could be advantagéously used in connection
with other components in a gas distribution system
to pérmit high-purity coupling/uncoupling of gas
lines from these components.

10 _ Referring to Fig. 9, valved couplers 220
might be used at the.connection of tubing to a gas
source, e.g. a gas cylinder in a cylinder cabinet
170 or a tank on a gas pad 172. In these cases, a
valved coupler in accordance with principles of the

15 present invention might be formed integrally with or

.connected by tubing to a standard gas coupling. |
Additional valved couplers 220 might be

provided on either side of a purifier 174 and 176 to

facilitate replacement of the purifier. Further

20 valved couplings 220 might be provided on either
side of a manifold box 178 and 180 which distributes
gas from one of the sources 170 and 172 to multiple
gas boxes 10. Also, couplers 20 might be used at
the connections leading from a gas box to process

25 equipment 182 and 184.



surface of said housing assenbly, and transl ati Sa
element fromsaid first position to said second position cﬁﬁﬁi
Wi t hdrawi ng said valving elenent into said housing asse
said outer surface of said housing assenply. ; § 02 KOV 1097
53 19. The gas stick of cl wher ei n | Sai d ‘valvin
el enent engages said i -

In a typical application, couplers 220
connected to the gas sources 170 and 172, purifier
174 and 176 and manifold boxes 178 and 180 would be
manually-actuated couplers, as these connections are

5 not typically opened and closed regularly during
| processing. However, couplers 20 attached to the
gas boxes 10 and connected to the process equipment
182 and 184 would be pneumatically actuated since
these connections are regularly opened and closed
10 during processing.

Thus, the invention 'in its broader aspects
is not limited to the specific details,
representative apparatus and method, and
illustrative example shown and described.

15 Accordingly, departures may be made from such
detaiis without departing from the spirit or scopé
of applicant’s general ‘inventive concept.

What is claimed is:




aperture-surroundi ng surface adjacent said outer surface QLWQQLQ“DQQ§LQQW

assenbly, ;
position to said second position conprises extending saidjvalving.e énﬁ

out of said housing assenbly such that said end of said valrlng‘ngngp
extends beyond said outer surface of sai4housing assenbly.| 073

54

and translating said valving el ement ffaogm:sar

B2p1 Lai

Claims

1. A gas stick for ultra high purity gas
distribution to a surface modifying apparatus using
a gas as a precursor, such as a semiconductor
manufacturing apparatus, comprising

a housing assembly having an outer
surface, an inner surface defining an inner gas-
carrying chamber, and first and second aperture-
defining surfaces extending from said inner.surface
to said outer surface and defining first and second
apertures permitting gas flow ‘into and out of said
housing assembly,

a mass flow controller positioned within
said chamber for measuring flow of gas between said
first and-second apertures,

a valving element slidably mounted within
said housing assembly for linear translation between
a first position and a second position, along an
axis extending through said first aperture,

wherein at said first position said
valving element sealingly engages said first
aperture-surrounding surface of said housing
assembly, and an end of said valving element is

substantially coplanar with said outer surface of

) hY
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20. A conponent having integral valved couplings for connection t.o.an
ul'tra high purity gas distribution system conprising 3 archousl Byl
assenbly havi ng an outer surface, an inner surface deflnind an NEL.
carrying chanber, and first and second aperture- defining urfqggs__ 077
ext endi ng fromsaid i nner surface to saf outer surface an def+n|nﬁ ISt
and second apertures pernmtting gas flowinto and out of Séldwmhgughﬁg"“”“”
assenbly, a gas processing element within said chanber for

processi ng gas fl ow ng between said [

said housing assembly in a region bordering said
first aperture-defining surface,

- whereby said valving element seals said
first aperture such that only a minimal extent of
said inner surface of said housing assembly is

exposed to an external environment.

* [ L M S *



first and second apertures, a first valving elenent slidably
nmounted w thin said housing assenbly for |inear translati op—betweefr—a~rm——
first position and a second position, along a first axis extiendi*fg i oBigh:T
said first aperture, wherein at said first position said fjrst—vatving-
el enent sealingly engages said first apékiure surroundi ng sutface of agid
housi ng assenbly, and an end of said valving elenent is SJbstantlany°”
coplanar with said outer surface of said housing assenbly n“a~reyi-on
bordering said first aperture-defining surface,

2. The gas stick of claim 1 further
comprising

a second valving element slidably mounted
within said housing assembly for linear translation
between a first position and a second position,
along an axis extending through said second
aperture,

wherein at said first position said second
valving element sealingly engages said second
aperture-surrounding surface of said housing
assembly, and an end of said second valving element
is substantially coplanar with said outer surface of
said housing assembly in a region bordering said
second aperture-defining surface,

.whereby said second valving element seals
said second aperture such that only a minimal extent
of said inner surface of said housing assembly is

exposed to an external environment.

[ |||jﬁu1,@‘i



55 a second valving el ement slidably nounted _within said

housing assenbly for linear translation between a first p(spg Qn~andwa@
second position, along a second axis extending through saijd i"Qndmﬁ '
aperture, wherein at said first position said second val viind elenent |
seal i ngly engages sai d-second aperture-§ﬂrround|ng surface cfasglﬁuﬁdﬁg?né
assenbly, and an end of said second vaIV|ng el ement is suBstiantially..

coplanar with said outer surface of

3. The gas stick of élaim 2 packaged for
shipment, wherein
- said chamber contains a controlled
_environment,
said first and second valving elements are
at their respective first positions sealing said
fifsﬁ and second-apertures and preventing entry of
external environment into said chamber, and further
comprising
shipment packaging surrounding said outer

surface of said housing assembly.

4. The packaged gas stick of claim 3
wherein said controlled environment comprises
Nitrogen at a pressure slightly elevated above

atmospheric pressure.

5. The gas stick of claim 1 further
comprising a first filter positioned within said
chamber for filtering gas passing between said first

and second apertures.

—_—
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sai d housing assenbly in a region bordering said second apeture-defining

surface, whereby said first and second val ving | BrEnt S sealmr»T
said first and second apertures such that only a mninal e teanof sai.d.

i nner surface of said housing assenbly is exposed to an ex enn I sons sngy
envi ronnent . 21. The conponefl® of clai m 20 whet eifnUshi 44V gadf
processing elenent is a filter for filtering gas flow ng bttmeenm&akd»_
first and second apertures. 22. The conponent bf claim 20
wherein said e

6. The gas stick of claim 5 wherein said
first filter is positioned to filter gas passing
between said first aperture and said mass flow -
coﬁtroller, and

further comprising a second filter
positioned to filter gas paséing between said mass

flow controller and said second aperture.

7. The gas stick of claim é further
comprising a pressure sensor in fluid communication
with said chamber for detecting a pressure level

therein.

8. The gas stick of claim 7 wherein said
pressure sensor is a pressure transducer generating
an electrical signal related to pressufé within said

chamber.

9. The gas stick of claim 6 further
comprising a temperature sensor in thermal
communication with chamber detecting temperature of

gas flowing through said chamber.



gas processing elenment is a purifier for purifying gas fl
said first and second apertures.

23. The conponent of claim 20 wherein said gas processin
mani fold for distributing gas flow ng i2 o one of said aper
mul tiple flow paths. 24. Th | lter assenbly

10. The gas stick of claim 9 wherein said
temperature sensor is a thermocouple producing an

electrical signal representative of gas temperature.

11. The gas stick of claim 6 further
comprising a pressure regulator regulating pressure
of gas flowing between said first and second

apertures.

12. The gas stick of claim 7 further
comprising a gas purifier purifying gas flowing

between said first and second apertures.

13. The gas stick of claim 1 further
comprising |

a spring applying a force between said
housing assembly and said valving element tb
translate said valving element toward one of said

first or second positions.

J———
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packaged for shipnent,

envi ronnent,
respective first posi
preventing entry of
conpri sing

sai d housi ng assenbly.

wherein said control

el evated slightly above

wherein sai d chanber contains a controlled
said first and second val vi ng el enents—afe——at—theldam,
tions sealing said first and second dp8EPLARSIEAD S
external environnment into said chanberj, @and-~further -
shi pnent packagi ng s@froundi ng sai d OLterg\&UFﬁﬁﬁgm@ff

25. The filter assenbly aq 4<%
ed environnment conprises N trogen at {a pressureg-~--i

14. The gas stick of claim 1 further

comprising
| a drive housing assembly defining a

pneumatic actuating cylinder, and a third aperture
in communication with said actuating cylinder for
admitting compressed gas into said actuating
cylinder, wherein

said valving element further comprises a
piston slidably mounted within said actuating
cylinder,

whereby said valving element may be
actuated between said first position and said second
position by injection of compressed gas into said
drive housing assembly actuating cylinder through

said third aperture.



at nospheri c pressure. 57
26. The filter assenbly of claim20 further conprising
housi ng assenbly defining a pneunmatic actuating cylinder, ap
aperture in comrunication with said act%ﬁting cylinder for

(o

g
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15. The gas stick of claim 14 further
comprising

a spring applying a force between said
diive housing assembly and said valving element to
translate said valving element toward said first or
second position in the absence of pneumatic force
applied to said valving element, wherein

said valving element may be actuated
between said first position and said second position
against force applied by said spring by injection of
compressed gas into said drive housing assembly

actuating cylinder through said third aperture.

16. The gas stick of claim 1 further
comprising:

a handle engaged to said valving element
for manual translation of said valving element along

said axis.

e

L



adm tting conpressed gas into said actuating cylinder., wher
val ving el enent further conprises a piston slidably nounted mﬁEﬂJﬁlsaTQ“§§*;?

T
e o .z

actuating cylinder, whereby said first valving ele rt~ﬂﬁy beM*n,ms g
actuat ed between said first position and said second positi hnfagt#g? §
of conpressed gas into said drive hougng assenbly actuatin ﬁ inder’ b i

through said third aperture.

|
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17. The gas stick of claim 16, wherein

said handle defines a bore having internal
threads and is positioned for rotation within said
housing assembly around said axis extending through
said first aperture, and |

said valving element defines external

threads matable with said internal threads of said

oo

handle,

whereby rotation of said handle translates

said valving element along said axis.

18. Thelgas stick of claim 1 wherein

said valving element engages said
aperture-surrounding surface adjacent said inner
surface of-said housing assembly, and p

translating sa%d valving element from said:
first position to said secomnd position comprises
withdrawing said valving element into said housing

assembly and away from said outer surface of said

housing assembly.

O



27. The filter assenbly of claim26 further conprising
applying a force between said drive housing assenbly and saldff
valving elenent to translate said first valving el ement tomard onéof
said first position or second position in the absence of pneu; tlﬁ‘iotgggggy
applied to said first valving el enent, I n sai flrst
val ving el enent may be actuated between said first position hd sai d
second position against force applied by said spring by injection_ of

A

19. The gas stick of claim 1 wherein

said valving element engages said
aperture-surrounding surface adjacent said outer
surface of said housing assembly, and

| translating said valving element from said

first position to said second position comprises
extending said valving element out of said housing
assembly such that said end of said valving element
extends beyond said outer surface of said housing

assembly.

AR A lIIl



conpressed gas into said drive housing assenbly actuating cyllnder through
said third aperture. 28. The filter assenbly -
further conprising a handl e engaged to said fir{sR:EpPpLY
el ement for manual translation of said first valving ele
first axis. 54 59

et
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20. A component having integral valved
couplings for connection to an ultra high purity gas
distribution system, comprising

a housing assembly having an outer
surface, an inner surface defining an inner gas-
carrying chamber, and first and second aperture-
defining surfaces extending from said inner surface
to said outer surface and:géfiniﬁg first and second
apertures permitting gas f£low into and out of said
housing assembly,

a gas processing element within said
chamber for processing gas flowing between said
first and second apertures,

a first valving element slidably mounted

within said housing asseﬁbly for linear translation .

betwe;n a first positioqhand a second position,
along a first axis extending through said first
aperture, wherein at said first position said first

) valving element sealingly engages said first

) aperture-surrounding surface of said housing
assembly, and an end of said valving element is
substantially coplanar with said outer surface of

; said housing assembly in a region bordering said

first aperture-defining surface,

* c L M S *



29. The filter assenbly of claim 28, wherein .Sai d
bore having internal threads and is positioned for rotatio

housi ng assenbly around said first axis extending through paid fiTst -
aperture, and sai d val ving el ement defines exterhal @{thrgadsssy? : |
mat able with said internal threads of ggid handle, wher eby ;

rotation of said handle translates sad valving elenent albng said first

axi s.

said housing assembly is exposed to an external

a second valving element slidably mounted
within said housing assembly fof.linear translation
between a first position and a second position,
along a second axis extending through said second
aperture, wherein at said first position said second
valving element sealingly engages said second
aperture-surrounding surface of said housing
assembly, and an end of said second valving element
is substantially coplanar with said outer surface of
said housing assembly in a region bordering said
second aperture-defining surface,

whereby said first and second valving
elements seal said first and second apertures sucﬁ

that only a minimal extent of said inner surface of

environment.

-
«

o
21. The component of claim 20 wherein said
gas processing element is a filter for filtering gas

flowing between said first and second apertures.
22. The componenﬁ of claim 20 wherein said

gas processing element is a purifier for purifying

gas flowing between said first and second apertures.

LT



30. The filter assenbly of claim20 wherein said first vaIV|ng

-elenent engages said aperture- surroundlng surface adj acent
surface of said housing assenbly, and translatin

BEPDAGHMEET ©

valving el ement fromsaid first positiog o said second podi tjon
conprises withdrawing said first valvin enment into saidgh quggnﬁ
assenbly and away from said outer surface of said hou5|ng @sseﬁbly

s

23. The component of claim 20 wherein¢said
gas processing element is a manifold for
distributing gas flowing into one of said apertures

into multiple flow paths.

24. The filter assembly of claim 20
packaged for shipment, wherein

said chamber contains a controlled
environment, _

said first and second valving elements are
at their respective first positions sealing said
first and second apertures and preventing entry of
external environment into said chamber, gnd further
comprising

shipment packaging surrounding said outer.

surface of said housing assembly.

25. The filter assembly of claim 24
wherein said controlled ‘environment comprises
Nitrogen at a pressure elevated slightly above

atmospheric pressure.

2nom
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60 31. The filter assenbly of claim20 wherein -
said first valving el enent engages said aperture-surroundi
adj acent said outer surface of said housing assenbly, and
translating said first valving element fromsaid first poglitj
second position conprises extending saié’first valving el
sai d housi ng assenbly such that said end of said
ext ends beyond sai d outer

26. The filter assembly of claim 20
further comprising

a drive housing assembly defining a
pneumatic actuating cylinder, and a third aperture
in communication with said actuating cylinder for
admitting compressed gas into said actuating
cylinder, wherein said first valving element further
comprises a piston slidably mounted within said
actuating cylinder,

whereby said first valving element may be
actuated between said first position and said second
position by injection of compressed gas into said
drive housing assembly actuating cylinder through

said third aperture.

S
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surface of said housing assenbly. 61
32. A nmethod of controlling gas flowto a surface nodifying apparatus

using a gas as a precursor, such as a sem conductor mangtagrurimn
conpri si ng providing first and second-ialn
each of said valved couplers “

appar at us,
coupl ers,
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27. The filter assembly of claim 26
further comprising

a spring applying a force between said
drive housing assembly and said first valving
element to translate said first valving element
toward one of said first position or second positioﬁ
in the absence of pneumatic force applied to said
first valving element, wherein

said first valving element may be actuated
between said first position and said second position
against force applied by said spring by injection of
compressed gas into said drive housihg assembly

actuating cylinder through said third aperture.

28. The filter assembly of claim 20

. further comprising

a handle engaged to said first valving

element for manual translation of said first valving

‘element along said first axis.

—_—
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a housi ng assenbly having an outer surface, an inner surface

defining a gas- carrying chanber, and an aperture-detTAIIY™

surface extending fromsaid inner surface to sai d oute er -surtade S §~~T
and defining an aperture perm_tting gas flow into andiout™ ==y
of said housing assenbly, and 3 a val vi ng elenen; a ne flimseony
position I n said housing assenbly and slidably P

nmounted within said housing assenbly for | i near transTatlon

between said first position and a second position, ‘al ong an

axi s. extendi ng through said aperture,

29. The filter assembly of claim.28,

wherein
- said handle defines a bore having internal

threads and is positioned for rotation within said
housing-assembly around said first axis extending
through said first aperture, and

said valving element defines external
threads matable with said internal threads of said
handlé,

whereby rotation of said handie translates

said valving element along said first axis.

30. The filter assembly of claim 20
wherein |

*said first valving element engages said
aperturé-surrounding surface adjacent said inner
surface of said housing assembly, and

translating séid first valving element
from said first position to said second position
comprises withdrawing said first valving element
into said housing assembly and away from said outer

surface of said housing assembly.

* c L M S *



wherein at said first position said val ving el enen

engages said

housi ng assenbly, and an end of said val ving e
substantial ly copl anar W th sa&ﬂ outer surface
62 assenbly in a regi on b&¥dering said firs

aperture-surroundi ng surface of sa

31. The filtef‘assembly of claim 20

wherein
- said first valving element engages said

aperture-surrounding surface adjacent said outer
surface of said housing assembly, and

translating said first valving element
from said first position to said second position
comprises extending said first valving element out
of said housing assembly such that said end of said
first valving element extends beyond said outer

surface of said housing assembly.
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aperture-defining surface, mating said first and second val ved
couplers by bringing outer surfaces of said couplers int tact-w-t-h -t-he-
respective valving elenents of said couplers in confrontf reefiage LonT aeey
relation, and then translatln% t he val vi ng el efrent—of—~saig---m
second val ved coupler to its second postffon, and repet phivehy |
translating the valving elenent of said first val ved coupl é@r et weén its;
first and second positions while maintaining said valvind dkemert—of- ~said
second coupler in its second position, to selectively shit off or permt
fl ow ' :

32. A method of controlling gas fiow to a
surface modifying apparatus using a gas as a |
precursor, such as a semiconductor manufacturing
apparatus, comprising

providing first and second valved
couplers, each of said valved couplers comprising

a housing assembly having an outer
surface, an inner surface defining a gas-
carrying chamber, and an aperture-defining
surface extending from said inner sufface
to said outer surface and defining an
aperture permitting gas flow into and out
of said housing assembly, and

) a valving element at a first position

in said housing assembly and slidably

mounted within said housing assembly for

‘linear translation between said first

position and a second position, along an

axis extending through said aperture,
wherein at said first position said
valving element sealingly engages said
aperture-surrounding surface of said
housing assembly, and an end of said
valving element is substantially coplanar

with said outer surface of said housing
-
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bet ween said val ved coupl ers, wher eby wear from repetttive USE, 15
accunul ated only by said first val ved coupler. b

63 33. The nethod of claim 32 further conprii
translating the valving elenent of said first valved coupleﬁ U@ﬁltg“5§§ﬂnd
position, and 62 -

assembly in a région bordering said first
aperture-défining surface,
mating said first and second valved
couplers by bringing outer surfaces of said couplers
. into contact with the respective valving elements of
said couplers in confronting face-to-face reiation,
and then
translating the valving element of said
second valved coupler to its second position, and
~repetitively translating the wvalving
i element of said first valved coupler between its
first and second positions while maintaihing said
valving element of said second coupler in its second
J positioq, to selectively shut off or permit flow
) ‘between said valved couplers,
| whereby wear from repetitive use is

! accumulated only by said first valved coupler.

A



repetitively translating the valving elenent of said secondREFELAEH
between its first and second positions while maintaining {
el enent of said first coupler in its second position, to 9

off or permt flow between said valved cqQuplers,

hvely shat |
giéby’wearg !

ai
elle
wh

fromrepetitive use is distributed bet said first and|second-vatved
coupl ers. 34. The nethod of claim 32 wherein sai d
second val ved coupler is a manually actuated val ved coupl er—amnd
translating said valving elenent of said second valved coupler to its

second

doupl et

33. The method of claim 32 further

comprising

- translating the valving element of said

first valved coupler to its second position, and

repetitively translating the valving

element of said second valved coupler between its

first and second positions while maintaining said

valving element of said first coupler in its second

position, to selectively shut off or permit flow

between said valved couplers,

whereby wear from repetitive use is

distributed between said first and second valved

couplers.

" 34. The method of claim 32 wherein

said second valved coupler is a manually

actuated valved coupler and transiating said valving
element of said second valved coupler to its second
position comprises manually translating said valving

element.

T
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p05|t|on conprises manually translating said valving ele Q% N P ET
64 35. A nethod of packagi ng a conponent er’“qﬁLp

use in an ultra high purity gas distribution system conptiging .
provi ding a contai ner having a gas |nlet64 I

—

35. A method of packaging a component for
shipment and use in an ﬁltra high purity gas
distribution system, comprising

providing a container having a gas inlet
for admittiﬁg gas to flow through said component and
a gas outlet for expelling gas after flowing through
said component,

posiﬁioning said component in said
container between said gas inlet and said gas
outlet,

providing a first valved coupler at said
gas inlet and a second valved coupler at said gas

- outlet, each of said valved couplers comprising

‘ a housing asséﬁbly_having an outer

surface, an inner surface defining a gas-

carrying chamber, and an aperture-defining
surface extendihg from said inner surface
to said outer surface and defining an
aperture permitting gas flow into and out
of said housing assembly, and

a valving element at a first position
in said housing assembly and slidably
mounted within said housing assembly for
linear translation between said first

position and a second position, along an

RHD) DR




for admtting gas to flow through said conponent and a gas_oqutlet for....

‘expel ling gas after flow ng through said conponent, -~ PESE L N NGy
sai d conponent in said container between said gas inlet agnd .8ald. gas. ...
out | et providing a first valved coupler at said as I nlet, @@9 é
second val ved coupler at said gas outl ets=each of said valvédﬁkauﬁﬁgrgj* i
conpri si ng _ a housi ng assenbly having an outér5 |
surface, an inner surface defining a gas- carrying chanber, and

an aperture-defining surface extendi ng from sai d:i.nRef-SUrf-a6emmmm—

to said outer surface and defining an
axis extending through said aperture,
wherein at said first position said
- wvalving element sealingly engages said

aperture-surrounding surface of said

hqusing assembly, and an end of said

valving element is substantially coplanar

with said outer surface of said housing

assembly in a region bordering said first

aperture-defining surface,

purging said container and first and
second valved coﬁplers of impurities,

flooding said container and first and
second valved couplers with a controlled
environment,

: positioning said valving elements of said :

-first and second valved couplers at their respective
first positions while said container and first and
second valved couplers are flooded with said
controlled environment, to seal said container and
couplers from external environment in said
controlled environment, and

packaging said pre-purged container and

first and second valved couplers for shipment.

* [+ L M s *



aperture permtting gas flow into and out of said housing
assenbly, and a valving elenent at a first position

in said housing assenbly and slidably nount ed W;thﬁmegﬁdﬁﬁqp ALS
i i Ci o

assenbly for | i near translatiog between said fif
position and a second position, along an% _
65
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Erstammanssren saseor

36. The method of claim 35 wherein said
controlled environment comprises Nitrogen at a
pressure slightly elevated above atmospheric

pressure.

37. The method of claim 35 wherein
providing a valved coupler at said gas inlet
comprises forming a housing assembly for said valved

coupler integrally with said container.

38. The method of claim 35 wherein
providing a valved coupler at said gas outlet
comprises  forming a housing assembly for said valved

coupler integrally with said container.

39. The method of claim 38 wherein
providing a valved coupler at said gas inlet
comprises forming a housing assembly for said valved

coupler integrally with said container.

_—
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axi s extendi ng through said aperture, wherein at said first

position said val ving el ement seal ingly engages saifdn: v g
aperture-surroundi ng surface of said ‘housi ng ass £¥Mmgndm@wwgﬂg
of said val ving elenent is substantlally copl ana X i th:
sai d outer surface of said housing 67  assenbly in a|rdgilbd ber d%r?ng
said first aperture-defining surface, ungi.ng.said. .|

container and first and second valved couplers of inpurities,

fl ooding said container and first and second val ved coupl é&+s-w-t.h.a
controlled ULTRA HICGH PURITY GAS DISTRIBUTION COMPONENT WITH
INTEGRAL VALVED COUPLING AND METHODS FOR ITS USE
Abstract of the Disclosure
Valved couplers 20 and gaé processing
components parficularly suitable for ultra-high
purity gas distribution for use in semiconductor
manufacturing. In the couplers, a valve
stem/bullnose 34 seals the aperture of the coupler
56 immediately adjacent the exterior of the coupler,
so that only a minimal amount of the wetted surface
.of the coupler is exposed to the external
environment. A gas processing component (e.gﬂ, a
filter 120), or an entire integrated gas stick
assembly 12, may be sealed from the exterior
environment at both its inlet and outlet sides, by
these;valved couplers. As a result, the entire }
device can be purged“after manufacture and left in a
controlled environment during shipment and
installation, reducing the need for purging after
installation. :

Figure 2 & 5 //#”///#/,,,/f
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envi ronment , positioning said valving elenents of said first and

second val ved couplers at their respective first positiongwhite-sard-———
container and first and second val ved coupl ers are floodedl Mritifisaitg i SHEET
controll ed environment, to seal said confainer and coupl efs ffromexternai
environnent in said controlled environnent, and packagi ngysanp
pre-purged container and first and second val ved coupl ers;fadr shipment.
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at nospheri c
provi ding a val ved coupler at said gas in]et
assenbly for said val ved

36. The nmethod of claim35 wherein said

pressure.

conprises for

ontrolled ...
envi ronnment conprises Nitrogen at a pressure slightly elev &ck above’ -
37. The nethod of clai mB5[WHErein
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outl et

integrally with said container.

wher ei n

provi ding a val ved coupler at sajid gas inlet
coupleﬁiLntegrally W t

housi ng assenbly for said val ved

67

38. The nethod of claim 35 wherein providing a valved eoupler at said gas
conprises formng a housing assenbly for said val .coup| el .
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40. A gas stick for ultra high purity gas distribution to a surface

modi fyi ng apparatus using a gas as a precursor, such as a degkgsonduet:or o

—
)
Y

manuf act uri ng appar at us, conpri sing a housi ng assemyl y, 1g..an...
outer surface, an inner surface defining an inner gas-carryiing chapher,. .
and first and second aperture-defining suffaces extending friom dhdinner

surface to said outer surface and defining first and secong apBLLULBSMUNWME .....

permtting gas flowinto and out of said housing assenbly, a nmass
flow controller positioned within said chanber for neasuring—flow-of—gas .1
between said first and second ap ures, afirst | vi ng el enent
slidably nmounted within said h asse bet n a {ifpt position and
a second position, wherein a ==F i rst pgpition idf 4 val vi ng

el enent seal i ngly engages id firsg apert le- surroundi ni rface of said
housi ng assenbly, and at spi econd posjt,ion ' val vi ng -el ement
does not sealingly engage/said first4sp éure surface of said
housi ng assenbly, and e cph s XN ) 5 i dably nounted

wi thin said housing asse ' £ d a second
position, wherein at sai { dalt ' 5 _%kgg el enent

seal ingly engages said & A Ag’ pce” of said housing
assenbly, and at said s T 1gfglenent does not
sealingly engage said s Kl 4 c¢7of sai d housing
assenbl y, wher e sk réﬁ%qp contro

gas flow to or from sai : 271 respective
first positions, also pr ' o om exposure
to environnent. - O | ' val ved™ coupl i ngs

for connection to an ult a-nugp purtt a oo system conpri sing
/ % Lz 33
277 % P FIG.6
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a housing assenbly having an outer surface,
i.nner gas-carrying chanber,

an inner surface defining an
and first and second aperture- deflninq surfaces

extendi ng fromsaid inner surface to said outer surface and d

~and second apertures permtting gas flow into and out of sib?
assenbl y, a gas processing el ene ithin said cha
processing gas flow ng between said first and second apertgre

e AH-n f+ i
"6 ST

ar fo

Sﬁ 'i ruuu H q‘a

first valving el ement slidably nmounted within said housingji asagan¥“hﬁtmﬁﬁn

ef i ng

nst position said

a first position and a second . er ei p—et—sote—H
first valving el enent sealingl .quages sfai d flreizaperturé d
surface of said housing assenb yp:ggg t said seﬂbéﬂ_pgsit

val ving el ement does not seali dﬁ}ksﬁ sai d ft%gg#a. r
surface of said housing assenbf ye ats d val yi ng
slidably nmounted within sald%h u5| g assenbl& be nafi

a second position, wherein at\Saife {HeNHSAL € d
el enent seal i ngly engages sai dg#es i ni S
housi ng assenbly, and at said 8¢ se

does not sealingly engage said
housi ng assenbl vy, mhereb'

control gas flowto or from ene
respective first positions, §I:z ¢ ngr ga
from exposure to environnent. o
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.42. A met hod of packagi ng a conponent for shipnent and use in an ultt 1> frgh—e

purity gas distribution system conprising providing a corf8tner
having a gas inlet for admtting gas to flow through said conponent and a
gas outlet for expelling gas after flow ng through said conponent,

posi tioning said conmponent in said contgi ner between said gas inlet and
sai d gas outl et, providing a st val ved coupl er between said gas
inlet and said conponent, and a second valved coupl er between said
conponent and said gas outlet, each of said valved couplers conprising a
val ving el ement slidably mounted within said coupler between a first

position and a s . 9 i o0 - Mher ¢ 5 al g St.~0Q (Wely d

val ving el enent sedttim A P et — :ftpﬁsgighsecond
posi tion said val vViRgrebaie ol daeS ApiorSad g e oM drval iyt

coupl er, and purgrng sard contarner_ana r1rst and secomd val ved

couplers of inpurities, - Ahéﬂ?ﬁ#ﬁlﬁ;ﬁﬁﬂélﬂfﬁﬁfﬂ%&f&and first and
second val ved couplers with a controlle envi ronnent, posi tioning
said val ving el ements of S@ggvéaréguﬁmgrgeggngnaabggdpg@aggyyhgat their
respective first positions while said container and first and second val ved

couplers are fl ogsimsonahtd pardieadardyl sdieapleofarniulth@-9dah said
contai ner and couplers fromexternal environment in said controlled

envi ronnent, andourity gagpadkstgribusiofl foe- psegén seniizionduced first and
second val ved couplers for shipnent. '
manufacturing. In the couplers, a valve
stem/bullnose 34 seals the aperture of the coupler
56 impediately adjacent the exterior of the coupler,
so that only a minimal amount of the wetted surface
of the coupler is exposed to the external
environment. A gas processing component (e.g., a
filter 120), or an entire integrated gas stick
assembly 12, may be sealed from the exterior
environment at both its inlet and outlet sides, by
these‘valved couplers. As a result, the entire ’
device can be pufged‘after ménufacture and left ip a
" controlled environment durihg shipment and
installation, reducing the need for purging after

installation.

Figure 2
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40. A gas stick for ultra high purity gas distribution to a surface modifying apparatus using

a gas as a precursor, such as a semiconductor manufacturing apparatus, comprising

a housing assembly having an outer surface, an inner surface defining an inner gas-carrying
chamber, and first and second aperture-defining surfaces extending from said inner surface to said
outer surface and defining first and second apertures permitting gas flow into and out of said
housing assembly,

a mass flow controller posmoned within said chamber for measuring flow of gas between
said first and second apertures,
: a first valving element slidably mounted within said housing assembly between a first
. position and a second position, wherein at said first position said first valving element sealingly
* engages said first aperture-surrounding surface of said housing assembly, and at said second
position said first valving element does not sealingly engage said first aperture-surrounding
surface of said housing assembly, and

a second valving element slidably mounted within said housing assembly between a first
position and a second position, wherein at said first position said second valving element sealingly
engages said second aperture-surrounding surface of said housing assembly, and at said second
position said second valving element does not sealingly engage said second aperture-surrounding
surface of said housing assembly,

whereby said first and second valving elements control gas flow to or from said mass flow
controller and, when in their respective first positions, also protect said inner gas-carrying
chamber from exposure to environment.

.41, A component havmg integral valved couplings for connection to an ultra high purity
gas distribution system, comprising

a housing assembly having an outer surface, an inner surface defining an inner gas-carrying
chamber, and first and second aperture-defining surfaces extending from said inner surface to said
outer surface and defining first and second apertures permitting gas flow into and out of said
housing assembly,

a gas processing element within said chamber for processing gas flowing between said ﬁrst
and second apertures,

a first valving element slidably mounted within said housing assembly between a first
position and a second position, wherein at said first position said first valving element sealingly
engages said first aperture-defining surface of said housing assembly, and at said second position
said first valving element does not sealingly engage said first aperture-defining surface of said
housing assembly, and

a second valving element slidably mounted within said housing assembly between a first
position and a second position, wherein at said first position said second valving element sealingly
engages said second aperture-defining surface of said housing assembly, and at said second
position said second valving element does not sealingly engage said second aperture-defining
surface of said housing assembly,

whereby said first and second valving elements control gas flow to or from said gas
processmg element and, when in their respective first positions, also protect said inner gas-
carrying chamber from exposure to environment.
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_42. A method of packaging a component for shipment and use in an ultra high purity gas

distribution system, comprising

providing a container having a gas inlet for admitting gas to flow through said component
and a gas outlet for expelling gas after flowing through said component,

positioning said component in said container between said gas inlet and said gas outlet,

providing a first valved coupler between said gas inlet and said component, and a second
valved coupler between said component and said gas outlet, each of said valved couplers
comprising a valving element slidably mounted within said coupler between a first position and a
'second position, wherein at said first position said valving element sealingly engages said valved
- coupler, and at said second position said valving element does not sealingly engage said valved
"coupler, and

purging said container and first and second valved couplers of impurities,

flooding said container and first and second valved couplers with a controlled
environment,

positioning said valving elements of said first and second valved couplers at their -
respective first positions while said container and first and second valved couplers are flooded
with said controlled environment, to seal said container and couplers from external environment in
said controlled environment, and

packaging said pre-purged container and first and second valved couplers for shipment.

_—

T




69

INTEGRAL VALVED COUPLING AND METHODS FOR ITS USE
Abstract of the Disclosure
Valved couplers 20 and gas processing
components particularly suitable for ultra-high
purity gas distribution ﬁor use in semiconductor
manufacturing. In the couplers, a valve
stem/bullnose 34 seals the aperture of the coupler
56 immediately adjacent the exterior of the coupler,
so that only a minimal amount of the wetted surface
of the coupler is exposed to the external
environment. A gas processing component (e.g{, a
filter 120), or an entire integrated gas stick
assembly 12, may be sealed from the exterior
environment at both its inlet and outlet sides, by
theseevalved couplers. As a result, the entire
device can be pufgedkafter manufacture and left in a
controlled environment durihg shipment and
installation, reducing the need for purging after
installation.

Figure 2




