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ATTORNEY DOCKET NO: TRIN/02

VALVED COUPLING FOR ULTRA HIGH PURITY GAS
DISTRIBUTION SYSTEMS

Cross Reference To Related Applications
This application is related to a copending

application entitled ULTRA HIGH PURITY GAS

DISTRIBUTION COMPONENT WITH INTEGRAL VALVED COUPLING

AND METHODS FOR ITS USE, filed simultaneously

herewith and assigned to the same assignee, and
incorpdrated herein by reference in its entirety.
Field of the Invention

The present invention relates to gas
distribution sYstems:for ultra-high purity gas, such
as systems used to proﬁide process gasses for
semiconductor manufacturing.
Background of the Invention

High purity gas distribution systems; such
as are used in semiconductor'manufaqguring or other

thin f£ilm coating processes,'typicaliy‘include a
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15 sem conduct or nanufacturlng Background of the Invention H gh purity
gas di stribution systens, such as are used in sem conductor manufacturing
or other thin filmcoating processes, typically include a 2 source of
hi-gh purity gas coupled through a series ofTgas processing el enents such as
a mass flow controller, pressure sensor and/or regulator, heater, filters
or purifiers,- and shutoff val ves. ' -

source of high pﬁrity gas coupled through a series
of gas processing elements such as a mass flow
controller, pressure sensor and/or regulator,
heater, filters or purifiers, and shutoff valves.

5 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

10 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

15 intolerant of particulate contamination. One
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

20 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
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5. I n sem conductor processing, a series-connected set of such elenents

I's referred to as - a "gas stick"”. In a typical sem conductor processing
apparatus, rmultiple gas sources are connected to the chanber through
mutTi pl e gas sticks, which are typically 107 -nounted to a frame, formng

a conpl ete assenbly known as a "gas box". As the dinmensions of
sem conduct or devi ces decrease and their density increases, sem conductor
manuf act uri ng processes have becone increasingly 15 i ntol erant of

par ti cul at e cont aELRALAN. 16008 o TRY (4RI BUEEC K ertik'ﬁlésc‘f%ﬁlmtﬂ%ts'eon is

t he gasses used dufing the proce par
' surfaces.

To reduce contamination of this sort, gas -

sticks and gas processing components for

5 semiconductor processing are manufactured in low-
dust, low-moisture environments, and purged for
lengthy feriods of time at elevated pressures after
manufacture. Furthermore, gas processing components
are typically packaged and sealed in pressurized

10 nitrogen=§pr shipment. As a result, the interior of
the component or stick is exposed only to the clean
room environment in which the semiconductor
processing equipment is located, and only for the
brief period of time between removal of the

15 packaging and sealing of the stick or component into
the processing equipment.

Despite these careful handing procedureé,
even brief exposure of a gas stick or éomponent to
clean room air results in the accumulation of

20 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 semiconductor

manufacturing. Because the semiconductor

25 manufacturing equipment cannot operate during
—_—
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particulate carried by the wetted surfaces of the gas stick which delivers
gas fromthe source to the 20 chanber. Mdisture or dust which

accunmul ates within a gas stick or processing conponent will be carried wth
t i€ source gas and deposit onto the seni conductor devices being processed,
creating defects. Misture also may corrode the wetted 3 surfaces,

| eading to flaking of particles fromthese surfaces.

purging, the tiﬁe needed for purging represents
substantial lost revenue.
The gas processing components in a gas

stick, and other components and connections in the

5 . gas distribution system, will wear and need
replacement at various frequencies throughout the
life of fhe processing apparatus. Typically, a
component is replaced by closing the valves most
nearly adjacent to the component, uncoupling and

10 replacing'ﬁhe component, and reopening the adjacent
valves. To simplify this operation and minimize the
lextent_of the gas stick exposed to room air during
this procedure, each component is typically
connected to its neighboring components or tubing

15 with removable couplers, and valves are placed
between components at several locations along the
stick. Nevertheless, the act of uncoupling a
component or portion of the stick and removing it
from the stick exposes that component and the

20 replacement component to room air, and also exposes
substantial wetted surface between 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

/
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To reduce contam nation of this sort, gas sticks and gas processing
conponents for 5 sem conductor processing are nmanufactured in | ow

dust, | ow noisture environnents, and purged for lengthy periods of tine at
el évat ed pressures after nmanufacture. Furthernore, gas processing

- conponents are typically packaged and sealed in pressurized 10 nitrogen
for shipnent.  As a result, the interior of the conponent or stick is
exposed only to the clean room environnent in which the sem conductor

processi ng equi pERNiextensa¢at §dpusdddodhknf @het kenponghtRekiyed of tine
bet ween renoval of the 15 packagi ng and sealing of the stick or
conponent into reassembled.

Summary of the Invention
The difficulties are alleviated in
5 accordance with principles of the present invention,
through the use of valved couplefs particularly
suitable.for an ultra-high purity gas distribution
system. These valved couplers may be integrally
incorporated into a gas processing component and/or
10 connected petween such components, to permit
replacemeﬁt 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
15 - couplers may be integrally incorporated into the
inlet and outlet of a gas stick, to permit
replacement of the entire gas stick.
Specifically, a valved coupler in
accordance with principles of the present invention
20 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

25 bullnose is in position for sealing this aperture,
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t he processing equi pnent. Despite these careful handing procedures, even
brief exposure of a gas stick.or conponent to clean roomair results in the
accunulatlon of 20 potentially danaglng | evel s of particulate and
nmoisture within the stick or conmponent, requi ring extensive purging of the
gas stick after assenbly, and prior to further use for sem conductor
manuf act uri ng. Because the sem conductor 25 manuf act uri ng equi pnent
cannot operate during

the end of the bullnose is substantially coplanar

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

the bullnose is in this sealed position, only a

minimal amount of the wetted surface of the coupler
5 is exposed to the external environment.

In the first embodiment of the invention
discussea below, the bullnose seals at an inﬁerior
side of the aperture, and is withdrawn into the
coupler to permit gas flow. In an alternative

10 embodimen;,-the bullnose seals an exterior side of
the apertﬁre, and is moved outwardly from the
coupler to permit gas flow.

The valve stem may be pnéumatically driven
by a piston and cylinder arrangement connected to

15 the coupler housing, or may be manually actuated.
The pneumatically-actuated valve described below
includes a return spring, which generates a force
driving the bullnose into sealing engagement with
the aperture, so that the valve is normally sealed

20 in the absence of pneumatic pressure. As an
alternative embodiment, the return spring drives the
bullnose out of sealing engagement, so that the
valve is normally open in the absence of pneumatic

pressure. In a second alternative embodiment, a

25 rack-and-pinion arrangement transfers vertically- -
T -6 -
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4 purging, the tine needed for purging represents substantial |ost revenue.
The gas processing conponents in a gas stick, and other conponents and
tonnections in the 5 gas distribution system wll wear and need

repl acenment at various frequencies throughosut the life of the processing
apparatus. Typically, a conponent is replaced by closing the val ves nost
nearly adjacent to the conponent, uncoupling and 10 repl aci ng the
.conponent, and reopening the adjacent valves. To sinplify this operation

and mnim ze the @RMedifdite FaonditHK gheRrtrdd &y aRifhaly during
actuator, to a horizontally-oriented valve stem.
In another aspect, thé invention features
a Qas processing component (e.g., a filter), or
5 entire gas stick, which is sealed from the exterior
environment at both its inlet and ocutlet sides, by
valved céuﬁlers of the kind described above.
Because the couplers seal the internal wetted
surfaces of the component/gas stick from exposure to
10 the eXterqal enviropment, the entire device can be
purged at the manufacturing site and left flooded
with a controlled environment (e.g., pure Nitrogen
at a pressufe slightly elevated above atmospheric)
during shipment, such that the component/gas stick
15 can be installed and used after only brief purging.
The gas stick described below includes,
valved couplers integrally manufactured into the
housing of the gas stick, and further includes a
mass flow controller, dual filters on the inlet and
20 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.
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this procedure, each conponent is typically connected to its nei ghboring
conponents or tubing 15 with renovabl e coupl ers, ‘and val ves are pl aced
bet ween conponents at several |ocations along the stick. Nevertheless, the
act” of uncoupling a conponent or portion of the stick and renpving it from
the stick exposes that conponent and the 20 repl acenent conponent to
roomair, and al so exposes substantial wetted surface between the conponent
and the nearest valves (including the inside of any connecting tubing, and
potentially other conponenis)a furthem aspecthtise iheegtiontfeatunes

methods of using these devices. 1In particular, when
two valved couplers are joined together, they may be
used as shutoff valves by the gas processing
5 apparatus. Because two conjoined couplers include
two separate valves, and either wvalve can shut off
gas flow‘through the couplers, wear caused by
repetitive cycling of the valves can be distributed
between the valves, resulting in increased lifetime
10 of the conjoined couplers as compared to a separate
shutoff v;lve.
In a further aspect the invention features
the above-described method of.pre—purging a
component and shipping the component in a purged,
15 controlled environment between two sealed couplers.
The above and other objects and advantages
of the present invention shall be made apparent from
the accompanying drawings and the description
thereof.
20 Brief Description of the Drawing
| The accompanying drawings, which are
incorporated in and constitute a part of this
specification, illustrate embodiments of the

invention and, together with a general description

25 of the invention given above, and the detailed
- 8 -
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be extensively purged when the conponents are reassenbled. Summary of the
Invention The difficulties are alleviated in 5 accordance with
principles of the present invention, through the use of valved couplers
particularly suitable for an ultra- hlgh purity gas distribution system
These val ved couplers may be integrally incorporated into a gas processing
conponent and/or 10 connect ed between such conponents, to permt
replacenent of conponents or changes to connections

description of the embodiments given below, serve to

explain the principles of the invention.

?ig. 1 is a schematic perspective view of -

a gas box formed of‘integrated-gas stick/valved
5 . coupler assemblies in accordance with principles of
the present invention;

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

10 connectiong on the valved coupler, to illustrate an
alternati;e to the threaded couplers shown in Fig.
1;

Fig. 3 is partial cross-sectional detail

view of two valved couplers in the gas stick of Fig.
15 2;

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

Fig. 5 is a partial cross-sectional view

20 of a filter having integrated valved couplers in
accordance with a second embodiment of the

invention, and showing the uncoupling of such

couplers;
Figs. 6 and 7 are partial cross-sectional
25 views of an alternative embodiment of a valved
-9 -
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bet ween conponents whi | e exposing only a mnute wetted surface area of the
gas distribution systemto roomair. As a particular exanple, valved. 15
coqglers may be integrally incorporated into the inlet and outlet of a gas
stick, to permt replacement of the entire gas stick. Specifically, a
valved coupler in accordance with principles of the present invention 20
has a val ve steni bul |l nose structure for sealing an aperture of the coupler.
The bul I nose seals the aperture i medi ately adj acent the exterior of the
coupl er; the val veupilem dmd amgoriaseemeni ¢ ho pramcipile sexife mdiengprememrgh t he
aperture, and when the
invention;
Fig. 8 is an uncoupled view of the
alternative valved coupler of Figs. 6 and 7;
5 Fig. 9 is a schematic diagram of a
complete gas distribution system using valved
couplers'in accordance with principles of the

present invention.

Detailed Description of Specific Embodiments
10 .FReferring to Figs. 1 and 2; in accordance
with principles of the present invention, a gas box
10 comprises a number,ISUCh.as 6, of individual and
separately controlled gas sticks 12. Each gas stick
12 receives a source gas for a éemiconductor process
15 on an input line 14 and outputs gas to the
semiconductor_processing chamber on an output line
l6. Gas flow throﬁgh each gaé stick 12 is
controlled by a plurality of valved couplers 20.
These valved couplers respond to pneumatic actuation
20 through pneumatic control lines 22, or in some cases
may be manually actuated as shown at 220 and
discussed.in further detail below in Fig. 5.
Each gas stick 12 may optionally include

additional elements, including a pressure sensor

- 10 -
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25  bullnose is in position for sealing this aperture, 6 the end of
the bullnose is substantially coplanar with the outside of the housing. As
a result, when the bullnose is in this sealed position, only a m ninal

e

anbunt of the wetted surface of the coupler 5 I s exposed to the
external environnent. In the first enbodi nent of the invention discussed
bel ow, the bull nose seals at an interior side of the aperture, and is

wi thdrawn into the :
(transducer) 24, which produces an electrical

pressure signal on a line 25, a thermocouple (46,
Fig. 2) for detecting tempefature of the gas stick
12, aé well as heater blankets (bands) (51, 53, Fig.

5 2) for applying heat to the gas stick. Other
elements might include a gas purifier.

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

10 accordance with principles of the present invention,
the dimeA;ions of each gas stick 12 are reduced as
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

15 where the gas sticks are in operation. This
substantially reduces the fléor space used in the
clean room and thereby substantially reduce the cost
of its construction and operation.

A second advantage of the smaller gas

20 stick dimensions is the reduction in wetted surface
in the_gas stick, which implies less opportunity for
accumulation of moisture and/or particulate in the
‘gas stick and less area subject to possible

corrosion or outgassing.

- 11 -
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coupler to permt gas flow In an alternative 10 enbodi nent, the
bul | nose seals an exterior side of the aperture, and is noved outwardly
fromthe coupler to permt gas flow. The valve stemnay be pneunatically
driVen by a piston and cylinder arrangenent” connected to 15 t he coupl er
housi ng, or may be manual |y actuated. The pneumatical | y-actuated val ve
descri bed below i ncludes a return spring, which generates a force driving
the bullnose into sealing engagenent with the aperture, so that the valve

is normal |y seal ed 20 |mxttm1@za{@&@)cq:r@‘ HRIGET i3 Z¢ @FSWHHe gad$ an
alternative enbodi nent, the return spring drives the
stick reduces the volume that must be purged, and
‘thus reduces the purging time and the amount of
purging gas consumed.

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

10 distributi@n system.

| Referring now to Fig. 2, each gas stick

incorporates four valved couplers 20a, 20b, 20c and
20d which connect the gas stick 12 to a gas supply
and to gas distribution equipment in the processing

15 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 héusings.of
adjacent components.

20 _ 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.

—_—
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bul | nose out of sealing engagenent,
t he absence of pneumatic pressure. In a second alternative enbodi nent,
rack-and- pi ni on arrangenent transfers vertically-
frofm the pneumatic or manual actuator, to & horizontally-oriented valve
stem In another
(e.g., afilter),

exterior

10

15

20

25

-7- directed force

so that the valve is normally open in

a 25

aspect, the invention features a gas processi ng conponent

or 5 entire gas stick, which is sealed fromthe

In the embodiment shown in Fig. 2, the
lower valved couplers 20b.and 26c are integrally
mounted to the housing of a gas stick (including a
mass flow controller 38 and pressure transducer 24)
situated therebetween. Accordingly, the gas stick
may be removed from the gas distribution system by
disconnécting lower couplers 20b and 20c from mating
upper couplers 20a and 20d, lifting upper couplers
20a and 20d from connection with lower couplers 20b
and 20c, ﬁnd removing the entire gas stick with
lower couplers 20b and 20c attached thereto.

In an alternaﬁive embodiment (not shown),
upper couplers 20a and 20d are integrally mounted to
the gas stick (rather than lower couplers 20b and
20¢),. 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.
In this alternative embodiment, after disconnection,
the gas stick and upper couplers 20a and 20d
attached thereto may be directly lifted off lqwer
couplers 20b and 20c without requiring movement of
lower couplers 20b and 20c.

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

- 13 -

This Sheet Has Been Re’i

R



environment at both its inlet and outlet sides, by valved couplers of the
ki nd descri bed above. Because the couplers seal the internal wetted
surfaces of the conmponent/gas stick fron1exposure to 10 t he externa
envi ronnent, the entire device can be purged at the manufacturing site
and | eft flooded with a controlled environment (e.g., pure Nitrogen at a
pressure slightly el evated above atnospheric) during shipnent, such that
the conponent/gas stick 15 can be installed and used after only brief

purgi ng. The gas2shi.ck (db%Ciconeédedlopwtiondngdes 1Malevad eeidlRitputnt egral |y
manuf act ur ed |nto t he housing of the gas stick, and further includes a

line 16 may be a threaded joint as shown in Flg 2,
or lines 14 and 16 may be welded to a tube stub of
the kind used on pneumatic control ports 91a/91b in

'5 "Fig. 2.) " This chamber 30a is cylindrical in
profile, and is shown in cross-section in Fig. 2. A
lowexr faée of chamber 30a includes an aperture 56a
passing through the housing. An axially-positioned
valve stem 32a, terminating at one end in a bull

10 nose 34a, moves along a center axis passing through
aperture'SGa such thét bull nose may engage and seal
aperture 56a.

Similarly, valved coupler 20b includes an

aperture 56b and a stem 32b which moves along a

15 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 32a and 32b translate to the positions shown

20 in Fig. 2. 1In these positions, cylindrical main
chamber 3oé 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

25 formed in the housing of couplexr 20b.
—_—
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&ass flow controller, dual filters on the inlet and 20 outl et sides of
the mass flow controller, a pressure sensor, thernocouple, and heater.
Addi tional el ements such as a pressure regulator or purifier could also be
integrally included in the gas stick as nec&Ssitated by the application.
8 In a further aspect the invention features nethods of using these
devices. In particular, when two val ved coupl ers are joined together, they
may be
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 -
40 is fitted into a matching top-hat shaped chamber
5 in housing 55b of coupler 20b. Filter 40 includes,
at its outer periphery, a sealing nib which is
engaged'between housing 55b of coupler 20b and the
housing of mass flow controller 38, to form a seal
therebetween.

10 .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
30c of a third valved coupler 20c. Filter 42 is
mounted within the housing 55¢ of valved coupler

15 20c, and housing 55c is sealed to the housing of
mass flow controller 38 by a sealing nib 44 on
filter 42.

Vélved coupler 20c, like valved couplers
20a and 20b, includes an aperture 56c and a valve

20 stem 32c terminating at an interior end in a bull
nose 34c. Similarly, valved coupler 20d includes an
aperture 56d and a vaive stem 32d terminating.at its
interior end in a bull nose 34d. When valve stems

32c and 324 are in their open positions, as shown in

25 Fig. 2, main valve chamber 30c is in communication

- 15 -

This Sheet Has Been Reilaced :

[




used as shutoff valves by the gas processing 5 apparatus. Because two
conj oi ned couplers include two separate valves, and either valve can shut
off gas flow through the couplers, wear caused by repetitive cycling of the
val'Ves can be distributed between the valves,. resulting in increased
lifetime 10 of the conjoined couplers as conpared to a separate_
shutoff valve. In a further aspect the invention features the
above-descri bed net hod of pre-purging a conponent and shi pping the

conponent in a pwidadl.a Main v rcdniskemdd BB 1R WesibidP S64 ed
coupl ers. The above and ot her objects and advant ages
through apertures 56c and 56d. Accordingly, in
these positions of valve sﬁems 32¢c and 32d, outlet
passageway 45 is in fluid communication via valve
5 chambers 30c and 30d to output line 16 of the gas
stick 12.

' The pressure sensor 24 (the details of
which are not shown) is in fluid communication with
outlet passageway 45 via passageway 45a. . Electrical

10 signals ﬁfpm pressure sensor 24 are carried on line
25. These signals can be used, for example, to
control the pneumatic lines controlling the
positions of valve stems 32 so as to close the
valved couplers and thereby shut off gas flow if the

15 gas pressure drops below a set point.
| Thermocouple 46 is in thermal
communication with the wall of housing 55b adjacent
to filter 40, and thereby detects the temperature of
gas flowing through filter 40 to produce an

20 electrical temperature signal on lines 48. Heater
jackets (bands) 51, 53 surrounding inlet passageway
35 and outlet passageway 45 obtain electrical power
through lines 50 and 52, respectively, and may be
controlled in response to temperatures sensed by

25 thermocouple 46 to regulate the temperature of the

- 16 - -
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of the present invention shall be nade apparent fromthe acconpanying

drawi ngs and the description thereof. 20 Brief Description of the
Drawi ng The acconpanyi ng draw ngs, which are incorporated in and constitute
a part of this specification, illustrate embodi nents of the invention and,
together with a general description 25 of the invention given above,
and the detai'l ed 9

gas stick 12 to prevent gas condensation within the
gas stick 12. (Heater cartridges could be used in
place of heater bands, if desired.)

Gas stick 12 has an overall length as

5 shown by numeral 54 of approximately nine inches.
This dimension is substantially smaller than
comparaSle dimensions of a typical gas stick
assembly comprising discrete mass flow, pressure
sensor and control.valve housings and couplérs

10 therebetwgen.

As noted above, the compact size of the
gas stick 12,_in accordance with principles of the
present invention, permits a substantial reduction
in the clean room floor space consumed by the gas

15 box 10. 1Indeed, in some applications the gas box 10
may be mounted.on the processing chamber, thus
freeing all floor épace formerly required for the
gas box. Furthermore, the compact size of the gas
stick also advantageously reduces the number of

20 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 Fig. 2 is an integral unit containing

25 all processing components needed for gas delivery,
: - 17 -
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description of the enbodi nments given bel ow, serve to explain the principles
.of the invention. - Fig. 1 is a schematic perspective view of a gas box
formed of integrated gas stick/valved 5 coupl er assenblies in
accordance with principles of the present iMvention; Fig. 2 is a parti al
cross-sectional view of a gas stick of Fig. 1 taken along |lines 2-2, but
showi ng pneuratic control lines welded to tube-stub 10 connections on

t he val ved coupler toillustrate.an alternative to the threaded couplers

shown in Fig. 1;;hdud3nks mBdk! iFdbwC centrealehonal, daldigressure
sensor 24. Furthermore, as will be explained in
greater detail in the following figures, the valved
couplers 20a, 20b, 20c and 20d function not only as
5 couplers for the gas stick, but also as
.automatically-actuatable shutoff valves which can be
used to initiate and ﬁerminate gas flow as called
for by the semiconductor processing "recipe" used
with the processing chamber. The substantial
10 reduction_;n size and number of seals in the gas
stick 12, resulting from this integration of
functions into a single unit, is a particular
adﬁantage of the present invention.
Now referring to Fig. 3, it can be seen
15 how valved coupler 20a or valved coupler 20b may be
used as a flow control valvé 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. 1In
20 this position, bull nose 34b engages to aperture 56b
of coupler 20b to seal valve chamber 30b 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

25 against aperture 56a and 56b of housing 55a and 55b.
\\ - 18 -
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view of two val ved couplers in the gas stick of Fig. 15 2; Fig. 4 is an
enl arged cross-sectional view of the joint between the two valved coupl ers
of Fig. 3; Fig. 5is a partial cross-sectional view 20 of a filter
havi ng integrated val ved couplers in accordance with a second enbodi nent of
the invention, and show ng the uncoupling of such couplers; Figs. 6 and 7
are parti al cross-sectional 25 views of an alternative enbodi nent of a

val ved _
Additional details of a valved coupler 20

in accofdance with one embodiment of the present
invention are illustrated in Fig..3. These details
will be described in the context of valved coupler

5 20a and the corresponding elements in valved coupler
20b. However, the reader will appreciate that
similar Aetails appear in other valved couplers of
the same type shown in Figs. 2 and 5.

" In the following, corresponding components

10 in each qf.couplers 20a and 20b will be described
simultaneously, while identifying the reference
characters for both components.

Now turning to the details shown in Fig.
3, each coupler includes a diaphragm 60a/60b,

15 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

20 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 nose

25 34a/34b includes internal threads for accepting an

- 19 -
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10 coupler in accordance with principles of the present invention; Fig. 8
i s an uncoupled view of the alternative -valved coupler of Figs. 6 and 7; 5
Fig. 9 is a schematic diagramof a conplete gas distribution system using
val'ved couplers in accordance with principlés of the present invention.
Det ai | ed Description of Specific Enbodi ments 10 Referring to
Figs. 1 and 2, in accordance

internal end éf the respective valve stem 32a/32b.
Above this threaded end 64 of valve stem 32a/32b,
valve stem 32a/32b includes a radial projection
66a/66b having an outer diameter matched to an outer
5 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

10 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

15 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

20 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
weided or brazed to main housing 55a/55b to further

25 reduce leakage therebetween.

- 20 -
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with principles of the present invention, a gas box 10 conprises a nunber,
such as 6, of individual and separately controlled gas sticks 12. Each gas
stlck 12 receives a source gas for a sem conductor process 15 on an

i nput line 14 and outputs gas to the sem conduct or processi ng chanber on an
output line 16. Gas flow through each gas stick 12 is controlled by a
plurality of valved couplers 20. These val ved couplers respond to pneunatic
actuation 20 t hrough pneumatic control |lines 22, or in some cases may
be manual |y actuated as shepacetr 888/esp @hetudeed an fiust badidaligi | bel ow

in Fig. 5. Each gas stick 12 may optionally include

inwardmost position, a circular aperture as seen at
78 in valved coupler 20b. This aperture 78 has a -
diameter slightly larger than that of projection

5 66a/66b on valve stem 32a/32b; Accordingly, as
illustrated in valved coupler 20a, when valve stem
32a/32b Qithdraws into main valve chamber 39a/30b
and extracts bull nose 34a from engagement with
housing 55a, valve stem projection 66a fits within

10 annular aperture 78 to permit f#ll withdrawal of
bull nosé 34a away-from housing 55a.

Spacer 68a/68b has a concave inner surface
conforming to diaphragm 60a/60b when bull nose
34a/34b is iﬁ an open position, such as seen in

15 valved coupler 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

20 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
prbvides compressive force against spacer 68a/68b to

25 clamp the peripheral rim of diaphragm 60a/60b
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additional elenments, including a pressure sensor (transducer) 24 which
produces an electrical pressure signal on a line 25, a thernocouple (46,
Fig. 2) for detecting tenperature of the gas stick 12, as well as heater

bl ankets (bands) (51, 53, Fig. 5 2) for"applying heat to the gas stick.
O her elenments mght include a gas purifier. Gas sticks 12 are firmy
nmounted to a support pl ate 28 whi ch provi des nechani cal ~support for each
gas stick 12 in the gas box 10. In

between spacer 68a/68b and housing projection
70a/70b, as noted above.

Spacer 68a/68b further includes air
passages such as 75a/75b passing therethrough in an

5 axial direction. Air passage 75a/75b is in
communication with an annular channel 76a/76b formed
in compréssion head 74a/74b. A further channel
77a/77b formed in compression head 74a/74b leads
from channel 76a/76b to the clean-room atmosphere

10 surrounding valved coupler 20a/20b. Air passage
75a/75b énd 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

15 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.

20 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

25 rotate relative to main housing 55a/55b about their
—‘“““‘—‘————~_,~___ _
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10 . accordance with principles of the present invention, the dinmensions
of each gas stick 12 are reduced as conpared to typical gas sticks, such
thaf support plate 28 may be attached to or_part of existing sem conduct or
processing equi prent in the clean room 15 where the gas sticks are in
operation. This substantially reduces the floor space used in the clean
room and thereby substantially reduce the cost of its construction and
operation. A second advantage of the snmaller gas 20 SFICK di mrensions is
the reduction in emteal sakésios i meeded gos pernkt odnudctiphies | ess
opportunity for accunul ation of noisture and/or particulate in the
pneumatic gas to drive housing 80a/80b.
Drive housing 80a/80b surrounds valve stem
32a/32b and includes a pneumatic piston-and-cylinder
5 for driving stem 32a/32b to an open or closed
position. Specifically, housing 80a/80b defines a
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
io0 axially through housing 80a/80b by pneumatic
pressure from pressurized gas injected into cylinder
84a/84b via a pneumatic control line 22 (see Figs. 1
and 2) welded to tube-stub forming a pneumatic
control port 91a/91ib. (Alternatively, as seen in
15 Fig. 1, pneumatic control lines may be threadedly
coupled to pneumatic control port 91a/91b, in which
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
20 86a/86b, such that valve stem 32a/32b is
mechanically coupled to movements of piston 86a/86Db.
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

25 86a/86b is driven from the position shown in drive
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gas stick and | ess area subject to possible corrosion or outgassing. 12
~ Furthernore, the reduced size.of the gas stick reduces the volune that nust
be purged, and thus reduces the purging tine and the amount of purging gas
consuned. 5 Finally, the infegral construction of the gas
stick provides fewer connections and seals and thus fewer potential |eak
pat hs for gasses fromthe

housing 80b to the position shown in drive housing
80a.
Housing 80a/80b includes interior threads
at 94a/94b for receiving a cylindrical cap 96a/96b
5 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 piston 86a/86b and stem 32a/32b driving
10 these elemgnts toward main housing 55a/55b to cause
sealing é;gagement of bull nose 34a/34b with
aperture 56a/56b of housing 55a/55b. Thus, when
pneumatic pressure is removed, spring 98a/98b
aﬁtomatically causes closure of valved coupler
15 20a/20b.
| In accordance with the above description,
it will be appreciated that the valve structure
shown in Fig. 3 is a "normally closed" wvalve, i.e.,
it wili close and remain closed when pneumatic
20 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 side of piston 86a/86b and cap

25 96a/96b. Alsoc the orientation of piston 86a/86b and
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gas stick to the surrounding environnent, and also reduces the anount of
steel used in the gas 10 distribution system Referring nowto Fig. 2,
eéach gas stick incorporates four valved coupl ers 20a, 20b, 20c and 20d
which connect the gas stick 12 to a gas supply and to gas distribution

equi pnent in the processing 15 chanber. The four valved couplers 20a,
20b, 20c and 20d shown in Fig. 2 have simlar construction, but are
positioned in different orientations, and in sone cases integrally attached

to housings of adjesrtiososposiering 9fa/98b would be révepsédi sed@r, the
val ving structure in
that spring 98a/98b is captured between a front side
of piston 86a/86b and housing 80a/80b. Finally, an
air passage from the housing to the external
5 environment would be provided to permit air captured
between a front side of piston 86a/86b and housing
80a/80b fo vent to the exterior environment.
Main housing 55b of valved coupler 20b is
permanently mounted to the housing of mass flow

10 | controllep 38 to form a gas stick 12, as is seen in
its entifety in Fig. 2. Accordingly, housing 55b of
coupler.zob includes passage 35 which connects to
the inlet of the mass flow controller. Furthermore,
main housing 55b includes a heater jacket 51

15 attached to power lines 50. Referring back to Fig.
2, it will be seen that coupler 20c is also
iﬁtegrally formed with an output side of gas stick
12, and contains structures which are similar, but.
mirror-image, to those found in coupler 20b.

20 Referring now to Fig. 4, the details of
the passageway adjoining mating valved couplers can
be examined. This passageway is formed by the
apertures 56a and 56b into housings 55a and 55b of

couplers 20a and 20b. Housings 55a and 55b include,

25 at the outer peripheries of apertures S56a, 56b,
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éoupfer 20a is a mrror imge of the structures in couplers 20b, 20c and
20d, al though the main housings in each case are slightly differently
Shaped to accommodate different applications. 13 I n the enbodi nent shown
in"Fig. 2, the lower valved couplers 20b and 20c are integrally nmounted to
the housing of a gas stick (including a mass flow controller 38 and
pressure transducer 24) 5 situated therebetween. Accordingly, the gas
StICk respective annular clamping jaws 99a and 99b._ These
jaws mate to form a circular clamping structure 102
surrounding apertures 56a and 56b. A packing gland
100 (deformable washer), is inserted into the
5 circular'clamp 102 formed by jaws 99a and 99b.
Packing gland 100 forms.a fluid tight seal.
preventihg seepage of fluid from apertures 56a and
56b and the passageway therebétween, into the joint
104 between housings 55a and 55b. Packing gland 100
10 is permanently deformed between jaws 99a and 99b
when houéings 55a and 55b are conjoined, and must be
replaced after each separation of housings 55a and
55b. |
As is best seen in Fig. 4, when the bull
15 noses 34a and 34b are both in their closed positions
shown in Fig. 4, both of apertures 56a and Séb are
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,
20 only a minuscule volume is contained in the region
between bull noses 34a and 34b.
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

25 processing applications such as semiconductor
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may be renoved fromthe gas distribution system by disconnecting |ower

"~ couplers 20b and 20c from mati ng upper couplers 20a and 20d, lifting upper
coupl ers 20a and 20d from connection with | ower couplers 20b 10 and
20c, and renoving the entire gas stick with“Tower couplers 20b and 20c
attached thereto. In an alternative enbodi mrent (not shown), upper couplers
20a and 20d are integrally nounted to the gas stick (rather than |ower

coupl ers 20b and 15 20c), and these integral upper couplers 20a and 20d

are mounted to sepaiRduelg .CONY &idh 3 et 2eihitdy canigste t 044 NPt
and output lines 14 and 16. In this alternative enbodi ment, after
di sconnection, Fig. 2, the valved couplers form matable pairs.
When both valQes of a matable pair of couplers are -
in the off position, as seen in Fig. 4,

5 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 coupler valve chambers 30a

10 and 30b through apertures 56a and 56b, and thus
without éccumulation of moisture or dust within the
couplers or the attached gas processing elements.

Furthermore, it will be noted that, when
the valved couplers are disconnected in the closed

15 ~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 wvalved couplers are_disconnected and

20  reconnected. Thus, contamination of internal wetted
surface of tubing or gas processing elements
connected by the couplers will be substantially
_reduced and the purging required upon replacement of

an element substantially reduced.
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the gas stick and upper couplers 20a and 20d 20 attached thereto may be
directly lifted off |ower couplers 20b and 20c w t hout requiring novenent
of | ower couplers 20b and 20c. Returning now to the enbodi nent shown in
FigT 2, a process gas input line 14 connectS to the 25 mai n val ve
chanber 30a of a first val ved coupler 14 20a. (The connection to input
line 14 and output line 16 may be a threaded joint as shown in Fig. 2,

Accordingly, in accordance with principles
of the present invention, valved couplers are
. positioned on opposing sides of a gas processing
element to facilitate replacement of that element
5 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
12 may be replaced without substantial contamination
of the attached tubing._ In an alternative
10 applicatiqn, shown in Fig. 5, an individual
componeng.of the gas distribution system or gas
stick, such as a filter 120 or as an alternative
example a gas purifier, is coupled to the remainder
of the system or stick by a pair of valved couplers.
15 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 stiék.
For each of these applications, it is
contemplated that separate components (Fig. 5), or
20 an entire gas stick (Fig. 2), will be supplied from
a manufacturer with the valved couplers surrounding
the component factory-sealed, with the component
preserved therebetween in a controlled environment,

such as in pure Nitrogen at a pressure slightly

25 above atmospheric. Furthermore, it is contemplated
—_—
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or lines 14 and 16 may be welded to a tube stub of the kind used on
pneumatic control ports 91a/91b in 5 Fig. 2.) This chanber 30a is
cylindrical in profile, and is shown in cross-section in Fig. 2. A lower
fac® of chanber 30a includes an aperture 56a passing through the housing.
An axial |l y-positioned val ve stem 32a, termnating at one end in a bull 10
nose 34a, noves along a center axis passing through aperture 56a such that
bul | nose may engage and seal aperture 56a. Simlarly, valved coupler 20b

i ncludes an .aper t ghgt 56Re 2BEmPoRERD ﬁzmmhecbaaez«ses‘r plegedackSany center
axi s extendi ng through aperture 56b and
impurities prior to factory-sealing of the
associated valved couplers.
Specifically, it is contemplated that a
5 gas stick or component will be heated in a vacuum
oven to bake out impurities, and then back filled
with pufe Nitrogen for several cycles to remove all
‘alr and moisture. Subsequently, the clean assembly
will be charged with Nitrogen and placed in sealed
10 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
to eliminate any impurities acquired by the small
wetted surfaces of the end of bullnose 34 during its
15 brief exposure to clean room air, and then
immediately thereafter used in processing. Because
the individual component or entire gas stick is
supplied pre-purged, and internal wetted surfaces
thereof are not exposed to contamination from air,
20 delays for purging are substantially reduced as
compared to those needed when replacing a component
in a typical gas sticks in the prior art.
In an embodiment where, for example, a gas
purifier is isolated between valved couplers in this

25 manner, the present invention has particular
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termnates at an end in a. bull nose 34b sized for engagenent and sealing of
aperture 56b. Wen val ved coupl ers 20a and 20b are open, stens 32a and 32b
translate to the positions.shown 20 in Fig. 2. In these positions,
cylFndrical main chanber 30a of coupler 20a”is in fluid comunication with
cylindrical main chanber 30b of coupler 20b, via apertures 56a and 56b.
Accordingly, iinput line 14 is in fluid conmunication with inlet passage 35
25 formed in the housing of coupler 20b.

advantage, in that purifier elements are often
consumed by room air. The isolation procedure
described above would prevent even brief exposure of
the purifier element to room air and thus

5 substéntially reduce consumption of the element by
room air during installation. (The use of couplers
in accofdance with the present invention in
conjunction with a gas purifier will be noted below
in connection with Fig. 9,)

10 , ‘An additional_advantage of the valved
coupler étructure described herein is the inclusion
of dual valves within each coupler joint..
Specifically, the valve formed by a bull nose 34 and
associated housing aperture 56 may be used as a

iS shutoff valve during semiconductor processing, by
automatic or manual (see below) actuation of the
valve stem 32 and bull nose 34.

Typically, shutoff valves are positioned
on either side of a mass flow controller and both

20 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

25 shutoff valve, the present invention substantially
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Passage 35 is in comunication with a mass flow controller 38 (the details
of which are not shown) through a top-hat shaped filter 40. Filter 40 is
fitted into a matchi ng top-hat shaped chanber 5- in housing 55b of
codﬁTer 20b. Filter 40 includes, at its oufér periphery, a sealing nib

whi ch is engaged between housing 55b of coupler 20b and the housing of mass
flow controller 38, to forma seal therebetween. 10 The
outl-et of mass flow controller 38 is coupled, through a second filter 42,

to an outlet passPgyeys 4hansh Fe Bhd SothpIwhki Gl o 3k Vgasharbek . 30s0f a
third val ved coupler 20c. Filter 42 is
integration of both functions into a single integral
unit such as shown in Fig. 2, permits substantial
reduction in the size of a gas stick, with the
5  resulting advantages identified above.

Another advantage arises from the
provisioﬁ for dual shutoff valves at each coupling.
Specifically, as éan be seen in Fig. 3, one coupler
of a pair of valved couplers may be used as a

10 shutoff vg;ve while the other coupler is held in an
open position. For exaﬁple, comparing Fig. 2 to
Fig. 3, a shutoff function may be achieved by
cycling valved coupler 20b between open and closed
positions while_holding 20a in an open position. By

15 cycling one coupler in this manner while holding the
opposing coupler open, only one coupler accumulates
wear while the other coupler remains unused.
Accordingly, when coupler 20b nears the end of its
useful life, the roles of the couplers may be

20 reversed, and coupler 20a cycled thereafter to
_provide shutoff valviﬁg. As a consequence, the
useful life of the shutoff valves in a pair of
valved couplers,'can be as much as twice the useful
life of a single shutoff valve. By thus extending

25 the useful life of the shutoff valves, the valved

//
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mounted wi thin the housing 55c of val ved coupler 15 20c, and housi ng
55c is sealed to the housing of nmass flow controller 38 by a sealing nib 44
on filter 42. Valved coupler 20c, like valved couplers 20a and 20b,

i néTudes an aperture 56¢c and a val ve 20 “stem 32c termnating at an
interior end in a bull nose 34c. Simlarly, valved coupler 20d includes an
~aperture 56d and a valve stem 32d ternminating at its interior end in a bul
nose 34d. Wen val ve stens 32c and 32d are in their open positions, as

shown in 25 Eo@ipler BRirictahee ofhaMeination a0 BRtEHA N
time between refurbishments of the gas stick due to
valve wear, and enhance productivity.

Now turning to a detailed discussion of
5 Fig. 5, an alterﬁative embodiment of a valved
coupler 20c and 20d provides for manual actuation of
the valvé stem 32c/32d. In this embodiment, certain
parts of the pneumatically actuated valve discussed
above are modified to provide manual actuation. As
10 was the case in Fig. 3, elements of couplers 20c and
204 (othei than the main housings 55¢ and 55d) have
mirror-image construction, and for clarity like
elements from both couplers will be discussed below
simultaneously, with reference to corresponding
15 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 discusséd above with
20 reference to Fig. 3. Furthermore, diaphragm 60c/60d
is welded/clamped to bullnose 34c/34d and stem
32c¢c/32d and housing 55¢/55d in a manner identical to
that discussed above with reference to Fig. 3.
The manually-actuated embodiment differs
25 from the pneumatically actuated embodiment of Fig.
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16 with a main val ve chanber 30d of val ved coupl er 20d through apertures
56c and 56d. Accordingly, in these positions of valve stens 32c and 32d,

out | et

passageway 45 is in fluid commnication via valve 5 chanbers 30c

and 30d to output line 16 of the gas stick “12. The pressure sensor 24 (the
details of which are not shown) is in fluid comunication-with outl et
passageway 45 via passageway 45a. Electrical 10 signals from pressure

sensor

24 are carried on line
3, in that a modified valve stem 32c¢/32d is used in

conjunction with an alternative compression head
174c/174d and spacer 106c/106d, ih place of the stem -
32a/32b, compression head 74a/74b, énd dri&e housing
5 80a/80b shown in Fig. 3. Specifically, the modified
spacer 106c/106d has a central aperture sized
slightlf larger than the outer diameter of handle
112¢/112d to fit around the innermost end of handle
112c/112d. As in the brior embodiment, compression
10 head 174c[174d is threaded at its outer periphery
for engagement to an inner threaded periphery of
housing 55c¢/55d, and drives spacer 106c/106d into
engagement with diaphragm 60c/60d opposite housing
projection 70c/70d. Accordingly, spacer 106c/106d
15 compresses and seals diaphragm 106c¢/106d to main
housing 55c/55dland minimizes leakage therebetween.
Compression head 174c/174d is formed with
a central cylindrical recess 108c/108d for
supporting the manual actuation handle 112¢/112d4 and
20 accompanying bearings, etc. An end of valve stem
32¢/32d opposite bull nose 34c/34d extends into this
recess 108c/108d. This end of valve stem 32c/32d
includes external threads 110c/110d. 'Handle
112¢/1124 inserted in recess 108c¢/108d includes a
___~_________~_;_‘~_
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25. These signals can be used, for exanple, to control the pneumatic |ines
controlling the positions of valve stens 32 so as to close the val ved
toupl ers and thereby shut off gas flowif the 15 gas pressure drops
berdw a set point. Thernocouple 46 is in thermal communication with the
wal I of housing 55b adjacent to filter 40, and thereby detects the
tenperature of gas flowi ng through filter 40 to produce an 20

el ectrical tenperature signal on lines 48. Heater jackets (bands) 51, 53
surroundi ng inl ebopassageyay3dShaninguthebagasmaganay #itbbtareadsect rical

power through lines 50 and 52, respectively, and nmay be
110c/110d of valve stem 32c/32d.
| Handle 112¢/1124 also includes an annular
projection 117c/117d sized for insertion within
5 recess 108c/108d to axially constrain handle
112c/112d but permit rotation. Annular bearings
114c/114d are fitted on opposing sides of projection
117¢c/117d to permit rotation thereof while
constraining axial movement of handle 112c¢/112d4. A
10 cap 116c/1}6d fitted into recess 108c/1084
constrainé axial movement of bearings 114c/114d and
handle 112c¢/112d.
' A channel 118c/118d formed in compression
head 174c/174d prov1des a path for air flow to/from .
15 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
with channels 75/76/77 of the pneumatically-actuated
20 valve of Fig. 3).
When the valve has been manually actuated
to a fully open position, as shown in coupler 204,
diaphragm 604 abuts an underside of handlelllzd and

spacer 106d. This prevents further rotation of

25 handle 112d and over-travel of diaphragm 60d.
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controlled in response to tenperatures sensed by 25 t her nocoupl e 46 to

regul ate the tenperature of the 17 gas stick 12 to prevent gas
condensation within the gas stick 12. (Heater cartridges could be used in
pl aCe of heater bands, if desired.) Gas stiTk 12 has an overall length as 5

shown by nuneral 54 of approxi mtely nine inches. This dinension is
substantially smaller than conparabl e di nensions of a typical gas stick

In use of the foregoing structure,
rotation of handle 112c¢/112d causes a#ial
translation of valve stem 32¢/32d axially toward or
away from housing 55c/554 to or from an open end

5 closed position. Thus, the valve of the valved
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

10 embodimenE_shown in Fig. 5, housing 55b of valved
coupler 20b and hoﬁsing 55c of valved coupler 20c¢
are integrally formed with a housing for supporting
a filter 120, which filters gas flow between main
valve chamber 30b and main valve chamber 30c.

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

20 Accordingly, couplers 20a and 20b are configured for
pneumatic control whereas couplers 20c and 204 are
configured for manual control. 1In such an
application, couplers 20c and 204 would be manually
placed in a closed position only when the filter or

25 an adjoining element is detached therefrom;
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Sheet Has Been Re laced

BT llll



assenbly conprising discrete mass flow, pressure sensor and control valve
housi ngs and couplers 10 t.herebetween. As noted above, the conpact size
of the gas stick 12, in accordance with principles of the present

invention, pernits a substantial reduction T the clean room fl oor space
consuned by the gas .15 box 10. Indeed, -in sonme applications the gas
box 10 may be nounted on the processing chanber, thus freeing all floor
space fornerly required for the gas box. Furthernore, the conpact size of

Lhe gas stick A SERENANAIINS e RAUGP SRR B uplerD 200 &E5!S 1N the

system the volune needed to be purged
20d would remain in an open position.

As before, a filter element 120 and
adjoining integral valved couplers could be supplied
5 from the manufacturer in a controlled environment
(e.g., in pure Nitrogen at a pressure slightly
elevated'above athospheric) and pre-purged of
impurities, permitting rapid inétallation of the
filter into the gas stick and use after only a brief
10 ' purging._v |
It is contemplated that other gas
processing elements may similarly be iéolated
between valved couplers, or incorporated integrally
into the housings of adjoining valved couplers, to
15 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
20 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 coﬁpler is used to control-ﬁlow of a high-

25 pressure gas. In such a case, it may be impractical
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and the wetted surface area, resulting in fewer opportunities for corrosion
or outgassing. It will be further noted that the gas.stick 12 of Fig. 2 is

an integral unit containing-25 al | processing. gonponents needed for gas
delTvery, i ncl uding mass flow control |l er™38, and pressure sensor 24.
Furthernore, as will be explained in greater detail in the follow ng

figures, the valved couplers 20a, 20b, 20c and 20d function not only as 5
couplers for the gas stick, but also as

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
5 large force would need to be applied (by spring 98b)
to valve stem 32b to overcome the gas pressure and
hold éouﬁier 20b closed,.i.e., in the position shown
in Fig. 3. However, a large force of this kind, is
likely to unacceptably deform gasket 58b over a few
10 open-closg)cycles, and thereby dramatically reduce
the number of cycles that could be obtained from the
valve.
Accordingly, where a high pressure gas is
in use, the input-side coupler 20b may be a
15 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
léter processing. Coupler 20a (which is not subject
to the pressures described in the previous
-20. paragraph) could then be cycled to provide a shut-
off capability. As noted above, an example of a gas
stick uéing a manually-actuated coupler is shown in
Fig. 1, coupler 220. |

In high-pressure applications, it is

25 particularly important to incorﬁbrate a heater into
- 37 -
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automati cal | y-actuat abl e shutoff val ves which can be used to initiate and
termnate gas flow as called for by the sem conductor processing "recipe"
used with the processing chanber. The substantial 10 reduction in size
and nunmber of seals in the gas stick 12, résulting fromthis integration of
functions into a single unit, is a particular advantage of the present
I nvention. Now referring to Fig. 3, it can be seen 15 how val ved
coupl er 20a or val ved coupler 20b may be used as a flow control valve
during operati onthkt cheplexr suchtkas?hedpeti Eicahoyn denFdg.n@.Fig 3 to
Fig. 2, valve stem 32b of val ved coupl er 20b has
pressure drop is likely to be experienced in the
coupler, which will cause a temperature drop through
the effect known as Joule-Thompson cooling. The
5 temperature drop can be significant for particular
gasses used in semiconductor processing.
Accordinély, it is important to heat the coupler
houéing to prevent the condensation of gas or
formation of icicles in the coupler.
10 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-
15 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-
20 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

25 pneumatically actuated piston and cylinder assembly
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been noved to a closed position seen in Fig. 3. In 20 this position,
bull nose 34b engages to aperture 56b of coupler 20b to seal valve chanber

30b from val ve chanber 30a of coupler 20a. To facilitate such sealing,

each

bufT nose 34a and 34b includes on its |ower perinmeter, a gasket 58a and 58b

for sealing 25
19 Additi onal

agai nst aperture 56a and 56b of housing 55a and 55b.
details of a valved coupler 20 in accordance wth one

enbodi ment of the present

10

15

20

25

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
pneumatic pressure is removed. Alternatively,
assembly 146 may return stem 130 to the open
position in the abseﬁce of pneumatic pressure. As
a second.alternative, assembly 146 may include a
manually-controlled actuator.

As seen by comparison of Fig. 6 and Fig.
7, when tpg 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
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
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
supported within outer housing 148 for actuation by
valve stem 130. Bull nose 150 is spring biased into
contact with outer housing 148 by a spider (annular

spring) 152. Bull nose 150 carries a gasket 154 for

- - 39 -

This Sheet Has Been R

M



i nvention are illustrated in Fig. 3. These details will be described in the
context of valved coupler 5 20a and the corresponding elenents in

val ved coupl er 20b. However, the reader will appreciate that simlar
det@ils appear in other valved couplers of The sane type shown in Figs. 2
and 5. In the follow ng, correspondi ng conponents 10 I n each of

coupl ers 20a and 20b will be described sinmultaneously, while identifying
the reference characters for both conmponents. Now turning to the details

shown in Fig. 31s§§§!ﬂn§‘0€8| SﬁtéPChHQ§§n§ ﬂh@p@héﬁﬁﬁ.ﬁoéﬁéQQeméﬁt
respectlvely, whi ch is”a di sk-shaped sheet of
therewith.
'lOuter housing 148 is held in engagement
with main housing-132 by a nut 156 having an
5 internal threaded surface 158 matable with external
threads on main valve housing 132. Planar surface
160 of oﬁter housing 148 mates to a similar planar
surface 160 of main valve housing 132. A packing
gland (deformable metal gasket) 162 inserted between
10 outer houfing 148 and main housing 132 provides a
seal preventing fluid flow from inside of the valve
housing.
As before, mass flow controller 38 may be
integrally constructed with a filter 162, as well as-
15 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 bé seen that horizontal aétuation of valve stem
130 causes stem 130 to abut bullnose 150, and
20 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 position shown in Fig. 6, gas flow is

25 inhibited.
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flexi ble metal material. D aphragm 60a/60b seals the main val ve chanber
30a/ 30b. Val ve stem 32a/ 32b passes through a central aperture of diaphragm
60a/ 60b. In an axial region surrounding this 20 central aperture,
di aphr agm 60a/ 60b is wel ded to bull nose 34al 34b as shown at 62 on
di aphragm 60a. An interior end of valve stem 32a/32b passes through
di aphragm 60a/ 60b and term nates in a threaded end as seen at 64 on stem
32a. Bull nose 25 34al/ 34b includes internal threads for accepting an
' As can be seen in Fig. 8, the valved
coupling of Figs. 6-7 may be disconnected along
surfaces 166 and separated. In such a situation,
valve stem 130 and bull nose 150 seal the interior
5 - wetted surfaces of the housings and adjacent_
structures so that, aé“béfore, moisture and dust are
preventéd from contacting those interior wetted
surfaces.
Here, as in the first embodiment described

10 with refe;ence ﬁo Figs. 1-5, the advantages of the
present ihvention are obtained because valve stem
130 and bull nose 150, which move alpng a center
axis extending through the aperture in the valve
housings 132 and 148, come to rest at a position

15 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 1is exposed when the coupler is disconnected.

20 | 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 restrlct or.in any way limit the scope

25 of the appended claims to such deta11 Additional

_—_—
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20 internal end of the respective valve stem 32a/32b. Above this threaded
end 64 of val ve stem 32a/32b, -val ve stem 32a/32b includes a radi al
pquection 66a/ 66b havi ng an outer dianmeter matcheg'to an outer 5

di aneter of bull nose 34a/34b. Thus, by tiGhtening the threaded end 64 of
val ve stem 32a/32b into bull nose 34a/34b, di aphragm 60a/60b is cl anped

bet ween t he val ve stem proj ection 66a/66b and the bul

nose 34a/ 34b. The

result of this conbined clanp and weld 10 forms a positive seal between
di aphr agm 60a/ 60hdeant gkt AN emSdat Bdd ionsi wibl zeehddkpyapbeatheospace

t her ebet ween.
' those skilled in the art.

As one example, the gas stick illustrated

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

5 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.

As a second example, the disclosed valved

10 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.

Referring to Fig. 9, valved couplers 220

15 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

present invention might be formed integrally with or

20 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

valvéd couplings 220 might be provided on either

25 side of a manifold box 178 and 180 which distributes
—
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Mai n val ve housi ng 55a/55b includes an internal annular projection 70a/70b
sized for 15 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
an~opposi te peripheral rim of di aphragm 60a/60b. Di aphragm 60a/60b is

t her eby cl anped between projection 20 70a/ 70b and spacer 68a/68b to
positively | ock di aphragm 60a/60b in place and mninize | eakage between

di aphragm 60a/ 60b and mai n housi ng 55a/55b. An outer periphery of diaphragm
60a/ 60b may al so das idale by dff aled donrEsn IMUsEHD Eﬂa/tﬁSbnﬂb:ifpiré her 25

reduce | eakage therebetween.

gas boxes 10. Also, couplers 20 might be used at
the connections leading frém a gas box to process
equipment 182 and 184.

5 In a typical application, couplers 220
connected ﬁo 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
not typically opened and closed regularly during

10 processing. However, couplers 20 attached to the
gas boxeé 10 and connected to the process equipment
182 and 184 would be pneumatically actuated since
these connections are regularly opened and closed
during processing. |

15 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

20 details without departing from the spirit or scope
of applicant’s general inventive concept.

What is claimed is:

e
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21 Spacer 68a/68b includes, at its radially inwardnost position, a circular
aperture as seen at 78 in valved coupl er-20b. This apert 8 has a
di aneter slightly larger than that of projection 5 66a/ 66b on val ve

st 8m 32a/ 32b. Accordingly, as illustrated Tn val ved coupmmmﬂmmﬂuw
val ve stem 32a/32b withdraws into main valve chanber 30a/ l"ﬂ
bul | nose 34a from engagenment with housing 55a, valve stem'prbj ecti®ons6oa
fits within
Claims
1. A valved coupler for ultra high purity
gas distribution, comprising |
a valve housing having an external
surface, an internal surface defining a gas-carrying
chamber, and first and second aperture-defining
surfaces'extending from said inner surface to said
ocuter surface and defining first and second
apertures permitting gés flow between said gasF
carrying chamber and an external environment to
which the external surface of the housing is
exposed,
a valve stem having proximal and distal
ends slidably mounted within said housing for iinear
movement between a first position and a second
position, along an axis extending through said first
aperture, said valve stem.having a sealing surface
at said distal end,
a substantially planar flexible diaphragm
having an outer periphery and an inner periphery,
said inner periphery sealingly engaged to said valve
stem, said outer periphery sealingly engaged to said
internal surface of said housing, dividing said
internal surface of said housing into two sections,

said aperture-defining surfaces communicating
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10 annul ar aperture 78 to permt full wthdrawal of bull nose 34a away
from housi ng 55a. Spacer 68a/68b has a concave inner su m“ﬂ I ' to
di aphragm'60a/ 60b when bul | nose 34a/34b is_in an open H "ﬁﬂl mm]ll"ﬂm
seen in 15 val ved coupler 20a of Fig. 3. Spacer 68af68b ttheMehy *
provi des support for diaphragm 60a/60b agai nst gas pressure and prevents
unnecessary fl exing thereof. Mi-n housing 55a/55b includes threads 20

72al/ 72b along its cylindrical inner periphery for receiving a cylindrical
conpr essi on headb&dwédhbshdi ogtent sugfhbeecand ancommorxsecthonpe£i phery.

said internal surface of said housing,
wherein at said first position, said -
sealing surface of said valve stem engages said
first aperture-surrounding surface of said housing,
and a distal end of said valve stem is substantially
coplanar.with said outer surface of said housing in
a region bordering said first aperture-defining
surface, whereby when said first aperﬁure is sealed
by said bullnose only a minimal fractioh of said

inner surface of said housing is exposed to the

external environment.

2. The valved coupler of claim 1 wherein

said sealing surface engages said
aperture-surrounding surface adjacent said inner
surface of said housing, and

at said second position, said sealing
surface of said valve stem withdraws into said
housing and away from said outer surface of said

housing.

3. The valved coupler of claim 1 wherein
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Conpr essi on head 74al/ 74b engages spacer 68a/68b andr?L%nggg,canp#essfv
force agai nst spacer 68a/68b to 25 clanp the peripheral rim of

di aphragm 60a/ 60b 22 between spacer 68a/68b and ho “mg n‘\s
70a/ 70b, as noted above. Spacer 68a/68b further incluxgﬂ‘ﬂ“ﬂ uch
as 75al/ 75b passing therethrough in an 5 axial directién.* A'r passage
75a/ 75b is in communication with an annul ar channel 76a/76b fornmed

said sealing surface engages said
aperture-surrounding surface adjacent said outer
surface of said housing, and

moving said valve stem from said first
position to said second position comprises moving
said sealing surface outwardly from said housing
such thaé said distal end of said valve stem extends

beyond said outer surface of said housing.

4. The valved coupler of claim 1,

further comprising a drive housing
defining a pneumatic actuating cylinder, and further
defining a third aperture in communication with said
actuating cylinder for admitting compressed gas into
said actuating cylinder,

wherein said valve stem further comprises
a piston at said proximal end thereof.slidably
mounted within said actuating cylinder, and

further comprising a spring applying a
force between said drive housing and said valve stem
to move said valve stem toward said first position,

whereby said valve stem may be actuated
from said first position to said second position by
‘injection of compressed gas inﬁo said actuating

cylinder through said third aperture.

T - 46 -
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I n conpression head 74a/ 74b. A further channel 77a/77b formed in

conpr essi on head 74a/ 74b | eads from channel 76a/ 76bem"”ﬂ, r

at nosphere 10 surroundi ng val ved coupl er 20a/ 200b. Imggﬂﬂ(]%a/ 75b
and” channel s 76a/ 76b and 77a/77b permit air flow froni a edi om Deli

di aphragm 60b to or fromthe cl ean-room at nosphere outsi de of val ved

coupl er 20a/20b so that air pressure froma rear side of 15 di aphragm
60a does not inhibit novenent of valve stem 32a/32b. In

pneumati cal | y-act uat ed enmbogi, MeRESvafvadvabupleeodp! elaimughyidraie shown
in Fig. 3, main housing 55a/55b attaches to a drive housing 80a/ 80b.
said sealing surface engages said
aperture-surrounding surface adjacent said inner
surface of said housing,
at said second position, said sealing
surface of said valve stem withdraws into said
housing.and away from said outer surface of said
housing, and
said spring urges said valve stem toward

said first aperture and said surface into engagement

~with said aperture-surrounding surface.

6. The valved coupler of claim 4 wherein

said sealing surface engages said
aperture-surrounding surface adjacent said outer
surface of said housing,

at said second position, said sealing
surface extends outwardly from said housing such
that said distal end of said valve stem extends |
outside said outer surface of said housing, and

said spring urges said valve stem inwardly
into said housing and said surface into engagement

with said aperture-surrounding surface.

:\
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20 Drive housing 80a/80b is attached to main hdusing 55a/55b by a drive

wire 82a/82b inserted into an annul ar channel fornmed between—eonpression
head 74a/74b and drive housing 80a/80b. This drive wire 82al/82b necti on
perfits drive housing 80a/80b to 25 rotate rel “mﬂ Bﬁ& ng
55a/ 55b about their 23 central axes as needed tm“w on of

pneumatic gas to drive housing 80a/80b. Drive housing 80a¥ 80b surrounds
val ve stem

7. The valved coupler of claim 1, further
comprising
- a pinion journalled for driven rotation in
said housing, whereiﬁ
said valve stem includes a toothed surface
at its proximal end engaging said pinion,
' whereby rotation of said-pinion causes
motion of said stem between said first and second

. positions.

8. The valved coupler of claim 7, further
comprising
a drive housing defining a pneumatic
actuating cylinder, and defining a third aperture in
communication with said actuating cylinder for
.admitting compressed gas into said cylinder, and
further comprising
an actuator carrying a piston at an end
- thereof slidably mounted within said actuating
cylinder for movement along a second axis, and
including a toothed surface engaging said pinion,
whereby said second stem is actuated along
said second axis by injection of compressed gas into

said actuating cylinder through said third aperture,

S TTTT———
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.32a/32b and includes a pneumatic piston-and-cylinder 5 or driving stem
32a/ 32b to an open or closed position. Specifically, hou5|ng 80a

~defines a central cylinder 84a/84b. A piston 86a/86b nD
328/ 32b is slidably positioned within cylifider 84a/ 84b @ ’
actuated 10 axially through housing 80a/80b by pneumati € pt ﬁg

pressurized gas injected into cylinder 84a/84b via a pneunatic cont r'ol *l'i ne
22 (see Figs. 1 and 2) welded to tube-stub form ng a pneumatic control  port

9la/91b. (Alter n@él&&bye 2StS€E8n | Of 18aid pFhfon lan@NBYEBLhCog0RLEQ! i nes
may be threadedly coupled to pneumatic coﬁ?rol port 91a/91b, in which

valve stem between sajd first and second positions.

9. The valved coupler of claih 8 further
comprising

a sﬁring applying a force between said
hou51ng and said actuator to move said actuator

toward a starting p051t10n

10. The valved coupler of claim 8 wherein

said second axis and said axis extending through

said first aperture are orthogonal to each other.
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case the port mght be smaller in dianeter.) Valve stem 32a/32b carries
..grooves for retaining annular | ocking rings 92a/92b on opposite sides of

piston 20

86a/ 86Db,

fromcontrol ports 91a/91b to a front side of piston e 30R,

pressure is applied, piston 25 86a/ 86b i.s driven f

shown in drive

24

Valved couplers 20 and gas proceséing
component; partiéularly 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 cbupler,
so that only a minimal amount of the wetted surface
of the coupler is exposed to the external
environment. A gas processing compénent (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.

_

i

such that valve stem 32a/32b is nechanlcally coupled
t oo hovenents of piston 86a/86b. A passage 93a/93b carries =




housi ng 80b to the position shown in drive housing 80a. Housing 80a/80b
I ncludes interior threads at 94a/94b for receiving a cylindrical cap
which is simlarly threaded at its exterior cylindrical

96a/96b 5
surface. A helical conpression spring 98a/98b is captured between cap
96a/ 96b and pi.ston 86a/ 86b. Spring 98a/98b provi des an expansive force

agai nst piston 86a/86b and stem 32a/32b driving 10 t hese el enents
t oward mai n #8usjag-553 0 _cause seal i ng engagenent of bull nose
34a/ 34b with_dpelfi ure Tbusi ng 55a/ 55b. Thus, when pneunatic
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;autonatically causes cl osure of valved coupler 15 20a/ 20b. In

accordance with the above description, it wll be appreciated that the
wvalve structure shown in Fig. 3is a "normally closed" valve, i.e., it wll
clese and renain closed when pneumatic 20 == pressure is renmoved. In an
alternative enbodi ment for a specific appllca |on a "normally open" val ve
could al so be fabricated by form tannel 3b to conhunicate bet ween
cont rol poﬁ&s\?la/91b and the spa bet we r side 's%on 86a/ 86b
and cap 25 96a/ 96b. Al so rhﬁ pi st onj 86a d
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25 position of spring 98a/98b woul d be reversed such that spring 98a/98b is
captured between a front side of piston 86a/86b and housi ng 80a/ 80b.
Finally, an air passage fromthe housing to the external 5 envi r onment
woul d be provided to pernmit air captured betWween a front side of piston
86a/ 86b and housing 80a/80b to vent to the exterior environnment. Miin

housi ng 55b of val ved coup é? gg LS Cainent nou to the housing of
mass flow 10 Sggntrol | nZmas %k ¥2, as is seen in
bba
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its entirety in Fig. 2. Accordingly, housing 55b of coupler 20b includes
passage 35 which connects to the inlet of the nmass flow controller.

Furt hernore, nmain housing 55b includes a heater jacket 51 15 attached
to power lines 50. Referring back to Fig. 2, it will be seen that coupler
20c is also integrally formed with an out put gsiderofigas stick 12, and
contains structures which are sim| ar b i oe, to those found in
coupl er 20b. 20 i #l, the details of the
passageway adj oi ni ng mat 5

)\ \ 38 i ned. This _
passageway is formed pEE=EER apertur s Gl D+l Nt 0 housi ngs 55a and 55b
of




3

couplers 20a and 20b. Housi ngs 55a and 55b i ncl ude,
26 respective annul ar cl anpi ng j aws
99a_and 99b. These jaws mate to forma circular clanping structure 102

surroundlng apertures 56a and 56b. A packlﬁ"gland 100 (deformable washer),
Is inserted into the
Packi ng gl and 100 for

perlpherles of apertures 56a, 56b,

apertures 56a and

25 at the outer

=circul pr clafip Ig= fornep by jaws 99a and 99b.
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56b and t he passageway therebetween, into the joint 104 between housi ngs
55a and 55b. Packing gland 100 10 is permanent|y defornmed between jaws
99a and 9% wvhen housings 55a and 55b are conjoi ned, and nust be repl aced
after eachks_paration of housings 55a and 55b. As is best seen in Fig. 4,
when the bblk 15 noses 34a and 34bjare both in their closed positions
shown in Fig. 4, both of apertures 56a and 56b are seal ed. Furthernore, the
bul | noses 34a and 34b are substantially _coplanar with the exterior

sur f acgs—ef+—the—vatve—~houstmg—atomygj oi nf 10ggp eset . 20 only a
m nuscyl e \REPDARCED CotEETSed BG thel reg Mescﬁ?;t(i:oﬂn»mj. p:glegf{EETs S
. . A... 10 paged 43
[ Dgecription : paged ....... to paged ....... g:g::m!“) ‘paged 14 1o gagzd 19
Eélsim{m v et ht“( to paged .. A . B/Absggf(s) fpaged A..t0 paged {,
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‘VALVED CQUPLING FOR ULTRA HIGH PURITY GAS
DISTRIBUTION SYSTEMS —

10
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Cross Reference To Related Applications

This application is related to a copending
application entitled ULTRA HIGH PURITY GAS
DISTRIBUTiON COMPONENT WITH INTEGRAL VALVED COUPLING
AND METHODS FOR ITS USE, filed simultaneously
herewith and assigned to the same assignee, and
incorporated herein by reference in its entirety.
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.
Backaround of the Invention

High purity gas distribution systems, such
as are used in semiconductor manufacturing or other

thin fg;m coating processes,'typically include a




bet ween bull noses 34a and 34b. In use, the val ved coupl er structure shown
in the Figs. 1-4 provides a substantially inproved coupling and shutoff
valve for ultra high purity gas 25 processi ng applications such as

sem conduct or 27 manufacturing. As can be best seen, for exanple, in
Fig. 2, the valved coupl ers form matabpe pairs. Wen both valves of a

mat abl e pair of couplers are in the off position, as seen in Fig. 4,

source of high purity gas coupled through a series
of gas processing elements such as a mass flow
controller, pressure sensor and/or regulator,'
heater, filters or purifiers, and shutoff valves.

5 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

10 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

15 intolerant of particulate contamination. One
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 té the

20 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
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5 substantially no wetted surface of the inside of the valve wll be
exposed to external air when the coupler is separated (see Fig. 5,
di'scussed bel ow). Thus, the couplers may be separated w thout | eakage of

at nosphere into the coupler valve chanbers 30a 10 and 30b through
apertures 56a and 56b, and thus w thoug accumul ati on of noisture or dust
within the couplers or the attached gas processing el enents. Furthernore,

it will be noted that, when the val ved coupl ers are di sconnected in the

cl osed 15 pesriaces, theading totflaaingedf cppstuitbes fFfomhthese ve which
I s exposed to atnosphere is a snmall area at the extrene end of the bul

nose. Accordi ngfyrfaces.

To reduce contamination of this sort, gas

sticks and gas processing components for

S semiconductor processing are manufactured in low-
dust, low-moisture environments, and purged for
lengthy periods of time at elevated pressures after
manufacture. Furthermore, gas processing components
are typically packaged and sealed in pressurized

10 nitrogen for shipment. As a result, the interior of.
the component or stick is exposed only to the clean
room environment in which the semiconductor
processing equipment is located, and only for the
brief period of time between removal of the.

15 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 Eomponent to
clean room air results in the accumulation of

20 potentially damaging levels of parpiculate and
moisture within the stick or component, requiring
extensive purging of the gas stick after assembly,
and prior to further use for semiconductor
manufacturing. Because the semiconductor

25 manufacturing equipment cannot operate during
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only this small area may accunul ate dust or noisture when the val ved
coupl ers are di sconnected and 20 reconnected. Thus, contam nation of
internal wetted surface of tubing or gas processing el enents connected by
the couplers will be substantially reduced and the purging required upon
repl acenent of an el enent substantially reduced. 28 Accordingly, in
accordance with principles of the present invention, valved couplers are

purging, the time heeded for purging represents
substantial lost revenue.
The gés processing components in a gas

stick, and other éomponents and connections in the

5 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

10 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

15 with removable couplers, and valves are placed_.
between components at several locations along the
. stick. Neverthéless, the act of uncoupling a
component or portion of the stick and removing it
from the stick exposes that component and the

20 replacement component to rcom air, and also exposes
substantial wetted surface between 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
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positi oned on opposing sides of a gas processing elenent to facilitate

repl acenent of that elenment 5 W t hout substantial contam nation.. Thus,
an entire gas stick 12, as seen in Fig. 2, may be surrounded by val ved
couplers 20 so that the entire gas stick 12 may be replaced w thout
substantial contam nation of the attached tubing. In an alternative 10
application, shown in Fig. 5, an individual conponent of the gas

di stribution systemor gas stick, such as a filter 120 or as an alternative
exanpl e a gas pbei ékeensivetyuphirged ovhér thentoupenentshareystem or stick

by a pair of valved couplers 15 20b and 20c so that this elenment may be
renmoved and reassembled.

Summary of the Invention
The difficulties are alleviated in

5 accordance with principles of the present invention,
through the 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

10 connected between 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

15 couplers may be integrally incorporated into the
inlet and outlet of a gas stick, to permit
replacement of the entire gas stick.

Specifically, a valved coupler in

accordance with principles of the present invention

20 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

25 ~bullnose is in position for sealing this aperture,
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repl aced wi thout substantial contam nation of either the filter or the

remai nder of the gas stick. For each of these applications, it is

contenpl ated that separate conponents (Fig. 5), or 20 an entire gas

stick (Fig. 2),

coupl ers surroundi ng the conponent facgory-sealed, wth the conponent

will be supplied froma manufacturer with the val ved

preserved therebetween in a controlled environment, such as in pure

Nitrogen at a pressure slightly 25 above atnospheric. Furthernore,

i s contenpl at edthe end of the bullnose is substantially coplanar

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

" discussed below, the bullnose seals at an interior

10

15

20

25

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

coupler té 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 déscribed below
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 absence of pneumatic pressure. As an
alternative embodiment, the return spring drives the
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-

2 2 MAv 1997
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29 that the conponent will be factory-purged of any idpurities prior to

factory-sealing of the associ ated val ved couplers. Specifically, it
‘contenplated that a 5 gas stick or conponent will be heated in a vacuum
oven to bake out inpurities, and then back filled with pure N trogen for

several cycles to renove all air and npisture. Subsequently, the clean
be charged with Nitrogen and placed in sealed 10
filled bags for shipnment. As a result, when the gas stick or conponent
added to the gadigestedvforse Syomehe pneyoatds wro@aguadf |y pur ged

assenbly w ||

10

15

20°

actuator, to a horizontally-oriented valve stem.

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
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
elements such as a pressure regulator or purifier
could also be integrally included in the gas stick

as necessitated by the application.
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to elimnate any inpurities acquired by the small wetted surfaces of the
end of bullnose 34 during its 15 brief exposure to' clean roomair, and
then inmediately thereafter used in processing. Because the individual
conponent or entire gas stick is supplied pre-purged, and internal wetted
surfaces thereof are not exposed to cogtam nation fromair, 20 del ays
for purging are substantially reduced as conpared to those needed when

repl acing a conponent in a typical gas sticks in the prior art. In an
embodi nent where, for exahdld, Furthar RFPeFerthe IRMRE RN eradeEresal ved

couplers in this %? nner, the present invention has particul ar
_ methods of using thes evices. In particular, when

two valved couplers are joined together, they may be
used as shutoff valves by the gas processing
5 apparatus. Because two conjoined couplers include
two separate valves, and either valve can shut off
gas flow through the couplers, wear caused by
repetitive cycling of the valves can be distributed
between the valves, resulting in increased lifetime
10 of the conjoined couplers as compared to a separate
shutoff wvalve.
In a further aspect the invention features
the above-described method of pre-purging a
component and shipping the component in a pufged,
15 contreolled environment between two sealed couplérs.
The above and other objects and advantages
of the present invention shall be made apparent from
the accompanying drawings and the description
thereof.
20 Brief Description of the Drawing
The accompanying drawings, which are
incorporated in and constitute a part of this
specification, illustrate embodiments of the
invention and, together with a general description

25 of the invention given above, and the detailed
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30 advantage, in that purifier elenments are often consumed by roomair. The
| sol ati on procedure descri bed above woul d prevent even brief exposure of
the purifier element to roomair and thus 5 substantially reduce
consunption of the elenment by roomair during installation. (The use of
couplers in accordance with the preseng invention in conjunction with a gas
purifier will be noted below in conneCtion with Fig. 9.)

description of fhe embodiments given below, serve.to
explain the principles of the invention.
- Fig. 1 is a schematic perspective view of
a gas box formed of integrated gas stick/valved
5 coupler assemblies in accordance with principles of
the present invention;

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

10 connections on the valved coupler, to illustrate an___
alternative to the threaded couplers shown in Fig.
1;

Fig. 3 is partial cross-sectional detail

view of two valved couplers in the gas stick of Fig.
15 2;
Fig. 4 is an enlarged cross-sectional view

of the joint between the two valved couplers of Fig.

Fig. 5 is a partial cross-sectional view
20 - of a filter having integrated valved couplers in
accordance with a second embodiment of the
invention, and showing the uncoupling of such
coﬁplers;
Figs. 6 and 7 are partial cross-sectional

25 views of an alternative embodiment of a wvalved

varomef e
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10 An additional advantage of the val ved coupler structure
"~ described herein is the inclusion of dual valves within each coupler joint.
Specifically, the valve forned by a bull nose 34 and associ ated housi ng
aperture 56 nmay be used as a 15 shut of f val ve during sem conduct or
processing, by automatic or nmanual (seg bel ow) actuation of the valve stem
32 and bull nose 34. Typically, shutoff—valves are positioned on either

side of a mass flow con{roller_and both 20 , shutoff valves are closed
when gas flow i SOWRLEECIR| ACGOFPRNERI WEhE BFiBRIPLREsRLshALoPreFaPtes are

coupled to a mass_flow controller through separate
invention;

- Fig. 8 is an uncoupled view of the

alternative valved coupler of Figs. 6 and 7;

5 Fig. 9 is a schematic diagram of a
complete gas distribution system using valved
cduplers in accordance with principles of the

present invention.

Detailed Description of Specific Embodiments

10 Referring to Figs. 1 and 2, in accordance
with principles of the present invention, a gas box
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 process

15 on an input line 14 and outputs gas to the
semiconductor processing chamber on an output line
16. Gas flow through each gaé stick 12 is
controlled by a plurality of valved couplers 20.
These valved couplers respond to pneumatic actuation

20 through pneumatic control lines 22, or in some cases
may be manually actuated as shown at 220 and
discussed in further detail below in Fig. 5.

Each gas stick 12 may optionally include

additional elements, including a pressure sensor

REPLACEMENT SHEET
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coupl ers and tubing. By providing a conbi ned coupler and 25 shut of f

val ve, the present invention substantially 31 reduces the size and
conplexity of a gas stick. The integration of both functions into a single
integral unit such as shown in Fig. 2, permts substantial reduction in the
size of a gas stick, with the 5 rqgul ting advantages identified above.
Anot her advant age grises fromthe

(transducer) 24 .which produces an electrical
pressure signél on a line 25, a thermocouple (46,
Fig. 2) for detecting temperature of the gas stick
12, as well as heater blankets (bands) (51, 53, Fig.

5 2) for applying heat to the gas stick. Otherxr
elements might include a gas purifier.

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

10 accordance with principles of the present invention,
the dimensions of each gas stick 12 are reduced as
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

15 where the gas sticks are in operation. This
substantially reduces the floor space used in the
clean room and thereby substantially reduce the cost
of its construction and operation.

A second advantage of the smaller gas

20 - stick dimensions is the reduction in wetted surface
in the gas stick, which implies less opportunity for
accumulation of moisture and/or particulate in the
gas stick and less area subject to possible

corrosion or outgassing.
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provi sion for dual shutoff valves at.each coupling. Specifically, as can be
seen in Fig. 3, one coupler of a pair of valved couplers may be used as a.
10 shut of f valve while the other coupler is held in an open position.
For exanple, comparing Fig. 2 to Fig. 3, a shutoff function may be achieved
by cycling val ved coupler 20b between ppen and cl osed positions while

hol ding 20a in an open position. By 15— cycling one coupler in this
manner whil e hol ding the opposi ng coupl er open, only one_coupl er

accumul at es wear whil e thBubthermerep ehersadvasduntzedot pekerdaagl y, when

coupler 20b nears.the end of its useful |jfe, the roles of _.the couplers ma
be P sticﬂ reduces the vofume tﬁat must be purged, ang P y.

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

5 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

10 distribution éystem.

Referring now to Fig. 2, each gas stick
incorporates four valved couplers 20a, 20b, 20c and
20d which connect the gas stick 12 to a gas supply
and to gas distribution equipment in the processing

15 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.

20 In particular, the val#ing 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.

.,
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20 . reversed, and coupl er 20a cycled thereafter to provide shutoff

valving. As a consequence, the useful life of the shutoff valves in a pair
of val ved couplers, can be as nmuch as twice the useful life of a single
shutof f val ve. By thus extending 25 the useful life of the shutoff

val ves, the val ved

32 coupler struci4re of the invention may extend the

ti me between refurbishnments of the gas—stick due to val ve wear, and enhance

productivity.

In the embodiment shown in Fig. 2, the

lower valved couplers 20b and 20c are integrally

mounted to the housing of a gas stick (including a

mass flow controller 38 and pressure transducer 24)

5 situated therebetween. Accordingly, the gas stick

may be removed from the gas distribution system by

disconnecting lower couplers 20b and 20c from mating

upper couplers 20a and 20d, lifting upper couplers

20a and 204 from connection with lower couplers 20b

10 and 20c, and removing the entire gas stick with

lower couplers 20b and 20c attached thereto.

In an alternative embodiment (not shown},

upper couplers 20a and 20d are integrally mounted to

the gas stick (rather than lower couplers 20b and

15 . 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.

In this alternative embodiment, after disconnection,

the gas stick and upper couplers 20a and 20d

20 attached thereto may be directly lifted off lower

couplers 20b and 20c¢ without requiring movement of

lower couplers 20b and 20c.

Returning now to the embodiment shown in

Fig. 2, a process gas input line 14 connects to the

25 main valve chamber 30a of a first valved coupler
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Now turning to a detailed discussion of 5 Fig. 5, an alternative

enbodi nent of a val ved coupler 20c and 20d provides for manual actuation of
the valve stem 32c/32d. In this enbodinent, certain parts of the
pneumati cal ly actuated val ve di scussed above are nodified to provide nanual
actuation. As 10 was the case in Fhg. 3, elenents of couplers 20c and
20d (ot her than the main housings 55c™and 55d) have mrror-imge

construction, and for clarity like elenments fron1both couplers will be
di scussed bel ow 293 t GFRD IEIRPRGH IR 1&g ckipite P2 o e%‘}fgrﬁf%WQS

ref eren n r I n_thi nual | i n
eterence nune a1isne 16 tmaa? brreEl al.Ja h eefxle etéjajtoeldnten;)s?dsﬂrgwé J.rtx }.%.g 2,

or lines 14 and 16 may be welded to a tube stub of
the kind used on pneumatic controliports 91a/91b in
5 Fig. 2.) This chamber 30a is cylindrical in
profile, and is shown in éross—section in Fig. 2. A
lower face of chamber 30a includes an aperture S6a
passing through the housing. An axially-positioned
valve stem 32a, terminating at one end in a bull
10 nose 34a, moves along a center axié passing through _
aperture 56a such that bull nose may engage and seal
aperture 56a. |
Similariy, valved éoupler 20b includes an
aperture 56b and a stem 32b which moves along a
15. center axis extending through aperture 56b and
lterminates 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 32a and 32b translate to the positions shown
20° in Fig. 2. 1In 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

25 formed in the housing of coupler 20b.
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mai n val ve chanber 30c/30d and di aphragm 60c/60d are-identical to those
used in a pneumatical |l y-actuated val ved coupl er such as those discussed
above with 20 reference to Fig. 3. Furthernore, diaphragm 60c/60d is
wel ded/ cl anped to bul |l nose 34c/34d and stem 32c/32d and housi ng 55c¢/55d in
a manner identical to that discussed ajpgve with reference to Fig. 3. The
manual | y- act uat ed enbodi nent differs 25~ fromthe pneunmatically actuated
enbodi nent of Fig. 33
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
40 is fitted into a matching top-hat shaped chamber
5 in housing 55b of coupler 20b. Filter 40 includes,
at its outer periphery, a sealing nib which is
engaged between housing 55b of coupler 20b and the
housing of mass flow controller 38, to form a seal
therebetween.

10 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
30c of a third valved coupler 20c. Filter 42 is |
mounted within the housing 55¢ of valved coupler

15 20c, and housing 55c¢ is sealed to the housing of
mass flow controller 38 by a sealing nib 44 on
filter 42.

Vglved coupler 20c, like wvalved couplers
20a and 20b, includes an aperture 56c and a valve

20 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
interior end in a bull nose 34d. When valve stems

32c and 32d are in their open positions, as shown in

25 Fig. 2, main valve chamber 30c is in communication

T
§ 7 ——_—— . w455 e
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3, in that a nodified valve stem 32c/32d is used in conjunction with an
alternative conpression head 174c/174d and spacer 106c¢/106d, in plac
t he stem 32a/ 32b, conpressi on head 74al/ 74b, and drive housing 5

shown in Fig. 3. Specifically, the nodified spacer 106c/106d has a
aperture sized slightly larger than thggouter dianmeter of handle 112c/112d
to fit around the innernost end of handre 112c/112d. As in the prior

enbodi nent ,

conpression 10 head 174c/174d is threaded at its out

e of
80a/ 80b
central

er

peri phery for emgaderenaino vadsenchambereaded ofieviaflredy coiphews20g 55c¢/ 55d,
and drives spacer 106c/106d i nto engagenent with di aphragm 60c/ 60d opposite

housi ng

10

15

20

25

through apertures 56c and 56d. Accordingly, in
these positions of valve stems 32c and 324, outlet
passageway 45 is in fluid communication wvia valve
chambers 30c and 304 to output line 16 of the gas
stick 12.

The pressure sensor 24 (the details of
which are not shown) is in fluid communication with
outlet passageway 45 via passageway 45a. Electrical
signals from preésure sensor 24 are carried on line
25. These signals can be used, for example, to
control the pneumatic lines controlling the
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
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
through lines S0 and 52, respectively, and may be
controlled in response to temperatures sensed by

thermocouple 46 to regulate the temperature of the
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projection 70c/70d. Accordingly, spacer 106c/106d 15 conpresses and
seal s di aphragm 106c¢/ 106d to mai n housi-ng 55c/55d and m ni m zes | eakage
t her ebet ween. Conpression head 174c/174d is formed with a central

cylindrical recess 108c/108d for supporting the manual actuation handl e

112c/112d and 20
32c/ 32d opposite bul

acconpanyi ng bearimgs, etc. An end of valve stem
nose 34c/ 34d exiends into this recess 108c/108d. This

end of valve stem 32c/32d includes external threads 110c/110d. Handl e
112c/ 112d i nser (&F 9t k@ dsd RO RYENTBH igRs rdensation within the

gas stick 12. (Heater cartridges could be used in

place of heater bands, if desired.)

Gas stick 12 has an overall length as

5 shown by numeral 54 of approximately nine inches.

This dimension is substantially smaller than

comparable dimensions of a typical gas stick

assembly comprising discrete mass flow, pressure

sensor and control valve housings and couplers

10 therebetween.

As noted above, the - compact size of the

gas stick 12, in accordance with principles of the

present invention, permits a substantial reduction

in the clean room floor space consumed by the gas

15 box 10. Indeed, in some applications the gas box 10

may be mounted on the processing chamber, thus

freeing all floor épace formerly required for the

gas box. Furthermore, the compact size of the gas

stick also advantageously reduces the number of

20 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 Fig. 2 is an integral unit containing

25 all processing components needed for gas delivery,

——— e . e
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34 bore 113c/113d having threads matable with threads 110c/110d of val ve
stem 32c/ 32d. Handl e 112c/112d al so i ncludes an annul ar projection
117c¢/117d sized for insertion within 5 recess 108c/108d to axially
constrain handle 112¢/112d but permt rotation. Annular bearings 114c/114d
are fitted on opposing sides of projectgon 117c¢/117d to permt rotation
t hereof while constraining axial novement of handle 112c/112d. A 10 cap
116c¢/ 116d fitted into recess 108c/108d constrains axial novenent of
bearings 114c/lindluding mass £low controller 38, and pressure

10

15

20

25

sensor 24. Furthermore, as will be explained in
greater detail in the following figures, the valved
couplers 20a, 20b, 20c and 204 function not only as
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
reduction 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. 1In
this position, bull nose 34b engages to aperture 56b
6f coupler 20b to seal valve chamber 30b from valve
chamber 30a of coupler 20a. To facilita;e such
sealing, each bull nose 34a and 34b includes on its

lower perimeter, a gasket 58a and 58b for sealing

against aperture S56a and 56b of housing 55a and 55b.
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handl e 112c/112d. A channel 118c/118d formed i n conpression head 174c/ 174d
provides. a path for air flow to/from 15 a rearward side of di aphragm
60c/ 60d t hrough spacer 106c/106d, and thus prevents air conpression behind
di aphragm 60c/ 60d that woul d ot herwi se inhibit opening or closing of the
valve (as was the case with channels 7§76/ 77 of the pneumati cal |l y-actuated
20 valve of Fig. 3). Wen the val Vé has been nmanual ly actuated to a
fully open position, as shown in coupler 20d, diaphragm 60d abuts an
under si de of handl e 112d Additgaepad desailshps pr ¥adned toupher ROt ati on of

in accordance with one embodiment of the present
invention are illustrated in Fig. 3. These details
will be described in the context of valved coupler

5 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

10 in each of couplers 20a and 20b will be described

simultanecusly, while identifying the reference
- characters for both components.
Now turning to the details shown in Fig.
3, each coupler includes a diaphragm 60a/60Db,

15 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 regioh surrounding this

20 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 nose

25 34a/34b includes internal threads for accepting an
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25 handl e 112d and over-travel of diaphragm 60d. 35 In use of the
foregoing structure, rotation of handle 112c/112d causes axi al translation
of valve stem 32c/32d axially toward or away from housing 55c/55d to or
froman open end 5 cl osed position. Thus, the valve of the val ved
coupler may be manual |y actuated usingapandl e. Manual |y actuabl e val ved
couplers may be used in applications WAere a pneumatically actuable

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
66a/66b having an outer diameter matched to an outer

5 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

10 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

15 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

20 ° 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

25 reduce leakage therebetween.

Smnirtliets * . rart———" o N § S 3.3, 1y b ol
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shutof f valve is not needed. For exanple, in the 10 enbodi ment shown in
Fig. 5, housing 55b of val ved coupl er 20b and housi ng 55c of val ved coupl er
20c are integrally formed wi.th a housing for supporting a filter 120, which
filters gas flow between main val ve chanber 30b and main val ve chanber 30c.
15 Since, in a typical applicationgqonly one pneunatically-actuated
shutof f valve is used on each side ofTtfe mass flow controller in a gas
stick, there is no need for two pneunatically actuated shutoff valves on
each side of filter 120. 8Pacex Aeags@bndghyludespl ersitBaradda2Qly are
configured for pneunatic control whereas couplers 20c and 20d are
inwardmost position, a circular aperture as seen at
78 in valved coupler 20b. This aperture 78 has a
diameter slightly larger than that of projection
5 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
and extracts bull nose 34a from engagement with
housing 55a, valve stem projection 66a fits within
10 annular aperture 78 to permit full withdrawal of __
bull nose 34a away from housing 55a.

Spacer 68a/68b has a concave inner surface
conforming to diaphragm 60a/60b when bull nose
34a/34b is in an open position, such as seen in

15 valved coupler 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

20 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

25 clamp the peripheral rim of diaphragm 60a/60b
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configured for manual control. In such an application, couplers 20c and 20d
woul d be manually placed in a closed position only when the filter or 25
an adjoining elenent is detached therefrom =~ 36 otherw se, the manually
actuated couplers 20c and 20d woul d remain in an open position. As before,
a filter element 120 and adjoining intggral valved couplers could be
supplied 5 fromthe manufacturer Tma controlled environnment
between spacer €8a/68b and housing projection
70a/70b, as noted above.
Spacer 68a/68b further includes air
passages such as 75a/75b passing therethrough in an
5 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 héad 74a/74b leads
from. channel 76a/76b to the clean-room atmosphere
10 surrounding valved 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
15 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.
20 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

25 rotate relative to main housing SSa/SSb about their
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(e.g., in pure Nitrogen at a pressure slightly el evated above at nospheri c)
and pre-purged of inpurities, permtting rapid installation of the filter
into the gas stick and use after only a brief 10 purging. It is
contenpl ated that other gas processing elenments may simlarly be isolated
bet ween val ved coupl ers, or incorporatgsl integrally into the housings of

adj oi ni ng val ved couplers, to 15 ‘ﬁTﬁln the advant ages noted above.
For exanpl e, as noted above, i ne requl ator, m ght be
posi ti oned bet wsFRY A &?édaéoaﬁ#é 88 ReFSLFaISRAT B i ght be

integrally |nco&g&£%{%lc gas to drive housing 80a/80b.

Drive housing 80a/80b surrounds valve stem

32a/32b and includes a pneumatic piston-and-cylinder

5 for driving stem 32a/32b to an open or closed
position. Specifically, housing 80a/80b defines a
central cylinder 84a/84b. A piston 86a/86b mounted
to stem 32a/32b is slidabiy positioned within
cylinder 84a/84b. Piston 86a/86b is actuated

10 axially through housing 80a/80b by pneumatic _
pressure from pressurized gas injected into cylinder
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 seen in

15 Fig. 1, pneumatic control lines may be threadedly
coupled to pneumatic control port 91a/91b, in which
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

20 86a/86b, such that valve stem 32a/32b is
mechanically coupled to movements of piston 86a/86b.

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

25 86a/86b is driven from the position shown in drive
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into the housings of these elenehts. Various 20 enbodi nents and
applications of this sort are discussed below in connection with Fig. 9. .
Anot her application in which manual |l y- actuated val ved coupl ers m ght be
used, is where a valved coupler is used to control flow of a high- 25
pressure gas. In such a case, it may ¢ inpractical 37 to use a
pneumati cal | y actuated val ved coupl erT—For exanple, referring to Fig. 2, if
a high pressure gas
housing 80b to the position shown in drive housing
80a.
Housing 80a/80b includes interior threads
at 94a/94b for receiving a cylindrical cap 96a/96b
5 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 piston 86a/86b and stem 32a/32b driving
10 these elements toward main housing 55a/55b to cause__
sealing.engagement of bull nose 34a/34b with
aperture S6a/56b of housing SSa/55b. Thus, when
pneumatic pressure is removed, spring 98a/98b
automatically causes closure of valved coupler
15 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
20 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 91la/91b and the
space between a rear side of piston 86a/86b and cap
25 96a/96b.. Also the orientation of piston 86a/86b and
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IS input to coupler 20a via inlet line 14, when coupl er valve stem 32a is

i n the open position, a b | arge force would need to be applied (by
spring 98b) to valve stem 32b to overcone the gas pressure and hol d coupl er
20b closed, i.e., in the position showmn in Fig. 3. However, a large force

of this kind, is likely to unacceptabl yg5def orm gasket 58b over a few 10
open-cl ose cycles, and thereby dramatTcally reduce the nunber of cycles
that could be obtained fromthe valve. Accordingly, where a high pressure
gas is in use, wTesition off GPriag98a/d6k weprlise he reversednsuah y- act uat ed

coupl er such as those shown in
P that spring 98a/98b is captured between a front side

of . pistcn 86a/86b and housing 80a/80b. Finally, an
air passage from the housing to the external
5 | environment would be provided to permit air captured
between a front side of piston 86a/86b~and housing
80a/80b to vent to the exterior environment.
Main housing 55b of valved coupler 20b is
permanently mounﬁed to the housing of mass flow

10 controller 38 to form a gas stick 12, as is seen in__
its entirety in Fig. 2. Accordingly, housing 55b of
coupler 20b includes passage 35 which connects to
the inlet of the mass flow controller. Furthermore,
main housing 55b includes a heater jacket 51

15 attached to power lines 50. Referring back to Fig.
2, it will be seen that coupler 20c¢ is also
integrally formed with an output side of gas stick
12, and contains structures which are simila:, but
mirror-image,.to those found in coupler 20b.

20 Réferring now to Fig. 4, the details of
the passageway adjoining mating valved couplers can
be examined. This passageway is formed by the
apertures 56a and 56b into housings 55a and 55b of
couplers 20a and 20b. Housings S55a and 55b include,

25 at the outer peripheries of apertures 56a, 56b,

|3 EPLACEMENT SHEET

| 9 7 MAv 1997




Fig. 5, which is opened aftef coupl er 20b has been connected to coupl er
20a, and left open throughout |ater processing. Coupler 20a (which is not
subject to the pressures described in the previous 20 par agr aph) could
then be cycled to provide a shut- off capability. As noted above, an
exanpl e of a gas stick using a manual | ggactuated coupler is shown in Fig.
1, coupler 220. In high-pressure appltcations, it is 25 particul arly
i mportant to incorporate a heater into
respective annular clamping jaws 99a and 99b. These
jaws mate to form a circular clamping structure 102
surrounding apertures 56a and 56b. A packing gland
100 (deformable washer), is inserted into the
5 circular clamp 102 formed by jaws 99a and 99b.
Packing gland 100 forms a fluid tight seal
preventing seepage of fluid from apertures 56a and
56b and the passageway therebetween, into the joint
104 between housings 55a and 55b. Packing gland 100
10 is permanently deformed between jaws 9%9a and 99%b
when housings 55a and 55b are conjoined, and must be
replaced after each separation of housings S5a and
55b.
As is best seen in Fig. 4, when the bull
15 noses 34a and 34b are both inltheir closed positions
shown in Fig. 4, both of apertures 56a and 56b are
sealed. Furthermore, the bull noses 34a and 34b are
substantially coplanar withlthe exterior surfaces of
the valve housing along joint 104. As a result,
20 only a minuscule volume is contained in the region
between bull noses 34a and 34b.
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

25 processing applications such as semiconductor
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38 the coupler such as heater 51 shown in Fig. 2. A pressure drop is likely
to be .experienced in the coupler, which will cause a tenperature drop

t hrough the effect known as Joul e- Thonpson cooling. The 5 t enperature
drop can be significant for particul ar gasses used in sem conduct or
processing. Accordingly, it is inportamtt to heat the coupler housing to
prevent the condensation of gas or fornation of icicles in the coupler. 10
Now referring to Fig. 6, an alternative enbodi ment of the present invention
i ncl udes a hori m%a%%%se&wa%bﬁm%@m:cﬁ%nm%, in

Fig. 2, the valved couplers form matable pairs.
When both valves of a matable pair of couplers are
in the off position, as seen in Fig. 4,

5 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 coupler valve chambers 30a

10 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
the valved couplers are disconnected in the closed

15 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

20 reconnected. Thus, contamination of internal wetted
surface of tubing or gas processing elements
connected by the couplers will be substantially
reduced and the purging required upon replacement of

an element substantially reduced.
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mai n val ve housing 132 at a gasket 134. Valve stem 130 noves horizontally

t hrough housing 132. A disc- 15 shaped di aphragm 136 is wel ded and

cl anped between val ve stem 130 and an actuator 138, in a manner di scussed
above. Diaphragm 136 is further clanped at its outer peripheral edge

bet ween mai n housing 132 and actuator 4gusing 133, providing a fluid- 20
tight seal. Actuator 138 includes a rack 140 of teeth engageable with a

pi nion 142. Pinion 142 is actuated by an actuator with a second rack of
teeth 144, which is in tuRfceF@ingdit.o iy gecordance withs principd@stical |y

actuated piston agnd cylinder assenbl
P 5% thélpresent %nvenﬁéon, valved couplers are

- positioned on opposing sides of a gas processing
element to facilitate replacement of that element
S 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
12 may be replaced without substantial contamination
of the attached tubing. In an alternative
10 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
example a gas purifier, is coupled to the remainder
of the system or stick by a pair of valved couplers
15 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.
For each of these applications, it is
contemplated that separate components (Fig. 5), or
20 an entire gas stick (Fig. 2), will be supplied from
a manufacturer with the valved couplers surrounding
the component factory-sealed, with the component:
preserved therebetween in a controlled environment,
such as in pure Nitrogen at a pressure slightly

25 above atmospheric. Furthermore, it is contemplated
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39 146. Assenbly 146 may include a spring return to return stem 130 to the
cl osed position shown in Fig. 6, so that the valve returns to a seal when
pneumati c pressure is renoved. Alternatively, 5 assenbly 146 may return
stem 130 to the open position in the absence of pneumatic pressure. As a
second alternative, assenbly 146 may igyl ude a nmanual |l y-controll ed
actuator. As seen by conparison of FiQ. © and Fig.

10

15

20

25

that the compéhent will be factory-purgéd of any
impurities prior to factory-sealing of the
associated valved couplers.

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

In an embodiment where, for example, a gas
purifier is isolated between valved couplers in this

manner, the present invention has particular
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10 7, when the valve is noved to an open position, rack 144 is ejected
outward from assenbly 146 in response to pneumati c actuation, causing
rotation of pinion 142 clockw se about its axis and thereby causing
hori zontal novenment of valve stem 130 away from 15 gasket 134. The main
housi ng 132 may be coupled to a gas prggessi ng conponent such as a nass
flow controller 38 or other conponent” NVAsSs flow controller 38 includes an
outer housing 148 having a 20 substantial ly planar surface 160 for
mating with mai raxaNEagROUSIMERRS? PYXifiar miamers ares ifett ed wit hin
outer housing 148 for actuation by, ) ,
consumed by room dir. The isclation procedure
described above would prevent even brief exposure of
the purifier element to room air and thus
5 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.)
10 An additional advantage of the wvalved
coupler structure described herein is the inclusion
of dual valves within each coupler joint.’
Specifically, the valve formed by a bull nose 34 and
associated housing aperture 56 may be used as a
15 shutoff valve during semiconductor processing, by
automatic or manual (see below) actuation of the
valve stem 32 and bull nose 34.
Typically, shutoff valves are positioned
on either side of a mass flow controller and both
20° 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

25 shutoff valve, the present invention substantially
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val ve stem 130. Bull nose 150 is spring biased into contact with outer
housi ng 148 by a spider (annular 25 spring) 152. Bull nose 150 carries
a gasket 154 for 40 sealing to outer housing 148 when in engagenent
therewith. Quter housing 148 is held in engagenment with main housing 132 by
a nut 156 having an 5 internal thrggded surface 158 matable with
external threads on nain valve housing=t32. Planar surface
reduces the si;ﬁiand complexity of a gas stick. The
integration of both functions into a single integral
unit such as shown in Fig. 2, permits substantial
reduction in the size of a gas stick, with the
5 resulting advantages identified above.
Another advantage arises from the
provision for dual shutoff valves at each coupling.
Specifically, as can be seen in Fig. 3, one coupler
of a pair of valved couplers may be used as a
10 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
cycling valved coupler 20b between open and cloéed
positions while holding 20a in an open position. By
15 cycling one coupler in this manner while holding the
oppoéing coupler open, only one coupler accumulates
wear while the other coupler remains unused.
Accordingly, when coupler 20b nears the end of its
useful life, the roles of the couplers may be
20 reversed, and coupler 20a cycled thereafter to
provide shutoff valving. As a consequence, the
useful life of the shutoff valves in a pair of
valved couplers, can be as much as twice the useful

life of a single shutoff valve. By thus extending

25 the useful life of the shutoff valves, the valved
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160 of outer housing 148 mates to a similar planar surface 160 of main
val ve housing 132. A packing gl and (defornmable netal gasket) 162 inserted
bet ween 10 out er housi ng 148 and mai n housi ng 132 provi des a seal
preventing fluid flow frominside of the valve housing. As before, nass
flow controller 38 may be integrally cggstructed with a filter 162, as well
as 15 ot her conponents such as a fMBSS flow controller or a pressure
sensor, and/or ‘other conponents. In use, conparing Fig. 6 to Fig. 7, it
will be seen thapupdeirzshractureuafi bheofinvehtdont mayls8teadsshest em 130 to
abut bul | nose 150, and ) )

time between refurbishments of the gas stick due to

valve wear, and enhance productivity.

Now turning to a detailed discussion of

5 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

10 was the case in Fig. 3, elements of couplers 20c and
204 (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

15 reference numerals.

In this manually-actuated embodiment, the
main valve chamber 30c/30d and diaphragm 60c/604 are
identical to those used in a pneumatically-actuated
valved coupler such as those discussed above with

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

The manually-actuated embodiment differs

25 from the pneumatically actuated embodiment of Fig.

s amany ¢
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20 overcone the spring force of spider

152 to push bull nose 150 out of

engagenent with outer housing 148. Thus, in the position shown in Fig. 7,
gas flowis permtted through the valve structure whereas in the position
shown in Fig. 6, gas flowis 25 i nhi bit ed. 41 As can be seen in Fig.

8, the valved coupling of Figs.
and separ at ed.

10

15

20

3, in that a madified valve stem 32c¢/32d is used in
conjunction with an alternative compression head
174c/174d and spacer 106c¢/106d, in place of the stem
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
112¢c/1124 to fit around the innermost end of handle
112¢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/106d4 into
engagement with diaphragm 60c/60d opposite housing
projection 70c/70d. Accordingly, spacer 106c/106d
lcompresses and seals diaphragm 106c/106d to main
housing 55¢/55d and minimizes leakage therebetween.
Compression head 174c/174d is formed with
a central cylindrical recess 108c/108d for
supporting the manual actuation handle 112¢/112d4 and
accompanying bearings, etc. An end of valvé stem
32c/32d oppbsite bull nose 34c/34d extends into this
recess 108c¢c/108d. This end of valve stem 32c/324
includes external threads 110c/1104. Handle

112¢/1124 inserted in recess 108¢c/108d includes a

rmmraa i b 4
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val ve stem 130 and bull nose. 150 seal the interior 5 wetted surfaces of
t he housi ngs and adj acent structures so that, as before, noisture and dust
are prevented fromcontacting those interior wetted surfaces. Here, as in
the first enbodi ment described 10 with reference to Figs. 1-5, the
advant ages of the present invention argg4obtai ned because val ve stem 130 and
bull nose 150, which nove along a cent®r axis extendi ng through the
aperture in the valve housings 132 and 148, cone tQ rest_at _a position 15
where the out er POBEf a33C4L1PAehaVERT18braAdshRF2ReSe With tHXEBES0xi mat el v

coplanar with tthc/llOd of valve stem 32c/32d.

Handle 112c¢/112d also includes an annular

projection 117¢/1174 sized for insertion within

5 recess 108c/108d to axially constrain handle
112c/112d but permit rotation. Annular bearings
114c/114d are fitted on opposing sides of projection
117¢/117d to permit rotation thereof while
constraining axial movement of handle 112c/1124. A

10 cap 1l16c/116d4 fitted into recess 108c/1084 _
constrains axial movement of bearings 1ll4c/114d and
handle 112c¢c/1124d.

A channel 118c/118d formed in compression
head 174c/174d proQides a path for air flow to/from

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

20 - valve of Fig. 3).

When the valve has been manually actuated
to a fully open position, as shown in coupler 20d,
diaphragm 60d abuts an underside of handle 1124 and
spacer 106d. This prevents further rotation of

25 handle 112d and over-travel of diaphragm 60d.

o m——— . AR
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adj oi ni ng surfaces 160 bf the two sides of the coupler, so that a m ninmal
wetted surface of the valve is exposed when the coupler is disconnected. 20
Wil e the present invention has been illustrated by a description of
vari ous enbodi nents and while these enbodi nents have been described in
consi derable detail, it is not the intggtion of the applicants to restrict
or in any way limt the scope 25 O0f the appended clains to such detail
Addi t i onal 42
In use of the foregoing structure,
rotation of handle 112c/112d causes axial
translation of valve stem.32c/32d axially toward or
away from housing 55c¢/55d to or from an open end
5 closed position. Thus, the valve of the wvalved
coupler maylbe 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

10 embodiment shown in Fig. 5, housing 55b of valved __

| coupler 20b and housing S5c of wvalved coupler 20c
are integrally formed with a housing for supporting
a filter 120, which filters gas flow between main
valve chamber 30b and main valve chamber 30c.

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

20 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

25 an adjoining element is detached therefrom;

REPLACEMENT SHEET

2 2 MAV 1997




advant ages and nodifications will readily appear to those skilled in the
art. As one exanple, the gas stick illustrated in Figs. 1 and 2 may be
integrally conbined with a 5 pressure regulator, for exanple in place
of pressure sensor 24 or in addition thereto. Further, the valved couplers
may have a second inlet aperture, for gganple for purging gas. As a second
exanpl e, the disclosed val ved 10 toupt ers coul d be advant ageously used
in connection with other conponents in a gas distribution systemto permt
hi gh-purity coupkthegitiseouphengantialdy htBeatkdopbubdessceUpoand: S.

20d would remain in an cpen position.
As before, a filter element 120 and
adjoining integral valved cbuplers could be supplied
5 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
10 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
15 obtain the advantages noted above. For example, as
noted above, a purifier, or in-line reguiator, mighf
be positioned between or valved couplers, or the
valved couplers might be integrally incorporated
into the housings of these elements. Various
20 embodiments and applications of this sort are
discussed below in conneétion with Fig. 9.
Another application in which manually-
actuated valved couplers might be used, is where a
valved coupler is used to control flow of a high-

25 pressure gas. In such a case, it may be impractical
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Referring to Fig. 9, valved couplers 220 15 m ght 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 present invention m ght be forned
integrally with or 20 connected by3yubing to a standard gas coupli ng.
Addi tional val ved couplers 220 m ght D€ provi ded on either side of a
purifier 174 and 176 to facilitate replacenent of the purifier. Further

val ved coupl i nd® 2=E @ gneuwatpaalilge@atnadiacharalped coupler of Bexmani f ol d

box 178 and 180 which distributes . . )
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

5 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
likely to unacceptably deform gasket 58b over a few

10 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

in use, the input-side bcupler 20b.may be a

15 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
to the pressures described in the previous

20 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.

In high-pressure applications, it is

25 particularly important to incorporate a heater into

g




43 gas fromone of the sources 170 and 172-to nultiple gas boxes 10. Al so,
couplers 20 m ght be used at the connections |eading froma gas box to
process equi prent 182 and 184. 5 In a typical application,
coupl ers 220 connected to the gas sources 170 and 172, purifier 174 and 176
and mani fol d boxes 178 and 180 woul d bggmanual | y-actuated coupl ers, as '
t hese connections are not typically opéened and closed regularly during 10

processing. However, caquplers 20 attached to the .
the coupler 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
the effect known as Joule-Thompson cooling. The

S temperature drop can be significant for particular
gasses used in semiconductor processing.
Accordingly, it is important to heat the coupler
houéing to prevent the condensation of gas or
formation of icicles in the coupler.

10 Now feferring 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-

15 shaped diaphragm.136 islwelded 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, providihg a fluid-

20 tight éeal.

Actuator 138 includes a rack 140 of teeth
engageable with a pinion 142. Pinion 142 is
actuated by an éctuator with a second rack of teeth
144, which is in tﬁrn coupled to, for example, a

25 pneumatically actuated piston and cylinder assembly
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gas boxes 10 and connected to the process equi pnent 182 and 184 woul d be
pneumatical |y actuated since these connections are regularly opened and
cl osed during processing. 15 Thus, the invention inits
broader aspects is not limted to the specific detalls, representative
apparatus and nethod, and illustrativeggxanpl e shown and descri bed.
Accordingly, departures may be nmade fiom such 20 details w thout
departing fromthe spirit or scope of applicant's general inventive
concept. \What i 346l.ai dsdembly 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
pneumatic pressure is removed. Alternatively,

5 assembly 146 may return stem 130 to the open
position in the absence of pneumatic pressure. Aé
a second alternative, assembly 146 may include a’
manually-controlled actuator.

As seen by comparison of Fig. 6 and Fig.

10 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
horizontal movement of valve stem 130 away from .

15 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
controller 38 includes an outer housing 148 having a

20 substantially planar surface 160 for mating with
main valve housing 132.l A bull nose 150 is '
supported within outer housing 148 for actuation by
valve sﬁem 130. Bull nose 150 is spring biased into
contact with outer housing 148 by a spider (annular

25 spring) 152. Bull nose 150 carries a gasket 154 for

e
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44 Clainms 1. A valved coupler for ultra high purity gas distribution,
conprising a val ve housing having an external surface, an internal

defining a gas-carrying chanber, and first and second aperture-def
surfaces extending fromsaid internal surface to said external surf
defining first and second apertures peggitting gas fl ow between said gas-
carryi ng chanber and an external envifonment to

10

15

20

25

sealing to outer- housing 148 when in engagement
therewith.

Outer housing 148 is held in engagement
with main housing 132 by a nut 156 having an
internal threaded surface 158 matable with external
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 inside 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 valve stem
130 causes stem 130 ﬁo 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 position shown in Fig. 6, gas flow is

inhibited.

surface
i ni ng
ace and
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whi ch the external surface of the housing is exposed, a val.ve stem having
proxi mal and distal ends slidably nounted within said housing for |inear
novenent between a first position and a second position, along an axis
extending through said first aperture, said valve stem having a sealing
surface at said distal end, a substantgglly planar flexible diaphragm
havi ng an outer periphery and an inneT peri phery, said inner periphery
sealingly engaged to said_valve stem said quter eriphe%év§ealingly

d

engaged to said internal & 3D S88Md 1o ddiSng 8 ditieiY

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
S wetted surfaces of the housings and adjacent
structures so that, as before, moisture and dust are
prevented from contacting those interior wetted
surfaces.
Here, as in the first embodiment described.
10 with reference to Figs. 1-5, the advantages of the
present invention are obtained because valve stem
130 and bull nose 150, which move along a center
axis extending through the aperture in the valve
housings 132 and 148, come to rest at a position
15 where the outer surface of the stem 130 and bull
lnose 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.
20 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

25 ot the appended claims to such detail. Additional

2 72 MAY 195
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I nternal surface of said housing into two sections, said aperture-defining
surfaces extendi ng between said external surface and a common section of
said internal surface of said housing, 45 wherein at said first
position, said sealing surface of said valve stem engages said first
aperture-defining surface of said housigfpg, and said distal end of said

val ve stemis substantially coplanar With said external surface of said

housi n
g advantages and médifications 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
5 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.
As a second example, the disclosed valved
10 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.
Referring to Fig. 9, wvalved couplers 220
15 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
present invention might be formed integrally with or
20 - 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
valved couplings 220 might be provided on either

25 side of a manifold box 178 and 180 which distributes

e At v g
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in a region bordering said first aperture-defining surface, whereby when
said first aperture is sealed by said valve stemonly said first
aperture-defining surface of said housing and said distal end of said val ve
stem are exposed to the external environnment. 2. The val ved coupl er of
claim1l wherein said sealing surface eggages said first aperture-defining
surface adjacent said internal surfac€ of said housing, and at said second

position, said sealing surface of said val ve stemwithdraws into _said
housi ng and awa§afr §KPTaPRecREcEREl SOUFFraseldP 388 AgusPngultiple

gas boxes 10. Also, couplers 20 might be used at
the connections leading from a gas box to process
equipment 182 and 184.

5 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
not typically opened and closed regularly during

10 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
during processing.

15 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

20° details without departing from the spirit or scope
of applicant'’s general inventive concept.

What is claimed is:
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3. The val ved coupler of claim 1 wherein said sealing-surface engages -sai d
first aperture-defining surface adjacent said external surface

housing, and at said second position, said sealing sur

outwardly from said housing such 46 that said di sta qﬂ&&w

st em extends outside said external surfgce of said houslng. ﬁm"v
coupler of claiml,

Claims

1. A valved coupler for ultra high purity
gas distribution, comprising

a valve housing having an external
surface, an internal surface defining a 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 between said gas-
carrying chamber and an external environment to
which the external surface of the housing is
exposed,

a valve stem having proximal and distal
ends slidably mounted within said housing for linear
movement between.a first position and a second
position, along an axis extending through said first
aperture, said valve stem having a sealing surface
at said distal end,

a substantially planar flexible diaphragm
having an outer periphery and an inner periphery,
said inner periphery sealingly engaged to said valve
stem, said outer periphery sealiﬁgly engaged to said
internal surface of said housing, dividing said
internal surface of said housing into two sections,

said aperture-defining surfaces communicating

'RﬂﬂjﬂﬁnﬂﬂWTSREET- e
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further conprising a drive housing defining a pneomatic dde (i

Y :
cylinder, and further defining a third aperture in co wi th sai.d
actuating cylinder for admitting conpressed gas into T@Ii Iﬁﬂu “", |
cylinder, wherein said valve stemfurther conprises a

proxinmal end thereof slidably rmounted wsthin said actuating cyllnder and
further conprising a spring applying aftorce between said drive housing and

said valve stemto nove sai ve stemtoward said first p05|t|on wher eby
sai d val ve stenPR&yess é@ﬂéapégeFréHFgéF& A @ GOEMONy $eCS 108 @fsecond

position by said 1pternal surface of said housing,

wherein at said first position, said
sealing surface of said valve stem engages said
first aperture-surrounding surface of said housing,
and a distal end of said valve stem is subsﬁantially
coplanar with said outer surface of said housing in
a region bordering said first aperture-defining
surface, whereby when said first aperture is sealed
by said bullnose only a minimal fraction of said
inner surface of said housing is exposed to the

external environment.

2. The valved coupler of claim 1 wherein
" said sealing surface engages said
aperture-surrounding surface adjacent said inner
surface of said housing, and
at said second position, said sealing
surface of said valve stem withdraws into said
housing and away from said outer surface of said

housing.

3. The valved coupler of claim 1 wherein

Ny
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I njection of conpressed gas into said actuating cylindeF—through said—third
aperture. 5. The valved coupler of claim4 wherein said se

engages sai d aperture-defining surface adjacent sai d ’nu uﬁ"ﬁ‘“m (/of
sai d housi at said second position, said sealing sur

stemw thdraws into said 47 hou5|ngggnd away from said external surface
of said

said gealing surface engages said
aperture-surrounding surface adjacent said outer
surface of said housing, and

moving said valve stem from said first
position to said second position comprises moving
said sealing surface outwardly frém said housing
such that said distal end of said valve stem extends

beyond said outer surface of said housing.

4. The valved éoupler of claimll,

further comprising a drive housing
defining a pneumatic actuating cylinder, and further
defining a third aperture in communication with said
actuating cylinder for admitting compressed gas into
said actuating cylinder,

wherein said valve stem further comprises
a piston at said proximal end thereof slidably.
mounted within said actuating cylinder, and

further comprising a spring applying a
force between said drive housing and said valve stem
to move said valve stem toward said first position,

whereby said valve stem may be actuated |
from said first position to said second position by
injection of compressed gés into said actuating

cylinder through said third aperture.
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housi ng, and said spring urges said valve stemtoward said first aperture
and said sealing surface into engagenent with said aperture-surrounding .
surface. 6. The val ved coupler of claim4 wherein said seﬂmmumml

engages said first aperture-defining surface adjacent sai ﬂﬂﬂl""ue
‘of said housing, at said second positiggn, said sealing surfact exténds *
outwardly from said housing such that™said distal end of said valve stem

extends outside said external surface of said housing, and said spring
urges said valve steminwddlBre valved coupler of claim 4 wherein

said sealing surféce engages said
aperture-surrounding surface adjacent said inner
surface of said housing,

at said second position, said sealing
surface of said valve stem withdraws into said
housing and away from said outer surface of said
housing, and

said spring urges said valve stem toward .
said first aperture and said surface into engagement

with said aperture-surrounding surface.

6. The valved coupler of claim 4 wherein

said sealing surface engages said
aperture-surrounding surface adjacent said outer
surface of said housing,

at said second position, said sealing
surface extends outwardly from said housing such
that said distal end of said valve stem extends
outside said outer surface of said housing, and

said spring urges said valve stem inwardly
into said housing and said surface into engagement

with said aperture-surrounding surface.

I
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into said housing and said surface into engagenent wi

th said first

aperture-defining surface. 7. The val ved coupler of c
conprising a pinion journalled for driven rotation in
said valve stemincludes a toothed surface at its pro

|aim1, further

TR T "

sai d pinion, whereby rotation of said 4ggnion causes nottorf of- séi dsstem

between said first and second positi onsT

7. The valved coupler of claim 1, further
comprising

a pinion journalled for driven rotation in
said housing, wherein

said valve stem includes a toothed surface
at its proximal end engaging said pinion,

whereby rotation of said pinion causes
motion of said stem between said first and second
positions.

8. The valved coupler of claim 7, further
comprising

a drive housing defining a pneumatic
actuating cylinder, and defining a third aperture in
communication with said actuating cylinder for
admitting compressed gas into said cylinder, and
further comprising

an actuator carrying a piston at an end
thereof slidably mounted within said actuating
cylinder for movement along é second axis, and
including a toothed surface engaging said pinion,

whereby said second stem is actuated along
said second axis by injection of compressed gas into.

said actuating cylinder through said third aperture,

-
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48 8. The valved coupler of claim?7, further conprising a drive housing
defining a pneumatic actuating cylinder, and defining a third aperture in
comuni cation with said actuating cylinder for admtti mL
into said cylinder, and further conprising an actuator rlm“mm“]meﬂmﬂ at
an end t hereof slldably nmounted wi thinggaid actuating cyliridet f br trovenent
al ong a second axis, and including a Toorthed surface engagi ng said pinion,

to cause rotatidn of said pinion and motion of said

valve stem between sajid first and second positions.

9. The valved coupler of claim 8 further
comprising

a spring applying a force between said
housing and said actuator to move said actuator

toward a starting position.

10. The valved coupler of claim 8 wherein
said second axis and said axis extending through

said first aperture are orthogonal to each other.

I
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whereby said actuator is actuated al ong said second axis by injection of
conpressed gas into said actuating cylinder through said third aperture, to
cause rotation of said pinion and notion of said val ve stem between said
first and second positions. 9. The valved coupler of claim8 further
“conprising a spring applying a force bgjween said housing and sai d actuator
to nove said actuator toward a startiTg position. 10. The valved cou r of
claim 8 wherein said second axis and said axis exte i r st
aperture are orthogonal to each other.

THIS SHEET PAS BEE
REFPLAGED

DISTRIBUTION SYSTEMS
Abstract of the Disclosure

Valved couplers 20 and gas processing
components particularly 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.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 entiré
device can be purged after manufacture and left in a
controlled environment during shipment and

installation, reducing the need for purging after

installation. ,__,—e~”””"'#—~"g
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49 11. A valved coupler for ultra high purity gas distribution, CSESFFETH§-~—-
a val ve housing having an external surface, an internal surface defining a
gas-carryi ng chanber, and first and second aperture-defining surfaces
extending fromsaid internal surface to said external surface and defining
first and second apertures permtting gas flow between said gas- carrying
chanber and an environnment external to said 1
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a substantially planar flexible diaphragm having an outer
surface of said housing,

sai d

housi ng,
peri phery sealingly engaged to said internal
dividing said internal surface of said housing into two sections,
first and second apertures connecting to a common section of said internal
surface of said housing, a sealing surface noveable with said di aphragm
between a first position and a second position, wherejn at said first
sai d sealing surface engages s@id first aperture-defining surface

posi tion,
of said housing to seal

said first aperture
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at

a location substantially coplanar with said external
housing in a region bordering said first aperture-defining surface,

said second position said sealing surface does
aperture, whereby when said first aperture is sealed by said sealing
surface only said first aperture-defining surface of said housing and an

I nner area of said sealing surface are exposed to an external

not seal

o

surface of said

and at
said first

envi ronnent .
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12. The val ved coupler of claim1l wherein said sealing surface engages
said first aperture-defining surface adjacent said internal surface of said
housi ng, and at said second position,said sealing surface withdraws into

13. The

sai d housing and away from said external surface of said housing.
val ved coupler of claim1l wherein said sealing surface engages said first

aperture-defining surface adjacent said external surface of said
housi ng,and at sai d second position, saié sealing surface extends outwardly

from sai d housi ng such
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that said sealing surface extends outside said external surface of said
housi ng. 14. The val ved coupler of claim 11, 51 further conprising a
drive housing defining a pneumatic actuating cylinder,and further defining
a third aperture in communication with said actuating cylinder for

adm tting conpressed gas into said actuating cylinder,
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wherein said sealing surface is poesitioned on a distal end of a valve

stem an inner periphery of said diaphragmsealingly engagi ng said val ve
stem further conprising a piston at a proximl end thereof slidably nounted
within said actuating cylinder, and further conprising a spring applying a
force between said drive housing and said valve stemto nove said sealing
surface of said valve stemtoward said first position, whereby said sealing
surface of said valve stem nay be act uafed fromsaid first position to said
second position by injection of conpressed gas
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i nt,o sal d actuating cylinder through said third aperture. 15. The val ved
coupl er of ‘¢claim 14 wherein said sealing surface engages sal d fi rst

aperture- demracent sai d inter

oo e R "
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1. A valved coupier for ultra high purity
gas distribution, comprising

a valve houSing having an external
surface, an internal surface defining a gas-carrying
chamber, ahd first and second aperture-defining
surfaces extending from said internal surface to
said external surface and defining first and second
apertures permitting gas flow between said gas-
carrying chamber and an external environment to
which the external surface of the housing is
exposed,

a valve stem having pfoximal and distal
ends slidably mounted within said housing for linear
movement between :a first position and a second
position, along an axis extending through said first
aperture, said valve stem having a sealing surface
at said distal end, |

a substantially planar flexible diaphragm

having an outer perlphery and an inner periphery,

-said inner periphery seal:.ngly engaged ’co said valve

stem, said outer perlphery sealingly engaged to said

internal surface of said housing, dividing said

internal surface of said housing into two sections,
said aperture-defining surfaces extending between

said external surface and a common section of said

internal surface of said housing, | REPLACBMENT SHEET
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and away fron1saLg_gglglggLaiggisgfsof sai d housing, and said spring urges
¢said sealing surface of sai stemtoward said first aperture and said
seal ing surface i {th said aperture- surrounding surface.

16. The val ved comm’m"ﬂﬁmﬂmﬂ wherein said sealing surface engages
said first aperturé-defining ce adjacent said external surface of said

housi ng, at said second position,said sealing surface extends outwardly
from said housing such that said distal end of said val ve stem extends

45

wherein at said first position, said
sealing surface of said valve stem engages said
first aperture-defining surface of said housing, and
said distal end of said valve stem is substantially
coplanar with said external surface of said housing
in a region bordering said first aperture-defining
surface, whereby when said first aperture is sealed
by said valve stem only said first aperture-defining
surface of said housing.and said distal end of said

valve stem are exposed to the external environment.

2. The valved coupler of claim 1 wherein

said sealing surface engages said first
aperture-defining surface adjacent said .internal
surface of said housing, and

at said second position, said sealing
surface of said valve stem withdraws into said
housing and away from said external surface of said

housing.

3. The valved coupler of claim 1 wherein

said sealing surface engages said first
aperture-~defining surface adjacent said external
surface of said housing, gnd

at said second position, said sealing
surface extends outwardl§ from said housging such

REPLACEMET SHEET
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out si de said e ﬁéﬁ%%@%ﬁagﬁgéf sai d housi ng, and said spring urges said
.sealing surfac “sdid valve—st eminwardly in ' Uusing and said
surface into efgggenent w } i §l first aperture-detin . 17. The
val ved coupl er {of cﬂﬁiﬂﬁ\ﬂ\,m hér conprising a H‘mﬁwﬂmﬁ\‘nl\\m f or '
driven rotationf iln sai d _housi g et n 53 e L w8 * -
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that said distal end of said wvalve stem extends

outside said external surface of said housing.

4. The valved coupler of claim 1,

further comprising a drive housing
defining a pneumatic actuating cylinder, and further
defining a third aperture in communication With said
actuating cylinder for admitting compressed gas into
said actuating cylinder,

wherein said valve stem further comprises
a piston at said proximal end thereof slidably
mounted within said actuating cylinder, and

further comprising a spring applying a
force between said drive housing and said valve stem
to move said valve stem toward said firs; position,

whereby said valve stem may be actuated
from said first position to said second position by
injection of compressed gas into said actuating

cylinder through said third aperture.

5. The valved éoﬁpler of claim 4 wherein

said sealing surface engages said
aperture-defining surface adjacent said internal
surface of said housing,

at said second position, said sealing

surface of said valve stem withdraws into said



sai d sealing surface is postioned on distal

EQMEEME : hed surface at a end t her of engaging
RE n{ of said pinion caus H rl ’Mﬂm seal i ng
é!fb?- qpn1butmeen said first an

c

ai m{14, further conprising a dr|ve hou5|ng deflnlng

. peri phery of
stem furthe
sai d pinion,

surfaces of \sgi d

The val ved
a pneumati c

communi cati oh with said act

rgeallngly engagi ng s
v)

by T ot at i

er, and defining a third aperture in
hng cyligger for

housing and away from said external surface of said
housing, and

said spring urges said valve stem toward
said first aperture and said sealing surface into

engagement with said aperture-surrounding surface.

6. The valved coupler of claim 4 wherein

said sealing surface engages said first
aperture-defining surface adjacent said external
surface of said housing,

at said second position, said sealing
surface extends outwardly from said housing such
that said distal end of said valve stem extends
outside said external surface of said housing, and

said spring urges said valve stem inwardly
into said housing and said surface into engagement

with said first aperture-defining surface.

7. The ﬁalved coupler of claim 1, further
comprising | .

a pinion journalled for driven rotation in
said housing, wherein

| said valve stem includes a toothed surface

at its proximal end engaging said pinion,

whereby rotation of said pinion causes
motion of said stem between said first and second

positions.

end of a val ve stem an i nner

valve



adimitting conpressed gas into said cylinder, and further conprising
;actuator car ;un-ut an end thereof S|J ﬂl 'nﬂ h|n sald
actuating C)Rﬂ)lligcg HE ppt al ong an axi s, a m lm ﬂﬂ"“’)t hed .
surface engaging sal d pinr whereby said actuator is acfuaied*along sai d
axis by inje¢ctiopgoire epspd gas into said actuating cylinder through

. said third 1p¢rture to caus fotation of said pinion and notion of said
- sealing sur{aCe-of—sate-valvel stem between said first and second positions.
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8. The valved coupler of claim 7, further
comprising
a drive housing defining. a pneumatic
actuating cylinder, and defining a third aperture in
communication with said actuating cylinder for
admitting compressed gas into said cylinder, and
further comprising
an actuator carrying a piston at an end
thereof slidably mounted within said actuating
cylinder for movement along a second axis, and
including a toothed surface engaging said pinion,
| whereby said actuator is actuated along
said second axis by injection of compressed gas into
said actuating cylinder through said third aperture,
to cause rotation of said pinion and motion of said

valve stem between said first and second positions.

9. The valved coupler of claim 8 further
comprising

a spring applfing a force between said
housing and said actuator to move said actuator

toward a starting position.

10. The valved coupler of claim 8 wherein
said second axis and said axis extending through

said first aperture are orthogonal to each other.



54 19. The valved coupler of claim18 further conELLgLﬂg_a—sppkﬁg~apply|ng
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11. A valved coupler for ultra high purity
gas distribution, comprising

a valve housing having an external
surface, an internal surface defining a gas-carrying
chamber, and first and second aperture-defining
surfaces extending from said internal surface to
said external surface and defining first and second
apertures permitting gas flow between said gas-
carfying chamber and an environment external to said
housing,

a substantially planar flexible diaphragm
having -an outer periphery sealingly engaged to said
internal surface of said housing, dividing said
internal surface of said.housing into two.
sections, said first and second apertures connecting
to a common section of said internal surface
of said housing,

a sealing surface moveable with said
diaphragm between a first position and a second
position, wherein at said first position, said
sealing surface engages said first aperture-defining
surface of said housing to seal said first apexture
at a location substantially coplanér with said
external sufface of said housing in a region
bordering said first aperture-defining surface, and

at said second position said sealing surface does
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not seal said first aperture, whereby when said
first
aperture is sealed by said sealing surface only said
first aperture-defining surface of said housing
and an .inner area of said sealing surface are

exposed to an external environment.

12. The valved coupler of claim 11 wherein

said sealing surface engages said first
aperture-defining surface adjacent said internal
surface of said housing,and

at said second position,said sealing
surface withdraws into said housing and away from

said external surface of said housing.

13. The valved coupler of claim 11 wherein

said sealing surface engages said first
aperture-defining surface adjacent said external
surface of said housing,and

at said second position,said sealing
surface extends outwardly from said housing such
that |
said sealing surface extends outside said external

surface of said housing.

14. The valved coupler of claim 11,
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further comprising a drive housing
defining a pneumatic actuating cylinder,and further
defining a third aperture in communication with said
actuating cylinder for admitting compressed gas into
said actuating cylinder,

wherein said sealing surface is positioned
on a distal end of a valve stem,an inner
periphery of said diaphragm sealingly engaging said
valve stem further comprising a piston at a proximal
end thereof slidably mounted within said actuating
cylinder, and

further comprising a spring applying a
force between said drive housing and said valve
stem to move said sealing surface of .said valve stem
toward said first position,

whereby said sealing surface of said valve
stem ma? be actuated from said first position to
said second position by injection of compressed gas
into said actuating cylinder through said third

aperture.

15. The valved coupler of claim 14 wherein
said sealing surface engages said first aperture-
defining surface adjacent said intérnal

surface of said housing,
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at said second positioh,said sealing
surface of said valve stem withdraws into said
housing
and ‘away from said external surface of said
housing,and |
said spring urges said sealing surface of
said valve stem toward said first aperture and said

sealing surface into engagement with said aperture-

surrounding surface.

16. The valved coupler of claim 14 wherein

said sealing surface engages said first
aperture-defining surface adjacent said external
surface of said housing,

at said second position,said gealing
surface extends outwardly from said housing such
that said distal end of said valve stem extends
'outside said external surface of said housing,and

said spring urgéé said sealing surface of
said valve stem inwardly into said housing and
said surface into engagement with said £first

aperture-defining surface.

17. The valved coupler of claim 11, further
comprising
a pinion journalled for driven rotation in

said housing,wherein
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said sealing surface is postioned on
distal end of a wvalve stem,an inner periphery of
said diaphragm sealingly engaging said wvalve stem,
said valve stem further éomprising a toothed surface
at a promixal end therof engaging said pinion,

whereby rotation of said pinion causes
motion of said sealing surfaces of said valve stem

between said first and second positions.

18. The valved coupler of claim 17, further
comprising

a drive housing defining a pneumatic
actuating cylinder,and defining a third aperture in
communication with said actuating cylinder for
admitting compressed gas into said cylinder,and
further comprising

an actuator carrying a piston at an end
thereof slidably mounted within said actuating
cylinder for movement along an axis,and including a
toothed surface engaging said pinion,

whereby said actuator is actuated along
said axis by injection of compressed gas into said
actﬁating cylinder through said third aperture,to
cause rotation of said'pinion and motion of said
sealing surface of said valve stem between said

first and second positions.
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19. The valved coupler of ciaim 18 further
comprising

a spring applying a force between said
housing and said actuator to move said actuator

toward a starting position.
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