AN | NTEGRATED HI GH VACUUM PUWVPI NG SYSTEM FI ELD OF THE | NVENTI ON The present
I nvention relates to the field of punping of gases and vapors in the field
of gener ayovasauam7er in the process of sem conduct or depicgas205/08Hs89! ay
screens. More specifically, the present invention relates to an integrated
hi gh vacuum punpi ng system BACKGROUND CF THE | NVENTION I n the punping of
gases and vapors, such as in the manufacture of sem conductor devices and
di splay screens, it is often necessary to use a high vacuum punpi ng system

A common punp used ANINTRGRATEDPPEGH VAGUUM PuMPING s TRNMP (TMP) . The
TMP, used on a wide variety of sem conductor and general applications,

relies on a rotating nenber that rotates near the velocity of the gas

mol ecul es to be punped. A si gnifi 5{ such a punp is that the
conpression ratio of outlet ?ZEE{'?IC@?LF %@%E@T@Nvery hi gh. Mreover, the
exhaust of the TMP, in general, nust not be subjected to too high of a

pressure. In particular, the differential pressure between the inlet and

the outiet of thEhpuipsenfsinvertianeelateswio the fild elipgmping @hjgasesdand hi gh

ressure, gi rioathd i t G sl anifd stress
b e gener af P s R 8f Blntal F20BUR or i 3Re SRk 2R erEBho B8, T o
destroy i tdelites ©odmptaydsdrbess.s Maratspesifiching tHd/Brésent émesribhyreligesitovi thin a
vacuum syst em t hat irr]‘c rporates a bypass line and some control logic to
ensur e t haf"{HEIRIRD ig(j" YASSUER BAMHHIGSYAA: both the inlet and exhaust
pressure is initially low A typical vacuumsystemw || have a chanber
where a process or experinment is to occur, a bypass line with a val ve near
the inlket to the chanber, BACKKARQUND OFRBHEdNVEMNEONd to the exhaust of
the TMP, and a val ve connected between the inlet of the TMP and the
chanber. The exhaust

In the pumping of gases and vapors, such as in the manufacture of
semiconductor devices and display screens, it is often necessary to use a
high vacuum pumping system. A common pump used for this purpose is a

15 turbo-molecular pump (TMP).

The TMP, used on a wide variety of semiconductor and general
applications, relies on a rotating member that rotates near the velocity of the
gas molecules to be pumped. A significant feature of such a pump is that the
compression ratio of outlet to inlet pressure is very high. Moreover, the

20  exhaust of the TMP, in general, must not be subjected to too high of a -
pressure. In particular, the differential pressure between the inlet and the
outlet of the pump must be kept low.

If the pump is subjected to high pressure, either at the inlet or
exhaust, then significant heat and stress are generated within the pump. The

25 heat and pressure can cause the_pump to destroy itself. To avoid this
situation, the TMP is generally used within a vacuum system that incorporates
a bypass line and some control logic to ensure that the pump is operated only
when both the inlet and exhaust pressure is initially low..

A typical vacuum system will have a chamber where a process or .

30 experiment is to occur, a bypass line with a valve near the inlet to the
chamber, a TMP with a valve connected to the exhaust of the TMP, and a
valve connected between the inlet of the TMP and the chamber. The exhaust

of the TMP, via a valve, is connected to the downstream side of the bypass



of the TMP, via a valve, is connected to the downstream side of the
bypassline. The bypass line, used in conjunction with valves both on the

i nl et andwbheosebeast of the punp, is used to evacuate wpoe/usha@sbersos o which
the TMP is attached. A secondary punp, or backing punp, perforns the
evacuation. Once the chanber pressure is beneath a certain threshold
anount, determ ned by the design of the TMP, the val ve connecting the
bypass line to the chanber is closed. Then, the exhaust valve to the TMP is
opened andingéubsequently the valve to the inlet of the TMP is opened. A

fluidic connectin,s._n d et ween t.he chanber and the, backing,punp via
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nature of the TMP vacuum performance, all TMPs require sone form of bypass
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the like. A key feature of this systemis that there is universally an
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sem condugbatingsViccesacubes trexXéiavhBer. i N et ching processes or in high-density
pl asma chem cal vapor deposition processes. In these processes, there are

process gases i Ruedaubednirinsis natereakifset MPhacuam pedesagneestalyT MBaped
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valve. There are generally some additional gauges connected, for example a
15 pressure dauge or vacuum switch, connected to various points within the
vacuum system to monitor its performance and generate signals to external,
remote or closely mounted, controllers that actuate the valves.
The aforementioned vacuum systems are assembled from various
components, for example, air-actuated solenoid vacuum valves, pipes,
20 vacuum seals, throttle valves, gate valves, TMP, and the like. A key feature of
this system is that there is universally an assembly of the various components
with multiple seals and connections. Conventionally, there is limited
integration of the components.
The aforementioned known vacuum systems find frequent use in the
25 manufacture of semiconductor devices, for example, in etching processes or
in high-density plasma chemical vapor deposition processes. In these
processes, there are process gases introduced into the chamber that are
subsequently pumped through the vacuum system (the TMP and valve
assembly). There are several important aspects that are considered in the
30 design of a vacuum system for use in processing including thermal
management of the vacuum system, process control through-flow
conductance variations, compatibility of the components with the process

gases, the amount of total space physically occupied by the vacuum system



assenbly). There are several inportant aspects that are considered in the
desi gn of a vacuum system for use in processing including thermal
managenenyoQbodidressacuum system process control throughkerhmsosorduct ance
variations, conpatibility of the conponents with the process gases, the
anount of total space physically occupied by the vacuum systemand the
proportions of this space, and the serviceability of the vacuum system
Thermal management of the vacuum systemis critical to some processes. In
sone proc@ddethe miepetionsndl thiesspacs, vangd th@dservieeabibtyhedtthe vacuurert ai n
terrperatur%tte?zq prevent both corrosion and condensation of the gases onto
ur
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the particle that lands on the device, thus rendering the device on the wafer
15 useless.

The mechanism of particle generation is a central point of focus in
semiconductor processing. Despite the attention, the fundamental
mechanism of particle generation is not fully understood. Nonetheless,
temperature differentials, moving parts within the gas stream, and material

20  composition all can exacerbate cleanliness issues.

In the vacuum systems used today there are temperature differentials
created through the use of separate thermal management systems applied to
the bypass line, the various valves, and the TMP. For example, the valve to
the inlet of the pump, typically a gate valve, throttle-valve, or combination

25  throttie and gate valve, is usually fitted with some sort of heater to raise the

temperature of the components. The TMP will also be fitted with a heater to

- keep its internal components warm. It is quite common for these

temperatures to be different, thus creating a temperature gradient. Moreover,

the bypass valve and TMP exhaust valve are also heated. Again, the

30 temperatures of the valves may not be the same, and they will be different

from that of the TMP. These temperature gradients can exacerbate a particle
formation problem.

Another key element to a vacuum system used for processing is



throttle and gate valve, is usually fitted with some sort of heater to

rai se the tenperature of the conponents. The TMP will also be fitted with a
heat er t owbeeg/i20&3i nternal conponents warm It is quitecewsomsobsoet hese
tenperatures to be different, thus creating a tenperature gradient.

Mor eover, the bypass val ve and TMP exhaust val ve are al so heated. Again,
the tenperatures of the valves may not be the sane, and they wll be
different fromthat of the TMP. These tenperature gradi ents can exacerbate
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speci fi caluinehors an te gavidei a vacuum seal to both the TMP and chamber, which
15 entails precise machining and the use of special-material vacuum seals. A
third function is to have sufficient strength to withstand the torque that can be
generated in the event of catastrophic rotor destruction.
A further important element to a vacuum system used for processing
is that of selecting the correct components that will comprise the vacuum
20 system. Subtle discrepancies in component specification can result in
premature failure of the system. For example, the incorrect use of a single
vacuum seal with the wrong material in a fluorine-based process can cause a
leak of the process gas, that is typically toxic or corrosive, and therefore
cause a risk to health. Moreover, for reliability purposes, it is advantageous to
25 reduce the number of seals used if at all possible to reduce the chance of
incorrect application and design. The burden of selecting the correct
components and methods of assembly lies with the design engineer. Due to
the number of components, the engineering task can be complicated and
time-consuming.
30 Yet another key element to a vacuum system used for processing is
that of conserving the amount of space used by the vacuum system. In all
processes, it is economically beneficial to reduce the amount of space

occupied by a vacuum processing tool and the space occupied by the



premature failure of the system For exanple, the incorrect use of a single
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amount of time required to interchange faulty components (or assemblies)
15 with new ones. Today's TMP-based vacuum systems, comprising of a
number of components, require a large amount of components to be held in
stock for repairs and service. It is also advantageous to have vacuum
systems comprise as few components as possible to minimize the amount of

stock held for service repairs and replacements.
SUMMARY OF THE INVENTION

The present invention is directed to an integrated vacuum pumping

system for gas delivery comprising a housing with integral flange for

25 connection to a process chamber, and a cavity within the housing. The cavity
comprises a turbo-molecular pump (TMP). The housing also incorporates an

inlet valve integrated into the housing and moveably connected to the
housing. The inlet valve is located within said cavity at a position between the
turbo-molecular pump and the process chamber. The housing further

30  incorporates a bypass line integrally located within the housing. The bypass
line is oriented in valved communication with the cavity at a plurality of
locations along the bypass line, with at least one location being located on

either side of the gate valve. A bypass valve is integrally located within the



stock for repairs and service. It is also advantageous to have vacuum
systens conprise as few conponents as possible to mnim ze the anount of

st ock helwof0d66/@e478i ce repairs and repl acenments. SUMVAR¥CORISTddE/0bNYENTI ON
The present invention is directed to an integrated vacuum punpi ng system
for gas delivery conprising a housing with integral flange for connection
to a process chanber, and a cavity within the housing. The cavity conprises

a turbo-nol ecul ar punp (TMP). The housing al ' . t i nl et I
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nmet hod for delivering gas conprising the steps of directing a flow froma
sour ce togas cappaisingithef steps of directing a flow from a source to an apparatus for
15 delivering gas, the apparatus comprising a housing with integral flange for
connection to a process chamber, a cavity within said housing, said cavity
comprising a turbo-molecular pump, an inlet valve integrated into the housing
and moveably connected to the housing, said inlet valve located within said
cavity at a position between the turbo-molecular pump and the process
20 chamber, a bypass line integrally located within the housing, said bypass line
in valved communication with the cavity at a plurality of locations along the
bypass line, with at least one location being located on either side of the gate
valve, a bypass valve located within the bypass line for regulating bypass flow
between the cavity and the process chamber, and an exhaust valve located at
25 adistance from the bypass valve and proximate to the cavity. The gas flow is

conditioned within the cavity and delivered from the cavity.

BRIEF DESCRIPTION OF THE DRAWINGS
30

Fig. 1 is a schematic representation of a known TMP system with
associated valves and bypass system.
Fig. 2 is a schematic representation of a known TMP system showing



delivering gas, the apparatus conprising a housing with integral flange for
connection to a process chanber, a cavity wthin said housing, said cavity
conpri si ngoaodeazbasnol ecul ar punp, an inlet valve integrparagiosiogrsbée
housi ng and noveably connected to the housing, said inlet valve |ocated
wWithin said cavity at a position between the turbo-nol ecul ar punp and the
process chanber, a bypass line integrally |ocated within the housing, said
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| ocat i onsthdl ofRy tFRMBYPRRIS Ithdte COMRTIFEAta | @é‘fv%ﬁ‘é‘ﬁ oaéﬁ%?gh LH)seqdngﬁgf ocat ed

on Eithersé?nﬂ%n%i:cfd?@)r@@és‘:sir}’qﬁ.‘l ve, a bypass valve |ocated within the bypass
line for régulating Dypass ow between the cavity and the process chanber,

and an exhaust hi«?'@l. Bds lacsieenhtiat reprefieptationeoffanenembedinyerisf thepresemd
proxi mate to the cavit The gas flow is conditi i E0LD it
del i ver ed™VEBHPR $EORIRG 1he PrasERee G W‘P?%iualﬁﬁle?ﬁrﬁ%ﬂbﬁgwwtggbﬁgql s gnd
schemsf i ci1iEMLBEAY 8f TP @ known TMP system wi th associ ated val ves and

bypass system Fig. 2 1s a schematic representation of a known TMP system
showi ngt he key Eigngosenseharnatic embpdinentofiihgpresnidnyentionethat stews or

sem condugt or _.processi ng. . Ei i i . i
enbodi nmen eo?’“??’rbs ﬁfﬁg@e%{d Hf%esr?&ail)\ae @ﬁ%%%ﬁga‘%% %@ggﬁﬁgg} (é;%éﬁt)ﬁtg%hygggs and
exhaust val ves Fpf egniategeispestivdeirbwity of onkeeMbBdinfern. oft thes paesasttenat i ¢
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val ve | ocHiv@@PA. cl ose proxinmity to each other. Fig. 5 is a perspective
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cross- sectéferaicedr awi ng of the section N-N shown in Fig. 5. Fig. 8 is a

side view of Fi %ig.% iislaI grsétsg-asteicﬁgnaef dsraev(\:/ltnigoor} tﬁé Ige]z:t%n Ngﬁ%rh%wn in Fig. 5.
Fig. 8 is a side view of Fig. 5 illustrating a section P-P for future
reference. ‘
15 Fig. 9 is a cross-sectional view of the section P-P in Fig. 8.
Fig. 10 is an overhead plan view of Fig. 5 showing the compact nature

of the integrated system of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
20
The present invention relates to the integration of a TMP with the
associated bypass line and valves so that a single sub-assembly is created.
In effect, the housing of the TMP is significantly modified to accommodate the
associated equipment necessary for constructing a high-vacuum system.
25 This single integrated high-vacuum pumping system addresses the key
concerns required in designing and operating a high-vacuum system for
general vacuum, semiconductor processing, and flat panel display screen
manufacture.
To implement the invention, the strength of the housing and design of
30 the housing are critical to a successful integration. For example, in the
situation when a rotor breaks during operation of the TMP, large forces are
generated as both internal pressure and torque on the housing of the TMP.

The TMP housing design must withstand these pressures in addition to



reference. Fig. 9 is a cross-sectional view of the section P-Pin Fig. 8.
Fig. 10 is an overhead plan view of Fig. 5 showi ng the conpact nature of
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requi {oed-hhgld}gé% s ! | Pé?:?oﬂsnf’é?éﬁébng> thd VRe dHE &iserthien ATy &l Kigh- nat ur e

of the T SS system1s require This invention incorporates the
bypass vawasuunsggstem.and attendant valves into a single unit that addresses

ﬁ?gh{,g‘éfjﬁ‘rﬂfzygf ei& 2 o&vgcé s anea!tl%t reedprésoegtgﬁonu%? g%o%e'i%iéﬁnhi%- a

vacuum system 10 with TMP 14 in fluidic contact with the process chamber
12. The system further comprises a first inlet valve 11, a second inlet valve

15 13, exhaust valve 15 and foreline 19, eventually exhausted through pump 17.
Also in connection with the chamber 12 is bypass valve 16, and bypass
vacuum line 18. It is conventional for some applications to heat all of these
elements to prevent condensation of the gases being pumped. The pump 14,
however, may also have cooling, primarily to cool the motor used to run the

20 pump.

According to the present invention, valves 11 and 13 can be
combined. In almost all cases, some form of vacuum isolation is required of
either valve 11 or valve 13. In most cases, some form of conductance varying
valve (throttling valve) is used. The order of the valves in fluidic connection

25 with the 12 is chosen by the engineer designing the system and is somewhat
arbitrary. However, it is known for the two functions of the inlet valves to be
combined in a single valve, for example a pendulum valve.

A representative known structure of the prior art is shown in Fig. 2.
Fig. 2 shows the use of a single throttle / gate valve 62 in connection with

30 chamber 72. The bypass valve 68 connects via seal 71 to a bypass line 65.
Various fittings can be located on the bypass line. Such fittings could be an
NW-style fitting 71 (one or more) and one or more VCR-type fittings 66. The
number and type of fittings is selected according to the number and type of



Fig. 1 shows a schematic representation of a known typical highvacuum
system 10 with TMP 14 in fluidic contact with the process chanber 12. The
syst em f uwbhess/eouvpri ses a first inlet valve 11 , a seceod/uspéosin2 sas ve 13,
exhaust valve 15 and foreline 19, eventually exhausted through punp 17.
Also in connection with the chanber 12 is bypass val ve 16, and bypass
vacuumline 18. It is conventional for sone applications to heat all of

t hese ele reve i an_of. gases bei ng punped. The punp
14, homevgﬁn'tpi&%ﬁéggg %Og\t'/‘ggge@gﬁ%ﬂﬁgf?yﬁﬁ?%&?‘% Eg'to cool the nmotor used to run
the punp. Accor gBiypgss Oné 85 isr &seiictddviens ivaBuuidtight ssehi Boatada I3pieas be’

conbi ned. In _alnost all cases, sone form of vacuumisolation is required of

ei t her vaPde Thig Tpiegal Fefurther| epnpasted 4geyPassnualvgr B8 of TOEnYAHWACe
varying v | val &e)-d . 0 I SLn
fluidic C?A%@g%%ﬁé’é\,{n& tshth, He'ﬁl%gi?sd’c ”lcd)igﬂ rIt])l-i,/g}t éébgﬁghné%érln Sg?g')r%ﬁﬁgét he

syst ens andddiiosaheavidataran bot steown), Kovexaenpleian Osringhand dampinige ahdtor
functions the inlet valves to be conbined in a single valve, for exanple

0
a pendul uFr‘P(P%I ve. A representative known structure of the prior art is

shown in Fig. 2a ffHdivn %hr%ﬂ@;gatb_?\ﬁaé\‘/%%s%nﬁl 629k ydsiirid t¢ sbe?éﬁt‘ithém ve 62

in connection wi th chanber ypass Val ve 68 connects aseal 7 1to
a bypass Meighted. theavaleadtseiftas med asthedavdightacletheodMMmMe Ibypmskndwne. Such

fittings could be an NWstyle fitti,ng 7 1.(one or.  nor n ne or nore
Vok {yoe BiEPHREnBan At sy BRO% cPutbited FoBlnAie 338y Hifisiia, Coor di ng
to theo numiRAbugn@ pHoteAtiAT LALNJYRIRUIE 0 RSROBNEsstemhd ot b RReS rdtne 65.
Bypass line 65 is connected via a vacuumtight seal 69 to a T-piece 64.

Thi s T- pi eb¥iate the,peadfoc Hignethes sompanepis ef the vacwsn systeny ngustops
interfacegﬁ;gﬁ?)(lg%gﬁmﬁﬁ@%%egpfﬂz onand 7 1 nust be of high quality and

require a ot shown), for exanple an Oring and
cl anpi ng, and/ oBylohtrast, Ackoinyg tdwod ehbodirhentvefl the presentiihyeritdn, alldesi gned
to suppor tof %hr}aevalves and bypass elements are incorporated into a single housing, as
15 shown schematically in Fig. 3. In this system, the valve 62 in Fig. 2 is shown
pictorially as feature 36. This valve 36 is integrated into the housing 40 of the
TMP 34. The bypass valve 42, with entry port just above valve 36, can be
located at the top of the bypass cavity 38. The exhaust valve 44 is shown at
the end of the bypass cavity 38 and can be directly attached to the output of
20 the TMP.

A schematic representation showing another embodiment of the
present invention is shown in Fig. 4. This configuration 50 shows a bypass
valve 42 and exhaust valve 44 in close proximity to each other. Due to the
nature of the functions of the valves, valves 42 and 44 can be combined into a

25 3-way valve. In the 3-way valve case, the exhaust of the TMP is connected to
the vacuum foreline, the bypass cavity 38 is connected to the foreline, or both
the TMP and bypass cavity are isolated from the vacuum foreline.

A further embodiment of the present invention is shown in the
perspective drawing of Fig. 5. In configuration 80, the chamber vacuum

30 interface 70 is clearly shown. The TMP housing 40, in two parts, combines
the inlet valve 82, bypass valve 42, exhaust valve 44, and has fittings 66
attached. The housing is attached to the base of the TMP 83. The bottom of

the bypass line (cavity) 38 is shown and would be connected to the foreline 19



wei ght of the valve itself as well as the weight of the TMP. In one known
arrangenent, the bypass valve 68 is conbined into the val ve body housing.

Al t hough wopodsanbi7al savings results in terns of cost amdtfiisedopnede it
does not obviate the need for the other conponents of the vacuum system and
stops short of a fully integrated solution. By contrast, according to one
enbodi nent of the present invention, all of the valves and bypass el enents

' ' ' h ' h h tically in Fig. 3.
P thi o oy BRRRITTLER 207 The VeveragsemBlu B2 8 Dobboi prpsaachafian e 36
Thi s val veagfesisScavial 66 aifttehahce bBRE Japuss o8 tH imkt ggﬁtfg%@tat;ég'v%wﬁe Rypass

valve 42, with entry port just above valve 36, can he top of

t he bypassSiBai¢i assesmply Thihuskiesmed. Jalthis casei thes bsin(throttidigatendabve 6he

bypass cavj.t .can.he dir.ect |y, at to, the out put of the TWP. A
sghemat ic 'rge%rpgggﬁ%ItH@nth%hg%’%ggaqomﬁefﬁg]nggd?%ﬁ owp 'Pﬁ%grﬁﬁéﬁt&

i nvent ison whemshgva Housfriggis groviddd Sorc@edds@UoatHe00alfe 60986 sanfddafse val ve
42 and exhaust valve 44 in close proximty to each other. Due to the nature

of the funHIsAs/ale FR@NIAXNBYSt valve d¢ arg iarmlospipraimity: te eabh wteniag o a
3-way val véghowdirt fig 3-Way val ve case, the exhaust of the TMP is connected
to the vacuum foreline, the bypass cavity 38 is connected to the foreline,
or both the TMP Acudritipgde she predgnt amenition| ticeidodgingrdOhend/ dgivesubagg] i ne. A

! . nl te Enda |
dr awi ng ot Eets Toinermal BpBECHEF iesishashet i heedy iubrpash ind dbe 70 i s
clearly shemh igAewTAhiliaY Siithin 4k hb@sih%&?ﬁgfﬁ%Wﬁﬂ%gﬁggﬁg%m% val ve

82, bypass val ve 42, exhalst valve 44, . Bt ached. The
housi ng i sAngt B4ch@d reach e simidar tempéraetureP FBis Makpsbtnt etimindtet therragpass

nF g, oHertels v R B BT AL S ERUSE PRSI ke Shed B rdiscess
cover for bamknbethenrocesylchahbeceThé téMmpetdtlird ?fﬁgﬂfrgfﬁer%e%r?ﬁ?@%ﬁ/pgé/néz:t ef\
3;?8;6628Soennmeytr{esrmtarl]%gnzit?étir(r)%dbf tlhrtla ﬁglljs'b}ngcﬁaetérial, (e.g. an aluminum alloy),
15 and the thermal contact between the housing 40 and the valves 42 and 44.
According to the present invention, one preferred useful alloy for the housing
is an aluminum alloy. When properly designed, the aluminum alloy housing of
the present invention will afford the assembly the appropriate strength as well
as provide desirable thermal characteristics that will enable heat transfer
20 throughout the assembly such that no significant temperature differentials
exists. In the most preferred embodiment, the alloy selection and the design
contribute to a thermal differential throughout the assembly of less than about
1°C.
A side view of one embodiment of this invention is shown in Fig. 6.
25 This figure‘ shows a section N-N. This section is shown in detail in Fig. 7. In
this section, the bypass cavity 38 is clearly seen within the housing 40. The
housing has channels drilled / machined into it for the bypass cavity 38 and
valves 42 and 44. The interface to the chamber 70 is shown at the top of the
figure. As can be seen, there are a multitude of fittings 66 shown. Moreover,
30 valves 42 and 44 are shown with bellows mechanisms. Other types of
mechanisms can also be used.
Fig. 8 shows a different planar projection of Fig. 5 with section P-P
illustrated. Section P-P is shown in detail in Fig. 9. Again the bypass cavity 38

10



I s enbedded into the housing of the TMP 38 and shown integrated as 82
whereby a housing is provided for access to the valve 62 for service. The
bypass valveeodd2e47d exhaust valve 44 are in close proxi Fcryustessashs ot her
as shown in Fig. 4 . According to the present invention, the housing 40 and
val ves 42 and 44 are in thermal contact with each other. \Wen heated, the
bypass line 38, which is nowa mlling within the housing 40, val ve housi ng

82, and valves 42 and 44 can reach a simlar tenperatyre. This hel t
el i ni nat eistdearhayisible aeweh Esdisscagnestion ﬁ%@%g@@t%?ﬁaﬂﬁgﬁ-c asaai%m& > P

8?;:1: gkfsggééaﬁ%a%% @é‘%éﬁiﬁofﬂg?ﬁin&@nfmmﬁé,oqﬂ Se ﬂé@%’@éwaﬁgué@mer ature

: . e ermal” conduction ©of t housi ng
mat eri al , fi§e-tBrough thlbUnjpase 38 boy)vaharsd42 leadt 4kr Midle base atthedMRdn t he

housi ng 40 and t he | ves 42 d 44. Accordj N [
one pr ef esh@n ug@m\é?sg%ﬁQQ aﬁo&qt- hﬁhﬁgﬁgg'ﬁ‘é 4@9%%35%@%&3%?%%%% telnom
IOrOIOe(r]g y desd &g%ia,{dh,%tﬁlé{gpn%[g & By fikgysi ng of the present invention will

af ford the asse y the appropriate strength as well as provide desirable
thermal char act lerfigt 9 @svalhahousing &3ais|shomeavherebysiadres he angHuean he

assenbl h that I gni fi . . i ' '
nost prgf ng@(ﬁn@ﬁﬁ%g&ﬁ’:‘%\t ?’%th aoglltsl”i%e%ﬁsgbgpgﬂgg%ﬁnﬁgkﬁsﬁgﬁﬁcmi Iblrjltfah'?o

a therml nghdihguerdd At banowaheutalnef asMAy of |ess than about 10C A
side view of ohe enbodinment of this invention is sho [

Iih_gure s?_ows a ﬁ@ct1i00ﬁhNNN.anTﬁY%fh§é@tPQ§hViie¥V ehébith 9n Igﬂﬁg nGéla{;‘;rh;s In
is section, the ' [ ' [ p'H |
The- hitei BRoNaECkah REMTe fb'bi thg Hrls CalRy, o, FORR, taeaid lprcnaume ng .

38 and vatyest 3@ tapebvide foFleaasirih endehieing dhe bgpasmodety 38 Thediddwas at t he
top of the figure.

Shoun.  NovagwEN.seakl 76 1aotTaiRd on iU e i feAuere BT SN AeBRaE. & her

types of {[Eepani §iGiahidhe bdfioHH9he bypass 38 and the extension of it from
the outside of the TMP. Therefore, an improved compact design is achieved.

15 The design of the TMP housing 40 is important. The housing must be

durable enough to withstand the destructive force that may occur in the event

of the rotor bursting during normal operation. A conventional valve housing

62 (e.g. shown in Fig. 2) is not designed with these destructive forces in mind,

due to the functional requirements of the housing. By contrast, according to

20 the present invention, because a single housing is used, the problems

associated with a rotor burst are confined to a single unit. This allows for

optimizations in the design that can affect the amount of torque transmitted to

the upper chamber interface. An improved single design also allows for the

incorporation of other torque reducing features such as crumple-zones or

25  break-away components within the housing. Moreover, one of the key

requirements for safety in the event of rotor destruction is maintaining vacuum

integrity. This is more easily achieved with all elements combined in a single

housing, so that all can be considered in the pursuit of an optimum design.

By virtue of combining the necessary vacuum elements into a single

30 design, all of the vacuum components can be carefully selected and easily

tested as a single unit. This is not the case in the conventional supply of the

vacuum components. Moreover, according to the present invention, in the

case of a failure, diagnostics of the single components is not necessary in situ

11



Fig. 8 shows a different planar projection of Fig. 5 with section P-P
illustrated. Section P-Pis shown in detail in Fig. 9. Again the bypass
cavity 38ve0é@rod7y visible as well as its connection tecrhs2émsp2sbs val ve
82. Passageways 122 and 123 are formed by machining / drilling. These
passageways support flow through the bypass 38 and val ves 42 and 44. The
base of the TMP is shown in cross-section as 121 . The housing 40 has a

Fro b a ol idrgBosSe s Bh8kn M PBbGY Er G 2400 A B8 '
conbi ned rgPlgcéd.si Malse re@usHsBhe TarmsuRO WS | INBpeRIIO RSt 8skdomted ewithP

housi ng 40 as well as to the exhaust of the TMP. Fig. 10 shows an over head
pan vi ew §pupieghogtingrptargomplisgtedesysierd. Jasipadatheeanefi draubleshopting t he

bypass cayLiV I ; el | 14 ovi de
for ease |}é‘lralF1 rr%ez%ieﬂflbﬂa&?ﬁé %%ggéﬁgl&éﬁ?@s@&’ﬂﬁg EHI’S nﬁla?t% gggﬁu%ﬁ%ﬁcﬂal . The
f oot pr$ nt eqliipnientsfps testingsamae disggdsfs: oifhishat anfimpbaasty aspeotigspecilly2 by
virtue of the |qcation of the P%(Epa}ss .38. and the extension of it }romthe
out si de ofCP#Eef@herfpabivaa iCRPR b BemISPRIEEtof PEPCHTSING AidiiBed. The
design of phhg T oc]é%i%g.”g A | thdsBPOaBARRtiordd1e ARHSHRRE Mialed® ddHhgP! e
enough to wthstand theé destructive force that may occur in the event of

t he rot or troubkeshngtintrdirestiyoinpacts pbeapradtabillyc ohvbat companyal fefasdusi ng 62

.g. sh ' Q. ..2) . desi d with | [
i nd. due wReEHEeRLHRE WA Rrel o BRE R bre RS FohiPh s Bt aE: "
accor gy ng gbi9atitagepiesent invention, because a single housing is used, the

probl ens associated with a rotor burst are confined to a single unit. This
al l ows for opti Hiigawqrénsoting thiad tee sogibinatian ebtheaglemants i thediiek adf t or que

Lo e TIpARIRE DSFFLG 1 Sef 3680 RS N Bl iskdgspon = <o
crunpl e- zaeegnoa TMEousivay withoppimedrationt Nie hbesingutesign isvarspeotal, one of
ARSIy R MERE CRANY R I ML A
el emenis cppU RBMsihY i8 réGMEE Yet, the integration offers compactness and ease
of use for the user of the high-vacuum system.
In other embodiments of the invention, the inlet (throttle/gate) valve
assembly 82 may perform only gating functions, or be eliminated altogether.
If conductance variation is required, the valve assembly 82 may be replaced
20 with a smaller diameter assembly and be integrated at the exhaust point 38 of
the housing.
In a different embodiment, the exhaust valve 44 may perform the
throttling function of valve 82 by using a variable conductance valve for valve
44,
25 A controlled evacuation of the vacuum chamber may also be achieved
by using a variable conductance valve as the bypass valve. Moreover, valve
44 may be augmented with a very small, additional valve, to perform a soft-
start function whereby the chamber is evacuated through an additional slow,
narrow bypass pipe that circumvents the exhaust valve 44.
30 Many modifications, variations, and other embodiments of the
invention will come to the mind of one skilled in the art to which this invention
pertains having the benefit of the teachings presented in the foregoing

descriptions. Therefore, it is to be understood that the invention is not to be
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housing, so that all can be considered in the pursuit of an optinmm design.
By virtue of conbining the necessary vacuum el enents into a single design
al | of thsovaswam7sonponents can be careful ly sel ected aod/wasisloy7sbest ed as
a single unit. This is not the case in the conventional supply of the
vacuum conponents. Mreover, according to the present invention, in the
case of a failure, diagnostics of the single conponents is not necessary in

situwhen in .use for process., Instead,. the entir acuum_sub- asse can be
Fepl aceq. I o et npa ey visklseP Al Bl REAITERER A3 v

t roubl eshaghbsdinfints ae® Mkbheéd a6l brymicriled! WRfiAaHe SdvPeCel BeUappended

t roubl eshooting can be perforned in a special dedicated | ocation and make

use of spedims. ed\inowsht spesifia trmsgratimplpyechdrein, they arg uged ipé t ant
aspect es i all i i NV, i i i LN sem conduct or
pr ocessi n%eeg{r?glcf gf%%ﬁdéﬂﬁ%é ggg%%?ﬂ@.éhoﬁﬂéfh@ggbg%g%é)gﬁwc')t%g?h'any time saved
during troubl eshooting directly inpacts the profitability of the conpany. A
fast replacenent tine with a known good sub-assenbly / system can be very
cost advantageous. It is worth noting that the conbination of the el enents
in the prior art into the TMP housing / structure is not obvious due to the
effort required to design a TMP housing w thout integration. The housing
design is a special field of expertise where expert analysis and detail ed
nodel ing of the strength of the housing is required. Yet, the integration
of fers conpactness and ease of use for the user of the high-vacuum system

I n other enbodinents of the invention, the inlet (throttle/gate) valve
assenbly 82 nmay performonly gating functions, or be elimnated altogether.
| f conductance variation is required, the valve assenbly 82 may be repl aced
with a smaller dianeter assenbly and be integrated at the exhaust point 38
of the housing. In a different enbodi nent, the exhaust valve 44 may perform
the throttling function of valve 82 by using a variabl e conductance val ve
for val ve

13



44. A controll ed evacuation of the vacuum chanber nmay al so be achi eved by
using a variabl e conductance val ve as the bypass val ve. Mreover, valve 44
may be awgoendeadodwsth a very small, additional valve, tecpast@smezs
softstart function whereby the chanber is evacuated through an additional

sl ow, narrow bypass pipe that circunvents the exhaust valve 44. Many

nodi fications, variations, and other enbodi nents of the invention will cone
to the m ndeqf QR skilled in the art to which this invention pertains
havi ng t he Eenefit of the teachings presented in the foregoing
descriptions. Therefore, it is to be understood that the invention is not

to belimted to,the, specific enbodi nents disclosed and that nodifications
and ot her 1enbodf°\'?éme§?%treg VATUERHRYMPEORY'S %{Eﬁ%@%ﬁ ARivErK CORPSMShe of t he

appended cl ai nms. Al t hgugbyu$iRgGhitH qntbgrﬁla%‘fg%ngcgm]bggﬁ&daﬁrﬁd B 8;&:%%3%6 used

in a generic and descriptive sense onhly an pur poses
limtadi ofNMMbELGAIM 1. An integrated vacuum punpi ng system for gas

del i very conpri sing: USi pg W th i ral fl|an for caonnectign to a
pr ocesé chanber; a cagi{g&ﬂ%\{}'ﬁ?'wssaéq (ﬁ‘%‘f%ﬁ' { r?&' §3%§/ ngp{'ﬁ'négoﬂﬁfi@'ng a
t ur bonel eendlaculpuppmpan inl et valve integrated into the housing and

noveably connected to the housing, said inlet valve |located within said
cavity®at a position 88tiNnvaiNe tnlewatemliatouithe powgnanand haopeaklyss

chambes: BoRHEERE to fife HALERGA!da ineRvafleMddaidly Wifhil 4R Niity A LyPass
P at a plurali }

line in valved communi cation™ th the cavity y or’locations
al ong 8 he pbgitiasddtwaen the tutbatmdleasiar pompl axchtheqrobessghdmbet;ed on ei t her

side of the inlet valve; a bypass.valve integrally.located within the
bypass’line for regul &t PW%E‘Q@S'#?%W%S&P\% HENR o eti‘oé.'ﬁtﬂ‘gtv hedidr ocess

chambes; apgagiickavaled &onimbiRatics witht g &lVity SMd Piuralith&f kitioRd at a
11 along the bypass line, with at least one location being located on either side of
12 the inlet valve;
13 a bypass valve integrally located within the bypass line for
14 regulating bypass flow between the cavity and the process chamber; and
15 an exhaust valve located integrally within the housing at a

16  distance from the bypass valve and proximate to the cauvity.

1 2 An apparatus for delivering gas comprising:
2 a housing with integral flange for connection to a process
3 chamber;

4 a cavity integrated within the housing, said cavity comprising a
5 turbo-molecular pump;

6 an inlet valve integrated within the housing and moveably
7 connected to the housing, said inlet valve located within said cavity at a
8  position between the turbo-molecular pump and the process chamber;
9 a bypass line integrally located within the housing, said
10 bypass line in valved communication with the cavity at a plurality of locations
11 along the bypass line, with at least one location being located on either side of
12 theinlet valve;

13 a bypass valve located within the bypass line for regulating

14 bypass flow within said bypass line between the cavity and the process

14



di stance fromthe bypass valve and proximate to the cavity. 2 . An
apparatus for delivering gas conprising: a housing with integral flange for
connect i onot0oca2pe7ecess chanber; a cavity integrated w Phirnustés/obsusi ng,
said cavity conprising a turbo-nol ecular punp; an inlet valve integrated

wi thin the housing and noveably connected to the housing, said inlet valve
located within said cavity at a position between the turbo-nolecular punp
and thg pr © Bagber; a bypass line integrally located within the

housi ng, said bypass line in valved comuni cation with the cavity at a
pluralliéty of |ocati onﬁnabm!n@.lstth&al\m/ﬁalssegulamg \fiowwh fraim Iteestavitpetol theat | on

being [ ocated on.either f the inlet valve; byasvalvelocated
within’th Wﬁﬁs'énq i Hdds SFh%SSUY%lY? AgCH§HaRO9YMSG \R?t#)ﬁ‘i RYRAFSHYN8s | ne
between the cavity and the processchanber; and an exhaust valve for

regulating flow fromthe cavity to the bypass |l i ne, said exhaust valve
| ocat ed prdxi matlde appaiadubyfaskainal.vwherein tieebypgss: valve arid @xhanst |

wher ei thg|ﬁy d ust val ve are conbined into a three-way
val ve. ? e8 %éﬁgbég @?’%ﬁﬁ? Wﬂ%?eln t he exhaust valve is attached
to the turbo-nol ecul ar punp outlet 5 The apparatus of Claim2 , wherein
the housing is connected to the base of the turbo-nol ecul ar punp. 6. The

appar atlus bf d dihe 2PpaiRtiserh Gaim Bowdiergindhe exhaushivave igrattaghednisr nal

contact, w pparatus of Claim2 , wherein the bypass
line is atﬁgltfr?%gn%@ﬁ!aﬁ ptLhmegﬁgttlgtl ng. 8. The apparatus of Claim1l, wherein

the inlet valve is selected fromthe
1 5. The apparatus of Claim 2, wherein the housing is connected to the
2 base of the turbo-molecular pump.

1 6. The apparatus of Claim 2, wherein the housing and the valves are in

2 thermal contact with each other.

1 7. The apparatus of Claim 2, wherein the bypass line is a milling within
2 the housing.

1 8. The apparatus of Claim 1, wherein the inlet valve is selected from the
2 group consisting of a gate valve, a throttle valve, and a combination

3 gatel/throttle valve.

1 9 The apparatus of Claim 2, wherein the housing, the inlet valve, bypass
2 valve, exhaust valve and by pass line are maintained at substantially similar

3 temperatures during operation.

1 10. The apparatus of Claim 2, wherein the housing is dimensioned and
2 constructed to contain fractured segments of the turbo-molecular pump in the

3 event of pump failure.

1 1. A method for delivering gas comprising the steps of:

2 directing a flow from a source to an apparatus for delivering

15



group consisting of a gate valve, a throttle valve, and a conbi nation
gate/throttle valve. 9 . The apparatus of Caim2, wherein the housing, the
i nl et valwe,2olypess val ve, exhaust val ve and by pass |i peTarseoosmemsva@i ned at
substantially simlar tenperatures during operation. 10. The apparatus of
Claim2 , wherein the housing is dinmensioned and constructed to contain
fractured segnents of the turbo-nolecular punp in the event of punp
failure. . t f aor .l vering gas conprising the steps of:

di rect?ng]gé?'jsf F%@%@@E&gss@m%@'@% an apparatus for deliveringgas, said
appar ayus conprising: a houai hgusthg hwithtiatsgral fikaggefof ocorartienticoma to a
process chanber; a cavity within said housing, sald cavity conprising a

t ur bo- Aol YRS Phamberan inl et val ve integrated into the housing and
noveabl.y connected to the h LG wifah d ol val | OfA it hin . said
cavi ty6at a position bet me%%’ggtﬂr og'rarlo ggﬁ?'ﬁ? ;g)%grp angeété)r@s'fo% gss
chanber; authppaetedulargounmp.egral |y | ocated within the housing, said bypass
line in val ved communication w.th the cavit t . a plurali of locations

l ong the bypass |ine, vi t naat MEhstaiune ntedafedaitei e | bBusha Gndei  her
si de of 't hRolddi cHRhd¥@ed 3o P AdEsNE! ¥&idliRealSRebédte Witlin RYRAESVilyl ne for
regul ating bypass flow between the Cavity and the process chanber; "an
exhausip vataepaositien betweendtheits thaamelgautan aumep Bngddke predess chamiaroxi mate to

e RSy peond om0 g LA b et Ml SPLIG08, 12 s
of: 12 said bypass line in valved communication with the cavity at a plurality of

13 locations along the bypass line, with at least one location being located on

14 either side of the inlet valve;

15 a bypass valve located within the bypass line for

16  regulating bypass flow between the cavity and the process chamber,;

17 an exhaust valve located at a distance from the

18  bypass valve and proximate to the cavity;

19 conditioning the flow within the cavity; and
20 delivering the flow from the cavity.
1 12 A method for delivering gas comprising the steps of:
2 directing a flow from a source to an apparatus for delivering

3 gas, said apparatus comprising:
4 a housing with integral flange for connection to a
5  process chamber;
6 a cavity within said housing, said cavity comprising a
7 turbo-molecular pump;

an inlet valve integrated into the housing and
9  moveably connected to the housing, said inlet valve located within said cavity
10 at a position between the turbo-molecular pump and the process chamber,;
[ a bypass line integrally located within the housing,
12 said bypass line in valved communication with the cavity at a plurality of
13 locations along the bypass line, with at least one location being located on

14  either side of the inlet valve;

16



directing a flow froma source to an apparatus for delivering gas, said
apparatus conprising: a housing with integral flange for connection to a
process oWerb&raog3cavity wthin said housing, said caviPCy/useesnesheg a
t ur bo-nol ecul ar punp; an inlet valve integrated into the housing and
noveably connected to the housing, said inlet valve |located within said
cavity at a position between the turbo-nol ecul ar punp and the process

chanber; a bypass line integr I e j thin t oMSL ng, sai g _bypass
l'ine :?gn val ved comruni cat i o% @H%St }2%9%a@f;%\{fdamgﬁrgﬁnEa#%%}%oihﬁgogﬁti ons
al ong 16 he rdppatirsg Ibiypass o wathid eaikt bopssd (inatbcwebpi the GGt 86d aheei t her
side of the inlet valve;a bypass valve |located within the bypass |ine for
regul &t i nE"YRASELHBNMBRRL @ hi n sai d bypass |ine between the cavity and the
procesg chamber; and an ex r i om, t cavity
to the§bypass line, said eméss(?é{@ga{ﬁ@gﬁo@éartsglgggﬁ%zllgyrja*trgmt{r)]res(gal\}icfpg?/pass
val ve;9 cotté bymadsiine, said éxhaust valive lodated aroxiynatatudsaldibypass nglvehe fl ow
fromthe cavity. e I .
20 conditioning the flow within the cavity; and

21 delivering the flow from the cavity.
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