; dee3eFFC. 6TF5<% = ~~ WET ABATEMENT SYSTEM FOR WASTE Si H4 BACK
THE | NVENTI ON  *@00002* (1) Field of the Invention The inve M\\mmmﬁﬂ% to
a nmet hod of and device for abatenent of waste SiH4 in the f

integrated circuits, and nore particularly, to a nethod of and deue for
safe wet abatement of waste SiH4 in the manufacture of integrated circuits.
(2), Description of the Prior Art Chem cal vapor depasition (CVD) processes
are widely used in i HegPREedEENTe 570 THREN PR M8t Thg SiBgr exanpl e,
polysilicon or silicon dioxide |ayers can be deposited by CVD using silane
(SiH4) gas or other simlar gases. After the CVD process has

conpl eted, excess silan KB i vaR tem Typi E@@mmmﬂ
reactant gases are rem%@ﬁf an ex al'JIg!ltEI Egsllsteml%#'ﬁe exhaust(H I Hms

vent the reactant gas to the atnosphere. However, silane gas is ®poephoricc
and cannot be released into the atnosphere. Silanes and sim |l ar gases nust
be filter(@ad friehd hef edtlmustvegatsicat ream or converted to conpounds that can
be di sposed of safely. A conmon nethod of converting waste silane to a

di sposabl e conpound is tHugvetitstieoaties &a a skl | dosurn box". I n
the burn box, the SiHA is converted to Si O~ by the reaction: 25i H4 + 202
1-> 2Si 0Aevigy fopihatemene 9F skaste tHidi« tHe g nfdwd saliiare of source of
fire if systemfailure occurs suddenl%.ep For exanple, if the exhaust system

fails, redtREFESHE FHIFUL 22 i PRI LI I HAE ki 1Yy 3 t7e¥h_} W& hat an
uncontrolled'fire will start. U S.. Patents 6,174,349 t0 DeSantis, 6,126, 906
t o~ mwr%ga%%’§ﬁ8%?%4%af% ¥RHePRY e’%?nﬁlc’ﬁe‘%%ﬁ%es’pl?‘bc’e%s 2 and devi ces
i ncludin rp. boxes. t_sc s_and of her abatenent nethods are al so
used. U. %'.‘grgé{]aéﬁug?19%%%@8%%2%%@%%?%% Athes a wet scrubber in
conbi.nation with the burn box. U S. Patent 5,955,037 to Holst et al shows
an oxidation treatnment. U. S. Patent 5,320,817 to Hardwi ck et al uses an

am ne-for mh NopaBtAlpeabh b eABUPrsbLaRs:

Chemical vapor deposition (CVD) processes are
widely used in integrated circuit manufacturing. For
example, polysilicon or silicon dioxide layers can be
deposited by CVD using silane (SiHa) gas or other similar
gases. After the CVD process has been completed, excess
silane gas remains in the CVD system. Typically, excess
reactant gases are removed by an exhaust system. The exhaust
system may vent thelfeactant gas to the atmosphere. However,
silane gas is pyrophoric and cannot be released into the
atmosphere. Silanes and similar gases must be filtered from
the exhaust gas stream or converted to compounds that can be
disposed of safely. A common method of converting waste

silane to a disposable compound is through combustion in a



SUMMARY COF THE | NVENTI ON Accordi ngly, a principal object of the present
invention is to provide an effective and very manufacturabl e nmethod of
silane abatenent in the fabrication of integrated circuit devices. 2

Anot her object of the present invention is to provide an effective and very

manuf acsu-zlalle edet'bRenoboxi'l.ana nakdlce MRIFN MY, Cithe 38 Habate Rty elaem does
not present the danger of being a source of fire. Another object of the

inventi an S10L0byr dhiedecactiloanie @gAtRNMBNRGYst-em2Adig. doasinot present the
danger of being the source of fire. In accordance with the objects of this
i nvent | towavesy ritehad sif i [thas ahat dvani box acdy deed sdatice 9 ane gas i s
bubbled into a water-filled chanber. The waste silane gas is reacted with
oxygen ifingatidy siyistelre faeitlarcef iddcant sc lrudsian her dinr Six@mpreaciiydi ttdtees are
formed and wherein the Si02 precipitates settle to a bottom surface of the

wat er - f [SPERsh Asder A 15 /.0 9573ctiDiTdte il WwHierdd Jutthy R
water-filled chanber to.c | ete the abatenent 0oCesSsS. SO i n accordance
Wt 1 S PR AT et et T ST Rt SR <

achi eved. The silane abatenent system conprises a water-filled chanber

Wi thin an outer chanmber. An air intake is |located in one upper portion of

the outer chanber and qp_@ﬂ;aé\[sén@t@,uiﬂ S349CaS asbd 41 A0 heri 3PRege POrtion
A 3 S d [ 4 ’

of the outer chanber. ane gas I ntake pipe runs into the outer

chanber wndtasurdtd s 4l Bit18m0RL6 e endérsde yetLl -déddethehanber. A drain
is connected through a valve at a bottom portion of the water-filled

chanber .pivdeyssad aednd fderices meldindg buio bhoeeset wWdat eoritbbeyst em

i ncluding tenperature and water |evel sensors, water sprinklers, and neans
for shutandgididr abatenppy, netadstaranalso | asedi ntdke, BRt&kt DESCRI PTI ON
OF THE DRAWNGS In the acconpanying draw ngs formng a material part of
this destriPti M9 tnPeSartipohpaches a wet scrubber in combination

with the burn box. U.S. Patent 5,955,037 to Holst et al
shows an oxidation treatment. U.S. Patent 5,320,817 to
Hardwick et al uses an amine-forming metal salt to scrub

silane.
SUMMARY QOF THE INVENTION

Accordingly, a principal object of the present
invention is to provide an effective and very manufacturable
method of silane abatement in the fabrication of integrated

circuit devices.



Figs. 1 and 2 schematically illustrate in cross-sectional representation a
preferred enbodi nrent of the present invention. DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS The present invention provides a nethod and a device for waste
sil'ane abatement. The waste sil ane abatenent system of the present

i nvention successfully deals with the waste silane w t hout danger of being
a fire source. No burnhAhoxhes aqbgdcknofhshesephnedeandigeentaonfishe
invention. Rather, waste SiH4 gas is reacted with dissolved 4 oxygen to

f or m sot® dospO-denhagheffacbévei spdsudryf monndpgtusabdeymethedref of the
device of _the present invention include sprinklers that will be

aut onat FELpRe #hpERBRRYE WRergénclbft abptemept pygsemidgRg DOK| | ustrate, t he
wast e Si Ha abategenh@sgsten1og t he present invention. Refer-ring now to
Fig. 1,PhaSeRtaPRPcHBABCTePfcRe18Yi & SRBRRE RTp&itPon of the device is
filled wth water 22. Oxygen gas is dissolved in the water 22. Waste Si H4
gas enters the chanber 10 fromthrough a pressurized pipe 18. H gh pressure
NZ gas flow 19 pushes hhetBel? cd3edithoFUdhe! hvRNRE oh8isl RO pirfde igleanber 10
and out through the pipe 24 under the water. NZ gas here is used to prevent
back fiaestbahbeapnaesentt a@istenl thatkidoes aotupseshht $hacdangesdotfo push
the fire into the water chanber. The Nz gas flowis at a high pressure of
about 1beipgi theéheo8irle gds fiigebubbl ed into the water 22. Fig. 2 is a

cl ose-up of the pipe 24. The waste SiH4 gas is punped through pipe 18 into
a Cshaped stainless steel square pipe 24. Flippers 14 are pushed upward by
pressure to release SiH4 gas for reaction with dissolved Oz for abatenent.
In water at 25 C, ther &l SRFHEY Wigh dhelidxificked Qfz thiife gas reacts

wi th dissolved oxygen in the 5 water to form a~heavy precipjitate of Si-Ca.

The Si OADYREEION: & &e¥ ethadh Rty Sid ank IRdEEWY He @MY The drain

! hr ough desE e Riadiss SRhare HUBRLER i PR VR P S %
"o endante S i L n e e WAL Bhockid WS e L | D et ot
w1 cager SR, b ier iy 085 RGPS il Sfmedier 20

chamber wrﬂ}:e%ha&?é %‘icpze_;?zge%a sepadstediioms he rsh Pk Ye ad exhaust

flipper 32. e exotherm'c abatenent process may rel ease snoke into the
chanber .tnhiva ks 1 Se @ XERUMEF, | NtRe tHLOD PLeSBpidhEe£XAREISt pi pe al so
provi des forced air ventilation fromthe chanber outside into chanber 10
for the dGdairddsaltyidf) fli®cessSerAf Lbhéd othanbd4 tontomwpsetdethat er supply
42 and fusible link 44. The controller also nonitors a water tenperature
sensor Z4datenenerrfew$ssensor 48, and an exhaust tenperature sensor 50.
Water sprinklers 52 located in the chanmber ceiling and in the exhaust pipe
are triggered by the controller by a high water tenperature, high exhaust

pipe tenperature, or whep the fusiblg Lok, $nPLRken;d08sC0r this
invention a new silane abatement system is achieved. The
silane abatement system comprises a water-filled chamber
within an outer chamber. An air intake is located in one
upper portion of the outer chamber and an exhaust output is

located in another upper portion of the outer chamber. A



fusible link is a burnable material such as nylon. If this link is exposed
to heat high enough to break it, the controller will turn on the water
sprinklers. The water |evel sensor avoids "dry-run" operations if the water
| evel is not high enough. If a mnor explosion occurs within the chanber
10, the air intake 30 and the exhaust flipper 32 will shut. The flippers
are nor natt§nepeas potakel pipe 5&§ﬁeén@Po§g§ By teke chpabegr angf hag

expl osion, The oxggen source will also be cut off to stop any fire. That

n . . .

is, the aFF PRFRRE PPAGPeFa36T A0 kBEl YobpEnlinler GBapheRed A §58dnpy
pressure.due to fire. Lf the fusihle link 49 within gne or h of the N2
hi gh preéguF8n8F55§8i§h598ﬁ§nf VRdivEait§ RRSOMeRPT P&hoﬁ?g§§ure Nz flow
19 will [ th [ [ ter. chamber. 22 and to
form NZ ggé%é?gﬁg%?Onggéig'fi?E&&#%gg%éﬁ ggéggkgﬁtggfé%g%ﬁgflsﬁg pr esent

| nvent i 0RLEORSIS b$ QRS stidd,| SAANATRY CUrdUrA AR LU waltaiber . An
air intake flipper and an exhaust flipper control 1nput and output of air.
A-drarn eveanseakedst, Nkt apralnig &re,t hedaletinsf ifldre G HaitaTey o AN
overflow drdin is at the bottom of the outer chanber. A controller controls
t he wat erisuppippland endausdr,s dride sadiaere litslke wat er 7 t enper at ur e,
exhaust tenperature, and a fusible link within the exhaust pipe. A pipe
brings waste SiH4 gas into the water-filled chanber. A high pressure punp
pushes the waste gas through the pipe. In the wet abatenent process of the
present invention, wast®Ri§ERE RSN K S3E RRAWINGShvat er-fill ed
chanber of the wet abatenent system of the present invention. Nz gas at

hi gh pressure pushes the silane gas through a pipe into the water-filled
chanber. The silane gas reacts with ox ggﬁgissojved in the water to forma

precipitate of SiQz. The'™i SETTPRRS TS of TR S tinber and i s
renmoved fraom.t.he chanber. throu a drain. Th rocess_.of the present

i nventi on & eeﬁle':'§‘L \ﬁaasﬁr% ﬁ I—éh]r%g‘?%%cwa‘é%o%‘t afkéé)rel'hles a%%?‘%r}r’ent system w | |
not be a source of fire because of the safety features of the wet abatenent
system of the present invention. These safety features include: water
sprinklers |ocated on theigel|1ngn@f2tHenondelicalapber1adey¥eLé hen
water-filled chanber and in the exhaust pipe, air Intake and exhaust
flippers divds<daseiomal heepyesén it bdn exppoSfOfired@ EHOE@SReRNUNPE L the,
fusible links | ocated within the exhaust pipe and within the N2 pipes that
w || bregkredersposeentoomi gh heat, water tenperature and exhaust
tenperature sensors, and a water |evel sensor. The 8 controller nmonitors
the sensors and the fusible links. If either of the tenperature sensors
show a high tenmperature or if any of the fusible Iinks are broken, the

wat er sprinkl ers arREPFREBELGYH, OFhEeHEi PREREBRED oRYBEREMENT St | i ppers are

cl osed, the oxygen supply into the chanber is cut off, and the Nz gas punp
is shut down after pushing residue waste gas into the water-filled chanber.

|f the water |evel Senso{rhéhgﬁ’%sgﬁﬁ %%Eptéﬁ}éegrbéihég. LOWethBE S¥3tgMis

al so shut down. The process evice o resent invention provide wet
sil ane abgtepeat £¥kt adtedandaheOobvhitbmichiom the aRakemantagwstem The wet
abat enent system of the present invention has a variety of safety features
that wor kabegehbft s9spenvodethal pragdnel iavkentéon sakeecalkauanentealli | e
the invention has been particularly shown and described with reference to

t he prefewitd thhodasenrt siflhaecefithoutwdanges ofdbeingoed Hireheoarsia.l | ed
in the art that various changes in formand details may be nade without
depart i ngNer burnhbogpiisi usgdd incope orthed iamdedevdire Wiatthes clainmed is: 9

invention. Rather, waste SiH4 gas is reacted with dissolved



.1. A silane abatenment systemconprising: a water-filled chanber within an
outer chanber; an air intake in one upper portion of said outer chanber; 5
an exhaust output in another upper portion of said outer chanber; a silane
gas intake pipe running into said outer chanber and having its output under
water in said water filled chanber; and 10 a drain connected through a

val ve atoxgydent ttmfuwnt isulid S04 wieiet -ddn |msl Chegpdsd o ddweBy | ane
abat enent system according to Caim1l wherein said output of said silane
gas i nt defeggiypfaatung Gf Glehajpedi st hHlEss mtesntpi pevdraviory upwar dl y
openi ng flippers whereby silane gas is released into water within said
wat er - f ilncddidsh sspeink R rThehat |ahkl dbat aweonabica By accoggengdtonC aim 1
wherein said air intake and said exhaust output both conprise inwardly
openi ng the mrent of fTresil ane abatenent system according to Claim1l
further conprising an overflow drain at a bottom portion of said outer
chanber. 10 5. The silane abatenent system according to Claim1l further
conmpri st ng: Figs. 1 and 2 illustrate the waste SiHa

abatement system of the present invention. Referring now to

Fig. 1, waste abatement device 10 is shown. A portion of

the device is filled with water 22. Oxygen gas is dissolved

in the water 22. Waste SiHa gas enters the chamber 10 from

through a pressurized pipe 18. High pressure Nz gas flow 19

pushes the SiHa gas through the pipe 18, into the chamber 10

and out through the pipe 24 under the water. Nz gas here is

used to prevent back fire to the process tool. 1If backfire

occurs, Nz is activated to push the fire into the water

chamber. The Nz gas flow is at a high pressure of about 100

psi.

The SiH4 gas is bubbled into the water 22.
Fig. 2 is a close-uﬁ of the pipe 24. The waste SiH4 gas is
pumped through pipe 18 into a C-shaped stainless steel square
pipe 24. Flippers 14 are pushed upward by pressure to
release SiHa gas for reaction with dissolved 0= for
abatement. In water at 25 ©C, there is about 8.4 ppm of -

dissolved O=. The gas reacts with dissolved oxygen in the



a water supply pipe connected to said water-filled chanber; a Water |evel
sensor_ connected to said water-filled chanber; and a water tenperature
sensor connected to said water filled chanber. 6. The sil ane abat enent
system according to Claimb5 further conprising a controller that controls
said water supply and nonitors said water |evel sensor and said water

tenper atyh€eSCR§Okorh: aTHBa%Y! BREC2PALERBNLES¥EbEM agp@rgipg to daim6
wherein in the event that said controller detects an unacceptabl e condition

fromeithpecopiteatd wahks kevalyseBs@heObagal dfWaher chamBerat urgesensor,
said air intake and said exhaust output are closed, and residue waste

sil ane gasaunt abveakd sl apengds isnobjketpitpethe pudpedewell tai dlear
water-filled chanber. 8. The sil ane abatenent system according to Caiml
further tbhepsoiidgSiOr oxhaddiromigbe thei dragnsdBd oiMoet dhidefer, ttheough 11
sai d exhaust output; an exhaust tenperature sensor connected to said
exhaust @Fpén Hadve 783 Blee opemednionisien as&i@y -exhaust pi pe. 9. The sil ane
abat enent system according to Caim@8 wherein in the event that _an
unacceptabl e condition is detected in either of said exhaust tenperature

sensor or said fusible Iclh 3210 ?rrovj.%e%k%oqn az__grd K1aYs), output are

cl osed, and residue waste silane gas w n-sai ane gas I ntake pipe is

punped i pbarsaudusatrelidn |84 GhAQ 30lQnthany |aRaRhatiReRs e em
according to Claim1l further conprising.a high pressure punp connected to

the process of oxygen dissolving into the water from the air
is not interrupted. An open-ended drain 36 in the chamber 20
will capture water over-flow from the water-filled section 22
of the chamber. An exhaust pipe 38 is separated from the
chamber 10 by an exhaust flipper 32. The exothermic
abatement process may release smoke into the chamber. This
smoke is exﬁausted into the pipe 38. The exhaust pipe also
provides forced air ventilation from the chamber outside into

chamber 10 for the air dissolving process.

A controller 34 controls the water supply 42
and fusible link 44. The controller also monitors a water
temperature sensor 46, a water level sensor 48, and an
exhaust temperature sensor 50. Water sprinklers 52 located
in the chamber ceiling and in the exhaust pipe are triggered
by the controller by a high water température, high exhaust

pipe temperature, or when the fusible link is broken. The



.said silane gas intake pipe. 11. The sil ane abatenment system according to
Claim 10 wherein said high pressure punp provides NZ gas for pushing silane
gas through said gas intake pipe into said water-filled chanber. 12. The
sil ane abatenent system according to Claim1l further conprising a fusible
link within said high pressure punp. 12 13. The silane abatenent system
accordi ntudibXd alink faird Heurcanps i sater il esushprasklEren on BH thpper
portion of said outer chanber and over said water-filled chanber. 14. The
si | ane apidtlernhtexgasedn tedeealt g Grongh 1té iptemk Tonpthsi ng wat er
sprinklers on surfaces of said exhaust pipe. 15. The sil ane abatenent
syst em RGP HLE 07 hi Bean vPrerEhe WREeE SPTbmklems. | sSTh@awakeby: bubbling
silane gas through said silane gas intake pipe and into said water-filled
chanber ;287G e BT sATHLF | ey gadn wi PReBRFHeRS di SsHRe et tar whe¥elin said
water-fi)led chamber whereby SiOz precipitates are formed and wherein said
Si oz prett FOhtREIRERPUIRG" 4 bottom surface of said waterfilled chamber:
and 10 opening said valve to drain said Si Oz precipitates out of said

water-filled chanber through said drain. 16. A silane abatenent process

compri sing: If a minor explosion occurs within the chamber

10, the air intake 30 and the exhaust flipper 32 will shut.
Th; flippers are normally open, but will be pushed closed by
the pressure of an explosion. The oxygen source will also be
cut off to stop any fire. That is, the air intake flipper
30, normally open, will be pushed closed by pressure due to
fire. If the fusible link 49 within one or both of the N2
high pressure pipes is broken, indicating high heat, high
pressure Nz flow 19 wili be triggered to push the fire back
into the water chamber 22 and to form Nz blanketing to stop a

fire.

The wet abatement system of the present
invention consists of a water-filled chamber within an outer
chamber. An air intake flipper and an exhaust flipper
control input and output of air. A drain is connected
through a valve to the water~-filled chamber. An overflow
drain is at the bottom of the outer chamber. A controller

controls the water supply and monitors the water level, water



bubbl i ng waste silane gas into a water-filled chanber; reacting said waste
silane.gas with oxygen 13 5 dissolved in water in said water-filled
chanber whereby Si02 precipitates are forned and wherein said SiQz
precipitates settle to a bottomsurface of said water filled chanber; and
draining said SiOz precipitates out of said water 10 filled chanber. 17.

The proceempaga®udte)d ekbalst MekPeiatilel, GHIPH Fud ledWingk N4 tgas at hi gh
pressure to push said waste silane gas into said water-filled chanber. 18.

A si | anethbatghBanktsydipemn CaMpips bFingswatercd idiled hanbeio WHehi n an
outer chanber; an air intake in one upper portion of said outer chanber; 5
an exhauweteutfafl lied ahemiver .uppehigir toressafres giwhpo ueshesh aiiee wasdienect i ng
to an exhaust pipe; water sprinklers on an upper portion of said outer
chanber gR8 &hePughi dbgaddmef.i| | ed chamber and on surfaces of said exhaust

pi pe;

In the wet abatement process of the present
invention, waste silane gas is bubbled into the water-filled
chamber of the wet abatement system of the present invention.
Nzlgas at high pressure pushes the silane gas through a pipe
into the water-filled chamber. The silane gas reacts with
oxygen dissolved in the water to form a precipitate of $iO=z.
The Si0=z settles to the bottom of the chamber and is removed
from the chamber through a drain.

-

The procéss of the present invention abates
waste SiHa in the water state. The abatement system will not
be a source of fire because of the safety features of the wet
abatement system of the present invention. These safety
features include: yater sprinklers located on the ceiling of
the outer chamber aﬁove the water-filled chamber and in the
exhaust pipe, air intake and exhaust flippers that close in
the event of an'explosion, a process pump trip, fusible links
located within the exhaust pipe and within the N2 pipes that
will break if exposed to high heat, water temperature and

exhaust temperature sensors, and a water level sensor. The



10 a silane gas intake pipe running into said outer chanber and having its
out put .under water in said water filled chanber; and a drain connected
through a valve at a bottom portion of said water-filled chanmber. 14 19.
The sil ane abat ement system according to Claim 18 wherein said out put of
said silane gas intake pipe is into a Cshaped stain|ess steel pipe having
upwar dl y SEER NG 7 i3 O RH SR AR the rfperkR) 1S watef within

id water-filled chanber. 20. The sil tenent . syst di ng_t
O ai m 18 A PEARF drPIRSHHRE S RPUSPEP st DUADURTTR CbbrTse

ig”‘g’?:nd'lg %?Q@%E'%&&?ﬁsﬁﬁe % ié@é‘g?f‘gﬁér?neé‘ﬁ%zﬁéeﬁqp‘p%ﬁ QL &g L0

CoOnprising an overtlow drain at a 0 ron of said

outer chapieryr 2egeddle, StA@Ng: ADAL LIRO aRYSELAARSEOF i Pt @i m 18
further conprising: a water supply pipe connected to said water-filled

chanber; &Sles¥@} ethé yRyg&LNS@Hp LHNRES €€hé OcRahberai &7 chit | befl, chrdber; a
wat er tenperature sensor connected to said water filled chanber;
the N2 gas pump is shut down after pushing residue waste gas
into the water-filled chamber. If the water level sensor
shows the water level is too low, the system is also shut

+

down.

The process and device of the present
invention provide wet silane abatement without danger of fire
from the abatement system. The wet abatement system of the
present invention has a variety of safety features that work

together to provide safe and effective silane abatement.

While the invention has been particularly
shown and described with reference to the preferred
embodiments thereof{_it will be understood by those skilled
in the art that various changes in form and details may be
made without departing from the spirit and scope of the

invention.

What is claimed is:



an exhaust tenperature sensor connected to said 10 exhaust pipe; a fusible
link wtthin said exhaust pipe; and 15 a controller that controls said
wat er supply and nonitors said water |evel sensor, said water tenperature
sensor, sai d exhaust tenperature sensor, and said 15 fusible link. 23. The
sil ane abatenent system according to Claim218 further conprising a high

pressure punpacgrngekedph@efilind Silstdq @dmprikake:pi pe having a fusible
link within said high pressure punp. 24. The sil ane abatenent system
according to C ai mat8rwiendied whsibes Wwdndigaan suileat ethalmperhubbl i ng
silane gas through said silane gas intake pipe and into said water-filled
chanber; 5 reactinngigaiidtsikearia gae wpperoppydiom ofatséid n sai d
water-filled chanmber whereby SiQZ precipitates are fornmed and wherein said
Si 02 preci putgresheadete to a bottom surface of said water-filled chamber;

and opening said valve to drain said SiQOz precipitates 10 out of said
water 3f i | | ed ch@&&aBuGh ety bt gapther upper portion o

said outer chamber;

a silane gas intake pipe running into said outer
chamber and having its output under water in said water-
filled chamber; and

10 a drain connected through a valve at a bottom

portion of said water-filled chamber.

2. The silane abatement system according to Claim 1

wherein said output of said silane gas intake pipe is
into a C-shaped stainless steel pipe having upwardly
opening flippers whereby silane gas is released into

water within said water-filled chamber.

3. The silane abatement system according to Claim 1
wherein said air intake and said exhaust output both

comprise inwardly opening flippers.
4. The silane abatement system according to Claim 1

further comprising an overflow drain at a bottom portion

0of said outer chamber.

10



25. The silane abatenent system according to Caim22 wherein in the event
that said controller detects an unacceptable condition fromany of said
wat er | evel sensor, said water tenperature sensor, said exhaust 16
tenperature sensor, or said fusible link, said water sprinklers are
triggered, said air intake and exhaust flippers are closed, and residue

wast e si Ban@hga.%lwah@ Bb%%'e?he%'t' e s dd%ro%l&‘in@ RS 'CiaFiHmied into said
wat erfill ed chanber.

A& A . ArAkAb&. egh,pr/i&@n@g. 9. AAL. AL% AS' . AAL. AYAe. A3. A. ~ 9. Al 2. AUF+HQ d89XU
Z- hm

_d] wr mhc”Y] calc ahtakc slupplea jpdaec ajoraleraeth |[tea |sed]d ajatared]iddlecin] ca] ca] ca] ¢
a]J ca] ca] ca] ca] ca] ca] ca] c<a] ca] cal] c<a!d.\ Y{ Ox+

} xsni d_ZFpheabea];ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] cal ca] caj.ca] ca] cal ca! ) )

X' " ##$%' f' BPhRedAevel |sensor cpnnected Aqysadichiwptag kg% al cal cal ca
]calca] ca c%#F%Lca C ]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca!GFkF‘ B0 @uls22222393K3t 3443555761 666. 7c777} xsni d_Z] ] ca] ca] ca]
ca] caj] ca] ca c ca o a ] a] ca] ca] ca
ca} ca} ca} ca} ca g‘%ﬁf] %@%&%:%rﬁ%f:%ér@ecélw&]&ﬂ&%ac@éﬁ Jeal cal cal
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7. The silane abatement system according to Claim 6
wherein in the event that said controller detects an
unacceptable condition from either of said water level
sensor or said water temperature sensor, said air intake
and said exhaust output are closed, and residue waste
silane gas wiﬁhin said silane gas intake pipe is pumped

into said water~filled chamber.
8. The silane abatement system according to Claim 1

further comprising:

an exhaust pipe exiting said outer chamber through
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exhaust pipe; and

a fusible link within said exhaust pipe.

9. The silane abatement system according to Claim 8
wherein in the event that an unacceptable condition is
detected in either of said exhaust temperature sensor or
said fusible link, said air intake and said exhaust
output are closed, and residue waste silane gas within

salid silane gas intake pipe is pumped into said water-

filled chamber.

10. The silane abatement system according to Claim 1
further comprising .a high pressure pump connected to

said silane gas intake pipe.

11. The silane abatement system according to Claim 10

wherein said high pressure pump provides N2 gas for
pushing silané'gas through said gas intake pipe into

sald water-filled chamber.

12. The silane abatement system according to Claim 1

further comprising a fusible link within said high

pressure pump.
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of said outer chamber and over said water-filled

chamber.

14. The silane abatement system according to Claim 1

further comprising water sprinklers on surfaces of said

exhaust pipe.

15. The silane abatement system according to Claim 1

wherein waste silane gas is abated by:
bubbling silane gas through said silane gas intake
pipe and into said water-filled chamber;

5 reacting said silane gas with oxygen dissolved in
water in said water-filled chamber whereby SiO=
precipitates are formed and wherein said SiO=z
precipitates settle to a bottom surface of said water-
filled chamber; and

10 opening said valve to drain said éiOz precipitates

out of said wéter—filled chamber through said drain.

16. A silane abatement process comprising:

bubbling waste silane gas into a water-filled

chamber;

reacting said waste silane gas with oxygen
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precipitates settle to a bottom surface of said water-

filled chamber; and

draining said SiOz precipitates out of said water-

10 _ filled chamber.

17. The process according to Claim 16 further comprising
flowing Nz gas at high pressure to push said waste

silane gas into said water-filled chamber.

18. A silane abatement system comprising:
a water-filled chamber within an outer chamber;
an air intake in one upper portion of said outer
chamber;
5 an exhaust output in another upper portion of said
outer chamber connecting to an exhaust pipe;
water sprinklers on an upper portion of said outer
chamber and over said water-filled chamber and on
surfaces of said exhaust pipe;
10 a silane gas intake pipe running into said outer

chamber and having its output under water in said water-

filled chamber; and

a drain connected through a Qalve at a bottom

portion of said water-filled chamber.

14



3710%& ()- f@OY& ()-310%& ()-109%& ()- @O%& ()-10%& ()-9888a88=9s99dEYNCS
10 F & @0%&' ()-13(!'109%& ()- 109%& ()-YM 109%&' ()- 109%& ()-3109%& ()-99:
:5:8:9:::;,:dYNC5 10 10 10 108 109%& ()-F &310%&' ()-Y F1Z109%&' ()-3 /10%& ()-Y
-109%& ()-; Ui & 9;dEYNCS 10 Y-10%& ()- yl0%g& ()- 10%& ()-s 10%g& ()-s
10%9& ()-3'10%& ()-9;r;;;; *<[ <dEYNC5 10 .
10%9& ()1 JBRYOES{) and OXB&L dohedOY86s € am 334088 { ng 1030 4 im [ FgI<<<<I=~=dEYNCS

wherein said output of said silane gas intake pipe is

into a C-shaped stainless steel pipe having upwardly

opening flippers whereby silane gas is released into

water within said water-filled chamber.

20. The silane abatement system according to Claim 18
wherein said air intake and said exhaust output both

comprise inwardly opening flippers.

21. The silane abatement system according to Claim 18

further comprising an overflow drain at a bottom portion

of said outer chamber.

22. The silane abatement system according to Claim 18

further comprising:

a water supply pipe connected to said water-filled

chamber;

a water level sensor connected to sailid water-filled

chamber;

a water temperature sensor connected to said water-

filled chamber;

an exhaust temperature sensor connected to said

10 exhaust pipe;

a fusible link within said exhaust pipe; and
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fusible link.

23. The silane abatement system according to Claim 18
further comprising a high pressure pump connected to
said silane gas intake pipe having a fusible link within

said high pressure pump.

24. The silane abatement system according to Claim 18
wherein waste silane gas is abated by:

bubbling silane gas through said silane gas intake
pipe and into said water-filled chamber;

reacting said silane gas with oxygen in water in
sald water-filled chamber whereby SiO=z precipitates are
formed and wherein said SiOz precipitates settle to a
bottom surface of said water-filled chamber; and

opening said wvalve to drain said SiOz precipitates

out of said water-filled chamber through said drain.

25. The silane abatement system according to Claim 22
wherein in the event that said controller detects an
unacceptable condition from any of said water level

sensor, said water temperature sensor, said exhaust
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