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Toxi ¢ Gas Conponents froma Sem conductor Manufacturing Process Effl uent

St ream BACKGROUND Field O The Invention [0001JThe present invention rel ates
to a method and apparatus for renoving toxi c gas conponents exhausted from

a sem conduct Gip ds@ER&S USi ng sane. Description of the RBekakadsddedsol 00021 In
t he nmanuf acture of sem conductors, the toxic, flanmable, and corrosive

nature of hydri qﬁmﬂ@@q@gﬂgm&ae?m%@gmsmsc&@;&9& SaclE Bk 1 9.@90,1 oy T OnENt 2

hazards in addition

[ 00031 Material gases, such as BP@“WH@ﬁ@méﬁHmPHS E used as primary dopant
gases in ion inplantation processes. ther gases, such as SiF4, GeF4,
(hfac)In(Cl )Z and Br2Sb(CH3) etc. are also used. (00041 In the case of
MOVPE/ PECVD gases such as SiB4, SiF4, NH3, AsH 3 and PH3 are delivered to a
process chanberBAGEGROMND| ectrical ly isol ated assenblies. AsH3 or PH3 are
flowed at particularly high rates mHronTge egéii ti on to provide atom c As or

P of GaAs or Gqﬁ’omﬁezeeameﬁﬂoxmﬁﬁ% kA% Bfa BAIWN&%@% 31 g@acl%paa order to

provide Gad as cursor to e atomc ectric
i s deposited fr%ﬁ* fipm 2 fepisergyciorrpoess FEpfIT°can be used for chanber cleans by
creating radicals in a plasna stream which flowto areas in the chanber
where excess filmaccunul ates. The radicals react with the deposited film
t o create gaseopscripionf @ERSH&1 Ardhe by-products are then renoved fromthe
chanber and punped out as effluent 100061 Ongoing research focused on
reduci ng em ssion levels of such toxic gases fromthe effluent waste
streans of seni EWHM B HruRiHeI segrduwe. Pe briedeanabl g efmpavs netire odyirdai zat i on
of Abat ement e iSRS posddtisiderdile bl eESAEGuhde] hekedsa Méfidned fopakizhliae mal , wet
and/ or dry scrqg@ s. [00071 Thermal scrubbers react an
oxi di zi ng agent (aﬁngggﬁg m%§£ alr) mnth a target conponent (e.g. AsHS,

PH3, etc.) in effl roduce an OXIdI ed speci es of
t he target con&gﬁéﬁ%g % g e S PERETY %R 88 is then

removed fromt H@P@W%ﬁmﬁm Pélafmmby sk it Sl ‘F‘ﬁg G@Cilﬁi@ﬂzetaﬂfe%mﬁbﬁfﬁ}ﬁcaﬂrg as
absorption col wsufivat er scrubber). The di sadvant ages of such a system are
(a) it is energy intensive in that it requires significant anounts of

electricity andﬁ)@&] h 16 kase FURIVPABEdTD gases such as SiH,, SiF;, NH;, AsH; and PH; are delivered
' to a process chamber through electricelly isolated assermblies. AsH; or PH; are flowed at
particularly high rates during depesition to provide atomic As or P of GaAs or GaP, respectively,
HCI can be flowed over Ga mefal in order to provide GaCl as a precursor to the atomic Ga of GaN.

Epitaxial dielectric is deposited from SiH,.

[0005] BHCl and HF can be used for chamnber cleans by creating radicals in a p_lasma stream, which

i flow to areas in the chamber where excess film accumulates. The radicals react with the deposited

g ) o Blm to create gaseous by;products. The by-products are then removed from the chamber and
' pumped out as effluent.

[0006] Onpomg research focused on reducing emission levels of such toxic gases from the efffuent
waste streams of semiconductor mamfacturing processes, involves the optimization of abatement

processes. Current processes include a variety of thermal, wet and/or dry scrubbing operations.

{0007} Thermal scrubbess react an oxidizing agent {almost always air} with a target component {e.g.
AsHj, PHa, ete.) in a process effluent stream to produce an oxidized species of the target component

{e.g. As;Os, P;05, etc.). The oxidized species is then removed from the effluent strean: by contacting



cor CH4, (b) it requires water, and (c) it produces an aqueous hazardous
waste stream when it scrubs arsenic containing conpounds. [00081 Wet
scrubbing of effluent streans involves contacting the effluent gas froma
specific process with a scrubbing liquid to cause undesired effluent stream
conmponents to be absorbed by the |liquid, or to react wth the liquid (e.g.,
a caustic solution for contacting with an acid gas effluent) to effect the
renoval t he nde5| re opent s Oten the scrubbing
l'i qui d g‘ e"miﬁleslé’ Ak fmz°i°n Evatn Stmgberg% Q’sadg %eg %Pﬁ%ﬁéﬁﬁf?ﬁﬁﬁanate a

regul at ef® BilasreEsivegr *hﬁéd“f‘f% S‘ﬂ#?ﬁ@bﬁﬂ"lﬂ*ﬁ qf@"mm aoffor fech garh pgunwant ed

preci pi t atGmb)ieeids @, @) i fredues toQuedl hazs@dusl RiteRGea Yhénerubsequi res t he
consunpt | nt anounts of the oxidizing agents and | eads to a
cont am ng%glégotutaa%lﬁg%bv\%ste stream 100091 Dry scrubbing invol ves contacting
the effluent gas with a solid material which functions to chem sorb or
react w fooosi Wet wnblag if efao spancnbivest @niediieht ofifgt fas HOMOVeificDr y scr ubbi ng

e T b “ﬁﬁ'gs&uﬂéig%xqﬁ@t@%e%ﬁ%&ﬁu%%ﬁag%&gnmctggyﬂ%nébé’thel s passive in

operatio as no novin arts and I't the safest

and rmsth‘ij‘rde?fé’ﬂa”éi@thﬁ’ﬁd’@‘% & eiratsiseiRton fos pojecting with m pEOEO MR 9 r espect to i on

i mpl ant  pERACRSESAsal df tien@Xpe ednpeheithAdm fhb garphaatomen ackabagBmidv | | pass

t hr ough o C I r our ce gases
%ﬂmﬁ?& b:ﬁ&%n%%e P ot E;Bgla@rf:ﬁ %L%adg%f@ﬁ]regu‘{m S&S:F%Q o 9 ui%

will pass throu I nt act owrates of
intact a&yperblEs ve:befﬁﬁ ﬁfﬂg"ﬂ%t?ﬁopﬁtmﬁ tipp Gy e (he afﬁ'orcﬂﬂrbaw sy8tel s of

per m ssSi kpgirefby @omagion edpoSoan emaits éf\idpiidengpasisealipone ataaphoasd exanpl e, the
thr\eshol n%ms&sﬁ@hue (TLV) for AsH3 is 0.05 ppm or a IDLH of 3 ppm
mandat e h| gh y efficient effluent streamtreatnment and/ or abatenent far
removal of both gas types. 100111 In addition to the foregoing issues

i nci dent [00@9] Divecrkbag &naves poraing breffotisgiwith rptldmaatd ehich Bygwews, enpirical
char act er.-ﬂeafa&%q,p St i ok pdeaRl c&ﬁ;ﬁﬁeﬁ@&o %E&alih%&tr &?aﬁ@ kRvea significant
em ssions _of haza S i.n process system from source gas punps,

r oughi ng “BEHEES d[E'H’I’ F?f‘ﬁh“?:? g&"uﬁfbég%ﬁo oAt eh El‘ﬁ%‘fel%r?pe&%rf%? " 00121 It is

i npor t anmovieg pat ad okt MWM*&:!F%WW@%@?S&ES@SNB mpdfe ofdheieriestal requi renent s
t o scrubgpeagind gases such as BF3 and SiFA are entirely different than the
chemi cal requirenents:to scrub hydride gases such as AsH3, PH3 and CGel 4. 2
WO 2004/ 052506 PCTI US2003/ 038030 10013][ Wth respect to chem cal vapor
deposi t i #1914 Bpyesasetde i dpptant prpresses jits @’5’%”3%7@%"“‘!?%?9‘41@“@&%“ P¥¥ay be used in
conbi nat id@ngwintitn iplagaysentughsiniat, vhilbaldidstuersagr eless tgagh onfye. g. hydr ogen) .
Dry moderately intact, Thus, the large flow-rates of intact acid gas components and the high toxicity and

low levels of permissible personnel exposure of hydride gas components (for example, the threshold
limit value (TLV) for AsH, is 0.05 ppm, or 2 IDLH of 3 ppm) mandate highly efficient effluent
straan: freatment and/or abatement for removal of both gas fypes.

[0011] In addition to the foregoing issues incident to the use and operation of ion implantation
systems, empirical characterization of ion implant process exhaust streams reveal significant
ernissions of hazardous gases in the process systemn from source gas pumps, ronghing pumps and

from cryogenic pump regeneration cycles.

[0012] It is important to note that for dry serubbing purposes, the chemical requirernents to scrub
acid gases such as BF, and SiFy are entirely different than the chemical requirements to serub
bydride gases such as Ask,, PH; and Gell,.



* scrubbing of effluent streans deriving fromsuch a process is difficult
because a secondary reaction, typically reductive hydrogenation may occur
bet ween the scrubbing material and hydrogen at a tenperature ar ound 1100 to
120C. The secondary reaction, once initiated, may lead to a "runaway
situation, where te ratures in the scrubblng nat er i al [00141
Cupric OXIde 8%k3m%n%§?c hydr oxi de Cu(OH)z, and copper Pgﬁgﬁﬂ’$gg%ﬁ
based materials are used in resin scrubbing materials for abatenent of
hydri de conpoun8%3¥Wigrrsawship ehswtgt caperrdepogifian| (GEPNProsse® ahssid ey anfiferbghidnest copper
based resins reagtbe eedinlattifaionlwity lak trlioubty 6a bellB&: or {btQs didle.c Qydrbded)=, Dryrat er i al s
can exotherm sey, ﬁﬁbﬂgxfﬁue%%%ﬂﬁ%%&n%&m&%s%diﬂ%u%&auée%@% dQ:H%ch%%Presence
hydr ogen 15 at e

of large quantities of For exanp|. e 743, 435
4,910, 001 and 4%%%“VG|W%@“WHWSWG?“ G EHBRAeT Ry drd Bidogast 8peci es
from MOCVD appl tee@tzingnsound ilHC GuOEa Sod sseadinn Scactibip waseeihitiatéd) énay ¢apacht y of
CuO based materd H% IYeR area and when
attenpts are I%Lléat% II’?%:%%.%G%J on%}%%?&%%mﬁ%%c{ég‘%? by addition of CuO
to a netal oxide mxture used to create the resin, the surface area can
drop i nordi nat ejoy14] Gt dxidot, lnmn;icliy:hr&ddmtz(emz,ahdmmmtheﬁma,bsmmteiay due to

t he heats of ad&g)Fﬁé h%maﬁﬂbﬁng%%h NP a6 M&ddgﬁongﬁiﬁ?ﬁ% st CvD

applications use_lar anmpunt as carrier gas

t enperat ure of - vhefRouphy Tagpt opRper bpgeq Feging react $30 @%‘ﬂ?"ﬂ’dlyé’d‘t‘seﬁ‘t%?‘ét ure of
approxi mately 1@&@&&&%@mgthmmﬂrdiyatmpdmnmbmhﬂmmmo 0°Qt ih éhe Qaéenemat er i al
by Hz, thereby @fqiggghoaggms&}{ﬁgo exot hernms that can exceed 500C to 600C.

[ 00161 U.S. Patent 5,853,678 di scl oses a nmethod of renoving harnful,
vol.atile, inorganic hydrides, inorganic halides and organonetallic
conpounds by coWfHtTor repmplae Ulia Pridnig| 4,735#850 BAW.00\\p1dhd, 296,030t disclopenmetbadp fidr ¢
EygrOX! ge. g\(/\/eié&gvmgﬂiydﬂdb%sﬁeaes%fgm pgﬂaatteﬁs ﬁing{:u%w&t@mwmeﬁﬂgﬁl c "
ydr oxi de rials. ri de e under go
reduction react Ong | Bﬁ'%s(%asn;‘ri%&mﬁlﬁ’[ﬁ?m%ﬁﬁe R Mfaé?%]{ 8‘?‘% lrse‘é EléPia’lc'sggas cuQ

[ 00171 Japanesemﬁﬂﬂtﬁ? IPWW%E WQB@BM‘E?N@W@%‘P%@@@O W%P’H‘Bdmﬁm peh®vi ng
Group V speci escredie e, il 4@ AtcSarea 0st dap MioPiiaBRTBAd ol Mhe@didriliGad BOthédnoup V
species with bagl &elfam%e%@{gb&@%@m%%% e 1ald %Sgagmcaos&t?@ off B0 €

under goes Hi uctl on reactions eratures O and
Cu( OH) , 100181339P°a995ﬁ1’56 lorgs aperts pEYyE %“%lgﬁn‘i”?’l“éﬁ%ﬂ“ gavﬁﬁtsé““i‘erf’ft‘q‘?é:‘lﬁrt and
accor di ngI y 1 s aaerabl eftial,ck edclvging pieemetnte of App@ritnitey |10t M0 POV ngeeahinalsat errent

system capabl e &Eucbﬁrb@halaﬁgoﬁa&&ﬂi byh%daﬁéréi!?c:@ﬁﬁ’é Rere enotilhlsthPL030LA s6ASHS, Whi ch
el i mnates or a%mj,ceast amel i oratés t he aforenenti oned hazards of

[0016] U.S. Patent No. 5,853,678 discloses a method of removing harmful, volatile, inorganic
hydrides, inorganic halides and organometallic compounds by contacting the harmful compound
) with crystalline cupric hydroxide. However, sindlar to CuQ based materials, crystailine cupric
” hydroxide, Cu(OH), based materials react with hydride gases to undergo H, reduction reactions in
approximately the same temperature regime as CuQ.

[0017] Japanese publication JP1996059391A discloses a method of removing Group V species
from effluents containing same by contacting the Group V species with basic copper carbopaie
CuCO5+Cu{OH),. Basic copper carbonate undergoes I, reduction reactions at ternperatures higher
than both Cu(} and Co(OH),.

[0018] It would therefore be a significant advance in the art, and accordingly is an object of the
present invention, to provide an abatement system capable of handling acid, hydride and/or



* conventional CuO and Cu(COH)z processes. [0019] It is another object of the
invention to provide an inproved systemfor the treatnment of effluent
streans conprising acid, hydride and/or metal organi c gaseous conponents
having a potential operating tenperature regine that is greater than 100C
[0020] It is another object of the instant invention to provide a safe,

| ow- cost, high capacity, high efficiency systemfor the treatnent of

ef f | UeNtnehlofe@@NBasGORREH QintaGited 6l 6, leddy HhickitiRes @O AfoRineniRE AhAfaPANI C gaseous

conponents. . objects and advantages will be nore fully apparent
fromthémé'er?%%“?l%&%?gs%ﬁ%ﬁffdém?ﬁd appended cl ai ns. SUMMARY 100221 In one

aspect, the present invention relates to an apparatus for abatement of at

| east Ognﬁls}lﬁt%&uﬁtfh@aﬁje&@mm&ﬁm% prbﬁdepdhcbd#]gted bRk & the fehiRbnt 3N ef1;1 | uent
stream ivin roma se nduct,or nuf act urin rogess, such apparatus
conpri sieﬁ]é'?nyﬁtlfgﬂsl r%ofupré%nrgbaé’lhq?t Ey%'éﬁ aﬁ% ST AT R Ry é"‘ﬁ’."‘geﬁ*s 2Pp%ct ty sorbent

af fi ni t yotbripl opeepitin: tapperiorg sogime et iy geeiprdban /Y. conponent ; a second and di scr eet
sorbent bed material having a high capture rate sorbent affinity for said

at | east Loxic gas 6o ent .. fl ath 1ol ning fhe process in gas
flow cor{qwqgﬁ?tcﬁa .%""ﬁ"‘aﬁ"fﬁ e%%gol?vg%?\’fﬂgrg derf"hstg%gf?afoét’_h u‘(’?.ac‘[%'h{élgh the effl uent
st r eam cHiaemy tsgstwh &1 fthe dpaingt 196 slvpl gt eymegbing Ak iEesadond sor bent bed

mat er i almelaRroaiic ae@s tonpadeiti.al | y renove the at | east one toxic gas conponent
fromthe effluent stream [0023] In one aspect, the present invention

rel ates g91;8Rer 3R A4 Mirark@ls PR EREANy Shardl FdnEBS bastii}tiscBGtdndas, hydride gas
or by-product thereof, froman effluent streamderiving froma sem conduct or

manuf act®RF ck’b‘?“ocess, such apparatus conprising: a first sorbent bed
mat-erial having a high capacity sorbent affinity for said at | east one acid
gas, hydride gas or byproduct thereof; a second and discreet sorbent bed
mat er i alsulvewAryy a hi gh capture rate sorbent affinity for said at | east one
acid gas, hydride gas or by-product thereof; and a flow path joining the

Phe of IR Sl RE oM BB A HER PP PSR BEFRACA P ™t hen the_ second
sor bent tbyésckes uinBmP AP OSTENEPET WSEDEGBHEIB HZOng fimt tyeinigindedyr at | east
parti al | ymérRRBMrdcRE sidh aphL@Glcon@Aangaci d gas, hydride gas or by-product
thereof from g et bed material having  high capacity sorbent affinity for said at least one toxic
Eas COmponent;
' a second and discreet sorbent bed material having a high capture rate sorbent affinity for
said at least one toxic gas component; and
a flow path joining the process in gas flow communication with the sorbent bed materials
such that the effluent stream contacts the first sorbent bed material then the second sorbent bed

material to at least partially remove the at least one toxic gas component from: the effiuent stream.

[0023) In one aspect, the present invention relates to an apparatus for abatement of at least one
acid gas, hydride gas or by-product thereof, from an effluent siream deriving from a semiconductor
manufacturing process, such apparatis comprising:

a first sorbent bed materiat having 2 high capacity sorbent affinity for said at least one acid
gas, hydride gas or by-product thereof;

a second and discreet sorbent bed material having a high capture rate sorbent affmity for
said at least one acid gas, hydride gas or by-product thereof; and

a flow path joimng the process in gas flow communication with the sorbent bed materials

such that the effluent stream contacts the first sorbent bed material then the second sorbent bed



+ the effluent stream [0024] In a further aspect, the present invention
relates to a layered dry resin sorbent systemfor abatenent of an acid gas
or hydride gas or by-product thereof, conprising: a first sorbent bed

mat eri al having a high capacity sorbent affinity for. said at | east one acid
or hydride g nt; a second and di screet sorbentpPpds.iRlbial having
a high captuﬁgogﬁgggggrbent afflnlty for said at |east one acid or hydride
gas conponent; and a fl|ow 0|n| t he ess in as fl ow comuni cati on
with the sorbeff® rﬁétaatr’rﬁftBar“F ¥ "§H’8ﬁt %‘ﬁé‘l”'f‘ i‘?dl“f‘et%ﬁ‘tr EppdutiiieeeifeRct s t he
first sorbent Beeffyratseriral then the second sorbent bed material to at |east
partially renove the at | east one aci d gas, hydride gas or by-product

t hereof from t[@% efflu t stre 0025%) F’E further aspect, the
present inventi rellﬁ? % BPb ?15 vephgp e ﬂ'iﬂ& dtdﬁéesmé?fPF&‘e*P‘FFF’af‘Fi on of at

| east one toxi @bagasltqf@mmdrwrwhyﬁﬂdywaﬂwemﬂ@bhmttwnqmgocess ef fl uent stream
contal ning sare, S%HQﬁQﬁkﬂ@dﬁﬁﬁﬂﬁﬁh&@B&gmﬁﬂﬁb%&&hﬂ&h§ﬁbgmﬁ%ﬁb&ﬂﬂﬂ&ﬁtOr
process effluen% %ﬂi a flrgt sorbent | ayer conposition so as to retain at
| east a portioff St fe ¥t gas conponent therein; and contacting said
process effl uent V\natSFFOEF@éé%ﬂmésﬂébed%i@ﬁémﬂﬂee#@’bsﬂpﬁew soghpnt giniydorr et ai n a
second port|onsﬁdmkﬁ@m&ﬂ%mgmgﬂﬁgﬁaﬁﬁﬁnﬁn@dthere|n wherein said first
sorbent | ayer conprlﬂsgﬁjatgé rlp%m%igé%ql?vé%nmug}h &o&g}i srbm@gﬁ@ ttm_)( for said

t oxi ¢ conponent and s sor er ses a materi al
havi ng a hi gh cupthat e efiluaaetét@@rcmt%c*«féhﬂaﬁrﬁr whe%tﬁw‘# mtﬁ@wntwﬂdc@mhﬁnt [ 0026]
Qt her aspects anafhd oat lkk@stol rdride teRMeRtohaarid Yis) Hyddde gal@be plotilcd tyersagrar ent - f r om
the\wensui ng dif?e&}ﬂ%?e%%%mland appended cl ai rs. BRI EF DESCRI PTI ON OF THE

NGS [ 0027 gures A through 1C show a conparison of different sorbent
configurations useful in the instant invention. [0028] Figure 2 is a
schemati c repr ¢aes)t at harstid furBerseeBothd presaf inSéntitn idhﬂasitoiarpr@&@(ﬁrdﬁm% th one
enbodi ment of tct}tm9£t$§§ﬂﬁ Mxm&cogas conptudR 300 o FLGMLRetd drcbesd HEHEHBL C

representation of hem cal va deposition scrubber system according to
one .enbodi nent Wé@cﬁﬁ‘gﬁ‘ﬂ“{}ﬁ m"["@’éﬁ'SO] Figure 4 is a schematic
representation of aeonthriixg skif bemidoedovtr pmtessoiflvfrawit] 4 first sirbrot lapdi qaggposition so 2s

to retain at least a portion of the toxic gas component therein; and

contacting said process efffuent with a second layer sorbent composition, so as to retain a
second portion of the toxic gas component therein,

wherein said first sorbent layer comprises a material having a high sorptive capacity for said
toxic component and said second sorbent layer material comprises a materiai baving a high caphue

rate sorptive affinity for the toxic component.

[0026) Other aspects and features of the invention will be more fully apparent from the ensuing
) disclosure and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
{0027] Figures 1A throngh 1C show a comparison of different sorbent configurations useful in
the instant inventicn.

[0028) Figure 2 is a schematic representation of a sorbent canister unit in accordance with one

embodiment of the present invention.



- effluent abatenent system according to one enbodi nent of the present

i nventi on. DETAI LED DESCRTATI ON [0031] The present invention relates to an
apparatus and nethod for the abatenent of toxic gas conponents present in
an effluent gas streamderiving froma sem conduct or manufacturing process.
More particularly the present invention relates to an apparatus and net hod
for the abatenent of at |east one acid or hydride gas conponent or

by- product thereof present in an effl uent s streamfrom a Goup Il1-V
sem condd®or hﬁ‘f P SRR ’%?ii‘t'@é’g@fa[%%ﬁz‘?’aﬁrﬁ%@meﬂebwmt. on further
rel ates ﬂc@rdaatoapwb&bmt@ﬁelmm@hod for the abatenent of hydride and acid
gas conponents present in an effluent gas stream derivi ng froma

sem con or nyf.act ess e h abat enment

ef fici eﬁ@ﬁé‘ F{mrfgq’su??ce ag‘%ﬁpef;% ﬁea?%vfgﬁtﬁg??gon@cp m‘iﬂné“tgﬁrr'lt i nvention
have di seéipge fheigmentiysen dyeordiefd ont @tieduegol B pygipnt iovagli®dr  sor bent based abat ement
system may be increased by two to four fold, by placing a |ayer of a

pol i shi £ b §E HRPture rat e) over a Iayer of a main bed (high

capaci t raterral. [0034] In one enbodi nent, the present invention
relates to an apparatus for abatenent of at |east one toxic gas conponent
or by- prpshuct H‘ﬁ'@?@ﬁfm\feﬁt{bﬂ}a&ﬁsﬁﬁﬁdpp&ﬂkaﬁﬁﬂeﬁ@dﬁhﬂﬁfﬂ)ﬁf&rﬂ&ﬂoﬁhﬂﬂgﬂa sen conduct or

manuf acturl ngltspwsﬂci efﬂ%é%x? 3:“,.&“1!8} a f| ISt sorbent bed
mat eri al “Ravi n capac so en a or “EEBI™ET™ | east one toxic
gas conpwemﬁculeflwed{fﬂsmt lawepoar%*ﬁ é'eapgmﬁﬁem mﬂeﬂ fordbe epatempnt BERi ng a hi gh

capt ur e Esfole Bidlollfiide gk tdnbrent of b HrodisBhetboffresdnbia &l «fihiA@ ods ek £GAS CONPONeNt ;
a fl b QL Rk.0G o] in gas flow comruni cation with the
d})ent % él%;rﬁe?es%t?e? s such . %a%%:%t e effluent streamcontacts the first
sor bent bed material then the second sorbent bed -naterial to at |east
parti al | po3renoUke frisent Aventiopdigtherosites toox iappagiasand ontpainfonte dbuomntdie ef f | uent
stream y &Q%ﬁ]amh@asasoﬁyoe&e%eﬁtuemﬁﬂén Ehearﬁhh%vxﬁ@ﬂn??&ﬁll%d%ormnm acturing

process is oup RI - fluent gas stream conprises at
| east on’@m% ’6?"9 fraeé‘%’é %c%abat eht °8nmsg§/r6?u &’tictther eof , which contacts

the first sorbent bed prior to contacting the second sorbent bed. 6 WO
20041052p6Xa) Pﬁh&ﬂﬁ&&@&h@%ﬁﬁﬁ&mﬁ&@%)ﬁs@aﬂd@ﬁm&&ﬁcﬁﬁwBwﬁ&ﬁstruri ng processes

frequentl ggeqo%l Fgm%%%% hygr g&eﬁgﬁ] r fom}oﬁlgyosgacglg aseous conponent s

i ncl ude |on i organic c vaport (MOCVD) and
pl asna emhﬁmean@weﬁﬁv%w%wlﬂmeﬁmw%wgbemmmbeqwtew aci d, hydride

and/ or netal organi c conponents and process by-products, which are consuned
and usef tébi@’ a%&n@@mﬁdﬂixzﬁﬁtcﬂe present invention relates to an apparafus for abatement of at
least one toxic gas component or by-product thereof, from an efflusnt stream: deriving from a

semiconductor manufacturing process, sich apparatus comprising:

2 first sorbent bed material having a high capacity sorbent affinity for said at least one toxic
gas component;

a second and discrest sorbent bed material having & high capture rate sorbent affinity for

et

said at least one toxic gas component; and

a flow path joining the process in gas flow communication with the sorbent bed materials
such that the effluent stream contacts the first sorbent bed material then the second sorbent bed
material to at least partially remove the at least one toxic gas component from the effluent stream.

0035} In a preferred embodiment, the semiconductor manufacturing process is a Group TI-V
process and the effluent gas stream comprises at least one acid or lydride gas component or

byproduct thereof, which contacts the first sorbent bed prior o contacting the second sorbent bed.



* processes, include but are not limted to, AsH3, PH3, SbH3, Bi H3, GeH4,
Sill4, NH3, HF, HO, HBr, Cl2, F2, Br2, BCI3, BF3, AsCl3, PCl 3, P$, GCeF4,
AsF5, WF6, SIF4, SiBr4, COF2, OF2, SOz SQ2F2, SOF2, WOF4, CIF3
(hfac) I n(CH3) 2 H2As(t-butyl), H2P(t-butyl), and Br2Sb(CH3). O her usefully
abat ed conpon@8t2§“4)’0%}%&6ude chlorosiilanes such as Si HC13, apgosisiasd 2. [0037)
I n one enbodi nment, e apparatus of the present invention conprises a

| ayered dry resj sorbent, system for abatenent of at |east one acid gas
conponent , hydi‘*9 ga%e“’%‘}‘?b"é%é’r?? 3}’5"‘3??66%%“8’?““?%‘?1@6’?3,“% Btk =fBup BI -V
sem conduct or prooasss gicow couyratsitiedt or it fosielorgmicrrgjemidal gdpbi degosition
conprising. a fioetoysed ek enhack MRS b3k dRNIRPEVD. #ihiGBBaG M. Sakbent
affinity for saleg1 at .|l east on acid aas Wg%gr;' dwf gr I_ﬁ]é'-agr%duc:t:h
conponent a sedSATEANFOBCLEF SRPOSST BERT B RAE & Hav MR apt ur e
rate sorbent afpfopasies, jaclpdgbut aspapidimiied to, Ak, Bi:f oBwBilatCetl, 8itln Nig HFNECIgRBICcess i n
gas f1ow comumi,catbomey i), Abs, reQrirgeks,Des, W, o, 345, coRchr, Satsceff | uent is

fl owed t hrough gyg b to at.lea arfia r ve said at | east
one acid, hydrslb ,“R%?" @%P‘%@%ﬁ?ﬂﬂdg{i‘%@%ﬁ)ﬁ i’ﬁaﬁ?‘@ﬂ&é éé?b@%g et [“6%]?8) The

| ayer ed sor bentabatof sorpemens$ mehisie chilomsilangy such ayddEith:i dSilhpri ses at | east discrete,
first and second sorbent |ayers having different nass transfer zones (MI2).
Typically, the first sorbent, "slow' |ayer has.a MIZ that is ater than
the "fast" secégnoé{]sor é’ﬁetmq@‘jéi%e?l’t\é% M#“fx%pgseﬁﬁ%"ﬁ“el\égn compHsEs A f'r%dr f%’rm

t heoreti cal capebint systen) Bogoipmenhel a8 lsishenn eeihgrt eqviperientolfydsdy gasi campoant oitivent i on
may CONprise a ppidyts SBsfoRdd a Sed) OI-V aemi@BRBbSHGERE RE 2 sabcofiRabl eautidriaf f ect
desjred abate : fl uent species. [0040) The follow ng definitions are
proVvi ded for P?%Er]rlsty(’)%osmg%&%er ein:  "layer” is defined as a tabular body of
sorbent articles, |3Fgorhmarbsd payiakbaving ebigh pmtotty JEend pffory &% saifr eagiimg et | y
limted above aaghdéde@uy.or by-piddiét coingonelef i Nned as the threshold Ilimt value of a
particular species and.f &l d6Eed st vhaEehial Rhrving SRR Sk 0 sdrldfk BRI foC Ul ar
Species that- a typi cal person can experience W thout an unreasonable risk
of disease or if }{87‘?‘1 7 "TLV sorbent capacity” is defined as the noles of
gaseous conponent refied prdoiiiye e m@esh grpps forabreminghtiop@ith e togdent béd magrident
material, when shdenaPsaditiicORot He SR diRtedsOR af 18AGRGRIY rARvSRR G 185 one TLV

value; "mass tr s%n r zone' %/I *Z) s defined as the | ength of sorbent
l.ayer required a'|‘“nq’5 ﬁeéf’r ofegt °n3?8"a?‘tﬁ°mﬂ’“é1mt‘

{0038} The layered sorbent system of the instant invention comprises at least discrete, first and
second sorbent layers having different mass transfer zones (MTZ). Typically, the first sorbent
“slow”™ layer has a MTZ that is greater than the “fast” second sorbent layer as well as a higher
intrinsic or theoretical capacity.

) [0039] The sorbent material of the instant invention may comprise 2 physisorbent asd/or a
chemisorbent, as desired to effect desired abatement of effluent species.

{6040] ‘The following definitions are provided for terms used herein:

» “layer” is defined as a tabular body of sotbent articles, lying pavallel to a supporting surface and
distinctly limiled above and below.

+ “TLV™ is defined as the threshold limit value of a particular species and reflects the level of
exposure to the particular species that a typical person can experience without an unreasonable

risk of disease or injury.



a target contam nant (hydride gas, acid gas and/or byproduct thereof) from
its incomng concentration |level to a |l evel defined as the breakthrough

| evel (ie. the concentration |evel at which a sorbent bed requires
change-out, commonly chosen as the TLV of a particular species); "slow' is
defined as having a MIZ thickness that is betmeen 25 and 100% of the total

t hi ckness of the first sorbent |ayer; and "fast" is defined as having a

MIZ t hi cknegs ssmuba&tyke&ﬁﬁnkmnhet;h&s Wgase&tucsmeésmeﬁeatd}% sodéW'  sor bent

| ayer. [004 orter MIZ, the "fast"
sor bent Iay%ezjalﬁa htew Iben?mt{ﬂf'aih“%\%&g& %F%ic?na‘fmme?cgﬁs S &Pt i cul ar target

speci es t hHiY velge; h| gher than that of the "sI ow' layer material The capture
rate is.t h%aeumsfmojmatﬂm ﬁ&&iﬁed(aﬁthﬁlmg&f&%ﬁ&&ﬁﬁekﬁ&duﬁd ﬁ&aétotrsree%f er rate, gas
adsorption rate and CQ]% dcal acti %atog g Fh{gﬂt ar% %gem es wth tie
sorbent net BEFLAPTEFEY TRE ¥ Zgafﬁ“coﬁ uch gherpply, o | 15\ fFOUBE bent bed | ayer
isintri nsqomarhdai;ontlwldkelwel tefimed pdvbe ivkalitiirough flevel ifiee. the costehtraiorlyelt bed | ayer. The
a B' Ckgeigoﬁch;agﬁbﬁm | h ﬁgroS&xm&chHﬁ&tasQ?ﬁ,\}cﬁY dneslseeeéferablb%/ be}1 ween
an 0 0 e tota | es re preferably, the
t hi cknes's 6Pt ’ﬁée W?h%‘f"gfiw fq‘?‘ ﬂ‘ébsrbﬁtg?ffg%aé’é Q%Z‘Sf’e?’ E‘]ﬂb@?‘?ﬁéen 25 and 75%
of the toteflhefisisckmélpr,afd the first bed. Most preferably, the thickness of
the MrZ of. fgsp% &Méhxﬁ%é&% BEest Bat 30N IhadBIRPL hlcBRss PRI ckness  of the

first bed. Under certain steady state conditions the thickness of the MIZ of
the "sl oW'S"Wﬁe‘:ﬁt | ayer may be greater than 100% of the bed thickness, as
the thickness of the MIZ wll growwth tinme. The |ong MIZ advant ageousl y
BeFﬁz tqoﬂmffus&gtﬁke%r@mhmymamw@lmaqmﬂls Mombmgi@reﬁeﬁm cal rfeacﬁ1 i on
etiveen t soroent materi S ering of the

sor bent "r?"ﬁf &r5"af% {'lf ROV e aaﬂfc iarq"n'e %ﬁ&g%ﬁg {]“%?%%Eﬁogé STy e%‘% of at |east

one " s| owerial hibg eardh aesi it 9‘°%|°ﬁdhﬁ%ﬁ3a@3ﬁﬁ§{sﬁ“eﬁﬁf §P5fa‘tm1ee@§t one |ayer of
a "f ast essorpibngite, amiRhei®! reatiivh Btelbebd tirgaapboes Wil the sthent hadrever ", hi gh capacity

resin materials typically requi re longer mass transfer zones (MIZ2).

Conversel a, the "faster" h capture rate resin materials often have a

| ower W‘?“f’?‘“ﬁg {487 pasheppaed ygrds intgpseally fuckerfiag e MIpt ure rat es
(shorterofMEZ&sf spO@uikEd lafar Jhie teicknésfofitte MIUddr tht Esishibent Bed bpmparefesbly of di ff erent

sorbent gonti 1@%@im4am§my§efﬂhmésaofrﬂeh@stb@%&@ﬁrek&m,ememmﬂ@@mt hreshol d Em t

val ue (TL f or City ent materi al
occurs b &g %?LJ‘?&H&Y% 8rb6t§’ﬁ"f‘ Z%‘t% P (ﬁ% 8? g’“@g’ﬁalg‘ﬁﬁsr@{iﬂ“( 18—‘F 315‘?’ e |A). By

| ayer i ngMosapréferapdy, @F thickpiesg laf tee 2 of he firg swbegthpdisahbut AR efitlie &ital frickngar e 1B) ,

downst r egMe @t K. 1 J;e@uue&nsea@%m coRBiti R IndMickn@s M@ﬁ@&%&@%m@sﬁ@;ﬂ US2003/ 038030

(Figure Q) the IV Sorh 9t BRHaAd o GNEL AENGRLAGR .t N "1 over”

resin I'TB.
time, The long MTZ advantageously helps to diffuse heat evolution, which ocecurs fiom the

chemical reaction between the sorbent material and target species.

[6043] Layering of the sorbent materials involves the arangement of placing layers of at least
one “slower” high capacity resin material vpsiream of at least one layer of a “faster” high captrs’
tate resin material. The “slower”, high capacity resin materials typically require longer mass transfer
zones (MTZ). Conversely, the “faster” high capture rate resin materials often have a lower sorbent
capacity for the target gas, but have high capture rates (shorter MTZ).

[0044) ¥igures 1A through 1C show a comparison of different sorbent configurations useful in
the instant invention. The threshold Bmit value (TLV) breskthrongh for a “slower™ high capacity
sorbent material occurs before nmich of the sorbent material is consumed (Figure 1A). By layering

a “faster” high capture rate sorbent material (Figure 1B), downstream of a “slower™ resin material



- consuned whil e achieving high abatenment efficiencies. [0045) For the
capacity of the "slow' sorbent bed |ayer to be higher than the capacity of
the "fast" sorbent bed |ayer the fast sorbent bed material preferably
conprises between 20 to 100 wt % active ingredient [0046) Preferably, the
"sl ow' sorbe onprises a mat erial having a surfg t is

| ess t han thg’%%%')%%llgg(’:he@gar ea of the "fast" sorbent nateri ?ﬁﬁ&gﬂ?\%%?he "sl| ow'
sorbent material slower to react with a contam nant species. The surface
area of the "s{FEire YarBeftV Hhihmeﬁlm%ﬁ‘gﬁ‘eéﬁﬁ“émﬁccﬁnmea%‘fﬁ msi mperiaB 0. 0

n2/ g). Lower senfumedbwide ebisvinghigblabgkmoafiiceapt.ure rates increase the MLZ, which
advant ageousl y aids in dispersi ng beats of reactions. [00471 The Mz

t hi ckness of the "fast" sorbent ayer nust. be | ess than or equal to the

thi ckness of t K&®Mrz fgrht ‘f?%”"ysqu’\ﬁ/ W0 FERoptRsLlaver  pe isber gy fip Fagtriont! feesul ts i n
a system havi ntfastinorbaved abdr the fictrseheitigd mapairdfyablylcommpive bare dd wadlkwt%t he MIZ

| ength of the ;fkaSie rbent layer is less than or equal to 90% of the MIZ
t hi ckness of the "slow' sorbent |ayer, nore preferably |less than or equal
to 50% of the MIZ thickness of the "slow' sorbent |ayer and nost preferably
| ess than or ©8tehl tReefedlys e “slowesoNmZ layen coploris s mydriak Hywng' siugne ersphddént | ayer .

[00:10) Th]ga '('jf a&%sﬂm?%ﬁﬂﬂ&ca@&f@ﬁei“ﬁkt” SRt GEEAL, inﬁ@ag&l;e%l&@'s@rb&h@:ﬂ%@&ﬁlisio%%}n ?r
m xture o I scree 0 " rben
material conpr P4BE 4R Bmggm’ﬁﬁ‘s%?cﬁser# sucﬁar%aogge g\?’% s’ﬁrbméfn Y 8¢,

di at omaceous eshottt5a0e 3WEaHie:: donevitficy %Fgwowpipweat@nw(e@e@ﬂlb@vmen 100

to 1000 nR/ Q) aReht@udChds Wishenk 8&lis 8 tactiohPr egnated i nto or coated onto a
base adsorbent The amount of active ingredient preferably conprises from

about 0.1 to 100% by weight, nore preferably between 0.5 and 50% by wei ght
and nost pref ef8§ly e WEEntiskyessof the SRl Mﬁvﬁv@%mh“dﬁﬂtqﬁé@{ﬁb@# wei ght
of the "rasf' sekbenrthasirebf i “slodGOEa) laytSuck fdehuietht il P EEQ@NbSInPdn " faster”

"sl over” somﬁéﬂc%waﬁa@ibﬁ 1% bitlociolle WIREPHERE B me LW ALLLRY § ependent

on t he chem cal hysi ca Q]ertl es e materials such as surface
area, porosi tgm‘ﬁﬁ‘i“f’llt% "s"fg’ﬁE‘BE ’°b‘§f5t°F‘E? "&low| soent layep more greferafig lpssilan pra g d | y
determ ned by eval tof0%efdhatdlZ thiskieds lof the flotherbant fayérandomest prfbeidy keiitn bhe system

of the instant oj,QVEId PRe HIOFMIckSE S i MR UbBalihkC ratio of "fast" sorbent
| ayer to "slow' sorbent |ayer of fromabout 120 to 1:1. [00501 The fast and

second | ayers may conprise sorbent articles of any suitable conmposition,
si ze, shape andP#nf cthwikioserben prigishheytcarnries 1 fnelcsprpogitte oappturciticont and t he
speci fic effl uehhpo@as m Bﬂawdmehmmel‘medmb@t indi@ialGoRpHRes lalbkse\adRet @R GHICT OF

process. The sQrben an! I e n X
i nactive | ngre I e‘%‘t% gﬂr’ra%tmﬁ |$ne a cfrlz%g 3?%} e CE% 85’% §m%bd
spher es, 1000 mlg) and an active ingredient impregnated mto or coated onto a base adsorbent. The

amouat of active ingredient preferably comprises from about 0.1 to 100% by weight, more
preferably between 0.5 and 50% by weight and niost preferably between about 1 and 15% by weight
3 of the total weight of the *fast” sorbent material,

[0049) The ratio of the percents of “faster” to “slower” sorbent materials useful in the present
mvention is dependent on the chernical and physical properties of the materials such as surface area,
porosity, particles shape, particle size, etc., and may be readily determined by one of ordinary skill
in the art. In one embodiment the system of the instant invention comprises a volumetric ratio of

“fast” sorbent layer to “slow” sorbent layer of from about 1:20 to 1:1.

[0056] The first and second layers may comprise sorbent articles of any suitable composition,
size, shape and confonnation appropriate to the end use application and the specific effluent gas

mixture involved in the Group II-V semiconductor process. The sorbent articles may comprise



oA e et e A

ri n,gs tor oi dal shapes, irregul ar shapes, rods, cylinders, flakes, filns,
cubes, polygonal geonetric shapes, sheets, fibers, coils, helices, neshes,
sintered porous nasses, granules, pellets, tablets, powders, particul ates,
extrudates, cloth or web form materials, honeyconb matrix nonolith,
conposites (of the sorbent article wth other conponents), or conmm nuted or
crushed forns of the foregoi ng conformations. [00511 In one enbodi nent, the
"slow' and "fast" sorhent ers conprise Elartl cul ates having a size range
of fr omPSFoRFedsay i ippeiy “?ng%‘ d gttt Aip) Svifed fomsien hredsshrent | ayer

conpr i sesgs, tpaildl islepes.dtrggatshapesngdsa cybindes, ﬂabm,gférmfmbésr mmga*a%bmmﬂ mmto 15 nm
nor e pr%faﬁé’sa@éeﬁ fiﬁm@%ﬁbgé!i%esoméhes,nﬁte}e@ rond 1HRes %%he L&f.grably from about
1.5 nun to rlne%tr;gif‘tg%{prab theﬁl?ﬁ“g]ﬁt sor ayer conprises
partlculp%‘i"fdé% R nge B o s Tﬁ"l‘ﬁ"‘t’éﬁ“”’?‘@’ mm nore
prefer abdrgpomtiﬁr(@frﬁreabrbmtart@h@l'lﬂm\htroor@pﬁn@uw camrpimrd ot crphdffemalfitye f r om about 0.5
M to 4.:0..00 cohildidds. The first and second sorbent |ayers may be housed in a
singl e contal nnent systemor separate contai nment systens. Preferably, the
sorbent | ayers are housed in a single containnent systemand the effl uent
st ream ¢@Ftdr i ST prg emisideheri i/ “gpw Tepdiifst] eorpaidayerp ropovse partiulatcdatizest S t he first

so: bent ls,&ea Y JrBGEIabadl 0.Pkn0 ko mcﬁmfam,; r&g ‘me’ s%@.&@ngersc%%@st Itayfar

materi a one e en ayers are
housed pﬂ“‘%‘%ﬁssj?agfgea%zoﬁﬂf%? °Eg?m abch? “grr‘lg"els ‘ﬁﬁ%f‘ §“t%oé)rrpr| si ng at

| east animtpééms@éwstgﬁ?fﬁ@r@mlabtvbﬁw@5@G@pﬁﬂéﬁef9rebhaﬂ“s itsfjlwbencont ai ner or

pol i Sherxayﬁcamesjada@ma&s hm@,stm@@@e of it abouS T RARS 7.9 @ Stiore gHIGabBONt &1 Ner' s

conpri si:n JRL a SI m | ar sorbents capabl e of
scr).:bbl rt;rg ?ﬁ% 5‘?“& ??mﬁ“‘ltrl%ogtg%iafagp co%‘r’ﬁ@génn}ﬁ om an effluent process

stream Further, the containers conprising "slow' sorbent, nmay serve the
same or [@Bﬁ]fer'ﬂﬁ&irsfﬁﬂ)lsﬁondmﬂtliyﬂ@nﬂy&lho ssdﬁwsmgo&haihzﬂ&f@staﬁer pl unbed to the

same pr h e ters exists.
Py %%S‘:ﬁ %n&ﬂ&h syt O-Fasplrdnfy! h@%rh%ﬂﬁ@ﬁk LrLLAu&ﬁ npﬁnﬂﬁe ddutGiAiHa e

The pol i r ‘serve’ as up abat enent sxlstemfor a main
abat erreﬁﬁteﬁlﬁb%ﬁhféffﬁ‘ﬁ’ma%“ﬂé%‘&"r’?’ﬁ%ﬁ'dﬁ%q/‘&h}‘ﬁ‘dﬁ@ﬁ)?ﬂ°@i“g Ggepihe &y schemati c

I epr es e nbrbnt lgar ngferid prdHow beuntting & tesdndsorbemtlayer BQBGaEUuch as nmay be enpl oyed for
t he treatnment of Group 111-V effluent gases in accordance with one

enbodi ment_of }he esent v neé??g EE 0551 The. sorbent canister unit 200
i ncl udes®®Plves 81“3 ?‘f’g PGBV SR ASLELT SPFgF PHE™504 communi cat i ng
with th@ndmalspremgmﬂmers@amnﬁ%ﬂ leprh & Gratg slowwetbénh layenire toupl@o 2 sipgE  conmuni cat i ng

Wi It h tthﬁ&rewelb&id;egaaﬁprﬁﬁ%ﬁhbﬁ&gﬁ“ﬁﬂsﬁ&a@elaﬁa@hﬁi oBntids b@fpriddedsiodtt t he rgspe% ive
1 nl et an utl et ends o L V. e I‘OVI I’]OI‘ gri me ers
214 and %8 - esﬁ’é’m?el vee] or sm%so%% 9%9 fscn?nbn%n%ne or%lﬁ%rm\% & contain the
bed 211 c&Fpoagsts Fenrn P%wta)rq%s pifgan- v@@%@él thesw‘i“?ﬂeér‘—‘f’@rﬂsm&ﬁlﬁw” sorbent,

may serve the same or different tools. When the dual “slow” containers are plumbed to the same
process tool, auto-switching capabilities between canisters exists. The polisher may further serve as

) a back up abatement system for 2 main abatement apparatus as described herein.

[0054] Figwre 2 is a schematic representafion of a sorbent canister umit 200 such as may be
employed for the treatment of Group II-V effluent pases in accordance witl: one embodiment of the

present nvention.

[0055] The sorbent canister anit 200 includes a vessel 202 enclosing an interior vessel
volume 204 commmumicating with the waste gas stream feed passage 206 in inlet 208, and
communijcating with the scrubbed gas discharge passage 210 in outlet 212. At the respective inlet
and outlet ends of the vessel 202 are provided screen or grid members 214 and 216, respectively.

These forarinous members serve to contain the bed 211 of sorbent media it the veszel’s mterior
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vol une, so that solids attrition does not occur in use of the system as
waste gas is flowed fromthe inlet 208 to outlet 212 of the vessel through
the bed of sorbent nedia therein. [0056] The bed 211 of sorbent nedia nmay
conprise a plurality of discrete zones or layers of different sorbent
materials 218 and 220. The sorbent materials 218 and 220 may further

conpri se i fferent terial conpositiaons, which are blended to provide a

uni f or m mi"REWr B 15 oS ABTCR frepiot EhpD use gL HE 57m $histe etfiit JoRreim Yor bent
material s Héﬁ*@gp’rﬂetfee?rlébﬂﬂyV@P@Mg@@?qunf@b@meé@@emd zones or layers wherein
such layers may conprise sorbent materials, having different physical

affi n! ti e% fjﬁr a ’Hag[‘)édlZ?Mﬁﬁ%rbe%%&%ﬁg%ﬁmpﬁpeeayumﬁ otF cﬁ)scretgzon orle ers% e such

mat eri al ive for acid
gas corrporﬁI g S%W‘t“ﬁ@“%? 1R audp20. g Te S%@F‘é‘%’i@sr?dw’g 220 Eﬁyefé@ers‘ﬁ’éﬁm%ls i on

i nmpl ant at idifire matérial colfc@ds, wainitkreblesded © pavilleayaiforr?@Piure MEyoncldigisamee a hi gh
capture rate sorbent, also selective for acid gas conponents in the

ef f |l uent

strea 0058 Furt her may conpri se a bl ended
m xt ure of“"g"dr bent%f“é‘%‘? F@bﬂn T “(Eaﬁ“efet’aﬁ 518’6% ?‘??3&%1 P&l s are
sel ect i ve ldyos wirsimgyh layef mayi chriieikesbentvaatdrias, davings diferent dysicalgfinitex &npl e, one such
819 ][ Ibe nt t rr%wulaalmstsrgay spb@es hig Blaz}iﬂ§ Sle@Gh nM@iall1GEr za@mglowm&q;gpeaa&mt s of | th ;a
ef fl uent ga ano ri.a [ sel ective
for hydri g r§en§se{e&ve§8‘i’ aemsd Fh cc’tnﬁgneﬁ bl ue%‘enrt ﬁgﬂg Paom® pr%ff%%@?#n g preferred
conposi t | d‘?‘iﬁ#ﬂtﬂ@#ﬁw RRAHD: atSW@dWﬂéé@nPawwmaﬁ%ﬁh caPRIFVEF SORETHDI ng
COMPOSi t i QEGHRITE ackiERd coydentstn threféntips fream. concurrent renmoval of acid gas and

hydrl de gas conponents in an effluent gas stream [0060] The present
invention is based on the discovery that when two sorbent materials, having

speci fi ed [®%58aci t | BE SfEFtc A SPHE &SIt mEBr Sl PgE SR DMk ul ar  gaseous
speci es, ahegespecivamgethlsiare selectiwyfgrtrerpval of Gifecht vasvaay s@gest Goragkdmply door f i r st

cont act ofsu&lfaﬁbﬁ%@mfiaﬁ@ﬁ@mﬁﬁxe&wﬁaaa@smp&ﬁ.ﬂ@&thwﬂlue%dmﬁmsm bent materi al
fol |l oned l%tcong et 1 ?et%%s us §ph§1des Wit es %ﬂghtca ture rate 'fast”
sor bent i< A m‘fﬁﬁ% “éaY EALGF OF MEHE B R RIS e F PREParti cul ar
gaseous species in the systemw II increase -~ as a result of synergy

bet ween t heosh)\Wo NBIne dreldr8d comP&fiiddal chib&iinkbhiHn 16 pRAE kvWtio hevd' scrﬁlibl’n@ent material s
useful i ndctoglﬁa Forng%gnetmtpio%\éetgr#ogﬂf Iﬂ:[?rch];cg'ge@tb e¥0va]C&ITR dI %I‘ i a%he ed form of

copper an ude bu mted to copper OH2); copper
oxi de, CuCP™RoBHP &y BEpEHsrE™ CuCCB, basi c copper carbonate, CuCO8Cu(OH) 2,
and conbi nations thereof. Preferably the high capacity "slow' sorbent

mat or i al o | S6% muCERBRM PLALKR. dhlixchAGTLy U RIBAERL AORRRR! S rosist HD

reducti on reac ess of .18 dtrelaeas CuO and

G O 21 P, s Bad Gt B eI anS PuE Fangus SETFcts BPH B about

system in such a way as to allow for first contact of the gaseous species with a high capacity “slow”
sorbent material followed by contact of the gaseous species with a high capture rate “fast” sorbent
material, the efficiency for the abatement of the particular gaseous species in the system will increase

) as a result of synergy between the two materials,

0061} The high capacity “slow” sorbent materials useful in the present invention, preferably
comprise an oxidized form of copper and include but are not limited to copper hydroxide, Cu(OH,);
copper oxide, CuO; copper carbonate, CuCQs, basic copper carbonate, CuCOpCuw(OH),, and
combinations thereof. Preferably the high capacity “slow” sorbent material comprises
CuCOyCu(OH),.
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110C to 120C respectively. Since nost PECVD and MOCVD processes (e.g. doped
polysilicon and silicon germane) use excessive anounts of 112 ballast gas
for deposition of Goup V materials, it 1is preferable to use a CuCO3 based
sorbent in the associ ated abatenment system As such, the present invention
is useful in thermally managi ng an abatenent system where H2 and a

contam nant species are present in a process effluent stream by enploying a
fir;t squdegnt d:moerbgsabéoa;eﬁwremsizsédudﬁ Mdﬁﬁfpit@&mpé’rﬂ@&tdl%&s of 0063) The )
sor bent e S [ 1 V., ination with a
stabrlrzrglﬁé %h rra MMaﬁahﬂI%ﬁ?éHﬂgﬁgl%ggﬁ%%%?a turln F gbsorbent medi a

S int
(e.g. in® N@%Pmmvﬁhéﬂ?%m%m%WVBﬁ@%? (?@stPQﬂ Pﬁh’é‘?@’ht t he sorbent
medi a f rarsideGemaeRistigcdsve gmoval (fOhpRest gal vt AepositibBDirout I8 ebidtalssit abi | i zer s
ncl ude .b n net al
' u ds;fruéferg{e% &ﬁmbggﬂakeﬁgorﬂ&nﬁ iﬂ?as&h@tﬁﬁﬂﬁéne@?yst As sg%%eéllretsénp S

sel ecte and oxi des,

hydr oxi WW@%@%&WWE§I b YR WE‘Eﬁ Fogpdasconiigimisgeies phosphat es,

sul fi deSge ppedhaX fesss eifidehi sd@s, by eagldytny y fisitsarBent iayachble @cysistlg; rélisctibh er eof : [0064j
The corrpr%sio,tﬁ' on of the "slow' high-capacity, sorbents useful in the present
invention, preferably includes a copper content of from about 15 to 80
w"/n, nore preferably fromabout 20 to 70 w % and nost preferably from
about 3Codss 65THAldhent Rateral of nits Gabtateitventioh) éray BNRES Int dobingdién €4tes " S| ow'

hi 0" CaNAG a8 DER b G WS R P DORR o BN AR e £ Alichy Wi COPPET . [ 0065)

Inapre ayer fial conprises a
conposi tPBhsiuaiens aFtR i WW ﬁ@?ﬁ?ﬁdﬁ\ﬁoﬁde%‘aﬁ?ﬁ%ﬁﬁﬁ %%H)? %Y oxi mat e wei ght
per cent S0l Usdid plaigkzero Xricidds, buf @g n6t Bited Bi theydvmenix BeleMe. (wagitiOn et | 2| nc oxi de,

% zn 6. S%Iecttéh’%%brﬂwm zxﬁ,xt‘ﬂ%,él\lﬁ &; B, 5, ®) and! dxlagd Jﬂ)\ﬁl:nﬁi@édiy@ epe, (1 EDAd3 5
an a copper oxi de
(Cu 23 WFE” iﬂg I%MB ms%ﬁﬂﬁ%?““%?ﬁﬂgk%k%m§% #Sed and al umi num
oxi de, (¢WN@EGHM¥ [00661 The conposition of the high capture rate "fast"
sor bents of t he present invention are preferably resistant to by-products

pr oduced r| nght eéon Op uts‘?"?i"é?"%ﬁ‘*’% %f%[\ %%mngntm%tt h E glerhlS e" sl ow'

sor bent I nc and ferably t.he
conposi tlrf%fﬁabbffmi“ﬁPéWW?ea@Pm‘@B?‘Heq’%“t Fségléﬂrwéofﬁ?i??fgf@%blbff"fq B30 tne acti ve
ConMponents +i% kdcioa @refofaBlf bl fboGH30 W(B5 @BA 'S Inhd ddfodihent thdmfiiBlon BRO, CWO, MK,

wher ei n ,sqg %;& clluta&“d & Conie 93055820 O Co3™¥, G248, O3,
M2, I\/b%& éﬂ&% ﬁn " % n2, Caé )lz\la . KOH, Fe203, ZnO, A1203,
K2CO3, KHCO3, Na2CG3, NaHCCB NH3OH, Sr(OH)2, HCOONa, BaOH, KMhO4, Si02,
Zno, MyQpossIL2 Ry foHbr2d editeiditbny,| teri@e srbentiaer TialdAl camtisen xdapposittnt her eof : Mor e
prefer abie%etedtﬁjaﬁ the following compositions in approximate weight percents:

1. copper oxide, {Cu & %); Silver oxide, (Ag 0.1 %); zinc oxide, (Zn 6.0%); Molybdenum
oxide, (Mo 2.5 %), tricthylenediamine, (TEDA 3.5 %); and activated carbon; and

2. manganese oxide, (Mn 22 %); copper oxide, (Cu 23 %); cobalt oxide, (Ca 10 %); silver
oxide (Ag 3.5 %); and almminum oxide, (Al 2.6 %).

N

[0066]°  The composition of the high capture rate “fast” sorbents of the present invention are
preferably resistant to by-products produced during target species interaction/abatement with the
“slow” sorbent layer, inchiding but not linsited to HyO ardfor CO.. Preferably the composition of the
*fast™ sorbent layer comprises at least one active component selected from the group consisting of,
carbon, CuQ, Cu;0, MnOx, wherein x is from 1 to 2 inclustve, AgO, Ag,0, CoQ, Cos04, Cr,0s,
Cr0s, Mo0,, MoO,, Ti0,, NiQ, LiOH, Ca(0OH),, Ca0, NaOH, KOH, Fe,0s, Zn0, ALO;, K,COs,
KHCOs, Na:CO;,, NaHCO;, NH;OH, Sr(OH),, HCOONz, BaOH, KMnQ,, Si0., Zn0, MgO,
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conposition of the "fast"” sorhem |l aver conprises at feast one conponent
selected fromthe group consisting of, CuQ AgO CoO Co30Q LnO MO and
mi xtures thereof ba addition to an active conponent, the c.orposition of
the "fast" sorbent |ayer, may farthet conprise a stabilizer or the aciive.
conponent may be inpregnated into or sacred onto an adsorbent sibstrate. (
.?[ The conpesntor of to high capture rate ttnsr. .aroents of the present
i nventi on %@H)zf dfether "’G@H’iﬁlf’q‘@é“e @EDr B bHs hemifc riogs PRGN, Bhi ch

i ncreases timodtbabiahe trentsorkehtneti ©sprofs :speciné ¢aﬁ1poners@erldraeﬂ Soh Gheaind gases.

10068 in afuthher c@ﬁh@@'d@n&%o He, D{E@zsaﬁd“&:xhﬂélﬁé?éok%ac(dﬁl)ﬂoeﬁ Q. @ post
pol i shi ng abat ene

t s npri.s sorbent material,

wher ei n sai ?i“"r’”&@g‘/‘epe w'&”é%"é‘l ﬂ“o e \'A};l‘gef tmé‘aﬁe(h“fc?lﬂ?ﬂsﬁa Sﬁ@ﬁ'ﬁﬁ?rﬁh ¢4B5t ement
syst em whi chnpemyt reorpPireedty mp %W@te@mmtawsorbsmérbsfmter t her mal abat enent
systens. |'rcfenmubly the conposition of the "fast" sorb,-m |ayer conprises
O 0 Ml O e B LAEL £, LHGMLADE AASR FRRY.SH] 008, parban, QU0
CraCB, Or- fyter opee, » NOREJER, S CHEEH. Kieh ‘“%Ei“ﬂ—fhe @fem"f ?tlleheaﬁsmmém KO -1,
Fe303, Z n@fbeAd2@ideak2CO,, KHCO,, Na3CO , NaHCOL, NH, OR Sr(0OH)2, HCOONa,
LaG , KwQL, S@B, ZnQ MyG$, Mg+:eta2. Na70B8S3, rrict hyenedi ar ri ne
ii_EDA) and mi xtures thereof. More preferab) t he comgjom tion of the
"fist" sor KEAY | d?ér“r@HﬁﬁP?%§‘ 4t pic%%@”f""%‘ﬁrémﬁ dnRsritPolediar ARERY from the
group consissteinggniofing | of AGfiisti sor@oiQ@pateGe,; vOerein sad livgr, is My0pned devdsirinsuses
thereof. [{QQ @%E.méF,amuemdm ga&nowm&hﬂmor@ns‘eqms biSe w@tf ord.ﬁéfmeﬁ esienenabat enment
systens with a out g Wr'[l§h .gat ja sor eq pol i shi ng system

stems re ¢ blyt e co 'nt) st mn e ast sorbcm aycr comppises. at leastlonc componen
enpl oyed. CGBhcenttatiron of *ta nstittent ™ and "M Hear vel ocity
are identi fstietd fr<nn t@ﬁrwm“mmdw@w@%@e@ |Mﬁ@+ yhergimx g frpm ¢ geclusithe  pol i shi ng
| ay? ti ncr,@asséot@oTLM(ggaQa&mg mOﬁil‘ész&gm@@ﬁ i0S pieei eaoap,rrigi faent . tT_he f
instant in on pro acities for
particul ar %\%3{3566%‘ PHO dﬁécﬁéﬂﬁ% 5 L& N%@% ot B&%g

mich ‘as est nunbers 12 and
13 bel ow; . “T40h S Z“@o W%@H%d‘fﬁl%r FeusnderposiErs bﬁ’é nigEssferdoh t he Dual
Layer Sy st emrOfreitrit®y, ke teshm@itifich of kav-ent kd@fagt jzver-comprises- at -Icas-t -one eomBonkrk

~f " Ff ts‘elec\ed hé/n the grou cc}x;tsnﬂ%ldub\[\o\ﬂ\Co\O éo (N \Zné \Mnb2 and rm}-.tures Mcr!ecrf VAL ) \
W\ 3~ 2EIR TN !ir 77W V=~V YW T ~>A\ v\ ~~1 2=V V=VA, ~. . ~A Vv ~~y, ~

~v'"r; i. 3] CuO?nO,/F..Q{ r- h{y .-_et t 11ld~ --------- ---- - 131,

Test # T ayei6?ll ; TabPdlbelg) shaglad@m@mtanof ¢y &tit daehdi agars Wslaotwithgwt TLV Capaci ty
downstream “fast” sorbent polishing system empleyed. Concentration of target specics constituent
and linear velocity are identified in Columns 4 and 5 respectively. In all cases, the polishing layer
increases the TLV capacity of the fargetf species constituent. The instant invention provides a means
by which to increase TLV capacities for particular gaseous components by as much as 100% (See

Test numbers {2 and 13 below).

Table 1: Comparison of Varjous Compositions Useful in the Dual Layer System of the Instant
Invention,

3 CuO/ZnO/KOH | NA 3%Asl, |2 | 1890L4) ‘




"Slew' "Fast" cn®s' nol/L (L/kg) (Mincoustituefill Main . Comtbwnts. 4
CuQ' ZnO KOH NA 4%AsH3 4 1.16 (20.0) 5 CUQ ZnO KOH NA 2%AsH3 4 1.05 (18.1)

6 CuQ ZnQ KOH NA 4% AsH3 2 1.60 (27.8) 7 CuQ zZnO KOH NA 1%AsH3 4 0.85
(14.7) 8 Cad zZnO KOH Coo, Mao, 4%AsH3 4 1.75 (32.3) 9 Cud zZnQ KOH NA 50%
AsH3. 0.5 4.6(79.3) 10 CQuQ zZnd KOH -CaO '.MO3 50%AsH3 75- 6:0 (110.7) C
G, Qv 11 CuO’ZnO’ KOH NA 1%\s|—l3 1 1. 94 (332) 12 >CuCQCa3-Cu(gl NA

1: 001- 263 WG N S ?ﬁ"’”%?) carbon. w -
. t, meta DsH3 0. bmdil %) ( 145.4) Carbon w
nmetal s r...-':_(26 2) 16 CuCCBCu(O—i)Z CuO MaQ2,
19%As H3 O 2 ACTi veasasy 4% (PH3) 1 3.39
(94.2) LGa 2-Activateld AVASH3 [4 2. 49 (69.2)
Car bon 2% S| P40 [87 (22.9) 20
Ct CO3Cn|(60H) 3 AcitGupinO@ OO 8B Hg 1 14%AsH:34.9)  Car bphs0okE7.8)

7 CeO/ZaO/KOH | NA 1% AsH, 4 . 0.85 (14.7)

8 CuO/ZaO/KOH | CuO,Mn0; | 4% AsH, 4 1.75 (32.3)

) '] CuO/ZnO/KOH | NA -] 50% AsH;. 105 [ 4.6(79.3)

10 CuOonO/KOH; ]-CaO,  MnOy 50°oAsH3 -[05 . eoqrony -

. CD;O;, AEO ” ki . i . )
11 CuO/ZaOMKOH | NA % AsH, 1 1.94 (33.2)

12 “[FCuCOsCu(ORy, | NA vt . 4%A§H3' V3 F | R00@68)

13- . ° '_CuCE); Cu(ofi)z" Acuvamd' 4% , AN
Y S rietals ©5 2 ] - S . i
o 14 uuCO3~Cu(OI{)= Acgwizd 50% Ang 0.5 5.23 (145.4)
Carbon wil
metsls

15 CuCO,-Ca(OH), | M 4% AsH, | 4 0.94 (26.2)

16 CuCOyCu(OH), | €0, Midy | 1% AsH, | 1 3.67 (102)
C0304,AED
17 CuCOs*Cu({OH), | Activated 4% (PHy) 1 3.30 (94.2)
Carbon wi
metals
118 CuCO5+Cu(OH), | Activated 4% AsH, 4 2.49 (69.2)
Carbon wi
metals and
TEDA

19 CuCO;CulOH), [NA 2% S, © |1 - | 087 (2259

20 . CuCO;+Cn(0 Activated 2% 8y . |1 1 L1 .
L CulOH, Catbonwl/ =~ - 1H4 e L17G49) :
o e metalsend .« ) - O T
21 CaC0,-Ca(OH); | Activted 1% Si 1 2.22 (61.
OO, T iH, 61.4)
metals and
TEDA

{0070} Tt will be appreciated that the optimal amount of polish will be based upon the ratio of
the mass transfer zone to the overall length of the sorbent beds, (MTZ/LOB). That is, the relative
length of the mass transfer zone within the main resin bed will dictate the optimal amount of polish
to use.

[0671}1 Figure 3 shows a plot of TLV capacity as a function of “fast” sorbent polishing layer

thickness for an abatement system employing basic copper carbonate, CuCQO;+Cu(QH), as the main
bed “slow” sorbent system. As shown, the optimal polishing layer thickness is approximately 25-
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netals and TED A" 21 CuCO3Cu(OH)2 Activated 1% SiH4 1 2.22 (61.4) Carbon
w netals and TEDA [00701 It wll be appreciated that the optinml anount
of polish will be based upon the ratio of the mass transfer zone to the
overall length of the sorbent beds, (MIzZ/LOB). That is, the relative length
of the mass tg@nglREsdone Within the main resin bed w | bctushastossesthe opti mal
anmount of polish to use. [00711 Figure 3 shows a plot of TLV capacity as a

function of "f n abat nt

syst em enpl oyi %3& bogfgé')% copﬁ%ﬁi h’g?tgﬂ Aﬂ?&%@ﬁ% - b S b tmcrea"E‘Bsed[;%ed

"SI ow' sor bent oBYpe{ nofish apmt e 2s¢ Friaf PP WERFshi ng | ayer thickness is
approxi mately 25- 14 WO 2004/ 052506 PCT/ U82003/ 038030 30% of the total bed

length, for a Toghg 9 LNCHES dBbdhaDEAE g.bénua%scom@esta%ﬂ?hrgg&ﬂ o @ases

the optimal pO|ISh appunt decreases as a fraction of tatal

(0072) In a furfHErodBetme At 2des priaddnt 2V mamersh Ermfrpﬁ“f“s"’e@m}i’mé'yer ed dry
resin sorbent ssyishdnpfmecea bt embrbduchs eanufabiids Beibty, daiddoyeekd sojas sy or

by- product t herggficind b @RI 1By eﬁf@ywl?&rumﬁmg ‘AQB:gJom%%ﬁﬁt& g Oenflally of
sem conduct or manufacturjng facil 'éd"r‘sal %4] sorb ystem

conprising, a foREY copREY) &bogre angy 6\ﬁ?°° B‘e?ft“faﬁtats ?ﬂhpatﬁﬂgﬁﬁ‘gé CHRSES ti on
conS| st i ng essenisisiglespentdily obagjiecoxiie et %) Sitvianie, éAphd%); ansetigith §.84er of

"fast” sorbent M@}b@n&@kmﬂaw%%,%ﬁﬂ&?&%ﬂnﬁn Eﬁm%%t wagc@gwﬁb@w of

copper oxide, (Cu 6 ver oxide /21‘&_( 0% ;
Mol ybdenum oxi d&est %ﬂﬂﬂm%n%nvtswi:%mgﬁf@#ém% sec ‘ff'?ébﬂ‘ﬂ%“”’éer%m‘“é%
activated car bditrs ssEildresmor bent system having a TLV sorbent capacity for
arsine at | emsec-of 3.67 noles/litei resin or 102 liters AsH3/ kg resin.

(00{31 In a fur B(pﬁlr egbo msnt ﬁ&mwg%ese ﬂelrgeﬁ1 f:sogn{e at «%g”ed?mm&igr ocess

for reduci ng t H& Pl on&eh FEast ars e gas as or
by- pr oduct spe@@sﬂﬁﬁ#‘?er?feﬁ leas?o@phyqnﬂergavaméemqe@m@%wewée@s@r@fpf%}’ent
st ream cont ai Ni sa@icEadRs préak SuERshed cReARE Jaké, B meROiaplsngg sai d

sem conduct or pr 00egnal! LSHcalhll Ll Efl SR PRBobaY 65 SAARASI bison o0 a8

to retain at least_a portion o aseous species therein cont acting
sai d process ef“PfeﬁEﬁFe%aPWh‘%ﬁ°§%?;%W@PSFP&%PW§‘BP%M conmposition, so as to

retain a contacting said process effluent with a second layer sorbent composition, so as to retain a
second portion of the gaseous species therein,
wherein said first sorbent layer comprises a material having a high sorplive capacity for said
gaseous species and said second sorbent layer material comprises a material having a high capture
rate sorptive affinity for the gaseous species. Preferably, the process enables a system having a
capacity to retain a particular gaseous species greater than the sum of the capacities of the individual
sorbent layers.

[0074) More specificelly, the present invention relates to a method of decreasing the

) concentration of at least one hydride or acid gas species from & semicondunctor manufacturing
process effluent gas stream coruprising seme, by contacting the at least one gaseous component with
a first solid phase sorbent material comprising at least one of copper oxide, copper hydroxide and
basic copper carbonate so as to produce an effluent gas stream having a reduced concentration of
gaseous species; and contachng said effluent gas stream having a reduced concentration of gaseous
species with a second solid phase sorbent material comprising at least copper oxide, so as to produce
an effluent pas stream having a concentration of gaseous species that is less than the TLV for the at
ieast one hydride or acid gas species {e.g. 50 ppb for arsine).
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second portion of the gaseous species therein, wherein said first sorbent

| ayer conprises a material having a high sorptive capacity for said gaseous
speci es and said second sorbent |ayer nmaterial conprises a material having a
hi gh capture rate sorptive affinity for the gaseous species. Preferably,
the process enables a systemhaving a capacity to retain a particular
gaseous species greater than the sumof the capacities of the individual

sor bent da?%erslna[ﬁ%;ﬂnwm& BPE Gk m@ahdnxexat&h@a RS @ﬁslgepshe%ﬁd& on relates to a

met hod of decr easi ng} concentratj.on_of | east ride or acid gas
speci es OF¥ M- PEER ESHHBE PERETRN SFERCFits ?“ﬁlgcm%el‘so@@??“ é‘fefqaﬂﬁfﬁt‘f‘ gas stream
conpri Siciige &amxsommemmwaleltla fogutb-etchite vhemmtisto e rgedseouastamiponent with a

first 894 Lc@ly a%&@ddr@ksﬁ%ﬂsﬁ&aﬁ%r%at&n@:ﬁ%f&m%ﬁg&f copper oxi de,
copper dr oxi d ngﬂﬁ‘ﬁ efgogpger C rboxl?ge so s to goduce an effluent
gas st r &HR{h &P ﬁ’a)ara¥ te Thi'r S of 5™ %%‘ﬁspr Factel: and

cont act issngeosdadter mlifhcnamy fagilitz, mitdloerd Febeitngpica wedisted: §oneenf ati on of
0aseous «ySPe5beRSnalidl Bhad sSSFAR6: 089" dorRRiasR:30r bent material conprising at

| east copper oxide, so as to produce an effluent gas stream having a
concentration of gaseous species that is |less than the TLV for the at | east
one hydr#0d@ orThgoragentytrgentipperprpedss oo nyit-tgg et fleptement sif fsgup S 100751 I n a
further ﬁ&iwlwmmetarfﬁ,sgreaessltmeﬁafcbmecrﬁdoatsﬁgeMe@enmymlﬁapam ty system

O o kRSN SR SR RIRNRE e ST Il oo oter,

aut o-swi tchi ng when cani ster one reaches a predeterm ned capacity, said

system qayfmrl Sk Gaséofl BM4eHcESh E Has:.ﬁz%sdlsﬁlsﬁ&rb &mﬁa&sae&aajtfo@ﬁs satb&n enent of an

acid ga r id gdas and/ or I‘QQ,UC'[ ! fro p 111-V
sen?cong’a%"f’tgy ‘E"rr%ges%mcﬁammm &Eond"ﬁ‘g or® man a R %‘??\Cl ity, said

| ayer ed @@ﬁ%ﬁ@fﬂ%@?ﬁﬁ%ﬁﬁﬂ“@? 35¢yrding tofopg egibodivpppieof thepresent gveglipn. sor bent mat eri al
and, a second |ayer of "fast" sorbent material. [0076] The present invention

provi deggbgr Jis!scrﬂeﬂﬂ, m@io’}ﬂeﬁ{%&ﬁpo%% %ﬁa%scl&fed A QbPach bl 5 Yroal§ OCESSES,
wherein from %ﬁ‘ﬁ our rocess are co eﬂg%l nto a single abaterrent

syst em fgF é%@gse(ﬁOBbe °F ponsigy egs B *&bup DI N

seni conduogmts pr ngekests éﬁaﬁﬂéwmﬁgﬂr dentified §rO@F Fdmppeitions al¢ willod=o bef er ence in the
ensui Ng yieebtBifik Sfh coRpdiBihe may iF 28-4 sl oPdohPedsDr ﬁg&m&ﬁehoth@}% ow of Figure 4,
showing a s gr’r%gl c representation of a thin filmfabrication facility 400
i ncl udi nﬁép‘%'i VY Oent abat ement system 402 according to one enbodi nent of
the present invention. [00781 As used herein, the sorbent conpositions

herei n dpegl osel spta a&c&&md@ﬁhetmemn bfruaadizea am@ mﬁﬁ(ﬁqu@gm ﬁadleﬂay

al ternatj vely conpri se ‘g{% onsi st tial the specific
ts In gh'earg ] ti t Friant
stated bcg rrpc%nen s or %a‘ﬁgr e s gfe t'e On’sﬁSemaF mééﬁe "m htified for such
COMpoSi tSresmcwitly 3 chgmisqrbegy @@pqy@on, ad the comtinuous monitoring of the chﬂn‘usorbent
scrubber composition to determine the approach to exhanstion of the capacity of the chemisorbent

serubber composition to remove undesired components of the effluent gas stream.

[6080] The chemical vapor deposition {CVD) system includes a feed source 404 of source gas
for chernical vapor deposition operation, which may comprise a source gas storage and dispensing
vessel containing a deposition gas such as AsH; (not shown). From the vessel, gas source flows in
line 406 to the gas dispensing manifold assembly 408 including line 424, through which the
dispensed pas is flowed to the chemical vapor deposition apparatus 426. Concurrently, if desired, a
carrier gas, such as argon, heliim, hydrogen, etc., is flowed from the carrier gas source 420 in line
422 to the dispensing manifold assembly 408, The carrier gas thus entrams the gas source and forms

a gas source mixture.
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understood that such conpositions may if desired be devoid of conponents or
ingredients not herein expressly identified. 100791 The system accommobdat es
the collection of un-utilized acid and hydride gases and their by-products
in an effluent gas streamby irreversi ble chem sorption, by contacting the
effluent gas _streamw th a chenrisorbent conposition, h t i nuous
noni tori ng of "PRYYEF% sorbent  scrubber conposition to?l%ﬂy%zp@o%sg%t he
approach to exhaustion of the capacity of the chem sorbent scrubber
conposi ti on t o P8y ez esyics wigtug Jesdiin t24 ot disprasing irpifpldpssergds?0s toitheam
[0D801 The chemD akctot afspbcing Bifpersddiin ti int{ricMbjum6 yStieatior T tERS: Bukeslusour ce 404

of source gas bl iEdieliGing BQ&%&@&E@&QM%@&@L&% ﬁm@@% Comf’“ se a

source gas stor and di sp e vessel contarnin I'on gas such
as AsH3 (not shﬁgﬂﬁ)“l“mﬂ*&’rﬁ t"‘iliew%fgﬁbé?m Ry maintaingg la*caes‘lﬁlé‘% cletpied oMpEREDB to t he
gas di spensi ng camniedonpditiasddripleyursdOBpor mbdurbtind) Gheticad @apd2tpositidir o thg Bestrddi ch t he
di spensed gas i.g %&w@#&mopgntﬁsmeoﬂm%g&% (Jeposi tion apparatus 426.
Concurrently, T rdesire carrier gas, Such as argon, helium hydrogen,
etc., is flowed fromthe carrier gas source 420 in line 422 to the

di spensi ng manidoed d assemibl yorgifing whikepaea ind debm@sitonbiisd LR isliRtbagdtHloa gas
source and fOr QR re.fn A3 el ANGE Jifl 258 HIeR-c Fﬂ; &%&é&?%&?ﬁﬁ%ﬁ%& §%£eq3/ 038030

100811 The gas source m xture ows in rom ifold
assenbly 408 t &™teplesysteystd e crpat ﬁemb@iuﬁ*gmm &gdes Hrsiceh a?ﬁﬁfewr( t8¥or vol une
of the react or chefiisersenii®,SfeouesovaioherareofFpntdminzeys) 4nd giseiyge pSz pliifi@ictfiteht g3 and
i npi nges on a algi 1848 boldtdBirda groRARkE &riredl @ichoRibn StiesePt Or 434 heated by
heati ng el enent 436. The wafer substrate is nmaintained at a sufficiently
eleyated tenperature to cause deconposition of the precursor vapor m xture
nd’ cheni cal va¥él defbwitgeofrmphe thypical| sappy deppsitienarrrgiond2f tmap flsat Healisgrrgedur sor on
the surfgcg of Jﬂtmaae@cfﬁemuaﬁﬁom@me&b&eﬁﬁﬂsw&&mfj e&gaete%pray&degbawaztz g |
gases and deco r.oduc i schar rom enl8act or an
flows in line g§§m4&i? HIER ecisaa enenﬁmmm§?5ﬁ$ﬁﬁ§dd i oA |%g a | ayer ed
sor bent systemW@@&“d@ﬁﬂeéﬁbeﬁﬁﬂw&@eﬁﬂﬁwEmWﬁ¥ gﬂ#@w&ﬂ#@hﬁ@éwawyém@&m
adsor bent (s) amgdjdtons@fem sorbent (s), for renmoval therein of contam nant(s)
and di scharge of a purified effluent gas strean1in | ine 446 to downstream
processing or final disposition of 100831 Effl uent gas fromthe
chemi cal vapor ﬂ%ﬂ05|FFdﬁm?EﬁéFﬁP‘@%@Qﬁﬁ}mﬁﬁghmﬂg’8F§EﬁHW&eﬁ rhtfd% second
line 468 and f |spwenelbeing atbhaduradombbingemor By/mtsonit, 4GPwiticilingssiBhgud d65@atenie: | ayer ed
tsorb_enltOI syste%zv% m{mag%gfm&&Qe&aeem%&dﬁwﬁemﬁ%m%etm& t[lerel n,
o yield a puri S stream i,C e emen
systemin Iinelﬁ% Y SuReEy R S Y %w%wmﬁe %@ %?qb g?ﬂgfqm vapor

dcposxt:on reactor 426, while the other is in stand-by mode.

[0085} At the outlet end of the sorbent beds 444 and 452, efflvent tap lines 460 and 464, which
conveys a side-stream of the effluent gas to an endpoint detector 462, as hereinafter more fully
described.

{0036} The endpoint detector 462, upon detecting the breakthrough or incipient breakilirongh
of one or more species in the effluent being Toonitored, generates a control signal that is transmitted
in transmission line 464 to the ceniral processing unit (CPU) 466, whicl may be operatively
arranged to effect a corrcsponding'action in the facility.

[G08T] For example, the systern may be arranged so that on incipient brealdhrough detection by

the endpoint detector, the effluent flow is diverted to a second sorbent bed, or to a holding (surge)

vessel for retention until the regeneration of the sorbent bed has been carried out.

17



di sposition steps. [00841 The abatenent system 402 may be provided in
duplicate as shown, with one of the systens being a backup scrubbi ng and/ or
bypass unit, and with the lines 438 and 468 containing suitable valuing and
instrunmentation to accommodate such redundancy function, so that one of the
beds is initially on-streamand actively 'scrubbing the effluent gas stream
fromthe chem cal_ vapor osition reactqor 426, while the other is in

st and- by ¥, [ﬁlﬁfg‘gt]\'elmor *tdﬁgme}m gendpoiet bistibroeh desitiphapry Sheerloveida and 452,

ef fl uent tigfntd 4 reeeyeraligd) s@updce] Bdrenewithecdthausted rrorbaps bedd fori gibse@ent @aseaf t he ef f I uent
gas to an gadpei nt detector 462, as hereinafter nore fully described.
[00861 The endpoint detector 462, upon detecting the breakthrough or

i nci pi ent breakthrough of one or nore species in the effluent being

moni t or ed, P§8ner Alfeaatively.éhs e serbberbeds 414 2pdfat mpyde sopaprrenty erewad: 21dpnay r ansni ssi on

i ne 464 te@chtpheessc:ememaelfﬂuaﬂ fafSderdfted i the opdcitbd hf tbGBemisahwapdy dépagtiohe operati vel y
arr anged (G fhl 46l ednfORE B3ROANG d@%aﬁymg‘sgmwf%ﬁtg&x Q7] FOT

exanple, t e system 12} arran at_on 1ncipl ernt rea t hr ough

det ecti on By e"t“l’ije"a%"ﬁél‘iﬂéimﬁ‘f pREtECY ?'he prhE Mm% Py P pI’“I“‘ff?/\/a PO et ed to a
second sorsbemntdelypglfrompump akagelgolinthepffluéntirpigedt sysigessel for retention until the
regeneration of the sorbent bed has been carried out. 17 10088)

Al ternativy, , O dditio aII c end oj,.nt rouhde ction may be
enpl oyed tﬁdg}ﬁl ni JE"ha}fgmﬂem‘°Fy5emmm ?ef’ n F'1533Sel[]?"aemrgecaéld‘lﬁftm ap@gams e eicﬁausted
sorbent betk dopl sm@q%mm@m@%mr d@ﬁ@ﬂ&?ﬂpﬁﬁus IO G spreesf gt i vel y, the
two scrubbsémihipdsr dfdiiangp4h2 may be concurrently operated, and may each
process different effluent streanms generated in the operation of the

che)m cal vapor deposition apparatus. For exanple, one of such abatenent
systems nel)98r ocBLEe sty s ?Wé‘rfbewsﬁfef@%M@FW‘%‘W@“%‘P@H@MI vapor
deposi t i orpgympa (egl, Bischeritrl Vagortdépesitiot fhemberamye eklaust=dio aepl(9 cpradde sigead M nor

ef fluent g ﬁi@mbs&ﬁggo%&n@gﬁpssﬁmsme& ﬁ?éfsaﬂaﬁ'mfg%sthé Eﬁerﬁlt@vaggrfdle gah, treatnent

o ot Tt | S A e s e e B ?‘W@gg%@&éﬂgfc"@fé%aﬁﬁmfw ?iﬁ%g?ﬁ@%ﬁet e

chemi cal vigroifiugsdos. the chamicaloyear dapertion dipreber dresufelycbheptiymtia, iwtveshir  cheni cal
vapor depOosvhdidgOile 3a4a kAt dgevies [1O G IskrubBing the@iu V16 tobimSd Obperatbrn sabebyguize 4, t he
process ga ﬁﬁ% 0%\ L Q s (e.g., the
chem cal v%gg)?nl] glﬁgésg tblhg%fﬁlga er %h,a&&?)g eé%ﬁ‘gﬁﬁ%‘l t@o(r)ub@@@ tﬁ% g) cont ai ni ng at
| east two dry scrubbing sorbent conpositions in discrete |ayers, specific
to the chewiehl Tepiemurdepidstt oDt segasdstiot vangacheibpfeally showt efigekeftl uent gas
stream Thg. gfaSCih WhRkG Ing QPSS bifct QiDle kRARY GrahddBeVARE Serdtidg Gdy be

advantageously employed.

s

10093] The dry scrubbing sorbent compositions may therefore be provided in canisters, which are
deployed in close proximity to treat the effluent gas stream(s) produced by the process and yield an
- environmentally acceptable discharged stream,  Such canisters can be readily changed out by

decoupling same from connecting piping and valving employing conventional connector devices, and

replacing the canister of spent sorbent medium with a corresponding canister of fresh medium.

[0094] The amount of scrubbing mediim used in such disposable canisters for waste gas
treatment will be determined by the available dead volume within a particular process tool. With
respect to chemical vapor deposition and/or ion implantation, when the canisters are interiorly

positioned in the system housing or exteriorly positioned in close proximity to the system housing,
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fromeffluent, (e.g., the chem cal vapor deposition chanber exhaust), by
chem sorption, irreversibly bonding the waste gas species to the scrubbing
medi um t o maxi mum oper ator safety and environnental acceptability of the
finally discharged process effluent after its scrubbing treatnment. [00921
The features_and | a out of the sem conductor manuf acturl,b@,g,s{(,@gésgdsgy shown in
Figure 4 ar YoM ati ve in character only, and any other sultable

features, arrangenents and operation be  advantageously oyed [ 0093]
The dry scr ubBf B ESf FERREBHRBBI Fdhee C\%‘E‘}?‘“’F{‘m@f@? r‘@mblécwmpﬁgm

cani sters, whicaie edeping@eytinaleatidular @h@seIhp&akmmetvﬁlum@mima&mabty&na&ﬁJdl uent gas
strean(s) proguSeid iR LOGERS R &m@Loqm@Qaf v&BYdohan E@L%%maglcept abl'e

di scharged strea an| sters can_be read ange ecoupl i ng
sane from confB¥tY H§© Broiserg 4™ FaFAhGPErRp ey sWﬁmconventl onal connect or
devices, and replacing the canister of spent sorbent mediumwth a

cor respondi NG ! St il &l F88 4TugkR0 b, THECARR Ul RLrcAHHAD! NG

medi um used in such disp osabl e canisters, treatment_will be
det er ni ned by™PhB2g\pap PE?B?I% ofl BEPETEY W“WW}“ﬁaﬁ"b&ﬁg‘fdﬁ wpul cppestdEs t ool |

Wth respect sdie, lajesiby@slandia poriiel gepidddet) zomgamot.or i on i npl antati on, when the
canisters are interiorly positioned in the system housing or exteri orly
positioned in cI ose oximty to the system housing, 18 WD 2004/ 052506

PCT/ US2003/ 0388%b ‘ﬁ'ﬁi Hedrrtiones begy drpisbed fer it Frfefratsde pgitie g @tder mi ned by

The del i ver abliestetivp engtiofiyents it il de e@gdzed Ho the olitodf thel ixpdniing isgiarais taitetl bt

particular syakeiBuenblfs ald@flm d&ﬁ:f%\ﬂ%dﬁ@a&ﬁo&?%ﬂ%aﬁ@%%&ﬁ@&t&@@% to the
system t hr oughput, so tha a}p%é@; t he sg dl’tis?las ves oes not
exceed the re éF“gg"&‘m"V’%‘fs i fa b o A depl oyed
i n't he syst enteadh®erdBtinAltelsbirg thaj ibllowsaterﬂmet'%b e eohpgved aigntgpreipl ds dickdpza t wo

cani ster unit ap duflffe-008RBBALNS 38 ke tivEBhodiRedsHethin B Piibask iRl € bed
arrangenent conprising nultiple sorbent beds variously connected in series,
| ayers, bypass and/or parallel (manifolded) arrangenents. [00961 Wiile the

i nvention has been described herein with reference to specific features and
illustrative enbodinents, it will be recognized that the utility of the
invention is not thus limted, but rather extends to and enconpasses ot her
features, nodifications and alternative enbodinments as will readily suggest
t hensel ves to those of ordinary skill in the art based on the disclosure and
illustrative teachings herein. The clains that follow are therefore to be
construed and interpreted as including all such features, nodifications and
alternative enbodinents within their spirit and scope. 19 CLAI M5

R
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| Caim 1. An apparatus for abatement of at |east one toxic gas conponent
or by-product thereof, from 5 an effluent streamderiving front a

sem conduct or manufacturing process, such apparatus conprising a first
sorbent bed material having a high capacity sorbent affinity for said at

| east one toxic gas conponent; a second and discreet sorbent bed material
having a high capture rate for said at |east 10 one toxic gas conponent;
and a flo § joining the process in gas flow comunication with the
sorbent b —naterials such that the effluent streamcontacts the first
sorbent béH®faterial then the second sorbent bed naterial to at |east
partially renmove the at | east one toxic gas conponent fromthe effl uent

stream 1532, Jhe. 2o teRhidBoraAGQLEHN G dheofhbbr by oMY fabdds, 83hd seni conduct or
manuf act ur i n‘%&pr ocess | s ?{ \rifgcess. 3. The apparat us

related to a Goup.ll1-Vp
accor di’ng # X eFh W@F@‘ﬁsg’ﬁﬂcﬁﬁ?ﬁf’%ﬁﬁﬁ‘@ﬁd’fmeﬁﬁﬁ SR ng process is
20 sel ect esnkisiggn t he group consisting of, ion inplantation, netal organic

chem cal vapor, sdepRsivtd Qfkrid Rehnp b 8By LRNSNGEHnEH eRlqat i4pRer deposition. 4.
The apparatus according to claim1, erein said toxic gas conponent is

sel ect ed fYERCHFPYF o up consisting of. AsH3, PH3, SbH3, Billy, GeH4, Silo,
NH3, HF, HCl, d4B8ropd @4 Riscrept sorbegf id matBl IB@GhB2 hi@rgp\e €18 saiPEl@st PF3, GeF4,

AsSF3, MF6 oneabR4ns cain e ofgOF2, OF2, S2F2, SOF2, WOF4, CIF3 (hfac) I n(CH3) 2
H2As(t-butyl), P(t-butyl), Br2sb , SiHCL,, and SiH2Cl 2. 7 5. The

appar at us accdt 8‘?"?1%“}{ Bmﬁgﬁerﬂ"f“‘ Wé?gg%‘% C‘g‘a*r“a‘“t“a‘%d"@‘ g‘&é"ﬂ% nent is selected
fromthe ngoasudoinshe tifreg shfamAgitgts hPEBt soBiritBed nBieHid theGbékconSi H4, NH3,

H2As (t - butsibent belrigRbrdar 0 eilidhdt bartianPRmEe 12216k he 1023 JablorBoned B6m B H2Cl 2. 6. The

appar at us cording to claim1, wherein said toxic gas conponent is selected
fromthe %‘I% nsisting of HF, HCl, HBr, Cl2, F2, Br2, BCI3, BF3, Asd 3,
PCl 3, PF3, GeF4, AsF,,, W, SiF4, SiBr4, COF2, OF2, 52, S2F2, SCpP,,
WOF41 Cl F3. tiafapagatul fcciriBygdo asid 1 Brli2rebiChiticondddor 2anufactudig pap@assat us f or

abat enent rg;mdqga&g@ .v%{%%s@Ci d gas, hydride gas or by-product thereof, from
an effluent streamderiving froma sem conductor manufacturing process, such

appar at us
3. The apparatus according to claim 1, wherein said semiconductor manufacturing process is

20  selected from the group consisting of ion implantation, metal orgamic chemical vapor
deposition and plasma enhanced chemical vapor deposition.

4. The apparatus according to claim 1, wherein said toxic gas component is selected from the
group consisting of: AsHy, PH,, SbH, BiHs, GeH,, SiH,, NH,, HF, HCL, HBr, Ch, F», Br;,

25 BClL, BR, AsCl,, PCly, PE;, GeF,, AsFs, WFg, 8iF,, SiBr,, COF., OF;, 3O,F,, 80F,, WOF4,
CIF3 (hfac)in(CH,); HoAs(t-butyl), HyP(t-butyl), By Sb(CHy), SiHCI;, and SiH,Cl,.

_ ) 5. The apparatus according to claim 1, wherein said toxic gas component is selected from the
group consisting of: AsHs, PHa, SbH;, BiH,, GeH,, SiH,, NHa, HoAs(t-butyl), H.P(t-butyl),
30  BrSbh(CH,), SiHC),, and Sit,Cl,.

6. The apparatus according o claim 1, whersin said toxic gas component iz selected from the
group consisting oft HE, BCL, HBr, Chy, F,, Bry, BCl;, BFs, AsCl;, PCl;, PP, GeF,, AsFs, W,
S8iF,, SiBry, COF,, OF,, 80y, 80,F;, SOF,, WOT4, CIF3 (hfac)In(CH;), and BruSh{CH,).

35
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conprising: a first sorbent bed material having a high capacity sorbent
affinity for said at |least one 5 acid gas, hydride gas or by-product

t hereof; a second and di screet sorbent bed nmaterial having a high capture
rate sorbent affinity for said at |east one acid gas, hydride gas or

by- product thereof; and a flow path joining the process in gas flow

comuni cation with th sor bent ﬁ% E{ Is such that the effl uent stream
contacts the "fﬁ??f’a% BEAFTHEG et &F Py detgﬁérbgéﬁ’glf‘fﬁhe@fb ¥r bent bed

mat eri al to oanefflesabstreamaleriving frgnya serpipqyduston ipputzetiriteemetss, ofeereicivd  gas, hydri de gas
or by- producdmpdiggeof fromthe effluent stream 8. A layered dry resin

sorbent. syst em 1 of s 0 SHE el 8l ARSI 15, 858, DY - pr odUct

t hereof, conprisin mat er | aving a high capacity
sorbent affi rﬁ"‘tdﬁ*’s’fhé‘imd%%fﬂbéi’“’q“@?ﬁrfo’one acid or hydride gas conponent; a
second and di scr egfscondamth dsutectiv@iobntived ngretial havingahighgapqurdratgiorberpfivitye rat e sor bem
affinity forgsahdiddod S@hs, B 36 bitbyPloalitl£liga gas conponent; and a flow

path joining the oceés Ln onmuni.c he sorbent bed 20

materials such th Jog’f”\gfth%rﬁ'iessg]tg?séé%c%%““i“g ‘f"s“{}ﬁlésqrqe?té?d sor bent bed
mat eri al t hanmatdyels syehgishide s e copjest thyditsiprbest bed patesipl theptissecendrtial |y renove

the at | east @mau&eh&e@asatxayﬂmameer@a&hmteiame@m@d,u@aﬁasﬁesre@f fromthe
ef fl uent Stre?%@% 8‘?‘?5&" eﬁgﬁg‘” resin sorbent system according to claim

8, wherein sa gas Is sel ected fromthe group consisting of.
AsH3, PH3, SbH3, B| H3, Gel 4, SiH4, NH3, H2As(t-butyl), H2P(t-butyl),
Br2Sb(CH3), S3. MGy3ed d@rrekmerHBGys&m & Bbaterhineof upagis g dr ghiride pre sibgrpedrcbent system
according to ﬁrgwgn%nm@herel n said acid gas conponent is selected fromthe
gr oup COI’ISI sting o F, HBr, Cl2, F2 BCl 3, BF3, 30 AsCi13,
PCI'3, PF315GeFa, Agi‘i%" Wedm@“ﬁﬁa"méﬁ Eﬁhzfam%‘i‘?‘m&@?‘w TPl SOF2, WOFa,
ClF, (hf ac)Tw(d)hE!eaaawrerr@@(Cm) 11. The layered dry resin sor bent
system accordi ng E&o&xhﬁid%@eets%éﬁfh@drﬂat&ﬁ'hﬂnnfghﬁaﬁi d@ﬂ%@@%ﬁl@fﬁnﬁprbent beds
differ by the_t m%g gture at Whl ch reductl ve rogenati on becones auto 35
catal ysti c. @” 2 SV RF Sl P SRl M ent syst em according to claim 8,
wherein said secoﬁﬂc’%@ﬁll:lf@?\'tg%emesswa%sf&“’@ﬂﬁmw@mﬂa}@é“eﬁ%@?ﬂ*‘é hi gher than said
first sorhbent mhews sudilthat the effluent stream contacts the first sorbent bed material then the second

sorbent bed material to at least partially remove the at least one acid gas, hydride gas or by-

...‘

product thereof from the effluent stream.

9. The layered dry resin sorbent system according to claim 8, wherein said hydride gas is
25  selected from the group consisting of: AsHs, PH;, SbHay, BiH,, GeH,, 8iH,, NHs, HoAs(i-butyl),
H,P(t-butyl), Br;Sb(CH;), SiHCl,, and SiH,Cl,.

. 10, The layered dry resin sorbent system according to claim 8, wherein said acid gas
) component is selected from the group consisting of: HF, HC, HBr, Cly, F;, Bry, BCls, BF;,
30  AsCls, PCl, PF;, GeF,, AsFs, WFs, SiF,, SiBry, COF,, OF,, SO, SO.F,, SOF,, WOF,, CIF;
{hfac)In(CHa), and Br,Sb(CHs).

11. The layered dry resin sorbent system according to claim 8, wherein said first and second
sorbent beds differ by the temperature at which reductive hydrogenation becomes auto-

35  catalystic.
12. The layered dry resin sorbent system accarding to claim 8, wherein said second sorbent bed

has a capture rate that is higher than said first sorbent bed.
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13. The layered dry resin sorbent system according to claim8, wherein said
sorbent bed mnaterial conprises an article selected fromthe group

consi sting of, beads, spheres, rings, toroidal shapes, irregular shapes,
rods, cylinders, flakes, filnms, cubes, polygonal geonetric shapes, sheets,
fibers, coils, helices, neshes, sintered porous nmasses, granules, pellets,
tablets, 5 pomders partlculates extrodates, cloth formmterials, web form
material s, hoﬁ%y@bﬁﬁerw Fesin SHRSM GYSIEPCCORRE 19 Seifdn Bhererhsaid seMpbaTt es (of t he
sorbent arti clmetened tdmpodeher artriznsplenee s )the gbiup casisting ol beds, epheret deged f or s of

the foregoi ngt&cﬁlﬁfﬁ tx&e@ﬂa’? shaﬂe’al rod?%hﬂdéé’%k‘%ﬂ fﬂﬁs}’ch&Sf;J}géﬁlr SfdricSyst em
according to ﬁéx/r; r el g X ehe rlbe bed L gﬁtﬂ llts o npri ses,
particul ates néf 75 &P ‘H‘@é Kol 5[‘?'8??? o o]l aam o e Y BUTS 8% 15 The

| ayered dry reswdnrs,sle?mem erydsie Avth boonatiring welofom materisl 8 hongiisemteriatixsai d sor bent
bed material pdofolifhEh@et Q6hofith qmqsohles GF @d RorbeANShickt WitdotRf c@ipwRh®OELENt and

chem sor bent. 15 26 rcmseh é@;ﬁ%%ﬁg for% re%f[%mﬁgsr bent system according to claim
8, wherein sai TSt and second are housed in a single containnent

system 17. The | ayer ed dry resin sorbent systemaccording to claimS8,
wherein said fli.rit lgad @eednerbeinagsmac@rdg us ddmign wieghasaiit serbeobddal nment

systems. 2{ 1§ueddd@mpRYEhRtufls ¥avkhESd0 mé%mﬁ,a.tab&mtﬁmoa@mrdl ng to claims§,
wherein said first and second sorbent bed materials conprise a bl ended

m xture of sorbent materials. 19. The layered dry resin sorbent system
accordi ng to db-dihmlagsrednday esiy sabentolstemedcooiding atlhin Sofvhdrdin sid so@ént Sr bent bed to

second sor bentma@%ns%mttdﬁ%@t@%hﬂcogsts@@mtlﬁysﬂ;erﬂema&ﬂoherﬂl_%ﬁ)eﬂtayer ed dry_ resin
sorbent system according to claim8, wherein said high capacity | sorbent

rrat)en al s conprises an oxidized formof copper. 30 21. The | ayered dry resin
sorbent sy5t enff-dbe et iy 1wt serbal B, 2ot & Arins Bivderhin gt BEPUCPPY  sor bent
materi al i s seakdetbasel harmilhengiretpyseansi sting of , copper hydroxi de,

Cu(0H2) ; copper oxi de, CuQO copper carbonate, CuCCB basic copper

car bonat e, n conbi nati ons there 2. The | ayered dry
resin sor bent %yg’f é‘%%é@’d?sﬁls?fbmt%ﬁeﬂ?’l om0 ﬁaﬁ'é?’é’f "“géﬁ‘ Hiegreedbaci ty

sor bent mat er iteds aw bevipd inseperal€r@EBB@ G2, 22 23. The | ayered dry resin
sorbent sysgem according to claim38, wherein said high capacity sorbent

mat eri al reS|s uction re t|on erat xgess of 180C.
24. The Iayere F ayefeggfyr{“g'os?%%‘ fiygem ac%m OC%aérg m’f‘éa“{ﬁa ampsé c\F/\,her ein said

hi gh capacity sorbent bed materials comprise & bieuded mixture of sorbent matena]s

19. The layered dry resin sorbent system according to claim 8, having a volumetric ratio of first
25  sorbent bed to second sorbent bed of from about 1:20 to 1:1.

20. The layered dry resin sorbent system according to claim 8, wherein sajd high capacity

sorbent materials comprises an oxidized form of copper.

30 21. The layered dry resin sorbent system according to claim 8, wherein said high capacity
sorbent material is selected from the group consisting of, copper hydroxide, Cu(OH,); copper
oxide, CuO; copper carbonate, CuCQOs, basic copper carbonate, CuCO,Cu(OH),, and

combinations thereof.

35  22. The layered dry resin sorbent system according to claim 8, wherein said high capacity
sorbent material comprises CuCO5+Cu{OH),.
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5 sorbent material conprises fromabout 20 to 100 wt % active ingredient.
25. The layered dry resin sorbent systemaccording to claim38, wherein said
hi gh capture rate sorbent material conprises at |east one conponent
selected fromthe group consisting of, carbon, CuQ Cu20, MO, wherein X
is froml to 2 inclusive, AgO Ag20, CoQO Co3Cs, 10 Cr2G3, CrG3, M2, MG,
Ti02, NiQ Li CJ—|T Caéj()—gr!g CaQ, NaOH, KOH, Fe203, zZnO,  Al203, K2C03, KHCGB,
Na2C08, NaHCCE; TMRIEEEH SFeEimsfsnt sEEmaRErinpicylpm By pepin ssidiigh capsrity  vyO,

My( OH) 2, Na20®®@1tmﬂﬂﬂﬂ@@ﬁyﬁén@d@&ﬂﬂﬂ@uéfﬁmératmsdnwxstomii@@ t hereof. 26. The

| ayered dry resin sorbent system according to claim25, wherein said high
ot ve oy ol s BHRPR TRk LGS ORI SRR AR LRS! 5P 0219,
Sh, Bi, ox? de%rbe“h?ﬁﬁfﬂélﬁféfé'éesﬁ%ﬁb@@@@@aﬁ’béﬁét’eé%%md‘eﬁydr ogen sul fates, hydrogen
phosphat es, sul fides, peroxides, halides, carboxyl ates, and oxy aC|ds

Lhereof . 20 22, ThI@?.erédwsmo.qgnvsy&&sac&mﬁgm%nﬁs%&sﬁgmcgmgM to claims,

wher ein said %@ IP% te .sorbent m %g rises at | east one

conponent seISBr(? gf Fﬁ”ipﬂsésﬂ BHlp e BRRTEt eéte om the H WO RINEORE  KOH, Li OH,
Ca(OH) 2 and NER@HCUQ WO MOl apestied isdrop I e i inplusive: tAWSﬁO@nﬂa@eor ding to
claim8, wheraio, &8i,dbi,givosams,uRi®, LioHECaED,, TR0 G0k, ROHEFI®)] ZoPNpri ses a

iti £l d Cu 6
01 S ver oxt 58, iy KO g B s Rhgple Seall R o e, (o
2.5 9%; triet¥g %rwews%a&@ﬂz v lping DAY YXUEIELhr bon:  and 2
manganese OxXi de (M 22 9% copper oxi de (Cu 23 % ; cobalt oxi de, (Co 10
A; 30 silveg oxi ﬂ)%regégregin b syst@h e idd %ﬁso%ﬁefkﬁvsmélﬁéh el - 29, The

| ajyer ed dr%/ resin sorbent system accordi ng to claim8, wherelin said high
capt ure rdfe SODHYBEFt W@WP"&‘P"S&WII‘ZF’S% E0p P& ECRGORSIE CERABY . Si | ver
oxi de, (Ag 0.Y. Mb.;CozNincuo¥i. de Al (SZrfb. B, B%oxxdmmbvd@mljme@m ddonagdhb 2.5 % ;
triethyl enedi giof8 suthatERAroRerdph¥ibhated RERS birdiRib S Ha1idR, GALREARS, afiddxd SOr bent
system havi ng adsa;LV sorbent capacity for arsine at | cnisec of 3.67

mol esiliter r&STRT8F 102 liters ASH3/kg resin. 23 30. The layered dry resin
sorbent system according to claim@8, having a TLV sorbent capacity for
arsine at 2vp cm S'ﬁﬁ1a@&edaw6%inm&beﬁ&§skehta&brdm§ﬁiciaimcm: whefbah shid ﬁ:gf@aptd}sdatsl kg resin.

31. The | ayer Vo i on o Qo having a TLV
sorbent 5 ca%gbcr? nytP g?n@@,&f §¥ As%?g%ggg:ﬁ? @%h n%?g ?15 é% resin or 102
liters AsH3/ k@fer’ééqy KOH L‘OH Ca(OH)zfm

28. The layered dry resin sorbent system according to claim 8, wherein said high capture rate
25  sorbent material comprises 2 composition selected from the group consisting of:
1. copper oxide, (Cu 6 %) Silver oxide, (Ag 0.1 %); zinc oxide, (Zn 6.0%);
Molybdemum oxide, (Mo 2.5 %); trigthylenediamine, (TEDA 3.5 %); and activated
catbon; and
. manganese oxide, (Mn 22 %); copper oxide, (Cu 23 %); cobalt oxide, (Co 10 %);
30 silver oxide {Ag 3.5 %); and aluminum oxide, (Al 2.6 %).

‘\-ﬂ';
[

29, The layered dry resin sorbent sysiem according to claim 8, wherein said high capture rate
sorbent material comprises: copper oxide, (Cu 6 %); Silver oxide, (Ag 0.1 %); zinc oxide, (Zn
6.0%); Molybdenum oxide, (Mo 2.5 %); tricthylenediamine, (TEDA 3.5 %); and activated
35  carbon, said sorbent system having a TLV sorbent éapacity for arsine at 1 cm/sec of 3.67

moles/liter resin or 102 liters AsHa/kg resin.
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32. "The layered dry resin sorbent systemaccording to claim$8, further
conprising neans for nonitoring the sorbent materials for exhaustion. 10
33. A process for reducing a concentration of at |east one toxic gas
conponent froma sem conductor process effluent stream containing sane,

sai d met hod corrpri sing: contacting said sem conductor process effluent with
a first sorbept osition so s to.retain at_least a portion of the
toxi ¢ gas conponéh yefeﬁgr?é?%smbﬁﬁa“%ﬁ‘?%{ B8 0\t Eibgping e SLE SbeptcmpifEnt with a
second | ayer foardyent! cobrebsiTmolsite san ord 0 ligersiretldigresinl5 a second portion of
the toxic gas conponent therein, wherein said first sorbent |ayer conprises
a materi al jin i bd.ta o onent and
said second s%r bg‘ﬁeala%regt&p u{)sorbgn? ﬁt%%&'ﬁrﬁ].}{%{o Qlaim §€ havmgl thg‘/woﬁ)rg?a hi gh
capture rafe %aaai“‘&‘tfi’f\?@m%ﬁ‘ﬁP‘?‘(FGE9f316?)F“°1fsf‘|‘§”F%1>PF tozé‘éﬁsrﬁ?fh@ﬁ’fcs'“ 20 34. The process
according to claim 33, wherein said sem conductor manufacturing process is
sel ected fromg 'ﬂﬁc IQEchUch Fégﬁls%'rb%ﬁtlsﬂﬂm(a&ordlh cthithR¥, R eRLdnfpRsing MR AR kor OF gaNI C
chem cal vapor t SI tb Qn "angfdp’ﬁ%% enhanced chem cal vapor deposition.
35. The pr oceg'%m?;{g‘ Fi‘i’fﬁ"ﬁmffj“a [&F wherein said toxi c gas conponent is
selected fromthe 25 group consisting of: AsH3 PH3, SbH3, Bil 13, CGehk,

Si H4, NH3,10HF33. Hclbroce:HBnSr, re&mg a botcentBfiah, of aB@ds8 oneBhds ga@&@m&nenpﬁfa ﬂ:3( Ge;:4
AsF5, W6, Si F4 1 SOF | F3 ac)l n(CH3) 2
H2AS(t - butyl ) mﬁ °rB’°‘t"s“ Geni i %&é’%“‘“ 1‘—@*?\5\??‘8" H2Cl 2. 36, The
process accordi ng C?nﬁm@gﬁidﬁ?f@@d‘%ﬁé%ﬁs%?ﬁ@%‘H‘htaéﬂ%’fhg’é?ﬁ&@mﬁ% is sel ected
fromthe 30 @Ouipine@as b fdrtioR 6f tidftoxic A8 Eignpordeiddhereibatd, Bi H3, GeH4, Si Rl 4, NH3,

H2As (t-butyl), H2 Pé.ﬁmﬂg Ea?d é}dces%%i@%%é%nd la}r R cmﬁjﬂrgtloi H ftain 37 The

apgar atus accordi ng toC wherein s XI' C gas conponent is

sel'ect ed fiPont toFad Pogiop pfdhecHR SISPTRARTH=E HOl, HBr, Cl2, F2, Br2, BCI 3,
BF3, ASCL3, PCl 3, WSy saldiFsorbde By cofiBics a m35iaBiefipg JigBsofptivOeRay 10F2, SOz,

SG2F2, SOF2, VMkic cg;hﬂ: §em(flﬂj AQ)kdcRHd %ﬂt?@éﬁ ﬁkatgfieogatﬂér@'@)nater%ﬂha%gg nige process

accor di ng to cI all sorptive capacity greater than the
sum of the c&j acﬁtesggt‘%f%mgg‘ﬁ%Ffo’rﬂcsctc’m%m?f ‘'second sorbent |ayers. 39. The
process according to claim33, wherein said high capacity sorbent materi al

conpri ses 205 ai. The@stss ARQIRY to CHIAIEWhekh 6h6), serfiQRPebr MElEBXhHIRoceORPET
carbonate, andy g, GAPRGH SAEBRNA! By mAfleidkN Bl AGAS SndfGPLALNY [0 claim

33, wherein sald_high cap ture rate sorbent materi a conprises at |east one
conponent sel éipf’%ﬂnWﬁ'ﬁﬁl‘ﬁﬁ@”’@?d&lf‘ﬁ‘m@d%’idﬂ%‘% of, carbon, CuQ Cu20, MO.,
wherein x is froml to 2 inclusive, AgO Ag20, CoO, Co3™4, Cr233, O @,

M2, 35. The process according to claim 33, wherein said toxic gas component is selected from the
25  group consisting of: AsH;, PHs, 8bHs, Bil,, GeH,, SiH,, NH,;, HF, HCl, HBr, Cl;, Fy, Brs,
BCly, BFs, AsCly, PCl,, PFy, GeF,, AsFs, WF, SiF,, SiBry, COF,, OF,, SO,F;, SOF,;, WOF4,

CIF3 (hfac)In(CH;);, HoAs(t-butyl), HoP(t-butyl), Br;Sbh(CH,), SiIHCL, and SiH,Cl,.

36. The process according to claim 33, wherein said toxic gas component is selected from the
30  group consisting of: AsH,, PHs, SbH,, BiH;, GeH,, SiH,, NH;, HaAs(t-butyl), HoP(t-butyt),
Br,Sb(CH;), STHCL;, and SiH,Ch.

37. The apparatus according to claim 33, wherein said toxic gas component is selected from the

group consisting oft HF, HCl, HBr, Cly, Fa, By, BCly, BF,, AsCly, PCly, PF,, GeFy, AsFs, WF,,
35  SiF,, SiBry, COF;, OF,, 80, 80,F;, SOF;, WOF4, CIF3 (hfac)In(CH;), and Br,Sb(CHs,).
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10 Mo@B, TiR, NO LiOH Ca(OH)2, CaO NaOH KOH Fe2(3, ZnO, Al1203, K2CGB,
KHCO3, Na2CO3, NaHCO3, NH4OH, Sr(OH)2, HCOONal BaCH, KMnO4, Si 2, ZnO, MO
My(OH) 2, Na2@3S2, triethyl enedi ami ne (TEDA) and m xtures thereof. 41. The
process according to claim33, wherein said high capture rate sorbent
material further 15 conprises a stabilizer sel ected fromthe group
consisting of: Be, My, V., M, Co N, Cu, Zn, B, A, Si, Pb, Sh, Bi,

oxi des, hydro% EI@SP""FF?%)"FC@@% tocliinyigriatingan ovmpliiomEE seratiy £t an AR 0gen

phosphat es, soitfeicghadties g it ahg seconfi sdrtied &gers. car boxyl at es, and oxy aci ds

t her eof . 42, The process accordi ng to claim 33, wherein said high capture

Group-conc s hIBbn bk Vet A i 8 LRGP REUEE ' T
process acéor él‘%ﬁ(’ftﬁ@f ROPREF K03 BOPPEFoRIT PORPRFicRbAnES: P beSiSSORPBSRNENE | s ar si ne.
25 44. The process according to claim43, wherein concentration of arsine is

reduced to | €35 ﬁp%C%SSaQCORiRQ'tO %lém 33, wherein said high capture rate sorbent material
comprises at least one component selected from the group consisting of, carbon, Cu0, Cu,0,
MnQ,, wherein x is from 1 to 2 inclusive, AgQ, Ag0, Co0, Co304, Cr;05, CrOs, MoO,,
10 MoO;, TiOs, NiO, LiIOH, Ca(OH), Ca0, NaOH, KOH, Fe;0;, Zn0, AlLCs, KyCOs, KHCO,,
Na,COs, NaHCOs, NH;OH, Sr(OH),, HCOONa, BaOH, KMnQ,, Si0;, ZnO, MgO, Mg(OH),,
N2,0,8,, triethylenediamine (TEDA) and mixtures thereof.

cT 41. The process according to claim 33, wherein said high capture rate sorbent material further
) 15  comprises a stabilizer selected from the group 6onsisting of: Be, Mg, V, Mo, Co, Ni, Cu, Zn, B,
Al, Si, Pb, Sb, Bi, oxides, hydroxides hydrogen carbonates, hydrogen sulfates, hydrogen

phosphates, sulfides, peroxides, halides, carboxylates, and oxy acids thereof.

42, The process according to claim 33, wherein said high capture rate sorbent material
20  comprises at least one component selected from the group consisting of: carbon, NaOH, KOH,
LiOH, Ca(OH), and NH,OH.

43. The process according to claim 33, wherein said toxic gas component is arsine.

25 44, The process according to claim 43, wherein concentration of arsine is reduged to less than
50 ppb.
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