ON-SI TE WASTE RECOVERY FOR SOLI D STATE NANUFACTURI&&C?EﬂJ (& grug ¢
present invention concerns generally reduction i n o] i gt e 3 ’
manuf act uri ng processes. Mre specifically,.the present invention pertains

te synthesis of useful chem cals using waste streams, for exa , _
sol-id state (sem conductor) manufacturing process. Sol ."9' !tgttw ‘{POI"J
devi ce manufacturing can be divided into four stages: material preparation,

crystal- gr 0"‘6&-@1’1‘#}\7@&% REJOVERYOFORSUEID $PATEMANUFACTURINGRROCESS .
During the first three stages, a plethora of chem cals are used for various

- steps involving ﬂ{eg, sBnt i%ﬁ&{{ﬂn@%%%égﬂgﬁymd%%ﬂ whté'for SR Ntd1@ maRFhdtsrivighd

an_d cl eani ng. For exanple, C2FG, . _CIF3 gases are used during the
et chi ng pr opresssesBMRre spepificallp-the pras¢ntinveptiasiesaias fomymshesis ofjusefulshemicals ying e

(TWMP) are used for daping. . an | Hafk ek F,

NH[ err]F, erﬁtfimé'?’&?r eng"pﬁ[ g?@%%@ﬁ%rﬁﬁaqgeﬁéoﬁg%&?or waf er gls_iglr)?egge

cl eani Pg. I TheI pmdli?ﬁtatamﬁcbmﬁ?ctﬁﬂmg ¢ands divided inte &iug stages: \meatgriahprgharatione

i mpurity level in ese chem cals are.twpicall el ow. . 1l L

(b | ovel Sosahaioviiant sales arprmdort v Abpeatop oo B RiRE R iuihe s fust)

i nef fici ent gaddiy MURGDE cmGuls dré G58d foEveiony &R Smebing!gowth,ipittening, dopiag]

before release to atnosphere to renove toxic O{e &t}_hervm’ se friendl éseaases.
)

Si Inc‘e t he ﬁé@psi:wn,temb‘mgnmﬁshinmq@l@n@gn@wm % Whsgtnd{ls &ase3A 85 dded
value to t anuf ack: = ChaAi Hix ARV ISHoREhiR i
o e o By A ST 8B TSR N Al s 90t o

recover y/ puartefusabibi doping; ahd aquepBEohutions dontainingdIQ!, HEsNHWF, &40p.pr dbf0e ti¢dsed or

fabrication_ faciliti.es., . I : : :
transport at s pvatis quidacs cleaning;; The pg:'j'ﬁ tyg'&gﬁeé eghf&gg%gee%%%f |ﬁ 8%;&{5%1%%?2? fmpurity
a ?J si }_' le: ge S%ﬂ?@ﬂ@?elc:ﬁhﬁimogb afuxyj;iganyaqvowcpasts per millioo fppm)ieel)y Tihg chédhical r | OH,

, HE and NH err ave a - | al ,zed, f he, i
xanpl 6 ¢ heuBpSeT e R been ARG SRES YR MERIAESF oI B gt B Ampigened re
Cener ati on" yQlanly frédfed befdie F@éRE 1 amOtphefeito didve téuiclor(dihernisa uffiiehdlg gases.

oo el ol e e Okt e by U ik and 30 R S5
manufacturérs, some reclaiming processes are gaining attention in the industry. For example,
several units of on-site recovery/purification of HSO, have been installed in semiconductor
fabrication facilities. |

In order to reduce the cost of transportation and storage of high purity aqueous solutions,
several on-site generators of high purity aqueous solutions involving NH,OH, HCI, HF and NHF

- have also been commercialized for the industry, for example the systgm-known under the trade

designation “Gas-to-Chemical Generation” or “GCG”, marketed by Air Products and Chemicals,
Inc. _ |

Most specialty gases used in the solid state device manufacturing processes are either
toxic (e.g. AsH;, HF), pyrophoric (e.g., SiHy) or corrosive (e.g., HCI, HF) in nature. Itis not
uncommon, therefore, that these gases must pass through some abatement process before being
released into the atmosphere, Normally, the material utilization rate of the gases in the processes
is very low and some of the toxic gases are generated during the process. For example, in the
epitaxial process, HCl is generated via the reaction of SiCl, with adsorbed H> ona wafer surface.

Thus, there is presently needed for the solid state device manufacturing industry, indeed in

any industry which discards waste streams, for processes and systems which utilize a waste stream



toxic (e.g. AsHerr], HF), pyrophoric (e.g., SiHerr]) or corrosive (e.g
HCO, HF) in nature. It is not uncomon, therefore, that these gases nust
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at rosphere, Normally, the material utilizatgon rate of the gases in the
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c) passi ng conprising I'norgani ¢ sa ro a gene
with . F,and I; and

c) passing the stream comprising the inorganic salt through a generatdr with

sulfuric acid to produce a stream comprising HX gas. Preferred processes in accordance with this
aspect are those wherein the waste stream is generated from a SACVD process, and those
process wherein the halogenated gases are selected from the group consisting COF,, HF, and the -
like. - Particularly preferred are those processes wherein the stream comprising HX gases is rcuted
fo a wet chemical generator, wherein the HX gas is dissolved in ultra high purity water to form
ultra high purity aqueous HX, preferably HF '
Another process embodiment of the invention is a process -fo'r production of aqueous
- HNO; characterized by the steps of:
a) providing a gas stream comprising at least one gas which, when combusted

with oxygen, prdduces one or more oxides of nitrogen (NO,);

b) routing the gas stream to a combustion process with an oxidant gas
-comprising oxygen; _
c) combusting the at least one gas with the oxygen to form an NO-containing

stream;



sulfuric acid to produce a stream conprising HX gas. Preferred processes in
accordance with this aspect are those wherein the waste streamis generated
froma SACVD process, and those process wherein the hal ogenat ed gases are
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routing the stream rich in N; and H, to an ammonia NH; synthesizer.

Preferred are those processes of this aspect of the invention wherein the NHs is further
routed to a nitride process, and those processes wherein the NHj is routed to an aqueous HNO;

. generator. The NH3 may also be routed directed to an aqueous NH40H generator, wherein the
NH,OH is routed to an NH/F generator or an NF; generator. The NF; may further be routed to a
nitride process or a chamber cleaning process. ‘ . _

Systems for carrying out the processes of the present invention are also considered aspects
of the invention.
One system embodiment is characterized by:
a) a source of a waste stream comprising halogenated gases;

b) a wet scrubber connected to the source by a conduit, the conduit adapted
to carry the waste stream to the wet scrubber, the wet scrubber adapted to contact the waste
stream with a composition comprising an inorganic hydroxide (such as calcium hydroxide, sodium
hydroxide, and the like) to generate a stream comprising an inorganic salt such as CaX;; and

c) a geherator connected to the wet scrubber by a second conduit, the second
conduit directing the stream comprising the inorganic salt to the generator, the generator adapted
to contact the stream comprising the inorganic salt with sulfuric acid to produce a stream

comprising HX gas. Preferred systems in accordance with this aspect are those wherein the



b) | wet scrubbing the gas conposition with water to produce a wet HCO gas

streamand a streamrich in N2 and H2; " C) routing the
wet HG gas streamto a chem cal generator wherein water is adm xed with
the wet HCO to produce aqueous HC ; and 4 d) routing the
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conduit adapted route the NOx species to the HNO; generator, the HNO; generator adapted to

generate aqueous HNO; from the HNO; and water. Preferred systems in accordance with this
aspect of the invention are those wherein the source of the gas stream is a nitride process tool,
although this is by no means required.

A third system embodiment in accordance with the present invention is a system adapted
to produce aqueous HCI and gaseous NHj, characterized by: |

a) - asource of a gas composition comprising SiCl, H,, N; and HCI;

b) a wet scrubber connected to the source by a first conduit, the first conduit
adapted to direct the gas composition to the wet scrubber in the presené'e of water to produce a
wet HCI gas stream and a stream rich in Nz and Hy;

c) a chemical generator connected to the wet scrubber by a second conduit,
the second conduit adapted to direct the wet HCI gas stream to the chemical generator wherein
water is admixed with the wet HCI to produce aqueous HCI; and _ |

d) an ammonia synthesizer connected to the wet scrubber by a third conduit,

the third conduit routing the stream rich in N; and H, to the ammonia NH; synthesizer.



systens wherein the stream conprising HX gases is routed to a wet chem ca
generator, as described previously in the correspondi ng process enbodi nent
of the tnvention. Anot her system enbodi nent of the |nvent|on is a
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5 Preferred are those systens of this aspect of the invention
further including an agueous NH err] OH generator to which the NHerr] is
directéd, and further including a NH[err] generator where the NHerrJ]OH is
divected, as previously—rert-ened e -s—a—sehemat+ di agram of
one enbodi nent of the i d fromthe
ef fl uent of an SACVD ch Gﬁer' EIG 2 is a schemntic diafhramof a
second .enbodi ment of thFC;&e§ent nvention where aqueous HNJ efr] is
generated on-site using| EHkaste sfreamfroma PE nitride chanbpr; and

FIG 3 is a third enbodjgHiE of the present invention wherein g variety of
useful chem cals are gepRgated usfng a waste streamfiroma siTjcon

epi t axi al chanber. C,Fj€ essgntral concept of TNe presem i nvention is
the incorporation of wapte TECOVEYY W 1T (,rrem car—generatiom T any one of
a variety .of industrial ocessesT—For—exampte—Tabte—t—++sts—tone of the
gases used in the solid Sl at-e—devi-ee—ranttaett R—PHoEe5Ses:

Table 1: Commonly Used @ém—ea-l—s—-n—t—h-e—Se-l—l—d—St—a-t—e———-—

Fabri cati on Process O, Gases Agueous_Lhor gani c
Cheni cal s H, Sicllerr] HE

SiHO [err] HNO err] { He Si H[err]CI[err] HCI

SiH err].d NH er r ] GHOs SiHerr] Hefr]Sqerr]
Si[err]H err] NH err] F V\F[err]

HerrlPqerr] In accordance with the present {nventi]on, processes dee system: g{e Jtov:ded which

BA [err]

combine waste recovery and chemical generation (or synthesis), preferably on-site chemical

generation.

~ Thus one aspect of the present invention is a waste recovery process characterized by the

steps of:

a).

b)

~ providing a waste stream comprising halogenated gases;

wet scrubbing the waste stream using a composition comﬁrising calcium

hydroxlde to generate a stream compnsmg CaX;; and

c)

passing the stream comprising CaX, through a generator with sulfuric acld

to-producera stream comprising HX gas. Preferred processes in accordance with this aspect are

those wherein the waste stream is generated from a SACVD process, and those process wherein

the halogenated gases are selected from the group consisting COF, HF, and the like. Particularly

preferred are those proeesses wherein the stream comprising HX gases is routed to a wet

chemical generator, wherein the FIX gas is dissolved in ultra high purity water to form ultra high

purity aqueous HX, wherein X is selected from the group consisting of Cl, F, L, and the like.

Particularly preferred for the solid state device manufacturing industry is where HX = HF.

Anhydrous HF is almost invariably made by the action of concentrated H,SO, (= 95%) on “acid
grade” fluorspar (298% CaF,): '

CaF,(s)+H,S0O,(1)——> CaS0O,(s)+ 2HF(g)



Blerr]H err] PH[err]. Alerr]H err]

Organic Chemcals . - TEGCS

HCl : TWP ' HBr TVB

HF: | PA (:I[errl]7 CH err] OH

Br 2 As the/reaction és endothermic heat is preferably sgyp@pd to obtain good yjelds jn geasonable time
ﬁ[ ZE (ra]r rO] (eg. 3%0%%%@ %&Eg@bb.dgihca is a particularly undesirable 1mmt9 il %e fluorspar since it
CFlerr] . consumes up to 6 moles 6[ BF pérfrihele of SiO; by reacting to form SiF, andHR¢nH;SiFs. A

Er_l[ err]F typical unit, Pl'Odelgﬁ pg to io 6({0] metric tons of HF, consists of anCe[x‘E Jll; [her : horizontal

steel kiln about 30 meters long rotating at 1 revolution per minute. The product gas emerges at
100-150°C and, after appropriate treé.tment to remove solid, liquid, and gaseous impurities, is
condensed to give a 99% pure product which is then redistilled to give a final product of 99.9%
purity. The technical requirements to enable the safe manufacture and handling of so corrosive a

- product are considerable. In principle, HF could also be obtained from the wet-processing of

fluorapatite to give phosphonc acid but the presence of SiO; preferentially yields SiF; and HleFs

from which HF can only be recovered uneconomically.

CA,(PO,),F+5H,SO, ——>5CaSO, +3H,PO, +3H,PO, + 2HF

Si0, + 4HF——» SiF, +2H,0 —2 aq H,SiF,

Some of the H,SiFs so produced finds commercial outlets, but is has been estimated that ~50,000
metric tons of H,SiF; is discarded annually by the US phosphoric acid industry, equivalent to ~1
million tonnes of fluorspar-enough to supply that nation’s entire requirements for HF.

Processes in accordance with this aspect of the invention typically also produce a gas

* stream comprising gases which are insoluble in water. These insoluble gases are preferably

routed to a recovery unit to separate useful gases from carrier gases. For example, if the insoluble
gases comprise C,Fs and CF, in a carrier gas of nitrogen (see for example FIG. 1, discussed herein
below), the recovery unit is preferably a membrane separator which separates substantially all of
said C;F¢ and CF, from the nitrogen.

Membranes useful in the invention are preferably glassy membranes, such as polymer

membranes made preferably from polyimides, polyamides, polyamide-imides, polyesters,

| polycarbonates, polysulfones, polyethersulfone, polyetherketone, alkyl substituted aromatic

polyesters, blends of polyethersulfone, aromatic polyimides, aromatic polyamides, polyamidés-
imides, fluorinated aromatic polyimide, polyamide and polyamide-imides, glassy polymeric
membranes, cellulose acetates, and blends thereof, ‘copolymers thereof, substituted polymers (e.g.
alkyl, aryl) thereof and the like.
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95% on " aci the gixuee perments hineh theanembyeng fasterthan thy other gases. "Gas separation |

CaF[err] (s) mémﬁraﬁésrtilégﬁﬂﬁk(sq))n'e >gg§%§g &rr{n]ﬂ(té }hra'ug%hﬁng While serving as a barrier to other
gases in a relative sense. The relative gas permeation rate through the membrane is a property of -
the membrane material composition and its. morphology. It has been suggested in the prior art
that the intrihsic permeability of a polymer membrane is a combination of gas diffusion through
the membrane, controlled in part by the packing and molecular free volume of the material, and
gas solubility within the material. Selectivity is the ratio of the permeability’s of two gases being
separated by a material. It is also highly desirable to form defect-free dense separating layers in
order to retain high gas selectivity.

~ Composite gas separationi membranes typically have a dense separating layerona

preformed microporous substrate. The separating layer and the substrate are usually different in
composition. Composite gas separation membranes have evolved to a structure of an ultrathin,
dense separating layer supported on an anisotropic, microporous substrate. These composite
membrane structures can be prepared by laminating a preformed ultrathin dense separating layer
on top of a preformed anisotropic support membrane. Examples of such membranes and their
methods of manufacture are disclosed in U.S. Patents 4,664,669; 4,689,267; 4,741,829;
2,947,687, 2,953,502, 3,616,607; 4,714,481, 4,602,922; 2,970,106; 2,960,462; 4,713,292,
4,086,310; 4,132,824; 4,192,824; 4,155,793; and 4,156,597.

Alternatively, composite gas separation membranes may be prepared by multistep
fabrication processes, wherein first an anisotropic, porous substrate is formed, followed by
contacting the substrate with a membrane-forming solution. Examples of such methods are
described in U.S. Patents 4,826,599; 3,648,845; and 3,508,994.



7 As the reaction is endothermic heat is preferably supplied to obtain good
yields in reasonable tine (e.g. 30-60 mn at 200-250[err]C). Silicais a
particul arly undesirable inmpurity in the fluorspar since it consunes up to
6 noles of HF per nole of Sierr] by react$ng to formSi Flerr] and then
Herr]SiFlerr]. AUtsyRi766)032 8éstribed ho@eompositeihollow-Ebertidbiiict may aled be prepird
consists of an exterpally heated, hori| zonlt al %t eel kiln apout 30 neters .

| ong r ot at i n§Y se-etrusiop of multiple pabymessofutien layiess, fofloysd by prsgipitatingipa solygnt-miscible
100-150[ err ] goBRentaf t €r appropriate treatnment to renove solid, liquid, and
gaseous inpurities,-is condensed to give a 99% pure product which is then
redistilled to gi Vee membrang capibeastttregied yothoop gnated by, orraextrudedwith.ca fluorinated or

requi renments, ' . . ' : 0S|

br oduct ar e eiRuiRaR ol B9k BRI A8 1B Ui Yarifh QLGB G
wet - processi gas mixturé fromayhidh RRCstace ©i beasepainate h tow levelcordedpdratylventactesidnseh of
Sierr] preferentially yields SiF[err] and Herr]Si Flerr] fromwhich HF
can only be FRERRMEMSd uneconomical ly.

CALerr] (PO err]) [ ¢hé Adit6wHhitRE sginttllgfrodess depehdsPnlriiny vartublds W&WX%lt the
+3H err]PJ err] +2HF [err] Sigerr] + 4HF -> _
Si Flerr] +2Hmorphology andypropprties 9fshehallopHiber mepheane f Thase incude ther | so .

produced fin r ¢hal ; | JW :
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aci d i ndust r jato gboveadfaint hallow-fiberertiuidate dutingispinnirig, the tempepatureafi theghinneret, the
supply that nation's entire require t r Proc es 4

ooy dance. webteuRpE mEissForids S o FORE Hichol Gl pEr cxtrudnte e eBBERR ot e
stream gomgrsign&tieﬁgﬁﬁumihe Rapidity ofiesagulakibe of the polymer, th’éh?ﬁ?f éﬁmiou:c@f&xegﬁbaes
are prefera routed t recovery unit to separate useful gases from
carrier gas eﬁem)wes& aﬂ% gl?eriopto[ ‘ﬁ%&‘ﬁé}b@ﬂ’b’r“é "B‘g@@s tTgB RitfosenstEssmanay alsode psed,
a carrier gas Pharfdhé SfcH A indPeiiy WiRuit bbard Mv@i&&dﬁ%ﬁﬂc&hﬁéﬁ}n&ﬁ@e&)w :

the recovery unit I's pref erably a nenbrane separator whi ch separates
subst ant i al | desgribedin 5SiRat. e 5y41E280.r] and CF[err] from the nitrogen.
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pol yner
' those wherein the gas stream is an effluent stream of a nitride process, the nitride process having a

feed gas comprising one or more of SiH,, NF;, N, N2O and NH;3, and those wherein the at least
one gas is selected from the group consisting of NF3, N>, N2O, and NH;.

Nitric acid may be generated in known fashion by passing a gaseous stream of NO; and
NO through an absorber column wherein water flows countercurrently to the flow of the feed gas.
For example, the following reaction takes place, wherein the absorption column typically yields
60% aqueous nitric acid at about 40°C.: -

- NO, +{H,0(1)—>%HNO,(1)+{NO; AH°® -23.3 kI mol".

Processes in accordance with this aspect of the invention may have as the oxidant gas an
oxygen-rich stream emanating from a separation process selected from the group consisting of
cryogenic air separation, vacuum swing or pressure swing adsorption separation units, and

- membrane separation units as are known in the air separation art.



menbr anes made preferably from pol yi m des, pol yam des, pol yam de-i m des,
pol yesters, polycarbonates, polysul fones, polyethersulfone,

pol yet her ket one, al kyl substituted aromatic pol yesters, blends of

pal yet hersul fone, aromatic polyinides, arongtic polyani des, polyani des-

i mdes, fluorinated ar ' L ] 1 de- | o

gl assy polyneric rrenbr‘g%%étl,e&g%lgioé# géﬁ%g@ﬂ&¥%§@ﬁ%§%&%§@%ﬁtgﬁs
copol yner s t ageediventiorhart ithosé etlerpinl therelemidabgaperatdrlis/dn-siterof h serhiberidactor and t he
li ke. L ore ' 8 :
Asymmetric n@_r'?ﬂf"ﬁ'r?@@c&% prepared by the precipitation of polymer solutions
in solvent- m scible ngAstRdr\pecess emboditneEiAaitmca with thelirésenviition 3 8 Phétess

separating | ayer supported on an_ani sotropic_substrate of a graded porosity

and are genefferiths ppdugtioncaf agyeoys HCY and gaseous MiTeas discussed sboyenBrefared aggthose

118, T 4 5 0

4,717, 394. Tiaed thegepracedses oherepethe NEE istionted da en puepus BINOpgenefatars et inay
separation ne anes from sel ect ed iApdes. Particularyd eferr '
merbr anes ar Qgghf W“?r?dadéregt§§ ﬁ"?‘%%?‘%d&ﬁ?" t%rnwh%'ﬁ'ﬂflier@‘@g 'scﬁog%&g%gbl in
the ' 676 pat Nl-_m(; genefrator orl af NF; @i &tor. mmmmahmmmmﬁmagpwws& -
process, one side t he gas atjon rane i s,copfacte th a, ..
conpl ex multi corrpgﬁ"ei’ff’g'g"ég"ﬁfﬁﬁ %ﬁgae Anay Popceed,as g%% %‘ﬂé“ﬁf%ﬁ‘?‘%ﬂ
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menbranes thereby al|low sonme gases to perneate through them while serving
as a barri er thesebyhpating ghesgas to 11 HOOPQ jnea fefasmingfeactiothe rel ati ve gas
permeation rate through the nmenbrane is a property of the nenbrane materi al
conposition and its norphology. It has been suggested in the prior art that
the intrinsic perneability of a_pol yner rrsnb{,@.ne i s _a conbination of. gas

di ffusi on through the nenbrane,?2 ot Mo 4 parH8¢ ®he packing and

nol ecul ar free volune of the material #and gas solubility within the
material . SelAa@irénvdiniyg trécelquentitizs bPCOf(whick woaldpoison kietisonTatalyst diwing amadniaei ng
separated by a material .. It is alesdoto%lgmyp deS|tE‘g le to for ef ect-free

[
dense separ aﬂ"“’@?sishﬁfé preferably convert assing amp gas over a Ni methanation
catalyst at about 325°C.

CO+3H, « 2 _,CH, +H,0

The synthesis gas now emerging has the approximate composition:

-

H, 74.3%,N, 24.7%,CH, 0.8%, Ar 0.3%, CO 1-2 ppm;

“This gas' is compressed in typically multiple (usually) three stages from 25 atm to 1200 atm é,nd
then passed over a promoted iron catalyst at about 380-450°C:

N, +3H, « =220 5 INH,



order to retain high gas selectivity. Conposi te gas separation
menbranes typically have a dense separating | ayer on a preforned

m croporous substrate. The separating |layer and the substrate are usually
different in conposition. Conposite gas sepmration nmenbranes have evol ved

to a struct umg gad leaVingtht cathitbed S RBsABAR13Yd NE;; tRY R'coRdERRQA UyGEHrigbrafidh an
ani SOtI’OpI C, mcroporous su strate. These co OSIte menbrane Stru tures Can
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f ane
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4,602,922, 2,970 106, 2 960 462. 4713 292 4 Q ; '
4,192, 824; XHeqnprepased by fiysing magnetite (Fe; %) &4 tabfg ‘Y‘g‘ﬁﬂé{l“u i) &%P‘“E ajsmall gmount

separati on rofited refactory oﬁeeguepadmgobml dnll SIGP tHe 36Ndifed shou lwrere‘@ﬁ@qao
wherein first an ani sotropic, porous substrate is formed, followed

contacting toHwaks Fnld mnyin sigs. t'ﬁ‘eﬁe shswky are then gedyrecdyinsids the P'@WOWWSLS@BY“@U ch

met hods are 4

0 U SR it G oS AT Sl adpeplS B e it ios diaclely,
al so ‘be pr epmdsdanﬂypadbimnedbvm al{ali promater whighoingneases the lactiviity by latleast an order
fol | oned by ot% %at ion in a sol vent-m sci bl e nonsol vent. The
menbr ane can pos treated with, or coated by, or coextruded with, a

fl uori nat ed or pSeddral @kamplesate Qﬂbryﬁﬁlludtral}e&he conceptel? processey und @stés t S
ability to withstanpnd harnful ca stltu ts in the gas m xture from which

PFCs are to WOTROIMIEJyaste regovery #PUPborary contact with such
conmponent s. The hol | owfi ber sp| nni ng process depends on nmany
vari abl es which may affect the norphol ogy and -properties of the

hol | ow f i berExamplg hne. These vari abl es include the conposition of the

pol yner sal uti on pfspf fi¥GehedsQohRptial 448 if SdhGhatic' difprfi? BRASA b bR elor bhattlding

i nj ected
aqueous hydrogen fluoride (HF) using a waste stream from an SACVD chamber, During

SACVD, tYpically TEOS, ozone, C;Fs, CF,, argon, nitrogen and helium are used as illustrated in
FIG 1. SACVD is primarily used during the deposition of inter-metal dielectric gas-fill. The
SACVD process can be divided into three essential steps: precleaning of the wafer, deposition,
and post-clgatﬁng. During the cleaning step, CoFs, NF, or CF, together with O, are normally
used under plasma condition. A combination of TEOS with O is typically used for the deposition
step. Physically, these gases flow sequentially into the chamber. Stream 2 containing the above-
mentioned gases is fed to an SACVD chamber 4 dreating an affluent stream 6 which comprises, in
addition to the feed gases HF, COF;, O and some trace amounts 6f halogenated gases. The
affluent stream 6 is fed to a wet scrubber 8 wherein calcium hydroxide is fed through conduit 10.
In wet scrubber 8, fluorinated gases (HF, COF; and like) react with the calcium hydroxide to form
a stream 12 containing calcium fluoride (CaF;). Stream 12 containing calcium fluoride then enters
a hydrogen fluoride generator 14, in which the calcium fluoride in stream 12 reacts with sulfuric
acid in stream 16 to generate gaseous hydrogen fluoride in stream 18. The gaseous HF is then
feed into an on-site (could be off-site also) liquid chemical generator 20, wherein the gaseous HF
combines with ultra pure water from stream 22 to form ultra high purity aqueous HF in stream 24.

The ultra high purity aqueous HF may then be used in the wet bench for a wafer cleaning process.



into the bore of the hollowfiber extrudate during spinning, the
tenperature of the spinneret, the coagul ation nmedi um enpl oyed to treat the
hol | ow-fi ber extrudate, the tenperature of the coagul ati on nmedi um the
rapidity of coagul ation of the polymer, thejrate of extrusion of the fiber,

takeup speed ﬂieng.hee@,it asEtfs RIE iH StrbaA P8/Ray B¢ fed t@mﬂ.ﬁge.{&de&- M&ngﬁg&ggogen

stream may al so be used Th a variety of processes, such as Inerti
circuit boar INEUOKE as firther desgrited ihExample osphere, as described in U S. Pat.
No. 5,411, 200.

.. Rreferr S.el L |  he ey d |
producti on procesgxglf‘g#ﬁgi?ﬁfgﬁpg%%qgsggﬁ%%gg% r'%ﬁﬂgwsggg’g‘frcfgﬁzr ge’an
effluent streaadOgf ThisBsiréan id pryferablp scuted toa PRQ recoleryunit28s prefepablyymembransl gas
ot oo v apPot Bt s R R b P bk
an ose > |
consi sting ofstruﬁ{,goﬁ];hinl‘jﬁz,eog’]mdﬁeerr]'q and NH err]. . Ntric acid
may be generated in known fashion by passing a gaseous stream of NJ err]

and NO t hrough an absorber columm wherein water flows countercurrently to
the fl ow of t%nfrpq?g gas. For exanple, the follow ng reaction takes place,
wherein the absorption colum typically yields 60% aqueous nitric acid at
about 40[err]C.: FIG. 2 illustrates schematically a pro¢€pscofithe invention to generate aqueous HNO; from

+1/3H err] (1) ->2{3HUHNOJ err] (1) +1/ 3NO. [.err r.].r-23 3 kJ.mpl Lert].
Processes. | n REOPSARER Sefabt A pabh entinist (PRLds Bt TG PE iidgorpres
oxi dant gas &SiHQ NN, N,Ond NERB @Mt iimf@in 59 irfté @ PEitfidoeHaibe0s2, firffipen exhaust
sel ected fromthe gr oup, consi sting of, C%OQenj lc§ air separatiop, vacuum,
swing or pres¥Er® SEnwih s&a%ﬂ’lﬁﬁ ‘Eﬂ‘f‘bé‘éth‘_& fox ot ﬁi‘stcé‘?se&ﬁﬂ g line 54 using
separati on Urgxlgendsd. 3h @hiiéﬁﬂ?ﬁﬁxld_r Prddess dxides SL4M0A ahdPRitrddn will form as indicated at line
10 As stated previousl g/ particularly preferred processes in
accordance wiGoHor the sombustion detox unit 56 effluent. Effluent stream 60 comprising Si0,, NO, NO,, Ny,
and O is sent to a separator unit 62, for example a membrane separation unit or a cryogenic
separation unit, in which the NO, are separated from the SiO,, oxygen and nitrogen. The
separated NO, may then be fed via conduit 64 to an on-site HNO; generator 68 in which the NO,
react with hydrogen peroxide or a combination of ozone and water to create an aqueous HNO;
stream 72. Aqueous HNOs; is one of the highly preferred liquid chemicals for wafer surface

cleaning.

Example 3

FIG. 3 illustrates schematically a process to generate various chemicals from an effluent
stream from a silicon epitaxial chamber. In the silicon epitaxial pfocess‘,' SiCly, Hz and N; are
typically involved and enter the chamber in stream 80. In silicon epitaxial chamber 82, a large
amount of HC is generated via the following reaction:

SiCl, + H; <-----> Si + 4 HCI

The gases in exhaust line 84 typically comprise SiCly, H;, N3, and HC, and is fed to a wet
scrubber 86 wherein water enters wet scrubber 86 through line 88 wherein the HCl is absorbed in
a preferably countercurrent water stream to produce a wet HCI gas 90 which is then fed to an on-
site or off-site HCI generator 92, wherein the wet HCl in stream 90 is ﬂﬁxed with ultra high purity
water and stream 94 to produce ultra high purity aqueous HCl stream 96. Another effluent
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aspect invention are those wherein the chem cal generator is on-site of a
sem conduct or fabrication facility. _ Anot her process enbodi nent
i n accordance with the present ‘invention is a process for the production of
aqueous HCI and gaseous NH err], as discusted above. Preferred are those

processes Ofstredth fromIRE Gkt safubbaesi, eotptisinghyiivogeércind riithepeiNid préfedably Shénltbhite@ to
routed to a nitride process d those processes wherein the NH3 is routed

to an aqueolRd apyRonia sypthesizse ;"?ﬂ Yﬂ“"‘h H‘l‘?é“mf"é ARmoRia yich stecam,ia copyitd 92 A“E’(‘,Q“é?d“
to an aqueougndlill R2Tndy Bed6RE &F Lhitridd/prcisvid i 10 '\&:&rtf) Lpdanﬁe BEOH:- itk ﬂlQ

NH err] F generator or "an NF[err] generator. The err| y further
routed to agmrnuodélq;mm eammomamrepmd@émaptsnmmowneﬁq@ stmamﬂqa[terr]

and Nerr]. 53? @&ﬂf@ uff Wi

conpr essor to gl ve a‘tina 6rrp03|lt|on oﬁaggé(ﬂlti 51:05_ Eilld'%rr%]%;ﬁﬁ'éarli 1?4(50?‘}1%_”
air bums in sitaDERQHK gegerator 128 inbyhittethe amgohia dn geeamt 14 rdatbB3Gich ulfr& high parity water
reformng re I.on err] +
4N[err])<- >2€q[né§ F%u%[tg Ing}eratL ultra high purity NHL,OH in stream 120. %ﬁé ﬁiﬂéﬁlréa Awe t
remai ni ng t rngCeondtie Ml ol Monite NPLEF \pBicbdtoM 4 whebéh BRINHLIOH ia&l with EfH fsth

during ammoni a synthesis) are preferably converted to Cl-l[erw}l by passing
the danp gastreymd2@tagengmtefoticeamdas compsing NHL maytirevtell ia stream 130 to

Ni/425[err] - f-site NF tor 132, t ﬁé‘?ﬁ@k‘k& fich in NF; 134.” Aqéddu§ NELF
+H err] O a.})og sé?r?{ﬂesﬂ?s gsa enﬁrgvgrenerafgﬁ as tf]ida?oplfloxfrrat eigorrpo& tion:

H err] 74. 3%ahleither pe istd 28p Gtdfor clehnidg ailé;tioAr(knDVBP/m tie@rtlasbuffpned oxide Fich BE)or i s
conpr essed 'nr:]a)}l}éusg aslayrear%{antt"nptlheN&-‘lgjeec mlys}sé[egérgt%rSt ages from25 atmto 200

at m and

Example 4

Hydrogen recovery in epitaxial process.

During the epitaxy prbceés, H2 is introduced as a reduction agent for the deposition of a
Si layer: ' '

SiCl, + H; = Si (solid) + 4HCI (gas)

In CVD processes, this reaction does not have a high efficiency. Therefore; there are
large amounts unreacted H, being vented from the process. By using this concepts of the present
invention, this H, can be recovered ﬁ'om the exhaust lmes and then purified, then fed back into the
process. In this way, semiconductor manufacturers can reduce the totabH, consumption via
recovery and recycle of the unreacted H,. The current proposed process involves two steps:
concentration and purification. During the concentration step, H, concentration at the exhaust
line is concentrated from a few percentage up to 80 % using a membrane unit having a high
selectivity of Hy/N,, i.e. the permeation rate for H; is much higher than that of N,. The output
(permeate) of the membrane unit is fed to a purification unit, which may be a heat exchanger
coupled with pressure swing adsorption unit, or a second membrane uit coupled with eat

exchangers.



t hen passed ov |gpn catal yst at about 380-450[err]C
Fe/ 400[err]/ Zoﬁillmmnimmmm ' N err] +3H err]
<--==-- ‘----------*--_c- [ * '
11 The gas | eaving the catal yst beds cont Y ns about 15% NH err]; this is
condensed B¥hatds elagmedisi on and the remaining gas nmixed with nore incomng
synthesis gas and recycled. Variables in the final reaction are the

synt hesi s pressure, synthesis tenperature, gas conposition, gas flowrate

and catal yst cortposi Aiwastenecovenyprocssecharacterizal bycthe staps ofar | | est days t he

"pronot ed" Fe cat al s have. n.nre . f: Us Ll e
(Fe[err](err]) on ;a ab|@mwdﬁ%@ﬁ’g@'ﬁ%@%é%@%@%% anount of

m xed refractory oxi gps Swetschtbbinp the vidstesstrehflusing b campositioncomptising dre
solidified sheet is broken up into chunks, 5-10.nmip Sjz eéthe{é? g_hqwks are
then r educdePresnis hydroxide tQ SRRHIS 2 SUEANK CAMRIISING 30 UjOrgANIC tBFE/’ + QA 3¢ e
catal yst which consi g}s 0{>as iRg Sdid Sthedinl dohfpfisif® BRidr@hidsdlt tBugH PgdMBALLY with

refractory oxides and partly Covered by the alkalj )P_r onot er whi ch i ncreases
the acti vi tsylfiric asid togseduce a steeatieeomprising Y gasdwherein X is seleptedfrom thegrogn es are
given to il] t et ke ceptual processes and systens incorporating

wast e recove#@%gro?ghéﬁa@;? generati on. Exanple 1 FIG 1 .

il lustrates conceptual and in schematic diagram fashion a process of

generating aquequs hydrogen, fl uori de F).. Usicng a waste. stream from an
AOD chamber . Bur i ik ReAgoin aeiairis b st T sisheR HRaizpd bY@yt |
argon, nitrn peAdited Bom S ACPDYFSssas il lustrated in FIG 1. SACVD is
primarily used during the deposition of inter-metal dielectric gas-fill.

The SACVD process can be divided into three essential steps: precleaning of
the wafer, dEpO%'.t | O}y process in accordance with claim 1 further characterized by said halogenated

gaseé are selected from thé group consisting COF,, HF, and the like.

4 A process in accordance with claim 1 further characterized by said stream
comprising HX gases is routed to a wet chemical generator, wherein said HX gas is dissolved in

ultra high purity water to form ultra high purity aqueous HX. '

5. A process in accordance with claim 1 further characterized by step B also

_ produces a gas stream comprising gases which are insoluble in water.

6. . Aprocess in accordance with claim 1 further characterized by said insoluble gases

‘are routed to a recovery unit to separate useful gases from carrier gases.

7. A process in accordance with claim 6 further characterized by said insoluble gases
comprise Cst and CF,, and said recovery unit is a membrane separator which separates

substantially all of said C;Fs and CF, from said carrier gases.



and post - cl eani ' . Ieani ng step, C2F6, NF3, or CF4 togetlher
with 02 are nor W"lmmumlmﬂﬁuau Ipl asma condition. A conbination of TECS
with 03 is typically used"for tthe deposition step. Physically, these gases
ftow sequentially into the chanber. Stread® 2 containing the above-

menti oned gases 8i s f Adprbeessifor pASduBlion ufiatpssoust HNQ; @haragerived bf tHelseaps ot r eam 6
whi ch conprises, in addition.to the feed gases HF, COF[err]. rr nd

some trace amounts of) hal B¥ifineaLey suem é“'&??f‘ﬁ?ﬁ?“&afé’%‘ﬁhg{'s?‘%%g’“ ted o
wet  scr ubbegitifoxyaed, prdduca/NOXmM hydroxi de is fed through conduit 10. In wet

scrubber 8, fluorinated gases (HF, COF[err] and like) react with the
cal ci um hydr oxi de t ob} or nfoutiag said,ggsstream i & combystienprecesswith ap pxidant gas

(CaF[err]). . ontaining calciumfluoride then enters a hydrogen
comph A bmypef

fluoride gen in which the calciumfluoride in stream 12 reacts

with sulfuric acid im)Streembusting saidps ieastxine ggswitlsaid omygemtpcfiorrh AudiOxee i n
stream 18. The.gaseous HF is then feed into an on-site (could be off-site
al so) | iquicé?n 'srg?m’generator 20, wherein the gaseous HF conbines with

~ultra pure water frod)str faming gaid NOxCotalnirig/stredth ¢a gEphratoy and)seperatingaid NOx
stream 24. The ultra hi gh_ urity aqueous HF nmay then be used in the wet
bench for aﬁ'%f‘%‘?NQ"éa?ﬁ‘ﬁgg}S‘r ocess.

12 Alternatively, the)gasgnuing slid NOxIbheREMidd g&?e\‘at@@tofg%ﬂerﬁt@ aguddn¢EINQ;.
generator (wth aqueous NH-err] OH, as further "described in Exanple 3).

Exiting fromwet scrubber 8 is a gas stream 26 typically conprising

Cerr]Flerr], CHerrl], ' ng' . f |y
routed to a PFCQE eco&e?@lgﬁéll[n][acﬁﬁﬂmﬁ?%ggaaﬁ?/]ﬁém;r%gb ra#’é se ar&é(f%%ssé@p
descri bed Heingian affluentystreain of a aitriderprpeessysaid eitridefptoceschavisigradest git compribing
per neate stg, ri i err], Jerr], and He. Exanpl e 2 FI G
2 illust rat%@i&ﬁgﬂhﬁgﬁaﬁg' process of the invention to generate aqueous
HNO[ err] from a chanmber upon streamfrom a plasma enhanced (PE) nitride

chanmber. In the PE nitride process, . . .
: 10. A process in accordance with claim 8 further characterized by said at least one gas _

being selected from the group consisting of NF3, Na, N>O, and NH;.

11. A process in accordance with claim 8 further characterized by said oxidant gas
being an oxygen-rich stream emanating from a separation process selected from the group

consisting of cryogenic air separation, VSA, PSA, and membrane separation.

12. A process in accordance with claim 8 further characterized by said separator being

selected from the group consisting of cryogenic separation units and membrane separation units.

13. A process in accordance with claim 8 further characterized by said chemical

generator being on-site of a semiconductor fabrication facility.

14. A process for simultaneous production of aqueous HCI and gaseous NHs,
characterized by the steps of:
a) providing a gas composition comprising SiCl,, H,, N; and HCI,



—_—

SiHerr], NF[ferr], Nerr], Nerr]J]Oand NHerr] enter,j ream 50 into a PE
nitride chanber 52, form ng an exhaust stream 54. In“"ﬂ!ﬁwmwug’“m
conmbustion detox unit 56 is chosen to treat exhaust gen
58. In this particular process oxides of sjgdicon and nitrogen wifl Torm as

83 Srpr 155 6y R ORGP o e ST,
separ at or UggréanPahd o strear el N, andrEbr ane separation unit or a cryogenic
separation unit, in which the errh@re separated fromthe Si 2. oxygen
and nitrogen. The serira éi;?q%;n iﬁ%ﬁ%ﬂ}é F%itss _tE'i‘Eh"g‘?t“f”&Yegﬁ
on-site @hixkd SRR Seal@HE %o bfd ed3EAIQAr r] react w ydr ogen

per oxi de or a conbi nation of ogone and water to _create an agueous HNJ err]

stream 72. Aqueous HNEY er riputing ssifestrsamrigh indNzgnd\Hzde an ammepia NHy syuthestzeri cal s
for wafer surface cleaning. Exampl e 3 FIG 3 illustrates
schematically a process to generate various chemcals froman effl uent
stream from a si [15.conAgpodessinatcordemodwith claim i further charaeterized by said NEbboingss,

SicdJ[err], rr] a N er.r,] are typically involved and enter the chanber
e e o 3RS pffs

In stream 8 chanber 82, a |arge anount of HC is
generated via the follow ng reaction:

Si C1 H _-> Si +4 HO The gases. | h | typicall
oo se G O Ler 6. 1 ARreqes ingasarganceniin eim 14 hpehpistors by sl NEbrs fpisd

86 wherein vat efiv opet scrubber 86 through line 88 wherein the HO is

ehérit
absorbed in a pre@g a%r?y countercurrent water streamto produce a wet HCl
gas 90 which is then fed to an on- site or off-site HO generator 92,

theretn e VU ST B beSiA s el At s Bt it v ot

ef f |l uent to a NHJHO generator to produce NH,HO. 13 stream.
fromthe wet scrubber 98, conprising hydrogen and nitrogen is preferably
then routed .to

18. A process- in accordance with claim 17 further characterized by said NH,OH is

. routed to an NH,F generator.

' 19. A process in accordance with claim 17 further characterized by said NHL,OH is
routed to an NF; generator.

20. A process in accordance with claim 19 further characterized by said NF; is routed

to a nitride process.

21 A system characterized by:
a) a source of a waste stream comprising halogenated gases;
b) a wet scrubber connected to the source by a conduit, the conduit adapted
- to carry the waste stream to the wet scrubber, the wet scrubbcr adapted to contact the waste
stream with a composition comprising an inorgaﬁic hydroxide to generate a stream comprising a
salt of the inorganic hydroxide and F, Cl, and/or I; and
c) a generator connected to the wet scrubber by a second conduit, the second

conduit directing the stream comprising the inorganic salt to the generator, the generator adapted



an amoni a synt hesi zer 100 whi ch produces an ammonia rich streamin conduit
102. Ammonia in conduit 102 may be routed to a nitride process via line
104, .or" to an on-site or off-site HNO[err] generator 110, wherein the
amtonia in stream 106 reacts with oxygen ftom stream 108 to produce an
aqueous HNOt@eortacs thestragm compriginghe irpraaaic yalt with-sfusic geig teprodusera sifeam| i ne
114 to an .on.. .Sk r] OH generator 118 in which the anmonia in stream
114 reacts \r/}vlmtnﬁh%%ﬁﬁ[élg'gh purity water fromstream 116 to generate ultra
high purity NMerr]OH in stream 120. The NH err] OH may be sent via conduit

122 to an on-sitg,NH4 ener ator, 124. tehLbn tphe NH err. reacts w HF
fromstream 126 ?8 ge %s?%w%%@%m‘@@%gﬂﬁ%f%m’k%ﬁy@e W‘fﬁﬁtp—e may
be routed Vivase!stre@iishBACVDAol ddthd Kaldpendiéd gases fre Mifetaiefran HeQroupodnsiiting
generate a streamrich in NF[err] 134. Aqueous NH err]F can either be used
as a wafer G Shefkeon (knowr in the art as buffered oxide etch BHF)
or may be used as a reactant in the NF3 el ectrol ysis generator. Exanpl e 4

Hydrogen recovery in epitaxial process. | Duri ng_ t he epitaxy process,
H2 is introduced23s aSystehindcoordange mithictatm 2h &urthepinciuding a wet chengtal gengeator, as

SiClerr] +, ]l = .S | + ) . processes,
this reacti glr%‘l' °§(§8‘lsprﬁ‘6'? usr‘?é%@“a%%‘?ﬁg% ip?:?%g%ceﬁboq‘ﬁleewe?f&%i?vﬁg?‘e are | arge
anounts unreacted Herr] being vented fromthe process. By using this
concepts of the present invention this Herr n pe recoyered.frqmthe
exhaust 1 nes andé noA PP AReRsed topesipe vt stk obe matehy SEBEErZR b 1 <
way, sem conductor naguf acy shupéesofadis St RniphiSing & 1edst bleAfas whichNWwhétdt | on
via recovery and recycle o e unreacte err]. e _current propose

d ycl f th ted H The t d

process i nveppbusted witkexigsn, presveesNOxtpreies addopNOpedssi on. During the
concentration step, H rr]aﬁ&ﬁlﬁﬁﬁ&ﬁnﬁ%ﬂét&gnég%edg%?%e%ﬂﬁg%é offui ?hecondtﬁtavi g

concentrated froma few percentage u using a nmenbrané unit
a hi gh sel eatlapted sp rodteitheegasstrédnetorthe combmstiornwnitp therrembustion upit eddpted tbi2ombust

much hi gher {h t hat of . Th tput (permeate) of the.renbrane unit i
Fod to 8 purd et Bt e o ARDC gt A LGS eenlpbPoBETRRER i T
pressure sw ng adsor pg) on usﬁphsamrcommeawmerasamwaeqﬂtbysmah(eebnubit,hh@at _

second conduit adapted to route the NO, containing stream to the separator, the separator
adapted to separate the NOx species from the non-NOj species; and

e) an HNO; generator connected to the separator by a third conduit, the third
conduit adapted route the NOx species to the HNO; generator, the HNO; generator adapted to |
generate aqueous HNO; from the HNO; anfi water. | '

25.  System in accordance with claim 24 further characterized by said source being a

nitride process tool.

2. A system adapted to produce aqueous HCI and gaseous NH;, characterized by:
. a) a source of a gas composition comprising SiCls, Hz, N, and HC;
b)  awet scrubber connected to the source by a first conduit, the first conduit
adapted to direct the gas composition to the wet scrubber in the presence of water to produce a -

wet HCI gas stream and a stream rich in Nz and Hy;
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exchanger s. | 14 What is- claimed is: 1. A wast e

recovery process characterized by the steps of: a)
provjdrng a waste stream conpri SI ng hal og ted gases; b)
wet scrubbing the waste str am a co e‘# n co ing in morganl o
hydr oxi de'to generat éa st¥ 8‘?“" 'QFH%}‘ ﬁé"t’ﬁ? bycﬁse@“@“ utt,
and/or |; apd second conduit adapted tb)dlrect tRéed HOol Is&easﬁ fcﬁﬂéfhli‘e&m SrieRfor viRerein

inorganic salt through a generator with suI uric acid to produce a stream
conpri si ng Piterisadmiged with thewetdGlip praduge mwﬂ@l #bup consisting of F,
ad, and I. ' f
characteri zed by sai czjd)waste stream(‘a‘%h%{;g%g?gr&cf%%%tm&éﬁgﬁl(@lﬂdg{r%%‘s"
3. A pr otheshird conduit outiag the strearhrich inilNp ahd Hinto theranmiomiadNHesynthesizdsy sai d
hal ogenat ed gases are selected fromthe group consisting COF[err], HF, and
the Iike. 4. A process in accordance with claim1 further
characterized byz2gai dSystehfia W&é Wwith Glaih @I RsBer indudifd/drtaliubsusNEYSH

cheni cal generator, wherein_said as is dissolved in ultra high purity
water to foBeReEAterintoiieh theNHs s di us HX.

, 29.  System in accordance with claim 26 further including a NH,F generator into_ which
the NH,OH is directed.
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5. A process in accordance with claim21 further characterized by step B
al so produces a gas stream conprising gases which are insoluble in water.

6. A process in accordance with claim1 further characterized by said
i nsol ubl e gases are routed to a recovery unit to separate useful gases from
carrier gases. - T. A process 19 accordance with claim6 further

characterized by said insoluble gases conmprise CJerr]Ferr] and CF[err],
and sai d recov@N-SITE WASTE REQOVERY FOR.SHIID MANBIFACIURING PROCESS

substantially all of said CJerr]F[err] and CF[err] from said carrier gases.

15 8. = A process for prod 0 ueous HN(Q err] characterized
by the steps of: : a)HEsttmﬁP?)C'ifhﬁwoéuﬁcas stream conpri sing at

| east one gas which, when conbusted with oxygen, produces NOX;

b) routing sajid gas streamto a conmbusti,Qn process with an, oxidant gas
conpri si ng oxygehrocesses and systems mPEFfe““’JJ R!'Bﬂg'&gg‘?"r?gw% geMey %ﬁﬁé‘f“&ﬁ%“@}ﬁ%

Wi th said Oxsftiin & VarleBf OF pROcedias - FEOKaMpla] 4'trasté 518l from a CVD chamber is vibt

routing said NOx contdi ni nﬁ; streamto a separator and separating said NOX
' y!

f r om non- NORerulhed iwith calgivgn hydroxide to produce calgium fluptide, thecralotunaflnemide reacted with
chem cal ge ORAL %idk@pl%%ﬂ&r I@Idf‘oé%ﬂ \WuGricke W \(Jllich may then be routed either on-site or-
off-site to a liquid chemical generator wherein the gaseous HF is mixed with ultra-high purity
water to form ultra-high purity aqueous hydrogen fluoride. The insoluble gases from the wet
scrubber may be routed to a recovery unit where other useful gases may be separated from carrier |

gases.

(Figure 2)



9. A process in accordance with claim8 further characterized by said
gas stream being an affluent streamof a nitride process, said nitride
process having a feed gas conprising SiHerr], NF[ferr], Nerr], Nerr]O and

NH err]. : 10. A process in accordance wi'th claim8 further
characterized by said at | east one gas being selected fromthe group
consisting of NF[err], Nerr], Nerr]Q anﬁ H err]. 11. A

process in accordance with clasm 8 further characterized by said oxi dant
gas being an oxygen-rich streaf emanating froma separation process

sel ected fromthe group consis®ing of cryogenic air separation, VSA PSA,
and nenbrane separation. o S 12. A process in accordance with claim
8 further characterized by i ¢§ separator being selected fromthe group
consi sting of cryogenic sepa ion units and nenbrane separation units.

13. A process in accor @n ' claim8 further characterized by said
chem cal generator being{on f -a sem conductor fabrication facility.
14. A process for sirul g_,om_rroducti on of aqueous HCO and gaseous

NH err], characteri z&L; S2ds of: a) provi ding a
gas conposition corrpE%i ng qr], Herr], Nerr] and HJ;
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16 ° ' b) wet scrubbing said gas conposition with water to
produce a wet HC - gas streamand a streamrich in N2 and H2;
c) Jouting said wet HCI gas streamto a chem cal generator wherein water

is admi xed with the wet HO to produce aqueous HC ; and d)
routing said streamrich in Nerr] and_H[;ggL to an ammonia NH err]
synt hesi zer. 15. A process in rdance with claim 14 further
qharacterized by said NH err] being further routed to a nitride process.
16. A process in accordance with claim 14 further characterized by said
NH[err] is routed to a HNO err] generator. 17. A process in
iccordance with claim 14 further characterized by said NH3 is routed to a
NH[ err] HO generator to produce NH[ err] HO 18. A process in
accordance with claim 17 further characterized by said NHerr]OH is routed
to an NH err]F generator. , 19. A process in accordance with
claim 17 further characterized by saidBNH[err]CH is routed to an NF3
gener at or. 20. A process in\faaaﬁdﬁnce with claim219 further
characterized by said NF3 is rou&p@ato a nL;ri e pRbcess.
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21. A system characterized by: a) ~a source of a waste
stream conpri si ng hal ogenat ed gases; - b) a wet scrubber
connect &d to the source by a conduit, the conduit adapted to carry the
waste streamto the wet scrubber, the wet scrubber adapted to contact the
waste streamwith a conposition conprisi ng;ﬁ: i norgani ¢ hydroxide to
generate a streamconprising a salt of th organi ¢ hydroxide and F, O,
and/or I; and c) @ generator connected to the wet
scrubber by a second conduit, the se@nd conduit directing the stream
conprising the inorganic salt to thegyenerator, the generator adapted
17 to contact the stream conprisindgthe inorganic salt with sulfuric acid
to produce a stream conprising HX gag 22. Systemin
accordance with claim 21 further cha®cterized by the source of the waste
streamis a SACVD tool, agpd the hal og@nat ef® gases ar& sel'ected fromthe
group consi sting COF[ eR] v HF, agd@he | rke - 5 23. Systemin
accordance with claim21 further ig:ludiesg t shemmgal ggnerator
. -

into which the said streamgonpri si H¥Zgas ¢ 24.
A system adapted to préﬂ ueous FNC3) aclent by:
a) a source of a gasys Eqarp conprilsing S whi cggg en
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adapted to r
adapted to conbust ~ thesSat*|east one gas to formthe N err] species with
an oxi dant gas conpri sing oxygen; 17 C) a separator

connect edo iconfabicthe stréars tomprising theligorgasie sahwith sulfiuric acid teeprodyeastdeamwndui t
adapted to route the NJerr] containing streamto the separator, the

separ at' orcompsigingdby 88% separate the N err] species fromthe non-NJerr]
speci es; and e) an HNg err] generator connected to the
separator by a third conduit, the third conduit adapted route the NJerr]
speci es to t he2IN] $ystdm pesveonriance with elaliNe] durthier gharectetized bycthp tseurce of the
generate aqueous HNJ err] fromt HNO err

h d watey. 25. .
System i rwastegresnyis @ SACYDdpal mléﬁebef*@ha%%?tl% E%FQ\{\&%@E{CE‘&& figm the group gppsisting

being a Ltk s tool. 26. A system adapted to
produce &%@Qaﬂﬁﬂ%ﬁ gaseous NH err], characterized by:

a) a source of a gas conposition conprising SiCJ[err], Herr], Nerr]

and HO ; . b) a wet scrubber connected to the source by a
first conduit,2X%he System incasqendance with glsima @1 figrther inclyding 2 weh cheryigal generatan” ¢ o
the vet scipbeinidh i RLSENHE-Hn Wnir 10 i MG is WEirddlleqias stream
and a streamrich i'n NNerr] and-Herr]; - '

18 c) a chem cal generator connected to the wet scrubber
by a second conduit, the second conduit adapted to direct the wet HC gas
stream to the 2heni Asystemadaptedto prodpes aucabeHNOs, thesysten charagterized Rist ~Ho

t o >pf oduce aqueous aI—)ICI ;

,"‘._. \ | : . e |
conmbusted w [ h oxygen, produceéS NJerr] species and non-NJ err] %ﬁo@cﬂ”&&;’j !J’Df-
b) a comﬂwufmm,w cted to the source via a conduit, the conduit

" mﬂmam to:the conbustion unit, the conbustion unit

& snodurce of a gas stream comprising at least one gas which, when
combusted with oxygen, produces NOx species and non-NOy species;

b) a combustion unit connected to the source via a conduit, -the conduit
adapted to route the gas stream to the combustion unit, the combustion unit adapted to combust
the at least one gas to form the NOy species with an oxidant gas comprising oxygen;

c) a separator connected to the combustion unit by a second conduit, the
second conduit adapted to route the NO; containing stream to the separator, the separator
adapted to separate the NOx species from the non-NOy species; and

e) an HNO; generator connected to the separator by a third conduit, the third
conduit adapted route the NOj species to the HNO; generator, the HNO; generator adapted to

; generate aqueous HNO; from the HNO; and water.

25.  System in accordance with claim 24 further characterized by said source being a

nitride process tool.

26. - A system adapted to produce aqueous HCl and gaseous NH33 characterized by:
a) a source of a gas composition comprising SiCls, Hz, N> and HCI,
b) a wet scrubber connected to the source by a first conduit, the first conduit

adapted to direct the gas composition to the wet scrubber in the presence of water to produce a

wet HCI gas stream and a stream rich in N and Hy; ] REPLACEMENT SHEET |
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d ~ ah amonia __syﬁt hesi zer connected to the wet scrubber by a third
conduit, the third conduit routing the streamrich in N err] and Herr] to
the ammonia NH err] synthesizer.- 27. Systemin accordance with
claim 26 further including an aqueous NH dBr] OH generator into which the
NHerr].,is directedc) a chemit8l geneRyort connédteduvcthe Ban scrubber by @l setond€onduit,

further including a NH err]F generator into which the NH e_r_rl] His .
di r ect ed. the second conduit adapted to direct the wet HCI gas stream to the chemical generator wherein
water is admixed with the wet HCI to produce aqueous HCI; and
d) an ammonia synthesizer connected to the wet scrubber by a third conduit,

the third conduit routing the stream rich in N, and H; to the ammonia NH; synthesizer. |

27.  System in accordance with claim 26 further including an aqueous NH,OH
generator into which the NH; is directed

28,  System in accordance with claim 26 further including a NH,F generator into which
the NH,OH is directed.

* c L M s *
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