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In addition to electrical properties, metal impurities also affect the
20 mechanical properties of materials used in these devices. Properties such as
hardness, plasticity, and corrosion resistance are often affected by metal
concentration. As semiconductor circuitry dimensions decrease, an important factor
is controlling the shape of the structures built on the device. The shape of the
structures is controlled by the fabrication processes, e.g., etching and oxidation. In
25  semiconductor etching and oxidation a reactive gas, either an etchant or an oxidant,'
reacts with the film and removes or oxidizes atoms in the layer. Metals are known
to catalyze the local corrosion of thin films in etching, oxidation, and other

processes. This local corrosion results in the “pitting” of the film, an undesirable

property that is known to those skilled in the art. A less common, but sometimes
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25
SUMMARY OF THE INVENTION
The present invention is a method for the purification of ultra-high purity
gases used in the production of contamination susceptible devices. Specifically, the
invention provides a method for removing metal contamination from ultra-high
30  purity process gases used in the fabrication of contamination susceptible devices.

Exemplary contamination sensitive devices in this invention include but are not
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considered to be a hydride gas.
30 In another embodiment of the invention, the ultra-high purity gas includes
one or more metal contaminants at a concentration below about 1000 parts per

million by volume before being contacted by a purification material. Alternatively,
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The method of the present invention involves contacting an ultra-high purity

gas contaminated by metal compounds with a purification material (also referred to
herein as a purifier material), the purification material removing the metal

25  compounds from the gas, and removing the gas from contact with the purification
material substantially free from metal contamination. After contact with the
purification materials, the total metal contamination is reduced to levels below those
specified for the manufacturing process. Using the methods of the invention, total
metal contamination in the gas stream is reduced to less than 100 ppt by volume,

30  preferably less than 10 ppt by volume, more preferably less than 1 ppt by volume.

The gas made to contact the purification material may be any ultra-high

purity gas used in the manufacture of sensitive devices. The term “ultra-high purity



purification materials, the total netal contam nation

is reduced to |l evels below those specified for the
wortwelaturi ng process. Using the nmethods of tPEI/US2005/025608

invention, total netal contam nation in the gas

streamis reduced to | ess than 490 ppt by vol une, 30

preferably |l ess than 10 ppt by volune, nore preferably

| ess than 1 ppt by volune. The gas nade to contact

t he gaat isfriecagnizsd imtheandustrytayndae agay thak tsr99.9899k0 (6N) or better

purity. gas, us i n.the manufacture of sensitiv . .
o e SesiEly, ot R SRRASRRSA b £ DB HREY Ryl bigh pusiy
PCT/ 10@199%d 39668 furtter @asfied & theaRENMaERENE fadif§ to remove specified
industry to nean a gas that is 99, 9999% (6N) or better
pur i inypuriienterlayglyin tga partypgasilien (MUY Pads-pgr-piHeon (ppb) range on
:)glsmuf{;lclturﬁ)lél igo ultra-high purity levels and are

fteh Tartner ‘purified at the manufacturing facility
t 0 r enoveTEReR dohRtmboipuents bthe itventus asulire-hidgtepurity gas includes
parts-per-mlliaon (ppn) or parts-per-bjllion (ppb
r angR1ecH Mmage Fejal coRepREisat apqpeentiafion B%W&%Bﬁf@@rﬁagﬁs per
of tﬁﬁlibﬂ‘ﬁg%lﬁ%@ b&oid th%gégli's ABnMMEl WthIRS o REdrk dBfhe metal oxide
one Or nore netal contantnants at a concentration
bel gwriiration he@npaletsiedheran. | Altematively, @b imeddibed,dheultra-high

{57 B R LA G OFEe AT SSEIABRT oo chefion above abont

Al t ernald- Y& 1n 1 volin&dFiabb® abobil' € Pgillt bE@bilid@by b lume, before the

purity gas 1 ncludes one or nore ne contam nants at

a cogséncondddteinwiglp theenetbbartidd purpfagatioperedivint.| | on by

vol urme, or, above a ar er..billign by vol une

before t h_the §fSES H’Ué%%gﬁ}yéb? th%%tc’rfﬂ_?eh]éwﬁﬁ{oé’i %8&’1?18%85 all of the gases
pur i fdeg & iR ProtRetiNgIdT IIMRarBiRG @S RMEitile aghibas. tihe raéldod

of the invention enconpass all of the gases used in

the MenegsseniigheptetofthadTRE: 243 edediststthe eorgmon gases anhe

"Yi el d..5..Managenent ". .chapt £t l.

1 s tiRiOEARETER sue ARREly v ded il Fopleg it B 1140, 1ma

W t hpreR8RE ¢inbbainidhe 5£the pseent ifiveidiohelse dabdop@iribdliidm metal

In a preferred enbodi nent aof the Fresent I nvent.i on

t he qrassaingion arp Epse gases At 21l undshiharrend lensilicpEoRsfséehant or
gase . t .al- 8 . i | i .
SRS, Vil IR R LASE I AL OBl it
s egrofiysy, b.gly paess ubedt fobeteapimgredspiapeshingcan?iirepaitngs Particularly
e.g., Pases used for plegning,,strlppingi a?kin%, and

r epalTe eﬁl‘gd gpses @p%qﬂtagmn?te &),yé ehveigae e halogen Compounds and
decop),agi nated by the invention are the hal ogen

conpounds and ozone. The present invention is

ap plji 'Cablt ’ﬁhd megeheinyemtidn isapplarablefto lrﬂmq%l.lrﬁfcaiigle ofyasay of the gases
used in.the various processes.involved.in the .

manudsse iy the Hgrieys @QH{)SEWH ves ntéﬁ pranufacturing of semiconductors and

25  other sensitive devices. It is well-known to those skilled in the art that the halogen
gases are especially problematic with regard to metal contamination. This can
readily be seen from the boiling points in Table 1, which contains a particularly
large number of halide compounds. The halogen gases include the commonly used
halide and hydrogen halide gases, as well as other gases that are considered specialty

30 gases in semiconductor processing. For example, these gases include nitrogen
trihalides, especially NFs; sulfur tetra-, penta-, and hexahalides, especially SF;

silicon tetrahalides, such as SiCly; and germanium halides.
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25  invention. The common thread among the purification materials encompassed by

the present invention is the presence of low coordination number oxygen atoms on
the surface of a high surface area metal oxide.
The high surface area purifier materials for the instant invention preferably
have a surface area of greater than about 20 m?/g, and more preferably greater than
30  about 100 m*/g, although even greater surface areas are permissible. The surface
area of the material should take into consideration both the interior and exterior

surfaces. The surface area of the purifier material of the present invention can be
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surface oxygen atoms is
numbers less than or equal to 4. While we do not wish to restrict the present
invention to any particular mechanism, a general mechanistic concept that accounts
for the ability of low coordination number surface oxygen atoms to remove metal-
containing impurities can be postulated. This general mechanistic concept is
30  illustrated FIG. 1. The surface oxygen atoms shown in FIG. 1 have an average CN

= 2. In certain cases, the surface oxygen atoms may be bound to a hydrogen atom
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10
The volatile metal compounds, such as metal halides, hydrides and oxides
are especially problematic, because they are easily entrained in the gas stream. The
volatile metal compounds can exist in the gas phase under the conditions—
temperature and pressure— commonly found in manufacturing processes.

15  Temperatures commonly fall in range of about 0 °C to about 300 °C, with pressure
in the range of about 0.1 mTorr to about 10 MTorr. In addition to the volatile
molecular compounds of metals, other metal species are believed to contaminate
process gases. While the mechanism by which these species become entrained is
unknown, it is believed that coordination compounds and clusters may be stabilized

20  in gas streams to form relatively homogenous mixtures, akin to the interactions that

solubilize these compounds to form homogenous liquid mixtures. It is believed that
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temperatures of the gases may range from -80 °C to +100 °C and maximum inlet

pressures to the canister 30 are commonly in the range of about 0 psig to 3000 psig
(20,700 kPa). While any convenient container may be used, preferred are
cylindrical canisters 30 with diameters in the range of about 3-12 in. (6-25 cm) and
25  lengths of 4-24 in. (8-60 cm). The canister size will be dependent upon the gas flow
rate and volume, the activity of the purifier material, and the amount of water to be
removed, since it is necessary to have sufficient residence time in the device 30 to
removal metal contaminants to levels less than 100 ppt.
In one embodiment, canister 30 has a wall 34 made of stainless steel or other
30 metal which is resistant to corrosion. In another embodiment, the inside surface of
wall 34 can be coated with a corrosion-resistant coating 36. In most cases these

coatings will simply be inert materials which are resistant to corrosion by the
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Separate pairs of Silicon wafers were exposed to three
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the E VoelS etie f?ow ra(ljte of iess hl tandard liters per minute (slm). Nitrogen
leaving the purifier was carried by stainless steel piping and impinged on the wafer
25  pair.

The third pair of silicon wafers was exposed to the high-purity nitrogen gas
that was passed through the same copper piping system as the second pair except
that the gas was not passed through the gas purifier.

VPD-ICP-MS was performed on all 3 pairs of silicon wafers by a third-party

30  vendor (Chemtrace Corp., Fremont, CA). The silicon wafers were exposed to an
acid, forming a liquid sample containing the metal impurities. The liquid sample

was nebulized into an atmospheric argon plasma. Dissolved solids in the solutions
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casset t e-1 L&Y 14868 Showfhs! wHBrsRHELR to nitrogen gas transferred
through the copper piping system, without the use of the purifier, contain
substantially higher levels of metal contamination than the wafers that are
immediately removed from the cassette wrapping. As well, exposing wafers to

15  mnitrogen gas transferred through the copper piping system, and subsequently
contacted with the Ni/Ni-oxide purifier substrate, results in a contamination level for
each contaminant that is generally substantially lower than the contamination levels
of wafers where a purifier substrate is not utilized to clean the exposing nitrogen gas.
Thus, the purifier material acts to remove the metal contaminants from the nitrogen

20  gas stream.
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bottles.
One set of bottles (Bottle Set A) 341 was used to capture contaminants from
the FeCl; entrained nitrogen gas, producing a value for the level of contamination in
20  the nitrogen gas. The other set of bottles (Bottle Set B) 342 were placed
downstream of a purifier 330, which was used to remove FeCl; contamination from
the nitrogen gas. The purifier 330 utilized a combination of titanium dioxide and a
silica aluminate zeolite as a purification material. Without being bound by theory, it.
is believed that the oxygen coordination of the TiO, provides the activity of the
25  purification material to extract metal contaminants.

When the FeCl; entrained nitrogen gas was directed through line 351, and
not allowed to pass through line 352, a flow rate of about 1.0 slm of nitrogen was
applied at a pressure of 30 pounds per square inch gauge (psig) through Bottle Set
A. When the FeCl; entrained nitrogen gas is directed through line 352, and not

30  allowed to pass through line 351, a flow rate of about 0.54 slm of nitrogen was
applied at a pressure of 60 psig through Bottle Set B. For each particular test run,

i.e., collecting contaminants from one particular bottle set, gas flowed through the
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7. 0ead o [Rb) 00001 0.00057 ...
18, \Lithium L) 0.002 |l <0.002 ..
19. Magnesium ________Mg) .. _....00006 | ... 00025 ..
20, Manganese ______ Mn) | ......00002 _ 4 ... 00012 ...
21, Molybdenum _______(Mo) _______{ . _.....00002 _ | ... 21
22, INiekel _ ________qND ... .00004 1 . 0.00083 .
23, Niobium_____________MNb) {00001 . ...0014
24, Potassium K)o 0004 <0004 ..
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is in the

range of about 5 to about 50 pakds per trillion (ppt)

on a basis of volune of gas collected. The exact limt
depends upon the particular nmetal species being
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util|BrgdiftanBech _tabl el@iesent s the de@etion | .. . 017 .
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00078 .génrtmenyum: Be.._.(Sb)...__.___. 0.002.8490802 ... | . ... <0.0005 .
---- ?'_-:-:A!'-_SBI".iSrrut_tL_LB_-:.(A_Sl_-__-._-_:.: .0000R0:001 - --- 94 <0.001 ...
7. orien-Barium. - - - - - - - - - Ba) - ---|-----000005 _.__. --Q@®PH0O005S
: el7 - . 8. Cadni 094 | ... <0.004 .
i 9.Cal R004) ... <0.0001 ..
0510. CfRYuM - - - 4------9003
-----1010008bal t (Co) ... <0.0003 .. ..
3112. .@oeper. (Cy)..0..00%014 .
.00anuéPo1 | <0.001 ...
-..15. 03908, EAU)_ 0. 000£0.0005 ..
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4 WO 20064 014655 <0.004
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. eeeo00003 <0.0003 .
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25. [Silver . eee200001 0.00087 ..
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27. |Strontium ________KSr o..9eeot <0.0001 .
28. {Tentalum_ oo 00002 b <0.0002 ..
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30.fTin ____________________ISr oo90003 <0.0003 ..
31. fTitanium______ ™D f_......00005 1 . .. <0.0005 .
32, Vanadium eo.90003 <0.0003
33.[inc . NZn) . 0001 o <0.001 ...

34. |Zirconium 0.001 <0.001

Total 0.1018
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---------- 19. Magnesium............ Me)---------

----------- 0.001 "0.001 -- __ 2an(n) - 0.0005 X5 21.
woRloglodssum M) - --------- 0.0003------- * 0. 0003-PETF/US2005/025608

23. N obi um{Nb) 0.0002------- “0.0002sium -------- L

0.0001 087 ----nmmmmmmemn- 261Gedi un( Na)

0.003 <0.003 ------- 20Um () ----r-nn--
---------- 0.0001------"0.000128Tntunt--------------
(Ta00002 “0.0002 2. Thium (TI)_
0.0001°0.01 --------

Tin(Sn---------- 0.0003--- - - - <‘§1§8&§[§ ---------- 31.

Titanium-------------- ~Ti) 0.0005 "0.0005 --

0. OFeslair82. Vanadium- (M-) ---------- -0. 0003

------ 34. Zirconium (Zr) <0.001 0.1018 WO 2006/ 014655
PCT/1US2 006 /2008 remddyidfsmstabyentimindaib ienBa ubira-high purity gas
substantial anount of iron, 170 was prese [

pph t in, .
Bottle Satream byrcoutasiing fremltsnhigh @B’ﬁg’cﬂa@ SE’B%IP(Y@HI ggurification
well, a : -1 j : [ i
gal 11 um TR R e e O S o L nening surface
wer e al smxygapaotavdtustoordjeatematuanbdr hess Hendhgbulk mapgen atoms.
Table 4 shows that the amount of iron collected in
the bottles downstream fromthe purifier was about 5
ordeys ofrThJTREAN Hﬂ@lah@!‘@heiéﬂ@ﬂletdﬁt?a-ﬁigﬁ%trityﬁ sl @ehi@@ontains an
wi thout using the purifier. As well, the antinony,
1&r seni ¢, igatgium nol ybdenum tin, and vanadi um
contam nant concentrations were all reduced to val ues
close to the detection limt of the 10 indivi dual

met &, spegicasiethbd BAtlhin 2 WHeRAP i iBQD g intlnGed @&t one of nitrogen,
concentration of netal contam nants between Table 3

and Tabl deliuvshenbargodecr ease of 4 orders of magnitude
when the purifier was utilized. Wiile this invention
has been particularly shown and described wth

15ef ef, encemhdaethbé beclaimd 1 eviacudh thenilisa-hiphrpeoity gast stashinlcomprises at
be understood by those skilled 15 int hg art thaf
various dehgeameisl eoRtanEREt Aercansitizien Baoweapgut 1000 parts per

therein hitiQiby JGRRI AT, LoDy IRFARPuAlichll material
i nvention encon%asseg y the appénded cfains. WO
2006/ 014655 PCT/ US2005/ 025608 - 16
5. The method of claim 1 wherein the ultra-high purity gas stream comprises at
20 least one metal contaminant at a concentration above about 1 part per million

by volume before contacting with the purification material.

6. The method of claim 1 wherein the ultra-high purity gas stream comprises at
least one metal contaminant at a concentration above about 1 part per billion

25 by volume before contacting with the purification material.

7. The method of claim 1 wherein the ultra-high purity gas stream comprises at
least one metal contaminant at a concentration below about 100 parts per

trillion by volume after contacting with the purification material.

30



CLAIM5 W claim 1. A nethod for renoving netal

contamnants froma ultra-high purity gas 5 stream by
w@ombactesiig the ultra-high purity gas stream waTus2005/025608

purification material conprising a high surface area

i norgani ¢ oxi de containing surtaZe oxygen atons with

a coordi nation nunber |ess than the bul k oxygen atons.

2. The nethod of claiml1l wherein the ultra-high purity

gas &t r eafhean¢thad ofclaim 1 ¥hetenethe uifashigh pufine gasetiead comprises at

claim2 wherein the inert gas incIu%gs at | east one of

ni t r ogen,1cashens Tgfal serieragRiAt argneen POt 10 parts per

claim 1 WA Johnt hhdroladtind it ke SRHiCHER Hterial

conpri ses at east one netal contam nant at a

concentration bel ow about 1000 parts per mllion by

ol yme before contactin ith the purification .
L ehTar i1 et HETAE st ey g & sream comprises a

ul tra- hi gh,sphd m¥talasntshin@aia: GR8REdnHaGo@belodibbe@Spart per trillion
one netal contam nant at a concentrati on above about 1
part per byivdlims aftgrycontacting wish tler rurtftnation tiatsgiahi t h t he
purification material. 6. The method of claiml1
wherein the ultra-high purity gas stream conpri ses at
| easitp, onertgahéthod 6NElaM Daherod the ultlenBiRhtpugity gas stleameontains a
about 1 part per billion_ 25 by volune before
18ont act i rggs Wat ks qom@siyain fhedaesebes ¢favdes-al . 7. The
met hod of claim 1l wherein the ultra-high purity gas
stream conprises at |east one netal contam nant at a
conciant r attieqncthed of\claino U0 whefirpihe tsrrpdve gisis HH, GIC1pKBr, BCl;,
vol une after contacting with the purification
mat er i al .Si88. AE-Do0BI729R2638- PCT/ US2005/ 025608 - 17 8.
The nethod of claim1 wherein the ultra-high purity
gas stream conprises at |east one netal contam nant
18t a2conchrimehbdof deinohd sihergin the cpapsive gaxis Qsri |l | i on
by volune after contacting with the purification
material. 5 9. The nmethod of claim1l wherein the
ul t ﬁ]%-. hi g HEILDY 0P ASinS | FARPRIE HEYak §®SanRbonthiRd s laOMet is
metal contam nant at a concentration bel ow about 1
part per axidizingon by volume after contacting with the
purification material. 10. The nethod of claim1l
wherein the ultra-high purity gas streamcontains a

20 14. The method of claim 13 wherein the oxidizing gas is F, Cl,, Bry, oxygen
(Oy), or ozone (0O3).

15.  The method of claim 1 wherein the gas stream contains a hydride gas.

25 16. The method of claim 15 wherein the hydride gas is hydrogen (H,), borane
(BH3), ammonia (NHs), phosphine (PHj), arsine (AsHsz), silane (SiHy), or
germane (GeHy).

17.  The method of claim 1 wherein the high surface area inorganic oxide
30 contains surface oxygen atoms with a coordination number of less than or

equal to about 4.



10 gas that is corrosive in the presence of water. 11.

The method of claim 10 wherein the corrosive gas is
woiEQo6MiAess HBr, BCl3, SiCl4, GeCl4, or ozone (PG)/UIH05/025608

12. The nmethod of claim 10 wherein the corrosive gas

is 03. 13. The method of clai m18wherein the gas

streamcontains a gas that is oxidizing. 20 14. The

met hod of claim 13 wherein the oxidizing gas is F2,

d 2,18Br 2, Thexyghod of €12)m 1 evhemimthe hidBurfagd arcTeorgatih odde

gas. . 25 ESmPIG HBEhSUGPou A ES IAGRER A EAhyUP gl ©
gas is hya@%%n (H2), borane (BH3), anmmonia (NH3),

phosphi ne ), arsine (AsH3), silane (SiH4), or
germane (GeH4). 17. The nmethod of claim 1l wherein the
hi gh surface area jnorgani.c oxj,de.30 contains_ surf.ace
Syden arbrangpenobdaas it K HelhmeRoe ferand g ice
or equalcohRrRBOMtcofia, Wan) 0201kl 6omPC T ddS2s oRRER6D oxide,
- 18 18. The nethod of claim 1 wherein the high | ,
surface aiexodifemickel exidsicapper oFidsr lagthigna cRTIgFagiafip.GAImMIna, or
zeolite vvi.lth a Si/Al ratio of greater than or equal to
about 4. %9, The nethod of claim 1 wherein the high
surface area inorganic oxide conprises zirconia,
titani a, vanadi a, chrom a, nanganese_ oxi de,

‘?f?(liﬂg

{ s
16xi @, ZTheameskpdief aive koVheigndes PEissapn iaterial has a surface area

| ant hana, L %m? ha.2z;al um na, or silica. 10 20.
The net ho%‘g%?ﬂtg?‘%l m ?b\%gei n the purification
material has a surface area greater than about 20

n2/ g.



