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D-20856 - 2 JUN 2005 - 1 METHOD FOR PURI FYI NG SEM CONDUCTOR GASES
TECHNI CAL F'%L905®é5 invention relates generally to the 5 purification of
gases, and nore specifically, to a nethod for producing purifieds jyN 2009
sem conductor gases from its inmpure formusing adsorption and evaporation
techni ques. 10 BACKGROUND ART Ammonia is used as a source gas in the
chenical vapor deposition (CVD) of nitride films during the fabrication
of sem conductor chips. Typical nitrides are silicon nitride, made by the
reaction of silane aggrd8papBRNbERARY NG BRMITONDUCOR dmde by the
reaction of titaniumtetracntoride and ammoni a. Tne-presence of one to
three thousand parts per billion (ppb) levels of npisture vapor from
anmoni a cylinders will result in S t he perfornmance properties
of the nitride 20 | ayer. Recentlﬂ%zﬁﬂﬁﬁggiﬂﬁﬂﬁ&ﬁitride CVD technol ogy has
been shown to requhie aveRdtdWe davBles Qferd®¥$11Y 6o i#hdhe source anmoni a
than silicon and titaniumnitride technology. The |evel of noisture nust
be reduced tBUIBELGRLION o W seer WNd imarg picibleably peefar mance 25
robl ems. Al ha 4 ur . i.ed to el ectronic customers in
(F:)yl I nders V\nmt:ﬁﬁggggpggi%f ngﬁdgﬁng‘?mgslgqefﬁasne (%)oar} %C%%IF 1T¥o r?%pn)
moi sture. Thigs" imgh're \falrue uefi ngiastsdre tiash anidiaddapshter tont he past 30
limtations of gnal tical technology and not the actual attainable |evels.
Because of tRFSMPEERSti on,

10 BACKGROUND ART

Ammonia is used as a source gas in the chemical
vapor deposition (CVD) of nitride films during the
fabrication of semiconductor chips. Typical nitrides
are silicon nitride, made by the reaction of silane and

15 ammonia and titanium nitride, made by the reaction of
titanium tetrachloride and ammonia. The presence of
one to three thousand parts per billion (ppb) levels of
moisture vapor from ammonia cylinders will result in a
decrease of the performance properties of the nitride

20 layer. Recently, new gallium nitride CVD technology

has been shown to require even lower levels of moisture

( X in the source ammonia than silicon and titanium nitride

technology. The level of moisture must be reduced to
below 200 parts per billion (ppb) to avoid performance
25 problemns.

Ammonia is currently supplied to electronics
customers in cylinders with a specification of less
than 3 parts per million (ppm) moisture. This “high”
value of moisture was actually due to the past

30 limitations of analytical technology and not the actual
attainable levels. Because of this limitation,

purification efforts could not be accurately certified.




purification efforts could not be accurately certified. D 20856 2 JUN 2005

2 To achieve 3 ©r less noisture, higher noisture content amonia from

. the source cylinder was transfilled vapor phase to the designat_ JUN 7008
cylinder. This treatment was found to be sufficient to renmove 5 |s%ure

| evel s down to the 3 ppm specification. _However, it was found that a

- simpl e vapor phase transfill was not SuffTcient to reach ppb | evel s of

noi sture. Commercially avail able point of use in-line 10 purifiers can be

used to guarant ee TWi&dHi&rd €Y hn dOVBEsS Nadi St ppE) ARGRB PRI ELELS Use a
l'ithium based resin to renove noisture fromammonia or a zirconium iron
catal yst to CORGERTTIMIQNA Reenthansdyr¢eatylirvdanoragi es have shown

that these purifier. i ]| V, s e . ppb,_level s. These purifiers
are very exggﬁéﬁsﬁﬁ(@% ov'%%{sgt}g%sﬁ%%l #rgé s?é%ﬁ(ggﬁgﬁ CV?H‘FE& “noi st ure
capaci ty. Th&hiar e meitregenesabf @indnt rest sBef L eptacetdoWnenospent .

Because of these I|limtations, point of use in-Iine_gurif[ers can not be 20
used for Tar OISENTE JRVFiTA9Hh, tOthded RRRrSPECiER6aEAANS of pounds per

day. It woul gohedesi riabl.e,d r!EéLP’r:E:l%ﬁaﬁoapéﬂﬂﬁﬂfegé;ﬁ)o%fgﬂg%cal met hod f or

purifying sem conductor gases o | ow noiI st ure sS Than about 200
ppb). 25 SUMUERYIs@R IMHE d NVENT | ON el exbovieo arela ol hepbobgeel s, ofhi ch wi | |
beconme apparent .to one skilled in the art upon a reading of this

di sclosure, 3P&SHY¥&ned by the present invention,

Commercially available point O0f use in-line

10 purifiers can be used to guarantee moisture levels
lower than 3 ppm. These purifiers use a lithium based
resin to remove moisture from ammonia or a zirconium-
iron catalyst to remove moisture. Recent analytical
technologies have shown that these purifiers will

15 remove moisture to ppb levels. These purifiers are
very expensive (3 to 5 thousand dollars) and have
limited moisture capacity. They are not regenerable
and must be replaced when spent. Because of these
limitations, point of use in-line purifiers can not be

20 used for large-scale purification, on the order of
thousands of pounds per day.

It would be desirable in the art to provide an
economical method for purifying semiconductor gases of
low moisture level (less than about 200 ppb).

25 SUMMARY OF THE INVENTION

The above and other objects, which will become
apparent to one skilled in the art upon a reading of
this disclosure, are attained by the present invention,
one aspect of which is a method for purifying an impure

30 gas to produce an ultra-high purity gas comprising the

steps of a) passing the impure liquefied gas through a




one aspect of which is a nethod for purifying an inpure 30 gas to produce
an ultra-highppuyddy gas conprising the steps of a) passing the.imnprzah

- I'iquefied gas through a D-20856 - 2 JUN 2005 3 first absorption nmeans to
remove inpurities fromthe |1liquid phase therein to produce a first
purified fluid; b) passing the first puaified fluid through an

- evaporation neans to renove inpurities tHerein to 5 produce a second
purified gas; and c) passing the second purified gas through a second
absorption mEaNSst tabd@myvion edinsi €6 Femovehenpapoeiphaseokhenei n to
produce the ultra-high purity gas. As used herein, the term"inpurities"
nmeans any 10-ifHUsEiRRTe PR ePial §Oi RreRecyad SirshnPbsifdepufiltiisd. The

inmpurities isy,prd i ef . t . LQc volatile inpurities
| i ke carbon I&Dﬁ%ﬁ§l§%|¥ﬁﬁ fhfggi%§%§g§é§ekrgg§ E§%5§§B|§bes fromthe
evapor ati on epapress:idd RRIi: DESCRhETE QNeflr THte DRAMENSSnOtber obj ect s,

f eatures gnd adanta es wll occur_ .to those skilled in the art fromthe

fol | owi ng® dEFEIYRT 6h FFCMLIRYIT bEL BADYF reRfd GhdPRABINGcEBRpanyi ng
drawi ngs in wWicdhd i fed §5s 2 9F SRk CAl sé@@ﬁgsgsgekgemoﬁf mta:a«as

nmoi st ure-ammoni a vapor liquid equilibrium Fig. 2 1s a graphica

represent ati ¢ gfemdie ighangesieos fhemnbhstvapot ewkései hhgasiandol i qui d
during the transfill_.process: 25 Fig. 3 is_a schematic representation of
S Ceton SCebe T g

t he annnnianurf#Q%xalﬁ) P5% %P8 chematic di agram of a batch

process As used herein, the term “impurities” means any
10 undesirable materials in the gas stream to be purified.
The impurities is primarily water, but alsoc includes
other volatile impurities like carbon dioxide, sulfur
dioxide, as well as particulates from the evaporation
process.

15 BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages will occur
to those skilled in the art from the following
description of preferred embodiments and the
accompanying drawings in which:

20 Fig. 1 is a graphical representation of the
moisture-ammonia vapor liquid equilibrium;

Fig. 2 is a graphical representation of the
changes of the moisture levels in gas and liquid during
the transfill process;

25 Fig. 3 is a schematic representation of the
ammonia purification steps;

Fig. 4 is a schematic diagram of a batch process
system for ammonia purification; and

Fig. 5 is a schematic diagram of a continuous

30 process system for ammonia purification.



system for ammonia purification; and Fig. 5 is a schematic diagramof a
cont i nuous iQ @r%%Ess system for anmoni a purification. D-20856 - 27JWUN 200
. 2005 4 DET IE 8 SCRI PTION Thi s invention uses a conbination of |iquid
phase absorption, filtration, evaporation (or distillation) and vapor
phase adsorption to produce anmpnia with less S than 200 ppb noi sture. The
- non-vol atile residue is also reduced To?non-detectable linits of |ess than
1 ppb, based on a 99.9999999% filter efficiency. Each of the parts of

this invention will not purifypthRrarmopeacrii@TiieRs than 200 ppb noisture.
Only the proper 10 conbi nati on—and sequence w i1 produce the desired

i mpurity reductiofhdp Legenthian 266 pph swilsinatwl omhef pt bpesddphase

process prod nia w,th _.l.ow ppb (<200 b), moi sture. levels, The | ow
noi st ure Ieéé?afggggﬁfif%e ERF 14 ﬁ?ﬁ#¥%ﬁﬁ9i§h1ﬁ%ﬁ§$%§ﬁ+ﬁgth?Péred
(FTIR) anal yahaakapeehphase denelrepadbibto Roodide HimeeisheiPROgESS uses
comercially avail able adsorbents instead of point of use purifiers, it

costs |e¥s tBaPullPyPeRcAopSENEof dMforien- Ve iihprresiduet hen fill ed
into cylinde isbh?:tedﬁ%db%o“%%%-‘gett*é%l_labzloe XRS5 V& PRLIL %aHsf

purifiers. There are three gener ways to renove noisture rom amoni a:

1) chenical pphet basgd2pnakhsOBptoiom® etk 31ty b o ciidpds Bach as

evapor ati on ﬁ distill tign. 25 An exanpl e of a chem cal reaction renoval
ée d1Su

method is th8%u88T5F Régh AOTEA SRR 5 P le QT WY Ehet heotEReRE2i n an
ammoni a stream 1&B5S th@ACLIOON pROdE®% ure. Only the proper

10 combination and sequence will produce the desired
impurity reduction of less than 200 ppb moisture.

The proposed novel process produces ammonia with
low ppb (<200 ppb) moisture levels. The low moisture
level is confirmed by the new Fourier Transform

15 Infrared (FTIR) analytical technique developed by
Praxair. Since the process uses commercially available
adsorbents instead of point of use purifiers, it costs
less to purify each pound of ammonia. The ammonia is
then filled into cylinders that can be used without

20 expensive point of use purifiers.

There are three general ways to remove moisture
from ammonia: 1) chemical reaction, 2) absorption and
3) physical methods such as evaporation or
distillation.

25 An example of a chemical reaction removal method
is the use of magnesium nitride to react with the
moisture in an ammonia stream. This reaction produces
magnesium hydroxide and more ammonia. Chemical
reactants such as magnesium nitride are very expensive,

30 costing on the order of one dollar per gram. Each gram
of magnesium nitride will react with approximately one

gram of water. This works out to be approximately one



magnesi um hydr oxi de and nore amoni a. Chem cal reactants such as magnesi um
nitride are Pe&w g8xpensive, 30 costing on the order of one dollar per ran1
. Each gram of magnesiumnitride will react with approxi mately one? QN
water. This works out to be approxinmately one D-20856 - 2 JUN 2005 5
dol | ar per gram of water renoved fromthe ammonia. Since the nmagnesi um

- nitride is not regenerable, this means At~ is not economical for use in
processes designed to purify thousands of pounds of ammponia per 5 day. A

simlar exangbelhs bBe birbhi 4 et RasREedPWdr afife NERtfdENEd above.
Absorption techniques are much nore useful for nmoisture renmoval. Wt

anmoni a can ﬁén§ﬁ|§bebvaga§§ﬂﬁg Hﬂﬁéﬂd&mﬂ&jqﬂﬁnﬁ?QQﬂQﬁgpﬂawﬂthb®ndlt|oned

3A nol ecul ar r t ol cted b Praxalr has shown
t hat apprOX|né8n$y§éO&6E?8?he nnls ﬁ%g %h%ids ase ®Hioni a can be

renmoved by paésquedttbhpﬁughyatBAusmwdaﬂdﬁﬂdeﬁmﬁ(ﬂBQmﬁBhIErbé&Ze
non- volatlle contam nati on, partlculate filters nust be placed dowmn 15
stream of® t hé2¥ol eBuFaRidpgy6xpEGLepAysithd Lidthios rasimiaasedef ul for

removing no o] cal 99.999% ("5.0 grade") electronic
_gaky%gekg_g%ggqeﬂba ab¥Rie

grade ammonia Is certi £0 meet a 3 ppm noi sture specification.
According to the kbporpkiqui eZBnequielsi Brrieumusth teame e Aturgof n anoni a,

i st [ trati 3 th h d t
i Qi 4 phasc ROREURET SPRBa0 gRER GFTERGA S0 SPomE 16 B AT ho

Vapor"'qU'dtﬁéulhQQEHuﬁhﬁébathE@bghh%eﬂﬂa%%dﬂ%ﬁﬂdﬂéﬂEﬁﬁ“ﬁ&f&éﬂﬁﬁ@”‘ The
data shows 25 that nost of the noisture resides in the |iquid phase.
sieve. Experimental data collected by Praxair has
shown that approximately 90% of the moisture in liquid
phase ammonia can be removed by passing it through a 34
molecular sieve bed. To minimize non-volatile
contamination, particulate filters must be placed down
15 stream of the molecular sieve bed.

Physical methods are also useful for removing
moisture from ammonia. Typical 99.99%% (*5.0 grade”)
electronic grade ammonia is certified to meet a 3 ppm
moisture specification. According to the vapor-liquid

20  equilibrium of trace moisture in ammonia, a moisture
concentration of 3 ppm in the vapor phase corresponds
to a liquid phase concentration of greater than 500
ppm. Fig. 1 shows the vapor-liquid equilibrium data
for the trace moisture-ammonia system. The data shows

25 that most of the moisture resides in the liquid phase.
The concentration of moisture in the liquid phase is
approximately 2 to 3 orders of magnitude greater than
the concentration in the vapor phase. This equilibrium
advantage has been used in the past to remove moisture

30 to a 3 ppm specification level by vapor phase

transfill. The equilibrium data shows that much lower



The concentration of noisture in the liquid phase is approximately 2 to 3
orders of magnhpuge greater than the concentration in the vapor pHali¥. 2005
- This equilibrium advantage has been used in the past to renove noi sture 30

to a 3 ppmspecification | evel by vapor phase transfill. The equilibrium
data shows that nmuch | ower D- 20856 - 2 JUN 2005 6 |evels of noisture can
- be attained. There are sone practicar'ﬁidblens and these will be discussed

|later. Fromthis brief discussion it would appear that either absorption

or a physicaletglibodfcaglidtbecused as o7 taibarsi.s THrankRCAgRE cal amoni a
purification process. However, efficiency of noisture renoval in
absorption BEastigapoprrpdemg égdi itihesicumirdsthe ctissnssded phasécal

nmet hods and a chepi.cal I Librizum.: i,stur nd. ___amoni a prevent
the reduction of g%?@tﬁﬁggléégﬁg Egg%&ggggggﬁfbﬁﬁﬁ;§ﬂﬁPQ§%ﬁréhi?step

operation. Téetappransbrphavnwes auphessiculll ynwedermnddaiethd Susas 491 | ows.
First, remove as much noisture fromthe ammonia |iquid phase as is
possi bl e 2y &dedFpPi AL 0ANIACOREIMEEALarTEreE. PRYE fiGat iarePrace s -

evaporate (Ofodaydbstikk) b BRIMERNIR LR ulrdk e AtNANt age Hfs A {ayorabl e

vapor-liquid equilibriumdistribution of noisture to reduce the noisture
concentrat i opedy, anapddi Ligpnald 2audli®rouders safrimggrirtsuden phes faanl st ep

is to remove a chem,cal Ly bound mpi stute.in the vapor phase anmoni a 20
obt ai ned frd%?g%%%%ra??oﬁ Eé?m&Fé iFﬂ&fﬁ&hle§‘%§§¥%ﬁ? NN Wgorahase
t hrough anot &&todfa npLesuhar takeeyeduttapn e mdilstadeowamisd we content
ammoni a_is then condensed for storage or filling into cylinders. Liquid

Phase AB&or o bewBéE0 DePhi s & single step operation.

The approach that was successfully demonstrated is
as follows. First, remove as much moisture from the
ammonia liquid phase as is possible by adsorption on 3A
molecular sieve. The next step is to evaporate (or

15 distill) the ammonia to take advantage of the favorable
vapor-liquid equilibrium distribution of moisture to
reduce the meisture concentration by an additional 2 to
3 orders of magnitude. The final step is to remove any
chemically bound moisture in the vapor phase ammonia

20 obtained from evaporation (or distillation) by passing
the vapor phase through another 3A molecular sieve
trap. The ultra-low moisture content ammonia is then
condensed for-storage or filling intec cylinders.

Liquid Phase Absorption Bed Details

25 Passing ammonia with about 600 ppmw
{(weight/weight) of moisture in the liquid phase through
a2 bed of 3A molecular sieve reduces the moisture
content to about 40 to about 60 ppmw, preferably about
S50 ppmw. Passing another ammonia sample that contained

30 about 130 to about 170 ppmw, preferably about 150 ppmw
in the liquid phase through the molecular sieve bed

reduced the moisture content to about 9 to about 13



25 Passing ammonia with about 600 ppnw (weight/weight) of noisture in the
l'iquid phasepthpgygh a bed of 3A nol ecul ar sieve reduces the noisture
content to aBout 40 to about 60 ppnw, preferably about 50 ppmw Passj?qUszs
anot her ammoni a sanpl e that contai ned 30 about 130 to about 170 ppnw,
preferably about 150 ppnw in the |iqui d7 phase t hrough the nol ecul ar sieve
bed reduced the noisture content to about 9 to about 13 D-20856 2 JUN 2005
7 ppnw, preferably about 11 ppnw. In both cases, about 90% of the

moi sture is ppaRyepgrefemabl labguitd ghasemuly IaSSINY ddwesangbeut hr ough

t he bed. Sone particulates were passed fromthe bed during the noisture
renoval . 5 A%Par ffcthat Bofisituge vids narstvad & s rJe%ﬁHJdE? Rivese pled and
was found to ectLV R f | .+Ofwnon-. yvol at i ' metallic
parti cul at espgrgg%%hghba%%n ilae te\c(rgﬁt\éﬁlghs&b%ppe 'evﬁdré{loé\ﬁewﬁg ure

| evel s in therkopappedr drge ahe died lduwiing amee maugit oy Adhneus I ent

nitride applications. . Evapqration/Di stillation Details Based on the
vapor - | i qui d®eB8FFE6FairFddtd “SHows S Lo ISP S be® educed
further by guapghat vag 26udicstid Iden@ e AP framfdre 4 quid- 15 phase

to a vapor phase, sonetinmes known as a "vapor phase transfill®. A careful
vapor phase veaatfilkl reandueeduce mediadtiice peoritientl abhe g wiorar ders  of

magni tude, i.e, froml1l ppmto_|ess _than m_This . purificatipn is
only achi eved™RBRECRR FRoWIE: E5T e 20 FoRRaA ot 59 ke bt t hout
any boiling of the lbwqpbeth aameR are fsthaill indG AekUrEhouth PR fication

10 current nitride applications.

Evaporation/Distillation Details

Based on the vapor-liquid equilibrium data shown
in Fig. 1, moisture can be reduced further by
evaporating or distilling the ammonia from the liquid

15 phase to a vapor phase, sometimes known as a “vapor
phase transfill”. A careful vapor phase transfill can
reduce moisture content by two orders of magnitude,
i.e. from 100 ppm to less than 1 ppm. This
purification is only achieved when the flow rate of the

20 transfill is carried out without any beciling of the
liquid ammonia. If boiling occurs, no purification
will be accomplished as all the moisture in the liquid
phase will simply vaporize into the gas phase.
However, if boiling is avoided, a gas phase transfill

25 will allow the system to maintain the favorable vapor-
liguid equilibrium moisture distribution and produce a
two order of magnitude moisture concentration
reduction.

There is a limitation to the above-described

30 evaporation. Not all of the ammonia can be vapor

transfilled. Based on the mass balance of the moisture



wi || be acconplished as all the noisture in the liquid phase wll singiﬁu
vaporize intg-pbhgsgas phase. However, if boiling is avoided, a gas ph: N 2005
transfill 25 will allow the systemto nmaintain the favorable vapor- liquid
equi libriumnoisture distribution and produce a two order of nagnitude

noi sture concentration reduction. There is a limtation to the
above-descri bed 30 evaporation. Not all” of the ammoni a can be vapor
transfilled. Based on the mass bal ance of the noisture D 20856 - 2 JUN 2005

8 left in thefsoiunceheykionder dHdrdarel tife npwiluref inbidtherd i gui d phase
will continue to_increase as ammnia vapor is withdrawm fromthe cylinder.

To i1 ustratEN®t hit§UpHeROAERa " & Lo SIS Sodel L MES IR A DY BE2 5
establ i shi ngyhPs L ¢Lal PRSMR D MEER R Hi&MddAUT dro PRSE{RL SLUT €

concentration and the resultant vapor phase noisture concentration in an
amoni a syst ehiér phenahiech ,vapeonps teei mgpdsilt hirawevelwpedBlr assunes an

i sot her evaporation during the transfill ysing the , 10 vapor:-liquid
equi | i bri n185?352ﬁ8&ﬁn?nF egfe:aqﬁ%is Qﬂﬂﬁtyq iﬂ%ﬁﬁ??ﬁl qﬁﬁginulation
of the noi spHESeCABEERLrien con@end ratd JARGId RMaS & &HIl tihd hespbgansfill
froma source cylinder. According to Fig. 2, starting froma 100 ppm

liquid noi stBRaSPNmakRbHIrE LONWSNTAE, 1arhe v Asorammainist i $¥stgm | from
ConsL St ST Y ELh Shpolaar AURRE MR, CoME A PR Sl st e
At this poi nftsothermahcentpatraticof dmiisiqurithd rcdares Kol aes 1ndgjut e anmoni a
| nereasey 10y 20N 13h 0 ot AN IR Y AR A 115, VARPT foncentration
Fig. 2 shows the graph of the simulation of the
moisture content in liquid and vapor phase during the
transfill from a source cylinder. According to Fig. 2,
starting from a 100 ppm liguid moisture in ammonia
15 mixture, the vapor transfill will consistently deliver
vapor phase moisture concentrations of less than about
3 ppm moisture until about 75% of the ammonia has been
evaporated. At this point, the concentration of
moisture in the source liquid ammonia increases to
20 greater than about 500 ppm and the vapor concentration
to greater than about 3 ppm. This is now an
unfavorable situation as the more moisture that is
transfilled, the more the final product ammonia will
have.
25 Vapor transfill also produces a reduction in the
metallic impurities of the final product ammonia.
Metallic impurities are often in the form of a non-
volatile residue and will not be carried into the vapor
phase during the evaporation step.
30 As an option, the evaporation means may comprise a
distillation column with a reboiler or a single step

distillation.



to greater than about 3 ppm This is now an unfavorable situation as the
more noi sturg-bhakg s transfilled, the nore the final product ammonia wl |
- have. 25 Vapor transfill also produces a reduction in the netallic 0
impurities of the final product ammonia. Metallic inpurities are ofle S 05
the formof a non- volatile residue and wll not be carried into the vapor
- phase during the evaporation step. 30 AS’ an option, the evaporation neans
may conprise a distillation colum with a reboiler or a single step
distillationvaPez208hése 2bdd¥p2Adm B:d Rpori Rhase Absorption Bed Details
Since the noisture concentration of the vapor ammonia will still be a few
ppm and may be chéfE8l e BOIFEFYS (I Cafcia tel ook Hetre iR Tir e I I
concentratio ugkhon ty %hﬁﬁ SR evel s
of noisture ?ﬁﬁto%gg F’%&? psftt(:)L Ecpé;m*rtl)}%h;a A I's actgeorrp %ﬂé%g%\igg passi ng
t he ammoni a kapod thr tbhgh amawotiagr apedt hafr mmimﬂm resent ddiei yapor phase
anmoni a \r/gth a sture concentr%tlon of about 2 %F;m 10 can be reduced to

| ess tha abﬁﬁfiufgéoﬁpﬁtﬁy PSS CAREOUGH? £ B o B afO%iRRR bed. The

anmoni a i s newyedsYoeNRYGR thok it rtlhds rfqr?aqplg&ﬁid@@san%&%f@“ bfn igondensed
for storage in cylinders. Bed Conditioning Details 15 The 3A ecul ar

si eve bed isigop@rerphéghed ®Y passdngt e GBB0Q@ urederr coméwgious fl ow of
an ultra- highoPHLE RehNBE nB38cRUAE 3Tl 098 AN o fis! i um

ammeonia with a moisture concentration of about 2 ppm

10 can be reduced to less than about 100 ppb by passing
through a 3A molecular sieve bed. The ammonia is now
dry encugh for nitriding applications and can be
condensed for storage in cylinders.

Bed Conditioning Details

15 The 3A molecular sieve bed is conditioned at a
temperature cof 350°C under continuous flow of an ultra-
high purity inert gas such as nitrogen, argon or helium
certified to have a moisture concentration of less than
about 10 ppb for about 200 hours. This is considered a

20 well-conditioned bed. It should be noted that
conditioning the molecular sieve bed depends on a
number of parameters including the flow rate, the
amount of contaminants in the bed, the duration of
conditioning and the temperature in the bed

25 conditicning process, and the practice of such
conditioning is known to those skilled in the art.

Preferred Embodiment

A schematic diagram (flow chart) of the best
practice mode is given in Fig. 3. This model assumes
30 that the purification is performed on the current grade

5.0 electronic ammonia with an about 3 ppm vapor phase



certified to

- be noted that conditioning the nol ecul ar sieve bed depends on a
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er filter. The next step is to performa
analyzed for moilisture content and if it is less than

about 1 ppm, allowed to pass to then next step. If the
vapor phase moisture content is greater than about 1
ppm, the bed must be reactivated and the ammonia
processed again. To reduce particulate contamination
from the sieve bed the liquid ammonia is passed though
a 0.1 micrometer filter. The next step is to perform a
vapor phase transfill. Based on the data shown in
Figs. 1 and 2, a careful vapor phase transfill will
reduce the moisture concentration to less than one ppm.
This vapor is then passed through another 3A molecular
sieve bed to reduce the moisture level to the ppb
range. The vapor product is analyzed for metals and
moisture. If the levels are greater than about 0.2 ppm
and 0.1 ppm for moisture and metals respectively, the
purification bed must be reactivated and the filter
changed. The ammonia will have to be reprocessed. The
procedure is stopped after about 75% of the ammonia has
been evaporated. At this point the level of moisture
in the liquid ammonia will be several hundred ppm. The
vapor phase will have approximately 3 ppm. This
ammonia will have to be taken back to the beginning of

the process for further purification. The process



vapor phase transfill. Based on the data shown in Figs. 1 and 2, 3H§ﬁm ful
vapor phase prapggpl!l will reduce the noisture concentration to ]

- one ppm 20 This vapor is then passed through another 3A nol ecul ar S|eve
bed to reduce the noisture |level to the ppb range. The vapor product is
anal yzed for netals and noisture. If_t@f level s are greater than about 0.2
- ppm and 0.1 ppm for noisture and netal S respectively, the 25 purification
bed nmust be reactivated and the filter changed. The amonia will have to

be reprocessegsufbe eprocedure remosthappedmafitseiu rabatilt i/ 2%dHe tthe amoni a
has been evaporated At this point the | evel of noisture in the liquid
amoni a wi | | £kl sé?@?&?rﬁuﬁéré@mﬁﬁﬁﬁ Thélggevéﬁﬁ'Wﬂ%ﬁﬂ?kﬁﬂlSM%W%

appr oxi mat el y. 3 Pgn}egghér RHEDN A\l | ﬁlrrn%lb%otsﬁ:ﬁ%r.b%i%sé i‘ég0856 -1

begi nning of the procéess fof further pur| |cat|on e process

JUN 1005 - df aessubestefbiteirénflsrenoval of noisture with close to ful
recovery .of anmo n a._Since the nolecular sieve bed is regenerable, there
is mningl rsposal of adsorbent materials. 5 Exanple 1: Fig. 4

shows one exarrpl ep 0§ . a1baheh sSeheUBxhApbleaRR! lCLitn Afed i sy ification
strategy. The set-up consists of two unit operations, the first for the
li qui d phaseapphhsétitnand thesseeendlﬁetlpneSwaﬁaﬁgwo tﬂansfsaﬂ gystem In

s ! o CAMELLL Syt L coule R o ks St n qferase tank
of a nmechanitqhipuppasenertngdsipadndr thy tsleeoalmrrmaizaﬂneadzapor
10 transfill system.
In the liquid transfill system the crude ammonia
is stored in storage tank 410. The liquid delivery of
the crude product is performed through the use of a
mechanical pump, inert gas pad or by the ammonia head
15 pressure. The ligquid ammonia is passed through
metering device 412 into an absorption bed 414, which
also incorporates filters to trap particulate through
particulate filter 416. Bed 414 is a well-conditioned
3A molecular sieve bed. Metering device 420, such as a
20 flow meter, is used to meter the flow of the liquid.
The purified product is stored in tank 418. The
product is then analyzed to ensure vapor phase
concentrations of moisture are below about 1 ppm. If
the moisture concentration is above about 1 ppm, then
25 the absorption bed 414 must be regenerated and the
ammonia processed again. If the vapor phase
concentration of moisture is below about 1 ppm, then
the ammonia is transferred to evaporator system 422.
The flow from evaporator 422 is metered by
30 flowmeter 420 to ensure that no rapid boiling of
ammonia occurs during the vapor phase transfill. If

beiling occurs, it will result in an increase in the



15 pressure. The liquid amonia is passed through netering device 412 into
an absorptiop-bgds414, which also incorporates filters to trap partiliflZilhe
through particulate filter 416. Bed 414 is a well-conditioned 3A

nol ecul ar sieve bed. Metering device 420, such as a 20 flow neter, is used
to meter the flow of the liquid. The_pykified product is stored in tank
418. The product is then analyzed to eniSure vapor phase concentrations of
noi sture are bel ow about 1 ppm If the noisture concentration is above
about 1 ppmmbhehu2b thecabsorpitioon dfed Ml 4 marst £ blel sk gametwatted ahidet he

ammoni a processed,again. If the vapor phas concentration of Isture is
bel ow about BBt KBRCLt HE & ipéqszécfrr;}@‘iﬁ %%%ﬂéﬁbr%?n%r system

422. The flowzkr 0MpEManQkaliQr a44211S dBEehdda 0 fd et er 420,40 ensure
that no rapid boiling of ammonia occurs during the vapor phase transfill.

If boiling b@éurs?hﬁtpwpﬁmcﬁeéﬁlEmaiymedrﬁQQaMéﬂUunauﬁdhtﬁmEG -I2 JUN

2005 - Isture, concentration.qf the transfille uct.. The ammoni a
Vapor 5 T henmBatbaS iR aRoRR SR aiosh e @ oo A A Py, e

wel | -conditi apedrgAionl Bedl alist @¢e rhithe riR Pradlcthd st yzed for

nmoi sture content. If 5 the noisture concentration is above about 200 ppb,
the absorpt FBA*BEASARSt bd fr E§endCiER i FXHETHHRAHA Tefrokdssed. | f

the noi sture,ggpeenphabben k$08LQW ;abqy t fggggﬁ - or can
be condenseda§nto cylphgérs 22%, or a st fﬁggxﬁgﬁﬁafgﬁl at er gv*%%der 10
filling. Condghsatieom édf,beraecemplrasired dnk £wndldtey wdiinadgr cooling the
recelv'nﬁ)Ve%ffi%hggxaggk%e%Sation can be accomplished by a cooling

' coil or cooling the receiving vessels.

Example 2:

The strategy of achieving low moisture content
using absorption and vapor transfill can be extended to

15 a continuous large scale system illustrated in Fig. 5.
The set-up consists of distillation system 516, and two
absorption beds, 514 and 518. Crude ammonia is stored
in tank 510. The liquid delivery of the crude product
is performed through the use of a mechanical pump,

20 inert gas pad or by the ammonia head pressure. The
liquid ammonia is passed into absorption bed 514, which
also incorporates filters to trap particulates. Bed
514 is a well-conditioned 3A molecular sieve bed. A
metering device 512, such as a flow meter, is used to

25 meter the flow of the liquid. The purified product is
then analyzed to ensure that vapor phase concentrations
of moisture are below about 1 ppm. If the moisture
concentration is above about 1 ppm, then absorption bed
514 must be regenerated and the ammonia processed

30 again. If the vapor phase concentration of moisture is
below about 1 ppm, then the ammonia is transferred to

the distillation system 516.




The strategy of achieving | ow noisture content using absorption and vapor
transfill cap-pesextended to 15 a continuous |arge scale system
illustrated in Fig. 5 The set-up consists of distillation system
two absorption beds, 514 and 518. Crude ammonia is stored in tan

The liquid delivery of the crude producty is performed through the use of a
- mechani cal punp, 20 inert gas pad or by the ammoni a head pressure. The
liquid ammonia i s passed into absorption bed 514, which also incorporates
filters to trap pihei purdféed Bdduish 4nimond anald -vapel t ieheth@/some ecul ar
sieve bed. A eri ng devi.ce 512, such a flow meter to 25
neter the fIOM/obthe Pauﬁ r?ﬁ&“&&ﬂ%e pﬁ&ﬁj%slwaSQFéﬁPﬁi g@&ed to

ensure that vn@ovapbasemgn@mbharal ONTheOfp Ui fSitdd @ardicn kel Pvodhoyt 1 ppm
If the noisture concentration is above about 1 ppnl t hen absorption bed

514 nust be %%géﬁ@?’ﬁﬁ@dféﬁ& the &epomlats ofeddid Biptagbiatian the vapor
phase concen el o 0 nia is
transfer?ﬁd %5§&?ﬁe Eg|§%#|gnb§€$%én]gT%% E&g%g%%ﬂ%c%@ﬁpéﬁgetﬁ§@n The
purified Ilqphdsadnnhraugs whporprdednaheds &8 fafr thirsa Vvapoistsre econdensed
to act as wash qu d far he vapori zi moni.a. The purified ammoni a
product is FeHBVE frgﬁpthé%téﬁ SIg@équQﬁﬂ%§$QﬂQJ]%ﬁﬁ%ﬁ%%?%%ﬂ%nn in the
vapor phase. s78i;8 ¥agor @hedt.er%alls Lhe T i RASSRb AN augh-absarqtd oy, bed 518
for final noisture renoval. Bed 55% is a well-conditioned 3A nol ecul ar

si eve bed. Thenkihaf- purlfled ammonia is collected in tank 520.

10 Key Process Parameter Summary (Figs. 4 and 5)

The liquid phase adscrption step is used to remove
approximately 90% of the moisture content of the
starting ammonia, to a level below about 50 ppm. This
is an important parameter as this reduction is

15 essential for the evaporation (or distillation) step to
work correctly. As discussed earlier, if there is more
than about 500 ppm of water in the liquid phase, the
evaporation will not produce a moisture concentration
of less than 3 ppm. This in turn will affect the vapor

20 phase adsorption step and it will not produce ammonia
with less than 200 ppb moisture. Another important
parameter is the liquid phase filtration. This step
removes non-volatile solids from the ligquid ammonia to
less than about 1 ppb.

25 The whole purification strategy can be extended to
other gases used by the microelectronics industry or
any other industry for that matter. There are two
fundamental requirements. The first is that the
impurity of interest must have a greater affinity for

30 the liquid phase of the product than the vapor phase of
the product being purified. The second is that the

impurity of interest must have a greater affinity for



10 Key Process Paranmeter Summary (Figs. 4 and 5) The |iquid phase
adsorpti on stejeassaised to renove approxi mately 90% of the noi stZufUN 2005
content of the starting amonia, to a | evel bel ow about 50 ppm This is
an inportant parameter as this reduction is 15 essential for the
evaporation (or distillation) step to_ ggrlg correctly. As discussed
~earlier, if there is nore than about 5 ppm of water in the liquid phase,
the evaporation will not produce a noisture concentration of less than 3
ppm Thi s i nanu@afpssigberds fmedte nipd vapor mrpﬂfaselhcqilsbdpd)romapbna-ﬁ and it
will not pro e a La wth |less than 200 noj st ure, Anot her
irrportantp pg’lrﬁ%r?eetgr}oi%shet iR 494G eplﬁé%énﬁﬁf%ﬁ)i oné.p%?glgtﬁﬁam%ﬁﬁves
non-vol ati | e wsellidds fole@d heydrdyédt HIDN e | hydes§ed NBRoaPQEt 1 ppb. 25
The whole purification strategy can be extended to ~other gases used by the
m cr oel ect r ofhd® IilmGuSNy agmondmy- othertheffustased orthdatmpariey. ofhere are

f I I ts. .The f]j 1S that_the | rit f interest
st have a arserest el Btk did Fnid i macons PRAL R Bt "t han

t he vapor phasmeobthichre ippaduaty heiatg fird fited. tiher setsongnts1t hat the
impurity of interest nust have a greater affinity for D-20856 - 2 JUN 2005
- 14 an absOFFEALCRENES RCHARFDHARIVE 1 i quid or vapor phase of the

product bel ng. purirhied Seeaiee SXATR esh o UM A NolIde: fydsggen chl orf de,

hydrogen bromi de, chlorine and ammonia. In ese cases, t urity of 5

interest is Abisstldre, Thgt fiilriss @y ymageneg ald 2Bkt ccorsoide ot her thapurity
t hat fitfbth%s%“%ff%@%%@egh%Brb%% @'¥%n¥gé;a gggégg¥jg%§¥?' The
best practice mode uses 3A molecular sieve as the
absorbent material. Other possible absorbents include
other molecular sieves (bA, 4A, 13X and AW 500). 5A
molecular sieve did not appear to perform as well as 3A
15 molecular sieves. However, some moisture was removed
by the 5A sieve. Hence, all the sieves could be viewed
as possible alternative absorbents. Additional
alternative absorbents include well-conditioned silica
gel and activated alumina. Activated charcoal is also
20 a possibility for impurities other than moisture.
The seccnd alternative that must be considered is
the use of inert padding gas or head pressure as a
substitute for mechanical pumping. The best practice
mode uses a pump because the best flow control can be
25 obtained with relatively low cost. However, inert
padding gases, such as helium, argon or nitrogen could
be used to create additional pressure in the system to
move liquid ammonia through the absorption beds.
Lastly, additicnal head pressure could by creating by
30 heating the crude ammonia to raise its vapor pressure.
This additional pressure could then be used to move the

liquid ammonia through the absorption beds.



There are al so extensions within the strategy itself. The first
alternative we2mgse consider is the 10 use of other adsorbents in20HEN 2005
adsor bent beds. The best practice node uses 3A nol ecul ar sieve as the
absorbent material. O her possible absorbents include other nolecul ar
sieves (5A, 4A, 13X and AW500). 5A qoﬁ%quar sieve did not appear to

- performas well as 3A 15 nol ecul ar sieves. However, sone noi sture was
renoved by the 5A sieve. Hence, all the sieves could be viewed as
possi bl e al t er nat iSeecalfsior bemitireddif i onal inaéheioat ave ahsenbenats incl ude
mell-conditig%%doﬁjlica (gfl and actjvateg al um na.  Activated charcoal is
al so 20 a poS&Frbihi fPFor%h Mgt i45HE B et O naP iR 8 Fe. OFhE sd@sond

al ternative bhat ofusiorke TonsiAer ethy e tdSubSEQf wi PRI 4 Beggkng gas or
head pressure as a substitute for nmechani cal punping. Tﬂe est practice
node uses a PEAPUSECdls @ qdprdieste fidi cote r bhveahi de. 258 bbeanaedvei t h

relatively | . .ar,, .nert addi es, such_ as helium argon
or nit rogée/n %ﬁlﬁf&?ﬁﬁﬁg‘i‘%‘;‘?& 5 Hcer:rlz;l Ceocgncf‘dzl%#]g?g?tsrb?%%sﬁlfjel Rt hB E)Stem to
move |iquid amipniaadt hreugh tidietsabses Md ondReised Lasthyn eddi tbgpal head
pressure coulg b% crgating by 30 heating the crude ammonia to raise its
vapor pressuf&. tN¢hfsaddfi-ti onal pressure could then be used to nove the
| i quid ammoni a t hrough the absorption beds. D 20856 - 2 JUN 2005 - 15
Specific features of the invention are shown in one or nore of the

drawi ngs for conveni ence only, as one or nore features may be conbi ned
Wi th another feature in accordance with the invention. Alternative 5
~enbodi nents will be recogni zed by those skilled in the



art, and are intended to be included within the scope of the clains.
D- 20856 - 2 JU 5 - 16 Wat is clained is: 1. A nmethod for pugif¥ding
-an inpure gaé ?@%@%roduce an ultra-high purity gas conpri sing tﬁzjyhggg of
a. passing inpure liquefied gas through a first absorption neans to renove
inmpurities fromthe liquid phase therein to produce a first purified
“fluid; b. passing said first purified fl@id through an evaporation neans
to renmove inpurities therein to produce a second purified gas; and c.
passi ng sai dwegeond pukiifie@d 1gas through a second absorption neans to
remove inpuritres fromthe vapor phase therein to produce said ultra-high
purity gas. 2. The nethod of claim1l wherein said first absorption neans
conprises first nQIecuha&e%he%e%. 3. The .met hod of claim 1l wherein said
evapor ation nmeans  conpti S€s drstiH 40t Y 49 Ak RS S Qi m 1 wherein
said seni copdochoe gasuterar-high puMAgAY RGN sHR]} i1 s@é*gs argon. 5.
A nethod for purifying inmpure ammonia to produce ultra-high purity ammonia
conpri si ng t%g steps of a. passing inpure |iquefied ammonia through a
nol ecul ar sieve t9 re L MRUL | L fir. t i_qui hase therein to
produce a first pgfifrgégggggnﬁgbkﬁéi&1%5%6g%é A En R 4 WAL
absorption means to remove impurities from the liquid

phase therein to produce a first purified fluid;

b. passing said first purified fluid through an
evaporation means to remove impurities therein to
produce a second purified gas; and

c. passing said second purified gas through a
second absorption means to remove impurities from the
vapor phase therein to produce said ultra-high purity

gas.

2. The method of claim 1 wherein said Ffirst

absorption means comprises first molecular sieves.

3. The methed of claim 1 wherein said

evaporation means comprises distillation.

4. The method of claim 1 wherein said
semiconductor gas comprises ammonia, nitrogen, helium,

and argon.

5. A method for purifying impure ammonia to
produce ultra-high purity ammonia comprising the steps
of

a. passing impure liquefied ammonia through a
molecular sieve to remove impurities from the liquid

phase therein to produce a first purified ammonia fluid




2 JUN 2005 17 b. passing said first purified amonia fluid to an
evaporation e3RGO renove i mpurities therein to produce a second

- purified amobnia gas; and c. passing said second purified amonia_ gﬁﬁ

t hrough anot her nol ecul ar sieve to renove inpurities fromthe vap Br@ée
therein to produce ultra-high purity amonia. 6. The nethod of claimsS
~wherein said evaporation neans corrprrség distillation. 7. The nethod of
claim5 wherein said evaporation neans conprises a distillation columm

with a reboiler. 8. Tfﬁ%s@aﬂrhf%ﬂfd Cf Bt 60 HUNEE LA Sihén 84 2POLALOE, MRanS
conprises a single step distillation. 9. The nethod of claim5 wherein said
evapor at i on RSagYaEemEtiises neRRs thasavansiphrit19s Theretnhdbd of claim

5 wherein Sag@éd@%gigié?%oﬁé”ﬂ”ﬁf%ﬁéﬁu§ﬁmonia gas; and
c. passing said second purified ammonia gas
through another molecular sieve to remove impurities
from the vapor phase therein to produce ultra-high

purity ammonia.

6. The method of claim 5 wherein said

‘evaporation means comprises distillation.

7. The method of claim 5 wherein said
evaporation means comprises a distillation column with

a reboiller.

8. The method of claim 5 wherein said evaporator

means comprises a single step distillation.

9. The method of claim 5 wherein said

evaporation means comprises vapor phase transfill.

10. The method of claim 5 wherein said impurities

comprise water.



