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30 Perfluorinated chemicals such as NF that are used in
semiconductor manufacturing applications are more commonly referred to
as “electronic gases”. Electronic gases having ultra high purity are critical
for such semiconductor device manufacture applications as very small
amounts of impurities entering semiconductor device manufacturing tools

35 can result in wider than desired line width and thus reduce the amount of
information that may be contained on a single semiconductor device.
Moreover, the presence of these impurities, including but not limited fo
particulates, metals, moisture, and other halocarbons in the plasma
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semiconductor manufacturing processes to these contaminants, it is not
35 uncommon to see product specifications for water, O, Ny, etc., at very low
levels, often sub-part-per-million (ppm) levels. Maintaining the low levels
produced in the manufacturing process is critical to successful application
of NF3 in semiconductor manufacture process equipment.
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By reactive compound is meant any chemical compound, which has
the potential to decompose or react to produce unwanted impurities or
increase the level of impurities already present in the reactive compound
during transport from one location to a second location. The method of
the present invention could be applied to any fluorinated reactive gases
that would react with a metal surface or oxide layer on the metal surface
leading to decomposition. Examples of such fluorinated reactive gases
are nitrogen trifluoride (NFs), tungsten hexafluoride (WFg), chlorine
trifluoride (CIFs), fluorine (F»), chlorine monofiuoride (CIF), dinitrogen
tetrafluoride (or tetrafluorohydrazine, NoF,), dinitrogen difluoride (NaFs),
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stationary laboratory devices for final product analysis against a given
product specification, as for generation of a certificate of analysis for a
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High quality smooth metal surfaces are required for the internal

surfaces of the present invention’s transport equipment. The mechanical
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stainless steel.
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of.ile. . The el.e tropol

curheh el BB ploGe R el SitreS SR s et that
15sur€mﬂen’u§rdeélaedm of about 20 microinches (0.5 m

or less; nost pref Ra i s about 10 m croinches

(0. 25 m or |ess. %3(‘/ mnrmzrn the internal surface

ar Wharg: vol urfe Fagius of theriniernal surface; arntde desi gn of

t he equi pment] sugggtn: or transport shoul d be such that

tacting the reactive conpound

h t I
< aneldfiedeleral el 1 OF Hish Wbihaef pioBaLseBnodIRG:
20transport equi pment =bgt4een the first location and

oyt nar TEoen Rl Bt he §RatE DRI pIGHEBHS By cilnghical
t héranspertr&mlmmnemfa\rafrearmﬂy @\&h)thefraurhratofkﬁch]g:ylrrmmfzﬁl i's
At v gl g e o
volth Lmﬁrapworéreqymmﬁnhmam Be@s lprgsi ag is pragticaln Rtaatical agpects
25 V‘_ﬂﬁét%ay bisd lf@ﬂoﬁéibér‘é‘ﬂsintthé‘ﬁekp‘ﬁ SHFdrRpBra rﬁ@nt include

volune ratio for ['indri Port equl

variBENigINg Wagteof PhRAG Mg Gen a&;/tlmedrpft alreactive
eqeoppundanith tHeaneted siHace] atd 6 ialleRuisrAent Aim&PlsisBwhich

' atelt‘fgtztst lglo%h tﬁ‘g 'cgrsfta%{ time and the surface area that can degrade the
reactive compound.

30 By dead volume is meant those internal spaces within the transport
equipment where impurities may accumulate and become concentrated
relative to the bulk composition. Concentration of such impurities, which
may be more reactive than the main component, in such dead volume can
lead to unsafe conditions and potentially dangerous incidents.

35 Minimizing or eliminating dead volume is preferable in the design of
the transport equipment and can be accomplished partially by minimizing
the number of changes in direction of flow of the reactive compound.
Sharp angular bends (changes in direction of flow of 90 degrees or more)
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the transport equi pnent may be as large as is

practical. Practical aspects 25 that may al so be
woansiodgned i n the design of transport equi pmeRCT/US2004/009186

include mnimzing waste of product, m nim zing

cordrgoindeisirabkef mttkanspedcﬂyst&ms ob theopredent invehtien.m8ueh bends

sur r :

or r'aay o iR BB BIomE it porEBbiaf). I8l PhEehiration of

t haeagtiye geggiagand rmodu@%mwwbdqmadatnomomg désigh of the

Vol tiRs ot é'@ﬂﬁltnetnt‘gﬁSuIHrlﬁélDHé'a it H‘bHBbF‘ of Qﬁgular bends.

ere Inpurities accumu

tra nent
d&Wé%%ﬁr@dd?g%'SHfart@PéﬁomﬂéIS&tCFL{Rée@ éeﬂﬂ% raibemhan angular

Comﬂén':dsl a0t th€enargée rrathenmré&tuoﬁttsarfﬂdwmwd he& fossViih Bbout 90
react, ve_t mal,Nn CO nent

b
o AP 8P R e RS RSB e et B lFatBnarong sewsnly CuRved benas
potefiessatHan alzmgéOodegreesi dents. 35 M ni ni zing or

| f
The 't r arithaleat VALLEsed iPHE FARRCH & ﬁeﬁgﬁggﬁé BFet8lably
1 pard&%ﬂlﬂ‘%ﬂf a8y tmﬁﬂntﬁimze@ oitlpw deatheolunk. rafesichfittings and

di r\%l@éé’é‘arﬂecfddé%ef ds@ﬁmlft?%ﬂééﬁ%vé?ﬁ@%ﬁ?% belﬁﬁ‘ggﬁcentrated

angul ar ben s..(changes 1.n direction

deghdecat &nsmmw the VelseJ0ieaPD s BROSend uslves lsedsn Hie

ar etrarpesi ér%b b@enfof thansieeeht lﬁyéhﬁﬂfﬁrr@fy préferably SH%I%

8

oot BTSSPl B SurBRes R e Vo G ETA S

15s peC| es Mutﬂlppsmuomlvescnnaammmgslmﬂﬂhabtran%m détHegreactive
urtaTPod Rl eaRBRE s AOGE s HECsdE yRLEbEh
wouecumm@nt:u e @abiligntistranspast therwwdantgmthns ranaer, isaeusistent
t h%maﬂg@/sisrbftths p%%@&ta & urg gfé 'n?etﬁsdé e\ﬁﬁ.ch*?@nkew

about 90 grees con Iguration

V\DLHQPQ%@WJQFV‘Q%N%JQS%MS of Iess than about 60
20degr ees. Hé&atirig obthedntérnal scﬁrfac@wﬂth@tréh@pdrt éqamﬁént is not

zer%ﬁwﬁpfoor%ﬁﬁs 9 iratation,c HolE Vel Heating o o il surfaces

val ceesbe done @rioc é0 bhdupog trahsport vf tife reaativé cempound as a

"glt @ééﬁ% Bt %&né%S%é@%nti’eg dr%‘? Séerﬁnl%ngq%@bporﬁ Bf

t r drppoities ed beriﬁmmer@wre tewpickstbatintenval isuifasesnaf the transport
25Pr eécg(r: ﬁr%ﬁt ﬁ@yqoe ResehIPRRld 588drd Jﬁﬁyﬁéﬁ@éerfél’éﬁérfoﬁﬁg UEBn the

cont 5 he reactive conmpoun
val §faBi 'Wafg/f the redelyeseRmPewd @Insﬁgqs@pprtsfi frardpe et fa/eause
conguytadation Uy”hba’@;h | ocations is possible using the

oo U TSR o RO AL Lo SRR b
anaagcensplished ihy gomyoasiet nhgnnanlwlhpbbngiequmerﬁl Such usual
a0 RgAore b o e RS RS U B pE R o
equnpﬁﬁmtwra@pm the equipment with insulated heating tape, or applying
steam directly to the exterior of the transport equipment. For example,
tubing may be jacketed by larger inner diameter tubing, which is filled with
water steam.

35 Pre-treatment of the internal surfaces of the transport equipment
may be done, but is not critical to reducing degradation. Pre-treatment
may include flowing a gaseous compound or mixture such as 5% fluorine
in helium or other gaseous compound through the transport equipment for

(J'I
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critical to reducing degradation. However, heating of

the internal surfaces can be done prior to or during
wonrenggent of the reactive conmpound as a meanBCofUS2004/009186

renmovi ng adsorbed inpurities or preventing adsorption

Of SOM@ @éhbd @F timepridretarthe alskrof the traRbedrt bhalprﬂérﬂftﬁar‘ansport

ShdnEgeaeResattapigt R alin R R e B R EmaY Thilve

st gimeksunjzationtdféhe ¢raospor eqaipmoamtdvitietheggaseouspmrhgolind or

| n radati on by heating. Heating
@[@ﬁ{eg{ﬂg%n@% ‘g%rb?gcfegﬁ%f the transport equi pnent
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i ncl ude encasi n eatin
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§ adeabie p{pHle 5 the ReferRE R sarety i HioTg with an inert

10f i | dnpovirichis praeferrecst eam 35 Pre-treat ment of the
internal surfaces of the transport equi pnent nay be
done, but is not critical to reducing degradation.
Pre-treatnent may include a gaseous conpound

Sosgoss ASoBAERIEE ST MO peh HIBNGS) e
G BHR NS PSS B N B afs%tﬁma%rﬁ%r@ ff243°C.

15t l r@néfsb@f ofi 8f tuting/G@sthadd ef hélﬁ’-‘éﬁ&ﬁdpoﬁgh'éd)(metstélﬁless steel

br RN e e B RS Bhte, O o i OIRhEe 316 Slfiniess

t r astepkxv}th &zuofpteenticroiriches hé og bsﬂvexpemnpnﬁsrtdedublng was pre-

m

eq Etfrégr;cgcri] tvsﬂfh 5‘9%09@% @gme%mt,] 'T'ﬁ% 99 é}ﬁpbélﬂgﬁ %‘Pﬁl(i)eu%tput of

an ﬁhﬁéublngdmmﬂmﬁowl:hy asga$e¢hrgmato@f@phﬁna8$ﬁpasteometer
205UCHiapi@ 1péHc9Ws ﬁiésé&f‘c%nh*é%nfo*mzﬁy épé‘?\ﬁh ak rﬁ@&s Jed at the

trans ort eq grrent remain freé uritil es uri ng
oer WYt B thRHDIREAOT hice Hillarenirqntast Hoes wibe Coprentiations

I eagyel iseedPaS Paf pRrenillion tmtcﬂama(b fyr safety
incidents, purging with an il io conpound i s
preferred. EXAVPLE A vapor .um_ Sanpl e of nitrogen
trifluoride (NF3) was passed through two 5-inch

N

ti f 1/2 inch tubi t t . .
T oL L er o0 10 BT LB cbeush (B3
non- €| Nonredectropblishéd6 st ai nl essiéseel | 2Bdechqg 44 isec.
sectilon Nthubl ng was nmade of el ectbopol i shgd 316 1
st ai ntess2Steet—with—Ra—of—t5—hi-erotnehes—For—iboth
experji neNgBa t he tubing was pre-|tredtediwit® 5% 35
fl uori@l%citt‘bﬂbqisih‘é@ The gas conpositionjat the qutput
of

N2F2 0 0 0
N.F4 0 0 0
25

The data in Table 1 demonstrates the formation of undesirable
impurities in NF3 when such NF3 was exposed to the non-electropolished
surface during transport.



t he tubing was nonitored by a

gas- chr omat ogr aph- mass-spectroneter. 20 Table |I shows
woOherdosswent rati on of N2F2 and N2F4 as neasur eBCatUSR(va/009186

out put of the tubing for three different contact

times. The concentrati ons GLRII\M%t ed as parts per

mllion ncentration (pprn)
Non- el ec\&}/‘ ﬁlq H%é?pf%4 sec. 28 sec. 41 sec. N2F2 0 O
1 N2F4 AntetBéd fér redthmgcdegibwld\@ﬂQa Gedrtive dgdhpouhdidiring

ﬁdlgl{ar ggéfn%pol nmpur | éagﬁ@@b%ﬁé frbpr?ﬁfﬁﬁll{lgg é\%go'?\ t%f

Sexposed aa@ondéowwcenpm%p@Bi@lt@@oh%hmgamordortrar@port at
L ansporjbast SO HRAL AR PEIHHSRORE ~
CLAI M S) a?/\hat |g?_c al med |sa EB’ME{\ met h r%g%or 8|urr]1%
degr adatdWingdransposhact i ve conpound duri ng transport

of Zuch A arsthod @orqean@mgcﬂe‘gr@d@tﬂ:ﬁ d)fréteéc@ivétdoﬂﬁpdumdadlﬂung
second l,ocati cpfc e ectr rlor to

t r ansportfansRp fﬁaﬁfé &WR@%‘E&PH&@ f'(%el? AN RA s
10t he r eacgecond quimmrmbmpmmnglmmmanmgdhe in2rnah suefabe drea to

f d tel

tr anspor Do d e 8 i By B86 o1 FafiSiBiP B fhe Heeklive

| ocat i orfOMPRUND second | ocation conprising mnimzing

theg integ ﬂﬂ-ith&l“l‘érar%@ué‘ih %Iég‘?ad?‘ﬁﬂrﬁ@?ea F@édti@e‘?:fon?ﬁ%nd during

equi'pment used for gran ort e reactiV
compound/@N$POR QfSUsHdCRBVE eATRPHC Hegt ﬁ(ﬂ'éﬁt |@‘Fﬁttﬂn g a

15r eact i V%e@:@ﬁ’ﬂ%mlo@wdrﬁ@nsmg ?fﬂﬁmtith:fr stinsiRafi éhy\d@ad
corrpoundfrom first loca oca

conpri si YR NI 2RY eglulpé‘p?rﬁl L+§§1dl faﬂbg‘@ﬂ?p%‘gé’gth%'@a&
wi t hi n aooynpmuidorent used for transport of the

regetiver tmeﬁrg@wgf cldim 18 GE4 IWﬁel% ﬁearlergcﬁye ébm%ouﬁd is a

wherei n actrve compound™ uori
react i vdluganatasl wactve gaersetaﬁ:éedgfroupthecgf@uptqonglscng of

20 nitrogen trifluoride, tungsten hexafluoride, chlorine trifluoride,
fluorine, chlorine monofluoride, dinitrogen tetrafluoride, dinitrogen
difluoride, tetrafluorosilane, fluorine monoxide, and boron trifluoride.

5. The method of claim 4 wherein the reactive compound is nitrogen
trifluoride.
25 6. The method of claims 1, 2 or 3 wherein the second location is an
analytical measurement device.
7. The method of claims 1 wherein the electropolished metal surface

comprises a metal selected from the group consisting of aluminum,
chromium, cobalt, copper, gold, iron, nickel, platinum, silver, tin,
30 titanium, and zinc.

8. The method of claim 1, 2 or 3 wherein the electropolished metal
surface comprises a metal alloy selected from the group consisting
of nickel silver, Monel®, Hastelloy®, Inconel®, Kovar®, low and
high carbon steels and stainless steels.

35 0. The method of claim 1 wherein the electropolished metal surface is
made of 316 stainless steel.

10. The method of claim 1 wherein the surface in contact with the
reactive compound is heated.
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20 nitrogen trifluoride, tungsten hexafl uoride,
chlorine trifluoride, fluorine, chlorine

wouofosgoos i de, dinitrogen tetrafl uoride, dinitPOGRIS2004/009186
di fluoride, tetrafluorosilane, fluorine nonoxide, and
borbh t rTié methde of Blainihe 2nmt hadeodin (thallrrtbmal\@al‘fﬁc& of any

The et redErent S8 for fatbpriite reaua BrabSundare bre-
| ocat i orireafediwithhaglagebusmixteres of Buasine ideheliven. 7. The

met{md ofhe hidthdd bf WaGhal ﬁ‘m‘hgfg E@Eiﬁ@;pt% %@eﬁgf A ﬁhzmg the

surface rrglr r%}ﬁ a msta
Sconsi st i IAKB ErRlRR to yRihe @HO el @qUI@O‘pﬁmﬂlsed for
gol d, i riramsporcéithe rehafivesbmpsindger, tin, 20 2
tit im or

d .
whefSi n ThéREted Pﬁsérméﬁﬁaﬂeﬁépq“pﬂém e Stei af poaimiziag or
met al alelinyinatih@engdichdomlurhe withinipng @asipghhémousedl for

i ckel I I I
[1'03ae< - reneitort FIRE ety BINGOURELT L o6 ot ai ni bes
1os|t e He metmoﬁdamdZ;J‘ﬂrtbelacmnprISmQrmlnnnizr@ or eliminating
t
e ot oy gyl e e o el g e
sur f ace TPACGHEYBPOUNEH the reactive conpound is
heatsed. 'Fl@mwc?&ﬂﬂélaﬁﬁ@@‘?ur‘?ﬁg{ é&ﬁ?ﬁé‘ihQQﬁlﬁﬁﬁ|2{rﬂgltheTHférnal

met hod of Ialml q\},h he T'nterna
surfaces rﬂfe@a?uvﬁﬁrwﬁ ?e?fe - equiamens peed for transport of
15r eact i vehe oepctivedcampoymick- treated with a gaseous
m xture of fluorine in helium 12. The nmethod of claim
1 further conprising the step of minimzing the 5
internal surface area to volune ratio of any equi pnent
used for transport of the reactive conmpound. 13. The
nmet hod of claim 1 further conprising the step of
mnimzing or elimnating any dead vol une w thin any
equi pnent used for transport of the reactive
conmpound. 10 14. The nethod of claim 12 further
conprising mnimzing or elimnating any dead vol une
wi thin any equi pment used for transport of the
reacti ve conpound. 15. The nethod of claim 13 further
conprising mnimzing the internal surface area to
volunme ratio of any equi pnment used for transport of
15 the reactive conpound. -11
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