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Techni cal Field The present inventb?gﬁé %gigﬁ to a process for producing
nitrogen trifluoride (hereinafter g 15 referred to as "NF3"),
conprising directly reacting fluorine gas (F2) with ammonia gas (NH3) in a

gaseous phase and $$§CP§J§§ g%rﬂq;]%g{%ﬁ t‘I‘lﬂFﬁ I%Cﬁ-‘tf‘b%.ed as a dry
etching gas or the 1T ; ; f

sem conduct or devices and, in g&HBrHEE THBRBPHcesses for produci ng NF3
are rajghly classified into chem cal processes and el ectrolytic
processes. Known exanpl es of chem cal processes include: 25 (1) a nethod
of bl owi ng F2 gasrase-Regegascente Repdssgdadpaiécan®eni um fluoride (see,
Japanese Exani nedy ;Ratepl 1Ruklbaat s08nNapp35:8026, #P1Ba55,8926)5 (2) a
met hod of reacting a _metal fluoride anmonium conplex In_a solid formwth
F2 gas (seeV:$apandsdl3d2pxshPaBdnPabeRELIPEOPPERERBR KB. 3BOV7E503, §

gP—B—60-715Q3B48qnd)(%x thEEﬂan fgdkéestlyhéegegbmgiERagas with NH3 gas
see, apanegse nexam n e I ¢all on . - ,
JP—AvbdZESS%§P;l§§téﬁ“tEg/3§heBgﬁag&ae%n%ﬁﬁtﬁggﬁﬁl@s gggﬁhepursuant

to 35 § 111(b).
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Technical Field
The present invention relates to a process for
producing nitrogen trifluoride (hereinafter it may be

15 referred to as "NF,"), comprising directly reacting
fluorine gas (F,) with ammonia gas (NH,) in a gaseous
phase and the use thereof.

Background Art
NF, is used as a dry etching gas or the like in, for

20 example, the production of semiconductor devices and, in
general, the processes for producing NF, are roughly
classified into chemical processes and electrolvtic
processes. ._

Known examples of chemical processes include:

25 (1) a method of blowing F, gas and NH, gas into
fused acidic ammonium fluoride (see, Japanese Examined
Patent Publication No. 55-89%26, JP-B-55-8926),

{2) a method of reacting a metal fluoride ammonium
complex in a solid form with F, gas (see, Japanese

30 Examined Patent Publication No. 60-~71303, JP-B-60-71503),
and

(3) a method of directly reacting F, gas with NH,
gas (see, Japanese Unexamined Patent Publication No. 2-
255513, JP-A-2-255513),

35 On the other hand, known examples of the
electrolytic process using fused acidic ammonium fluoride
as an electrolyte include:
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el ectrolytic process using fused acidic amonium fluoride as an
electrolyte include: 2 21 Cctober 2004 (4) a nethod of performng .

€l ectrolysis using graphite as an anod% and (5) a nethod of perform ng

3 glectrolysis using nickel as an anode. 571 n addition, Rujf oRiolR} 2082VeE
reported that, using the chem cal process of reacting 52 W th PHS I n aSW
aseous phase, N C%pHQQH%61 ugh otk ow as 5%
gr | ess (see, Z. NIaﬁor ) %ﬂ? em, = g% gg? ?fég%f) h%lgg Mor r ow et
al . have reﬁ%@ﬁ@&t@héﬁ NPB%&QﬁQk %Wﬂnhe3|zed simlarly in a gaseous phase
(see, J. Amer. Qam aSeuhddoSHREALAIAL) o1 BRURLIYs SN LG COnVent | onal

direct fluori,n tron process of synthesrzrng N he reaction

substrate udiHree gas used is very highly 15 reacti ve,
t her ef®re, expl osrnomddrlt(i@nr ORUTE 1Ry aQ.CC%@veb%%%%'ﬁeﬁh%h§l&bsh'é§ﬁ and F2
gas. Further t hes reactions. i ncur .generation of a |arge amdunt of

heat of redi Sﬁl%c c PERSE S & ERFE rézi Wit heHeddt v gageons
result, the p}naesled dIFsadaanbagepushasﬂeéﬁ¢a61®§ue§11u6‘t&@ ¢ tgcogmasitdpn of

t he roduct F3 .or to the generation f N2, HF or NH4F by the side
reacltol ons. '?g 58 met ho H'%Sg‘e A8 3—.—%@5%&—9—%@55—?&%“ &99roBP8min that
NF3 is proddd&d)usi nglEo,giorinows etto aaQ hamesrbﬁ&&dedﬂtNd& NFWhede the
react te 0;to_2 I.n eat _medi um
there?%re e 3%3%%q egaggﬂﬁl%&lﬁ- tnF? %ggﬁéasaﬁéaﬁﬁe ?8P|gabg9$¥y is |ow.
In the drreéﬁﬁﬂLuéﬂhnatﬁén #80Rod 196i00g .F2 gas, heat of reaction of about

M)llo kcal / mol i s ygeaeeat e n e L8,kLS
dlsplaggd g% ohe quoF?;eqnggﬁ% ggﬁvg?§QBﬂgﬁ ﬁh@eE@ f§p3§ guéoﬂg NF3 by

reacting F2PTRCESSNQF | SHBAhesH 21980 MFont 5N dHbw RS 336 K@@bkmvm i s

substrate u51ng F, gas, the F, gas used is very highly

15 reactive, therefore, explosion or corrosion may occur
between the substrate and F, gas. Furthermore, these
reactions incur generation of a large amount of heat of
reaction to increase the temperature in the reactor, as a
result, the yield disadvantageocusly decreases due to

20 decomposition of the product NF, or due to the generation
of N,, HF or NH,F by the side reactions. The method
described in JP-A-2-255513 has a problem in that NF, is
produced using F, gas in 3 to 20 times based on NH,,
where the reactor temperature is kept at 80 to 250°C

25 within a heat medium, therefore, the yield based on the
F, is low and the profitability is low.

In the direct fluorination method using F, gas, heat
of reaction of about -110 kcal/mol is generated when one
hydrogen in the substrate is displaced by one fluorine.

30 Therefore, in the case of producing NF, by reacting F,
with NH;, heat of reaction of about -330 kcal/mol is
generated upon displacement of hydrogen with fluorine and
this generation of heat readily causes breakage of the N-
F bond or explosion and moreover decreases the yield,

35 giving rise to problems in the production.

Disclosure of Invention

The present invention has been made under these
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gener ated upon di spl acenent of hydrogen with fluorine and this generation
of heat readily causes breakage of the N- F bond or expl osion and noreover
gfcreases the yield, 35 giving rise to groblens in the production.
~Disclosure of Invention The present invenfion has been megieoeisirr 206£se 3
21 Cctober 2004 circunstances and the object of the present |nvent|on S

Lo provide &ipcasesacter LS agMES Wel bugondesale! ¥pucatibel ooy and

profitability industrially in't rect l"uor Ion oduci ng
NF3 by reacFPn@r§V$d§u@s@ﬂ@F@SGNﬁgy @FPﬁupzngagFgAﬁlbhrgﬁmdtsaﬁemyuenS|ve

i nvesti gat i @FF ilQ e9@ V%nfdh%:ro%ll@é%‘lqei%?r IlheQSEE:QQ'l@gB nt @ggpgg&s(@f:

I nventors h%n f.ound that, in the proCess of produ reacting
F. gas with H@r&géthﬁeﬁeFWeréchFﬁﬁuFénﬁeNFQﬂﬁédr%ﬁcqnn%OQZor less in
t he prSasenCSubesta-adlel YN g Gﬁﬁh Nf?gacsa,n be produced with a high yield.
The present invention_has cconpl i shed based on this flndlnghaThus,

n
the present inveAti én ﬁF&JFd@% §X§F8§é¥§ FBVeSEFSBGéPHS KP3804Ke se of
the NF3 obt aibost-dascts beeis pridbadnish &nb)p&@séﬁa)1hebQWbrelhaAeproceSS for

d f.l d t fl th
Brmoni & gas ThES. Wateodd PREETORREPLPE PROPEL0E D 2 pHrah e At doc

or less in Eheg®$euehheNﬁg gl Witdmghgasea?® ioR) iEheeprfocessl ag descri bed

1), ab th t 50C or | 3) Th
orocel as. BREr PEOHPR t9) CBE PESSRBEOCSE ifes b LRRGIEbNCH FaR tns. of

£ f f
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process as scribed in any one o

| t 4
abosé,rahgfg'ﬁnfgﬁ% gl§§§daP&F@ﬂ LRmbhigd §48di8dked in portions.

Thus, the present invention provides a process for
producing NF,, and a use of the NF, obtained, as
15 described in (1) to (13) below.
(1) A process for producing nitrogen trifluoride,
comprising reacting fluorine gas with ammonia gas in a
gaseous phase, wherein the reaction is performed at 80°C
or less in the presence of a diluting gas.
20 (2) The process as described in (1) above, wherein

the reaction temperature is 50°C or less.

(3) The process as described in (1) or (2) above,
wherein the concentrations of fluorine gas and ammonia
gas fed are from 1:1 to 1:2 in terms of the molar ratio.

25 (4) The process as described in any one of (1) to
(3) above, wherein fluorine gas and/or ammonia gas is fed
in portions.

(5) The process as described in any one of (1) to
(4) above, wherein the concentration of fluorine gas fed

30 is 3 mol% or less.

(6) The process as described in any one of (1) to
(5) above, wherein the concentration of ammonia gas fed
is & mol% or less.

(7) The process as described in any one of (1) to

35 (6) above, wherein the diluting gas is at least one
selected from the group consisting of nitrogen, helium,
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(5) The process as described in any one of (1) to (4) above, wherein the
concentration of fluorine gas fed 30 is 3 nold or less. 35 selected from
he group consisting of nitrogen, heIiug] (6) The process as described in

ny one of (1)to (5) above, wherein the®concentration of &R 966Gf €d 1S

6 mol % or less. to (7) The process as described in any one of (1) (6)

above, wher g0 Nondkh i 0oBeRahs Bh! S28ks Aler dpado Rt Dot 2004 ar gon.

hexaf | uor oet hane and octafl uoropropane. (¢ [ Ss as described in
any one of (1) t&é8)(7Fhapbvecennersi despiilrd uin nnyasne sof etbpdtdy
circulation 75 £8dvdheyRELEEASLRE GESGEIREU1dd BDYrQREQfgl) to (8)

above, wherein a_step of treating unreacted fluorine gas 1s provided and,
in the stepCifRkeAELRA-fluorine gas is treated with an aqueous al kal

sol utison and/ or (ahunirRa. pré_@eééoésTH@S@fP&@&Si@SaﬁfSGﬁéb@ﬂ (1) (& above,
wherein th? 5re§tnent teg.ls perfornfd at 80C or 1ess. 11£ A nitrogen
trifluoride prod EYBCOWB?F Fg?t RESP NPt r HRAC 1Y 7 FEeSObE Bt DY t he
process desgriEbéd pnovadgdoardof ifilihéos€dy) @@@%@ﬁté& fﬂﬁﬁriﬁfﬂg&g?%g?s
conpri sing the.ni en:trifluori roduct descrjbed in above.
Acleaninggaggcggéégggngl%hegﬁi%ﬁ%ggﬁstgr¥$ﬁ%r?%£$?ﬁﬁﬁc?%%é%¥ibed in (11)
above..Thataﬂsminhe present invention provides "a process 20 for

D "9 0 {09700 [ EhkUBEbAEss CROPALELPHLLEAE T ) FLIGLL SR 11
amoni a gas in a gaseous ase, erern

"ﬁ) the treatment step is performed at 80°C or less.

{11) A nitrogen trifluoride product comprising the
nitrogen trifluoride obtained by the process described in
any one of (1) to (10) above.

15 (12) An etching gas comprising the nitrogen
trifluoride product described in (11) above.

(13) A cleaning gas comprising the nitrogen
trifluoride product described in (11) above.

That is, the present invention provides "a process

20 for producing nitrogen trifluoride, comprising reacting
fluorine gas with ammonia gas in a gaseous phase, wherein

the reaction is performed at 80°C or less in the presence

of a diluting gas”, "a nitrogen trifluoride product
comprising the nitrogen trifluoride obtained by the
25 production process described above”, and "an etching gas
and a cleaning gas each comprising the nitrogen |
trifluoride product described above".
Best Mode for Carrying Out the Invention
The present invention is described in detail below.
30 The present invention provides a process for
producing NF, by directly (non-catalytically) reacting F,
gas with NH, gas in a gaseous phase at 80°C or less in
the presence of a diluting gas, where the problems in
conventional direct fluorination reaction techniques can

35 be solved and NF, can be industrially produced with good
safety, efficiency and profitability.



the reaction is perfornmed at 80C or less in the presence of a diluting
gas", "a nitrogen trifluoride product conprising the nitrogen trifluoride
obt ai ned by the 25 production process dgscribed above", and "an etching
gas and a cl eaning gas each conprising”the nitrogen triii#ﬂhﬁﬁ?z@ﬁPdUCt
descri bed above". Best Mde for Carrying Qut the Inventi he present

I nvention is des%rlg%gckgﬁggtg%bv eleﬁl d§ eggefgggﬁgpgggﬁﬁ ﬁg#gg%provides

a process for producing fr&Ct | y"{non-ca ting F2
gas with NHZSiggs F,ngas ghsewons qmma‘alorisoﬁ dredesst meaciﬁne)rprmence of a

diluting gagaryheng 2%u§r09h@"§chm/m8?n%ﬁﬁg 8Ra! n gh%gﬁgus%Hoﬁ ati on

reaction techni"ques c sol ved and can rla y pr oduced
with good Sabétyaterfisciddseyagnd propreablpprines 21 Cbtober 2004 As

descrided above, rphendi agk fo'fUBE:bElﬁE:hHB fet fkgﬂ rédith §s' REURS
generation of heat of reaction as |argé as’ about -110 cél when one

hydrogen i nMhed38ubdt PaEt 75 %ﬁ%ﬁﬁ%&%&P@nﬁQﬂﬂ?leﬁﬁ|kﬁﬁléWQ¥|%%e case of

produci ng Ngeney atedconly by gas Wik 1aUl§|ﬁe§&SofahF§@b geh 59?10}1' gn of .
acenent o 0% rogen by

about -330 al/mol is ted.o e dis

f1 uori ne, Eéuﬁﬁénﬁdcgldtgﬁﬁ i&FE}etFﬁE?%3%8§elﬁn ﬁﬁseéaéasma en the
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pred nant | Kk [ e action as shown
el o by FSTSYPRBRIBINES PBrpfad b BRohBmRnR Rk R RIS PRAGH 4R, %500
N2 + 6HF (Feddiltdion) tos thecobdiesgliye reacsinecessahpwhobedawrby the side
eaction (FeiJdulada2) and selectively promote the objective reaction

(Fornula 1). As a result of extensive investigations to solve this
probl em the pred® + 3F, — NF, + 3NH,F (Formula 1)

2NH, + 3F, — N, + 6HF (Formula 2)

15 Accordingly, it is necessary to control the side
reaction (Formula 2) and selectively promote the
objective reaction (Formula 1). As a result of extensive
investigations to solve this problem, the present
inventors have found that there is a close relationship

20 between the reaction témperature and the side reaction.

If the reaction temperature is 80°C or more, for example,

110°C, the side reaction (Formula 2) predominantly

proceeds and only nitrogen and hydrogen fluoride are
produced but the objective NF, is scarcely produced.

25 When the reaction temperature is lowered to 80°C or less,

the objective reaction (Formula 1) selectively proceeds.
That is, the reaction temperature in the process of the

present invention is B80°C or less, preferably 50°C or

less. When the reaction system is further cooled, the
30 objective reaction (Formula 1) proceeds more selectively,
however, if the reaction temperature is too low, the
reaction rate is also excessively decreased and,
depending on the case, the diluting gas may be condensed.
Accordingly, the lower limit of the temperature may

35 suitably be -30°C.
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I nventors have found that there is a close relationship 20 between the
reaction tenperature and the side reaction. |If the reaction tenperature
is 80C or nore, for exanple, 110C, the_side reaction (Fornula 2)
ﬁredonlnantly proceeds and only nltrbg@n and hydrogen fb@p o

produced but the objective NF3 is scarcely produced. 25 en reactlon
tenperature is I r r Le he_objective.re | O Fornula 1)
sel ectively procee %HET%DS%:n ’t% ﬁé%%%% %ﬁ $£ﬁ%%i ?h?%ag% t%% process of
t he presenusnnqenﬁoUnexsmSDQ,oa fasket pspécembdy S0>DI syessm Mien the
oA n SYBkeptbTeliEhner nERghtng O] S0 OPLEL] X8, T ERAL LD (Formila 1)
proceeds nore Selectivel oweve Fet2att T 9h rature is too

| ow, the réééFFéﬁgrQFetgg atke Eiﬁebslv&¢§ tecreadex em@ dependi ng on
the case, t S y d Ac d wer |imt
e (%, BenplLutLag ggo By hcenniinsedey An0s i dily ile ove
cooling, a ﬁﬁ?ﬁﬁaoﬁflélPE@ﬁQFﬁthtﬁél@agatﬁélﬁ@ PreyeRkanpt£Se aih acket
system or atﬁglhoag§tggh§gyatggepreferred Dependi ng on the case, for
exanple, stirripg or the like ma render the 5 tenperature in
t he reactor unlfaﬁnPr?ﬁE FSrBEeﬁﬁéF Bhe f@%ﬁ i BAPELRFRFRr PR €% ni nat ed
to prevent aisiag doe tbehbaeabftEQEetabﬂyethénseaﬂEInéomﬂfeﬁﬂﬁlstﬁﬁ | ocal

t t f th t t of t th tart
ot bri ol & P30T 0% SaRT o CHotbI g (AT 46 oS Rnen the

...:

_concentrat|onacehEEeoﬁoasethegbofranethéghtﬂndmotne 9&an®p@ﬂﬁﬁt¢ﬂg arise

jfhn t he IocaF %gaﬁgag%u erlggogghthg lo§%§r£éﬁ ré?l §% egch may be

fed in one e concentrafi on ereo Se of
f eedi ng 15 Ftagasnanmamelslgésgasesheashamayngerrﬁeérual sné nlqmrwmms, f or

exanpl e, a aﬁbheenegneeaeaea EReg@8zand NG 03%n LREOUGe Bt i fSLalnyet for
feedlqg startlng mat eri al
F, gas and NH, gas as the starting materials in portions,

for example, a method of passing F, gas and NH, gas
through a first inlet for feeding starting material gas
and passing NH; gas through a second inlet for feeding
gas may be used. By feeding the gases in portions as

20 such, the reaction temperature can be more effectively
prevented from rising locally.

In the direct fluorination reaction using F, gas,
generation of a large amount of heat accompanies the
reaction as described above. For preventing this

25 generation of heat, a method of diluting F, gas with an
inert gas, a method of diluting NH, gas as the substrate
with an inert gas and the like may be used. The diluting
gas is preferably at least one inert gas selected from
the group consisting of nitrogen, helium, argon,

30 hexafluorcethane and octa-fluoropropane. In taking
account of the operation of separating and thereby

purifying the objective NF, (boiling point: ~120°C) from
the inert gas in the distillation process,
hexafluoroethane (boiling point: -78.1°C) and

35 octafluoropropane (boiling point: -36.7°C) each having a

high beoiling point as compared with NF, are advantageous



and passing NH3 gas through a second inlet for feeding gas may be used.
By feeding the gases in portions as 20 such, the reaction tenperature can
he nore effectively prevented fromrising locally. In the direct

fl uori nation reaction using F2 gas, (j'eﬂer‘at ion of a largg égﬁ]bg; 2% heat
acconpani es the reaction as described above. For preventing I'S
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selected from the gralaaanleskhad faledl 1hagen kil 21080y 3fe
hexaf | uor oet hane and octa-fl uoropropane. [n taking accQun of "t he
oper ati on of°Ts&9&Macitng.ands t ed eBy: Gas iifsyipFg ferabdly] ddtlinkedNma thboi | i ng

poi nt :5-120Q) fineinas"@hld $3%n Ankheddiceli 1habi @RePLRE8SSr. 1In
hexafluoroeggﬁpe (b0|I|?gap0|nt: --78.1C) and 35 octafl uoropropane
; GCFEH h¥g

(boi | i ng poiTi<ing3 OF FaFery raF:niRH PR | ¥ihg 986 ROts agénpared with
NF3 are advaiedgeesy’ dAlueeidoharh2Q04ilntingWgat theacesivekor separ ﬁtion-
ATONG  1E0C 2 cr AT OBAL® 15 I8 ALeetted iy ogci . the
preferably didodued wiFfthisSpaefietablpgrgasvenddtied wsdd asiced into the
br of cP 3l y S ECBE S S i FGR 10y REPYeRY: BhetMeoghaRherat S8R he
diluting gastisépdilattednf mepariae iopr gerhiod\Fayi sispadilgr bkl yseedcovEoed and
OE Y i S N e Fald B REOOCEL s o0 R R%,
case of usi iy lodiaf Gesoprtdisasdigstive Nl 4$i eytyacted hbrom) e iv@ NF3 i s
extracted frgmuhee diGRi1afathilRe dodldd 1Al 10N HOWe:i 135 42 thawehahl hRg
fractign an%mtafluorOPropane as the diluting gas is extracted from
the bottom of the distillation tower and used by
¢irculating it in the reaction system.

In practicing the reaction of the present invention,
the concentrations of both F, gas and NH, gas fed as the

20 starting materials are preferably in the range of 1:1 to
1:2 in terms of the molar ratio. Even in the case of
feeding the starting materials in portions, the ratio of
F, gas to NH, gas used in the whole reaction is
preferably within this range. If the molar ratio of NH,

25 gas to F, gas is more than two times, equipment or the
like for recovering unreacted ammonia gas is necessary
and this is not profitable, whereas if it is less than
one time, unreacted fluorine gas remains in a large
amount and this is disadvantageous from the point of view

30 of safety or profitability.

The concentration of F, gas fed is preferably 3 mol%
or less and the concentration of NH, gas fed is
preferably 6 mol% or less. Accordingly, the gas
composition fed at the reactor inlet preferably contains

35 9 mol% or less of the reaction substrate (F,+NH,) and 91
mol% or more of the diluting gas. As described above, in

the direct fluorination method using F, gas, F, gas used



15 octafl uoropropane as the diluting gas is extracted from the bottom of
the distillation tower and used by circulating it in the reaction system
_gn practicing the reaction of the presegt i nvention, the concentrations
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E?ﬁoﬁﬁﬂt?L“Hﬁﬁss¥a§§9g$ﬂeE%?sﬁgégiﬁg Bor FahE BErAEeof B nESpHbLEnt:
~invention i gasoapddéveniHf heaexin gxooniafs NHdgawant Mdre ges The present
“Dnventors hayecskudhed eRol BEaLeRge he GXD!95hNEnEODIILLORS LOL NHS gas
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15 concentration or” the liké in the distillation process and

must be removed to the utmost. Therefore, the process
for producing NF, of the present invention contains a
step of treating the unreacted F, gas. For removing F,
gas, a method of contacting the gas with an aqueous
20 alkali solution, for example,'an agqueous KOH solution or
| a method of removing F, gas by contacting it with alumina
is preferably used. The treating temperature is

preferably 80°C or less. If it exceeds 80°C, some of the

7 objective NF, may be disadvantageously decomposed.

25 In the process of producing NF, by the direct
fluorination reaction of F, gas and NH; gas, NH,F is
produced as by-product as described above (Formula 1).
Therefore, the reaction is preferably performed by
employing, for example, a system where two reactor units

30 are used and, by changing over the units, the by-product
NH,F is recovered and reused.

The NF, obtained by the production process of the
present invention can be used as an etching gas in an
etching step during production of a semiconductor device.

35 Also, NF, can be used as a cleaning gas in a cleaning
step during production of a semiconductor device. 1In
production of a semiconductor device such as an LSI and a



gas and/or NH3 gas in portions fromtwo or nore gas inlets into the
reactor, the gas concentration in the reactor can be controlled to be in
safe range. Unreacted F2 gas has a §aFe£y problemat the time of 15
oncentration or the like in the distillation process and; gig&belfgqenoved
to the utnost. Therefore, the process for producing NF3 of the present

ovent fon coatal a3.8- Sbenials bf RALENG:LCotnacasted E21ga8, FoR T emoVi ng

F2 gas, a met hod of contacti'ng the gas with an aqueous
sol ution, f8PUEkERPPE, SNARQUA &@nKQH sBeutibf, ortchingt hedpetfoemedi ng F.

gas by cont agt ifBgm b WikBuaku @aerhs p?@&%ﬁ@?ﬁn&ﬂraseﬁn gHe Egs%& S
tenperature i s preferabléys less. [f it exceéds

0C or
obj ective NESTn&P*Bendi &a éﬁtéééﬁungadEEbﬁbogéémfZSlﬁﬁn#ﬁé Eﬁocess of

produci ng Np2rigyriee dir eehovkl uahbaabsaagr aag&ss?esolfchamg%Eéad ohH3 gas,
ve ormul a

NHAF is prgﬁuced as béigroguc% as descri g )

Ther ef or e & rBREL YAis Opr & @réBPﬁrﬁéPForﬁealBya gnpheyitage-f or
exanp{ﬁ a Q%SBeﬂﬁWb8kéotwedrbacﬁfseunnhscaasafy dépdsaed chs%Ean%ng
over e uni Ry R s recovered and re e
obt ai ned by %t g Er%t? cP?oﬁg§%§8é85 * of ?ﬁeprﬁgggéﬁg Png8RE 8Ha&éﬁybe used
as an etchlﬁgl@asC&ﬂaadngemuhmngespepfdumedgoprodaasnon of a sem conduct or

devi cgy 35 Al'so, pNE3.¢RR1hG HggqgaﬁFadﬂ\f rk?en 3 O%%ng%ncéeezarl‘fyﬂo step

during production of a semcon tor? I on
,§0n1conduct6FYd@¢P@én§u§ﬁné§taQHESEuﬁhdaé plasmaob§¢h2094amﬁT after

rmng a thiigrbafeoktdhiRGCK ahll MFrbYe /e SRRUT atternr?dlg'ppt‘ﬁ'whon or

“the li ke, etching is perforned toforma.circuit er nor e,
an appar at ué® f8PTEoERENGUSNt BEnHEI | e NG Athi (& iR &% THEh 455

per f or med t @CILGMOY ea A N, qeiﬁa@m @@&@ ia@@CpEB 6&%@0%@ the inner wall of
t he ar at us, aThlg and the | . IS 1S ngd because unnecessary
depostis cause resent 1nventlon is fur her illustrated below
by referring to the Examples and Comparative Examples,
however, the present invention is not limited to these
examples.
Example 1

20 An Inconel 600-type reactor having an inside
diameter of about 40 mm¢ and a length of 500 mm (a
reactor of a jacket type using a refrigerant circulating
cooling system, the reactor being subjected to a
passivation treatment with F, gas at a temperature of

25 400°C), was used and the reactor was cocled to 5°C while

feeding argon gas at 29.58 Nl/hr (fed in equivalent from
each of the NH; feeding line and the F, feeding line).
Thereafter, NH, gas and F, gas were fed at 0.701 Nl/hr
and 0.526 Nl/hr, respectively, to perform the reaction.
30 The NH, concentration and the F, concentration at the
reactor inlet were 2.28 mol% and 1.71 mol%, respectively.
Two hours after the initiation of the reaction, the
concentrations of hydrogen fluoride and unreacted
fluorine gas. in the reaction product gas were measured
35 using an aqueous potassium iodide solution and the
composition was analyzed by gas chromatography. The



generation of particles. For producing a good quality film cleaning nust
be performed on occasion. 10 The etchi ng using NF3 may be perforned under
uXarious dry etching conditions such agvflasna etching and m crowave
~etching, and NF3 can be used by mixing it With an inert §p8.aiteh2664 He
N2 and Ar, or with a gas such as HC' 02 and H2, in an appropriate
proportions 3 t i-pv I.QN: LS her i St,t d_bel.ow by
referring t3n%%gggsaﬁéﬁg§gaﬁgacgﬁggﬁa%rvgggigngres?hghg%gégr??thg3present
i nvention i S%ndf Fi Rawhp 1WA g et &l &0 hearfilele, 20Nrh nersnel
600-type reagher ghavk-nggan inside dianeter of about 40 nmt and a | ength
of 500 mm (a reactor of a jacket tyEe using a refrigerant circul ating
cooling system the reactor being suBfBéeed to a . passivation treatnent

with F2 gas at JRCEERIA! Breqdlct28as000) An\éﬁ‘@{%ﬁﬁ‘mﬁ_&‘mﬁﬁ or was
cool ed to 5C whille_feeding argon gas af 29 58 hr Fed Ln. equi val ent
from each of th&¥NMEIREESINEy |ine and {8 F2 feeding |ine). Thereafter,
NH3 gas and F2 J@%rw%%QeHe@za[ O 70 N g 3am@r 026Nt fhrs—r-especti vel y,
to performthe feaction 30°The NH3 congentratjon and the F2 cohcentration
at the reactor |[Ndket were 2.28 nold and9212% WBI/8r respectively. Two
hours after the[g& tiatrTom of the Teactiggy, the-—concentrattonsy of
hydrogen fluoride_and unreacted fluorime gas in the reaction product gas
wer e asured 35 using an aqueous potassium i odide solution and the
.gconposition was gpakmpzedzby gas chromatography. The - 10 21 Cctober 2004
izénalysis val ues are shown in Table 1. _The yield of NF3 on an F2 basis was
about 69% in the& ¥§BFElORNBRd BRnaRalKEL S WRERt BEY forRefeunder the

same conditions and the same operation as in Example 1

except for using an Inconel 600-type reactor having an
10 inside diameter of 40 mm¢ and a length of 500 mm (a

reactor using a heating system by an electric heater; the
reactor was subjected to a passivation treatment with F,

gas at a temperature of 400°C) and changing the reaction

temperature to 70°C. The analysis results are shown in

15 Table 2. The yield of NF, on an F, basis was about 42%.
Table 2
Reaction Product Gas Analysis Results
Unreacted NH, ND
Unreacted F, 0.112 NL/hr
NF, 0.075 NL/hr )
HF 10.042 NL/hr

Comparative Example 1
A reaction and an analysis were performed under the
20 same conditions and the same operation as in Example 1
except for using the same reactor as in Example 2 and

changing the reaction temperature to 150°C. The analysis
results are shown in Table 3. It was seen that at a high
reaction temperature of 80°C or more, NF, was not

25 produced at all and only the reaction of Formula 2



5 Reaction Product GasAnalysis Results Unreacted NH3ND Unreacted F20.033
NL/ hr NF30. 121 NL/hr HFND Exanple 2 A reaction and an anal ysis were
performed under the sane conditions and the sane operation as in Exanple
1 except for using an Inconel 600-type teactor having amlBctobet 9604
di anmeter of 40 m¥ and a |ength of 500 nm (a reactor using a heating
system by a r%%%%ﬁ%ﬁc heater; the reactor was subjected to a passivation
t r eat ment gas at a tenperature of 400C) and changi ng the reaction
tenperature to 7OC The anal ysi s res@ﬁbéeaﬁe shown in 15 Table 2. The

yield of NF3 on | yduct
GasAnal ysi s ReSLIts ﬁ?ﬁ%é?é?%ﬁﬁgﬁ%'Un 'acté 50. T [ hr _NF30. 075 NL/ hr
HFO. 042 NL/ hr Cxﬁﬁéﬁﬁﬂbﬁﬁ Eﬁanple 1 Ared®ion and an anal ysis were

per fornmed under LUh:‘r T condirtions ' as in
Example | exce or u5|nq *the sanme reactor _as in Exanple 2 and changing
the reaction teng¥kature to 150C. The and@lysis results are showny in Table

3. It was seen tfgt—at—ahrgh—Teactionmtenps ‘iﬁﬁ;ﬂﬂ;4ﬁ¥3ﬂﬁLwﬁﬁre, NF3

was not 25 produced at all _and only the péggﬁig% of" Formula 2 - (11 -

proceeded. Table 3 21 Cctober 2004 Reaction Product GasAnalysis Results
Example 3

5 A reaction and an analysis were performed under the
same conditions and the same operation as in Example 1
except for using an Inconel 600-type reactor having an

\\Vj

inside diameter of 40 mm¢ and a length of 500 mm (a

reactor of jacket type using a refrigerant circulating

10 cooling system) and feeding NH, in a two-part system of
feeding the gas at two positions of the inlet part and
the central part of the reactor. The analysis results
are shown in Table 4. The yield of NF, on an F, basis
was about 76%.

15 Table 4
Reaction Product Gas Analysis Results
Unreacted NH, ND
Unreacted F, 0.011 NL/hr
NF, 0.133 NL/hr
HF ND

Comparative Example 2
A reaction and an analysis was performed under the
same conditions and the same operation as in Example 1
20 except for feeding NH, at 0.30 Nl/hr, F, gas at 1.05
Nl/hr and helium gas as a diluting gas at 36.7 Nl/hr.
The analysis results are shown in Table 5. It was seen
that when NH, gas was fed in a concentration of one times
in mol or less based on 1 mol of F, gas, unreacted F, gas
25 disadvantageously remained in a large amount.



Unreact ed NH3ND Unreacted F2ND NF3ND HFO. 701 NL/ hr Exanple 3 5 A reaction
and an analysis were perfornmed under the sane conditions and the sane
operation as in Exanple 1 except for using an Inconel 600-type reactor
Baving an inside dianeter of 40 nnn'ahﬁza'length of 500 ok tw;g or of
j acket type using a refrigerant circulating 10 cooling systen?’an eedi ng
NH3 in a two-part system of feeding tE gas at two positions of the inlet
part and the central part of the r ead g?. The anal ysis results are shown
in Tabl e 4. The |Reelct ioh NEddortakas? basnalyeds ®eeulltéb% 15 Jable 4
Reaction Productﬁfh%ﬁn“!”“i“ Results—Unfeacted—NHBND-Unreacted F20. 011

NL/ hr NF30. 133 NC rqﬁ%ﬁﬁ’ arative E) le 2 A reaction and an anal ysis
was performed underreaeeedsaye conditiong 0agdst e /a@me operationias in
Example 1 20 exegpt—For—feedi-rg—NEB3—at—10--30-NLhe,—F g t 1.05 N /hr
and hel i um gas aémg di luting gas at 36.VURPFﬁrNL7$He anal ysis results are
shown in Table 58t was seen that whefnNNH3 gas was Ted in a
concentration of—ere-tirmes—A—+rpl—or—ass—basedon-l—npl _of FE2/gas,
unreacted F2 gas 25 di sadvantageously renained in a |large anount. - 12
Table 5 21 Oct obepmpatrdtReacExkampProduct GasAnal ysis Results Unreacted
NH3ND

A reaction and an analysis was performed under the
5 same conditions and the same operation as in Example 1
~ except for feeding NH, gas at 1.58 Nl/hr, F, gas at
- 0.526 N1/hr and helium gas as a diluting gas at 36.7
Nl/hr. The analysis results are shown in Table 6. It

was seen that when NH, gas was fed in a concentration of

10 two times in mol based on 1 mol of F, gas, unreacted NH,
disadvantageously remained in a large amount.
Table 6
Reaction Product Gas Analysis Results
Unreacted NH, 0.867 NL/hr
Unreacted F, 0.010 NL/hr
NF, 0.119 NL/hr
HF | ND

Industrial Applicability
15 As described above, according to the present
invention, NF,, which was heretofore difficult to produce
with a high yield, can be produced with a good yield.
Furthermore, the NF, produced by the process of the
present invention can be used as an etching gas or a
20 cleaning gas.



Unreact ed F20.825 NL/ hr
reaction and an anal ysis was perfornmed under the
the sane operation as in Exanple 1
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in the presence of a diluting gas. 2. The process as clai ned
inclaimi, wier &g ppesence of a diluting gdas.
2. The process as claimed in claim 1, wherein the

10

15

20

25

30

reaction temperature is 50°c or less.

3. The process as claimed in claim 1 or 2, wherein

the concentrations of fluorine gas and ammonia gas fed

are from 1:1 to 1:2 in terms of the molar ratio.

4, The
to 3, wherein
portions.

5. The
to 4, wherein
mol% or less.

6. The
to 5, wherein
mol% or less.
7. The

to 6, wherein

process as claimed in any one of

fluorine gas and/or ammonia gas

process asg claimed in any one of

the concentration of fluorine ga

process as claimed in any one of

the concentration of ammonia gas

procesgs as claimed in any one of

the diluting gas is at least one

from the group consisting of nitrogen, helium,

hexafluoroethane and octafluoropropane.

claims 1

is fed in

claims 1

g fed is 3

claims 1
fed is 6

claims 1
selected

argon,

8. The process as claimed in any one of claims 1

to 7, wherein the diluting gas is reused by circulation.

9. The process as claimed in any one of claims 1

to 8, wherein a step of treating unreacted fluorine gas

ig provided and in the step, unreacted fluorine gas is

treated with an aqueous alkali solution and/or alumina.

10,

The process as claimed in claim 9, wherein the



reaction tenperature is 50c or less. 10 3. The process as clained in claim
1 or 2, wherein the concentrations of fluorine gas and anmoni a gas fed
are from1l:1 to 1:2 in ternms of the nolar ratio. 4. The process as clained
in any one of clains 1 to 3, wherein fluorine gas and/oryqa e 2006 1S
fed in 15 portions. 5. The process as clained in any one of clains 1 to
4, wherein the concentration of fluorine_gas fed is 3 nobs or |ess. 6.
The process as clained in any one of cratfs™1 20 to 5, wherein the
concentration of ammonia gas fed is 6 nold or less. 7. The process as
clainmed in anyreaemehtChkebpBid péefSrmaefeigy ddherdilleldlsi.ng gas is at |east
one selected fromthe group consisting of nitrogen, helium argon, 25
hexaf | uor oet hane aﬂé-ocgaﬂF é@%%ﬁ0%%%EQUQF1dﬁuPI§%@@éS§0@§ré5épﬁeﬁh¢n any
one of clains_k PRYY o Lns khe.di ' j Y Gl ation.
9. The pr ocessﬂjlét:gto %Iegli ﬁe Egﬁbgﬁégo%%%#ﬁéﬁg%ﬂsﬁfl ?gogﬁ%\ﬁgggepgbggg%ep of
treating unredssedibedoinnenyasne 30f i slaimpyildésd difd i n t he step, unreacted
fluorine_gas is t& ate%ﬂmﬁ%hhan aqueous_al.kal i E%JUtL n_and/ or al um na.
10. The Process as “¢l'ai tBd°FRtTAi f9, “WRr &S ne 211 6EP868r 2004 - 14
treatnent stepdiFiperfiaenpdolicB80desfrimss.inlklaAmiltir.ogen trifluoride
product conprising the _nitrogen trifluoride obtained by the production
process describediPn aftyCbRBIHRI I2F MOWPHIFING the RitRRIBAChi ng gas

conpri sing theMifhiegeRe Hrblhyerhde-PIuliGt ¢asahi Bad in claim 11, 13. A
cl eaning gas conprising the nitrogen trifluoride product described in
claim11.



