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semiconductor fabrication equipment to remove the various deposrts that
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Perflucrinated chem[cals such as NF3 that are used in
semiconductor manufacturing app!rcattons are. more commonly referred to
s “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
can resut 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 to
particulates, metals, moisture, and other halocarbons in the plaéma
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product as tt passes over such a surface. Sampling of a container into a

second Contamer is difficult to-do without introducing some amount of

‘these “atmospheric” contaminants. Due to the sensitivity of the
- semiconductor manufacturing processes to these contaminants, it is not

uncommon {o see product speCiﬁcaﬁons for water, Oz, 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 NFz in semic:ori_ductor manufacture process equipment.
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30 In a first aspect, there is provided a method for reducing

(@]

degradation of a reactive compound during transport of such reactive
compound from a first location to a second location comprising |
electropolishing, prior to transport, at least some of the surface that
3,55 contacts the reactive compound during transport.
In a second aspect, there is provided a method for reducing
-degradation of a reactive compound during transport of such reactive
compound from a first location to a second location comprising minimiiing

the internal surface
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" 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 fiuorinated 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 (NF,), tungsten hexafluoride (WFsg), chlorine
trifluoride (CIF3), fluorine (Iy), chiorine monofluoride (CIF), dinitrogen
tetrafluoride (or tetraftuorohydrazine, NF ), dinitrogen difluoride (NoF2),
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. measurement device. Tge analytical measurement devices may include

on-line devices for monitoring of process materials, portable devices, or
stationary laboratory devices for final-product analysis against a giveh
product specification, as for generation of a certificate of'analysis fora
given product container. The analytical measurement devices may
~include but are not limited to moisture analyzers, gas chromatographs for
determination of “inerts” (air components suéh as No or Oy), or gas '
chromatographs for determination of other lmpunties such as NoF2 or
NzF4 in the case of NF;.
High quality smooth metal surfaces are required for the internal
surfaces of the present invention’ s tfransport equipment. The mechanical
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wo fphabgsnum silver, tin, titanium and zinc. THg/us2004009186
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effects both the contact time and the surface area that can degrade the

reactive compound.
By dead volume is meant those internal spaces within the transport
equipment where impurities may accumulate and become concentrated

~ relative fo 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.

Minimizing or eliminating dead volume is preferable in the design of
the transport equipment and can be accomplished partially by mmimlzmg
the number of changes in direction of flow -of the reactive compound.
Sharp angutar bends (changes in direction of flow of 90 degrees or more)
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m ni m zing waste of product, mnimzing contact tine
of the reactive conpound with the nmetal surface, and :
overal | equi prent di nmension which effects both t
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" mantle, wrapping the equipment with insulated heatlng tape, or applying

steam directly to the exterior of the transport equipment. For example,
tubing may be jacketed by larger inner diameter fubing, which is filled with -
water steam. - _

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

: ..



means. of renoving adsorbed inpurities or preventing
adsorption of inpurities. The tenperature to which
the internal surfaces of the transport 25 equi prment

womayyendieat ed shoul d be careful ly chosen depeadivR&ot/009186
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The data in Table 1 demonstrates the formati_o'n of 'undeéirabie

' impurities— in NF3 when such NF3 was exposed to the non-electropolished
surface during transport.



out put of the tubing for three different contact
times. The concentrations are listed as parts per
mllion by volume (ppm). TABLE I Concentration (ppm
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the r ound during transport. 2. A nethod
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| ocanieed! o HEREERE {GoRBTBR"Binar el Agetamian i ng

t he isecenddpcalionf eaapdsipg nioimizpiguire inErhal ofifseeyarea to

Compaunithe 486 of Ahy SHOREP st R FabEPEal Fisreartice

r eactGOMPAB¥pound during transport of such reactlve
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conpri si n el 1 m nating ead

wi t hitFf fﬁﬁgﬁeﬂfﬁ“g:ﬁlé EeEOTBPURG ﬁﬁ%érfFSUPC@W@ o2
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 eack e Seb TR GuTPRaR e G Sapsraiter i fpiveo

ni trmmpdund‘l uori de, tungsten hexafluoride, chlorine

411 Tlgoridesog bt %n‘nqegé&h %hg%éﬁg‘g{b Fea%%e%%mpound is a

dinitrogen tetra
ﬂuormated reactive gas selected from the group conSIstmg of

_ nitrogen trifluoride, tungsten hexafluoride, chlorine trifluoride,
fluorine, chiorine monofluoride, dinitrogen tetrafluoride, dinitrogen
difluoride, tetraﬂuoroeilane, fluorine monoxide, and boron trifiuoride.

5. The method of claim 4 wherein the reactive compound is nitrogen
trifluoride. - '
6. The method of claxms 1, 2 or 3 wherein the second Iocat:on isan

“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, cobalf, copper gold, iron, nickel, platinum, silver, tin,
titanium, and zine.
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®, jow and
high carbon steels and stainless steels.
9. The method of ¢laim 1 wherein the e!ectropohshed 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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difluokide, tetrafluorosil ane, fluorine npnoxide, and
boron trifluoride. 5. The nmethod of claim4 wherein
the reactive conpound is nitrogen trifluoride. 25 6.
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