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25 Manufacturers of wafers and chips have been engaged in extensive and
continual efforts to improve on the.cleanliness of their fabrication facilities ("fabs")
including efforts to have manufacturing and process materials and gases of high
purity. Such efforts have been generally successful in the past, in that gases with
purities defined by contaminant levels in the parts per million (ppm) and even into

30  the parts per billion (ppb) ranges have been achieved. Generally improvements in
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developed to sufficiently reduce water and oxygen contamination in the
manufacturing process. Additionally, methods have been developed for the removal
of reaction products of the wafer with water and oxygen (e.g., silicon oxides) that
can form on the surface of the wafers. However, technologies have not developed
30 for the efficient removal of a number of airborne contaminants and their resulting

reaction products on wafers.
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comprising mass flow controllers 106, 108, 110, and 112 enables the precise dilution
of a gas standard 114 with a carrier gas 102 over a range of six orders of magnitude
30 (10%). Commonly available gas standards in the part per million range can be
effectively diluted to the part per trillion (ppt) range with system 100. The dilution
system 100 can be coupled to a gas chromatograph system 120 for the purposes of
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25  and the purified purge gas has an AMC concentration less than about 1 part per
billion (ppb) on a volume basis; producing a contaminated purge gas by transferring
a portion of the contaminants from the surface into the purified purge gas; and
removing the contaminated purge gas from the surface.
It is an object of the present invention to provide a method for the removal of
30  airborne molecular contaminants (AMCs) from surfaces, generally within a device.
In one embodiment, the method comprises introducing a purge gas containing

oxygen and preferably having an AMC concentration of less than 1 part per billion
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typically further
purified purge gas, producing a contaminated purge gas by transferring a portion of

the molecular contaminants from the surfaces into the purified purge gas, and
removing the purified purge gas from said device. The method typically further

30  comprises continuing the preceding steps until the contaminant concentration in the
contaminated purge gas is decreased to a desired level, preferably below about 1 ppb

contaminant on a volume basis, more preferably below about 100 ppt contaminant.



30 conprises continuing the preceding steps until the
contam nant concentration in the contam nated purge
gas is decreased to a desired |level, preferably bel ow
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FIG. 7 is a process block diagram of a second purging process according to

an embodiment of the present invention.
FIG. 8 is a process block diagram of a third purging process according to an
embodiment of the present invention.

25 FIG. 9 is a graph of hydrocarbon concentration versus time for two purge gas
mixtures exiting the wafer chamber of FIG. 5, with no wafer in the chamber,
according to an embodiment of the present invention.

FIG. 10 is a graph of hydrocarbon concentration versus time for two purge
gas mixtures exiting the wafer chamber of FIG. 5, with a silicon wafer in the

30  chamber, according to an embodiment of the present invention.

FIG. 11 is an expanded version of FIG. 10, showing the time span from 10

hrs to 25 hrs in greater detail, according to an embodiment of the present invention.
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FIG. 21 is a graph of the time required to reduce ortho-xylene levels to 10
ppt at various oxygen concentrations.
25 FIG. 22 is a schematic flow diagram for the wet gas purging experiment
described in Example 5.
FIG. 23 is a graph of ethylbenzene concentration versus time for four purge
gas mixtures exiting the wafer chamber of FIG. 5, the purge gases containing 20%
oxygen in nitrogen, 100% nitrogen, 0.5% water in nitrogen and 100 ppm water in
30  nitrogen.
FIG. 24 is a graph of combined ortho-xylene concentration versus time for

four purge gas mixtures exiting the wafer chamber of FIG. 5, the purge gases
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di's C{)rggtlec% o?%ﬁrg%g%}?ﬂ gomponents and gas delivery systems in fabs has been
common for many years. Purging and cleaning of equipment and substrates is also
required in a number of other fields including, but not limited to, microelectronics,
aerospace, optics for cleaning equipment such as LCD substrates, nanostructure

25  surfaces, wafers, reticles and optical assemblies. The disclosed methods are
generally applicable for use in these fields. Historically, highly purified nitrogen
and argon (less than 1 ppb oxygen, water vapor, CO, CO,, and hydrocarbons) have
been used as purge gases during the “dry down” of these components. The “dry
down” process has been so named because the main purpose of the purging with

30  nitrogen or argon was to remove adsorbed surface impurities such as water and

oxygen.
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25  and prevents readsorption. Nltrogen is less capable of such protective behavior
because it is less electronegative than oxygen, and the thin layer is very weakly
bound and less effective. In addition, N is lighter than O,; therefore, it has less of a
kinetic effect at the same velocity. This proposed mechanism is not a limitation of
the instant invention. |

30 In the instant invention, the effective concentration of oxygen can vary over

a wide range, as explained below. The nominal concentration of 17 to 21% oxygen,

corresponding to that found in ordinary air, is included in this effective
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30  gas optionally contains water vapor at 100 ppm to 2 volume %, preferably 100 ppm

to 0.5 volume %. The remainder of the mixture should be an inert gas chosen from

among the group of nitrogen, argon, the noble gases, carbon dioxide, and methane.
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FIG. 4 is a schematic flow diagram of a testing setup according to an
embodiment of the present invention. A double dilution system 100 as described
previously is utilized to create known hydrocarbon concentrations from gas standard
114. Concentration curves for other contaminants can be similarly established using

30  methods well known to those skilled in the art. Nitrogen, XCDA, or other oxygen
containing mixtures are fed to the carrier input 102. When producing a hydrocarbon

mixture to contaminate the surfaces of a test device, nitrogen is chosen at input 102,
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FIG. 6 is a process block diagram 1900 of a first purging process according
to an embodiment of the present invention. The process begins with step 1902,
wherein a purge gas mixture containing oxygen is purified. Moisture, when added,
30 is typically added to the oxygen containing gas mixture after purification with step
1928 by passage through a humidifying device 1930. Alternatively, the purge gas

contains moisture, but no oxygen. Moisture may be added by any method known to
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the purge gas is removed by purging with a dry gas including oxygen, nitrogen or other
inert gas to remove the water, which is incompatible with a number of high purity
applications. In another preferred optional step 1918, an oxygen containing purge
gas is removed by purging with nitrogen or another inert gas, if the device is to be

30  placed into service where oxygen is considered undesirable. These optional steps

1918 are preferably conducted while the device is heated. If the device was heated,



purge gas, creating a contam nated purge gas. Surfaces
contained within the device being purged may be
nmetal, netal oxides, intermetallics, silicon, silicon
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for the post-cleaning purge. If the device was heated, the device should be cooled in

step 2024 and returned to service in step 2028 via paths 2022 and 2026.
FIG. 8 is a process block diagram 2100 of a third purging process according
30  to an embodiment of the present invention. In step 2102, an inert gas is supplied.
The requirements for the inert gas are as described above. In step 2104, the inert gas

is purified via a process or processes well known to those skilled in the art. In step



Surfaces contained wthin the device being purged can
be netal, nmetal oxides, internetallics, silicon,
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EXAMPLE 1
The effectiveness of removing hydrocarbons from 316 stainless steel
30 electropolished surfaces with oxygen mixtures is demonstrated in this example. 316
stainless steel electropolished surfaces are widely used in UHP gas distribution

systems in mass flow controllers, pressure regulators, and interconnecting pipe and



purge gas, creating a contam nated purge gas. Surfaces
contained within the device 15 being purged may be
nmetal, netal oxides, intermetallics, silicon, silicon
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Preferably, the surfaces are- ébect ropol i shed
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t he wafer chanmber of FIG 5, with no wafer in %

25  defined as the wafer chamber volume divided by the purge flow rate t a time
constant of approximately two minutes, simple dilution would take under 20 minutes
to reach 10 ppt from an initial starting point of 60 ppb. The actual time for either the
XCDA or pure nitrogen to reach 10 ppt is considerably longer, indicating that
removal from the internal stainless steel surfaces is dominating the hydrocarbon

30 elution from the wafer chamber. Other tests have shown that once the hydrocarbons

are reduced to very low levels (10 ppt and below) by purified XCDA, subsequent



chanber, according to an enbodi nent of the present
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EXAMPLE 3
FIG. 12 is a graph 900 of meta- and para-xylene concentration 904 versus
time 902 for three purge gas mixtures exiting the wafer chamber of FIG. 5, with a
30 silicon wafer in the chamber, the purge gases containing 0%, 1%, and 20% oxygen,
according to an embodiment of the present invention. In this example, 1% oxygen

and 20% oxygen (in nitrogen) are compared to UHP nitrogen. The hydrocarbon



chanber and wafer are purged with purified XCDA. Ref
710 indicates the approxi mate point where feed of

ni trogen- hydrocarbon m xture was term nated. 15 Curves
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hydrocar bon concentration 1004 versus time 1002 f

25e deseribed in Example 1. Data representing the purge response of UHP nitrogen (ref
1106, curve 1116), 0.0001% oxygen (by volume) in nitrogen 1108, 0.01% oxygen
(by volume) in nitrogen 1110, 0.1% oxygen (by volume) in nitrogen 1112, and 1%
oxygen (by volume) in nitrogen (ref 1114, curve 1118) are plotted in graph 1100.
All the data fall between the 0% oxygen curve 1116 (UHP nitrogen) and the 1%

30  oxygen curve 1118, as might be expected. Purging effectiveness increases as

oxygen concentration increases within the ranges of oxygen concentration shown.

FIG. 15 is an expanded version of FIG. 14, showing the time span from 10 hrs to 24
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25  gases containing 100% nitrogen, 20% oxygen, 0.5% water and 100 ppm water
according to an embodiment of the present invention. The hydrocarbon-nitrogen
contamination mixture was 60 ppb total hydrocarbon concentration, as described in
Example 1. Data representing the purge response of ethylbenzene to UHP nitrogen
1606, 20% oxygen (by volume) in nitrogen 1608, 100 ppm water (by volume) in

30  nitrogen 1610 and 0.5% water (by volume) in nitrogen 1612 are plotted in graph
1600. Purging effectiveness increases as water concentration increases within the

ranges of water concentration shown.
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See FIGs. 26-28 which show dry-down times versus temperature or concentration.
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Table 2
Analysis of contaminants by Total Organic Contaminants (TOC) by
GC/FID

Time Compound % outgassing

<10 min <5 carbons 10-20%

10-16 min 6-10 carbons 0-5%

16-25 min 11-15 carbons 20-40%

>25 min > 15 carbons 50-80%
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It will be evident from the data of Table 3 that over all of the temperature

and time ranges, purges with nitrogen produced only limited and quite unacceptable

reductions of the hydrocarbon contamination of the valve. The subsequent purge

with the XCDA reduced the hydrocarbon contaminant level to much lower levels,

bettering the nitrogen purge lower limit by factors of 2-25. Further the XCDA

10

purges to the low levels occurred in very short times as compared to the time

required for the nitrogen purges to effect significant reductions. (The increases seen

for the first nitrogen purge at ambient temperature and the XCDA purge at 80°C

between 0 and 60 minutes are believed to be due to the time required for some

hydrocarbon contaminants within the elastomeric components to migrate to the

15

surface for purging. This is a physical phenomenon of the elastomeric materials of

the valve and not representative of the purge capabilities of the respective gases.)

The generally accepted protocol for UHP gas line validation requires

extensive purging with nitrogen followed by verification that the line is contaminant

free in a nitrogen purge environment. However, with all the valves XCDA
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The XCDA step at ambient temperature produced results similar to the

nitrogen purge. However, when Valve A2 was heated to 80°C under XCDA purge,

15

the hydrocarbon outgassing rate increased significantly and then dropped quickly to

below the limits of the detection equipment. Repeating the test in nitrogen showed

little improvement. When purging with nitrogen, UHP components produced a

continuous release of hydrocarbons. Actual peak values often did not occur until

long after the initiation of purging due to the slow migration of heavier

20

hydrocarbons through the piping system.

While this invention has been particularly shown and described with

references to preferred embodiments thereof, it will be understood by those skilled

in the art that various changes in form and details may be made therein without

25

departing from the scope of the invention encompassed by the appended claims.
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The method as in claim 2, wherein the method is repeated until the contaminant
concentration in the contaminated purge gas is below about 1 ppb AMC on a volume
basis.

The method as in claim 2, wherein the purified purge gas has a concentration of less
than about 100 parts per trillion (ppt) AMC on a volume basis.
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10.

11.

12.

13.

14.

15.

16.

produci ng a contam nated purge gas by transferring a
portion of the 25 contaminants fromthe surface into
the purified purge gas; and renoving the contam nated
purge gas fromthe surface. 3. The nethod as in claim
2, wherein the nmethod is repeated until the

contam nant 30 concentration_ in the contam nated purge
gas i s bel ow about 1 ppb AVZ&n a volunme basis. 4.
The nmethod as in claim2, wherein the purified purge
gas has a concentration of |ess 35 than about 100
parts per trillion (ppt) AMC on a volunme basis. -26-
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as.in claim said inert gas is selected

fr 8%3{ %en\ghed?lgaaé d\é\'@lce:er grimrfoses a space.

The method of claim 10, wherein the device encloses at least one silicon substrate.

The method of claim 2, wherein the surface is the interior surface of an ultrahigh

purity gas line component.

The method of claim 2, wherein the surface is the interior surface of a valve.

The method as in claim 2, further comprising purging the device with an inert gas

after removing said contaminated gas from said device.

The method as in claim 14, wherein said inert gas is selected from the group

consisting of nitrogen, argon, noble gases, methane and combinations thereof.

A method for the removal of airborne molecular contaminants (AMC) from a surface,
comprising:
purifying a purge gas to produce a purified purge gas, wherein the purge gas

comprises oxygen at a concentration between about 1% and 25% on a volume
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17.

18.

19.

20.

21.

22.

23.

24.

consi sting of nitrogen, argon, noble gases, nethane
and conbi nations thereof. 16. A nethod for the renoval
of airborne nol ecul ar contanmi nants (AMC) from a
surface, conprising: 40 purifying a purge gas to
produce a purified purge gas, wherein the purge gas
conpri ses oxygen at a concentration between about 1%
and 25% on a vol ume -27- bast’s and the purified purge
gas has an AMC concentration | ess than about 1 part

I
by e b e o ik 8 AMEESorRn iRt P i bt 1 part per
gabilion gppid woianglune bagigm nat ed pur ge gas by
surf ace e d AlBaH AR YireRet Sth IR ARG prid Save
cont am madmhqmccgﬁargmtse‘drmmg%%tm bwhrér&xﬁerﬂgdz ptoﬁ:g(r;mjlfjg??l
as
¢ ned e b e RS bR ROHIRY t %% S A ani nat ed

pur ge gasoviag lied mmtamlpptedcpmrgaa oasl frome tHeesurface. 18. The
met hod as in claim 16, wherein the purified purge gas
has a contam nant concentration of |ess than 10 parts

' b . _The.
PR AL AR, Ao e AR o A o
hasoraeotattoarin freentontandnated touee gas iDbelbwsispgbhana Lolppie basis.

AMC on a volune basis. 20 20. The nmethod as in claim
16, wherein the purified purge gas further conprises

wa ..Th od. as. claim?20. wherein the .
waT B8 meitfol 2 18 816 Ein e Butielntiia R Desripign
t ocaiventratRbdiyese dhamtd pdrist fee tiliong@pt) AMC 32 .a vbhenaeidind
as in claim16, wherein the surface conprises an
interior surface of a device wherein the device

en | n cI ai
V\hgbééiﬁ%ﬁloﬁe dfggﬁgﬁgnﬁhegglgghedpu f'ggé)t“r |a]S|ac?9r? Zrhinant
subwtcentration3h [€34 thah hppthdCloara dheme basival of airborne
nol ecul ar contam nants (AMC) from a surface,

conpri si ng:

The method as in claim 16, wherein the purified purge gas further comprises water.

The method as in claim 20, wherein the water comprises about 100 parts per million
(ppm) to about 2% by volume of the purge gas.

The method as in claim 16, wherein the surface comprises an interior surface of a

device wherein the device encloses a space.

The method as in claim 22, wherein the device encloses at least one silicon

substrate.

A method for the removal of airborne molecular contaminants (AMC) from a surface,
comprising:

purifying a purge gas to produce a purified purge gas, wherein the purge gas
comprises water and the purified purge gas has an AMC concentration less than
about 1 part per billion (ppb) on a volume basis;
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25.

26.
Y

27.

28.

29.

30.

31.

32.

33.

purifying a purge gas to produce a purified purge gas,
wherein the purge gas conprises water and the
purified purge gas has an AMC concentration | ess than
40 about 1 part per billion (ppb) on a vol une basis;
-28- contacting at |least a portion of a surface with
the purified purge gas; producing a contam nated
purge gas by transferring a%ﬁﬂtion of the
contaninants fromthe surface into the purified purge

gas; and nmovi,ng.the cont am ted fromthe

surfacec.Ont “ﬁ%é SR YOEPTESY HC%WaﬁH%%&ri%ﬁﬁBP@Waﬁhe

st eps a:r@dummeaad:c&ﬂiamlnbteld pﬂmgeigm teamisfertiig a portlog olf the

cong ntratl con nat. urge gas i s bel ow

Bt s W3 BeUfefe ki SRR Safa et hoa as

i n cl airem2ving Weeroditamihdted purdd gaedroputhgesugfase.has a

contam nant concentration of |ess than about 10 parts

per triIIion(ppt) AMC on a vol une basis. 15 27. The

in.clai the p

el efRe At TR 25 nstPR ae Srbofrefeented finf sp8 N Eminan

pptondbdiiirationdn thel comantinsted puf®. gashebeiew hbdutasppioch ablime basis.

24, wherein the water conprises 100 parts per mllion

(ppm 20 to 2% by volune of the purge gas. 29. The

B0 T o PR BB s A

me¢dnednteation of EsaittanZabout U0 phres peraninar bt AN bgian@lurhebasis.

device with an inert gas after renoving said

cont am nated gas from said devi ce. 30 31. The net hod
|nca|m wh sai as is select

£ DI Rl B el i) e PR o 0% e Cohiasminant

gam&enmtoha:ﬁmsawrchnczmiut n@pi AME drhevatarhe badbis32. The

met hod as in claim?24, wherein the, surface conprises

an interior surface of a device wherein the device

e ose od as describ in clai

oM e TR A St aE S alBh poraes Dl PPEBHon (o)

40029 BY valume of &% purge gas.

The method as in claim 28, wherein the water comprises 100 ppm to 0.5% by volume
of the purge gas.

The method as in claim 24, further comprising purging the device with an inert gas

after removing said contaminated gas from said device.

The method as in claim 30, wherein said inert gas is selected from the group

consisting of nitrogen, argon, noble gases, methane and combinations thereof.

The method as in claim 24, wherein the surface comprises an interior surface of a

device wherein the device encloses a space.

A method as described in claim 32, wherein the device encloses at least one silicon
substrate.



34. The nethod of claim 24, wherein the surface is the
interior surface of an ultrahigh purity gas |ine
conmponent. 5 35. The nethod of claim 24, wherein the
surface is the interior surface of a valve.

-29-

34.  The method of claim 24, wherein the surface is the interior surface of an ultrahigh

purity gas line component.

35. The method of claim 24, wherein the surface is the interior surface of a valve.



