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purifier with a safety device.

Modem semiconductor nianufacturing systems use ultrapure gases to produce high
density semiconductor devices. One way of providing such ultrapure gases is through the
uée of a getter-based gas purifier. This type of gas purifier typically includes a getter

10 column which has a vessel containing a bed of getter material. The getter material purifies

gas flowing therethrough by adsorbing irﬂpuxities from the gas.

Getter columns are hazardous because the getter material contained therein is highly
reactive with high concentrations of impurities. For example, in the event a high
concentration, e.g., a few percent depending on the gas flow réte, of an impurity, e.g.,

15  oxygen, is introduced into a getter column containing a_knowh zirconium-based getter
material, an exothermic reaction occurs the heat from which may cause melting of the
containment wall of the vessel. The containment wall, which is typically formed of stainless
steel, may melt at temperatures as low as about 1,000 °C because the getter material
contacting the containment wall reacts therewith and forms.a eutectic composition. If

20 melting of the containment wall results in the formation of a hole therein, then breach of

containment of the getter material occurs, which is potentially catastrophic

One known getter-based gas purifier for punfymg argon includes an alarm device for
protecting the getter column from breach of containment of the getter material. This alarm
device includes a thermocouple element located three inches below the top of the bed of

25 getter mateﬁal. Existing getter columns do not have a thermocouple at the bottom of the
bed. When a control unit coupled to the thermocouple element measures a temperature of
450 °C, which is 50 °C above the normal operating temperﬁture of this getter column, the
control unit actuates isolation valves which isolate the. getter column, i.e., shut off the flow
of gas into and out of the getter column. -Unfortuhately., the alarm device typically does not
30 stop the flow of high impurity gas into the getter column in time to prevent the getter
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concentration, e.g., a few percent depending on the gas flow rate, of an
inmpurity, e.g., 15 oxygen, is introduced into a getter- colum containi ng
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having such a safety device so that the fabrication facility in which such system is installed

is protected from damage which may result from catastrophic failure of a getter column.
10 _ SUMMARY _OF THE INVENTION

Broadly speaking, the present invention fills these needs by providing a getter-based

- gas purifier with a safety device which reﬁably protects against breach of containmént of the

getter material in the event high concentrations of impurities are introduced into a getter
column. The safety device rapidly detects the onset of an exothermic reaction which occurs

15 when excess impurities come into contact with getter material, protects a vessel in which the
getter material is disposed by inhibiting the formation of a eutectic composition between the

getter material and a containment wall of the vessel, and safely shuts down the getter column

before breach of the vessel.

In one aspect of the present invention, a semiconductor manufacturing system 1is

20 provided. The semiconducfor manufacturing systein'includes a getter-based gas puriﬁer
coupled in flow communication with a gas distribution network for a semiconductor
fabrication facility. The gas distribution network supplies purified gas to at least one wafer
processing chamber in the semiconductor fabrication facility. The gas purifier includes a

getter column having a metallic vessel with an inlet, an outlet, and a containment wall

25 extending between the inlet and the outlet. Getter material which purifies gas flowing
therethrough by sorbing impurities therefrom is disposed in the vessel. A first temperature

sensor is disposed in a top portion of the getter material. The first temperature sensor is

located in a predicted “melt zone” to detect rapidly the onset of an exothermic reaction

which indicates .the presence of excess impurities in the incoming gae to be purified. A

30 second temperature sensor is disposed in a bottom portion of the getter material. The second
2
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450 [err]C, which is 50 [err] C above.the nornmal operating tenperature of -
this getter wawbgsvoas t he control unit actuates isolation val vepcpoksedriozo
i solate the getter colum, i- ., shut off the flow of gas into and out of
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vessel . Ibmmnthe alarm devi ce does not reliably protect the getter colum
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5 point, nonmetallic liner disposed in the vessel such that at least some of the top portion of.
the getter material is separated from the containment wall of the_ vessel and a second high
melting point, nonmetallic liner disposed in the vessel such that at least some of the bottom
portion of the getter material is separated from the containment wall of the vessel. The first
and second high melting point, nonmetallic liners are preferably comprised of a ceramic

10 material, e.g., quartz, zirconia (Zr,0;), SiC, SiN, and ALO,.

-In another aspect of the present invention, a getter-based gas purifier is provided.
The getter-based gas purifier includes a getter column having a metallic vessel wit_h.an inlet,
an outlet, and a containment wall extending between the inlet and the outlet. The vessel has
getter material disposed therein. A first isolation valve and a vent valve are in flow
15 communication with the inlet of the veésel. A second isolation valve is in flow
communication with the outlet of the vessel. First and second temperature sensors are
disposed in the top and bottom portions, respectively, of the getter material. A control unit
is coupled to the first and second temperature sensors, the first and second isolation valves,
and the vent valve. The control unit measures temperatures sensed by the first and second
20 temperature sensors. When a temperature above a first alarm temperature is measured, the
control unit actuates the first and second isolation valves to isolate the getter column. When
a temperature above a second alarm temperature is measured, the control unit actuates the
vent valve to vent gas from the getter column. The vent valve permits the removal of
pressurized gaseous impurities causing the exothermic reaction from above the melt zone.
25 This process is facilitated by the préssurized purified gas (é.g. argon) contained by the
previously operating getter column which helps.purgé the gaseous impurities through the
vent valve. | .
In a preferred embodiment, the first isolation valve is in flow communication with a

source of feed gas to be purified, the second isolation valve is in flow communication with

30 an outlet for purified gas, and the gas purifier further includes a bypass valve in flow
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superpurifier conprising a neans for contacting an inpurity-containing

argon gas mhkﬂ ter material which is an alloy of zirconi um
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operating temperature of the getter column. Thé second alarm temperature is preferably at

least about 100 °C above the normal operating temperature of the getter column. The third
alarm temperature is preferably at least about 200 °C, and more preferably at least about 300

10 °C, above the normal operating temperature of the getter column.

In a further aspect of the present invention, a method of making an integrated circuit
device is provided. In this method a gas is purified in a getter-based gas puﬁﬁe£ with a
safety device to obtain a purified gas. The puﬁﬁed gas is supplied to at least one wafer
processing _chamber in a semiconductor fabrication facility. A semiconductor wafer is

15 processed in the at least one wafer processing chamber to obtain an integrated circuit device.

In a still further aspect of the present invention, a method of protecting a getter
column is provided. In this method a getter column having a metallic vessel with getter
material disposed therein is provided. A first temperature is measured in a.top portion of the
getter material. A second temperature is measured in a bottom portion of the getter material.

20 When either the first or second temperature reaches a first alarm temperature which is higher
than a normal operating temperature of the getter column, the getter column is isolated.
When either the first or second temperature reaches a second alarm temperature which is

higher than the first alarm temperature, the getter column is vented.

In a preferred embodiment, the first temperature is measured from just above 0 inch |
25 to just below 3 inches below a top surface of the getter material, with a preferred range being
from about O.IS inch to about 2.5 inches, and a more preferred range being from about 1 inch
to about 2 inches.. The second temperature is measufed from just above 0 inch to just below
3 inches above a bottom surface of the getter material, with a preferred range being from
about 0.5 inch to about 2.5 inches, and a mdre preferred range being from about 1 inch to

30 about 2 inches.
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the measurenment of electrical resistance,.and an apparatus for perform ng
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description in conjunction with the accompanying drawings, wherem like reference

numerals deéignate like structural elements, and in which:

Figure 1 shows a schematic diagram of a semiconductor manufacturing system

formed in accordance with one embodiment of the present invention.

10 Figure 2 shows a cross-sectional view of a getter column formed in accordance with

one embodiment of the present invention.

Figure 3 shows a cross-sectional view of the upper portion of the getter column

shown in Figure 1.

Figure 4 shows a cross-sectional view of the lower portion of the getter column

15 shown in Figure 1.

- Figure 5 illustrates a cross-sectional view of the structure of the upper portion of the
‘getter column shown in Figure 3 after high impurity gas has entered the getter column

through an inlet thereof.

Figure 6 illustrates a cross-sectional view of the structure of the lower portion of the
20 getter column shown in Figure 4 after high impurity gas has entered the getter column
through an outlet thereof. '

Figure 7is a schemati_c diagram of a getter-based gas purifier formed in accordance

with one embodiment of the presént invention.

Figure 8 is a flow diagram of a method of protecting a getter column of the present

25 invention.

Figure 9 is a flow diagram of a method of making an integrated circuit device of the

present invention.
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PCT/ US98/ 21030 event hi gh concentrations of inpurities are introduced into
a getter ere is also a need for a sem conductor manufacturing.
syst em whi CWE%P;EE&QS a getter-based gas purifier having suc %?8&1?1’%
device so that the fabrication faC| lity in which such system is install ed
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occurs 10 vﬁisﬁreek_é@gs pempEPnduCtor RasHACHNg Bsierh 4 formeh Inyatcoranke Fatl o)
protgcts Ghe et o?ilmenq o%ecgreg&? invention. Semiconductor manufacturing system 1 includes

getter-based gas purifier 2, which will be described in more detail later, for purifying a noble
gas, e.g., Ar and He, to an ultrapure level. Semiconductor fabrication facility 3 includes gas
distribufion network 4 for supplying gas to wafer processing chambers 5a, 5b, 5c, 5d, and
5e. Semiconductor fabrication facility 3 is maintained under appropriate cleanroom
10 conditions, as is known to those skilled in the art. " Gas distribution network 4 is in flow
communication with an outlet for puriﬁed gas of gas purifier 2 and sources of other gases
used in semiconductor manufacturing processes, €.g., N,, Oz, and H,. The purified gas from
gas purifier 2 is used to process semiconductor wafer W in one or more of wafer processing
chambers 5a, 5b, 5c, 5d, and 5e to obtain integreted circuit device D. The processes
15 conducted in wafer processing chambers 5a, 5b, 5¢, 5d, and 5e in which ultrapure Ar or He
may be used include, for example, chemical vapor deposition, physical vapor deposition,

and ion implantation. These processes are well known to those skilled in the art.

Figufe 2 shows getter column 10 formed in accordance with one embodiment of the
present invention. Getter column 10 includes vessel 12 having an inlet 14, an outlet 16, and

20 a containment wall 18 extending between inlet 14 and outlet 16. Vessel 12 preferably has a
generally cylindrical configuration and may be made from any suitable material having
sufficient strength and high tem_perature resistance, e.g., metallic materials. In a preferred

embodiment, vessel 12 is formed of stainless steel, e.g., 316 stainléss steel.

Liners 20 and 22 are disposed within vessel 12. Liners 20 and 22 have a

25 substantially cylindrical shape with an outer diameter that substantially coincides with an
inner diameter of vessel 12. Liner 20 is secured in an upper portion of vessel 12 by spring-

loaded clip 24 which frictionally engages containment wall 18. Those skilled in the art will
recognize that other techniques may be used to hold liner 20 in place, e.g., welded tabs or a

spring-loaded ring mounted in a groove formed in containment wall 18. Liner 22 is
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getter material is disposed by inhibiting the formation of a eutectic _
conposi tion the getter material and a contai nnent wal | _of -
vessel , andVJsig#% y shuts down the getter colunmm before breachP%Tm§%@%°3° .
vessel . In one aspect of the present invention, a sem conductor
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- sorbing inpurities therefromis disposed in the vessel. A first tenperature
sensor | §p8%¥d in a top portion of the getter material. The first
tenperature sensor is located in a predicted "nelt zone" to detect rapidly
the onset of dfetexbed?d id disposed within vessel 12 to facilitate gas purification. When gas to
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be purified flows through getter bed 30, the getter material forming bed 30 sorbs impurities
from the gas and thereby purifies the gas, as is known to those skilled in the art.

10 Commercially available getter mateﬁals appropriate for the gas being purified are suitable
for forming getter bed 30. The getter material forming getter bed 30 may be in the form of
pellets, ﬁills, powder, granules, or other suitable shape. By way of example, pr'efe_rréd getter
materials for purifying noble gases such as Ar and He are sold by SAES Getters S.p.A. of
Milan, Ttaly, under the trade designations St 707™ and St 101®. The St 707™ alloy has a

15 composition of 70 wt% Zr, 24.6 wt% V, and 5.4 wt% Fe. The St 101® alloy has a
composition of 84 wt% Zr and 16 wt% Al. |

Bed support 28 supports getter bed 30 within vessel 12.- Bed support 28 is preferably

a porous plate comprised of a metallic material, e.g., stainless steel. Bed support 28 may be

_ secured within vessel 12 by any suitable technique, e.g., welding. Those skilled in the art
20 will recognize that bed support 28 may also serve as a particulate filter if it is formed of a

_sintered material.

Barrier material 32 is disposed above bed support 28 and separates getter bed 30
from bed support 28. Barrier material 32 may be any suitable material capable of protecting
bed support 28 from substantial damage, as will be explained in more detail later. Preferred

25 barrier materials include, but are not limited to, metallic materials, e.g., stainless steel, and
ceramic materials, e.g., quartz, SiC, SiN, and Al,O,. The barrier material is preferably in the -
form of relatively small diameter particles having a substantially spherical shape, e.g., balls,
or an assortment of generally cylindrical and generally spherical shapes, e.g., shot. In a
preferred embodiment, barrier material 32 is'conipriéed of stainless steel shot having a

30 diameter of 0.125 inch to 0.25 inch.
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which indicates the presence of excess inpurities in the incomng gas to be
purified. A 25 second tenperature sensor is disposed in a bottom

portion of MA99§&848er material. The second tenperature sensoP GTUBRPR i n
the predicted nelt zone to detect rapidly the onset of an exot herm c

reaction whi chrdpiffialedsndoneds mcHiaredispusddtingettarted 36l ripniyrratiredensor §4t he
getter colum. In a preferred enbodinent, the getter columm further
i ncl udes is disposed i gjtompertionpfaptter bedh30rand tempREaLUIF |SERSOF i30cis disRgsed &y 2i n
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5 temperature sensors 34 and 36 are thermocouple elements. The use of fast-acting

thermocouple elements with a thin sheath is preferred for quicker response time. The
thermocouplé elements may be disposed in a single sheath or in separate sheaths. Those
skilled in the art will recognize that other temperature sensing devices, €.g., a platinum

resistance temperature device (RTD) or a thermistor, also may be used.

10 In operation, preheated gas to be purified enters getter column 10 through inlet 14.
The gas is preheated to a temperature in the range of from about 300 °C to about 400 °C by
a pre-heater (shown in Figure 7) which, in accordance with conventional pr'actic_e,h may be
integral with getter column 10. The gas then flows through getter bed 30, barrier material
32, and bed support 28. As the gas flows through getter bed 30, the getter material forming

15 bed 30 sﬁrbs impurities from the gas. The purified gas exits getter column 10 through outlet
16.

In the event gas which contains a high concentration of impurities, e.g., oxygen,
nitrogen, or oxygen-containing gases such as CO, CO,, and H,O, enters getter column 10, an
exothermic reaction occurs when the gas contacts the getter material forming getter bed 30.

20 Such high impurity gas may enter getter column 10 through either inlet 14 or outlet 16. For
example, high impurity gas may enter through inlet 14 if getter column 10 is inadvertently
connected to an improper source of gas. High impurity gas may enter through outlet 16 as-
the result of backfeeding which may occur if gas facility lines for, e.g., argon and nitrogen,
are cross-connected. .If high impurity gas enters through inlet 14, then liner 20 protects the

25 portion of containment wall 18 adj acent thereto from substantial damage during the
exothermic reaction by s;:parating the getter material from that pofﬁon of containment wall
18. If high impurity gas enters through outlet 16, then liner 22 protects the portion of
containment wall 18 adjacent méreto from substantial damage during the exothermic
reaction by separating' the getter material from that portion of containment wall 18. The

30 getter material is separated from containment wall 18 to prevent the getter material from
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portion of the getter nmaterial is separated fromthe containnment wall of -
the vessel . wbesfisgast and second hi gh melting point, nonnetal lpcrnbseseimsoar e
preferably conprised of a ceramc 5 material e.g., quartz, zirconia-
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first and cond 1 solation val ves, and the vent val ve. e control unit

measur es kegénibovest, émn&gdabmgtﬂies@pbﬁt%e&vjn destnetion.5 tenperature
sensors. Wien a tenperature above a first alarmtenperature i s neasured,

the Figure 3 shows the upper portion of getter column 10. The upper portion of getter

column 10 is configured to inhibit the formation of a eutectic composition between the
10 getter material and containment wall 18 and to detect rapidly the onset of an exothermic
reaction which indicates the presence of excess impurities in the incoming gas to be purified.
As. shown in Figure 3, liner 20 is disposed in vessel 12 such that one end extends a short
distance, e.g., about 0.25 inch to about 0.5 inch, above the top surface of gettei' bed 30 to
ensure that the getter material is separated from containment wall 18. The other end of liner
15 20 is embedded in getter bed 30. The length of l liner 20 is selected so that the liner covers a
melt zone, which will be described in more detail later, while being as short as possibie.
The length of the liner is kept as short as possible to avoid providing a path for the gas to be
purified which bypasses the getter material. The use of a relatively short liner also
minimizes any problems which may be caused by the difference in the coefficients of
20 thermal expansion for liner 20 and vessel 12. In a standard 5 inch diameter vessel, liner 20
preferably has a length of about 3 inches to about 5 inches and a thickness of about 0.125
inch. Thosé skilled in the art will recognize that these preferred dimensions are a function of

the geometry of the vessel and the gas flow rate.

As further shown in Figure 3, temperature sensor 34 is located at a point which is a

25 distance D, be_:ldw the top of getter bed 30. The point at which temperature sensor 34 is
located is selected to fall within a melt zone. As used in connection with the description of

the invention, the term “melt zone” means the region in which the maximum temperature
generated by the exothermic reactibn between an impurity and the getter material occurs the

fastest. It has been discovered that when high impurity gas enters getter column 10 through

30 inlet 14 the maximum temperature generated by the exothermic reaction occurs the fastest
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control unit actuates the first and second isolation valves to isolate the
getter col a tenperature above a second al arm t enper ] .
measur ed, the 9(?& Jrgol unit actuates the vent valve to vent ng?‘rﬁ%ﬁ#ﬁ% _
getter colum. The vent valve permts the renoval of pressurized gaseous
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an outlet for purified gas, and the gas purifier further includes a bypass
val \fe i nvirgbwgettemmategialt tooabont 215 irtchess furr aged (getttr entayiad  SFtunst Hhe melti zonef or
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third al %ﬂi&t@ﬂ&eﬁ?ﬁﬂgf%e'sﬁgﬁ%@ﬁw&g be(t,al&ge §PBE"Shuckl IgEis %18&%? of B8 incoming

gas. If the gas iniet provides for uniform distribution of the incoming gas, then the melt

" zone will normally be located in the center of the getter material. On the other hand, if the
10 gas inlet provides for nonuniform distribution of the incoming gas, e.g., an annular

distribution, then the melt zone may be offset from the center of the getter material.

Thbse skilled in the art will recognize that the location of the melt zone is a function
of certain parameters including the geometry of the getter column, e.g., the diametér and the
length of the vessel, the gas flow rate, the type of impurity, and the age of the getter

15 material. Depending on these parametérs, it is believed that the melt zone may occur from
just above 0 inch to about 6 inches below the top of getter bed 30. In a standard 5 inch
diameter vessel at a normal gas flow rate, temperature sensor 34 is preferably located from

7 just above 0 inch to just below 3 inches below the top surface of getter bed 30, with a more
preferred range being from about 0.5 inch to about 2.5 inches and a most preferred range

20 being from about 1 inch to about 2 inches.

Figure 4 shows the lower portion of gettér cdlumn 10. The lower portion of getter

.column 10 is configured to inhibit the formation of a eutectic composition between the

getter material and either containment wall 18 or bed suppori 28 and to detect rapidly the

onset of an exothermic reaction which indicates that excess impurities are being backfed into

25 getter column 10. As shown in Figure 4, liner 22 is disposed in vessel 12 such that one end
~ rests on bed support 28 and the other end is embedded in getter bed 30. The length and
thickness of liner 22 may be the samé as the length and thickness of liner 20, as discussed

above in connection with Figure 3.- "Barrier material 32 separates the getter material at the

bottom of getfer bed 30 from bed support 28. The thickness D, of barrier material 32 is

30  selected to protect bed support 28 from substantial damage by inhibiting the formation of a
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bypass val ve. The first alarmtenperature is preferably about 10

[err]C to alw)(%g, g [err]C, nore preferably about 40 C to abo A C,
and nost preferaf)s‘ay about 50 C, above a normal operating tenpgér:g{é’g?ge/ﬁoéd

getter colum. The second alarmtenperature is preferab%g/ at | east about
100 [err ]@tmw@mmemﬁarhﬁaw fbe getterymeterighprd bed sepport g@tthaérsuemeumtlc The

third.5 al %@Q&E&@é t ur ga ﬁ"égéﬁﬁf@?’?ﬁ%@% m%t abouf\mngg[ er r% an
nore pref EFHR _
tenper at uWignfts §t9& sﬂ@é ta%lcﬁﬁl%sb'@ of laBow 1 #ich M8¢ besPPahd &f bé BerRIcaS ﬁ:r'f)rotect

i nvention, a nethod of making ar integrated circuit device is provid In
this net Hﬂ!dsapmzs fropusubkiantalidammagget t er - based gas purifier with a

5 _ As further shown in Figure 4, temperature sensor 36 is located at a point which is a
distance D, above the bottom of getter bed 30. The point at which temperature sensor 36 is
located is also selected to fall within a melt zone, i.e., the region in which the maximum
temperature generated by the exothermic reaction between an ﬁnpuﬁty and the getter
material occurs the fastest. It has been discovered that when high impurity gas enters getter

10 column 10 through outlet 16, e.g., by backfeeding from a cross-connected gas facility line,
the maximum temperature generated by the exothermic reaction occurs the fastest above the
bottom surface of getter bed 30. It is believed that the maximum temperature oc_clirs above
the bottom surface of getter bed 30 because the exothermic reaction is not instantaneous and
because of the gas velocity of the incoming gés. In tests in which N, was backfed into a

15 standard 5 inch diameter vessel at a gas flow rate of greater than 20 m3/hr, the distance D,
has been found to be about 1.5 inches to about 2 inches. As discussed above in connection
with the description of Figure 3, the location of the melt zone depends on certain parameters
including the geometry of the getter column, e.g., the diameter and the length of the vessel,
the gas flow rate, and the type of impurity. Depending on these parameters, it is believed

20 that the melt zone may occur from just above 0 inch to about 6 inches above the bottom of
gefter bed 30. In a standard 5 inch diameter vessel, temperature sensor 36 is preferably
located from just above 0 inch to just below 3 inches above the bottom surface of getter bed
30, with a more preferred range being from about 0.5 inch to about 2.5 inches and a most

preferred range béing from about 1 inch to about 2 inches.

25 Figure S illustrates the structure of the upper portion of getter column 10 after high
impurity gas has entered getter column 10 through inlet 14. As can be seen in Figure 5, melt
zone A is formed below the top surface of getter bed 30. Melt zone A forms bécause 'the
heat from the exothermic reaction which occurs when the high impurity gas contacts the
getter material forming getter bed 30 initiates a melt process in the getter material. Liner 20

30 protects the portion of containment wall 18 adjacent thereto from substantial damage during

11
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safety device to obtain a purified gas. The purified gas is supplied to at
| east one waf er processi ng chanber in a sem conductor fabrication-
facility. A &?ﬁ”@ﬁﬁductor wafer is processed in the at |east KSTEUSRERLPO
processi ng chanber to obtain an integrated circuit device. In a still

further ahpgmelt ppdcesd) einpactivuldr, limer 20tseparatenmeltizonel Adtorn cohtairmen wallgst andr
colum is provided. In this nethod a getter colum having a netallic vessel

wi t h get ttherchyminhibitsl thelfeqmasion of lacqutactic icomppgitipn befwesn the olter gpidoranaedal; s

Tomoor o g cpatammBt il 1% Telbeebie soret o wf?-t‘vhiﬁn@%ldpgpdiﬁ% igure Sta.
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which is han a nor I ng tenperature of t e getter col um,
th tt I I t V\h t h

reaches & secdlEm SRR B AmiFaR, Al bR ipesriaptiot Sf affercRESHR DR Bt ©
tenperat ypg uflhhg?,@ﬁﬁst Biter Rbitith 16 M EE%ﬂgtOIG fer.%.mby backfeeding! oA d Bfbss-

enbodi nment rst”tenperature 1s asur ed ust above 0 Inch to

j ust . bel cwnﬁedtéu: atitityolinea Aoparsbe §enidn Figurd 6, melt izone Bedndl duddcticwndihzane

preferred range elng_1 ) .
C are formed at the bottom of getter bed 30. Eutectic melt zone C is formed between melt

zone B and barrier material 32 which in this preferred embodiment is shown as a layer of
10 stainless steel shot. Melt zone B forms because the heat from the exothermic reaction which
occurs when the high impurity gas contacts the getter material forming gettér bed 30
initiates a melt process in the getter material. Eutectic melt zone C forms when melt zone B
teacts with the stainless steel shot in contact therewith and forms a ferrous eutectic
composition which melts at the high temperatures (on the order of 1,000 °C) reached during
15 the exothermic reaction. Eutectic melt zone C does not advance completely through barrier
material 32, i.e., the layer of stainless steel shot, because the melting of additional stainless
steel beyond that in immediate contact with melt zone B has a dilution effect which
ultitnately stops the formation of the ferrous eutectic composition before bed support 28 is
reached. Thus, barrier material 32 protects bed support 28 from substantial damage by
20 preventing the getter material from reacting therewith and forming a ferrous eutectic
composition which may melt 2 hole therethrough. Liner 22 protects the portion of
containment wall 18 adjacent thereto from substantial damage tluring the melt process. In
pa_fticular, liner 22 separates melt zone B and melt zone C from containment wall 18 and
thereby inhibits the formation of a eutectic composition between either the molten getter
25 material or the molten eutectic composition and containment wall 18. Temperature sensor
36 is shown as a dotted line in Figure 6 to indicate that the sensor, e.g., thermocouple

element, has been destroyed in the melt process

Figure 7 is a schematic dlagram of getter-based gas purifier 2 formed in accordance
with one embodiment of the present invention. As shown therein, gas purifier 2 includes

30 getter column 10, control unit 38, isolation izalves 42 and 44, bypass valve 46,' and vent

12 '
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fromabout 0.5 inch to about 2.5 inches, and a nore preferred range being
from about 14 b J(} $ about 2 inches. The second t enper at ure | C{J}fﬁg ?0
fromjust above inch to just below 3 inches above a bottom strface of the
getter material, with a preferred range being from 25 about 0.5 inch to
about 2. SalvectfssGetteroadumnrld greferably bes tharcg@ 1gERtion sh‘vm #pBigure 1j dselation

b 2 h Th d f f h
ovent | o NS A2Eb A GRS Lrlve d5oAd SBRk TG AR FoPrgneny LRl Viles.
g%_sr/c Usgg}lgt%@%&ivﬁ%’ @Y i0g AOF YRR bh W Rlet to!?%eﬁ'éraéﬁﬂtﬂﬁﬁ 102e.g., inlet 14

shown in Figure 1, and a source 50 of feed gas to be purified. Isolation valve 44 is in flow
5 ‘communication with an outlet of getter column 10, e.g., outlet 16 shown in Figure 1, and an -
outlet 52 for purified gas which may be connected to a gas distribution network for, e.g., a
semiconductor fabrication facility. Bypass valve 46 is in flow communication with source
50 and outlet 52. Vent valve 48 is in flow communication with the inlet of getter column 10
énd vent 54 to a gas cabinet which may form part of the gas distribution network. Each of
10 isolation valves 42 and 44, bypass valve 46, and vent valve 48 is coupled to control unit 38.
Temperature sensors disposed in getter column 10, e.g., temperature sensors 34 and 36

shown in Figure 1, are also coupled to control unit 38.

Control unit 38 measures the temperatures sensed by the temperature sensors in

getter column 10 and actuates, e.g., by air actuation, isolation valves 42 and 44, bypass valve

15 46, and vent valve 48 when certain alarm teinperatmes are reached or when one of the
temperature sensors is destroyed. When the temperature sensor is a thermocouple element,

an open thermocouple indicates that the thermocouple element may have been destroyed.

Control unit 38 may be any electronic device capable of performing these functions, e.g.,
microprocessor, microcontroller, computer, or discrete logic, and may be coupled into the

20 existing control computer for the getter-based gas purifier.

Control unit 38 preferably has three alarm levels. At the first alarm level, which

occurs when a first alarm temperature is measured, confrol unit 38 actuates isolation valves

‘42 and 44 to isolate getter column 10, i.e., to close off both the inlet and outlet of getter
column 10, and opens bypass valve 46. At the second alarm level, which occurs when a

25 second alarm temperature is measured, control unit 38 actuates vent valve 48 to vent gas
from getter column 10. At the third alarm level, which occurs when a third alarm
temperature is reached, control unit 38 closes bypass valve 48. The first alarm temperature

is preferably about 10 °C to about 100 °C, more preferably about 40 °C to about 60 °C, and

most preferably about 50 °C, above a normal operating tempei'ature of getter column 10.

30 The first alarm level action shuts down the exothermic reaction (if present) by isolating
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BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention will be readi I y
under st ood dJr’ral ‘{qol | om ng detail ed description in conjunction vg%
acconpanyi ng A wherein |ike reference nuneral s desi gﬁ’gtT@J 2 5’30
structural elenents, and in which: 5 Figure 1 shows a schemati ¢
di agr am gétter cohnic pdidThe second alafra c¢mpératyresis prefarablyr atdehst abant 400 d&rabevea t h
one enbodi nent of the present invention, Fi gure 2 shows a cross-secti.aqnal

vi ew of &O’Q%Qlt %PSYEW}&WPW% of ngetter foRR el Qi t A meéﬁﬂff;jl%?ﬁseo? e
present 'g*nav egjgtatrgpgogg %ﬁﬁ‘cr?% t & &{o@fgur el%%l:t?cﬁxaﬂ e8 &aﬁ&er'dﬁ? felvel.

portion mn I n

Cross-seqht %@@dnd\/ hl8Mh qévell %nb@%ﬁts Rk tth RO telbdrg ﬁﬁﬁﬁ-xﬁés aﬁa Q%rét@@t“@etteﬁ
Figure 1. Figure 5 illustrates a cross-sectional view of the structure of
t he Suppecolanmt 1®fronf sthikcdural failure. Venting gas protects getter column 10 from structural

(

failure by reducing the internal pressure, which is on the order of 100-150 psig in normal

| operation, within getter column 10 to prevent unsafe structural conditions due to the high
temperatures (near 1000 °C) from the melted gétter. Venting will also, in the case of the

upper melt zone, flush out the impurities remaining in the inlet tubing with noble gas stored

10 below the melt zone in the getter column. The second alarm level action vents as much gas
as possible from getter column 10, e.g., down to about 0-5 psig. The third alarm
temperature is preferably at least about 200 °C, and more preferablj at least about 300 °C,

above a normal 'operat.ing temperature of getter column 10. A temperature increase of this

" magnitude is a reliable indicator that a substantial amount have excess impurities have been

15 introduced into getter column 10. The third alarm level action shuts off the supply of gas to
the gas distribution network for the semiconductor fabrication facility so that high impurity

gas is not used in the production of integrated circuit devices. The time response to the

alarm actions should be quick, e.g., within about 0.5 second to 1.5 seconds, because the
melting process can cause substantial damage in a matter of a few seconds. To reduce the

20 time response to the alarm actions, the use of an individual solenoid valve for each of

isolation valves 42 and 44, bypass valve 46, and vent valve 48 is preferred.

The normal operating temperature of a getter column in an argon gas purifier is about

400 °C. Accordingly, the first alarm temperature is preferably within a range of from about

410 °C to about 500 °C, more pref_erably within a range of from about 440 °C to about 460

25 °C, and most preferably about 450 °C. The second alarm temperature is preferably at least

about 500 °C. The third alarm tempefaturc is preferably at least about 600 °C, and more
preferably at least about 700 °C.

| The operation of getter-based gas purifier 2 may be summarized as follows. The gas
to be purified flows from source 50 through isolation valve 42, pre-heater 56, and into getter

30 column 10, which is heated by heater 58, through an inlet thereof, As the gas flows through

14 _
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getter columm shown in Figure 3 after high inpurity gas has entered the

getter colu through an inlet thereof. Figure 6 illusty -
© Cross- sectlgprll)g’%\?ld'esw of the structure of the | ower portion of“ﬁ@gﬁs@tl?@r.
col um shown in Figure 4 after high inpurity gas has entered the getter
col umm t tpetergivlamn d0; thetzetteranaterial thergir sortys impusitiss fronuthegadi Abe prmbied gas

etter-based Spl’lf rr formed i cor.da Wit h ne enb0|rrent of
the pr es @R Bt bl | Eihonsd 2 qutle: heresf oy ﬁgwaﬁbrspg%f%? Huhest SHeRANgER i ng

a getter fé‘ﬁohgclﬂﬁééﬁ PR B! érﬂXl%rﬁlt Ebﬂx‘t’i’dﬁ v‘%)nxlesmf‘ ahl Qg 29" @3}1831

nmet hod o an 1 ntegratet crrcul sent I hvéntl on.
unit 38 contmuously or intermittently measures temperatures sensed by the temperature

5 sensors in getter column 10 during the purification process. In the event control unit 38
measures a temperature at-or above a first alarm temperature, control unit 38 actuates
isolation valves 42 and 44 to isolate getter column 10. When getter column 10 is isolated,
the feed gas to be purified, which already has a high purity Ievei, flows directly from source
50 to outlet 52l_\-ria. bypasé valve 46.so that the gasl distribution network continues to be

10 supplied with gas. In the event control unit 38 measures a temperature at or above a second
alarm temperature, control unit 38 actuates vent valve 48 to vent gas from getter column 10.

When vent valve 48 is actuated, gas flows from .getter column 10 through manual valve 66,
particle filter 68, vent valve 48, check valve 70, and vent 54 to a gas cabinet- which may

form part of the gas distribution network. In the event control unit 38 measures a

| 15 temperature at or above a third alarm temperature, control unit 38 closes bypass valve 46 to
shut off the supply of gas to the gas distribution network. In addition to being configured to

carry out alarm actions when certain temperatures are measured, control unit 38 is preferably

further configured to provide “upscale” protection. In other words, in the event control unit

38 determines that a temperature sensor may have been destroyed, e.g., by detecting an open

20 thermocouple, control unit 38 assumes a maximurh temperature, e.g., the third alarm

temperature, has been reached and catries out the corresponding alarm actions.

Figure 8 is a flow diagram of a method of protecting a getter column in accordance
with the present invention. In step 100 a getter column having getter material disi)osed
therein is provided. Getter column 10 described herein is an example of a getter column

25 suitable for use in step 100. Those skilled in the art will recognize, however, that the
method of the present invention is not limited to getter columns having the features of getter
column 10. In step 102 a first temperature is measured in a top portion of the getter
material. The first temperature may be measured by a control unit which is coupled to a
temperature sensor disposed in the getter material as described above for getter column 10.

30  The first temperature is preferably measured from just above 0 inch to just below 3 inches

below the top of the getter material, with a prefened range being from about 0.5 inch to
- 15
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS The preferred enbodi nent s
of the pre ntion wll now be described in detail eto
HObeAYEN L . o PCh B

t he acconpanying draw ngs. Figure 1 shows sem conductor
system 1 forned in accordance with 5 one enbodi ment of t he present
i nvent i @houtSefrincbesi vod ermoenerpuéfaedirangg beipgtfeom abmﬁdl indl to geaut @ringkesedn gas
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fabri caimeaBurkdCiThet s¢cénd enipetabirdiis Eﬁhmadlgrma&nferdpﬁdmt jastcdboas roomrm 16 just
conditions, as is known to those skilled in the art. Gas distribution

netSnor k balows3 iinchies @hommﬁomt mﬁ)the \getier matedal math 4 prefenmed Yangel belag foim gas

fi 2
purifi eraboutaongi inch to about’ £ 5 inc er &8s more preferred range being from about 1 inch to

about 2 inches.

In step 106 the getter column is isolated when either the first temperature or the
second temperature reaches a first alarm temperature which is higher than.a normal
10 operating temperature of the getter column. The getter column may be isolated by actuating
isolation valves which prevent gas from ‘entering either the inlet or the outlet of the getter
column. As described above, isolating the getter purifier shuts down the exothermic
reaction which occurs when high impurity gas enters the getter column. The ﬁﬁt alarm
temperature is preferably about 10 °C to about 100 °C, more preferably about 40 °C to about
15 60 °C, and most preferably about 50 °C, above a normal operating temperature of the getter
column. In a preferred embodiment in which the gefter column is part of an argon gas
purifier, the normal operating temperature of the getter column is about 400 °C.
Accordingly, the first alarm temperature is preferably within a range of from about 410 °C to
é,beut 500 °C, more preferably within a range of from about 440 °C to ebout 460 °C, and

20 most preferably about 450 °C.

In step 108 the getter celumn is vented when either the first temperature or the
second temperature reaches a second alarm temperature which is higher than the first alarm
temperature. The getter column may be vented by actuating a vent valve which allows gas
to flow out of the getter column. As described above, venting the getter column relieves the

25 internal pressure therein, which is normally about 100-150 psig. This prevents such internal
pressure from forcing molten getter material against the containment wall of the getter
column and feacting therewith to _fotni' a eutectic composition. Venting also helps rid the

. getter column of excess impurities. The second alarm temperature is preferably at least

about 100 °C above a normal operating temperature of the getter column. Accordingly, in
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used in sem conductor manufacturing processes, e.g., Nerr], Jerr], and.
Herr]. The urified gas fromgas purifier 2 is used to process

sem conductWB M8 Win one or nore of wafer processi ng charﬁ%‘}’gsgggmz’gb
5¢c, 5d, and 5e to obtain integrated circuit device D. The processes 15
conduct ethei prefoireé rembodimen iin gvhitia fregested aplufiin 1sana,rt &fian argbnSgasi purifier.cthe
ultrapure Ar or He may be used include, for example, chem cal vapor
deposi ti smoncbnlysnéenp%tﬁmlsa’éqfer@bly adeastahout 300 [Gepl ant ati on. These
processes are well known to those skilled in the art. Figure 2 shows getter
cal um 10 f or Rizgré @ iaccfiow alizgrami dfha orethasntiboiakiegt anointdghateg circuit tdevice n

I nvention. Getter colum 10 jncludes_vessel 12 having _an.inlet 14,

out | et 1eccoaifmcw1th thg pressnbinveRiAn. W step 80Q@ 2 gasdf rﬁ’ﬁ-ﬂgé‘@ R @restisT- éese%zsaand

oSy BIFARE IR » S SeBhE e RaParkal PRty Péucrti Hefiip SOo Bt 00
hi gh teﬂg&feﬁtcar @9 li$ LARE SnpI8-oF-a gdRl-BhiddCodiiilifeR kitablld) f& ﬁeqﬁeywpe@bo

enbodi e vessel 12 is fornmed of stainless steel, e.g., 316 stainless
steel . LTheveskiledandh® artavill redognizechioweveh thatvhe setthaof the ipeesenPinventibnia
have a

not limited to getter-based gas purifiers having the features of getter-based gas purifier 2. In
step 202 the purified gas is supplied to at leasi one wafer processing chamber in, e.g., a
10 semiconductor fabrication facility. In step 204 the semiconductor wafer is processed in the
at least one wafer processing chamber to obtain an integrated circuit device. As discussed
above, processes in which ultrapure Ar or He may be used include, for example, chemical

vapor deposition, physical vapor depositien, and ion implantation.

The present invention will now be described with reference to specific examples. It
15 should be bome in mind that the examples given below are merely illustrative of particular
applications of the getter-based gas purifier and getter column of the present invention and

should in no way be construed to limit the usefulness of the invention in other applications.

Example 1

A Megatorr® gas purifier (commercially available from SAES Pure Gas, Inc. of San

20 " Luis Obispo, California) was used as a test bed. The getter column included a 5 inch
diameter vessel containing a bed of 4 kilograms of virgin St 707™ getter material, and was
provided with a quartz sleeve or liner near the predicted melt zone. More particularly, a
cylindrical quartz liner having a length of about 4 inches was disposed in the vessel so that

the top end thereof was about 0.5 inch above the top of the getter bed. A 1 inch layer of

25 0.125 inch diameter 316 stainless steel shot separated the bed of getter meterial from the bed
support. Three thezmocoupleé (TC1-TC3) Were-centrally disposed at 1 inch increments

below the top surface of the getter bed. A fourth thermocouple (TC4) was disposed 2 inches

below the top surface of the getter bed and. offset from the center of the vessel. A control

unit coupled to TCl1 and TC2 was conﬁgured to isolate the getter column when a
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25 substantially cylindrical shape with an outer dianeter that
substantially coincides with an inner dianeter of vessel 12. Liner 20 is
secured in WMOWH9EM8 portion of vessel 12 by spring- | oaded clAQX/ZsesLi3eh
frictionally engages containment wall 18. Those skilled in the art wll

recogni 2Gehhabnfl B?ﬁsba“d‘WaQL{ﬁ?as{ﬁ?i fnUPefl & okt 'th@geﬁ&%lgnﬂl #héh 2

e. . vveldec S Or a spring- rng. nounted 1'n a {roove

cont al NMaéhp &aﬂu}eaﬁsoommwasﬂaammedmomMported in a lower portion of
vessel 12 by bed support 28. Liners 20 and 22 may be nmade from any suitable

hi gh nmelting pg gﬁ?@ f e G iRh! w 1thg
and protecting c%t al nmnﬁ%ak?&t%ﬁoﬁ?d(ﬁ% HB@& r#og’amage Was a?édtB

expl ai ned0DPOYwae edlabliled! thtotph the celtsn26 ?ﬁnﬂ#ﬁ&neund Plind preshjry omidle-mf)om a

ceram c material such as quartz,
5 psig. The purifier was then switched into bypass mode in which the getter column was

isolated and the argon gas flow bypassed the getter column. At this point, the argon feed gas
was switched over to 100% nitrogen from a cylinder located upstream of the getter column.
The purifier was then switched back into purify mode and the pure nitrogen gas entered the

getter column through an inlet thereof.

10 About 5.6 seconds after the pure nitrogen gas entered the getter column, the control
unit measured a temperature of 450 °C from TC1 and iéolated the géttef column by actuating
isolation valves. The actuation of the isolatioﬁ valves prevented any additional nitrogen gas
from entering the getter column. About 6 seconds after the pure nitrogen gas entered the
getter column, the control unit measured a'temperature of 500 °C from TC2 and vented the

15 getter column by actuating a vent valve in flow communication with the inlet of the getter
column. The control unit measured a maximum temperature of over 1,100 °C from TC1
before it was destroyed approximately 9.2 seconds into the test. The control unit did not
measure a temperature above 450 °C from TC3 before it was destrdyed approximately 10
seconds into the test. The location of ’I_'C3 (3 inches below the top surface of the getter bed)

20 corresponds to the location of prior art thermocouples.

The getter column survived the introduction of the pure nitrogen gas without breach
of containment of the getter material. The getter material melted and formed a solid plug
located about 2 inches below the top surface of the getter bed. The quartz sleeve or liner

survived intact.

25 Ex ple 2

The procedure described above in Example 1 was repeated to introduce 100% bone
dry air, which contains about 20% oxygen, into the getter column. The equipment used was
the same as in Example 1 except for the location of the thermocouples. Two thermocouples

(TC1 and TC2) were centrally disposed at 1 inch increments below the top surface of the
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5 ~zirconia (ZrJerr]), SIC, SIN, and Al[err](Jerr]. In a preferred

enbodi nent, liners 20 and 22 are nmade fromquartz. Cetter bed_30 is -
di sposed wi WR Mol 12 to facilitate gas purification. WeRCHYSI¥ 03k
purified flows through getter bed 30, the getter material form ng bed 30

sorbs i ftert bed. f T@o diher gssmoadsurlése (BOY andr TO4% swérb ealgm dispased wt khdmeh t o
those skilled in the art. 10 Commercially avail able getter material s

appr opr i anerements balowyths topiswdagsnfithe sefterbed svare affset frun theeenterpifbe vessehed
30. The gett erial form ng.getter bed.30.may be in.the forma -
ool 1 et's, Spia 531 SR GhreR A aredulayal b o ipihed Tenklp ! sy ipthes wes
exanpl e, K | hof )1 F

ond e o PSR o the dRutcf o T ThS Rpor Ol ok Bt 0P Rl BB it 07 ol
designat igetter Séd. 7OH¢ esritfolamit Bupledtb FCY and €2Svas7 Eohiigutedytohiaslate thé getter -

conposition of 70 ww% Zr, 24.6 wt% V, and 5.4 wt % Fe. The St 10%&err
al | oy hasolumwivhsaiz tenpasatugofdif 7€ wissl mepsureds friam Bell apdpigovent 8¢ Eepplor t s

getter bed, 30, WD, Loyessel. oo B aRBRl ed o b o 7 201 Y

The air was injected into the getter column with a combination of a high pressure

cylinder, a regulator, and tubing. About 6 seconds after the air entered the getter column,

10 the control unit measured a temperature of 450 °C from TC1 and isolated the getter column

by actuating isolation valves. All thermocouples melted within 1 second of the getter

column being isolated. The control unit actuated the vent valve when TC2 was_d;.stroyed.

Although both TC1 and TC3 were located 1 inch below the top surface of the getter bed,

TC3 responded to the thermal event, i.e., the onset of the exothermic, reaction, about 2

15  seconds before TC1. It is believed that the difference in response time between TC1 and
TC3 was caused by the inlet filter which channeled the incoming gas to the outer radial

portion of the getter material and, consequently, the exothermic reaction started there.

The getter column survived the introduction of 100% bone dry air without breach of

containment of the getter material. As 1n Example 1, the getter material melted and formed

20 a solid plug located about 2 inches below the top surface of the getter bed. In addition,
tightly fused getter material was observed directly below the melted portion of the getter

material. The quartz liner protected the wall of the vessel from any substantial damage.

Example 3

Example 2 was repeated using a different vessel to determine the effect of aged

25 getter material. The vessel used in this éxample was the same as that used in Example 2
except for the location of the thermocouples. Five thermocouples (TC1-TCS) were disposed

at 1 inch increments below the iop ‘surface of the getter bed, with each thermocouple being

offset from the center of the vessel. The thermocouples were located in the outer radial
portion of the getter material for a quicker response in view of the channeling of the

-
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a porous plate conprised of a netallic material, e.g., stainless steel. Bed
support 28 _may be secured within vessel 12 by any suitable techni

wel di ng. T%Qé”b%ﬁled in the art 20 will recognize thatP‘BEHS&@d%rt 28
may al so serve as a particulate filter if it is formed of a sintered

mat er i al incd3ningl Ak chided@byathe Setl fltedtl The WAmadtDvas hett Sigppedtby2BChasd TC2
separates getter bed 30 from bed support 28. Barrier material 32 may be any
sui t abl easrimExanplesdapdid e of protecting bed support 28 from substanti al
damage, as will be explained in nore detail later. Preferred 25

barrier materTkd getiehedatetial waptaged By figéctingr 507250 blend BE 15 ahid ©O,Natocthe getier
e.g., stainless steel, and ceram c materials, e.g., quartz, SIiC, SiN and

Al [ er r | Glodumi at Tigas ﬂarrm@rofrﬁﬁ)tmrﬂl@ur i;]gleme@ﬁell’nlawhyl r]vns bmplsﬂb ﬁmamfamoumanﬂ vel y
bl b, oW i Qs BameHes cuBalsah B B0 Yoty Ph semiee B RSeEh 8 SYal Pt 2t it
shapes, GfljopBi); s e ?g“g‘e‘%‘?ﬂﬁﬁ‘?&ﬁ‘}eﬁe T %‘r‘é “13’”%?2’??5413% o ke,

0. 25 i ncdetter column.

* About 18 seconds after the air entered the getter column, all of the thermocouples
melted which triggered the alarm actions. Upon inspection, the getter material was heavily
10 oxidized and had fused together in a large clump, but not as a solid plug. The getter material

was frégile and could be broken apart with a screwdriver.

The getter column survived the introduction of 100% bone dry air without breach of
containment of the éged getter material. Although the quartz liner shattered, the vessel
integrity was good and there were 1o signs of structural failure. The shattering of the quartz

15 liner may have been caused by the thermal loading or the process of extracting the getter

material from the vessel.

Example 4

The procedure described above in Example 1 was modified to introduce 100%

nitrogen into the bottom of the getter column through an outlet thereof. The equipment used

20 was the same as in Example 1 except that the location of the nitrogen gas facility was
~ changed and a different vessel was used. The location of the nitrogen gas facility was
moved from upstream of the geﬁer column to downstream of the getter column. The vessel

was again the same as the vessel used in Example 1 except for the location of the
thermocouples and the amount of the stainless steel shot used. Four thermocouples (TC1-

25 TC4) were disposed at 0.5 inch incréménts above the bottom surface of the getter bed and
o .the underlying layer of stainless steel shot. The tﬁermocouples were arranged so that TC1
was 2 inches above the bottom surface of the getter bed and TC4 was 0.5 inch above the

bottom surface of the getter bed. TC4 was the trigger for the isolation alarm action and TC3

was the trigger for the vent alarm action. The cylindrical quartz liner having a length of 4

heet Has Been Replaced 20
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8 Tenperature sensors 34 and 36 are disposed in getter bed 30. : -

Tenper at ur ewaeowPo4834 i s di sposed in a top portion of getter pefy3kAnsh
tenperature sensor 36 is disposed in a bottom portion of getter bed 30. -

of Wb ch TaFkGe S sk B the, Yroith S Lt Potdin GRE ieteor Wt pahit 0 BB BRI Ben:
5 t engL ﬁ%ﬁ&ﬁ Sﬁﬁg&o‘fﬁhgéeﬁge&q"%%@?f]??%ﬁgbﬁ el enents. The use of

fast-acting ernmocoupl e erenents w t ath is preferred for
O K e POn ol 5 Hheh R YO BB A Rt s h30RHE i e
P B S LB S ISR AC i GaSypich A g
5 actions. TC4 located 2 inches above the bottom surface of the getter bed had the quickest
response time to the thermal event. The control unit measured a rapid rise in temperature to
over 1,300 °C for TC4 starting approximately 4 seconds after the pure nitrogen gas entered
through the outlet of the getter column. Thus, TC4 indicated the thermal event about 6.5
seconds before the thermocouple melted. It is believed that the maximum temperature
10 occurred the fastest at a distance 2 inches above the bottom surface of the getter bed because

the cold gas eﬁteﬁng though the outlet quenched the exothermic reaction closer to the

bottom surface of the getter bed.

The getter column survived the introduction of 100% nitrogen through the outlet

thereof without breach of containment of the getter material. Upon inspection of the vessel,

15 all of the gefter material had formed a solid plug of melted getter material. Below the solid
plug, a layer of fused stainless steel shot having a thickness of 0.25 to 0.375 inch was
observed. Thus, the layer of stainless steel shot effectively protected the bed support from
substantial damage. The quartz liner protected the wall of the vessel from any substantial

damage.

20 The getter-based gas purifier of the present invention has been described herein in
connection with the purification of noble gases such as Ar and He (see, e.g., Figure 1). Itis
believed that the getter-based gas purifier of the present invention also may be applicable to

the purification of other gases, e.g., H, and N,,.

- While this invention has been described in terms of several preferred embodiments,

25 there are alterations, permutations, and equivalents which fall within the scope of this
invention. If should also be noted that there are many ways of implementing the
semiconductor manufacturing system, getter-based gas purifier, getter column, and methods

of the present invention. It is therefore in'teﬁded. that the following claims be interpreted as
including all such alterations, permutations, and equivalents as fall within the true spirit and

30 scope of the present invention.
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10 In operation preheated gas to be purified enters getter
colum 10 throu inlet 14. The gas is preheated to a tenperature in the
range of fr¥/MY ¥ 300 [err]C to about 400 [err]C by a pre- REBUEPSZ18Hown
in Figure 7) which, in accordance with conventional practice, nay be

I nt egral Wv,dtlasgg,t,,;egr,scol um 10. The gas then flows through—getter—bed—36;
barrier material 32, and bed support 28. As the gas flows

bed 30, the getter material form ng g Apm®ed 30 sorbs mpW[l!“ﬁl’“‘“}!“ﬂ‘“““
gas. The purified gas exits getter c 0 through outle c Ilntmes *
event gas which con a| ns a, high co%g ntr atlon of 1| urltles e.g., oxygen,
nitrogen, or odxygen? h’g Eﬁip and' Herr]O
enters getter columm 10 an exothermc reactlon occurs vvhen t he gas

contacts the g Et@fbié@& @hﬂ&&s&mwﬁﬁﬂaﬁeoﬂaﬂﬁni%o@%ma gad\dsribiitih

|npur|ty gas na enter er colum 10 through either inlet 14 or outlet

r I ter
col dim 150K R %%%ﬁ% o AN S Bt slfplOB O
mpurity ga%eé@%’s t%r;tt rastt or}{e%la er p%léelsse&lg 11615a13§er in said sen‘uconductor fabrication facility,

wherein said gas purifier comprises:

a getter column having a metallic vessel with an inlet, an outlet, and a containment wall

extending between said inlet and said outlet;
10 getter material disposed in said vessel;

a first temperature sensor disposed in a top portion of said getter material, said first

temperature sensor being located in a melt zone; and

a second temperature sensor disposed in a bottom portion of said getter material; said

second temperature being located in a melt zone.

15
2. The system of claim 1, wherein thé getter column further includes a first high
melting point, nonmetallic liner disposed in the vessel such that at least some of the top portion
of the getter material is separated from the containment §va11 of the Qessel and a second high
melting point, nonmetallic liner disposed in the vessel such that at least some of the bottom
20 portion of the getter material is separated from the containment wall of the vessel.

3. The system of claim 2, wherein the first and second high melting point,

nonmetallic liners are comprised of a ceramic material.
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the result of backfeeding which may occur if gas facility lines for, e.g.,
argon and %b@?ﬁmé are cross-conhnected. |f highinpurity gapcgiisdsSsieso

t hrough i nl et then Iiner .20, l, ﬁuﬂumﬂﬁlﬂ , __portion of contai nment’
wal | 18 adjacent thereto from st ! during the exothermc
reaction by separating the getter materi al Y orh t hat portion of containnent

wal | 18. If high inpurity gas enters through outlet 16, then_ liner 22
protects the pgorti Ghespstemmfslaindywherein thedirsidind seenndttigh melingnot,
substanti al danmage during the exotherm c reaction by separating the getter

mat er i al phimastatiftdineRnirt compfifedosti materiainelesrl|frohd thefrouBonsisting of teartz,
material is separated fromcontainnment wall 18 to prevent the getter

mat eri al r [ rewith to forma ferrous eutectic
CQITpOSitIz%I{:I \Aﬁzerﬁogb%t@gls%ﬂrjr’egarﬂhhﬁéﬁ' 18 is.

5 _
5. The system of claim 1, wherein the getter column further includes:

a porous support member disposed in the vessel, said support member supporting the

getter material; and

a barrier material disposed on said support member; said barrier material separating the

10 getter material from the support member.

6. 'The system of claim 5, wherein the support member is a plate comprised of

stainless steel and the barrier material is comprised of stainless steel shot.

15 1. The system of claim 1, wherein the gas puﬁﬁef further includes a control unit
coupled to the first and second temperature sensors for measuring temperatures sensed by the
first and second temperature sensors, said control unit actuating at least one isolafion valve to
isolate the gétter column when a first alarm temperature is measured and actuating a vent valve

to vent gas from the getter column when a second alarm temperature is measured.
20

8. The system of claim 1, wherein the first and second temperature sensors are

thermocouple eleme‘.‘ts- This Sheet Has Been Replaced -
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formed of a ferrous materal—such-as,. for exanple, stainless steel). The
formation o@vré%i{s eut ecticmo_ osition should be prevented because suc
i um

conposi tion 1204% the h mm"&uli!ﬁﬂ*l( gn t hecgaggaug:ﬂ ll"?é'fﬁ?@itﬁg)e

reached during the exother
catastrophic failure by nelting a hole in containnent wall 18. The purpose
of the barrier material 32 is to buffer the stainless steel support 28 from

the melt zone grea ghewgontuctéiBiaiPictemyd f@te)RofmpEBiAE! 28 from
destruction. Figure 3 shows the upper portion of getter columm 10. The

upper portion of getter colum 10 is configured to inhibit the formation of
a eutectic conpgatter-besedigas parifierdogpled in flowgemmeynication with a gasidistohudem ment
wal |l 18 and to detect rapidly the onset of an exotherm c reaction which

i ndi cat espererkiTors esarconductordatrication fcility eaid gastdieributivametgotestipplyinze
purified. As shown in Figure 3, liner 20 is disposed in vessel 12 such that

one gnd 33%‘12%%?&?%&&%&% Gﬁéﬁﬂ%?ﬁxggﬁsgrg’ chakgkyt in@ai%%e{rﬁ%ﬁﬁ&oﬁmﬁka&n@a&iﬁ%{] ,

above th ace of getter to ensure that the getter materi a

S separatﬁd .fI‘OJR cont a'i.nrrent wal | 18. The other end of I|iner
wherein said gas purlier comprises:

a getter column having a metallic vessel with an inlet, an outlet, and a containment wall

extending between said inlet and said outlet;
getter material disposed in said vessel;

10 a first high melting point, nonmetallic liner disposed in said vessel such that a top

portion of said getter material is separated from said containment wall of said vessel;

a first temperature sensor disposed in said top portion of said getter material, said first
temperature sensor being located a distance below a top surface of said getter material, said

distance being from just above 0 inch to about 6 inches;

15 - a second high melting point, nonmetallic liner disposed in said vessel such that a
- bottom portion of said getter material is separated from said containment wall of said vessel;

and

a second temperature sensor disposed in said bottom portion of said getter material, said
second temperature sensor being located a distance above a bottom surface of said getter

20 material, said distance being from just above 0 inch to about 6 inches.

10.  The system of claim 9, wherein the first temperature sensor is located about 0.5

inch to about 2.5 inches below the top surface of the getter material and the second temperature

24
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15 20 i s enbedded in getter bed 30. The length of liner 20 is selected

so that thevyédogjoegPVers a nelt zone, which will be describedp mﬁ?f{'ﬁ -
detail later, Whli| e being as short as possible. The | ength of P{:ﬁe |ng3F0 S

kept as sfigkdr idfocRRaabBhte.4 hcBYOabbuR 23VindhddGbavetkebofte dubficdatht @elte
purified which bypasses the getter material. The use of

liner als l.0i M zes any probl ens which may be caused by t | e in
t he coeff‘?%‘liaé‘n’s of 20 t hermal’ expansion for liner 20 a, , [E ﬁ@ﬁ,””“l
a standard 5 inch dianeter vessel, liner 20 preferably has wOoig 113

about 3 inches to about 5 inches and a thickness of about 0.125 inch. Those
skilled in the art will recognize that these preferred dinensions are a
function of the geonetry of the vessel and the gas flow rate. As further
shown in Fi gurdl.3, Thepsten of daiseRcwherain the firsh teamnegature sengaziinlocied éhoytd
25 distance Derr] below the top of getter bed 30. The point at which

t enp@r at uineh seatont 2 3dchies bélowahe thpi sarfaed effthe detter nhaérial ahd thenseaombtemperatae As
used in connection with the description of the invention, the term"nelt

zone" meagfsdrti€1dca®i aBoitl ¥bh €'aboRe?2 ehes BBV SREOBStRInY Bl face of the getter material.

12.  The system of claim 9; wherein the first and second high melting point,

" nonmefallic liners are comprised of a ceramic material.
10

- 13, The system of claim 9, wherein the first and second high melting point,
nonmetallic liners are comprised of a material selected from the group consisting of quartz,

zirconia (Zr,0;), SiC, SiN, and AL, O,.

15 14.  The system of claim 9, wherein the getter column further includes:

a porous support member disposed in the vessel, said support member supporting the

getter material; and

a barrier material disposed on said support member, said barrier material separating the

getter material from the support member.
20

15.  The system of claim 14, wherein the support member is comprised of a metallic

plate and the barrier material is comprised of stainless steel shot.
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generated by the exotherm c reactt+on—betweenr—an—tnpurity and the getter

mat eri al oc fastest. It has ' t hat when_ hj ] rity
gas enters S‘gﬁ’é‘;’p@m um 10 t-hroughmﬁm"ﬂnmﬁnﬁ!ﬁﬂ!he maxi mflﬁ'q%%)é@bjure
generated by the exotherm c reaction=oceurs e stastest 10 bel ow the top
surface of getter bed 30. It is believed that the maxi numtenperature
occurs below the top surface of getter bed 30 because the exothermc

reaction i s nofg, i nsSr¥ysRaOsfcldm®, MRt eafas phsifigtfirthed iachudys Htoritivd unit
i ncomi ng gas. For normal flow rates, e.g., 1 cubic neter/hour/kil ogram of

getter ' ISt e teaRturks
virgin g%;tto? éfre ak%ptgpﬁzsitlcgn? g%?&?naa‘g&fﬁﬁg%&? %ﬁﬁ%ﬁgﬁﬂ%m ter llrrl:é:ts Igéklﬁgcll .t)?‘lﬂhegs,
e e e e D RGlrt fardots LSt b Sordfbe™h 18 61 Bb1aRGFFatve o

-

5 isolate the getter column when a first alarm temperature is measured and actuating a vent valve

to vent gas from the getter column when a second alarm temperature is measured.

17.  The system of claim 9, wherein the first and second temperature sensors are

thermocouple elements.
10
18. A semiconductor manufacturing system, comprising:

a getter-based gas purifier coupled in flow communication with a gas distribution
network for a semiconductor fabrication facility, said gas distribution network supplying
purified gas to at least one wafer processing chamber in said semiconductor fabrication facility,

15 wherein said gas purifier comprises:
a getter column having a metallic vessel with an inlet, an outlet, and a containment wall
extending between said inlet and said outlet;

getter material disposed in said vessel;

a first temperature sensor disposed in a top portion of said gettef material, said first
20 temperature sensor being located a distance below a top surface of said getter material, said

distance being from just above 0 inch to just below 3 inches;

This Sheet Has Been Replaced
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the distance Dlerr] may be-sli g’]ﬂllwﬂgﬁm’nﬂllt&ﬂume of the reduced gas
vel ocity of bpgOmM ng gas. |18 *®rovi des for j -
distribution o /ltb e incom ng gas, then the mel £ zone will no%ﬁﬁéﬁgémo :

| ocated in the eesdempbrahiie satbt @igpdgaa & & Bbttorpoltith SHARI gdidP thatdrial;lshi@d 10

gas inlet provides for nonuniformdistribution of the incomng gas, e.g.,
an annul ar_ di ' b éhlﬁ'@ . fr : nt er
of the g%f"foglrd Sf%’?%%%ug?. ose é&lﬁ?@%éhfn @Egg@fﬁt%tﬁfrﬁ ?\%‘g%cger??gleﬁ{kﬁg%et he

| ocation of the nelt zone.is.a function of certai aneters including the
Goomet 1y TR iERn byihe Fomy i abopn SepbiRatd belohh FESTERdt h of t he
vessel, the gas flowrate, the type of inpurity, and the age of the getter
15 materialy ol pdille B6mRBEAHIHURE ispbledid s8voEPthohitt of MastTe! ¢
zqne nmay occural?Pgm ust algé(;eel 0 incﬁ&ﬂt}o a o_ut5p6 ir%l?:ﬁ%s b% gwc{hhe taop of
getter bed 30. l.n.a.standard tnch di ameter vessel c.at a.normel gas fl.o

Jate " onpmear sl bOuRRaRT Al oLl el WRlKEIaT s AP RRE i Frid RO BER R IRY 1o
just below 3 inches below the top surface of getter bed 30, with a nore

pr ef er r ed2dH88¥l-bei ng from about 0.5 inch to about 2.5 inches and a nost
preferred range '

0

19.  The system of claim 18, wherein the first temperature sensor is located about 0.5
inch to about 2.5 inches below the top surface of the getter material and the second temperature
10 sensor is located about 0.5 inch to about 2.5 inches above the bottom surface of the getter

material.

20. The system of claim 18, wherein the first temperature sensor is located about 1
inch to about 2 inches below the top surface of the geiter material and the second temperature

15 sensor i located about 1 inch to about 2 inches above the bottom surface of the getter material.

21.  The system of claim 18; wherein the getter column further includes an upper
high melting point, nonmetallic liner dispbsed in the vessel such that at least some of the top

portion of the getter material is separated from the containment wall of the vessel.

20

22.  The system of claim 21, v'vherein_ the upper and lower high melting point,

nonmetallic liners are comprised of a ceramic material.
This Sheet Has Been Replaced
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20 bei ng from about 1 inch to abo ﬂ e 4 shows the | ower
portion of getter colum 10. The |ower " ”m m,ful #mia colum 10 is .
configured WO ARMBI t the formation of *a éut eécthc s:on9p05| t i oRCEAISAREN3¢ he

getter material and either ont ai nnent 18 or ort. 28 and to
det ect rapi dl $3:t heTBagwstenyp %lﬁmé%?rt‘ﬁléqrﬂi’ G uRpet %P 8‘?‘8&?8@% hat
excess inpurities are being backfed into 25 getter colum 10, As shown

i N Fi gur rontnethllio dmetd2ré eoruprised o d materiad selegted fromythe grovatconsistingef qU88Es on
bed support 28 and the other end is enbedded in getter bed 30. The length

and t hi ciip@unsa @r,0.),/8iC, SiN, @y AYO;t he same as the length and thickness of
liner 20, as di scussed above in connection with Fi gure 3. Barrier nmaterial

32 separates the getter material at the bottom of getter bed 30 from bed
support 28. The thickness D2 of barrier material 32 is 30 selected to
protect bed support 28 from substanti al damage by inhibiting the formation

of 5 11 24.  The system of claim 18, wherein the getter column further includes:
a porous support member disposed in the vessel, said support member supporting the
getter material; and
a bamer material disposed on saic_l supﬁort member, said barrier material separating the
getter material from the support member. |
10
- 25.  The system of claim 24, wherein the support member is a plate comprised of

stainless steel and the barrier material is comprised of stainless steel shot.

26. The éystém of claim 18, wherein the gas purifier further includes a control unit
15 coupled to the first and second temperature sensors for measuring temperé,tures sensed by the
first and second temperature sensors, said control unit actuating at least one isolation valve to

isolate the getter column when a first alarm temperature is measured and actuating a vent valve

to vent gas from the getter column when a second alarm temperature is measured.

20 27.  The system of claim 18, wherein the first and second temperaﬁne Sensors are

thermocouple elements.
This Sheet Has Bcen R laced-
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eutectic conposition between the gettﬂ“llml lﬂlum‘ﬂu d support 28 so that
such eut ect {, soRp@si tion does not meld L "R ough. ?{@ﬁg&gﬁqéﬁer
material 32 1S agFayer of stainless steel cshot, a t hi'ckness err? of about

1 inch has beepgf oundsdifrBasedWak berifer cdBpddigg:ect bed support 28 from
subst anti al damage. 5g * Rs furthrglr)- s%ﬁéown in Figure 4, tenperature

sensor 36 is |located at a point which is a distance D err] above the bottom
of getter bed 3@ettdirvehpon having awetallic vessglevith an inletcansontletcanda coptaipmaent;vell
al so selected to fall within a nelt zone, i.e., the region in which the

maxi num t gpeRdink Betveas 85t dhletandysaid wutlex Ghidevessel hawing petter nhattris elispased

I mpurity and the getter material occurs the fastest. It has been di scovered
t hat V\henﬂg&aﬁ. impurity gas enters getter 10 colum 10 through outl et
16, e.g., by backfeeding froma cross-connected gas facility line, the

maxi mum t enperature generated by the exotherm c reaction occurs the fastest
above t he a first isolation valve in flow communication with said inlet of said vessel;

a vent valve in flow communication with said inlet of said vessel;

a second isolation valve in flow communication with said outlet of said vessel;

a first temperature sensor disposed in a top portion of said getter material;

a second temperature sensor disposed in a bottom portion of said getter matérial; and

10 a control unit coupled to said. first and second temperature sensors, said first and second
isolation valves, and said vent valve, wherein said control unit measures temperatures sensed
by said first and second temperature sensors and, when a temperature above a first alarm
temperature is nieasured, actuates said first and second isolation valves to isolate said getter
column and, when a temperature above a second alarm temperature is measured, actuates said

15 vent valve to vent gas from said getter column.

29.  The gas purifier of claim 28, wherein the first isplation valve is in flow
communication ﬁvith a source of feed gas to be purified, the second isolation valve is in flow
communication with an outlet for purified gas, and the gas purifier further includes a bypass

20 valve in flow communication with said source of feed gas and said outlet for purified gas,
wherein the control unit opeﬁs said bypass valve When a temperature above the first alarm
temperature is measured and, when a temperature above a third alarm temperature is measured,

closes said bypass valve.
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bottom surface of getter bed 30. | he maxi num

t enper at ure_0oc above the bottom tt bed 30_be '
exot herm ¢ Wg)a?g’zi?%ﬁ i's not instant adﬁmﬂm m of t he 5&3@5?’%@%{& of
the incomng gas. In tests in which *ntoa15 standard 5
inch diameter vessel at a gas flow rate of greater than 20 nferr]/hr, the
di stance D3 has been found to be about 1.5 inches to about 2 inches. As
di scussed abovsp. i n T e puiifier oficidimtd8e wiereir thetfirstneraperkiugeisensdr is ldvated

| ocation of the nelt zone depends on certain paraneters including the

geonetry aﬁ[)utt 45 iﬂg;?ittﬁ 8boft 2! SJHf@hes%eﬂrw a E%esﬂfa@%f fhk @ﬂﬂ& hiteriziendihe fbotdre

vessel , ow rate, and the typ | rrpurl Dependi ng on these

paraneter i s beli.eye 0 r fr

Bove 0 IHEPHEBaIgEe %Y%ﬁ&eﬁ@eogb%%cbh%g%ﬁﬁ 2o e gbYef Biim s e'&ih.
standard 5 inch di aneter vessel, tenperature sensor 36 is preferably

| ocat ed fgegﬂﬁl}‘i&@ﬂa]above 0 inch to just below 3 inches above the bottom
surface of getter bed 30, with a nore preferred range being fromabout 0.5
inch to about 2.5 inches and a nost preferred range being fromabout 1 inch
to about 2 inches.

31.  The gas purifier of claim 28, wherein the first temperature sensor is located
about 1 inch to about 2 inches below a top surface of the getter material and the second
temperature sensor is located about 1 inch to about 2 inches above a bottom surface of the

10 getter material.

32.  The gas purifier of claim 28, wherein the getter column further includes a first
high melting point, nonmetallic liner disposed in the vessel such that at least some of the top
portion of the getter material is éeparated from the containment wall of the vessel and a second

15 high melting point, nonmetallic liner disposed in the vessel such that at least some of the

bottom portion of the getter material is separated from the containment wall of the vessel.

33.  The gas purifier of claim 32, wherein the first and second high melting point,
- nonmetallic liners are comprised of a ceramic material.
20
34.  The gas purifier of claim 32, wherein the first and second high melting point,

nonmetallic liners are comprised of a material selected from the group consisting of quartz,

zirconia (Zr,0;), SiC, SiN, and AL,O,. I
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25 Figure 5 ill e of the upper portion of
getter col ugoedfomat er high j ent ered getter' PeirdngesA{d3oe -
through inlet 14. As can be nmelt zone A is forned bel ow

the top surface of getter bed*30 Mt zéne*A forns because the heat from
the exotherm c reaction which occurs when the high inpurity gas contacts
the getter material _formng _getter bed 30 initiates a nelt process in-the
getter materi @5 LiThagaspusfer of glaimy 28, Whicrain theageitergolemn darihetinghadas: wal | 18
adj acent thereto from substantial danage during 12 the nelt process.

Pher ey |+ nhi biterp e pER L ER: BRbds if Qaeﬁfe%gei?%ﬁﬂﬁ%&’?#%éﬁ%ﬁ?e"%&ﬁ“ﬁ% ten

getter materi al &d ntai nment wall 18. Tenperature sensor 34 is shown as
a dot t ed Beftefgmpten 6{5‘?e5t0 '

5 a barrier material disposed on said support member, said barrier material separating the

getter material from the support member.

36.  The gaspurifier of claim 35, wherein the support member is a plate comprised

of stainless steel and the barrier material is comprised of stainless steel shot.

10

'~ 37.  The gas purifier of claim 28, wherein the first and second temperature sensors

are thermocouple elements.

38.  The gas purifier of claim 28, wherein the first alarm temperature is about 10 °C
15 to about 100 °C above a normal operating temperature of the getter column and the second
alarm temperature is at least about 100 °C above a normal operating temperature of the getter

column.

39.  The gas purifier of claim 29, wherein the first alarm temperature is about 10 °C
20 to about 100 °C above a normal operating temperature of the getter column, the second alarm
temperature is at least about 100 °C above a normal operating temperature of the getter column,

and the third alarm temperature is at least about 200 °C above a normal operating temperature

of the getter column.
31 This Sheet Has Been Replaced
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i ndi cate that the sensor e.g. 2 UJerrmcoupI e el enment, has been destroyed in
the nmelt process. gure 6 |IIustratesWe structure of the.

| ower portlmaﬁwgﬂtter col um 10 juﬂ“ glmumm y gas ha®ayaisesr103e| umm
10 through outlet 16, e.g., by bac 0SS- connected gas
facility line. As can be seen in Figure 6, nBlt®zohe B and eutectic melt
zone C are forned at the bottomof getter bed 30. Eutectic nelt zone Cis

fornmed between It one B. . ter ch i gped
embodi nent i s 845 B 8’?0%? ’ﬂ)ﬂ Wr@feéﬁl m%e@gg@% “g eg%t&lal\/gﬁ({u?ﬁ ¢
forms because the heat fromthe exothermc reac I on whi ch occurs wheg {

hi gh i npikeiabguicl)s°Gahave @MOTRHORFEANNE teTRRArANTEP! the BRI GOl ¥d the gecepd @
initiates a nelt process in the getter material. Eutectic nelt zone C forns
when nel ttempertiBe isca deast atiouh1@hC shavieral malsd:mnnegrtmpenatme of thetgettercaodumnn.h
and fornms a ferrous eutectic conposition which nelts at the high
tenperatures (on the order of 1,000 [err]C) reached during 15 t he
exotPerm c reaction. Eutectic nelt zone C does not advance conpletely

t hrough barrier material 32, i.e., the layer of stainless steel shot,

because the mepf i norpd o AJRHFEPOE aiRt 9, WHePdn the first alarm temperature is about 40 °C

to about 60 °C above a normal operating temperature of the getter column, the second alarm
temperature is at least about 100 °C above a normal operating temperature of the getter column,
 and the third alarm temperature is at least about 300 °C above a normal operating temperature

10 of the getter column.

42.  The gas purifier of claim 28, wherein the first alarm temperature is about 410 °C

to about 500 °C and the second alarm temperature is at least about 500 °C.

15 ' 43.  The gas purifier of claim 29, wherein the first alarm temperature is about 410 °C
to about 500 °C, the second alarm temperature is at least about 500 °C, and the third alarm

' temperature is at least about 600 °C. |

44.  The gas purifier of claim 28, wherein the first alarm temperature is about 440 °C

20 to about 460 °C and the second alarm temperature is at least about 500 °C. .

This Sheet Has Been Replaced

I ]




steel beyond that in imediate contact with nelt zone B has a dilution

affect whi (‘W %}A%mtel y stops the formation of the ferrous e#gq‘m§9§/i210§(}-_ .

conposition be € bed support 28 is reached. Thus, barrier terra

protects bed ﬁsppor’[theégaé | SHREAR! ﬁhe 8%iribhiath tfréupeﬁﬁﬁgmﬂoﬁgﬂm%

getter material from ng therewith and formng a rous eutectic

por L1 on 81 SR AE0 sk Siepd S i ante Wbl @O ToePa T B ol

during the nelt process. _ In aroticul ar, liner 22 separates nelt zone B and
nel t zonénmperatyrn is ehleast ahewit G 18 and thereby inhibits the formation of

a eutectic conposition between either the nolten getter ZSUIIII!IMMHMEHII
the nolten eutectic conposition and contai nnent wall 18.: T

36 is shown as a dotted line in Figure 6 to indicate that the Sensor’, €. g,
t her nocoupl e el ement, has been destroyed in the nelt process. Figure 7 is a

schgmat i c di aggam f maaiodef mivkafOartiateghited Eirqit dbvice] eBfiprisingccor dance with
one enbodi ment of the present invention. As shown t herein, gas purifier 2

i ncl udes
purifying a gas in a getter-based gas purifier to obtain a purified gas, said gas purifier

comprising:
a getter column having a metallic vessel with an inlet, an outlet, and a
containment wall extending between said inlet and said outlet;

10 * getter material disposed in said vessel;

a first temperature sensor disposed in a top portion of said getter material, said
first temperature sensor being located a distance below a top surface of said getter material,

said distance being from just above 0 inch to just below 3 inches; and

a second temperature sensor disposed in a bottom portion of said getter material,
15 said second temperature sensor being located a distance above a top surface of said getter

material, said distance being from just above 0 inch to just below 3 inches;
‘supplying said purified gas to at least one wafer processing chamber; and

processing a semiconductor wafer in said at least one wafer processing chamber to

obtain an integrated circuit device.
20

47.  The method of claim 46, wherein the first temperature sensor is located about

0.5 inch to about 2.5 inches below the top surface of the getter material and the second
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30 gétter colum 10, control unit- 38, isolation valves 42 and 44, _
bypass valve 46, and vent 13 REPLACEMENT SHEET val ve 48. Getter col um
10 preferab‘tv99ﬁ/d804§he configuration shown in Figure 1. |sol aPCOUSIPNRL 42

and 44, bypass valve 46, an ent ar ref erabl i r._actuated
Talves, IBpaRnnseRaps lossteebp 04 BiRhie AR 2cBE s aprs g boARGRR B
colum 10, e.g., inlet 14 shown in Figure 1, and a sour ce 50_of fppd gas to
be puri f igetter mastiak i on valve 44 is in flow 5 conmun
outlet of getter colum 10, e.g., outlet 16 shown in Fi guihﬁi Iﬂ r"lJ I”III
outlet 52 for purified gas which may be connected to a ga
network for, e.g., a sem conductor fabrication facility. Bypass val ve 46 is
in flow communication with source

48.  The method of claim 46, wherein the first temperature sensor is located about 1°

5 inch to about 2 inches below the top surface of the getter material and the second temperature

sensor is located about 1 inch to about 2 inches above the bottom surfice of the getter material.

49.  The method of claim 46, wherein the getter column.further includes a first high
melting point, nonmetallic liner disposed in the vessel such that at least some of the top portion
10 ofthe getter material is separated from the containment wall of the vessel and a s'e;:ond high
melting point, nonmetallic liner disposed in the vessel such that at least some of the bottom

portion of the getter material is separated from the containment wall of the vessel.

50.  The method of claim 49, wherein the first and second high melting point,

15 nonmetallic liners are comprised of a ceramic material.

51.  The method of claim 49, wherein the first and second high melting point,
nonmetallic liners are comprised of a material selected from the group consisting of quartz,

zirconia (Zr,0;), SiC, SiN, and ALO,.
20
52. The methbd of claim 46, wherein the getter column further includes:

a porous support member disposed in the vessel, said support member supporting the

getter material; and :
34 Sheet Has Been Replaced
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50 and outlet 52. Vent valve 48 is in flow conmunication with the inlet of
getter col uYnyn 10 and vent 54 to a gas cabinet which may formpart of the
gas distrib 1’0288t wor k. Each of 10 i sol ation val ves 42 ﬂ"ﬂ?’IWBass

Sanors i sposdtrr o et BT Sbebfr RS, s bl mal S Bt

shown in Figure 1, are also coupled to control unit

measur es gefier matspak fFem theSUORAR BFMRFETt he t enper at ure sehﬁmﬂm,ﬂﬂet ter

colum 10 and actuates, e.g., by air actuation, isolati ﬂ” 44,
bypass val ve 15 46, and vent val ve 48 when certain a k-
' ' he

are reached or when one of the tenperature sensors is destroyed. \Wen
tenperature sensor is a thernocouple elenment, an open thernocouple

i ndi cat es t hats3{ he THeansheduptieine 52 neinireifmle supportmembetés s phayechmitiset o
unit 38 may be any el ectronic device capable of perform ng these functions,
€.9.5 M Gk Qhd (HE Habe Akrérdl iSEomeR OF Stainléds s@kBdhogt € | ogic, and may
be .coupled into the 20 exi sting control conputer for the getter-based
gas purifier. - : :

54.  The method of claim 46, wherein the gas purifier further includes a control unit
coupled to the first and second temperature sensors for measuring temperatures sensed by the
first and second temperature sensors, said control unit actuating at least one isolation valve to

10 isolate the getter columﬁ when a first alarm temperature is measured and actuaﬁn‘g- a vent valve

to vent gas from the getter column when a second alarm temperature is measured.

55.  The method of claim 46, wherein the first and second temperature sensors are

thermocouple elements.
15

56. . Anintegrated circuit device made by the method defined in claim 46.

57. A method of protecting a getter column, comprising:
providing a getter colurnn having a metallic vessel with getter material disposed
20 therein;
‘measuring a first temperature in a top portion of said getter material; -

measuring a second temperature in a bottom portion of said getter material;

35
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Control unit 38 preferably has ”u“ﬂlﬁllm] Iuﬂml At the first alarm

| evel , whi CQV Tie when a first is nmeasured, contraol -
unit 38 act uaé)%gz‘ PBol ation val ves 42 ‘andt 4% td i%olate gettePTEYIAAIH, .
i.e., to close. off. bot.h the inlet and .qufl 1 col and open
bypass val ve: 4’8913}&{{13 F"ﬂg gg@%xo"ﬁ’u A gﬁ#?@t&%Fjﬁh\;\ﬁ%téﬁgﬁ%gﬁ?es&m#?nseég% PEn®

second alarmtenperature_i s measured, con}tﬁrol ynjt 38 actuates vent val ve
48 to ventempsemhyreseaches 2 Erst alagn igmpergureAyhich s Higher dha SRGHTAL GRITEINGR 1
occurs when a third alarmtenperature is reached, control unit 38 cl oses
bypass vatewperaure Bfi caifligetser calvmammandnper ature is preferably about 10 [err]C
to about 100 [err]C, nore preferably about 40 [err]C to about 60 [err]C,
and nost preferabl out 50,.[err] C ove. a. hor nal erati. t egper at
of getter col umpu?é_s;ax@(ge&er Gﬂ%‘i‘@ thﬁ‘ egﬁeéfrsﬁ’ldlafgéte?mgﬁ%ﬁ 05%386"88&%’?1% ©
exotherm c reaction (if present) by isolati ngn 14

5 reaches a second alarm temperature which is higher than said first alarm temperature.

58.  The method of claim 57, wherein the first temperature is measured from just
above 0 inch to just below 3 inches below a top surface of the getter material and the second
temperature is measured from just above 0 inch to just below 3 inches above a bottom surface

10 of the getter material.

59.  The method of claim 57, wherein the first temperature is measured from about
0.5 inch to about 2.5 inches below a top surface of the getter material and the second
temperature is measured from about 0.5 inch to about 2.5 inches above a bottom surface of the

15 getter material.

60. The method of claim 57, wherein the first temperature is measured from about 1
~ inch to about 2 inches below a top surface of the getter material and the second temperature is

measured from about 1 inch about 2 inches above a bottom surface of the getter material.
20

61.  The method of claim 57, wherein the first alarm temperature is about 10 °C to
~ about 100 °C above a normal operating temperature of the getter column and the second alarm

temperature is at least about 100 °C above a normal operating temperature of the getter column.

36
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getter colum 10. The second—alarmtenperature is preferably at | east about
100 [err] C above a normal op re of getter colum 10. A.

t enper at ur e |Q12?|‘1€9t§‘e of thi siﬂﬂm E ".Hﬁlg mel i abl e i ndi cat RCT/HSAB/24830
exot herni ¢ reaction has reac BNge evel. The second alarm | evel
action vents gas to help release inpurities and to protect getter 5

colum 10 fromstructural failure. Venting gas protects getter colum 10

from structur iizof ai T Reth¥d of Blafh 39, %ﬂé‘reirﬂh@ﬁ?ﬁ'alaﬂ‘h%ﬁ ?Myﬁ,lau{&o ‘:)If'tci he

order of 100- psig In norrra operatlon I'n getter co

pr.event. u S ct ural ue.to the per at.ur

500 o rapest 80 S abavs HRrmh gt el g U scheh o SR A ¥ 8B i
upper melt zone, flush out the °npurltles remaining in the inlet tubing

wi th nobl temgesstuse i 2 deasbabout B0 a2bawe anqrmal epesating temperbire of thegetiamcoltme.
second alarmlevel action vents as nmuch gas as possible fromgetter colum

g , down to about 0-5 psig. The third alarmtenperature is preferably
at "|2ast about 200 [err]C, and nore preferably at |east about 300 [err]C,

- 63.  The method of claim 57, wherein the first alarm temperature is about 410 °C to

about 500 °C and the second alarm temperature is at least about 500 °C.

64. The method of claim 57, wherein the first alarm temperature is abo_uf 440 °C to

10 about 460 °C and the second alarm temperature is at least about 500 °C.

65.  The method of claim 57, further comprising:

providing a high melting point, nonmetallic liner in the vessel, said liner being disposed
in the vessel such that at least some of the getter material is separated from a containment wall

15 of the vessel.

66.  The method of claim 65, wherein the liner separates at least some of the bottom

portion of the getter material from the containment wall of the vessel.

20 67.  The method of claim 65, wherein the high melting point, nonmetallic liner is

comprised of a ceramic material.
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above a normal  operating terrperatg m 10. A tenperature

I ncrease of this magnitude is ar [mm ul Immlﬂ rt hat a substantial -
anount haveWO&HU8 npurities have *beén &5 # 5 ntsr oduced i nt BCFAIIRIBY| um
10. The third alarmlevel ct| of f e_su asto

di stribution né$wor b ‘FB’F Eﬂﬁ"ggnﬁ ‘E‘“’FWrtthlﬁhi’E%B-\"éH ]é‘bﬁ{‘%

high inpurity gas i s not used in the production of |ntegrated circuit

devi ces. Tmprised of amatgriah selected finm the grovpsensiging oflqvartg aeoniai(ékO0sk SiC,,

wi thin about 0.5 second to 1.5 seconds, because the nelting process can
cause subsiNjabd d1,0lamage in a matter of a few seconds. To reduce the 20
time response to the alarm actions, the use of an individual solenoid valve
for each of isolation valves 42 and 44, bypass val ve 46, and vent val ve 48
is preferred. The nornal operating tenperature of a getter colum in an
argon gas purifier is about 400 [err]C Accordingly, the first alarm

tenpgrature is.pref r 408 about 410 [err]C to about
500 [err]C, rm?% prgﬁera"é&ﬁ"&faaﬁ“?a raﬁr‘g&%éﬁs?ﬂ%m about 440 [err]C to

about 460 25 [err]C, and nost prefer ably about 450 [err]C. The second
al arm t enper at poRidise # st Bightthsltiag pbieg Jonmetallic liner in the vessel, said first liner being

disposed in the vessel such that at least some of the top portion of the getter material is

separated from a containment wall of the vessel; and

providing a second high melting point, nonmetallic liner in the vessel, said second liner
10 being disposed in the vessel such that at least some of the bottom portion of the getter material

is separated from said containment wall of the vessel.

70.  The method of claim 69, wherein the first and second high melting point,

nonmetallic liners are comprised of a ceramic material.
15

71.  The method of claim 69, wherein the first and second high melting point,
nonmetallic liners are comprised of a material selected from the group consisting of quartz,

zirconia (Zr,0;), SiC, SiN, and ALO,.
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about 500 [err]C. The third alarmtenperature is preferably at |east about
600 [e”]C'deBQﬂ”&Qée preferably at |east about 700 [err]C TpgTﬂggg,ﬁhggpn of
getter-based gas purifier 2 may be sumrari zed as follows. The gas to be -
purified flows fromsource 50 through §s¢l 37i on val ve 42, pre-heater 56,
and into getter 30 colum 10, which is heated by heater 58, through an
inlet thereof. As the gas flows through 15 PCT/ US98/ 21030 getter col um
10, the getter material therein sorbs inpurities fromt h& . The-purified
gas exits getter colum 10 through an outlet thereof and fl oWs :

forced air heat exchanger 60, hydrogen renoval unit 62, partic
i sol ation valve 44, and outlet 52. Control -

| ter 64,

]

/_/
5d ~_
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™
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\
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unit 38 continuously or intermttently neasures tenperatures sensed by the
tenperature 5 sensors in getter colum 10 during the purification .
process. | nWO/1848nt control unit 38 measures a tenper at ur e PEI/ERISANB0e a
first alarmtenperature, control unit 38 actuates isolation valves 42 and
44 to isolate getter colum 10. Wen gﬁ!pﬁr?&olunn 10 is isolated, the feed
gas to be purified, which already has a high purity level, flows directly
fromsource 50 to outlet 52 via bypass valve 46 so that the gas

di stribution network continues to be 10 supplied with gas. In 88e event
control unit 38 neasures a tenperature at or above a second al arm

tenperature, control unit 38 actuates vent valve 48 to vent

colum 10. When vent valve 48 is actuated, gas floms-fron1qq©t§ggﬁgéﬁv 10

t hrough nmanual valﬂg 6, particle filter_68, vent} valve 48, 70,

and vent 54 to a gas—SEBkget whi ch may f&fm part ofrrhe-gﬁ% di &4NiDuti dn
te

network. In the event control unit 38 ne erature at
above a third alarmtenperature, can ) 38 jcl pses bypass valve 46 to
shut off the supply of gas to th¢ gas di tign hetwork. In addition to
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carry out alarmactions when certain tenperatures are neasured, contro

unit 38 is preferably further configured to provide "upscale} Bﬁfﬁﬁ@“'

| n ot her wov@$9/190d8 t he event- control unit 38 determ nes that enperature
sensor may have been destroyed, e.g., gydg cting an open 20

t her rocoupl e, control unit 38 assumes xfmum tenperature, e.g., the
third al armtenperature, has been reached and carri es [ov g7cor respondi ng
alarmactions. Figure 8 is a flow diagram of a nethod}of proteégting a
getter colum in accqgrdance with the present inventiorf. n step 100 a
getter colum havinbog r material dispdded thereinf{is}iprovided. Getter
colum 10 descri bed herein\ s an exanple of a getter dol dmm 25 sui tabl e

for use in step 100. Those skiIIed"7 Efarify 11l reqogrdi ze, however, that

the met hod of the present inventiop is nhpt |i gq to jgetjit er col ums havi ng

the features of getter colum 10. | A step 102 (3 rst ftedperature is

nmeasured in a top portign g he _ogeiA B at erli 3 he ¥ 1y enperature my
T 4 ) ¢ dodt 5 a

9.

%\\\-\/\\\\Q‘\
@ K

=
3

)

I.. \
] 5 e RO
\:_:o:l A Y . :.'_-“:\:/'.. ; 22
s 7A% y L~
22 \/7/ ’///’/ : : ’/262
| 0e7 v
A o
(7,771 R —18
?’/ 7N o I
//,/’/,/' ’/,///;
PR * 4
% v/ Ds
II! AN 7,77
v /7. 7,7 /
bz |V 7
oM. patda
[ ./// . 28




30 The first tenperature is preferably measured fromjust above O inch
to just below 3 inches 16 bel ow the top of the getter nateri al m%th a
preferred mamgwid0¢8 ng from about 0.5 inch to about 2.5 i ncheRCT/HN 2} re
preferred range being - fromabout 1 inch to about 2 inches. In step 104 a
second tenperature is measured in a bafft fnPortion of the getter material

The second tenperature nay be neasured in the same ma I ch the
first tenperature is 5 measured. The second tenperture is\preferably
measured from just above O inch to just below 3 incheg a e bottom of
‘the getter material 0w a preferred rangg being frof about 0.5 inch to

about 2.5 inches, and a noxe preferred ranpe being frqm gbout 1 inch to
" about 2 inches. : ( : 7/,
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In.step 106 the getter colum is isolated when either the first.tenperature
or the 10 tenperature reaches a first alarmtenper e i S
hi gher thﬂ@%’?@’ﬁ& operating tenperature of the getter col g%&%‘%@tter
colum may be isolated by actuating isolgifnzval ves whi ch prevent gas from
entering either the inlet or.the outlet h€ getter colum. As described
above, isolating the getter purifier shuts down the exotherm c reaction

whi ch occurs when high inpurity gas enters the getter colum. The first

al arm 15 tenperature is preferably about 10 [err]C to about 100 [err]C,
nore preferably about 40 [err]C to about 60 [err]C, and nost preferably
about 50 [err]C, above a normal operating tenperature of the getter colum.
In a preferred enbodi ngnt in which the getter colum is part of an argon
gas purifier, the nog operating tenperdture of the getter lumm is
about 400 [err]C. Adaaxdipgly, the fir gl arm tenperat ure¢l snpneferably

within a range of fridigabput 410 [ery]«tq 20 about 500 [%r]c, nor e
preferably within ajr Eg of from abpu€B440 [err]C to abou Offerr]C, and
nost preferably abOLt'C_) [err]C. ) 8
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In step 108 the getter colum is vented when either the first tenperature
or the second tenperature reaches a second alarmtenperature which is .

hi gher thawobeidss st al arm tenperature. The getter col um mRGTHSEMed by
actuating a vent valve which allows ‘gas 25 to flow out of the getter
colum. As described above, venting thqult-gr colum relieves the internal
pressure therein, which is normally abo 100- 150 psig. This prevents such
internal pressure fromforcing nolten getter material against the

contai nment wall of the getter colum and reacting therewith to forma

eutectic conposition. Venting al so etter colum of excess -
i npurities. The second al arm tenpgrat urgTiaRpreferpbly at least 30 about
100 [err] C above a nor nal operatii t enperature oj the getter col um.
Accordingly, in 17 ' W

PURIFY AGETTER COLUMN HAVING GETTER
MATERIAL DISPOSED

!

MEASURE A FIRST TEMPERATURE INATOP 102
PORTION OF THE GETTER .

v

MEASURE A SECOND TEMPERATURE IN A 4~ 104
BOTTOM PORTION OF THE GETTER MATERIAL

v

ISOLATE THE GETTER COLUMN WHEN EITHER 106
THE FIRST TEMPERATURE OR THE SECOND 1
TEMPERATURE REACHES A FIRST ALARM
TEMPERATURE WHICH IS HIGHER THAN A
NORMAL OPERATING TEMPERATURE
OF THE GETTER COLUMN

v

VENT THE GETTER COLUMN WHEN EITHER THE .}~ 1p8
FIRST TEMPERATURE OR THE SECOND
TEMPERATURE REACHES A SECOND ALARM
TEMPERATURE WHICH IS HIGHER THAN
THE FIRST ALARM TEMPERATURE

P!
( FINISH )
Yig. &

—~ 100

/[




the preferred enbodi nent in which the getter colum is part of an argon gas
purifier, t d alarmtenperature is preferably at | east -
[err] C Figﬂ&gﬁégﬁg a flow di agram of a nethod of making an ﬂﬁﬁ@@%&?@@g .
circuit device in accordance with th resynt invention. In step 200 a gas
is purified in a getter-based gas 5 purifier with a safety devi ce.
Cetter-based gas purifier 2 described herein which includes getter colum
10 is an exanple of a getter-based gas purifier suitable for use in step
200. Those skilled in the art will recognize, however, that the nethod of
the present invention is not limted to getter-based gas purifiers having
the features of getter-based gas purifier 2. In step 202 the purified gas
is supplied to at | east one wafer processing chanber in, e.g., a 10

sem conductor fabrication facility. In step 204 the sem conductor wafer is

processed in the at | east one wafer processing chanber to obtain an
integrated circuit device. As discussed above, processes in which ultrapure

Ar or He may be used include, for e, ~cal vapor deposition,
physi cal vapor deposition, and ipn i mgpyRgti on.

PURIFY A GAS IN A GETTER-BASED GAS ~{~ 200
'PURIFIER WITH A SAFETY DEVICE

!

SUPPLY PURIFIED GAS TO AT LEAST ONE ~ 202
WAFER PROCESSING CHAMBER

!

PROCESS A SEMICONDUCTOR WAFER INAT | 204
LEAST ONE WAFER PROCESSING CHAMBER
TO OBTAIN AN INTEGRATED CIRCUIT DEVICE

v
( -FINISH )
Fig. 9
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The preserfASTBR%htion will now be described with reference to Spocrtre

exanples. It 15 shoul d be borne in mnd that the exanpl es given bel ow

are nmerely illustrative of particular applications of the getter-based gas

purifier and get qu %Wm g\ngﬁ in no way be
construed to |im ebuse grrdelgs of .the |n:ﬁ%ﬁo§l¥n ot Eg%pl | cations.

. Exanple 1 A Megatorr[err] gal&IBUIER S @By avail abl e from SAES

Pure Gas, Inc. of San 20 Luis Cbispo, California) was used as a test
+bed. The getter colum incl UBACKGEOUNBOR THRINVENFEQN| cont ai ning a bed

.of "4 kilograms of virgin St 707[err] getter material, and was provided with

aquartz sleevergy plebdif invefibn riGted geﬁérﬂn & ! frodien JFRERIRAGLELHSRLS @
~cylindrical quartz liner having a | ength of about 4 inches was di sposed in

.t he véssel amipmorepartitiartyg o ssmicomdnctoymanmfactirmgtsystefs inoliding o gettérthasedgasof
the getter bed. A .1 inch Ia er of-25 . 0.125 inch dianmeter 316 stainless
= steel shotP vathapafete deee- of getter material fromthe bed support. Three
. thermocouples (TCL-TC3) were centrally disposed at 1 inch increnents

Modern semiconductor manufacturing systems use ultrapure gases to produce high

density semiconductor devices. One way of providing such ultrapure gases is through the
use of a getter-based gas purifier. This type of gas purifier typically includes a getter

10 column which has a vessél containing a bed of getter material. The getter material purifies
gas flowing therethrough by adsorbing impurities from the gas.

Getter columns are hazardous because the getter material contained therein is highly

reactive with high concentrations of impurities. For example, in the event a high

~ concentration, e.g., a few percent depending on the gas flow rate, of an impurity, e.g.,” =~

15 oxygen, is infroduced into a getter column containing a known zirconium-based getter
material, an exothermic reaction occurs the heat from which may cause melting of the
containment wall of the vessel. The containment wall, which is typically formed of stainless
steel, may melt at temperatures as low as about 1,000 °C because the getter material
contacting the containment wall reacts therewith and forms a eutectic composition. If

20 melting of the containment wall results in the formation of a hole therein, then breach of

containment of the getter material occurs, which is potentially catastrophic.

One known getter-based gas purifier for purifying argon includes an alarm device for
protecting the getter column from breach of containment of the getter material. This alarm
device includes a thermocouple element located three inches below the top of the bed of

25 getter material. Existing getter columns do not have a thermocouple at the bottom of the
bed. Wher a control unit coupled to the thermocouple element measures a temperature of
450 °C, which is 50 °C above the normal operating temperature of this getter column, the
control unit actuates isolation valves which isolate the getter column, i.e., shut off the flow
of gas into and out of the getter column. Unfortunately, the alarm device typically does not

30 stop the flow of high impurity gas into the getter column in time to prevent the getter

1
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" bel ow t he W% F face of the getter bed. A fourth therrmcoupl e"
di sposed 2 inches below the top surface of the getter

mso'

bed and offset from

the center of the vessel. A control unit coupled to TCl and TC2 was
f d | sol ate the I rm vvhe a 18 at
C o] & et 3 Bl e SR Voo UERE Rt i
- tenper at ur%gfatxggsg]&c&g % B e R qqlm& B8 afdry deltR difel et réli%lilni!i}o’l&%ﬁthe'

- heated to
vwlerr]C

argon, which was preheated to

5 wegettes ¢altiinh Soatbiehclvofontdirenen lof the gettePmatefiel.r ] / hour and a |ine
";"pressure of 110-120 5

psig. The purifier was then swtched into bypass

.;mode in which U1 Bfbkiz fEfkdihs Yotide uhlorERbwB L BdeiREalAs Tl ow

f'bypassed the getter col Is point, the argon feed gas

5

10

15

79

25

UK Patent Application GB 2 177 079 A, filed 26 June 1986, provides for a

| superpurifier comprising a means for contacting an impurity-containing argon gas with a

getter material which is an alloy of zirconium, vanadium, and iron which selectively sorbs
impurities thereby producing a purified argon gas. The application is additionally directed
to a method and means for obtaining a high purity argon gas.

UK Patent Application GB 2 177 080 A, filed 26 June 1986, provides for a
superpurifier for nitrogen comprising a means for contacting an impurity-containing
nitrogen gas with a getter of an alloy consisﬁng of from 15 to 30% by weight iron and from
70 to 85% by weight zirconium.

European Patent Application 0 438 036 A, filed 31 December 1990, provides a

process, and an apparatus for accomplishing that process, for indicating when an inert gas
purifier is about to lose its required level of purification efficiency, thus allowing the purifier

to be replaced in a timely fashion.

United States Patent 5,172,066 issued to Succi et al, provides for a method based on
the measurement of electrical resistance, and an apparatus for performing the measurement,
which indicates the moment in which a gas purifier is about to lose its purification

efficiency, thus allowing the purifier to be replaced in a timely fashion.

United States Patent 3,536,522 issued to Cecil et al, provides an improved method
for depositing a material, such as silicon, from a gaseous stream onto a substrate, which may
also be silicon. The method permits removal of contaminants in the gaseous stream which
would react with the substrate by contacting the gaseous stream with the surface of a
material which is also reactive with the contaminants. By this method the contaminants are

depleted fmm the gaseous stream before the stream contacts the substrate.

In view of the foregoing, there is a need for a safety device for getter-based gas
purifiers which reliably protects against breach of containment of the getter material in the

2
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was swit cHRATRRER 0" 100% nitrogen froma cylinder |ocated ugStreamor the
getter colum. The purifier was then switched back into purify node and the
pure nitrogen gas entered the getter columm through an inlet thereof. 10

About 5.6 ds after th I t d.th tt I 5

the cont r ofveli Pk sasesaiatons dldmpuRties A8 Shrotaet A b Be it TaE B 4BP4 oo
t he .gett | . | | . | : t | :

01 a1 on YR LR sEYicREAMALr Bl Rl bt A nC80PF 0Rln TRl pad Bt

.getter colxving ANeR4isafety 6HBsISo it the fhbiication Eadilityrin geictyarhaystemed itdtalled
.getter colum, the control unit neasured a tenperature of 500 [err]C from

.. TC2 and veinpeateetedfrom damage which may result pnueatastophig filure af a geftsy solumn.| ow
=comuni cation with the inlet of the getter colum. The control unit

“measused a maxi num t enper at ur SUMMARY OF THIOINVENTIORr om TC1 before it was
7. destroyed approximately 9.2 seconds into the test. The control unit did not

L measure a teMDCRAkiAERANS HOBrbal Hhienlibh B Ghebabalsd 'ﬁTr%%Ya(ﬁu Pt eraskd

approximately 1 e test. ocation o i Aiches bel ow
“the top sugdsapueifief withe safetyt dsvideewlhich reliably protects against breach of containment of the

getter material in the event high concentrations of impurities are introduced into a getter

column. The safety device rapidly detects the onset of an exothermic reaction which occurs
10 when excess impurities come into contact with getter material, protects a vessel in which the
getter material is disposed by inhibiting the formation of a eutectic composition between the
getter material and a containment wall of the vessel, and safely shuts down the getter column

before breach of the vessel.

~ In one aspect of the present invention, a semiconductor manufacturing system is =~~~
15 provided. The semiconductor manufacturing system includes a getter-based gas purifier
coupled in flow communication with a gas distribution network for a semiconductor
fabrication facility. The gas distribution network supplies purified gas to at least one wafer
| processing chamber in the semiconductor fabrication facility. The gas purifier includes a
getter column having a metallic vessel with an inlet, an outlet, and a containment wall
20 extending between the inlet and the outlet. Getter material which purifies gas flowing
therethrough by sorbing impurities therefrom is disposed in the vessel. A first temperature
sensor is disposed in a top portion of the getter material. The first temperature sensor is
located in a predicted “melt zone” to detect rapidly the onset of an exothermic reaction
which indicates the presence of excess impurities in the incoming gas to be purified. A
25 second temperature sensor is disposed in a bottom portion of the getter material. The second
temperature-sensor is located in the predicted melt zone to detect rapidly the onset of an
exothermic reaction which indicates that excess impurities are being backfed into the getter

column. ..

In a preferred embodiment, the getter column furthef includes a first high melting

30 point, nonmetallic liner disposed in the vessel such that at least some of the top portion of
3 .
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20 corresponds to the Iocatlon of ¢ pr'i‘or art ther rmccrqpl es* Thga g'ei;te*r

col umm survived the introduction of the pure nftrogen gdas wi‘t hout' by each of
contai nment of the getter material. The getter materi al*'mel'ted and formed a

sol i d pl ugthe@etterenatzrialiis s%pﬁt@ﬂdboﬂ&@%ﬁthﬂﬂeﬂpwﬂ@f&h@v&eltm @sdciond Highd.
"The quartz s]eeve_or liner_survived intact.

. .Exanpl e 2 meHing mmlbe gre@smsed/ylthﬁmhw@ that,at Jeast parae efjthebottiom

gott or - col DfHOD GF R st atetial 8 glS il e R3St B R yUal0
the |ocati g gdoohd i Iﬁ%%&h@%onﬁ\éﬁlﬁé‘ﬁﬁéf?%?é'gf Srably Contpitibed of)a E&Eﬁue

centrally disposed at 1 incCh inCrenents below the top Surface of the
5 material, e.g., quartz, zirconia (Zr0O,), SiC, SiN, and Al,0;.

In another aspect of the present invention, a getter-based gas purifier is provided.

The getter-based gas purifier includes a getter column having a metallic vessel with an inlet,

an outlet, and a containment wall extending between the inlet and the outlet. The vessel has

getter material disposed therein. A first isolation valve and a vent valve are in flow

.10 communication with the inlet of the vessel. A second isolation valve is in flow
communication with the outlet of the vessel. First and second temperature sensors are
disposed in the top and bottom portions, respectively, of the getter material. A control unit
is coupled to the first and second temperature sensors, the first and second isolation valves,
and the vent valve. The control unit measures temperatures sensed by the first and second

15  temperature sensors. When a temperature above a first alarm temperature is measured, the

control unit actuates the first and second isolation valves to isolate the getter column. When

a temperature above a second alarm temperature is measured, the control unit actuates the

vent valve to vent gas from the getter column. The vent valve permits the removal of
pressurized gaseous impurities causing the exothermic reaction from above the melt zone.

20  This process is facilitated by the pressurized purified gas (e.g.- argon) contained by the
X‘ previously operating getter column which helps purge the gaseous impurities through the

vent valve

In a preferred embodiment, the first isolation valve is in flow communication with a
source of feed gas to be purified, the second isolation valve is in flow communication with
25 an outlet for purified gas, and the gas purifier further includes a bypass valve in flow
commumcatlon with the source of feed gas and the outlet for purified gas. The control unit
opens the bypass valve when a temperature above the first alarm temperature is measured.
When a temperature above a third alarm temperature is measured, the control unit closes the

bypass valve.

4
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getter bedAStR2Bther thernocoupl es (TC3 and TCA) were al so RSHIERHSY 1

inch increnents below the top surface of the getter bed were offset from
the center of the vessel on a 3.31 bolt circle. Again, a cylindrical quartz
i ner having a |l ength of about 4 inches was_di sposed in the Ve?&?l" so t hat

the top end thefi® alapm Jemperature (¢ (prefsmbly @hent; b‘b:@f 1q pbouf ngt@F’reh
bed. Th L1 Ql ' | T ' |

got ter col DTG DG ANE 1 iR 60, 338 mlost peESmB elh 563G Bpbrda ot
vent the peranie 81 the SeRBPESIAMH! CrHef seebll A8 tmpyRSufeeR Sréfeshbly M

“TC2. The ai'r waS injected into the getter colum wth a conbination of a
“hi gh pr essleast abpiti I0AC abwve dhaptharimai pperating temperpturdlodihe Setter coludm. aThethirdhe
cair entered the getter .colum, 10 the control  unit asur

d
"t enpe? at uralagn texipsratare is preferehly #sast shont200,Ce gnd mo toly af loast ajggut 300

“wactuating d i.on_yal .the Ul e ed within 1 second of the
.getter col ﬁ%"%&%&#&%@?gﬁ&éh1"‘?%%0#%##%@% ed the vent val ve when
TC2 was destr Oylida' further aspect of the present invention, a method of making an integrated circuit

device is provided. In this method a gas is purified in a getter-based gas purifier with a
safety device to obtain a purified gas. The purified gas is supplied to at least one wafer
10 processing chamber in a semiconductor fabrication facility. A semiconductor wafer is

processed in the at least one wafer processing chamber to obtain an integrated circuit device.

In a still further aspect of the present invention, a method of protecting a getter

column is provided. In this method a getter column having a metallic vessel with getter

material disposed therein is provided. A first temperature is measured in a top portion of the -~~~ -

15 getter material. A second temperature is measur.ed'in'a bottom portion of the getter material.
When ecither the first or second temperature reaches a first alarm temperature which is higher
than a normal operating temperature of the getter column, the gett(er column is isolated.
When either the first or second temperature reaches a second alarm temperature which is

higher than the first alarm temperature, the getter column is vented.

20 In a preferred embodiment, the first temperature is measured from just above 0 inch
to just below 3 inches below a top surface of the getter material, with a preferred range being
from about 0.5 inch to about 2.5 inches, and a more preferred range being from about 1 inch
to about 2 inches. The second temperature is measured from just above 0 inch to just below
3 inches above a bottom surface of the getter material, with a preferred range being from

25 about 0.5 inch to about 2.5 inches, and a more preferred range being from about 1 inch to

about 2 inches.

These and other features and advantages of the present invention will become
apparent upon reading the following detailed description and studying the various figures of
the drawings.

5
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" Al'thoug

getter

filter which channel ed t NBRIEF DESCRIPTION OF THEDRAWEN

~getter

RASHP4I2LL an
bed; TC3 responded to the thermal event, i.e., the-onset of the
exot herm c reaction, about 2 15 seconds before TCl. It is believed that
the difference in response tinme between TCl and 1C3 was_ caused by the inlet

TC3 were located 1 inch below the top SKFFHERRHI ¢ he

£h

The getter col umle qjﬂcstnt\/éﬂlvdnﬁanlwﬂl dstuareadily ahdériodd bbowethelr followingi detailed

15

20

- breach of containment of the getter material. As in Exarrple 1, .the getter
“material ndsscrptionndn fepnjpngtion with athgopchwngoéla{:v&gsa ike HeederBRACow
~the top surfa tter bed, |In_ addit |ghtlyfused getter
“materi al %@éaﬁ}@ﬁﬁﬁﬁf Wﬁeﬂlmtﬁ@nﬂﬁ g‘{fhport ion of the getter
.mat erial. The quartz liner protected the wall of the vessel from.,any
: substént i al da%ger b@aﬁwﬁea schematis| dagras of e frapicaringlor TRanifestRring ébf%tem
. vessel et ermne ect of rial. The vessel
“used 1 n ¢ HEEoBkiR AP ok oSty el Shelfif. 2
Figure 2 shows a cross-sectional view of a getter column formed in accordance with
one embodiment of the present invention.
Figure 3 shows a cross-sectional view of the upper portion of the getter column
gl shown in Figure 1.

Figure 4 shows a cross-sectional view of the lower portion of the getter column

shown in Figure 1.

Figure 5 illustrates a cross-sectional view of the structure of the upper portion of the ~——--

getter column shown in Figure 3 after high impurity gas has entered the getter column
through an inlet thereof.

Figure 6 illustrates a cross-sectional view of the structure of the lower portion of the
getter column shown in Figure 4 after high impurity gas has entered the getter column
through an outlet thereof.

Figure 7 is a schematic diagram of a gettei'-based gas purifier formed in accordance

with one embodiment of the present invention.

Figure 8 is a flow diagram of a method of protecting a getter column of the present

invention.

Figure 9 is a flow diagram of a method of making an integrated circuit device of the

present invention.

6
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except forsastrasziFocation of the thernocoupl es. Five t her mocouflEESEREP
were di sposed at 1 inch increnments below the top surface of the getter

wi th each thernocouple being offset fromthe center of the vessel. The
therm)coupl es were located in the outer radial portion of the getter

mat eri al
.incom ng

for a QWW%@P@@MMWMMSZO
gas cau arm actlons were triggered

L% o6t ng-a 50/8% WPEEN EUREEREE OF e arue eyrtiom Wy et be BTt dfai

. gas flow

amount of

s t?hf‘e' A A% ter material was exposed to an
@Tﬂ? ?%'fé% M@ ly]m%T urities equi valent to two years of

service life “ﬁé&r‘g 1% o(%vsI see\:t/n?con ctor %Panui'acﬁmng system 1 formed in accordance with

5

one emhodiment of the present invention. Semiconductor manufacturing system 1 includes

_ getter-based gas purifier 2, which will be described in more detail later, for purifying a noble

*0

15

20

25

gas, e.g., Ar and He, to an ultrapure level. Semiconductor fabrication facility 3 includes gas
distribution network 4 for supplying gas to wafer processing chambers 5a, 5b, 5S¢, 5d, and
Se. Semiconductor fabrication facility 3 is maintained under appropriate cleanroom
conditions, as is known to those skilled in the art. Gas distribution network 4 is in flow
communication with an outlet for purified gas of gas purifier 2 and sources of other gases
used in semiconductor manufacturing processes, e.g., N,, O,, and H,. The purified gas from

gas purifier 2 is used to process semiconductor wafer W in one or more of wafer processing

chambers 5a, 5b, 5c, 5d, and Se to obtain integrated circuit device D. The processes

conducted in wafer processing chambers 5a, 5b, 5c, 5d, and Se in which ultrapure Ar or He
may be used include, for example, chemical vapor deposition, physical vapor deposition,

and ion implantation. These processes are well known to those skilled in the art.

Figure 2 shows getter column 10 formed in accordance with one embodiment of the
present invention. Getter column 10 includes vessel 12 having an inlet 14, an outlet 16, and
a containment wall 18 extending between inlet 14 and outlet 16. Vessel 12 preferably has a
generally cylindrical configuration and may be made from any suitable material having
sufficient strength and high temperature resistance, e.g., metallic materials. In a preferred
embodjment, vessel 12 is formed of stainless steel, e.g., 316 stainless steel.

Liners 20 and 22 are disposed within vessel 12. Liners 20 and 22 have a
substantially cylindrical shape with an outer diameter that substantially coincides with an
inner diameter of vessel 12. Liner 20 is seéured in an upper portion of vessel 12 by spring-
loaded clip 24 which frictionally engages containment wall 18. Those skilled in the art will
recognizé .that other techniques may be used to hold liner 20 in place, e.g., welded tabs or a

spring-loaded ring mounted in a groove formed in containment wall 18. Liner 22 is

7
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AR ey e PCT/USIS 1030
each |rrpursftts§lr). After the getter material was aged, 100% hone dry ai r”wa

injected into the getter colum. About” 18 seconds afiterithe«air ‘entiered the

getter colum, all of the thernocouplesmelted whi'ch triggered the ‘alarm
actions. SR A0bWEl porkibif o fPsbEr1 2By d! sippdie 28.N Batierd 20 &l 22 nidy Bt madk
and had ftLJsj"si,l rttégggt hgreﬁn%o a&Fgrge clunp, bust%hr)\ot as a solid pl ug‘.“_(The .

gett er nutfedrhainysaitabile high melting point] normetbllio knateriagl sapabie toff thermally idsulating
The getter colum, survived the introduction of 100% bone_dry air, w i hout
..breach of aaémrefestingrontzinment wajbi8 gEvesssl 17afremm dgmagy, 3s ?’Wi”ﬂ%ﬁaﬂ?ﬂe

and
e ool a3 o ' S ke B o IS B!

e Y R S a0 O]y st shisdta s M b

» Exanpl e 1 frem quantis.fied to i ntroduce 100%

o Getter bed 30 is disposed within vessel 12 to facilitate gas purification. When gas to
be purified flows through getter bed 30, the getter material forming bed 30 sorbs impurities
from the gas and thereby purifies the gas, as is known to those skilled in the art.

10 Commercially available getter materials appropriate for the gas being purified are suitable

for forming getter bed 30. The getter material forming getter bed 30 may be in the form of

pellets, pills, powder, granules, or other suitable shape. By way of example, preferred getter
materials for purifying noble gases such as Ar and He are sold by SAES Gette;s Sp.A. of

Milan, Italy, under the trade designations St 707™ and St 101®. The St 707™ alloy has a

15  composition of 70 wt% Zr, 24.6 Wi% V, and 5.4 wt% Fe. The St 101® alloy bas a

composition of 84 wt% Zr and 16 wt% Al.

Bed support 28 supports getter bed 30 within vessel 12. Bed support 28 is preferably

a porous plate comprised of a metallic material, e.g., stainless steel. Bed support 28 may be

secured within vessel 12 by any suitable technique, e.g., welding. Those skilled in the art

.20 will recognize that bed support 28 may also serve as a particulate filter if it is formed of a
L sintered material.

Barrier material 32 is disposed above bed support 28 and separates getter bed 30
from bed support 28. Barrier material 32 may be any suitable material capable of protecting
bed support 28 from substantial damage, as will be explained in more detail later. Preferred

25 barrier materials include, but are not limited to, metallic materials, e.g., stainless steel, and
' ceramic materials, e.g., quartz, SiC, SiN, and A1,0,. The barrier material is preferably in the
form of relatively small diameter particles having a substantially spherical shape, e.g., balls,
or an assortment of generally cylindrical and generally spherical shapes, e.g., shot. In a
preferred embodiment, barrier material 32 is comprised of stainless steel shot having a
30 diameter of 0.125 inch to 0.25 inch. .

8
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-of the nitrogen gas facility was changed and a different vessel was used.
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thermocouple elements may be disposed in a single sheath or in separate sheaths. Those
skilled in the art will recognize that other temperature sensing devices, e.g., a platinum

resistance temperature device (RTD) or a thermist_or, also may be used.

10 In operation, preheated gas to be purified enters getter colurnn 10 through inlet 14.

The gas is preheated to a temperature in the range of from about 300 °C to about 400 °C by

a pre-heater (shown in Figure 7) which, in accordance with conventional practice, may be

integral with getter column 10. The gas then flows through getter bed 30, barrier material

32, and bed support 28. As the gas flows through getter bed 30, the getter material forming =~
15 bed 30 sorbs impurities from the gas. The purified gas exits getter column 10 through outlet

16.

In the event gas which contains a high concentration of irr;purities, e.g., oxygen,
nitrogen, or oxygen-containing gases such as CO, CO,, and H,0, enters getter column 10, an
exothermic reaction occurs when the gas contacts the getter material forming getter bed 30.

20 Such high impurity gas may enter getter column 10 through either inlet 14 or outlet 16. For
example, high impurity gas may enter through inlet 14 if getter column 10 is inadvertently
connected to an improper source of gas. High impurity gas may enter through outlet 16 as
the result of backfeeding which may occur if gas facility lines for, e.g., argon and nitrogen,
are cross-connected. If high impurity gas enters through inlet 14, then liner 20 protects the

25 portion of containment wall 18 adjacent thereto from substantial damage during the
exothermic:reaction by separating the getter material from that portion of containment wall
18. If high impurity gas enters through outlet 16, then liner 22 protects ‘the portion of
containment wall 18 adjacent thereto from substantial damage during the exothermic |
reaction by separating the getter material from that portion of containment wall 18. The

30 getter material is separated from containment wall 18 to prevent the getter material from

9
REPLACEMENT SHEET



R

0.5 inch
support.
of the ge
whi-ch tri
“pottom su
thermal e
wover 1,30
" nitrogen

- indi cated

el ted. |

“inches waSAfIRHdsed in the vessel so that the.tottom end

Sy S b e T R L

, t hemESSIBRE,
bel ow the bottom surface of the getter- bed, but®above the bed
About 10.5 seconds after the pure nitrogen gas entered the botto

e A il e R A
t . d i - . .
st 8o eSSl il IE el SRhesh SRR P Klalin ST

Quketit ] dondpositibishohRll bé NlevRRRIIObEdaREE bich! coipesition addltsratt the highe

gas enteréd through the outlet of the getter colum. Thus, TC4
tefperatureséin ¢hee ntdennful,080 SCGersachtd Guring ¢he lexothermiageariisine and,

oSt ki atoansegmeHinEEY SoPH IR CaBING GAIHE OF BRTRH SHTP 2 confintieet BRR 08 e

w.because t
“‘reaction

10

15

20

25

30

Lh%ggéeig%[fgﬁf Rgﬁ% blafial 9949 biierOME ! sElinlBdSREH Sappde 26 R)nh e hielt

zone area above it, thereby saving the support 28 from destruction.

Figure 3 shows the upper portion of getter column 10. The upper portion of getter
column 10 is configured to inhibit the formation of a eutectic composition between the
getter material and containment wall 18 and to detect rapidly the onset of an exothermic
reaction which indicates the presence of excess impurities in the incoming gas to be purified.
As shown in Figure 3, liner 20 is disposed in vessel 12 such that one end extends a short
distance, e.g., about 0.25 inch to about 0.5 inch, above the top surface of getter bed 30 to

ensure that the getter material is separated from containment wall 18. The other end of liner

20 is embedded in getter bed 30. The length of liner 20 is selected so that the liner covers a
melt zone, which will be described in more detail later, while being as short as possible.
The length of the liner is kept as short as possible to avoid providing « path for the gas to be
purified which bypasses the getter material. The use of a relatively short liner also
minimizes any problems which may be caused by the difference in the coefficients of
thermal expansion for liner 20 and vessel 12. In a standard 5 inch diameter vessel, liner 20
preferably has a length of about 3 inches to about 5 inches and a thickness of about 0.125
inch. Those skilled in the art will recognize that these preferred dimensions are a function of

the geometry of the vessel and the gas flow rate.

As further shown in Figure 3, temperature sensor 34 is located at a point which is a
distance D, below the top of getter bed 30. The point at which temperature sensor 34 is
located is.sglected to fall within a melt zone. As used in connection with the description of
the invention, the term “melt zone” means the region in which the maximum temperature
generated by the exothermic reaction between an impurity and the getter material occurs the
fastest. It has been discovered that when high impurity gas enters getter column 10 through
inlet 14 the maximum temperature generated by the exothermic reaction occurs the fastest

10 :
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' enbodi Menthe distance D, may be slightly shorter because of the reduced gas velocity of the incoming

gas. If the gas inlet provides for uniform distribution of the incoming gas, then the melt
zone will normally be located in the center of the getter material. On the other hand, if the
10 gas inlet provides for nonuniform distribution of the incoming gas, e.g., an annular

distribution, then the melt zone may be offset from the center of the getter material.

Those skilled in the art will recognize that the location of the melt zone is a function
of certain parameteré including the geometry of the getter column, e.g., the diameter and the

length of the vessel, the gas flow rate, the type of impurity, and the age of the getter =~
15 material. Depending on these parameters, it is believed that the melt zone may occur from
just above 0 inch to about 6 inches below the top of getter bed 30. In a standard 5 inch
diameter vessel at a normal gas flow rate, témperature sensor 34 is preferably located from
just above 0 inch to just below 3 inches below the top surface of getter bed 30, with a more
preferred range being from about 0.5 inch to about 2.5 inches and a most preferred range

20 being from about 1 inch to about 2 inches.

Figure 4 shows the lower portion of getter column 10. The lower portion of getter
column 10 is configured to inhibit the formation of a eutectic composition between the
getter material and either containment wall 18 or bed support 28 and to detect rapidly the
onset of an exothermic reaction which indicates that excess impurities are being backfed into

25 getter column 10. As shown in Figure 4, liner 22 is disposed in vessel 12 such that one end
rests on bed support 28 and the other end is embedded in getter bed 30. The length and
thickness of liner 22 may be the same as the length and thickness of liner 20, as discussed
above in connection with Figure 3. Barrier material 32 separates the getter material at the
bottom of getter bed 30 from bed support 28. The thickness D, of barrier material 32 is

30 selected to protect bed support 28 from substantial damage by inhibiting the formation of a

11
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' bed support 28 from substantial damage.

5 As further shown in Figure 4, temperature sensor 36 is located at a point which is a
distance 'D; above the b6Mm of getter bed 30. The point at which temperature sensor 36 is
located is also selected to fall within a melt zone, i.e., the region in which the maximum
temperature generated by the exothermic reaction between an impurity and the getter
material occurs the fastest. It has been discovered that when high impurity gas enters getter

10 column 10 through outlet 16, e.g., by backfeeding from a cross-connected gas facility line,
the maximum temperature generated by the exothermic reaction occurs the fastest above the
bottom surface of getter bed 30. It is believed that the maximum temperature occurs above
the bottom surface of getter bed 30 because the exothermic reaction is not instantaneous and
because of the gas velocity of the incoming gas. In tests in which N, was backfed intoa

15 standard 5 inch diameter vessel at a gas flow rate of greater than 20 m3/hr, the distance D,
has been found to be about 1.5 inches to about 2 inches. As discussed above in connection
with the description of Figure 3, the location of the melt zone depends on certain parameters
including the geometry of the getter column, e.g., the diameter and the length of the vessel,
the gas flow rate, and the type of impurity. Depending on these parameters, it is believed

20 that the melt zone may occur from just above 0 inch to about 6 inches above the bottom of
getter bed 30. In a standard 5 inch diameter vessel, temperature sensor 36 is preferably
located from just above 0 inch to just below 3 inches above the bottom surface of getter bed
30, with a more preferred range being from about 0.5 inch to about 2.5 inches and a most

preferred range being from about 1 inch to about 2 inches.

25 Figure 5 illustrates the structure of the upper portion of getter column 10 after high
impurity gas has entered getter column 10 through inlet 14. As can be seen in Figure 5, melt
zone A is formed below the top surface of getter bed 30. Melt zone A forms because the
heat from the exothermic reaction which occurs when the high impurity gas contacts the
getter material forming getter bed 30 initiates a melt process in the getter material. Liner 20

30 protects the porﬁon of containment wall 18 adjacent thereto from substantial damage during

12
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impurity gas has getter column 10 through outlet 16, e.g., by backfeeding from a cross-
connected gas facility line. As can be seen in Figure 6, melt zone B and eutectic melt zone
C are formed at the bottom of gettér bed 30. Eutectic melt zone C is formed between melt
zone B and barrier material 32 which in this preferred embodiment is shown as a layer of
stainless steel shot. Melt zone B forms because the heat from the exothermic reaction which
occurs when the high impurity gas contacts the getter material forming getter bed 30
initiates a melt process in the getter material. Eutectic melt zone C forms when melt zone B

reacts with the stainless steel shot in contact therewith and forms a ferrous eutectic

composiﬁoﬁ which melts at the high temperatures (on the order of 1,000 °C) reached during .~

the exothermic reaction. Eutectic melt zone C does not advance completely through barrier
material 32, i.e., the layer of stainless steel shot, because the melting of additional stainless
steel beyond that m immediate contact with melt zone B has a  dilution effect which
ultimately stops the formation of the ferrous eutectic composition before bed support 28 is
reached. Thus, barrier material 32 protects bed support 28 from substantial damage by
preventing the getter material from reacting therewith and forming a ferrous eutectic
composition which may melt a hole therethrough. Liner 22 protects the portion of
containment wall 18 adjacent thereto from substantial damage during the melt process. In
particular, liner 22 separates melt zone B and melt zone C from containment wall 18 and
thereby inhibits the formation of a eutectic composition between either the molten getter
material or the molten eutectic composition and containment wall 18. Temperature sensor
36 is sho_vg_q as a dotted line in Figure 6 to indicate that the sensor, e.g., thermocouple

element, has been destroyed in the melt process.

Figure 7 is a schematic diagram of getter-based gas purifier 2 formed in accordance
with one embodiment of the present invention. As shown therein, gas purifier 2 includes
getter column 10, control unit 38, isolation valves 42 and 44, bypass valve 46, and vent
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communication with an outlet of getter column 10, e.g., outlet 16 shown in Figure 1, and an
outlet 52-for purified gas which may be connected to a gas distribution network for, e.g., a
semiconductor fabrication facility. Bypass valve 46 is in flow communication with source
50 and outlet 52. Vent valve 48 is in flow communication with the inlet of getter column 10
and vent 54 to a gas cabinet which may form part of the gas distribution network. Each of
isolation valves 42 and 44, bypass valve 46, and vent valve 48 is coupled to control unit 38.
Temperature sensors disposed in getter column 10, e.g., temperature sensors 34 and 36

shown in Figure 1, are also coupled to control unit 38.

Control unit 38 measures the temperatures sensed by the temperature sensors in

getter column 10 and actuates, e.g., by air actuation, isolation valves 42 and 44, bypass valve

46, and vent valve 48 when certain alarm temperatures are reached or when one of the
temperature sensors is destroyed. When the temperature sensor is a thermocouple element,
an open thermocouple indicates that the thermocouple element may have been destroyed.
Control unit 38 may be any electronic device capable of performing these functions, e.g.,
microprocessor, microcontroller, computer, or discrete logic, and may be coupled into the

existing control computer for the getter-based gas purifier.

Control unit 38 preferably has three alarm levels. At the first alarm level, which
occurs when a first alarm temperature is measured, control unit 38 actuates isolation valves
42 and 44 to isolate getter column 10, i.e., to close off both the inlet and outlet of getter
column 10, and opens bypass valve 46. At the second alarm level, which occurs when a
second alarm temperature is measured, control unit 38 actuates vent valve 48 to vent gas
from getter.column 10. At the third alarm level, which occﬁrs when a third alarm
temperature is reached, control unit 38 closes bypass valve 48. The first alarm temperature
is preferably about 10 °C to about 100 °C, more preferably about 40 °C to about 60 °C, and
most preferably about 50 °C, above a normal operating temperature of getter column 10.
The first alarm level action shuts down the exothermic reaction (if present) by isolating
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operation, within getter column 10 to prevent unsafe structural conditions due to the high

temperatures (near 1000 °C) from the melted getter. Venting will also, in the case.of the
upper melt zone, flush out the impurities remaining in the inlet tubing with noble gas stored
10 below the melt zone in the getter column. The second alarm level action vents as much gas
as possible from getter column 10, e.g., down to about 0-5 psig. The third alarm
temperature is preferably at least about 200 °C, and more preferably at least about 300 °C,
above a normal operating temperature of getter column 10. A temperature increase of this
magnitude is a reliable indicator that a substantial amount have excess impurities have been
15" -in.trdduced.into getter column 10. The third alarm level action shuts off the supply of gas- o
the gas distribution network for the semiconductor fabrication facility so that high impurity
gas is not used in the production of integrated circuit devices. The time response to the
alarm actions should be quick, e.g., within about 0.5 second to 1.5 seconds, because the
melting process can cause substantial damage in a matter of a few seconds. To reduce the
20 time response to the alarm actions, the use of an individual solenoid valve for each of

isolation valves 42 and 44, bypass valve 46, and vent valve 48 is preferred.

The normal operating temperature of a getter column in an argon gas purifier is about

400 °C. Accordingly, the first alarm temperature is preferably within a range of from about

410 °C to about 500 °C, more preferably within a range of ﬁ'om about 440 °C to about 460

25 °C, and most preferably about 450 °C. The second alarm temperature is preferably at least

about 500 °C . The third alarm temperature is preferably at least about 600 °C, and more
preferably ;t least about 700 °C.

The operation of getter-based gas purifier 2 may be summarized as follows. The gas
to be purified flows from source 50 through isolation valve 42, pre-heater 56, and into getter
30 column 10, which is heated by heater 58, through an inlet thereof. As the gas flows through
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5 sensors in getter column 10 during the purification process. In the event control umit 38

measures—a temperature at or above a first alarm temperature, control unit 38 actuates
isolation valves 42 and 44 to isolate getter column 10. When getter column 10 is isolated,
the feed gas to be purified, which already has a high purity level, flows directly from source
50 to outlet 52 via bypass valve 46 so that the gas distribution network continues to be
10 supplied with gas. In the event control unit 38 measures a temperature at or above a second
alarm température, control unit 38 actuates vent valve 48 to vent gas from getter column 10.
When vent valve 48 is actuated, gas flows from getter column 10 through manual valve 66,
particle filter 68, vent valve 48, check valve 70, and vent 54 to a gas cabinet which may
form part of the gas distribution network. In the event confrol unit 38 measures a
15 temperature at dr above a thn'd alarm temperature, cantrbi umt38closesbypass valve46 to ”
shut off the supply of gas to the gas distribution network. In addition to being configured to
carry out alarm actions when certain temperatures are measured, contro] unit 38 is preferably
further configured to provide “upscale” protection. In other words, in the event control unit
38 determines that a temperature sensor may have been destroyed, e.g., by detecting an open
20 thermocouple, control unit 38 assumes a maximum temperature, e.g., the third alarm

temperature, has been reached and carries out the corresponding alarm actions.

Figure 8 is a flow diagram of a method of protecting a getter column in accordance
with the present invention. In step 100 a getter column having getter material disposed
therein is provided. Getter column 10 described herein is an example of a getter column

25 suitable for use in step 100. Those skilled in the art will recognize, however, that the
method of the present invention is not limited to getter columns having the features of getter
column 10. In step 102 a first temperature is measured in a top portion of the getter
material. The first temperature may be measured by a control unit which is coupled to a
temperatﬁfe sensor disposed in the getter material as described above for getter column 10.

30 The first temperature is preferably measured from just above 0 inch to just below 3 inches
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~and said barrier material (32) is conpri sed of stainless steel shot
5 measured. The second temperature is preferably measured from just above 0 inch to just

below 3-inches above the bottom of the getter material, with a preferred range bemg from
about 0.5 inch to about 2.5 inches, and a more preferred range being from about 1 inch to

about 2 inches.

In step 106 the getter column is isolated when either the first temperature or the

10 second temperature reaches a first alarm temperature which is higher than a normal
operating temperature of the getter column. The getter column may be isolated by actuating
isolation valves which prevent gas from entering either the inlet or the outlet of the getter
column. As described above, isolating the getter purifier shuts down the exothermic

reaction which occurs when high impurity gas enters the getter column. The first alarm

15 temperature is preferably about 10 °C to about 100 °C, more preferably about 40 °C to about
60 °C, and most preferably about 50 °C, above a normal operating temperature of the getter
column. In a preferred embodiment in which the getter column i$ part of an argon gas
purifier, the normal operating temperature of the getter column is about 400 °C.
Accordingly, the first alarm temperature is preferably within a range of from about 410°Cto

20 about 500 °C, more preferably within a range of from about 440 °C to about 460 °C, and
most preferably about 450 °C.

In step 108 the getter column is vented when either the first temperature or the
second temperature reaches a second alarm temperature which is higher than the first alarm
temperature. The getter column may be vented by actuating a vent valve which allows gas

25 to flow out of the getter column. As described above, venting the getter column relieves the
internal pressure therein, which is normally about 100-150 psig. This prevents such internal
pressure from forcing molten getter material against the containment wall of the getter
column and reacting therewith to form a eutectic composition. Venting also helps rid the
getter column of excess impurities. The second alarm temperature is preferably at least

30 about 100 °C above a normal operating temperature of the getter column. Accordingly, in
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purifier with a safety device. Getter-based gas purifier 2 described herein which includes
getter column 10 is an example of a getter-based gas purifier suitable for use in step 200.
Those skilled in the art will recognize, however, that the method of the present invention is
not limited to getter-based gas purifiers having the features of getter-based gas purifier 2. In
step 202 the purified gas is supplied to at least one wafer processing chamber in, e.g., 2
semiconductor fabrication facility. In step 204 the semiconductor wafer is processed in the
at least one wafer ﬁmcessing chamber to obtain an integrated circuit device. As discussed
above, processes in which ultrapure Ar or He may be used include, for example, chemical

vapor deposition, physical vapor deposition, and ion implantation.

The present invention will now be described with reference to specific examples. It -~ - - -

should be borne in mind that the examples given below are merely illustrative of particular
applications of the getter-based gas purifier and getter column of the present invention and

should in no way be construed to limit the usefulness of the invention in other applications.

Example 1

A Megatorr® gas purifier (commercially available from SAES Pure Gas, Inc. of San
Luis Obispo, California) was used as a test bed. The getter column included a 5 inch
diameter vessel containing a bed of 4 kilograms of virgin St 707™ getter material, and was
provided with a quartz sleeve or liner near the predicted melt zone. More particularly, a
cylindrical quartz liner having a length of about 4 inches was disposed in the vessel so that

‘the top end thereof was about 0.5 inch above the top of the getter bed. A 1 inch layer of

0.125 mch diameter 316 stainless steel shot separated the bed of getter material from the bed
support. Three thermocouples (TC1-TC3) were centrally disposed at 1 inch increments
below the top surface of the getter bed. A fourth thermocouple (TC4) was disposed 2 inches
below the top surface of the getter bed and offset from the center of the vessel. A control
unit coupled to TC1 and TC2 was configured to isolate the getter column when a
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getter col SAMPHAD)  and said third alarm terrperat ure i's at. | eW%?E/GUP" 200

[err] C above a nornal operating tenperature of said getter- tolum (10). 13.

The gas purifier (2) of claiml, wherein said first al'armtenperature S
about 40 5 [err]C to about 60 [err] C above a nornal operatin

_t enper at ur temperature PfgEI% 8¢ was qu) fomndClasnd toventdthg) getter F@ﬂﬂﬁ@r whepa i s

“at |east apout 100 ], above a ng perating tenperature of said
"getter col me{%f&géé wﬁﬁgle@ﬁge‘g ma,]{.gg (2) of claim2, wherein said

~first alarmtenperature is about 40 10 ]C to_about 60 [err]C above a
normal operati %ﬁﬂﬁﬁéﬁ elmnavas %@@Q@Qf@@éélﬂ%@@&n’ vduchywarpisheated to m

tenperatur S t 1 er nor np

1 emper at ur B0 TCSes SRR M o Fofoms, RO B Aol e ARE BRABS L0
« at | egst It a0ndrier ]vﬁsaﬁeﬂfﬁwﬁcﬁsarﬁe& b%& %Mwmt ﬁﬁiéﬁrtﬁé lg@ﬁeroéolﬁamdwas
“.gett er col (10)". 15 he" gas purifier (2) of claim1,
~zwher ei n saisolatedrant tizd srgon gasnfier hylnassed &e gbttertcolithth. [ At this(aint, ﬁie(algonSfeed gas
:z[err] C and said second alarmtenperature is at_ | east about 500 [err]C

was switched over to 100% nitrogen from a cylinder located upstream of the getter column.
The purifier was then switched back into purify mode and the pure nitrogen gas entered the

getter column through an inlet thereof.

10 About 5.6 seconds after the pure nitrogen gas entered the getter column, the control
unit measured a temperature of 450 °C from TC1 and isolated the getter column by actuating
isolation val-ves. The actuation of the isolation valves prevented any additional nitrogen gas
from entering the getter column. About_ 6 seconds after the pure nitrogen gas enteréd the

getter column, the control unit measured a temperature of 500 °C from TC2 and vented the— -

15 getter column by actuating a vent valve in flow communication with the inlet of the getter
column. The control unit measured a maximum temperature of over 1,100 °C from TCl1
before it was destroyed approximately 9.2 seconds into the test. The control unit did not
measure a temperature above 450 °C from TC3 before it was destroyed approximately 10
seconds into the test. The location of TC3 (3 inches below the top surface of the getter bed)

20 corresponds to the location of prior art thermocouples.

The getter column survived the introduction of the pure nitrogen gas without breach
of containment of the getter material. The getter material melted and formed a solid plug
located about 2 inches below the top surface of the getter bed. The quartz sleeve or liner

- survived intact.

25 _ Example 2
The procedure described above in Example 1 was repeated to introduce 100% bone
dry air, which contains about 20% oxygen, into the getter column. The equipment used was
the same as in Example 1 except for the location of the thermocouples. Two thermocouples

(TC1 and TC2) were centrally disposed at 1 inch increments below the top surface of the
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16,

The sgaxpappr i fier (2) of claim2, wherein said flrstq'\alé"m‘{qs%@"ature

I s about- 410 [err]C to about 500 [err]C said second al arm'tenperature is
at | east about 500 [err]C, and said third alarm 20 tenperature is at
| east about 600 [err]C. 17. The gas purifier &ﬂi) of claiml1, wherein said

first daI ?rgettbsbpdzr aTwoeother siemmpcouples] EFC3 @ndoT owere gdsq disppesdant 1s inch
-second alarmte t I b Th
purifier W%Fr W%%ﬁgﬁ%egﬁﬁgﬁ# ﬁﬁ%%ﬁ’@&e{ﬁe@g‘qff%% $SS%4O
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dispokéll in theAreSRIsS AR RS R HANUERST wak RBowyG:5 ¢k djove cherpop of the:
getter bed. The control unit coupled to TCi and TC2 was configured to isolate the getter
column-when a temperature of 450 °C was measured from TC1 and to vent the getter

column when a temperature of 500 °C was measured from TC2.

The air was injected into the getter column with a combination of a high pressure
cylinder, a regulator, and tubing. About 6 seconds after the air entered the getter column,
the control unit measured a temperature of 450 °C from TC1 and isolated the getter column
by actuating isolation vah-/és. All thermocouples melted within 1 second of the getter
column being isolated. The control unit actuated the vent valve when TC2 was destroyed.
Although both TC1 and TC3 were located 1 inch Below the top surface of the getter bed,

TC3 responded to the thermal event, i.e., the onset of the exothermic reaction, about 2 =~ ==

seconds before TC1. It is believed that the difference in response time between TC1 and
TC3 was caused by the inlet filter which channeled the incoming gas to the outer radial

portion of the getter material and, consequently, the exothermic reaction started there.

The getter column survived the introduction of 100% bone dry air without breach of
containment of the getter material. As in Example 1, the getter material melted ard formed
a solid plug located about 2 inches below the top surface of the getter bed. In addition,
tightly fused getter material was observed directly below the melted portion of the getter
material. The quartz liner protected the wall of the vessel from any substantial damage.

Example 3

Example 2 was repeated using a different vessel to determine the effect of aged
getter matenal The vessel used in this example was the same as that used in Example 2
except for the location of the thermocouples. Five thermocouples (TC1-TC5) were disposed
at 1 inch increments below the top surface of the getter bed, with each thermocouple being
offset from the center of the vessel. The thermocouples were located in the ouier radial

portion of the getter material for a quicker response in view of the channeling of the
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“a getter-bsAStR43as purifier (2) coupled in flow comunicati oF PRS2 as

di stribution network (4) for a sem conductor fabrication facility (3), said
-gas distribution network (4) supplying purified gas to at | east one wafer

processing chanber (5) in said sem conductor fabrication facility (3

wher ei n saindonying gas icatised by(thy inles filters dhe alaym actions were triggered tbé!rTébPE‘%‘rﬂqzlo)
-having a netallic vessel .(12) with an inlet (14), an outlet (16), and a
- cont ai nrrerﬂsW«@xP-mP?B)sl 3¢ 2endi ng between said inlet (14) and said outl et
-(16); getter material (30) disposed in said vessel (12%‘ a first
tenperature serEhe gettenmatiriahwiee agechby njenting - 30/3hblsnd o8 Ny 2gd Qudntorthe getten
:(30), said first te rature ns 3 bei.ng_l pcated in I ; d
15 ~ colump a&%@%hpﬁmfvé'ﬁ{?e‘#?t ﬂgﬁ@gn%}e %%? m&f ey e:m%)%%fgoo%xf ét?lhgg%tr i on
-0f sakd geft | fival atodw&ﬁfw F SFPIRE B (LAsSEHS 2Mevied OF 2550nk Gor
. | ocat gd iﬁﬁéﬂrgeﬁg@%ne.es(fg. eii"he sen conduct or rrangfﬂgcturi ng syst?ﬁ (1) of
“claim19, skRiepartyhi Afienthegettef meteriaPywad agedh200% bope dyeair was injected into the

getter column.

About 18 seconds after the air entered the getter column, all of the thermocouples

melted which triggered the alarm actions. Upon inspection, the getter material was heavily

10 oxidized and had fused together in a large clump, but not as a solid plug. The getter material
was fragile and could be broken apart with a screwdriver.

The getter column survived the introduction of 100% bone dry air without breach of
containment of the aged getter material. Although the quartz liner shattered, the vessel
integrity was good and there were no signs of structural failure. The shattering of the quartz

15 liner may have been caused by the thermal loading or the process of extracting the getter

material from the vessel.

Example 4

The procedure described above m Example 1 was modified to introduce 100%

nitrogen into the bottom of the getter column through an outlet thereof. The equipment used

20 was the same as in Example 1 except that the location of the nitrogen gas facility was
changed and a different vessel was used. The location of the nitrogen gas facility was

moved from upstream of the getter column to downstream of the getter column. The vessel

was again the same as the vessel used in Example 1 except for the location of the
thermocouples and the amount of the stainless steel shot used. Four thermocouples (TC1-

25 TC4) were.disposed at 0.5 inch increments above the bottom surface of the getter bed and
the underlying layer of stainless steel shot. The thermocouples were arranged so that TC1

was 2 inches above the bottom surface of the getter bed and TC4 was 0.5 inch above the

bottom sﬁfface of the getter bed. TC4 was the trigger for the isolation alarm action and TC3

was the trigger for the vent alarm action. The cylindrical quartz liner having a length of 4
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in said vessel (12) such that at |east some of said bottomportion of said
material (30) is separated from said contai nnent vvaI | (18) of said
(12); and wherein said first tenperature sensor L is |ocated a

getter
vessel

- di stance bnd:hmrwmstdmpowlhathevesselsm that) et bottonmengt thereof 3@}
-~ being fromjust above 0.inches to

sastPaizP ower high nelting point, nonmétallic |iner (@Zyﬂmwged

outi 45 dnch below

second ter%%b%ﬁ%@nﬁ@ﬁ§gfhe(@§7rb%d’i’ﬁ€%’9§g¥h§% il o o

..of :said getter material (30), said distance being fromjust above 0 inches

“to just bel ow AboutHOs. sebnds atse hseprinc cuitiogano gamentared dherbotgrs oF thargetis of
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actions. TC4 located 2 inches above the bottom surface of the getter bed had the quickest
responsé fimhe to the thermal event. The control unit measured a rapid rise in temperature to
over 1,300 °C for TC4 starting approximately 4 seconds after the pure nitrogen gas entered
through the outlet of the getter column. Thus, TC4 indicated the thermal event about 6.5
seconds before the thermocouple melted. It is believed that the maximum temperature
occurred the fastest at a distance 2 inches above the bottom surface of the getter bed because
the cold gas entering though the outlet quenched the exothermic reaction. closer to the

bottom surface of the getter bed.

The getter column survived the introduction of 100% nitrogen through the outlet

“thereof without breach of containment of the getter material. Upon inspection of the vessel,

all of the getter material had formed a solid plug of melted getter material. Below the solid
plug, a layer of fused stainless steel shot having a thickness of 0.25 to 0.375 inch was
observed. Thus, the layer of stainless steel shot effectively protecteci the bed support from
substantial damage. The quartz liner protected the wall of the vessel from any substantial

damage.

The getter-baéed gas purifier of the present invention has been described herein in
c_onnection with the purification of noble gases such as Ar and He (see, e.g., Figure 1). Itis
believed that the getter-based gas purifier of the present invention also may be applicable to
the purification of other gases, e.g., H, and N,. '

While this invention has been described in terms of several preferred embodiments,
there are alteratlons, permutations, and equivalents which fall within the scope of this
invention. If should also be noted that there are many ways of implementing the
semiconductor manufacturing system, getter-based gas purifier, getter column, and methods
of the present invention. It is therefore intended that the following claims be interpreted as
including all such alterations, permutations, and equivalents as fall within the true spirit and

scope of the present invention.
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a first higlpaglg i ng point, nonmetal lic |iner (20) d| sposed Immwﬂssel
(12) such that a top portion of said getter material (30).is separatéed from
sai d contai nment wall (18) of said vessel (12); a second high nelting
point, nonnetallic liner (22) disposed in said vessel (12) such 10 t hat
-a bottom PPt iORladhesRl d getter material (30) is separ ated from said

“contai nment wall (18) of said vessel (12); and wherein jﬂ ﬂm mjmum”uub
_tenperature sensor (34) is located a.dkABY§e bel ow a t

sgetter material (30), said distance being fromj ust above 0 ‘i néhel td about

6 inches, and said s cond te erat ure nsor % Is | ocated a distance
- above a bottomlsurf ftgT-has mpq ri aI (30), said distance
ztbei ng fromjust above O i nches to about 6 i nches. The system of
2 claim 19, whereagﬂt@amlu@eﬂi@rham&mef@h!@)wsw{mmm%élﬁ g quglet gl é

<neltlng point, nonnetallic liner (20) disposed in said vessel (12) such
,,,,, +that &t | mtﬁﬁ'ﬁmtwalb(a BYlexteyplippbetivoen sdid fndetd 1 geandesaidnautlet (14), seiBiDyessd (12)
separ ated from said contai nment wall
% having getter material (30) disposed therein;
a first isolation valve (42) in flow communication with said inlet .(14) of said vessel
(12);
a vent valve (48) in flow communication with said inlet (14) of said vessel (12);
10 a second isolation valve (44) in flow communication with said outlet (16) of said vessel
(12);
| a first temperature sensor (34) disposed m a top”portion of said gettefr. material (30);.
the improvement comprising:
a second temperature sensor (36) disposed in a bottom portion' of said getter material
15 (30); and
a control unit (38) coupled to said first and second temperature sensors (34) and (36),
said first and second isolation vaives (42) and (44), and said vent valve (48), wherein said
control unit (38) measures temperatures sensed by said first and second temperature sensors
(34) and (36) and, when a temperature above a first alarm temperature is measured, actuates
20 said first and second isolation valves (42) and (44) to isolate said getter column (10) and, when

a temperature above a second alarm temperature is measured, actuates said vent valve (48) to

vent gas from said getter column (10).

2. The gas purifier (2) of claim 1, wherein said first isolation valve (42) is in flow

25 communication with a source (50) of feed gas to be purified, said second isolation valve (44) is
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’ 20 ( 185AS3P433Ri d vess’"éIJ ” (I! IBHIIHM h| gh nelting p0|¥f""ms98mosq "
nonnetal lic liner (22) dis (12) such that at '1east sone

of said bottom portion of sald getter rraterlal (30) is separated fromsaid

cont ai Nmenjy 4@kl agg&d uﬁ,ﬁmfh &I@so%éé(@ﬁj &ﬂﬁeedPéasceInﬁ'

21 or 22, erein secon |ng poi nt

I I t
2 The Syt @ﬁ)?‘l’(P“zS‘Iﬁegﬁ&? &@%ﬁﬁéﬁd ”@II@%‘Q’(P%I sy zfasg?mffsé%@ Yo i
‘el t tall I 20 nd (22 conprised of a materia
g; Ialctn gdp? Ie&warﬁg'ggﬁwaeééﬁﬁﬁ@' ;1%5 @Ian?&I?xez IDFPIIIE%I;@ %Zﬁmwamm ghovejay
“and Al[err](Jerr]. 5
. third alarm temperature is measured, closes said bypass valve (46).

3. The gas purifier (2) of claim 1, wherein said first temperature sensor (34) is
located about 0.5 inch to about 2.5 inches below a top surface of said getter.material (30) and
said second temperature sensor (36) is loéated aIaout 0.5 inch to about 2.5 inches above a
bottom surface of said getter material (30).
10 |

4. The gas purifier (2) of claim 1, wherein said first temperature sensor (34) is

located about 1 inch to about 2 inches below a top surface of said getter material (30) and said -~~~

second temperature sensor (36) is located about 1 inch to about 2 inches above a bottom
surface of said getter material (30).
15
5. The gas purifier (2) of claim 1, wherein said getter column (10) further includes
a first high melting point, nonmetallic liner (20) disposed in said vessel (12) such that at least
some of said top portion of said getter material (30) is separated from said containment wall
(18) of said vessel (12) and a second high melting point, nonmetallic liner (22) disposed in said
20 vessel (12) such that at least some of said bottom portion of said getter material (30) is
separated from said containment wall (18) of said vessel (12).
6.' The gas purifier (2) of claim 5, wherein said first and second high melting point,
nonmetallic liners (20) and (22) are comprised of a ceramic material. |

25
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25. The system (1) ,,Oor 21, wherein said getter columm
(10) further incl UdﬁH uj H; t rt aenber: Q?S% di sposed in said vessel
(12), said support 12O )M ting sard getter naterical (30); and 10

a barrier material (32) disposed on said support nmenber (28), said barrier

material (32) separating said getter material (30) fromsaid support nenber
-(28). 26. The7syst The gds)purifier (2)iofclzim Syiwvhereimsasdifirst andsecond highimeelting ppint,s
-a plate conprised of stainless steel and said barrier material is conprised

~-of -stai nl eaenrhétaltit linkel(20)dnd422) are dbiapisediof @nateriddselebiad Fomld cofisisti of
. Wherein said gas purifier (2) further includes a control unit (38) coupled

- to said fi t t nsors (34) and (36) for neasuring
. W%Wg I.g{@%'iﬁ adALO!)

..tenperaturés sénse first and’scond tenperature sensors (34) and
-(36), ¢said control unit (38) actuating at |east one isolation valve to
‘i sol a?e said getter colum (10) '

8. The gas purifier (2) of claim 1, wherein said getter column (10) further includes:
a porous support member (28) disposed in said vessel (12), said support member (28)
supporting said getter material (30); and
( a barrier material (32) disposéd on said support member (28), said barrier material (32)

10 separating said getter material (30) from said support member (28).

9. The gas purifier (2) of claim 8, wherein said support member (28) is a plate

comprised of stainless steel and said barrier material (32) is compriséd of stainless steel shot.

15 10.  The gas purifier (2) of claim 1, wherein said first and second temperature

sensors (34) and (36) are thermocouple elements.

—

11.  The gas purifier (2) of claim 1, wherein said first alarm temperature is about 10
°C to about 100 °C above a normal operating temperature of said getter column (10) and said
20  second alarm temperature is at least about 100 °C above a normal operating temperature of said

getter column (10).

12.  The gas purifier (2) of claim 2, wherein said first alarm temperature is about 10
°C to about 100 °C above a normal operating temperature of said getter column (10), said

25 second alarm temperature is at least about 100 °C above a normal operating temperature of said
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0 whe?-l’st al ar Nt eHmlClH l"r“l" "ll rleured ' [ r@w@mﬁ

val ve (48) 'to vent gas fro getter am (10) Wnen a second aI arm
tenperature is neasured. 28. The system (1) of clains 19, 20, or

wherein sajgf ARt 50 ¢33 f WJ

therrmcoup# Ferrentetgg) g@%&l s sysﬁgéﬁﬁfg@?ﬁ ﬁoléns %‘? I:J
wherein said first tenperatut ns Is | ocated about 0.5 inch to

- about 2.5 PRICHISY 5@?%&#%@%&%?&3@&%% said getter material (30), and

.:said second tenperature sensor (36) is |ocated about 0.5 inch to about 2.5
‘inches above said bottomsurface of said getter material (30).

13.  The gas purifier (2) of claim 1, wherein said first alarm temperature is about 40
5 °C to about 60 °C above a normal operating temperature of said getter column (10) and said
second alarm temperature is at least about 100 °C above a normal operating temperature of said

getter column (10).

14.  The gas purifier (2) of claim 2, wherein said first alarm temperature is about 40
10 °C to about 60 °C dbove a normal operating temperature of said getter column (10), said

second alarm temperature is at least about 100 °C above a normal operating temperature of said

getter column (10), and said third alarm temperature is at least about 300 °C above a normal =

operating temperature of said getter column (10).

15 15.  The gas purifier (2) of claim 1, wherein said first alarm temperature is about 410

°C to about 500 °C and said second alarm temperature is at least about 500 °C.

16. The gas purifier (2) of claim 2, wherein said first alarm temperature is about 410
°C to about 500 °C, said second alarm temperature is at least about 500 °C, and said third alarm

20 temperature is at least about 600 °C.

17.  The gas purifier (2) of claim 1, wherein said first alarm temperature is about 440

°C to about 460 °C and said second alarm temperature is at least about 500 °C.
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5 30. Theasspstrem (1) of clains Hmlly"ﬁﬂlmm,ﬁm sai d f| rstrmqsmsmre
sensor (34y -is located about 1 in hes bel.ow sdi d 't op
surface of said getter material (30), and said second tenperature sensor
(36) i s | ocated,abo 1 inchet b hes ab aid . bottaomsurfa f
'said getter mat€ri al uﬁge%(} ?%ﬁﬁz s(aﬁ)t\{xgﬁl %{/ﬁ‘fg?%?"ﬁ%a
~said getter colu further I ncl udes. an_ upper high_ne poi nt,
nonnetall i &mbem‘téb‘)c &vid secang %m%&at@%a%ﬁOQ?étmgts Bzﬂiakaﬁe

-of :said top portion of said getter material. (30) is separated fromsaid
*-cont ai nnmertempertafuré isgif least sboit70% el (12). 32. The system (1) of claim3
1, wherein said upper and |ower high nelting point, nonnetallic Iiners (20)

-“and (22) are conprised of a ceranmic material. 33. The system (1) of claim
-3 1, wherein said upper and |ower high nelting point,
5 19. _ A semiconductor manufacturing system (1), comprising:

a getter-based gas purifier (2) coupled in flow communication with a gas distribution
network (4) for a semiconductor fabrication facility (3), said gas distribution network (4)
supplying purified gas to at least one wafer processing chamber (5) in said semiconductor
fabrication facility (3), wherein said gas purifier (2) comprises:

10 a getter column (10) having a metallic vessel (12) with an inlet (14), an outlet (16), and

a containment wall (18) extending between said inlet (14) and said outlet (16);

getter material (30) disposed in said vessel (12);

a first temperature sensor (34) disposed in a top portion of said getter material (30), said
first temperature sensor (34) béing located in a melt zone; and

15 a second temperature sensor (36) disposed in a bottom portion of said getter material

(30), said second temperature sensor (36) being located in a melt zone.

20.  The semiconductor manufacturing system (1) of claim 19, wherein said gas
purifier (2) further comprises:

20 a lower high melting point, nonmetallic liner (22) disposed in said vessel (12) such that
at least some of said bottom portion of said getter material (30) is separated from said
containment wall (18) of said vessel (12); and

wl_lgrein said first temperature sensor (34) is located a distance below a top surface of

said getter material (30), said distance being from just above 0 inches to just below 3 inches,
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A nmet hod of making an integrated circuit device, conpri sing:
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sald purifti‘ed gas to at |east one wafer processing

met hod of claim 34, wherein said first tenperature sensor (34) is-

-l ocated about 0.5 inch to about 2.5 inches bel ow said top surface of said
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. getter material (30) and said

21.  The semiconductor manufacturing system (1) of claim 19, wherein said gas
purifier (2) further comprises:

a first high melting point, nonmetallic liner (20) disposed in said vessel (12) such that a
top portion of said getter material (30) is separated from said containment wall (18) of said
vessel (12); |

* a second high melting point, nonmetallic liner (22) disposed in said vessel (12) such
that a bottom portion of said getter matérial (30) is separated from sﬁd containment wall (18)
of said vessel (12); and

wherein said first temperature sensor (34) is located a distance below a top surface of
said getter material (30), said distance beiﬁg from just above 0 inches to about 6 inches, and
said second temperature sensor (36) is located a distance above a bottcm surface of said getter

material (30), said distance being from just above 0 inches to about 6 inches.

22.  The system (1) of claim 19, wherein said getter column (10) further includes a
first high melting point, nonmetallic liner (20) disposed m said vessel (12) such that at least
some of said top portion of said getter material (30) is separated from said containment wall
(18) of said vessel (12) and a second high melting point, nonmetallic liner (22) disposed in said
vessel (12) such that at least some of said bottom portion of said getter material (30) is

separated from said containment wall (18) of said vessel (12).

23.  The system '(1) of claims 21 or 22, wherein said first and second high melting

point, nonmetallic liners (20) and (22) are comprised of a ceramic material.
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second tenperature sen ed about d 5 inch to cabout lgml

I nches above said bot Emgﬂ “vw d ge{terr ‘mat er i al (30') 10k et
36. The net hod of cl erei i sai d fir'st t'enperat ure senser (34) S
l'ocated about 1'inch to about 2 inches bel ow said top surface of said
getter material (30) and said second tenperature sensor (36) is |ocated
about 1 inch t@4abolhedystani(¢pofdiains 21or@2pwherein spid first andéecernd highantlting
‘material (30). 15 37. The net hod of claim 34, wherein said
getter colpdt, ohtetdlli¢ lihes (20) @hd (2 afe édnfiprised 08 B nilitérial Béledted fibm o) tallic

liner (20) d| sposed in said vessel (12) such that at |east sonme of said top

. portion of d from said contai nnent
-~ wall (18) oﬁ%ﬁ&%@%&%?a secoﬁgﬂ‘z%?nel ting point, nonnetallic

;liner. (22) disposed in said vessel (12) such that at |east sone of said
'-'-botto" m portion of said getter materi al (30) I's separated fromsaid 20

5 contai nment wal17"(18) of said vessel 38. The thod of claim 37,
. wherein said fi%st aﬁ’ﬁ%’@é’&r@) 2di wh eremsmtgagettercolumn (10) further
includes: |

a porous support member (28) disposed in said vessel (12), said support member (28)
(_’" supporting said getter material (30); and
10 a barrier material (32) disposed on said support member (28), said barrier material (32)

separating said getter material (30) from said support member (28).

26.  The system (1) of claim 25, wherein said support member (28) is a plate
comprised of stainless steel and said barrier material is comprised of stainless steel shot.
15
27. The syétem (1) of claims 19, 20, or 21, wherein said gas purifier (2) further
( includes a control unit (38) coupled to said first and second temperature sensors (34) and (36)
for measuring temperatures sensed by said first and second temperature sensors (34) and (36),.
said contro] unit (38) actuating at least one isolation valve to isolate said getter colummn (10)
20 when a first alarm temperature is measured and actuating a \'rent valve (48) to vent gas from

said getter column (10) when a second alarm temperature is measured.

28.  The system (1) of claims 19, 20, or 21, wherein said first and second
temperatﬁfe SEnsors (34) and (36) are thermocouple elements.
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39. The met hod of claim erernssard first gnd segond: h|=gh ‘mgl i ng

021 act e 11 om ey oupiRERec) RGO AR 51, WP EbHd s Pepe s searer (i

and Al[er&]yqerr] 5 40. The net hod of cl ai m 34, V\/nereln said getter
col unm ( 10pcated about 0i5inchiecabout2. §mobe%b@gmsgndttongnﬁme of saiyl getteryaatedial G0k ai d
vessel (12), said support nenber (28) supporting said getter material (30);

;'and a bar rindrsaidsecondotempejurel sensors@6) mrlommbhmpo,d inchnterabeut 2.2 jches abale
‘barrier material (32)

said bottom surface of said getter material (30)

36 i The system (1) of claims 20 or 21, wherein said first temperature sensor (34) is
located about 1 inch to about 2 inches below said top surface of said getter material (30), and
said second temperature sensor (36) is located aboﬁt 1 inch to about 2 inches above said bottom

( surface of said getter material (30).
10

31.  Thesystem (1) of claim 20, wherein said getter column (10) further includes an

uppér high melting point, nonmetallic liner (20) disposed in said vessel (12) such that at least -

some of said top portion of said getter material (30) is separated from said containment wall
(18) of said vessel (12).
15
32.  Thesystem (1) of claim 31, wherein said upper and lower high melting point,

(- nonmetallic liners (20) and (22) are comprised of a ceramic material.

33.  The system (1) of claim 31, wherein said upper and lower high melting point,
20 nonmetallic liners (20) and (22) are comprised of a material selected from a group consisting of

quartz, zirconia (Zr0,), SiC, SiN, and ALO,.

34, A method of making an integrated circuit device, comprising:

obtaining a purified gas by utilizing said getter-based gas purifier (2) of claim 1;
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41. The nmethod of claim4 enei upport nenber (28) is a plate
conprised of stainless steel and said barrier material (32) is conprised of

stainl ess st eelsupl gs&ﬁpunﬁedgasto%least&ﬂiﬁwﬁﬁﬁ g@h&hﬁ&r?(é);anherei n
said first and second tenperature sensors (34) and (36) are thernocouple
“elenents. 43. An integrated circuit device nmade by said nmethod defined in

~claim34. 20 processing a ssmiconductas reser mfsmsrableéettqmgvaéergmﬁeﬁmg shamber((2Die,
~-copprising: providing said getter-based gas purifier of claim1; measuring
a first t e at integrated eirdudtpdgrivet i on of said getter materi al (30); 32

5 35,  The method of claim 34, wherein said first temperature sensor (34) is located
about 0.5 inch to about 2.5 inches below said top surface of said getter material (30) and said
second temperature sensor (36) is located about 0.5 inch to about 2.5 inches above said bottom

surface of said getter material (30).

10 36.  The method of claim 34, wherein said first temperature sensor (34) is located

about 1 inch to about 2 inches below said top surface of said getter material (30) and said -~ -

second temperature sensor (36) is located about 1 inch to about 2 inches above said bottom

surface of said getter material (30).

15 37.  The method of claim 34, wherein said getter column (10) further includes a first
high melting point, nonmetallic liner (20) disposed in said vessel (12) such that at least some of
said top portion of said getter material (30) is separated from said containment wall (18) of said
vessel (12) and a second high melting poinﬂ nonmetallic liner (22) disposed in said vessel (12)
such that at least some of said bottom portion of said getter material (30) is separated from said

20 containment wall (18) of said vessel (12).

38.  The method of claim 37, wherein said first and second high melting point,

nonmetallic liners (20) and (22) are comprised of a ceramic material.
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measur i ng‘a Second Tenperature in a_bot { om ok tii. on of 'S'al d getter pateyi aI

(30); isolating said mmmt ﬂ ) Wnen elther sald first te era;ure
or said second terrpermmlmll “ I itst ‘akarm terrpe-r«atu-re whi CHPI S

_h| gher than a normal d’per‘atf’ng terrperature of said getter colum (10); and
5 venting said getter colum (10) when either said first

TR L B e et st s:‘“e
- C
T o) ARt R B o o

- (30) and said second tenperature is measured fromjust above O inches to
"just bel oquastz; zictonin @pOYeSIC, 51 #¢ AbPs.ace of said getter material (30).

- 46. The met hod of claim 44, wherein said first tenperature is measured
. fromabout 15 0.5 inch to about 2.5 inches below a top surface of said
~.getter material™(30) and said second

5 A S DR Al

40. The method of claim 34, wherein said getter column (10) further includes:

a porous support member (28) disposed in said vessel (12), said support member (28)

supporting said getter material (30); and

a barrier material (32) disposed on said support member (28), said barrier material (32)

10 separating said getter material (30) from said support member (28).

41,  The method of claim 40, wherein said support member (28) is a plate comprised

| of stainless steel and said barrier material (32) is comprised of stainless steel shot.

15 42.  The method of claim 34, wherein said first and second temperature sensors (34)

and (36) are thermocouple elements.
43.  An integrated circuit device made by said method defined in claim 34.

20 44, A method of protecting a getter column (10), comprising:
prdviding said getter-based gas purifier of claim 1;

measuring a first temperature in a top portion of said getter material (30);
32
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terrperaturs_%s?gzﬁeasured fmmﬂm!&mpﬂmug!b; t o.about: 2. 5 mcﬁgg:’%’oz"'
bottom surface of said ge c s 47. The nmethod of claim 44

wherein said first tenperature is nmeasured from about 20 1inch to

about 2 inches bel omeasuring ssecénd temperature i gbotiam portionrofahid (gedr mattriab(30);
- second tenperature is neasured fromabout 1 inch about 2 inches above a

~ bottom surface, of said getter rlal (30 The net hod of
~clai m 44, wher isolatipgisaid ?&eﬁaw q)éPYﬁ%reHl‘ﬁrsélq QISEWI‘HGP@F&?@QO@dabout
100 [err] C above a normal operating tenperature of said getter colum (10)
and said tempenatureireaches & fipst alerm temperature whishis higbertthar0@nérmal preratinge a
~normal operating tenperature of said getter -

temperature of said getter column (10); and

5 venting said getter column (10) when either said first temperature or said second
temperature reaches a second alarm temperature which is higher than said first alarm

temperature.

45.  The method of claim 44, wherein said first temperature is measured from just
10 above 0 inches to just below 3 inches below a top surface of said getter material (30) and said
~second temperature is measured from just above 0 inches to just below 3 inches above a bottom

surface of said getter material (30).

46. The method of claim 44, wherein said first temperature is measured from about
15 0.5 inch to about 2.5 inches below a top surface of said getter material (30) and said second

temperature is measured from about 0.5 inch to about 2.5 inches above a bottom surface of said

getter material (30).

47.  The method of claim 44, wherein said first temperature is measured from about
20 1 inch to abbut 2 inches below a top surface of said getter material (30) and said second

temperature is measured from about 1 inch about 2 inches above a bottom surface of said getter

material (30).
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col um (16$SIP2P9  Thé nethod of claim 44, -wherein said fi rr&rmgsrsgzr m

tenperature is about 40 [err]C to about 60 [err]C above a normal operating
tenmperature of said getter colum (10) and said second alarmtenperature is
at | east about 4800 [Rierhéthebeficlaim 44)whekein paid firstraiprinctemperatune is abbut 10 &C to
getter colum (10). 10 50. The -net hod of claim44, wherein said first

.alarmte & he' i i daideccord
~alarm te%&g%ﬂoeqéogggﬁgﬁgggﬁﬁé% [err] ésﬁg .e&&rd#lléﬁlﬂne@k)l?g of claim

.44, wherein said first.alar ' . . ut
8o Yo a5 i A i b gt
52, The nmethod of claim44, further conprising: providing a high nelting
.. poi nt, noréelEEn (10} | i ner (22) in said vessel (12), said liner (22)

5 -
49.  The method of claim 44, wherein said first alarm temperature is about 40 °C to
about 60 °C above a normal operating temperature of said getter column (10) and said second
- alarm temperature is at least about 100 °C above a normal operating témperatme of said getter
column (10).
10

S A T T TR e e I

50.  The method of claim 44, wherein said first alarm temperature is about 410°Cto

about 500 °C and said second alarm temperature is at least about 500 °C.

51.  The method of claim 44, wherein said first alarm temperature is about 440 °C to

15 about 460 °C and said second alarm temperature is at least about 500 °C.

52.  The method of claim 44, further comprising:

providing a high melting point, nonmetallic liner (22) in said vessel (12), said liner (22)
being disposed in said vessel (12) such that at least some of said getter material (30) is

20 separated ffom a containment wall (18) of said vessel (12).

/.
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mat eri al

bei ng di sposed in said vessel
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e ¥

,‘ Sl ) s e s _.
(12) such that at.l'east ‘some
(30) is 20 separated froma cohtai hnent' wall ¢18)° of

of sia}i‘él ‘Q_gfetft er

said:

Ion O

X | 12) . . ¢ 1 idal. [ ' €6 i1k Y,
rooeel ), 3, el S8 e 168 YL it o0

separ at es at

o o B SRR e et ARl GO P SR G B (iR,
. conprised of a ceramc naterial. 55. The met hod of claim 52, wherein said

“ hi.gh nelting point, nonnetallic liner (22) is conprised of a materi al
. sel ected

~and Al[err]derr].
54.

5

10

15

20

froma group consisting of quartz, zirconia (Zrerr]), SiC, SiN,

The method of claim 52, wherein said high melting point, nonmetallic liner (22)

is comprised of a ceramic material.

55. The method of claim 52, wherein said high melting point, nonmetallic liner (22)
is comprised of a material selected from a group consisting of quartz, zirconia (Zr0,), SiC,

SiN, and ALO,.

56.  The method of claim 44, further comprising:
providing a first high melting point, nonmetallic liner (20) in said vessel (12), said first
liner (20) being disposed in said vessel (12) such that at least some of said top portion of said

getter material (30) is separated from a containment wall (18) of said vessel (12); and

| providing a second high melting _poiﬁt, nonmetallic liner (22) in said vessel (12), said
second liner (22) being disposed in said vessel (12) such that at least some of said bottom

portion of said getter material (30) is separated from said containment wall (18) of said vessel

(12).

5"7.-:' " The method of claim 56, wherein said first and second high melting point,

nonmetallic liners (20) and (22) are comprised of a ceramic material.

getter material (30)

A A
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nel ti ng poi nt 58non@@@@&é@@%§dy n g% g vessel (12), said first liner

(20) being disposed in said vessel (12) .such h@gﬁ&pobnsisﬁneoiop
" portion gopsieiatiiciidre(20)and (22} /arg SYPHREC ﬁé’?%%]g%s %%%&gscont ai nnent wal |
.(18) of said vessel (12); and 15 provi ding a second high nelting
. point, no gzlﬂcjoﬁial(m;),SiQBiNﬂnﬂa‘ﬂﬁoNessel (12), said second liner (22)
bei ng di sposed 1 n said vessel (12) such that at |east sone of said bottom
..portion of said getter material (30) is separated from said contai nnent
“.wall (18) of said vessel (12). 20 57. The net hod of cl ai m 56,
“wherein said first and second high nelting point, nonnetallic liners (20)
and (22) are conprised of a ceramic material. 35
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58. The method of cl ai m 56, wherein said first and second &
poi nt, nonmet P l'i ners ¢@0p namdeCidi2) prPERTE OREANIZEBAN Of & MaRNgEp: .
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(54) Titlee SEMICONDUCTOR MANUFACTURING SYSTEM WITH GETTER SAFETY DEVICE
(57) Abstract

A semiconductor manufacturing system includes a getter-based gas purifier coupled in flow communication with a gas distribution
network for a semiconductor fabrication facility. The gas distribution network supplies purified gas to at least one wafer processing chamber
in the semiconductor fabrication facility. The gas purifier includes a getter column having a metallic vessel with an inlet, an outlet, and a
containment wall extending between the inlet and the outlet. Getter material which purifies gas flowing therethrough by sorbing impurities
therefrom is disposed in the vessel. A first temperature sensor is disposed in a top portion of the getter material. The first temperature
sensor is located in a melt zone to detect rapidly the onset of an exothermic reaction which indicates the presence of excess impurities in the
incoming gas to be purified. A second temperature sensor is disposed in a bottom portion of the getter material. The second temperature
sensor is located in a melt zone to detect rapidly the onset of an exothermic reaction which indicates that excess impurities are being backfed
into the getter column. First and second high melting point, nonmetallic liners are disposed in the vessel such that at least some of the top
and bottom portions, respectively, of the getter material is separated from the containment wall of the vessel. A getter—based gas purifier,
a method of making an integrated circuit device, and a method of protecting a getter column are also described.




