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o (57) Abstract: A purifier is described for use in a gas processing application. The purifier comprises a chamber having a gas inlet
and a gas outlet. A series of baffles are arranged in the chamber and coated with a getter material selected for its ability to react
with species to be removed from a gas stream and form stable compounds. The chamber also houses a source of the getter material,
which is periodically activated to refresh the coating of getter material on the baffles.
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PURIFIER

This invention relates to purifiers also known as “getters” often used in gas
processing applications to remove low levels of impurity or low partial pressures of
contaminate species from a buffer gas. Such devices are commonly used in the
manufacture of semiconductors to maintain a clean environment in which the

product is manufactured.

Semiconductor device manufacturing methods commonly result in a toxic waste
gas stream from an evacuated process chamber in which the processing takes
place. The waste gas stream is evacuated from the chamber by means of one or
more vacuum pumps but the gas stream must generally thereatfter be treated to
reduce or eliminate the toxicity associated with the component species in the

stream.

Semiconductor processing involving ion-implantation is commonly employed and
utilises hazardous species including phosphine (PHs), arsine (AsHs) and boron
trifluoride (BFs). Such an implantation method may use a secondary vacuum
pump, for example a cryopump or a turbomolecular pump, to create a working
pressure in the chamber of about 1 x 10 to 1 x 10”° mbar, with a primary pump
usually employed to back the secondary pump down to less than 1 mbar.

It is also well known to employ purifiers comprising a chemically active “getter”
material which forms stable compounds with the species being pumped, thereby
removing contaminate or dangerous species. Such purifiers have hitherto been

commonly used in sorption pumps.

The most common getter material is titanium, which may be activated to provide a
clean, active surface for reaction with the gas species. This can be effected by
sublimation of the titanium by heating (for example resistance heating) to form a
vapour of the titanium and the subsequent formation of the deposited “active”

titanium surface by condensation of the titanium vapour.
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Within ultra-high purity (UHP) gas processing applications, purifiers such as those
previously described are often used to remove low levels of impurity, for example
below 10’s ppm, from the process environment. In certain vacuum processing
applications, for example physical vapour deposition (PVD), these purifiers are
also used to remove low partial pressures, for example below 10? mbar, of
contaminate species. However, the problem with this approach is that the purifier
has a finite capacity and while the units are sized to give an acceptable lifetime
under normal operation, during fault conditions they may rapidly reach this limit

and cease operation. Such purifiers also have a relatively low capacity to size

ratio, so that a large getter / purifier is required to achieve a high capacity, orlong - -

life.

Furthermore, there are certain UHP gas and vacuum processing applications
which generate exhaust streams comprising of an inert buffer gas with low levels
of active contaminates. Examples include Xe in EUV (extreme ultra violet)
applications, Ar in PVD applications and N2 / Arin ALCVD (atomic layer chemical
vapour deposition) applications. In these applications the gas is often vented to

the house scrubber or a POU (point of use) exhaust system.

The invention relates to a purifier that can provide a high capacity in a compact
assembly, can tolerate fault conditions and has application in a wide range of gas

processing applications.

The present invention provides a purifier for use in a gas processing application,
the purifier comprising a chamber having a gas inlet and a gas outlet, a series of
baffles arranged in the chamber and coated with a getter material selected for its
ability to react with species to be removed from a gas stream and form stable
compounds, a source of the getter material provided within the chamber, and
means for activating the source to refresh the coating of getter material on the
bafiles.
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In use the getter material source is activated so as to produce an electric
evaporation of the getter material, for example, by an electric arc struck within the
chamber causing arc evaporation, which then coats the series of baffles. The gas
to be purified (the buffer gas) enters the chamber and flows over the baffles. The
contaminate species are selectively removed by reaction with the getter material to
form stable compounds. The inert buffer gas does not react with the getter
material and so is simply cleansed of contaminate species as it passes through

the purifier.

If the buffer gas is a noble gas then very reactive getter materials can be used, for
example Ti, Ta, Zr and alloys thereof. However, if the buffer gas is more reactive,
for example, Ny, then other materials which do not react with No need to be used,

such as Fe, Cr and alloys thereof. In addition, the getter material may be selected

to maximise the pumping/capture of particular contaminant species.

Once the active layer of getter material has formed a stable compound with the
contaminate species on the surface of the baffles and is saturated, a new layer of
active material can be deposited simply by evaporating more getter material (for
example by striking another arc in the chamber). The new active layer sits on top
of the layer of stable compound, thereby permanently removing it from the gas

wetted parts of the system.

Periodic renewal of the active layer could be triggered manually or, more
conveniently automatically, for example by a time event or by a suitable sensor

either within the chamber or at the outlet of the chamber.

The arrangement of baffles is desirably configured so as to provide a convoluted
path through which the gas must pass, such that there is available as great a
surface area as possible of active material with which contaminate species within
the buffer gas may react. By careful manipulation of the baffle arrangement, any

short cuts in the gas path are minimised thereby encouraging the gas to take the
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most convoluted route through the device. The surface area and baffle geometry

required for optimum purification will depend on pressure and gas throughput.

In preferred embodiments, the getter material source is a rod (or rods) of the getter
material which is surrounded by a collector, for example of cylindrical shape and
made of metal which is inert in the gaseous environment to be purified, on to the
(or an) inner surface of which the getter material can be deposited from the

source.

In such embodiments, an electric potential is maintained between the source of
getter material and the collector so that a metallic plasma is formed. This will -
generally require an initial high electric potential to form the plasma but a much
lower electric potential thereafter. In particular, it is advantageous for there to be
created a thermal equilibrium plasma which is maintained at high temperatures.

As such, the vaporisation of the getter material is generally effected by arc means.

The electric potential may be continuous or puised. Relatively low values may be

used, for example 100V after steady state plasma conditions have been effected.

The invention is particularly advantageous in that it permits the generation of a
fresh film of active getter material in situ. This avoids the need for interrupting the
manufacturing process to take a spent purifier off-line for regeneration or
replacement of the active getter material as is necessary with purifiers known from

the prior art.

A useful application of the invention is to condition gases entering a process
chamber used for the manufacture of semiconductor products, or gases exiting the
chamber before these gases enter a vacuum pump used to maintain the desired
process environment pressure. The invention may also be applied to remove

hydrocarbon impurities from a xenon recirculation system.
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A specific basis of the invention is that it has been surprisingly discovered that
these purifiers can be used to good effect to treat semiconductor waste species,
for example by disassociation or other reaction, and to be entrapped in the

deposited material.

The purifier will therefore allow the active getter material created therein to
disassociate (or otherwise ionise) the species being conveyed to or from the
process chamber and thereafter to react it and cause its entrapment. This is
generally achieved in a much more efficient manner than with known purification

systems.

The purifier may be embodied in a sorption pump, such a pump comprises a
vacuum tight pumping envelope (or housing) having an inlet and outlet, a getter
material source located in the envelope and a getter surface on the interior of the

collector.

Preferred features of the present invention will now be described, by way of

example of, with reference to the accompanying figures, in which:

Figure 1 is a schematic representation of a semiconductor processing system

incorporating a sorption pumping the exhaust together with an in-line gas purifier;
Figure 2 is an enlarged sectional view through the sorption pump of Figure 1;
Figure 3 illustrates an embodiment of the in-line gas purifier of Figure 1; and
Figure 4 illustrates a cross-sectional view of a baffle of the purifier of Figure 3.
Figure 1 illustrates a semiconductor processing system comprising a process
chamber 10 in which devices are manufactured under vacuum conditions. The

chamber 10 comprises one or more inlets 12 each for receiving a stream of

process gas. A first purifier 14 is located between the inlets 12 and a source of
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the process gas streams, indicated generally at 16, for purifying the process gas
stream prior to entry of these streams into the process chamber 10. The chamber
10 is evacuated by a primary vacuum pump 18. A second purifier 20 is located
between the process chamber 10 and the vacuum pump 18, and acts as a

secondary vacuum or sorption pump.

The second purifier 20 is shown in more detail in Figure 2. The purifier 20
comprises a cylindrical housing 22, a top plate 24 and a bottom plate 26 securely
attached to the housing 22, one or more inlets, indicated generally at 28, provided

in the top plate 24 and connected to the chamber 10, and an outlet 30 provided in

~ ~the bottom plate 26 connected to the primary pump-18. Also positioned in the

bottom plate 26 is a source of titanium getter material in the form of a rod 32, the
purifier 20 being provided with means, indicated generally at 34, for applying an
electric potential between the rod 32 and the housing 22. All of the components
of the purifier 20 are sealed to form a vacuum-tight environment within the housing
22.

In use of the purifier 20 within the system shown in Figure 1, an exhaust gas
stream is evacuated from the chamber 10 primarily by means of the primary pump
18. With vacuum conditions inside the purifier 20, an electric potential is effected
between the rod 32 and the housing 22 so that an arc plasma discharge is
introduced in to the housing 22 such that molecules/atoms of the species in the
exhaust gas stream from the chamber 10 may be broken down and/or ionised and
thereby caused to react more readily with the titanium vapour present in the
housing. A deposition 36 of titanium and titanium compounds formed by reaction
between the titanium and the exhaust gas species takes place on the internal

surface of the housing 22, as shown in Figure 2.

The purifier 20 may be used to good effect to pump phosphine, arsine and boron

trifluoride species.
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In an alternative embodiment to that shown in Figures 1 and 2, the primary pump
18 is employed to evacuate the chamber 10 but is thereafter disconnected from
the system (by valving) and the purifier 20 is then connected to the chamber 10
(again by valving) with the outlet 28 either being absent or sealed. In this
embodiment, the purifier 20 operates to pump the semiconductor species without
the assistance of a primary pump 18 and can generally pump large quantities of
such species by means of the greater pumping efficiencies afforded by the purifier.

The first purifier 14 will now be described with reference to Figures 3 and 4.

The purifier 14 comprises a chamber 38 having a gas inlet flange 40 and gas™ -
exhaust flange 42. An electrode 44 in the form of a rod extends longitudinally
through and substantially co-axial with the chamber 38, the electrode 44 being
electrically insulated from chamber 38 by the insulating feedthrough 46. The
electrode 44 comprises a specifically selected getter material capable of reacting
with contaminate species in a gas to be passed through the chamber 38.
Arranged about the electrode 44 and along the length of the chamber 38 is a
plurality of horse-shoe shaped baffle plates 48. The baffle plates 48 are shaped
and arranged so as to provide a convoluted path, indicated generally at 50,
between the inlet 40 and outlet 42 along which gas passing through the purifier 14

is forced to flow.

In use, power supply 52 generates an electric arc across the chamber 38 between
electrode 44 and the inner wall 54 of chamber 38, which acts as a collector. This
results in arc evaporation of the getter material from the electrode 44. The
evaporated electrode material forms a coating of getter material on the surfaces of
the baifles 48 and the inner wall 54 of the chamber 38. Once deposition of the
electrode material is complete, the gas to be purified is passed through the
chamber 38. As the gas passes over the coated baffles 48, active (e.g.
contaminate) species are removed by reaction with the getter material. The buffer
gas does not react and emerges from the chamber 38 substantially free of

contaminates.
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When required, either by detection of contaminant species by the optional sensor
56 or at a set time interval, the power supply 52 initiates the striking of another
electric arc across the chamber 38, resulting in the release of additional getter
material, which coats the baffles 48 and the inner wall 54 of the chamber 38.
Reaction products already present on the surface of the existing coating of getter
material are encased by the fresh coating of getter material, which provides a

fresh active layer of getter material for cleaning further streams of gas.
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A purifier for use in a gas processing application, the purifier
comprising a chamber having a gas inlet and a gas outlet, a series of
baffles arranged in the chamber and coated with a getter material
selected for its ability to react with species to be removed from a gas
stream and form stable compounds, a source of the getter material
provided within the chamber, and means for activating the source to
refresh the coating of getter material on the baffles.

A purifier according to Claim 1, wherein the means for activating the

source comprises means for vaporising the source of getter material.

A purifier according to Claim 2, wherein the vaporising means is
arranged to produce an electric arc between the source and a

collector.

A purifier according to Claim 3, wherein the collector extends about

the source.

A purifier according to Claim 3 or Claim 4, wherein the collector

comprises at least part of the inner wall of the chamber.

A purifier according to any preceding claim, wherein the source
comprises a rod of getter material, the baffles being arranged about

and along the rod.

A purifier according to Claim 6, wherein the rod extends longitudinally

through the chamber.
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A purifier according to Claim 7, wherein the rod is substantially co-

axial with the chamber.

A purifier according to any preceding claim, comprising means for

controlling the activation of the activation means.

A purifier according to Claim 9, wherein the control means is
configured to activate the activation means at predefined time

intervals.

A purifier according to Claim 10, wherein the control means
comprises at least one sensor for monitoring an environment within
or outside of the chamber and for activating the activation means

when a predefined change in the monitored environment is detected.

A purifier according to Claim 11, wherein said at least one sensor is

located within the chamber.

A purifier according to any preceding claim, wherein the baffles are
configured and/or arranged so as to create a convoluted path for gas

flowing through the chamber.

A purifier according to any preceding claim, wherein the getter

material is selected from; Ti, Ta and Zr, and alloys thereof.

A purifier according to any of Claims 1 to 13, wherein the getter

material is selected from; Fe and Cr, and alloys thereof.

A semiconductor processing system comprising a process chamber
for receiving a process gas, and a purifier according to any preceding
claim for purifying the process gas upstream from the process

chamber



WO 2005/016492 PCT/GB2004/003418

172
14 |
2 12
., I,
16
— S —> ~—10
12
18 ~20
! J
—
FIG. 1
28 28~ 224
[ |
22~
] Jv v | NZO
~— 32
~—36 36—~
26/;- 34

FIG. 2

SUBSTITUTE SHEET (RULE 26)



WO 2005/016492 PCT/GB2004/003418

2/2

48

FIG. 4

SUBSTITUTE SHEET (RULE 26)



Intarngtional Application No

/GB2004/003418

INTERNATIONAL SEARCH REPORT

A, CLASSIFICATION OF SUBJECT MATTER

IPC 7 BO1D53/04 B01D53/38

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7 BO1D

Documentation searched other than minimum documentiation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data, PAJ

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indicalion, where appropriate, of the relevant passages

Relevant to claim No.

A WO 98/48168 A (SAES PURE GAS INC) 1-16
29 October 1998 (1998-10-29)

page 16, 1ine 11 — page 18, line 2; claims
1-31; figure 3

A US 2003/038082 Al (SUCCI MARCO ET AL) 1-16
27 February 2003 (2003-02-27)
claims 1-23

A US 5 895 519 A (LORIMER D ARCY H) 1-16
20 April 1999 (1999-04-20)
claims 1-70

A EP 0 255 965 A (SGS MICROELETTRONICA SPA) 1-16

17 February 1988 (1988-02-17)
column 1, Tine 54 - column 2, Tine 48

D Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documents :

*A* document defining the general state of the art which is not
considered to be of particular relevance

*E* earlier document but published on or after the international
filing date

*L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*0O" document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the priority date claimed

“T* later document published after the international filing date
or priority date and not in conflict with the application but
cited %p understand the principle or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu—
!mtalr:ls, ?tUCh combination being obvious to a person skilled
in the art.

*&" document member of the same patent family

Date of the actual completion of the international search

22 October 2004

Date of mailing of the international search report

02/11/2004

Name and mailing address of the ISA

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

Kanoldt, W

Fomn PCT/ISA/210 (second sheet) (January 2004)




INTERNATIONAL SEARCH REPORT

_____

Ational Application No

/GB2004/003418
Patent document Publication Patent family Publication
cited in search report date member(s) date
W0 9848168 A 29-10-1998 CN 1262844 T 10-05-2000
EP 1012478 A2 28—06-2000
JP 2001524872 T 04-12-2001
Wo 9348168 A2 29-10-1998
US 2003038082 Al 27-02-2003 IT MI20000882 Al 19-10-2001
IT  MI20000892 Al 22-10-2001
AU 5254901 A 30-10-2001
CA 2404195 Al 25-10-2001
CN 1425077 T 18-06-2003
CN 1425078 T 18-06-2003
EP 1274879 Al 15-01-2003
WO 0179587 Al 25-10-2001
JP 2003531151 T 21-10-2003
TW 550307 B 01-09-2003
US 5895519 A 20-04-1999 AU 2342097 A 17-10-1997
Wo 9735805 Al 02-10-1997
EP 0255965 A 17-02-1988 IT 1197069 B 25~11-1988
DE 3762889 D1 28-06-1990
EP 0255965 A2 17-02-1988
us 4785638 A 22-11-1988

Form PCT/ISA/210 (patent family annex) (January 2004)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

