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Description

[0001] The presentinvention relates to apparatus for
removing metal components from the waste gas or gas-
es of a metal-organic process and in particular appara-
tus for incorporation in vacuum systems for reacting with
and separating the metal component of waste gases
from semi-conductor processes.

[0002] In, for example, the semi-conductor industry
various metal-organic precursors are used in the chem-
ical vapour deposition (CVD) of metallic interconnects
or barrier layers on silicon wafers. Two desirable fea-
tures of these metal-organic precursors are a) a reason-
able vapour pressure that allows accurate and repeat-
able delivery of the precursor to the process equipment;
and b) high metal deposition rates at low temperatures.
These CVD techniques are carried out at low pressure
and therefore require vacuum systems to operate effi-
ciently. By design a typical application consumes only
part of the metal-organic process gas. The unreacted
gas and other process by-products must be pumped
away by the vacuum system connected to the process
equipment.

[0003] Under certain conditions the process waste
gases can react in the process equipment and the vac-
uum equipment thereby causing metal to be deposited
on various surfaces of the process equipment and the
vacuum equipment. The main adverse effects of the
metal deposits in the vacuum system are loss of con-
ductance and interference with rotating mechanisms.
Unreacted metal-organic gas can also cause metal con-
tamination if allowed to exhaust to the environment.
[0004] A solution to the problem is to force the waste
gases to react to completion in a thermal, low pressure
reactor placed between the process equipment and the
vacuum equipment.

[0005] The most important requirements of a thermal
low pressure reactor are high reaction efficiency and the
ability to maintain high conductance as the metal depos-
its within its interior. The conductance of such a reactor
decreases as metal deposits inside the reactor and, as
an example, in the case of a long cylindrical tube in con-
tinuum flow the conductance varies directly as the fourth
power of the diameter of the tube and inversely as the
length of the tube. A decrease in the tube diameter
through metal deposition will cause a rapid loss of con-
ductance. In the case of a high surface area to volume
ratio reactor where the diameter is much smaller than
the length, a high degree of efficiency may be obtained
at the expense of rapid conductance loss.

[0006] Itis an aim of the present invention to provide
an apparatus for removing a metal component from any
unreacted metal-organic gas after use of said gas in a
metal-organic process which apparatus is adapted for
attachment between the process equipment and the
vacuum equipment and in which the metal collection
pattern built into the design of the apparatus maximises
conductance whilst maintaining a large collection ca-
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pacity.

[0007] According to the presentinvention, an appara-
tus for removing the metal-component from any unre-
acted metal-organic gas after use of said gas in a metal-
organic vapour deposition process, comprises a main
body having an inlet and spaced therefrom an outlet, a
element located within the main body and one or more
vanes extending between the external surface of the el-
ement and the internal surface of the main body to de-
fine with said surfaces one or more channels for the tor-
tuous passage of the unreacted metal-organic gas be-
tween the inlet towards the outlet, and means for con-
trolling the temperature of the tubular element.

[0008] Preferably, the element is a hollow tubular el-
ement on which a plurality of vanes are attached and
extend radially outwardly from the external surface of
the tubular element and touch the internal surface of the
main body, the vanes extending along the length of the
tubular element to form a plurality of interconnecting lon-
gitudinal channels.

[0009] Preferably the apparatus is designed as a dis-
posable item.

[0010] Anembodiment ofthe invention will now be de-
scribed, by way of example, reference being made to
the Figures of the accompanying diagrammatic draw-
ings in which:-

Figure 1 is a schematic block diagram illustrating a
vacuum process chamber and ancillary equipment
for a low pressure metal-organic vapour deposition
process;

Figure 2 is a partially broken perspective view of an
apparatus for the removal of a metal component
from any unreacted metal-organic gas after use of
said gas in the vacuum process chamber of Figure
1 according to the present invention.

Figure 3 is a perspective view of a detail of the ap-
paratus shown in Figure 2;

Figure 4 is a diagram illustrating the flow of unre-
acted metal-organic gas when passing through the
apparatus of Figure 2; and

Figure 5 illustrates a selection of vane arrange-
ments which may be used in the apparatus shown
in Figure 2.

[0011] Referring initially to Figure 1, there is shown
for use in a low pressure (vacuum) metal-organic chem-
ical vapour deposition process, a vacuum process
chamber 2 containing a wafer or wafers. In use, a mix-
ture of gases, for example a copper precursor such as
Cu(hfac)(vtms) and inert carrier gases pass through the
process chamber 2 for deposition of the copper compo-
nent on the wafers. Any excess unreacted copper pre-
cursor, reacted copper precursor by-products and the
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inert carrier gases leave the vacuum process chamber
2 as waste gases passing through a fore-line 4, vacuum
pump 6 into exhaust line 8.

[0012] Referring now to Figures 2 and 3 which illus-
trate an apparatus 10 according to the present invention
for removing a metal component of any unreacted met-
al-organic gas after use in the metal-organic vapour
deposition process. The apparatus 10 is insertable with-
in the fore-line 4 that is, before the vacuum pump 6 and
comprises a main body 12 made, for example, of stain-
less steel which has an inlet 14 and spaced therefrom
an outlet 16. As shown, the main body 12, the inlet 14
and the outlet 16 each have a circular cross-sectional
configuration and the inlet 14 is located adjacent the out-
let 16.

[0013] Mounted concentrically within the main body
12 along the longitudinal axis of the main body 12 is an
element 18 in the form of an elongate hollow tube which
has a substantially smaller cross-sectional configuration
than that of the main body 12. The tubular element 18
is made, for example, from stainless steel and within the
tubular element 18 is located means in the form of a
heater 19 (not shown) for controlling the temperature of
the tubular element 18. Attached to the tubular element
18 are a plurality of short vanes 22 running parallel to
the element 18 and one or more long vanes 24 also run-
ning parallel to the element 18. The vanes 22, 24 are
made from a metallic material, for example stainless
steel and the dimensional configuration of the vanes is
such that they extend radially from the tubular element
18 to touch the internal surface of the main body 12 at
all points along their length. Also attached to the tubular
element 18 are one or more plates 28 made for example
from stainless steel. As shown, the plates 28 are at-
tached to one short vane 22 and one long vane 24 ad-
jacent the inlet 14 and the outlet 16. As shown the ar-
rangement of short vanes 22 and long vanes 24 is such
that the short vanes alternate with the long vanes
around the tubular element 18.

[0014] End plates 26 are provided one at each end of
the main body 12 each with an access opening 20 to
allow the insertion of the heater 19 into the interior of
the tubular element 18. The end plates 26 are each
made from a metallic material for example stainless
steel.

[0015] Referring also to Figure 4, it will be evident that
the vanes 22, 24 together with the outer surface of the
tubular element 18 and the inner surface of the main
body 12 define a plurality of channels 30, 34, 38, 42
which are intercommunicating to provide a tortuous
flowpath for the flow of waste gas between the inlet 14
and the outlet 16.

[0016] Inuse, the apparatus 10 is releasably attached
by means of flanges (not shown) at a pre-determined
location in the vacuum fore-line 4. Thereafter energy is
applied to the heater 19 located in the interior of the tu-
bular element 18 and said element 18 together with the
vanes 22 and 24 and the plates 28 are temperature con-
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trolled to give a thermally adjustable reactor surface
where the metal component(s) can be deposited from
the waste gas flowing through the apparatus 10. The
metal component(s) will initially be deposited at the
roots of the vanes 22, 24 and therefore the device will
offer very little resistance to the flow of waste gases
through the fore-line 4. At all times during operation of
the apparatus 10 the temperature of the main body 12
remains at ambient, that is, relatively cool with respect
to the tubular element 18 and the vanes 22, 24. The spe-
cific arrangement of the vanes 22, 24 as described in
the above embodiment provide a long flowpath between
the inlet 14 and the outlet 16 such that the waste gas
has a relatively long residence time thereby encourag-
ing deposition of the metal component of the waste gas.
The specific arrangement described has been found to
provide a large internal volume capable of depositing
large quantities of metal component whilst minimising
the resistance to the flow of waste gases through the
apparatus 10.

[0017] Although in the above described embodiment
reference has been made to a hollow tubular element,
clearly a temperature control element of any type or
shape can be employed with vanes attached directly to
it.

[0018] Turning now to Figure 5 this illustrates various
configurations of vanes which will give different flowpath
lengths and volumes within the device 10 which can be
selected according to the process conditions.

[0019] Although the above embodiment has been de-
scribed in connection with a low pressure metal-organic
chemical vapour deposition process it will be clear that
the apparatus disclosed could be equally as effective in
other processes, for example, plasma enhanced chem-
ical vapour deposition where waste gases will flow
through the apparatus 10 for the removal of metal com-
ponents at variable temperatures.

Claims

1. An apparatus (10) for removing a metal component
from any unreacted metal-organic gas after use of
said gas in a metal-organic vapour deposition proc-
ess comprising a main body (12) having aninlet (14)
and spaced therefrom an outlet (16), a tubular ele-
ment (18) located concentrically within the main
body (12) and means (19) for controlling the tem-
perature of the tubular element (18), characterised
in that a plurality of vanes (22, 24) extend radially
outwardly from the tubular element (18) towards the
internal surface of the main body (12), the vanes
extending along the length of the tubular element
(18) to form a plurality of intercommunicating longi-
tudinal channels that are closed at one end thereby
defining a tortuous passage for the unreacted met-
al-organic gas extending between the inlet (14) to-
wards the outlet (16).
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An apparatus as claimed in claim 1, in which plates
(28) are provided on the tubular element (18) for
guiding the unreacted metal-organic gas through
the longitudinal channels in a plurality of passes
along the length of the main body (12).

An apparatus as claimed in claims 1 or 2, in which
the means (19) for controlling the temperature of the
tubular element (18) is a removable heater located
within the tubular element.

An apparatus as claimed in claim 3, in which, in use,
the heater (19) raises the temperature of the tubular
element (18) and the vanes (22, 24), the tempera-
ture of the main body (12) remaining at ambient.

An apparatus as claimed in any one of claims 1 to
4, in which flanges are provided for attachment of
the apparatus to a vacuum line.

An apparatus as claimed in any one of claims 1 to
5, in which the apparatus (10) is disposable.

Patentanspriiche

1.

Einrichtung (10) zum Abscheiden einer Metallkom-
ponente von irgendwelchem unreagierten metall-
organischem Gas nach Gebrauch dieses Gases in
einem metall-organischem Bedampfungsverfah-
ren, mit einem Hauptgeh&use (12) mit einem Einla}
(14) und davon beabstandet mit einem AuslaR (16),
einem rohrférmigen Element (18), das konzentrisch
in dem Hauptgehduse (12) angeordnet ist, und mit
Mitteln (19) zur Steuerung der Temperatur des rohr-
férmigen Elements (18), dadurch gekennzeich-
net, daB eine Mehrzahl von Fligeln (22, 24) radial
auswarts von dem rohrférmigen Element (18) zur
Innenwand des Hauptgehauses (12) hin wegragen,
wobei die Fllgel sich entlang der Lange des rohr-
férmigen Elements (18) erstrecken und eine Mehr-
zahl von miteinander in Verbindung stehenden
Langskanalen bilden, die jeweils an einem Ende
geschlossen sind und dadurch einen gewundenen
Pfad fur das unreagierte metall-organische Gas bil-
den, der zwischen dem Einlaf3 (14) und dem Auslal
(16) verlauft.

Einrichtung nach Anspruch 1, wobei Platten (28)
auf dem rohrférmigen Element (18) vorgesehen
sind, um das unreagierte metall-organische Gas
durch die Langskanale in Gestalt einer Mehrzahl
von Durchgangen entlang der Lange des Hauptge-
hauses (12) zu fihren.

Einrichtung nach Anspruch 1 oder 2, wobei die Mit-
tel (19) zur Steuerung der Temperatur des rohrfor-
migen Elements (18) ein herausnehmbares Heiz-
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gerat umfassen, das innerhalb des rohrférmigen
Elements angeordnet ist.

Einrichtung nach Anspruch 3, bei welcher im Be-
trieb das Heizgerat (19) die Temperatur des rohrfor-
migen Elements (18) und der Fligel (22, 24) an-
hebt, wahrend die Temperatur des Hauptgehauses
(12) auf Umgebungstemperatur bleibt.

Einrichtung nach einem der Anspriiche 1 bis 4, wo-
bei Flansche zur Befestigung der Einrichtung an ei-
ner Vakuumleitung vorgesehen sind.

Einrichtung nach einem der Anspruche 1 bis 5, wo-
bei die Einrichtung (10) ein Einwegartikel ist.

Revendications

Dispositif (10) pour éliminer un composant métalli-
que d'un quelconque gaz organométallique n'ayant
pas réagi aprés utilisation dudit gaz dans un pro-
cessus de dépdt organométallique en phase va-
peur, comprenant un corps principal (12) ayant une
entrée (14) et, a distance de celle-ci, une sortie (16),
un élément tubulaire (18) situé de maniére concen-
trique a l'intérieur du corps principal (12), et des
moyens (19) pour réguler la température de I'élé-
ment tubulaire (18), caractérisé en ce qu'une plu-
ralit¢ de palettes (22, 24) s'étendent radialement
vers l'extérieur a partir de I'élément tubulaire (18)
en direction de la surface interne du corps principal
(12), les palettes s'étendant sur la longueur de I'élé-
ment tubulaire (18) pour former une pluralité de ca-
naux longitudinaux intercommuniquants qui sont
fermés a une extrémité, définissant ainsi un passa-
ge tortueux pour le gaz organométallique n'ayant
pas réagi, passage s'étendant entre I'entrée (14) et
la sortie (16).

Dispositif selon la revendication 1, dans lequel les
palettes (28) sont prévues sur I'élément tubulaire
(18) pour guider le gaz organométallique le long des
canaux longitudinaux dans une pluralité de passa-
ges sur la longueur du corps principal (12).

Dispositif selon les revendications 1 ou 2, dans le-
quel les moyens (19) pour réguler la température
de I'élément tubulaire (18) sont un élément chauf-
fant amovible situé a l'intérieur de I'élément tubulai-
re.

Dispositif selon la revendication 3, dans lequel, a
I'utilisation, I'élément chauffant (19) fait monter la
température de I'élément tubulaire (18) et des pa-
lettes (22, 24), la température du corps principal
(12) demeurant la température ambiante.
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Dispositif selon I'une quelconque des revendica-
tions 1 a 4, dans lequel des brides sont prévues
pour la réunion du dispositif a une canalisation a
vide.

Dispositif selon I'une quelconque des revendica-
tions 1 a 5, dans lequel le dispositif (10) est un ar-
ticle a jeter aprés usage.
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