
VACUUM PUMP The present invention relates to a vacuum
pump, and to rotor components for a vacuum pump.
Vacuum pumps used to draw the gas stream from a
process chamber are generally multistage pumps
comprising a pair of drive shafts each supporting a
plurality of rotors. A housing of the vacuum pump
provides a stator within which the drive shafts and
rotors rotate during use of the pump. The stator
comprises a gas inlet, a gas outlet and a plurality of
pumping chambers, with adjacent pumping chambers being
separated by a transverse wall. A gas flow duct
connects a chamber outlet from one pumping chamber to
a chamber inlet of the adjacent, downstream pumping
chamber. Each pumping chamber houses a pair of rotors
such that there is a small clearance between the
rotors, and between each rotor and an inner wall of
the pumping chamber. The rotors typically have one of
a Roots or Northey ("claw") profile, and the profile
of the rotors may change along the drive shafts.
During processes such as chemical vapour deposition,
process gases are supplied to a process chamber to
form a deposition layer on the surface of a substrate.
As the residence time of the process gas in the
chamber is relatively short, only a small proportion
of the gas supplied to the chamber is consumed during
the deposition process. The unconsumed process gas is
subsequently pumped from the process chamber with one
or more byproducts from the process using a vacuum
pump. The gas stream pumped from the process chamber
can contain species that may cause damage to the pump.
For example, some deposition process 



generate solid particulates, such as SiO2
particulates, which are exhausted from the process
chamber with the unconsumed process gases. In addition
some deposition processes use vaporised liquid
precursors, such as TEOS, which can condense and/or
collect in the pump.As another example, if the
unconsumed process gas or by-product is condensable,
condensation on low temperature surfaces within the
vacuum line between the process chamber and the vacuum
pump, or within the vacuum pump itself, can result in
significant amounts of powder or dust passing through
the pump. Any solid or liquid material passing through
a twin-shafted vacuum pump is forced between the
rotors of the pump, and it has been observed that,
over time, this can result in damage to the rotors or,
in some cases, cause the rotors to hydraulically lock.
For Northey rotors, the damage usually manifests as
swelling of the edges of the rotors, which can reduce
the size of the clearances between the rotors and
between the rotors and the stator. This could
compromise the future reliability of the pump,
particularly if the pump is operated at higher
temperatures as the thermal expansion of the rotors
relative to the stator could now lead to contact
between the rotors, and/or between a rotor and the
stator. The present invention provides a Northey rotor
for a vacuum pump, comprising two opposing,
substantially parallel faces, a peripheral surface
located between the opposing faces, and a plurality of
grooves located on the peripheral surface. By
providing a plurality of grooves on the peripheral
surface of the rotor, solid or liquid material
entrained within a gas stream passing through the
vacuum 



pump can be accommodated within the grooves. As a
result, the amount of rotor damage caused by the solid
or liquid material can be reduced. This can increase
the lifetime of the rotors in comparison to rotors
that do not have a grooved peripheral surface. In
addition, in certain orientations, the grooves can cut
through any material already collected in the pump.
The present invention also provides a pair of Northey
rotors for a vacuum pump, each rotor comprising two
opposing, substantially parallel faces, aperipheral
surface located between the opposing faces, and a
plurality of grooves located on the peripheral surface
for accommodating solid or liquid material entrained
within a gas stream pumped by the rotors. The
disposition of the grooves on one of the rotors is
preferably different from that on the other rotor.
This can reduce the extent of the overlapping of the
grooves during rotation of the rotors, and thereby
reduce the amount of gas leaking between the
overlapping grooves during pumping. The present
invention further provides a pair of Northey rotors
for a vacuum pump, each rotor comprising two opposing,
substantially parallel faces, a peripheral surface
located between the opposing faces, and a pattern of
grooves located on the peripheral surface, and wherein
the disposition of the pattern on one of the rotors is
different from that on the other rotor. The grooves
have a regular or an irregular pattern. Examples of
the pattern which the grooves may have include,
parallel slots, criss-cross, herringbone, zig-zag,
curved and wavy. In one example described below, the
grooves have a criss-cross pattern, in which
intersecting grooves of the pattern intersect
substantially orthogonally. The grooves may have a
regular or an irregular pitch. 



Some of the grooves may extend between the opposing
faces of the rotor. For example, these may extend
substantially orthogonally between the opposing faces.
As discussed above, the disposition of these grooves
on one of the rotors is preferably different from that
on the other rotor, and so these
orthogonally-extending grooves on one rotor are
preferably angularly misaligned relative to the
corresponding grooves on the other rotor. At least one
groove may be disposed substantially parallel to and
spaced from the opposing faces. Again, the disposition
of this groove on one of the rotors- A - is preferably
different from that on the other rotor, and so each
rotor may have this groove located at a respective
different position relative to its faces. The parallel
grooves may be slots located on the peripheral surface
of the leading edge of the protruding claw (the beak)
of an inlet Northey rotor, as shown in Figures 3 and
4. Locating slots on the back of the beak allows the
inlet rotor to slice through solid or liquid material
collected in the depression (throat) of the exhaust
rotor providing a path for a proportion of the
material to be expelled out of the gap between the
inlet and exhaust rotor at the point they mesh, thus
reducing potential damage and/or the hydraulic locking
of the rotors. The parallel grooves may also be slots
located on peripheral surface of the lower jaw of the
depression (throat) of an inlet Northey rotor, also
shown in Figures 3 and 4, to provide a path for any
material expelled from the rapidly closing rolling
clearance between the inlet and exhaust rotors. The
present invention also provides a vacuum pump
comprising a chamber housing a pair of rotors, at
least one of which is as aforementioned, located 



on respective shafts and adapted for counter-rotation
within the chamber. The present invention further
provides a vacuum pump comprising a chamber housing
two Northey rotors located on respective shafts and
adapted for counter-rotation within the chamber, each
rotor comprising two opposing, substantially parallel
faces, a peripheral surface located between the
opposing faces, and a plurality of grooves located on
the peripheral surface for accommodating solid or
liquid material entrained within a gas stream passing
through the pump. The invention further provides a
vacuum pump comprising a chamber housing two Northey
rotors located on respective shafts and adapted for
counterrotation within the chamber, each rotor
comprising two opposing, substantiallyparallel faces,
a peripheral surface located between the opposing
faces, and a pattern of grooves located on the
peripheral surface, and wherein the disposition of the
pattern on one of the rotors is different from that on
the other rotor. Preferred features of the present
invention will now be described with reference to the
accompanying drawings, in which: Figure 1 is a
cross-sectional view through a vacuum pump; Figure 2
is a perspective view of the rotors of the pump of
Figure 1; . Figure 3 is also a cross-sectional view
through a vacuum pump; and Figure 4 is a perspective
view of a rotor of the pump of Figure 3. With
reference first to Figure 1, a vacuum pump comprises a
pump body 10 having a pumping chamber 12 defined
therein. A pair of Northey, or "claw", rotors 14, 16
are mounted on respective shafts 18, 20 which are
adapted for rotation about their respective axes in
opposite directions, as indicated by the 



arrows in Figure 1. Over substantially one quadrant,
each rotor 14, 16 has a deep depression (or Jaw) 22
followed by a protruding claw (or Beak) 24, with the
remaining three quadrants being substantially
cylindrical. During rotation the claw 24 of one rotor
14 enters the depression 22 in the other rotor 16 ,
and vice versa, in a meshing, non-contact manner. As
indicated in Figure 1, the rotors 14, 16 are mounted
in the chamber 12 with a small radial running
clearance between the peripheral surfaces 26, 28 of
the rotors 14, 16. The pumping chamber 12 has an inlet
(not shown) and an outlet (not shown), which are
disposed axially on opposite sides of the chamber 12.
As the rotors 14, 16 rotate, the depression 22 in one
of the rotors aligns with the inlet sothat gas is
drawn into the chamber 12. Further rotation of the
rotors 14, 16 closes the inlet to trap a volume of gas
within the chamber 12, which becomes compressed
between the rotors 14, 16 until the depression 22 in
the other rotor becomes aligned with the outlet to
enable the compressed volume of gas to be released
from the chamber 12. Any solid or liquid material
entrained with the gas entering the chamber 12 can
settle or condense on the peripheral surfaces 26, 28
of the rotors. This material can reduce the size of
the running clearance between the rotors, and in
extreme cases can cause the rotors 14, 16 to touch,
resulting in the solid material becoming rolled or
spread onto the peripheral surfaces 26, 28. Increased
build-up of this material can force the rotors 14, 16
apart, which can result in rotor damage, which usually
manifests as swelling of the edges of the rotors. With
reference now to Figure 2 , in order to reduce the
amount of rotor damage sustained during the pumping of
a gas stream containing solid or 



liquid material a plurality of grooves are located on
the peripheral surface of each rotor 14, 16 for
accommodating solid or liquid material entering the
chamber 12. In this example the grooves have a
regular, criss-cross pattern, comprising a set of
grooves 30 which extend substantially orthogonally
between the opposing, substantially parallel faces 32,
34 of the rotor, and at least one groove 36 that
extends substantially parallel to the opposing faces
32, 34. As indicated in Figure 2, the disposition of
the grooves 30, 36 on rotor 14 is different from that
on rotor 16. In this example, the grooves 30 on one
rotor 14 are angularly offset relative to the
corresponding grooves 30 on the other rotor 16, and
the spacing between the groove 36 and face 34 on one
rotor 14 is at a different from that on the other
rotor 16. This can minimise the extent of the
overlapping of the grooves 30, 36 during rotation of
the rotors 14, 16 and thereby reduce the amount of gas
leaking between the rotors through the overlapping
grooves.With reference now to Figure 3 and Figure 4,
in order to reduce the chance of a hydraulic lock
and/or rotor damage sustained during the pumping of a
gas stream containing solid or liquid, material
grooves in the form of a number of deep parallel slots
(40, 42) are located on the peripheral surface (26) of
the leading edge (21 ) of the protruding claw (the
beak) and/or on the peripheral surface of the lower
jaw (23) of the depression (22a) of an inlet Northey
rotor (14). The slots (40, 42) provide a route through
which solid or liquid material trapped in the
depression (22b) of the exhaust rotor (16) and/or in
the rapidly closing clearance (indicated in the boxed
area 38 in Figure 3) between the two rotors (14, 16)
can be expelled, thus protecting the rotors. With both
sets of slots (40, 42) on only the inlet rotor (14)
the impact on sealing (gas 



leakage) between the two rotors (14, 16) is minimised
and pumping performance affected only minimally for a
gain in solid or liquid material handling performance.
Also show in Figure 4 is a plurality of grooves 30
which extend substantially orthogonally between the
opposing, substantially parallel faces 32, 34 of the
rotor, and two grooves 36a and 36b that extends
substantially parallel to the opposing faces 32,
34.CLAIMS 1. A Northey rotor for a vacuum pump,
comprising two opposing, substantially parallel faces,
a peripheral surface located between the opposing
faces, and a plurality of grooves located on the
peripheral surface. 2. A pair of Northey rotors for a
vacuum pump, each rotor comprising two opposing,
substantially parallel faces, a peripheral surface
located between the opposing faces, and a plurality of
grooves located on the peripheral surface for
accommodating solid or liquid material entrained
within a gas stream pumped by the rotors. 3. Rotors
according to Claim 1 or Claim 2, wherein the
disposition of the grooves on one of the rotors is
different from that on the other rotor. 4 . A pair of
Northey rotors for a vacuum pump, each rotor
comprising two opposing, substantially parallel faces,
a peripheral surface located between the opposing
faces, and a pattern of grooves located on the
peripheral surface, and wherein the disposition of the
pattern on one of the rotors is different from that on
the other rotor. 5. Rotors according to any preceding
claims, wherein the grooves have a regular pattern. 



6 . A vacuum pump comprising a chamber housing a pair
of rotors according to any preceding claim located on
respective shafts and adapted for counter-rotation
within the chamber. 7. A vacuum pump comprising a
chamber housing two Northey rotors located on
respective shafts and adapted for counter-rotation
within the chamber, each rotor comprising two
opposing, substantially parallelfaces, a peripheral
surface located between the opposing faces, and a
plurality of grooves located on the peripheral surface
for accommodating solid or liquid material entrained
within a gas stream passing through the pump. 8 . A
vacuum pump comprising a chamber housing two Northey
rotors located on respective shafts and adapted for
counter-rotation within the chamber, each rotor
comprising two opposing, substantially parallel faces,
a peripheral surface located between the opposing
faces, and a pattern of grooves located on the
peripheral surface, and wherein the disposition of the
pattern on one of the rotors is different from that on
the other rotor. 


