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A vacuum pump surrounded by a ballistic blanket.
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VACUUM PUMP

[0001] This invention relates to the protection of personnel
and equipment from injury and damage caused by projectiles
generated as the result of a vacuum pump failure.

[0002] Deposition steps of semiconductor wafer process-
ing employ a variety of precursor gases. These gases are often
used inefficiently in the process, and any unused precursors
and process by-products are pumped away from the chamber
by vacuum pumps.

[0003] As the precursors and process by-products are
pumped away from the chamber they continue to react and/or
deposit solids inside the vacuum system, in particular in the
mechanical stages of vacuum pumps conveying the gases
away from the chamber.

[0004] Deposition of solids within the pumping mecha-
nism reduces the tolerance between the pump rotors and
stator, which can cause the pump to seize while in operation
or prevent it from restarting from cold, for example after ithas
been stopped for servicing.

[0005] The maintenance of a semiconductor process cham-
ber or vacuum system is usually carried out with great care to
prevent exposure of any sections of the vacuum system,
which are not being serviced, to air and moisture from the
atmosphere. It is, however, very difficult to entirely prevent
such exposure.

[0006] Epitaxial processes use a mixture of chlorosilane
precursors and hydrogen which are known to form potentially
explosive deposits of polychlorosilane by-products in the
pumping mechanism. At low pressure the process deposits do
not pose a significant danger. However, on exposure to the
atmosphere the deposits readily absorb oxygen which, in
combination with the friction caused by the reduced toler-
ances in the pumping mechanism, can start an energetic reac-
tion between the polymer and absorbed oxygen when the
pump is restarted. The reaction may be of sufficient energy
within the pump to cause it to explode generating projectiles
of'various sizes together with an instantaneous release of gas
formed by the reaction.

[0007] Vacuum pumps are often housed in enclosures con-
taining several pumps and gas abatement equipment. The
enclosures, on models such as the Edwards Limited Zenith
combined pumping and abatement system, are manufactured
from stainless steel frames with thin gauge sheet metal doors
to allow service personnel access to the vacuum system and
abatement equipment inside.

[0008] When closed, the doors enable the enclosure to be
extracted by the house duct, which protects personnel in the
event of a gas leak from the equipment within the enclosure.
The thin gauge metal doors are usually sufficient to prevent
any large projectiles generated during a vacuum pump explo-
sion from being projected outside the enclosure. However the
smaller projectiles are able to achieve higher velocities than
large projectiles and are know to pass straight through the thin
gauge metal doors, thus creating a potential source of injury
or damage to either personnel or equipment in the vicinity.
[0009] One method of preventing the generation of projec-
tiles is to avoid the build up of potentially explosive deposits
within the vacuum pump. The continuous addition of gases
such as oxygen or hydrochloric acid to the pump foreline
during processing can cause a gradual reaction with the
deposit within the pumping mechanism thus rendering it
inert. However, many semiconductor wafer producers are
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reluctant to allow the addition of a reactive gas to the foreline
due to concerns about the back-migration of the additive
gases, which can affect the process chemistry in the process
chamber.

[0010] Another safety measure employed against damage
by projectiles is to use high gauge, thick, steel for the enclo-
sure housing the vacuum pump, but this not only makes it
difficult for personnel to open and remove the doors to service
the equipment housed in the enclosure but it can it can also
add a large capital cost to the equipment.

[0011] The present invention provides a vacuum pump sur-
rounded by a ballistic blanket.

[0012] By surrounding the vacuum pump by a ballistic
blanket any projectiles generated by the pump exploding hit
the blanket causing them to lose momentum and prevent them
from injuring personnel or damaging neighbouring equip-
ment. The ballistic blanket may be used to surround pumps
employed to evacuate a variety of semiconductor process
chambers producing potentially explosive solid by-products,
for example Epitaxial process chambers.

[0013] The vacuum pump is preferably housed in an enclo-
sure. In this case, the use of a ballistic blanket can replace the
need for thick gauge steel doors, thus reducing the capital cost
of'the equipment and increasing the ease with which the doors
can be removed by service personnel to access the equipment
within the enclosure. The preferred location for the ballistic
blanket is between the vacuum pump and the enclosure so that
the enclosure canstill be attached to an extract duct as a safety
measure against possible dangerous gas leaks from any
device within the enclosure.

[0014] The generation of projectiles by an exploding
vacuum pump will be accompanied by an instantaneous
release of gas which will be generated in the explosive reac-
tion. Therefore, it is advantageous that the ballistic blanket
surrounding the pump comprises means for the release of gas
from between the pump and ballistic blanket. The ability to
release and prevent the build up of gas generated in the explo-
sion prevents the possible deformation of the ballistic blan-
ket, which would compromise the protection offered by the
blanket.

[0015] The means for the release of gas preferably com-
prises a vent, such as an open duct, or chimney, protruding
from one or more of the surfaces of the blanket surrounding
the pump. The dimensions and position of the vent are pref-
erably such that it allows the release of any gas generated
whilst not compromising the protection offered by the blanket
by leaving an open path for projectiles to bypass the blanket.
The vent is advantageously positioned concentrically around
the foreline, which enables the release of gas without limiting
the protection offered by the blanket surrounding the pump.
[0016] It is also advantageous to employ means for the
release of gas comprising a pressure release mechanism that
is configured to activate and release gas from between the
vacuum pump and ballistic blanket only when the pressure of
the gas between the vacuum pump and the ballistic blanket is
above a certain threshold, namely atmospheric pressure. Pref-
erably the mechanism is configured to subsequently de-acti-
vate when the pressure between the vacuum pump and the
ballistic blanket is below or equal to atmospheric pressure.
[0017] The ballistic blanket surrounding the pump is
advantageously comprised of separate panels. This enables
service personnel to gain access to a particular area of equip-
ment by removing individual panels whilst remaining pro-
tected from projectiles generated from other areas of the
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equipment not being serviced. Preferably the ballistic blanket
surrounding the vacuum pump comprises six separate panels
so that all sides of the pump are surrounded. Alternatively, the
ballistic blanket surrounding the vacuum pump may com-
prise four separate panels, for example around each of the
vertically extending sides of the pump with, the floor and
thick gauge steel shelf, or the enclosure ceiling above the
pump, providing protection against projectiles propelled in
the direction above and/or below the vacuum pump.

[0018] The ballistic blanket is preferably supported by the
enclosure. The blanket can be supported by a variety of posi-
tions within the enclosure, for example from the ceiling, or
the bottom of the shelf within the enclosure or on the doors to
the enclosure. The blanket may also be supported by an addi-
tional frame within the enclosure.

[0019] Projectiles can be generated with velocities of
between 10 m/s and 120 nv/s.

[0020] Those of greatest concern are those with a velocity
of between 60 m/s and 120 m/s, therefore the ballistic blanket
is preferably configured to prevent projectiles with a momen-
tum of between 150 joules of energy and 450 joules of energy
from passing therethrough. The ballistic blanket is therefore
preferably at least N.I.J. (National institute of Justice, US)
level II1A, more preferably between N.LJ. level I1A and IV.
[0021] The invention also provides apparatus for the pro-
tection of personnel in the vicinity of a vacuum pump from
injury caused by projectiles generated as a result of a failure
of the pump, the apparatus comprising a ballistic blanket
surrounding the pump.

[0022] The invention further provides a method of protect-
ing personnel in the vicinity of a vacuum pump from injury
caused by projectiles generated as the result of a failure of the
pump, the method comprising surrounding the pump with a
ballistic blanket.

[0023] Features described above in relation to the invention
are equally applicable to apparatus and method aspects of the
invention.

[0024] Preferred features of the present invention will now
be described by way of example with reference to the accom-
panying drawings, in which:

[0025] FIG. 1 illustrates one embodiment of a vacuum
pump housed in an enclosure and surrounded by a ballistic
blanket;

[0026] FIG. 2a illustrates three adjoining panels of a bal-
listic blanket surrounding a pump prior to a vacuum pump
explosion;

[0027] FIG. 26 illustrates three adjoining panels of a bal-
listic blanket surrounding a pump activated to release the
instantaneous build up of gas generated during a vacuum
pump explosion.

[0028] FIG. 1 illustrates an enclosure 2 constructed from a
metal frame 4. A vacuum pump 12 is housed in enclosure
section 2a. The vacuum pump 12 is in fluid communication
with a process chamber, for example an epitaxial chamber
(not shown) via conduit 10. The vacuum pump is surrounded
by a ballistic blanket 8 supported by the enclosure 2 and
positioned between the vacuum pump 12 and enclosure 2.
The enclosure 2 also comprises enclosure doors 6.

[0029] For simplicity the illustrated enclosure 2 comprises
two enclosure sections 2a, 2b. These enclosure sections 2a,
2b may each house a respective vacuum pump, or may house
a vacuum pump 12 and an abatement device. However, the
enclosure may comprise any number of enclosure sections for
housing any number of pumps 12 or abatement devices, for
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example four vacuum pumps 12 and one abatement device.
The metal frame 4 is preferably constructed from 3 mm think
stainless steel. The conduit 10 may also be constructed from
3 mm thick stainless steel.

[0030] The enclosure doors 6 provide service personnel
access to each side of the enclosure 2, and therefore any
equipment therein, either by opening the doors 6 and/or com-
pletely removing them from the enclosure 2. In FIG. 1 the
enclosure doors 6 have been illustrated as removed from all
sides of the enclosure 2 with the exception of the two enclo-
sure doors 6 illustrated on enclosure section 2b. The enclo-
sure doors 6 are preferably constructed from 2 mm thick
stainless steel and attached to the frame by open hinges which
enable service personnel to open the doors 6 and to remove
the doors 6 from the enclosure 2.

[0031] The enclosure 2 may be continually evacuated by
attaching the enclosure 2 to an extractor duct (not shown). In
normal operation, when the enclosure 2 is to be evacuated all
of the enclosure doors 6 are attached to the enclosure 2 and
closed. It is advantageous that the extract is sufficient that
when an enclosure door 6 is opened and/or removed the face
velocity of gas at the open side of the enclosure 2 from which
the door 6 has been removed or opened is at least 0.2 m/s to
ensure minor gas escapes from the enclosure are prevented.

[0032] FIG. 1 further illustrates a ballistic blanket 8 sur-
rounding the pump 12. The ballistic blanket may be con-
structed from any number of materials commonly used for
ballistic blanket material such as Kevlar and Twaron. The
ballistic blanket 8 is preferably at least N.I.J. level 1. The
ballistic blanket 8 comprises multiple layers of strong fiber
webs which absorb and disperse the impact energy of projec-
tiles impacting the blanket 8. Additional energy from projec-
tiles is absorbed by each successive layer of the blanket until
all the energy is removed and the projectiles eventually stop.

[0033] The ballistic blanket is preferably positioned
between the vacuum pump 12 and enclosure 2. The blanket is
preferably supported by the enclosure. The blanket panels 8a
to 8fillustrated may be supported at each of the four corners
or sides of the blanket, for example, by straps or resilient
members, such as springs, attached to the enclosure 2 (not
shown). The ballistic blanket panels 8a to 8f may also be
supported by an additional frame (not shown), in addition to
the enclosure frame 4.

[0034] The ballistic blanket preferably comprises of six
panels 8a to 8f. The blanket also comprises a vent 8g concen-
trically surrounding the conduit 10. The vent 8g may be
configured to concentrically surround the length of the con-
duit 10 from the process chamber (not shown) to the ballistic
blanket 8 or, more preferably, it may be configured to con-
centrically surround the conduit 10 within the enclosure with
sufficient space between the conduit 10 and vent 8g to dis-
charge, into the enclosure, the instantaneous release of gas
during a vacuum pump explosion whilst preventing the
escape of projectiles.

[0035] Whilst in the illustrated example the ballistic blan-
ket comprises six panels, the ballistic blanket may comprise
any number of panels, for example four panels surrounding
the pump with the enclosure floor (not shown) and enclosure
ceiling (not shown) providing the remaining protection
against projectiles generated in the vertical directions above
or below the vacuum pump 12 as the result of a vacuum pump
12 explosion.
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[0036] FIGS. 2a, 25 illustrate one embodiment of a pres-
sure release mechanism for releasing gas from between the
vacuum pump and the ballistic blanket.

[0037] FIGS. 24, 2billustrate three adjoining panels 8a, 8c,
8e of'a ballistic blanket 8 surrounding a vacuum pump 12 (not
shown). The panels 8a, 8¢, 8¢ are supported between the
vacuum pump and enclosure 2 by the enclosure frame 4 or by
another frame (not shown) provided in addition to the enclo-
sure frame 4.

[0038] Elastic members 26a, 265, 26¢, for example springs,
are attached to and extended between the panels 8a, 8c, 8e.
Elastic member 264 extends between panels 8a and 8e, elastic
member 265 extends between panels 8a and 8¢; and elastic
member 26¢ extends between panel 8¢ and 8e. The elastic
members 26a, 265, 26¢ are attached to the panels 8a, 8¢, 8¢ at
the fixing positions 28a, 28¢, 28e.

[0039] FIG. 2a illustrates the configuration of ballistic
blanket panels 84, 8¢, 8¢ surrounding the vacuum pump prior
to a vacuum pump explosion. The adjoining panels 8a, 8¢, 8¢
are configured to meet, under normal pump operating condi-
tions, along the parallel edges of each adjoining panel.
[0040] FIG. 254 illustrates the configuration in the event of a
vacuum pump explosion . The instantaneous release of gas
formed in the explosive reaction within the vacuum pump
mechanism will cause the pressure between the vacuum
pump 12 and blanket 8 to increase. The elastic members 26a,
26b, 26¢ are configured such that when the pressure between
the vacuum pump 12 and blanket 8 rises above a threshold
limit, namely atmospheric pressure, the members 26a, 265,
26¢ extend to allow the panels 8a, 8¢, 8¢ to move in an
outward direction from the vacuum pump 12 allowing the gas
between the vacuum pump 12 and blanket 8 to escape via the
gaps 24 formed between the panels 8a, 8¢, 8¢. The elastic
members are further configured, subsequent to the release of
gas from between the vacuum pump 12 and blanket 8, to
contract causing the panels 8a, 8¢, 8¢ to move in an inward
direction back to the original configuration illustrated in FIG.
2a.

[0041] The elastic members 26a, 265, 26¢ and panels 8a,
8¢, 8¢ are configured to allow the controlled release of the gas
formed in the explosive reaction whilst maintaining the pro-
tective configuration of the blanket 8 by retaining the shape of
the panels surrounding the vacuum pump 12.

[0042] FIG. 2a illustrates the configuration of panels 84, 8¢,
8¢ and elastic members 26a, 265, 26¢ at one corner of the
enclosure 2 as illustrated in FIG. 1. The same configuration of
ballistic blanket panels and elastic devices illustrated in FIG.
2a would exist at each of the eight corners of the enclosure 2
illustrated in FIG. 1.

[0043] The embodiment illustrated in FIG. 2a is just one
example of the pressure release mechanism according to the
invention. Other examples are flaps, vents and pressure
release valves.
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1. A vacuum pump surrounded by a ballistic blanket.

2. A vacuum pump according to claim 1, wherein the
vacuum pump is housed in an enclosure.

3. A vacuum pump according to claim 2, wherein the
ballistic blanket is located between the vacuum pump and the
enclosure.

4. A vacuum pump, according to any of claims 2 to 13,
wherein the ballistic blanket is supported by the enclosure.

5. A vacuum pump according to any preceding claim,
wherein the ballistic blanket surrounding the pump comprises
means for releasing gas from between the pump and ballistic
blanket.

6. A vacuum pump according to claim 5, wherein the
means for releasing gas comprises a vent.

7. A vacuum pump according to claim 5, wherein the
means for releasing gas comprises a pressure release mecha-
nism.

8. A vacuum pump according to claim 7, wherein the
pressure release mechanism is configured to activate to
release gas from between the vacuum pump and ballistic
blanket when the pressure of the gas between the vacuum
pump and the ballistic blanket is above atmospheric pressure.

9. A vacuum pump according to claim 8, wherein the
pressure release mechanism is configured to subsequently
de-activate when the pressure between the vacuum pump and
the ballistic blanket is below or equal to atmospheric pressure.

10. A vacuum pump according to any preceding claim,
wherein the ballistic blanket is configured to prevent projec-
tiles with a momentum of between 150 joules of energy and
450 joules of energy from passing therethrough.

11. A vacuum pump according to any preceding claim,
wherein the ballistic blanket is at least N.I.J. level IV.

12. A vacuum pump according to any preceding claim,
wherein the ballistic blanket surrounding the vacuum pump
comprises separate panels.

13. A vacuum pump according to claim 12, wherein the
ballistic blanket surrounding the vacuum pump comprises at
least four separate panels.

14. An apparatus for the protection of personnel in the
vicinity of a vacuum pump from injury caused by projectiles
generated as a result of a failure of the pump, the apparatus
comprising a ballistic blanket surrounding the pump.

15. A method of protecting personnel in the vicinity of a
vacuum pump from injury caused by projectiles generated as
the result of a failure of a vacuum pump, comprising sur-
rounding the vacuum pump with a ballistic blanket.

16. A method according to claim 15, comprising contain-
ing the vacuum pump within an enclosure.

17. A method according to claim 16, comprising locating
the ballistic blanket between the vacuum pump and the
enclosure.



