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(57) Abstract

An apparatus and method for reducing particles in reactors. The apparatus (10) includes an enclosure for processing the semiconductor
wafers. The enclosure has a wafer handling chamber (16) connected by an isolation gate valve (18) to a processing chamber (20).
Additionally, the apparatus includes: pipes (24, 26) for delivering a purge gas into the wafer handling chamber (16); a pilot operated back
pressure regulator (40) for regulating the delivery and removal of the purge gas from the enclosure for reducing disturbances from the purge
gas entering into the enclosure; a flow regulated Bernoulli wand (36) for lifting and holding a single wafer; ionizers (21a-21d) in the purge
gas lines entering the wafer handling chamber and load locks for ionizing the purged gas molecules, the ionized gas discharges all the static
inside the semiconductor equipment and prevents the wafer from attracting charged particles; and means for reducing gas flow turbulence

when switching valves within the reactor.
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SYSTEM AND METHOD FOR REDUCING PARTICLES
IN EPITAXIAI REACTORS
BACKGROUND OF THE INVENTION

Technical Field of the Invention

The invention relates to the process of forming films
of material on semiconductor wafers through the use of
carrier gases within a reactor chamber. In particular, the
present invention relates to the epitaxial deposition of
specific materials onto a silicon wafer and to a system and
method for reducing or eliminating particulate matter and
the resulting particle-related defects on the finished
wafer.

In most semiconductor manufacturing equipment used for
growth of films of material onto semiconductor wafers, the
wafers are loaded in one or multiple load locks and
transported through a wafer handling chamber to a reactor,
where the actual material is deposited onto the
semiconductor wafers by means of gases or vapors. The gas
in the load lock, wafer handling chamber and reactor must
be as particle-free as possible in order to reduce the
number of defects on the semiconductor wafer surface.

Improvements in the capabilities of semiconductor
manufacturing equipment continues at an astonishing rate.
As capabilities of lithography and etching equipment
increases the circuit density on a wafer increases and with
the increase in circuit density the specification for
particle free environment within the processing equipment
also increases. In addition to the resulting circuit
density that has been achieved with the improvements in
lithography and etching, the size of wafers has increased
to 300 mm. Semiconductor manufacturers require further
production improvements through the increase in the yields
of semiconductor devices from the equipment use to
manufacture those devices. The implementation of epitaxial

layers, Dboth homoepitaxial and heteroepitaxial, on an
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underlying substrate layer has a great impact on the yields
of the associated semiconductor wafers. A primary example

is the growth of epitaxial silicon on a semiconductor wafer

~substrate. Growth of an epitaxial silicon layer is

typically performed in a chemical vapor deposition process
in which the wafers are heated while a gaseous silicon
compound is passed over the wafer to affect pyrolysis or
decomposition. Epitaxial depositions in general and
silicon epitaxial deposition in particular are integral
parts of VLSI processing, especially for the advanced
bipolar, NMOS and CMOS technologies, since many of the
components of the individual transistors and devices are
formed in an epitaxial layer.

The ability to process good quality advanced NMOS,
CMOS and bipolar IC chips using epitaxy is strongly
dependent on maintaining a substantially defect-free state
(1) for the bulk semiconductor wafer and for the surface of
the bulk wafer, and (2) during the step of depositing the
epitaxial silicon layer. Simply put, and as discussed
below, elimination of both sub-surface and surface defects
is crucial to obtaining good yields in current and future
technologies, particularly as those technologies process
toward a sub-micron minimum device feature size.

Surface défects are usually related to undesirable
particles. It is extremely critical for sub-micron minimum
device feature sizes and for large chip areas that the
undesirable particles be eliminated, since a single defect
in such devices can cause nonfunctionality of the device
and as few as one defect per square centimeter (about 80
defects per four inch wafer) can have catastrophic effects
on wafer processing yields. It is a characteristic of
epitaxial processing that the crystallographic nature and
defect level of the deposited epitaxial layer or epi layer
reflects the parent or bulk substrate wafer. Thus, for

example, stacking faults on the substrate can give rise to
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epitaxial stacking faults, and dislocations in the
substrate can be transmitted through the epi layer. In

addition, epitaxial defects such as pits and micro-

contamination result from the bulk substrate wafer surface

particles. As a consequence, even where the parent
substrate is substantially defect-free (the introduction of
substantially defect-free silicon wafer starting material
in the mid 1970's offered this possibility), the growth of
defect-free epitaxial layers requires the elimination of
particles on the surface of the parent substrate wafer.
Unfortunately, wusing present day epitaxial processing
technology, the elimination or substantial decrease in
unwanted particles and the associated achievement of very
low particle-~related defect densities are accomplished by
extensive runs and wafer inspection resulting in very low
wafer vyields.

Although the semiconductor manufacturing equipment is
constructed so that particles cannot enter through the
walls or with the gas flow, particles may enter the
semiconductor manufacturing equipment by other means, such
as when semiconductor wafers are put into a load lock,
during equipment maintenance or through some other indirect
source. Particles generated during the process are removed
by the laminar flow of the purge gas. The particles may be
transported to the inner surfaces of the equipment and
adhere thereon. If particles are present in the gas, or
suddenly released from the inner surfaces of the equipment,
the particles may be transported to the surface of the
semiconductor wafer and cause defects. Undesirable
particles including the particles that are to be deposited
on the semiconductor wafer during the manufacturing process
can be attracted to, deposited and retained on the inner
surfaces of the semiconductor manufacturing equipment. Once
attracted to the inner surfaces of the semiconductor

manufacturing equipment, several different forces including
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molecular forces (Van der Waals force), capillary forces,
and electrostatic forces retain the undesirable particles
on the inner surfaces of the semiconductor manufacturing
equipment. If for some reason these particles were to be
released then they can become airborne and settle on the
surfaces of the semiconductor wafers and create defects in
the resulting processed wafer. Air turbulence is one way
in which these undesirable particles may be freed from
their attachment to the inner surfaces of the semiconductor
manufacturing equipment.

Once airborne the movement of particles inside the
semiconductor manufacturing equipment is subject to several
different forces; gravity, the fluid drag of the
surrounding gas flow, and electrostatic force. Gravity is
a very weak force on small particles. Normally, a purge
with a particle-free gas is maintained through the
semiconductor manufacturing equipment in order to create a
particle-free environment. Any particles that are released
from the inner surfaces of the equipment are transported by
the fluid drag of the purge gas to the gas exhaust.
However, electrostatic force negatively affects the
removal of particles by the purge gas flow. Particles may
be transported to semiconductor wafers by the electrostatic
force and remain there during the processing of the
semiconductor wafer which will result in defects on the
surface of the wafers.

Retention of particles by electrostatic force is
erratic since a sudden electrostatic discharge may remove
the electrostatic force. The particles released from the
inner walls of the equipment may be transported to the
surface of a semiconductor wafer and cause defects. Thus
it 1is desirable to eliminate the electrostatic force
between particles and the inner walls of the semiconductor

manufacturing equipment, so the gas purge flow can remove
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the retained particles from the inner surfaces of the
equipment.

It takes a large amount of energy to release the
particles that are retained on the inner surfaces by
molecular force. Therefore particles that are retained by
the molecular force on the inner surfaces of the equipment
are very likely to stay there indefinitely and not cause
any defects on semiconductor wafers.

Capillary force 1is reduced by the reduction of
moisture in the equipment. The moisture is reduced by use
of construction materials with low moisture permeability
and the use of a particle and moisture free gas flow
through the equipment. A dry particle-free gas purge such
as dry nitrogen evaporates moisture and purges particles
that are only being retained by the capillary force on the
inner surfaces of the equipment.

U.5. Patent Number 5,373,806 to Logar (Logar) is an
example of an attempt to solve the problem of retained
particles. In Logar, electrostatic charges are reduced by
heating the substrate to a specific temperature lower than
the processing temperature prior to production deposition
by the use of a radiant source of energy. This is an extra
step that must be taken in the manufacturing process,
increasing production time and cost.

Typically particles are removed from the inner surface
of the wafer handling chamber and the load locks by purging
the wafer handling chamber with a particle-free gas. The
semiconductor wafers are transported through the wafer
handling chamber and load locks. A laminar flow of gas is
provided so that particles can be picked up and carried
with the purge gas through an exhaust outlet located within
the wafer handling chamber and load locks. However, when
a sudden pressure or flow change occurs, the gas flow

becomes turbulent, causing particles to be stirred up and
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transported to the surface of any semiconductor wafer that
happen to be in the wafer handling chamber.

Existing systems used to regulate the pressure inside
the semiconductor manufacturing equipment often employ the
use of a single stage back pressure regulator that 1is
located between a processing chamber and an exhaust outlet.
However, the single stage back pressure regulator has
difficulty requlating pressure for a large flow of gas.

Another problem with the existing system occurs when
a gate valve that isolates the wafer handling chamber from
the load lock or processing chamber is opened. If there is
a pressure difference between the two chamber, the gas
flow in one chamber is diverted to the second chamber,
which results in turbulence within the both chambers.
Because the single stage back pressure regulators do not
completely open, particles, vapors and gases back streanm
from the exhaust outlet into both chambers.

Thus, it would be a distinct advantage to have an
apparatus and method for reducing particles in a epitaxial
reactor during the processing of semiconductor wafers. It
is an object of the present invention to provide such an
apparatus and method.

SUMMARY OF THE INVENTION

A method and apparatus for reducing particles in an
epitaxial reactor used in processing of semiconductor
wafers and includes an enclosure for processing the
semiconductor wafers. A purge gas delivery system removes
undesirable particles from the enclosure. Included in the
system is a pilot operated back pressure regulator for
reqgulating the exhaust of the purge gas from the enclosure.
The system also includes an ionizing source for
conditioning the purge gas that is integrally connected to
the purge gas delivery system.

The pilot operated back pressure regulator includes

a dome regulator for adjusting purge gas flow, a valve for
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actuating the dome regulator, and a pressure regulator for
delivering the pilot gas to the dome regulator.

The enclosure has a wafer handling chamber and a
processing chamber. A robotic arm located within the
wafer handling chamber has a Bernoulli wand end affecter
that lifts and transporting the semiconductor wafers
between the wafer handling chamber and processing chamber.
There 1is included a damper mechanism for dampening the
pressure rise when the Bernoulli wand releases a wafer
either into a wafer cassette or on to a wafer scepter
located within the processing chamber.

The wafer handling chamber is connected by an
isclating gate wvalve to the processing chamber. The
isolating gate valve is opened and closed according to a
procedure that reduces the disturbances when there is a
pressure difference between the wafer handling chamber and
the processing chamber.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a diagram of the semiconductor
manufacturing equipment, showing gas purge lines that are
associated with the load locks and the wafer handling
chamber according to the teachings of the present
invention;

Figure 2 1is a perspective view of the semiconductor
manufacturing equipment illustrating the load locks, the
wafer handling chamber and an epitaxial reactor;

Figure 3 is a schematic of an isolation valve assembly
in the preferred embodiment of the present invention;

Figure 4 is a schematic diagram illustrating the dome
loaded regulator circuit in a preferred embodiment of the
present invention;

Figure 5 is a schematic diagram of the pilot operated
back pressure regulator in the preferred embodiment of the

present invention; and,
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Figure 6 is a cross sectional side view of the pilot
operated back pressure regulator in the preferred

embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

Referring to figures 1 and 2 wherein figure 1 includes
a diagram of a piece of semiconductor manufacturing
equipment (an epitaxial reactor 10), illustrating a gas
purge system 12 that is associated with a wafer transport
chamber that includes load locks 14 and 15, and a wafer
handling chamber 16. The epitaxial reactor 10 is
partitioned into the wafer handling chamber 16, load locks
14 and 15, and a process chamber 20 that is isolated from
the load locks 14 and 15 and the wafer handling chamber 16
by isolation gate valve 18.

Prior to processing any semiconductor wafers, the
load locks 14 and 15 and wafer handling chamber 16 are
purged by purge gas from the gas source 22 that includes a
control system. This purge gas flows from the source 22
through the pipes 24 and 26 into the load locks 14 and 15
and wafer handling chamber 16.

In operation, cassettes of semiconductor wafers {(not
shown) are placed in the load locks 14 and 15 through load
lock portals 32 and 34. After loading the wafer cassettes
in the 1load locks 14 and 15, the load lock portals 32 and
34 are closed to isolate the wafers from the surrounding
atmosphere. The load locks are purged by the purge gas
from the gas source 22. The purge gas such as dry nitrogen
flows through the pipes 24 into the load locks 14 and 15.
The purge gas purges out oxygen, moisture and undesirable
particles that enters the load locks 14 and 15 when the
load lock portals 32 and 34 are opened to receive the
wafer cassettes.

After completing the purge, the load locks 14 and 15
are opened to the wafer handling chamber by the lowering of

the cassette by an elevator 8 which breaks the air tight
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seal typically located at edge 6, and the wafers are
transported sequentially from the cassettes to the process

chamber 20 by a transfer arm 29 that has a Bernoulli wan 36

~end affecter. While the wafers are transported through the

wafer handling chamber 16, the wafer handling chamber 16 is
purged by a gas from the gas source 22.

The purge gas from the gas source is made slightly
conductive by passing it through ionizer 2la which is
connected to load lock 14, ionizer 21b which is connected
to load lock 15, ionizer 21c which is connected to the
wafer handling chamber 16 and ionizer 21d which is
connected to the Bernoulli wand 36 by a flexible tube 30
that is connected to the robotic arm 29. In the embodiment
shown, the gas is the same as the purge gas. The ionizers
2la, 21b, 2lc, and 21d reduces or removes electrostatic
forces from inside the epitaxial reactor 10. The slightly
conductive purge gas can discharge any particles from the
wafers or inner surfaces of the chamber subject to the
purge.

The ionizers may be devices such as Model 2201 ss
(alpha particle ionizer manufactured by NRD, Inc. of Grand
Island, New York or preferably an electronic ionizer, such
as the model 4210 manufactured by Ion Systems of Berkeley,
California.

The purge gas flows, under pressure, through the
ionizers 2la, 21b, 22c¢, and 21d. The flow rate of the
nitrogen purge gas is measured at 15 standard liters per
minute (slm), as a Low Flow rate and at 50 slm per minute
as a High Flow rate. The flow rate is dependent on the
volume of chambers and is selected to be as high as
possible without creating turbulence.

A flow rate of 15 slm is common because a higher rate
of flow causes turbulence and may stir up and drive
particles into suspension with the purge gas. A High Flow

rate is only used during maintenance mode when there are no
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wafers in the epitaxial reactor 10, because it stirs up
particles and facilitates the cleaning of the equipment.
However, when the purge gas is slightly conductive, any
static in the equipment is reduced or eliminated so that
the particles are not attracted to surfaces Dby
electrostatic force, such as the semiconductor wafers (not
shown) .

Preferably, the ionizers 2la, 21 b, 2lc and 21d, to
maximize their effectiveness, are located as close to the
load locks 14 and 15 and the wafer handling chamber 16 as
possible. Additionally, there should be no bends in the
piping that connects the ionizers 21a 21 b, 21c and 214 to
the load locks 14 and 15 and the wafer handling chamber 16.

Subsequent to the purging of the load locks 14 and 15
and wafer handling chamber 16, the isolation valve 18 is
opened. The transfer arm 29 is used to move the wafers
from the load lock 14 or 15 into the process chamber 20 for
wafer processing. The transfer arm 29, including a low
ingestion Bernoulli wand 36, is within the wafer handling
chamber 16. In operation, the Bernoulli wand 36 picks up
the semiconductor wafers one at a time from the cassettes
(not shown) in one of the load locks 14 and 15. Each wafer
is then transported through an open isolation gate valve 18
to a susceptor 38 within the process chamber 20. The
Bernoulli wand 36 is used to reduce particle accumulation
within the epitaxial reactor 10 by avoiding contact with
the top and bottom surfaces of the wafers. The Bernoulli
wand 36 utilizes a novel non-spiking gas system and uses
nitrogen gas, through wand gas supply line 28. However,
when the Bernoulli wand 36 picks up a wafer and releases it
onto the susceptor 38 in the process chamber 20, the
resulting impulse of gas released into the wafer handling
chamber 16 causes a pressure spike and a resulting
turbulence of gas in the wafer handling chamber 16. Any

turbulence causes particles that are present within the

10
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wafer handling chamber 16 to be disturbed and lifted into
suspension in the purging gas. The particles thus can be
transported to a wafer surface, however the presence of
a damper 44 that dampers the pressure spikes generated from
the operation of the Bernoulli wand 36 and prevents the
generating of a pressure spike and the resulting
turbulence.

When using a Bernoulli wand 36, the gas flow is turned
off to drop a wafer at its destination, the remaining gas
is vented into the wafer handling chamber 16. This sudden
burst of gas flow causes a sudden pressure rise. In order
to render the gas flow constant, the damper 44 and orifice
46 is utilized to reduce the pressure spike in the wafer
handling chamber 16. When a wafer is released, the dome
regulator 90 is shut off and, simultaneously, valve 95 is
opened to release the remaining gas flow into the damper 44
and flow resisting orifice 46. When the size of the damper
44 and the size of the orifice 46 are properly sized, the
gas flow increase is gradually released into the wafer
handling chamber 16 to compensate for the sudden burst. The
orifice 46 is sized to provide a tuning mechanism for
regulating pressure bursts into the wafer handling chamber
16.

The damper 44 and orifice 46 is used in conjunction
with the back pressure regulator 40 that is located in the
exhaust line 42 that is connected to the wafer handling
chamber 16. The back pressure regulator 40 maintains a
constant pressure in the wafer handling chamber 16 and the
load locks 14 and 15. When the elevator 8 is sealently
pressed against the edge 6, the valve 41 is opened so that
the gas load locks 14 and 15 can be vented.

Another area in which the gas flow is disturbed occurs
when the isolation gate valve 18 is suddenly opened or
closed when transporting wafers between the wafer handling

chamber 16 and the process chamber 20. In order to minimize

11
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this gas flow disturbance, the isolation gate valve
includes a valve assembly 80 that is constructed to allow

the isolation gate valve 18 to open only a minute amount

to allow the pressure to equalize between the wafer

handling chamber 16 and the process chamber 20. Figure 3
is a schematic of the isolation gate valve assembly 80.
Once the pressure is equalized between the wafer handling
chamber 16 and the process chamber 20, the isolation gate
valve 18 continues to open at a fast rate. This results in
a minimum disturbance in pressure and gas flow while still
allowing fast actuation of the isolation gate valve 18.

The isolation gate valve assembly 80 includes an
actuator 82 which 1is mechanically connected with the
isolation gate valve 18, enabling the isolation gate valve
18 to open. Additionally, the isolation gate valve 18 is
mechanically connected with a second actuator 84, that
actuates the initial opening of the isolation gate valve 18
in a controlled way, allowing the equalization of pressure
between the wafer handling chamber 16 and the process
chamber 20. The actuator 84 also may control the final
closing of the isolation gate valve in a controlled manner.
This isolation gate valve assembly 80 provides a multi-
speed isolation gate valve, which can reduce or eliminate
gas flow bursts which occur in the initial stage of prior
art isolation gate valves.

After each wafer is processed, the isolation gate
valve 18 is opened and the Bernoulli wand 36 retrieves the
processed wafer and loads the wafer into a cassette within
one of the load locks (14 or 15). After all of the wafers
have been processed, the cassette located within the load
lock is removed through one of the portals (32 or 34).

Disturbance of the flow and pressure of the purge gas
may also occur during the sudden opening or closing of gas
valves which feeds gas into the semiconductor manufacturing

equipment. A dome loaded regulator circuit 90 is utilized

12
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to feed gas into the semiconductor manufacturing equipment.
Figure 4 1is a schematic diagram illustrating the dome
loaded regulator circuit 90 and includes a dome loaded
regulator 92, a valve 94, a pressure regulator 96 and a
needle valve 98. The gas flow into the equipment is
increased incrementally by the dome loaded regulator 92
which 1is pneumatically actuated by the valve 94, which
controls a restricted gas flow. The gas flow originates
from the pressure regulator 96. In addition, the needle
valve 98 controls the amount of restriction of the gas
flow. However, the needle valve 98 may be a plurality of
needle valves and check valves, to regulate different ramp-
up and ramp-down flow rates of the purge gas.

Figure 5 is a schematic diagram of the pilot operated
back pressure regulator 40 in the preferred embodiment of
the present invention. The pilot operated back pressure
regulator 40 includes a pneumatically actuated throttle
valve 50 which is actuated by a pressure relay system 52.

The pressure relay system 52 is normally a 22:1 ratio

pressure relay that adjusts the opening of the

pneumatically actuated throttle valve 50 from the sensed
pressure across the throttle valve 50 and conduits 101 and
102. The pilot operated back pressure regulator 40 also
includes a variable load springs 54 and a throttle valve
actuator 56. Additionally, the pilot operated back
pressure requlator 40 includes a throttle valve input 58.

Figure 6 is a cross sectional side view of the pilot
operated back pressure regulator 40 in the preferred
embodiment of the present invention. Referring to Figure
6, the operation of the pilot operated back pressure
regulator 40 will now be explained. 1In order to regulate
the pressure within the wafer handling chamber 16, the
pilot operated back pressure regulator 40 uses the
pneumatically actuated throttle valve 50 to regulated the

pressure. The pilot operated back pressure regulator 40

13
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includes the pressure relay system 52, which is a 22:1
pressure relay in the preferred embodiment, and the
pneumatically actuated throttle valve 50. The pressure
relay system 52 includes a large piston 58 which drives a
small pressure reducing regulator 60. A high pressure
pilot supply (80 PSI in the preferred embodiment), is feed
in through a passage 62. The variable load spring 54
opens the small pressure regulator 60. The opening of the
small pressure regulator 60 allows a dynamic flow from a
chamber 64 to enter a chamber 68 via a passage 66. The
dynamic flow then flows through a bleed passage 70 to a
passage 72. From the passage 72, the dynamic flow is
exhausted through an output 74 of the pilot operated back
pressure regulator 40. This dynamic flow creates a bias
pressure on the throttle valve actuator 56 at a level just
below the pressure required to drive the throttle valve 50
open. The size of the bleed passage 70, chamber 68, and a
chamber 57 determines the response time and pressure
differential necessary to drive the throttle valve 50 open.
The smaller the bleed passage 70 and chamber 57, the faster
the response of the pilot operated back pressure regulator
40. A small increase in pressure at an input 76 for the
pilot operated back pressure regulator 40 is transmitted,
via a channel 78, to the top of the large piston 58 through
the passage 66 driving the small regulator 60 to a higher
pressure that is multiplied by the ratio of the pressure
relay. This increases the pressure at the top of throttle
valve actuator 56 and drives the throttle valve 50 open,
relieving the pressure at the input 76 of the pilot
operated back pressure regulator 40 and thereby regulating
the pressure at the throttle valve input 58.

14
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CLAIMS
WHAT IS CLAIMED IS:

1. An apparatus for processing semiconductor wafers
comprising: a reactor chamber for processing the
semiconductor wafers; a wafer transport chamber having a
transport means for unloading and loading semiconductor
wafers from and to the reactor chamber; a gas delivery
system operatively connected to deliver gas to the wafer
transport chamber; and an ionization means for conditioning

the gas prior to delivery to the wafer transport chamber.

2. The apparatus of Claim 1 wherein the wafer transport
chamber includes a gas outlet and the apparatus further
comprises: a pilot operated back pressure regulator
connected to the gas outlet for regulating the gas in the
wafer transport chamber.

3. The apparatus of Claim 2 wherein the pilot operated
back pressure requlator includes: a pneumatically driven
throttle valve having an adjustable valve opening, the
valve opening being connected to the outlet; and a
pressure sensing relay system connected to sense the
pressure across the pneumatically driven throttle valve
and to adjust the adjustable valve opening in response to

the sensed pressure.

4, The apparatus of Claim 2 wherein the ionization means
includes a first ionizer connected to the transport means
and a first line connecting the first ionizer to the gas
delivery system, the apparatus further comprising: a dome
loaded requlator integrally connected in the first line and
the delivery system for regulating the delivery of gas to

the first ionizer.

15
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5. The apparatus according to Claim 4 wherein the
ionization means includes a second ionizer connected to the
wafer transport chamber and a second line connecting the
gas delivery system to the second ionizer further
comprising: a damper connected in line with the gas
delivery system; and a gas flow restricting means located

between the damper and the second ionizer.

6. The apparatus according to Claim 5 further comprising:
an isolation valve located between the reactor chamber and
the wafer transport chamber; and means for controlling
opening of the isolation valve at, at least a first speed

followed by a second speed.

7. The apparatus according to Claim 1 further comprising:
an isolation valve located between the reactor chamber and
the wafer transport chamber; and means for controlling
opening of the isolation valve at, at least a first speed

followed by a second speed.

8. The apparatus of Claim 1 wherein the ionization means
includes a first ionizer connected to the transport system
means and a first line connecting the first ionizer to the
gas delivery system, the apparatus further comprising: a
dome loaded regulator integrally connected to the gas
delivery system in the first line for regulating the

delivery of gas to the first ionizer.

9. The apparatus according to Claim 1 wherein the
ionization means includes a second ionizer connected to the
wafer transport chamber and a second line connecting the
gas delivery system to the second ionizer further
comprising: a damper connected in line with the gas

delivery system in the first 1line; and a gas flow
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restricting means located between the damper and the first

ionizer.

10, An apparatus for processing semiconductor wafers,

comprising: a reactor chamber for processing semiconductor
wafers; a wafer transport chamber having a gas outlet and
means for unloading and loading semiconductor wafers from
and to the reactor chamber; a gas delivery system
operatively connected to deliver gas to the wafer transport
chamber; and a pilot operated back pressure regulator
connected to the gas outlet for regulating the gas in the
wafer transport chamber.

11. The apparatus of Claim 10 wherein the pilot operated
back pressure regulator includes: a pneumatically driven
throttle valve having an adjustable valve opening and the
valve opening being connected to the outlet and a pressure
sensing relay system connected to sense the pressure
across the pneumatically driven throttle valve and to
adjust the adjustable valve opening in response to the

sensed pressure.

12. The apparatus of Claim 10 wherein the gas delivery
system includes at least a gas source and a first line
connecting the gas source to the wafer transport chamber,
the apparatus further comprising: a dome loaded regulator
integrally connected to the gas delivery system in the
first line for regulating the delivery of gas to the wafer

transport chamber.

13. The apparatus according to Claim 12 wherein the gas
delivery system further includes a second line connecting
the gas source to the wafer transport system, the apparatus
further comprising: a damper connected in line with the

gas delivery system in the second line; and a gas flow
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restricting means located in line between the damper and

the wafer transport chamber.

14. The apparatus according to Claim 12 further
comprising: an isolation valve located between the reactor
chamber and the wafer transport chamber; and means for
controlling opening of the isolation valve at, at least

a first speed followed by a second speed.

15. The apparatus according to Claim 10 wherein the gas
delivery system includes at least a gas source and a first
line connecting the gas source to the wafer transport
chamber, the apparatus further comprising: a damper
connected in line with the gas delivery system in the
first line; and a gas flow restricting means located in

line between the damper and the wafer transport chamber.

l6. The apparatus according to «claim 10 further
comprising: an isolation valve located between the reactor
chamber and the wafer transport chamber; and means for
controlling opening of the isolation valve at, at least

a first speed followed by a second speed.

17. An apparatus for processing semiconductor wafers
comprising: a reactor chamber for processing semiconductor
wafers; a wafer transport chamber having a means for
unloading and loading semiconductor wafers from and to the
reactor chamber; a gas delivery system operatively
connected to the wafer transport chamber; and a dome loaded
regulator integrally connected by a first line to the gas
delivery system in the first line for contrelling the

delivery of gas into the wafer transport enclosure.
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18. The apparatus of Claim 17 wherein the gas delivery
system further includes a second line connecting the gas

source to the wafer transport system, the apparatus further

comprising: a damper connected in line with the gas

delivery system in the second line and a gas flow
restricting means located between the damper and the wafer

transport chamber.

19. The apparatus according to Claim 18 further comprising:
an isolation valve located between the reactor chamber and
the wafer transport chamber; and means for controlling
opening of the isolation valve at least a first speed

followed by a second speed.

20. The apparatus according to Claim 17 further comprising:
an isolation valve located between the reactor chamber and
the wafer transport chamber; and means for controlling
opening of the isolation valve at least a first speed

followed by a second speed.

21. An apparatus for processing semiconductor wafers
comprising: a reactor chamber for processing semiconductor
wafers; a wafer transport chamber having means for
unloading and loading semiconductor wafers from and to the
reactor chamber; a gas delivery system operatively
connected to deliver gas to the wafer transport chamber; a
damper connected to the gas delivery system; and a gas
flow restricting means located between the damper and the

wafer transport enclosure.

22. The apparatus according to Claim 21 further
comprising: an isolation valve located between the reactor
chamber and the wafer transport chamber; and means for
controlling opening of the isolation valve at, at least a

first speed followed by a second speed.
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23. An apparatus for processing semiconductor wafers
comprising: a reactor chamber for processing semiconductor
wafers; a wafer transport chamber having a means for
unloading and loading semiconductor wafers from and to the
reactor chamber; an isolation valve located between the
reactor chamber and the wafer transport chamber; and means
for controlling opening of the insolation valve at, at

least a first speed followed by a second speed.

24. An apparatus for processing semiconductor wafers
comprising: a load lock chamber; a reactor chamber for
processing semiconductor wafers; a wafer transport chamber
connected between the load lock chamber and the reactor
chamber and having a means for transferring semiconductor
wafers between the reactor chamber and the load lock
chamber; an isolation valve located between the load lock
chamber and the wafer transport chamber; and means for
controlling opening of the insolation valve at, at least a

first speed followed by a second speed.

25. A method of processing semiconductor wafers in a
semiconductor reactor having a wafer transport chamber and
a reactor chamber the method comprising the steps of:
reducing particles in the wafer handling chamber including
the steps of; delivering a gas to the wafer handling

chamber, and conditioning the gas with an ionizing means.

26. The method according to Claim 25 wherein the wafer
transport chamber includes a gas outlet and the step of
reducing particles further comprises: the step of
regulating the gas pressure in the wafer transport chamber
with a pilot operated back pressure regulator operatively
connected to the gas outlet.
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27. The method according to Claim 26 wherein the wafer
transport chamber includes a transport means connected to
the gas delivery system by a first line and in a first
ionizer in the first line, the method further comprising
the steps of: regulating the delivery of the gas to the

ionization means with a dome loaded regulator.

28. The method according to Claim 27 wherein the ionization
means includes a second ionizer connected to the wafer
transport chamber by a second line, the method further
comprising the steps of: in line dampening the delivery of
the gas to the second ionizer means and restricting the

flow of gas to the second ionizer means.

29. The method according to Claim 28 wherein the
semiconductor equipment further includes an isolation valve
located between the reactor chamber and the wafer transport
chamber and the method of reducing particles further
includes the steps of : initially opening the isolation

valve at a first speed followed by a second speed.

30. The method according to Claim 25 wherein the wafer
transport chamber includes a transport means connected to
the gas delivery system by a first line and a first ionizer
in the first line, the method further comprising the steps
of: regulating the delivery of the gas to the first ionizer
with a dome loaded regulator.

31. The method according to Claim 25 wherein the ionization
means includes a first ionizer connected to the wafer
transport chamber by a first line, the method further
comprising the steps of: in line dampering the delivery of
the gas to the first ionizer and restricting the flow of

gas to the first ionizer.
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32. The method according to Claim 25 wherein the
semiconductor equipment further includes an isolation valve
located between the reactor chamber and the wafer transport
chamber and the method of reducing particles further
includes the steps of : initially opening the isolation

valve at a first speed followed by a second speed.

33. A method of processing semiconductor wafers in a
semiconductor reactor having a wafer transport chamber
having a gas outlet and a reactor chamber, the method
comprising the steps of: reducing particles in the wafer
handling chamber including the steps of; delivering a gas
to the wafer handling chamber, and regulating the gas
pressure in the wafer transport chamber with a pilot
operated back pressure regulator operatively connected to

the gas outlet.

34. The method according to Claim 33 wherein the gas
delivery system includes at least a gas source and a first
line connecting the gas source to the wafer transport
chamber, the method further comprising the steps of:
regulating the delivery of the gas to the wafer transport

Cchamber in the first line with a dome loaded regulator.

35. The method according to Claim 33 wherein the gas
delivery system further includes a second line connecting
the gas source to the wafer transport system, the method
further comprising the steps of; in the second line,
dampering the delivery of the gas to the wafer transport
chamber means and restricting the flow of gas to the wafer

transport chamber.
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36. The method according to Claim 35 wherein the
semiconductor equipment further includes an isolation valve

located between the reactor chamber and the wafer transport

Chamber and the method of reducing particles further

includes the steps of: initially opening the isolation

valve at a first speed followed by a second speed.

37. The method according to Claim 33 wherein the
semiconductor equipment further includes an isolation valve
located between the reactor chamber and the wafer transport
chamber and the method of reducing particles further
includes the steps of : initially opening the isolation

valve at a first speed followed by a second speed.

38. A method of processing semiconductor wafers in a
semiconductor reactor having a wafer transport chamber
and a reactor chamber, the method comprising the steps of:
reducing particles in the wafer handling chamber including
the steps of; delivering a gas to the wafer handling
chamber, and regulating the delivery of the gas to the

wafer transport chamber with a dome loaded regulator.

39. The method according to Claim 38 wherein the gas
delivery system includes at least a gas source and a first
line connecting the gas source to the wafer transport
system chamber, the method further comprising the steps of;
in the first line: dampering the delivery of the gas to
the wafer transport chamber means and restricting the flow

of gas to the wafer transport chamber.
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40. The method according to Claim 38 wherein the
semiconductor equipment further includes an isolation valve
located between the reactor chamber and the wafer transport
chamber and the method of reducing particles further
includes the steps of: initially opening the isolation

valve at a first speed followed by a second speed.

41. A method of ©processing semiconductor wafers in a
semiconductor reactor having a wafer transport chamber
having a gas outlet and a reactor chamber, the method
comprising the steps of: reducing particles in the wafer
handling chamber including the steps of; delivering a gas
to the wafer handling chamber, and in line dampering the
delivery of the gas to the wafer transport chamber means
and restricting the flow of gas to the wafer transport
chamber.

42. The method according to «claim 41 wherein the
semiconductor equipment further includes an isolation valve
located between the reactor chamber and the wafer transport
chamber and the method of reducing particles further
includes the steps of: initially opening the isolation

valve at a first speed followed by a second speed.

43. A method of processing semiconductor wafers in a
semiconductor reactor having a wafer transport chamber
having a gas outlet and a reactor chamber, and an isolation
valve located between the reactor chamber and the wafer
transport chamber, the method comprising the steps of:
reducing particles in the wafer handling chamber including
the steps of; delivering a gas to the wafer handling
chamber, and initially opening the isolation valve at a

first speed followed by a second speed.
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