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(57) Abstract

A deposition apparatus (10) comprising two chambers, a reaction chamber (12) and a load lock wafer storage cham-
ber (14) separated by a remotely controlled door (16) or access port (15). Chemical vapor deposition processing and dry
etch cleaning of the reaction chamber are performed alternatively during normal operation of the deposition apparatus.
Wafers on which a layer is being deposited are transportated from the load lock automatically to the reaction chamber for
processing and thereafter returned to the load lock. A plurality of wafers (64) may be stored in the load lock for process-
ing. Access to the load lock is via an external door (60) when the load lock has been backfilled to external atmosphere.
Cleaning of the reaction chamber takes place during the wafer exchange time.
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DEPOSITION APPARATUS WITH AUTOMATIC CLEANING MEANS
AND METHOD OF USE

Background of the Invention

The present invention relates to an apparatus
and method for automatic cleaning of a reaction chamber
used in the chemical vapor deposition of films on
semiconductor substrates, and more specifically to an
apparatus which automatically isolates the reaction
chamber during loading and unloading of specimens so as
to enable concurrent cleaning of the reaction chamber.

Chemical vapor deposition (CVD) is commonly
used to form a layer or f£ilm of material on a substrate
or other surface of a specimen, typically a silicon
wafer. The layer or film can be silicon dioxide,
silicon nitride, polysilicon, etc. In CVD processes, a
gaseous material is dispersed over the surface of the
wafer while being heated and/or an RF induced plasma is
used. The heated gas impacts on the surface of the
wafer where it undergoes chemical reactions and becomes
deposited on the surface. '

Prior art CVD reaction chambers have been of
many types, e.g. horizontal systems, where wafers are
placed on a wafer holder and gas flows in one end of a
quartz tube containing the wafers, the gas flowing
across the wafers and out the other end; cylindrical,
or barrel systems, where wafers are placed on an outer
surface of a éylinder and gas flows into the chamber
from the side; and gas-blanketed downflow systems,
where gas flows downward on the wafers which are
mounted on a horizontal surface.

An undesirable byproduct of the CVD process is
that the reaction chamber surrounding the wafer on
which the film is deposited also is deposited on and
the chamber therefore must be routinely cleaned.

Unless periodically cleaned, the reaction material
deposited on the walls of the reaction chamber can
contaminate the wafer during processing and interfere
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with the normal growth and coating of a desired film.
This can have a severe impact on film defect density.

A number of prior art techniques are known for
periodically cleaning CVD reaction chambers to remove
the deposited films and residue. What is typically
done in prior systems is that the reaction chamber is
completely disassembled and then wiped down or dipped
in an acid bath or otherwise wet etched to remove the
undesired deposits from the surface of the reaction
chamber. A solution of hydrofluoric and nitric acid is
commonly used in such wet etch processes. The
disadvantage of this technique is that the reaction
chamber cannot be cleaned in situ, the entire apparatus
must be disassembled for cleaning. System downtimes of
up to 24 hours are common. This significantly '
adversely effects the throughput of the apparatus.

A method for cleaning a reaction chamber is
disclosed in U.S. Patent No. 4,576,698 wherein plasma
etch removal of deposition materials built up in a
deposition chamber is enabled in situ. In this method,
an RF electrode is placed in the center of the chemical
vapor deposition chamber. A cleaning gas is then
introduced into the chamber to etch clean the chamber
walls. By exciting the cleaning gas with a plasma
generated by the RF electrode within the quartz tube
chamber, the system is cleaned without necessitating
complete disassembly. A similar method of plasma
enhanced cleaning of a CVD reaction chamber is
disclosed in U.S. Patent No. 4,138,306. In this
apparatus, the step of cleaning the reaction chamber
using a plasma enhanced dry etch process is built into
the apparatus.

A key problem with the above cleaning
techniques is that the described cleaning processes
interrupt the normal operation of the deposition
apparatus. This is of critical importance in
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modern~day deposition processing wherein it is
desirable to maximize the number of wafers that can be
processed per unit of time in a given deposition
reaction chamber.

Summary of the Invention

It is therefore an object of the present
invention to provide an improved deposition apparatus
which enables the automatic cleaning of the deposition
reaction chamber concurrent to the normal operation of
the deposition apparatus.

Another object of the present invention is to
provide a deposition apparatus which maximizes
throughput and cleanliness by providing automatic batch
pnOCQSSing of multiple wafers without contamination of
the reaction chamber with a wafer carrier or with
contact to external atmosphere.

These and other objects of the present
invention will become apparent to those skilled in the
art from the following detailed description of the
invention and the accompanying drawings.

Broadly stated, the present invention consists
of two vacuum chambers, a reaction chamber and a load
lock wafer storage chamber, which are separated by a
remotely controlled door or access port. Means are
provided for alternatively introducing gas materials
into said reaction chamber for CVD processing and for
dry etch cleaning of the reaction chamber. Automatic
transport means are provided for transporting wafers
from the load lock to said reaction chamber and for
returning said wafers to the load lock from the
reaction chamber after completion of the deposition
process. An external door is provided for access to
the load lock.

The advantage of the present invention is that
it enables increased throughput because the reaction
chamber does not need to be pumped down for each

.
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deposition process, since the wafers are prepumped to
the desired low pressure in the load lock. 1In prior
art devices, there has been an effective dead time
during the time that wafers are exchanged in the load
lock. This dead time is used by the reaction chamber
according to the present invention for automatic
cleaning. After the reaction chamber has been cleaned
and the wafers have been exchanged in the load lock,
the two chambers are stabilized in pressure so they can
again act in unison to perform wafer deposition
processing. RF field generating means may be included
in the reaction chamber to enhance the cleaning and/or
the deposition processing performed in the reaction
chamber.

Brief T . ¢ the T .

FIGURE 1 is a partially schematic
cross-sectional view of a deposition apparatus
according to the present invention taken along line 1-1
of FIGURE 2. .

FIGURE 2 is a top cross-sectional view of the
reaction chamber and load lock shown in FIGURE 1, taken
along line 2-2,

FIGURES 3A-3D illustrate the operation of the
wafer transport means according to the present
invention.

FIGURE 4 illustrates the operation of the
access port between the load lock and the reaction
chamber and the operation of the external door to the
load lock.

FIGURE 5 illustrates a timing diagram of the
operation of a deposition apparatus according to the
present invention.

I iled T ot - the Pref 3 Embodi

A preferred embodiment of a deposition
apparatus is shown in FIGURE 1 at 10. Apparatus 10
includes a reaction chamber 12 and a load lock 14.

o
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Access between reaction chamber 12 and load lock 14 is
by means of a passageway or access port 15, one end of
which is selectively sealed by remotely controlled door
16. Reaction chamber 12 is of a conventional type for
enabling chemical vapor deposition processing of
specimens therein.

Many CVD processes require low pressure, SO
means are required for evacuating reaction chamber 12.
A conventional vacuum pump 18 is used for this purpose.
Reaction chamber 12 is connected to a vacuum pump 18 by
means of one or more conduits 20 and 22 for maintaining
a desired level of vacuum in reaction chamber 12.
Respective valves 24, 26 are used to control connection
of vacuum pump 18 to conduits 20 and 22. Vacuum pump o
18 must be large enough to provide a sufficient rate of
evacuation and a sufficient degree of vacuum in
reaction chamber 12, for example, 0.5-1.0 Torr, to

" enable both CVD processing and dry etch processing in

reaction chamber 12.

Reaction chamber 12 according to the preferred
embodiment includes multiple deposition stations on a
table 28. As best seen in FIGURE 2, which is a top
view of deposition apparatus 10, eight wafer stations,
32A to 32H, are preferably included on the top of table
28. Means are also provided for sequentially moving a
specimen at one station to the next station in
sequence. As described in greater detail below, a
specimen is initially loaded onto station 32A. After
processing at all eight stations, it is removed from
table 28 at the same station 32A. Movement of a
specimen between stations may be performed by mounting
table 28 on a spindle 30 which functions to cause table
28 to rotate. Alternatively, fingers may be used for
this movement function, as hereinafter described.

Referring again to FIGURE 1, reactant gas
materials are supplied to each wafer station 32A-32H by
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means of associated disc shaped gas discharge heads
34A-34H, of which 34A-34E are shown. Reactant gas is
supplied to gas discharge heads through a conventional
conduit 36. Conduit 36 is split into a plurality of
conduits 37 for supplying of reactant gas to each of
said gas discharge heads 34A-34H. Conventional CVD gas
from a source of such gas 38 is supplied to conduit 36
via valves 40 and 42 and conduit 44. Similarly,
etchant gases provided from a source of such gas 46 is
supplied to conduit 36 via valves 48 and 42 and conduit
50.

The vacuum in load lock 14 may also be
controlled by vacuum pump 18 by means of a valve 52 and
conduit 54. Thus, vacuum pump 18 provides, in a
conventional manner, means for enabling the load lock
14 to be evacuated a predetermined amount so as to
match the vacuum in reaction chamber 12. A "load
lock", as shown at 14, is a term known in the art as a
prechamber which isolates a reaction chamber from
atmospheric conditions to prevent entry of contamina-
tion into the reaction chamber. 1In an apparatus that
uses a load lock, it is common for the reaction chamber
to always have a vacuum maintained therein.

A conventional RF generator 60 is preferably
provided according to the present invention to generate
a plasma at each wafer station 32A-32H. 1In the present
embodiment, the hot electrode of the RF generator is
formed by the gas discharge heads 34A-34H, with the
ground return for the plasma being provided by table
28. This enables localized deposition of film in the
areas of interest at each station while minimizing
deposition on the walls of the reaction chamber outside
of this localized area.

Included within load lock 14 is a means 58 for
removably mounting a wafer cassette or carrier.

Carrier mounting means 58 is preferably part of a door
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60 which provides external access fo load lock 14.
When access door 60 is open, a wafer cassette 62,
containing a plurality of wafers 64 to be processed by
the deposition apparatus 10, is mountable in mounting
means 58.

With reference again to FIGURE 2, a preferred
embodiment of the present invention includes a
plurality of wafer carriers 62 mountable in mounting
means 58 in door 60. As described in greater detail
below, this enables the apparatus 10 to take wafers 64
from a first cassette 62 for processing and, once
processing is completed to replace the wafers in a
second cassette. This can be advantageous, for
example, where one wishes to eliminate any mechanical
device movement above any wafer once a film has been
deposited on the wafer. With an empty cassette
available, wafers can be removed from one cassette from
the bottom up and returned to an empty cassette
starting at the top.

A wafer transport means 66 is included in load
lock 14 to provide means for transporting individual
wafers from a cassette 62 to the reaction chamber 12
for deposition processing and later for returning each
wafer to a specific location in cassette 62 or in an
adjacent cassette upon completion of the deposition
processing.

The operation of the wafer transport means is
best seen with reference to FIGURES 3A-3D. These
figures illustrate an exemplary transfer of a wafer
from a wafer cassette 58 past door 16 through access
port 15 to wafer station 32A. Referring first to
FIGURE 3A, wafer transport means 66 includes two arms,
a first arm 67 and a second arm 68 connected at one end
to a spindle means 82 and at their other end to a wafer
transport table 84. First arm 67 includes an upper arm
portion 70 connected to spiqdle 82, a lower arm portion
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72 connected to wafer transport table 84 and an elbow
pivot interconnecting arm portions 70 and 72. Second
arm 68 includes an upper arm portion 76 connected to
spindle 82, a lower arm portion 78 connected to wafer
transport table 84 and an elbow pivot 80
interconnecting arm portions 76 and 78.

Spindle 82 provides three types of motion for
positioning wafer transport table 84 within load lock
14 and reaction chamber 12. These include the rotation
of arms 67 and 68 about a vertical axis 86, the
rotation of arms 70 and 76 with respect to spindle 82
so as to provide telescoping of the wafer transport
table 84 with respect to spindle 82, and means for
raising and lowering spindle 82, and thus transport
table 84, with respect to the bottom surface of load
lock 14. '

In operation, therefore, the wafer transport
means 66 positions the wafer transport table 84 at a
vertical height beneath a wafer to be placed on table
84. As illustrated in FIGURE 1, once the wafer table
84 is positioned beneath a selected wafer 64, spindle
82 rises vertically a predetermined amount to lift the
wafer 64 off of cassette 62 such that it is resting
entirely on table 84. As illustrated in FIGURE 3B,
arms 70 and 76 are rotated so as to draw in wafer table
84 towards the axis 86 of spindle 82 and spindle 82 is
rotated so as to position table 84 for insertion
through access port 15 as seen in FIGURE 2. As shown
in FIGURE 3C, the arms 70, 76 are further pivoted to
cause table 84 to move through access port 15 and into
reaction chamber 12.

FIGURE 3D illustrates the placing of wafer 64
in wafer station 32A. Transfer of wafer 64 onto work
station 32A from table 84 is facilitated by means of
fingers 90 connected to a central plate 92. Plate 92
is displaced vertically in a conventional manner once



WO 87/07309 PCT/US87/01176

10

15

20

25

30

35

-9-

wafer 64 is in position over wafer station 32A at the
same elevation as wafer transport table 84. Spindle 82
then is displaced vertically downward so as to cause
wafer 64 to rest solely on fingers 90. Wafer table 84
is then withdrawn from beneath wafer 64 in the manner
reverse to the above described operation. Plate 92 is
then vertically displaced downward causing fingers 90
be positioned in recesses 94 thereby enabling wafer 64
to securely rest on wafer transport station 32A.

Plate 92 and fingers 90 may also provide means
for moving wafers being processed from one station 32
to the next. Instead of rotating table 28, spindle 30
may be coupled to plate 92 for rotation of plate 92,
and thereby fingers 90, with respect to table 28.

FIGURE 4 illustrates the operation of the
access door 16 between load lock 14 and reaction
chamber 12 and similarly the operation of external door
60. Although FIGURE 4 illustrates both door 16 and 60
in an open condition, according to a preferred
embodiment of the invention it is desired that reaction
chamber 12 never be opened to atmosphere during normal
operation. Consequently, whenever door 60 is open,
door 16 should be closed to maintain reaction chamber
12 isolated from the exterior environment and
maintained at a desired vacuum, Door 16 is operable in
a conventional manner by means of a cylinder piston 100
pivotally connected to door 16 at 102, As piston 100
extends, door 16 is caused to pivot about pivot point
104. A conventional O-ring seal 106 may be provided to
ensure sealing of door 16 against the surface of load
lock 14 when door 16 is in its closed position.

A cylinder and piston 110 is also used in the
operation of external door 60. Seen in FIGURE 4,
piston 110 is connected to a pivot point 112 on
external door 60 so as to cause door 60 to open about
pivot point 114 to enable external access to load lock
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14 and the wafer cassette mounting means 58 in door 60.
An O-ring seal 116 may be included for sealing of
external door 60.

For ease of monitoring of the deposition
process in the deposition apparatus 10 according to the
present invention, one or more viewing windows 120 may
be formed in the side of reaction chamber 12.

FIGURE 5 illustrates a timing diagram of the
operation of a deposition apparatus according to the
present invention. The operation of deposition
apparatus 10 is completely automatic. An operator
simply inserts two filled wafer cassettes 62 in
respective wafer mounting means 58 in external door 60.
A third wafer cassette location shown in FIGURE 2 is
maintained with an empty cassette so that once wafers
have been processed in reaction chamber 12, they can be
returned to the empty cassette in a manner so as to
minimize wafer contamination. Once the external door
60 is closed, the load lock is evacuated by vacuum pump
18 to bring the load lock to the same pressure as
existing in the reaction chamber 12. Each wafer is
then processed sequentially in the eight wafer stations
32A-32H and then returned to the wafer cassette 62
being filled with the processed wafers. All wafer
loading and unloading steps are performed using the
wafer transport means 66. As each wafer is removed
from wafer station 32A, a new wafer is obtained and put
in its place to maintain a full load of wafers on table
28 in the reaction chamber 12. This processing is
continued until all wafers in the cassettes 62 are
processed.

Upon completion of deposition processing, door
16 is closed and load lock 14 is backfilled to
atmosphere. Once atmosphere is reached, external door
60 is opened and the processed wafers are exchanged
with new wafers for processing. During this backfill
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and wafer exchange time, reaction chamber 12 is
automatically proceeding with a dry etch cleaning
process to remove all debris and residue remaining in
the reaction chamber 12 as a result of the previous
deposition process. As the load lock 14 isvbeing
pumped down again to match the vacuum in reaction
chamber 12, the cleaning gases are exhausted from
reaction chamber.l12. '

In one alternate embodiment of the etch
cleaning process, a two-step clean can be performed.

It is preferable that a high rate dry etch be performed
in the area where the deposition process took place and
is preferably enhanced using well known plasma
enhancing techniques. Secondly, a plasma etch of the
entire process chamber is then performed at lower
pressure to ensure that the entire chamber is clean of
residue.

Various modifications to the present invention
will become apparent to those skilled in the art from
the foregoing description and accompanying drawings.
Such modifications are intended to fall within the
scope of the appended claims.
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WHAT 1S CLAIMED IS:

l. In a deposition apparatus for forming a
layer of material on a specimen in a low pressure
reaction chamber, means for enabling the automatic
cleaning of said reaction chamber comprising: load lock
means; means for evacuating said load lock so as to
match the pressure in said reaction chamber; access
means connecting said load lock to said reaction
chamber for selectively allowing passage therebetween;
means for selectively introducing gas materials into

~said reaction chamber for CVD processing; means for

selectively introducing gas materials into said
reaction chamber for etch cleaning of said reaction
chamber; transport means for transporting specimens
from said load lock to said reaction chamber via said.
access means for deposition processing and for
returning said specimens to said load lock via said
access means upon completion of said deposition
processing; and means for external access to said load
lock.

2. The deposition apparatus of Claim 1
wherein said load lock includes means for mounting a
plurality of specimens each individually accessible by
said transport means.

3. The deposition apparatus of Claim 1
further comprising means for generating a plasma field
in said reaction chamber.

4, The deposition apparatus of Claim 1
wherein said reaction chamber further includes: a
plurality of specimen stations; and means for
sequentially moving each said specimen from one said
station to the next; said transport means including
means for loading said specimen onto a first such
station at the beginning of said sequence and for
removing a specimen from the last such station in said

> qn
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sequence.

5. In a deposition apparatus including a
reaction chamber for performing chemical vapor
deposition‘of a layer of material on a specimen, a
method for cleaning said reaction chamber comprising
the steps of: moving said specimen from said raction
chamber into said load lock; closing the access port
between said reaction chamber and said load lock;
introducing gas mateials into said reaction chamber for
etch cleaning of said reaction chamber; backfilling
said load lock to atmosphere; exchanging said specimen
in said load lock; evacuating said load lock so as to
match the pressure in said reaction chamber; exhausting
said etch cleaning gas materials from said reaction
chamber; opening said access port between said load -
lock and said reaction chamber; and moving said
specimen into said reaction chamber. ’
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