
WO 2004/034443 PCT/US2003/030732  DESCRIPTION ATOMIC
LAYER DEPOSITION METHODS  AND ATOMIC LAYER DEPOSITION
TOOLS  5 Technical Field This invention relates to
atomic layer deposition methods and to atomic  layer
deposition tools. Background Art 10 Semiconductor
processing in the fabrication of integrated circuitry
typically includes the deposition of layers on
semiconductor substrates. One  such method is atomic
layer deposition (ALD), which involves the deposition
of successive monolayers over a substrate within a
deposition chamber  typically maintained at
subatmospheric pressure. With typical ALD, successive
15 monoatomic layers are adsorbed to a substrate
and/or reacted with the outer  layer on the substrate,
typically by the successive feeding of different
deposition precursors to the substrate surface. An
exemplary ALD method includes feeding a single
vaporized  precursor to a deposition chamber effective
to form a first monolayer over a  20 substrate
received therein. Thereafter, the flow of the first
deposition precursor is ceased and an inert purge gas
is flowed through the chamber  effective to remove any
remaining first precursor which is not adhering to the
substrate from the chamber. Subsequently, a second
vapor deposition  precursor, different from the first,
is flowed to the chamber effective to form a 25 second
monolayer on/with the first monolayer. The second
monolayer might  react with the first monolayer.
Additional precursors can form successive  monolayers,
or the above process can be repeated until a desired
thickness  and composition layer has been formed over
the substrate. Present ALD tools and methods include
both single wafer depositions  3o and multiple wafer
depositions. Single wafer ALD systems suffer from
inherent limitations of throughput due to slow
deposition rate of the process  and in single wafer
processing. Multiple wafer depositions employ furnace-
type tools which typically retain 200 or more wafers
therein for deposition.  Accordingly, such have very
large reactor volumes typically requiring very long 35
deposition precursor pulse times, as well as purge gas
pulse times, which 



can negate a significant part of the throughput gain
in processing multiple WO 2004/034443
PCT/US2003/030732 2  wafers at a time. Further, such
large reactor volumes create inherent  cleaning
problems and short cleaning intervals to prevent the
peeling of  material from the sidewalls of the
furnaces which can deposit on the wafers. While the
invention was motivated in addressing the above issues
and  5 improving upon the above-described drawbacks,
it is in no way so limited. The invention is only
limited by the accompanying claims as literally worded
(without interpretative or other limiting reference to
the above background art  description, remaining
portions of the specification, or the drawings), and
in  accordance. with the doctrine of equivalents. 10
Summary  The invention includes atomic layer
deposition methods and atomic  layer deposition tools.
In one implementation, an atomic layer deposition
method includes providing a cluster processing tool
having a subatmospheric 15 transfer chamber, a
subatmospheric load chamber connected with the
transfer,  chamber, and a plurality of subatmospheric
atomic layer deposition chambers  connected with the
transfer chamber. A plurality of semiconductor, wafers
are  placed onto a wafer carrier and the wafer carrier
is provided within the load  chamber. The wafer
carrier with wafers thereon is moved from the load 20
chamber into the transfer chamber. The wafer carrier
with wafers thereon is moved from the transfer chamber
and into one of the atomic layer deposition  chambers.
A material is atomic layer deposited onto the
individual wafers  received by the wafer carrier
within the one atomic layer deposition chamber. In one
implementation, an atomic layer deposition method
includes  25 positioning a plurality of semiconductor
wafers into an atomic layer deposition  chamber.
Deposition precursor is emitted from individual gas
inlets  associated with individual of the wafers
received within the chamber effective  to form a
respective monolayer onto said individual wafers
received within the  chamber. After forming the
monolayer, purge gas is emitted from individual 30 gas
inlets associated with individual of the wafers
received within the  chamber. 



In one implementation, an atomic layer deposition tool
includes a  subatmospheric load chamber configured to
receive a wafer carrier holding a  plurality of
semiconductor wafers. A subatmospheric transfer
chamber is 35 connected with the load chamber and
configured to receive the wafer carrier  holding the
plurality of semiconductor wafers. A plurality of
subatmospheric  atomic layer deposition chambers are
connected with the transfer chamber WO 2004/034443
PCT/US2003/030732 3  and respectively individually
configured to receive the wafer carrier holding the
plurality of semiconductor wafers for collectively
atomic layer depositing onto  individual of said
wafers. In one implementation, an atomic layer
deposition tool includes a  5 deposition chamber
configured to receive a plurality of semiconductor
wafers in a batch. A plurality of deposition precursor
inlets are received within the  chamber. Individual of
the deposition precursor inlets are associated with
respective individual of the wafers as received within
the deposition chamber. Other aspects and
implementations are contemplated.  10 Brief
Description of the Drawings Preferred embodiments of
the invention are described below with  reference to
the following accompanying drawings. Fig. 1 is a
diagrammatic top plan view of an atomic layer
deposition  15 tool in accordance with an aspect of
the invention. Fig. 2 is a perspective view of a wafer
carrier usable in accordance  with aspects of the
invention. Fig. 3 is a diagrammatic sectional view as
would be taken positionally  through line 3-3 in Fig.
1. 20 Fig. 4 is a diagrammatic top elevational plan
view of an exemplary  horizontal section taken through
an atomic layer deposition chamber in  accordance with
an aspect of the invention. Fig. 5 is an alternate
embodiment depiction of Fig. 4.  Fig. 6 is an
alternate embodiment depiction of Fig. 4.  25 Fig. 7
is an alternate embodiment depiction. of Fig. 4. Fig.
8 is an alternate embodiment to that depicted by Fig.
3, and is a  



diagrammatic sectional view as would be taken
positionally through line 3-3 in  Fig. 1 for such
alternate embodiment. 3o Best Modes for Carrying Out
the Invention and Disclosure of Invention  Referring
to Fig. 1, an atomic layer deposition tool configured
in  accordance with an aspect of the invention is
indicated generally with  reference numeral 10.
Preferred embodiment tool 10 is in the form of a
cluster processing tool having a subatmospheric
transfer chamber 12 and a 35 plurality of
subatmospheric atomic layer deposition chambers 13, 14
and 15  connected therewith. A subatmospheric load
chamber 16 is also provided in  connection with
transfer chamber 12. WO 2004/034443 PCT/US2003/030732
4  Fig. 2 depicts an exemplary wafer carrier 18 usable
in accordance with  certain aspects of the invention.
Preferred embodiment wafer carrier 18 is  depicted in
the form of a largely hollow cube-like structure
having a plurality  of supports 29 which define a
plurality of wafer slots 30 adapted for 5 individually
receiving one of a plurality of wafers internally of
the depicted cube volume. Wafer carrier 18 will
typically also be deposited upon within  the various
processing chambers when depositing occurs on wafers
received  thereby. Preferably, carrier 18 is made of a
material having a very low  thermal coefficient of
expansion to prevent material deposited thereon from
1o flaking off. An exemplary preferred material is
silicon carbide. Wafer, carrier 18 is merely
exemplary, and any possible wafer carrier, whether
existing or yet-to-be developed, is contemplated in
the various aspects of the  invention. In one
preferred embodiment, the wafer carrier is fabricated
to  hold no more than 200 wafers; in another
embodiment, no more than 100 15 wafers; and in yet
another embodiment, no more than 50 wafers. In a most
preferred embodiment, the wafer carrier is configured
to hold no more than 25 wafers, with from 20 to 25
wafers being but one preferred example.  In the
illustrated preferred embodiment, the semiconductor
wafers are  held within the slots 30 and are entirely
retained within the volume of the 20 illustrated
carrier. Alternately, of course, the wafers could
project outwardly from the carrier. The illustrated
wafer carrier with the plurality of wafers  received
thereby will occupy a loaded volume defined by a
product of three  



maximum external linear dimensions of the carrier with
the wafers which, in  the illustrated preferred
embodiments, would be the product of dimensions A, 25
B and C. By way of example only, for a 25-wafer
carrier for eight inch wafers, an  exemplary product
of A, B and C is 450 in3. Referring to Fig. 1,
subatmospheric load chamber 16 of atomic layer
deposition tool 10 is configured to receive a wafer
carrier 18 holding a  plurality of semiconductor
wafers. The depicted preferred embodiment load 30
chamber 16 is shown as having an internal volume sized
to receive a plurality of such wafer carriers.
Further, subatmospheric transfer chamber 12  is
configured to receive a wafer carrier 18 holding the
plurality of  semiconductor wafers. Subatmospheric
atomic layer deposition chambers 13,  14 and 15 are
individually configured to receive a wafer carrier 18
holding 35 the plurality of semiconductor wafers for
collectively atomic layer depositing onto individual
of such wafers within the respective chambers. A
transfer  robot 20 is diagrammatically shown for
moving respective wafer carriers 18 WO 2004/034443
PCT/US2003/030732 5  from load chamber 16 into
transfer chamber 12 and into and out of the
respective atomic layer deposition chambers 13, 14 and
15. Referring to Fig. 3, an internal volume 20 of an
exemplary atomic layer  deposition chamber 15 is
diagrammatically depicted. Preferably, internal 5
volume 20 is no greater than 125% of the loaded volume
of carrier 18, and more preferably, no greater than
110% of such loaded volume. Preferably,  the internal
volumes of all the atomic layer deposition chambers of
cluster  processing tool 10 have these respective
maximum volumes no greater than  125% or 110% of the
loaded volume of carrier 18, and may be configured to
10 have a common internal volume in terms of quantity.
Exemplary temperature  control coils 22, such as
heater coils, are shown as received within internal
volume 20 of chamber 15 for temperature control during
deposition. Of - course alternately, such coils could
be received externally of the internal  volume 20,
partially or completely embedded within the chamber
walls, or  15 otherwise. Individual deposition
precursor gas inlets 25 are shown associated with:
respective individual wafers 24 received by carrier 18
and which is received  



for deposition processing within chamber 15. In one
aspect, the invention  contemplates an atomic layer
deposition tool comprising a deposition chamber 20
configured to receive a plurality of semiconductor
wafers in a batch, wherein a plurality of deposition
precursor inlets are included within the chamber, with
individual of the deposition precursor inlets being
associated with respective  individual of the wafers
as received within the deposition chamber. Therefore,
such aspect is independent of any cluster processing
tool aspects and 25 methods associated therewith, and
accordingly, is independent of constructions
including load chambers and transfer chambers and
regardless of whether any  wafer carrier is utilized.
In the depicted and preferred embodiment, at least one
individual  deposition precursor- gas inlet 25 is
associated with each individual wafer 24  3o that is
received within carrier 18 when carrier 18, loaded
with wafers, is received within the atomic layer
deposition chamber. Individual deposition  precursor
gas inlets 25 are diagrammatically shown as connecting
through  suitable piping 28 to externally of chamber
15 for connection with one or  more suitable
deposition precursor sources. 35 Individual deposition
precursor gas outlets 31 are also shown in the
preferred embodiment as being associated with
respective individual wafers 24  received by carrier
18 when carrier 18 is received within the depicted
atomic WO 2004/034443 PCT/US2003/030732 6  layer
deposition chamber. Outlets 31 are shown connected to
suitable  piping 32 for exhausting precursor and other
gases from the chamber. As received by carrier 18,
wafers 24 can be considered as having  respective
global deposition surfaces 34 within the chamber and
over which  5 desired material is deposited by atomic
layer deposition. The depicted preferred embodiment
individual gas inlets 25 are shown being configured to
emit gas along respective lines 36 which are parallel
to the respective global  deposition surfaces 34. In
one implementation, individual gas inlets 25 are also
configured to  1o emit purge gas (i.e., through
suitable piping and valving associated with piping
28). In one implementation, a different plurality of
purge gas inlets,  separate from the deposition
precursor inlets, are associated with respective  



individual of the wafers received by the carrier when
the carrier is received in  the subject deposition
chamber. Preferably as with the deposition precursor
15 inlets, individual of the purge gas inlets are
associated with the respective  individual of the
wafers as received within the deposition chamber. By
way of examples only, various exemplary embodiments
are depicted  diagrammatically with Figs. 4-7. By way
of examples only, each  diagrammatically depicts, ,in
horizontal section, one of wafers 24 retained by a 20
carrier 18 within an atomic layer deposition chamber.
Fig. 4 depicts a single  deposition precursor inlet 40
associated with individual wafer 24. Such could  be
configured for emitting both deposition precursor and
purge gas, for  example as described above. Fig. 5
depicts a deposition precursor inlet 40 and a purge
gas inlet 42  25 associated with individual wafer 24,
with such inlets being diagrammatically opposed across
a respective individual wafer 24. Alternately by way
of  example only, each of inlets 40 and 42 could be
configured for emitting both  deposition precursor and
purge gas as selected by the operator. Accordingly  in
one aspect, the invention contemplates the provision
of a plurality of 3o deposition precursor inlets
associated with respective individual of the wafers
when received within the chamber in a batch of wafers
being processed.  Fig. 6 depicts additional deposition
precursor and/or purge gas inlets 46 and 48. In one
implementation, precursor inlets 40, 42, 46 and 48
constitute a plurality of deposition precursor inlets
which are equally spaced  35 about the respective
perimeters of the respective individual of the wafers
24 when received within the chamber in a batch of
wafers being processed.  Likewise, Fig. 5 can be
considered as depicting a plurality of deposition WO
2004/034443 PCT/US2003/030732 7  precursor inlets 40
and 42 which are equally spaced about the respective
perimeters of the respective individual of the wafers
when received within the  chamber for batch
processing. Further by way of example only, Fig. 7
depicts an alternate example  5 comprising only two
deposition precursor inlets 40 and 48, and which are
not  equally spaced about the depicted perimeter of
wafers 24. Further by way of example only and for
example with respect to the  



Fig. 6 construction, inlets 40 and 42 could be plumbed
specifically and only  as deposition precursor inlets
and inlets 46 and 48 could be specifically and  10
only plumbed as purge gas inlets, whereby the purge
gas inlets and the deposition precursor inlets
alternate about the perimeter of the respective
individual wafer. By way of example only, an alternate
embodiment atomic layer  deposition chamber 15a usable
in accordance with certain methodical aspects  15 of
the invention is shown in Fig. 8. Like numerals. from
the first described embodiment are utilized where
appropriate, with differences being indicated  with
the suffix "a". Chamber 15a includes, by way of
example only,  externally received' temperature
control coils 22a which provide temperature  control
from the sides. Further, a precursor. and/or inert gas
inlet 28a 20 introduces gas from the top, and an
exhaust gas outlet 32a exhausts gas  from the chamber.
Certain aspects of the invention include atomic layer
deposition  methods. The exemplary depicted and
claimed apparatus enables practice of  aspects of the
invention in accordance with the method aspects.
However, 25 the methodical aspects of the invention
are in no way limited by apparatus aspects unless
literally included in the claims. Likewise, the
tool/apparatus  aspects of the invention are not
limited by any methodical aspects unless  literally
claimed. In accordance with one aspect of an atomic
layer deposition method, a  30 plurality of
semiconductor wafers is placed onto a wafer carrier
and the wafer carrier is provided within the load
chamber. The placing of the plurality of  the wafers
onto the wafer carrier could occur within the load
chamber, or  externally thereof. Regardless, the wafer
carrier with wafers thereon is  moved from the load
chamber into the transfer chamber. Further, the wafer
35 carrier with wafers thereon is moved from the
transfer chamber into one of the atomic layer
deposition chambers of a cluster processing tool
having a  plurality of such atomic layer deposition
chambers. A material is then atomic WO 2004/034443
PCT/US2003/030732 8  layer deposited onto the
individual wafers received by the wafer carrier within
the one atomic layer deposition chamber by any
suitable existing or yet-to-be  



developed methods. Further, the invention preferably
comprises placing another plurality of semiconductor
wafers onto another wafer carrier and  5 providing the
another wafer carrier within the load chamber while
conducting the above-described atomic layer
depositing. Thereby, processing throughput  can be
maximized. In certain aspects of methodical features
of the invention,  the preferred atomic layer
depositing emits deposition precursor from  individual
gas inlets, and emits purge gas from individual gas
inlets, utilizing 1o exemplary of the above or other
atomic layer deposition equipment, whether  existing
or yet-to-be developed. In one aspect, the invention
contemplates deposition of material onto  the wafer
carrier. After a plurality of atomic layer depositings
within the  cluster processing as described above, for
example, the invention 15 contemplates cleaning the
wafer carrier within an individual of the atomic layer
deposition chambers. Typically and preferably, no
wafers are received  by the carrier during such
cleaning. After atomic layer depositing, certain
methodical aspects of the  invention further
contemplate moving the carrier with wafers into the
transfer  20 chamber and into another of the atomic
layer deposition chambers, and atomic layer depositing
a material onto the individual wafers received by the
wafer carrier within the another atomic layer
deposition chamber. Of course,  the materials
deposited and the precursor and inert gases utilized
in this or  any aspect of the depositions can be the
same or different from one another. 25 In accordance
with one implementation, an atomic layer deposition
method positions a plurality of semiconductor wafers
into an atomic layer  deposition chamber. Such a
chamber can be an existing or a yet-to-be  developed
chamber, and independent of use of a cluster-type
processing tool or any other tool utilizing load
chambers and transfer chambers, and  30 independent of
use of a wafer carrier. Regardless, a deposition
precursor is  emitted from individual gas inlets
associated with individual of the wafers  received
within the chamber effective to form a respective
monolayer onto  such individual wafers received within
the chamber. After forming the  monolayer, a purge gas
is emitted from individual gas inlets associated with
35 individual of the wafers received within the
chamber. Any of the above described processings and
apparatuses associated therewith can be utilized  



as described above in each of the other embodiments.
Typically, in a WO 2004/034443 PCT/US2003/030732 9
commercially viable atomic layer deposition, in
accordance with an aspect of  the invention, such a
method will comprise conducting another deposition
precursor emitting (the same or different from the
first) effective to form  another respective monolayer
(the same or different as the first) onto the 5
individual wafers received within the chamber, and
conducting another purge gas emitting. Alternately
considered, a successive deposition of monolayers  is
conducted to form a layer or layers of desired
ultimate thickness. By way of example only, methodical
and apparatus aspects of the  invention can be
utilized to provide very fast atomic layer deposition
cycles,  10 and preferred laminar gas flows to the
respective wafers for deposition and purging effect.
Further in using a carrier loaded with wafers,
minimizing the  volume of the atomic layer deposition
chambers can likewise minimize  required deposition
and purge gas pulse times. WO 2004/034443
PCT/US2003/030732 10  CLAIMS  1. An atomic layer
deposition method comprising: providing a cluster
processing tool having a subatmospheric transfer  5
chamber, a subatmospheric load chamber connected with
the transfer chamber, and a plurality of
subatmospheric atomic layer deposition chambers
connected with the transfer chamber; placing a
plurality of semiconductor wafers onto a wafer carrier
and  providing the wafer carrier within the load
chamber; 10 moving the wafer carrier with wafers
thereon from the load chamber  into the transfer
chamber; moving the wafer carrier with wafers thereon
from the transfer chamber  and into one of the atomic
layer deposition chambers; and atomic layer depositing
a material onto the individual wafers received  15 by
the wafer carrier within the one atomic layer
deposition chamber. 2. The method of claim 1 wherein
the placing of the plurality of  wafers onto the wafer
carrier occurs within the load chamber. 



20 3. The method of claim 1 wherein the wafer carrier
with the plurality of wafers received thereby occupies
a loaded volume defined by a  product of three maximum
external linear dimensions of the carrier with the
wafers, the one atomic layer deposition chamber having
an internal volume  which is no greater than 125% of
the loaded volume. 25 4. The method of claim 1 wherein
the wafer carrier with the  plurality of wafers
received thereby occupies a loaded volume defined by a
product of three maximum external linear dimensions of
the carrier with the  wafers, the one atomic layer
deposition chamber having an internal volume  30 which
is no greater than 110% of the loaded volume. 5. The
method of claim I wherein the wafer carrier with the
plurality of wafers received thereby occupies a loaded
volume defined by a  product of three maximum external
linear dimensions of the carrier with the 35 wafers,
all of the atomic layer deposition chambers having
respective internal  volumes which are no greater than
110% of the loaded volume. WO 2004/034443
PCT/US2003/030732 11  6. The method of claim I wherein
the wafer carrier with the  plurality of wafers
received thereby occupies a loaded volume defined by a
product of three maximum external linear dimensions of
the carrier with the  wafers, all of the atomic layer
deposition chambers having a common internal 5 volume
which is no greater than 110% of the loaded volume. 7.
The method of claim I wherein the plurality of wafers
placed  onto the wafer carrier is no greater than 200.
10 8. The method of claim 1 wherein the plurality of
wafers placed  onto the wafer carrier is no greater
than 100. 9. The ~ method of claim 1 wherein the
plurality of wafers placed  onto the wafer carrier is
no greater than 50. 15 10. The method of claim 1
wherein the plurality of wafers placed  onto the wafer
carrier is from 20 to 25. 11. The method of claim 1
wherein, 20 the wafer carrier with the plurality of
wafers received thereby occupies 



a loaded volume defined by a product of three maximum
external linear  dimensions of the carrier with the
wafers, the one atomic layer deposition  chamber
having an internal volume which is no greater than
110% of the  loaded volume; and 25 the plurality of
wafers placed onto the wafer carrier is no greater
than  50. 12. The method of claim 1 further comprising
while conducting the  atomic layer depositing, placing
another plurality of semiconductor wafers onto  3o
another wafer carrier and providing the another wafer
carrier within the load chamber.  13. The method of
claim 12 wherein the placing of the another  plurality
of wafers onto the another wafer carrier occurs within
the load  35 chamber. WO 2004/034443 PCT/US2003/030732
12  14. The method of claim 1 further comprising after
a plurality of  atomic layer depositings within the
cluster processing tool, cleaning the wafer  carrier
within an individual of the atomic layer deposition
chambers. 5 15. The method of claim 14, wherein no
wafers are received by the  carrier during the
cleaning. 16. The method of claim 1 wherein the atomic
layer depositing  comprises emitting deposition
precursor from individual gas inlets associated  10
with respective individual of the wafers as received
by the carrier within the one atomic layer deposition
chamber. 17. The method of claim 16 wherein the atomic
layer depositing  comprises emitting purge gas from
said individual precursor gas inlets. 15 18. The
method of claim 16 wherein the atomic layer depositing
comprises emitting purge gas from different individual
gas inlets associated  with respective individual of
the wafers as received by the carrier within the  one
atomic layer deposition chamber. 20 19. The method of
claim 16 wherein the emitting from the individual  gas
inlets is along respective lines which are parallel
with respective global  



deposition surfaces of the respective individual
wafers as received by the  carrier within the one
atomic layer deposition chamber. 25 20. The method of
claim 16 wherein the emitting is from at least  one
individual gas inlet associated with each individual
wafer as received by  the carrier within the one
atomic layer deposition chamber. 30 21. The method of
claim 20 wherein the emitting from the individual gas
inlets is along respective lines which ares parallel
with respective global  deposition surfaces of the
respective individual wafers as received by the
carrier within the one atomic layer deposition
chamber. WO 2004/034443 PCT/US2003/030732 13  22. The
method of claim 16 further comprising after the atomic
layer  depositing, moving the carrier with wafers into
the transfer chamber and into  another of the atomic
layer deposition chambers and atomic layer depositing
a material onto the individual wafers received by the
wafer carrier within the 5 another atomic layer
deposition chamber. 23. An atomic layer deposition
method, comprising: positioning a plurality of
semiconductor wafers into an atomic layer  deposition
chamber; 10 emitting deposition precursor from
individual gas inlets associated with  individual of
the wafers received within the chamber effective to
form a  respective monolayer onto said individual
wafers received within the chamber; and after forming
the monolayer, emitting purge gas from individual gas
15 inlets associated with individual of the wafers
received within the chamber. 24. The method of claim
23 wherein the deposition precursor and  the purge gas
are emitted from the same individual gas inlets
associated with  individual of the wafers. 20 25. The
method of claim 23 wherein the deposition precursor
and  the purge gas are emitted from different
individual gas inlets associated with  individual of
the wafers. 25 26. The method of claim 23 comprising
conducting another 



deposition precursor emitting effective to form
another respective monolayer  onto said individual
wafers received within the chamber, and conducting
another purge gas emitting. 30 27. The method of claim
23 wherein each positioned wafer has at least one
individual deposition precursor inlet associated with
it from which  deposition precursor is emitted
effective to form a monolayer on each  positioned
wafer. WO 2004/034443 PCT/US2003/030732 14  28. The
method of claim 23 further comprising a plurality of
deposition precursor inlets associated with respective
individual of the wafers  received within the chamber.
5 29. The method of claim 28 wherein the plurality of
deposition  precursor inlets are equally spaced about
respective perimeters of the  respective individual of
the wafers received within the chamber. 30. The method
of claim 28 wherein the plurality of deposition  10
precursor inlets are not equally spaced about
respective perimeters of the  respective individual of
the wafers received within the chamber. 31. The method
of claim 23 wherein the deposition precursor and  the
purge gas are emitted from different individual gas
inlets associated with  15 respective individual of
the wafers; at least one deposition precursor gas
inlet and at least one purge gas inlet being
diametrically opposed across the  respective
individual wafers. 32. The method of claim 23 wherein
the deposition precursor and  20 the purge gas are
emitted from different individual gas inlets
associated with  respective individual of the wafers;
and further comprising a plurality of  deposition
precursor inlets and a plurality of purge gas inlets
associated with  respective individual of the wafers
received within the chamber. 25 33. The method of
claim 32 wherein the deposition precursor inlets  and
the purge gas inlets alternate about the perimeter of
the respective  individual wafers received within the
chamber. 34. The method of claim 23 wherein the
emitting of the deposition  30 precursor is along
respective lines which are parallel with respective
global deposition surfaces of the respective
individual wafers as positioned within the  



chamber. WO 2004/034443 PCT/US2003/030732 15  35. An
atomic layer deposition tool, comprising: a
subatmospheric load chamber configured to receive a
wafer carrier  holding a plurality of semiconductor
wafers; a subatmospheric transfer chamber connected
with the load chamber  5 and configured to receive the
wafer carrier holding the plurality of semiconductor
wafers; and a plurality of subatmospheric atomic layer
deposition chambers  connected with the transfer
chamber and respectively individually configured to
receive the wafer carrier holding the plurality of
semiconductor wafers for 10 collectively atomic layer
depositing onto individual of said wafers. 36. The
tool of claim 35 wherein the wafer carrier with the
plurality  of wafers received thereby occupies a
loaded volume defined by a product of  three maximum
external linear dimensions of the carrier with the
wafers, at 15 least some of the atomic layer
deposition chambers having respective internal
volumes which are no greater than 125% of the loaded
volume. 37. The tool of claim 35 wherein the wafer
carrier with the plurality  of wafers received thereby
occupies- a loaded volume defined by a product of  20
three maximum external linear dimensions of the
carrier with the wafers, at least some of the atomic
layer deposition chambers having respective internal
volumes which are no greater than 110% of the loaded
volume. 38. The tool of claim 35 wherein the wafer
carrier with the plurality  25 of wafers received
thereby occupies a loaded volume defined by a product
of three maximum external linear dimensions of the
carrier with the wafers, all  of the atomic layer
deposition chambers having respective internal volumes
which are no greater than 110% of the loaded volume.
30 39. The tool of claim 35 wherein the wafer carrier
holds no more  than 200 wafers. 40. The tool of claim
35 wherein the wafer carrier holds no more  than 100
wafers. 35 WO 2004/034443 PCT/US2003/030732 



16  41. The tool of claim 35 wherein the wafer carrier
holds no more  than 50 wafers. 42. The tool of claim
35 wherein the wafer carrier holds no more  5 than 25
wafers. 43. The tool of claim 35 wherein, the wafer
carrier with the plurality of wafers received thereby
occupies  a loaded volume defined by a product of
three maximum external linear 10 dimensions of the
carrier with the wafers, at least some of the atomic
layer  deposition chambers having respective internal
volumes which are no greater  than 125% of the loaded
volume; and the wafer carrier holds no more than 50
wafers. 15 44. The tool of claim 35 further comprising
within at least one of the atomic layer deposition
chambers, individual deposition precursor gas  inlets
associated with respective individual of wafers
received by the carrier  when the carrier is received
within the one atomic layer deposition chamber.  20
45. The tool of claim 44 wherein the individual gas
inlets are also configured to emit purge gas. 46. The
tool of claim 44 further comprising different
individual purge  gas inlets associated with
respective individual of wafers received by the 25
carrier when the carrier is received within the one
atomic layer deposition  chamber. 47. The tool of
claim 44 wherein the individual gas inlets are
configured to emit gas along respective lines which
are parallel with  3o respective global deposition
surfaces of the respective individual wafers as
received by the carrier within the one atomic layer
deposition chamber. 48. The tool of claim 44 further
comprising at least one individual  deposition
precursor gas inlet associated with each individual
wafer when the  35 carrier with wafers is received
within the one atomic layer deposition chamber. WO
2004/034443 PCT/US2003/030732 17 . 49. The tool of
claim 48 wherein the individual gas inlets are
configured to emit gas along respective lines which
are parallel with  respective global deposition
surfaces of the respective individual wafers as  



received by the carrier within the one atomic layer
deposition chamber. 5 50. The tool of claim 35 further
comprising within at least one of  the atomic layer
deposition chambers, individual deposition precursor
gas  outlets associated with respective individual of
wafers received by the carrier,  when the carrier is
received within the one atomic layer deposition
chamber.  10 51. The tool of claim 35 wherein the load
chamber has an internal  volume sized to receive a
plurality of said wafer carriers. 52. An atomic layer
deposition tool, comprising: 15 a deposition chamber
configured to receive a plurality of semiconductor
wafers in a batch; and a plurality of deposition
precursor inlets within the chamber, individual  of
the deposition precursor inlets being associated with
respective individual of  the wafers as received
within the deposition chamber. 20 53. The tool of
claim 52 wherein the deposition precursor inlets are
also configured to emit purge gas. 54. The tool of
claim 52 further comprising a plurality of purge gas
25 inlets separate from the deposition precursor
inlets within the chamber, individual of the purge gas
inlets being associated with said respective
individual of, the wafers when received within the
deposition chamber in the  batch. 30 55. The tool of
claim 52 comprising at least one individual deposition
precursor inlet associated with each wafer when
received within the  chamber in the batch. 56. The
tool of claim 52 further comprising a plurality of
deposition  35 precursor inlets associated with
respective individual of the wafers when received
within the chamber in the batch. WO 2004/034443
PCT/US2003/030732 18  57. The tool of claim 56 wherein
the plurality of deposition precursor  inlets are
equally spaced about respective perimeters of the
respective  individual of the wafers when received
within the chamber in the batch. 



5 58. The tool of claim 56 wherein the plurality of
deposition precursor  inlets are not equally spaced
about respective perimeters of the respective
individual of the wafers received within the chamber.
59. The tool of claim 52 further comprising a
plurality of purge gas  10 inlets separate from the
deposition precursor inlets within the chamber;
individual of the purge gas inlets being associated
with said respective  individual of the wafers when
received within the deposition chamber in the  batch;
and at least one deposition precursor gas inlet and at
least one purge  gas inlet being diametrically opposed
across the respective individual wafers 15 when
received within the deposition chamber in the batch.
60. The tool of claim 52 further comprising a
plurality of purge gas  inlets separate from the
deposition precursor inlets within the chamber; and
further comprising a plurality of deposition precursor
inlets and a plurality of  20 purge gas inlets
associated with respective individual of the wafers
when received within the chamber in the batch. 61. The
tool of claim 60 wherein the deposition precursor
inlets and  the purge gas inlets alternate about the
perimeter of the respective individual  25 wafers when
received within the chamber in the batch. 62. The tool
of claim 52 wherein the precursor inlets are
configured  within the chamber to emit the deposition
precursor along respective lines  which are parallel
with respective global deposition surfaces of the
respective 30 individual wafers when received
positioned within the chamber in the batch. 63. The
tool of claim 52 further comprising a plurality of
deposition  precursor gas outlets within the chamber,
individual of the deposition  precursor outlets being
associated with the respective individual of the
wafers  35 as received within the deposition chamber. 


