1" Apparatus for Atonmic Laver Deposition Technical Field 5 This invention
rel ates generally to apparatus and nethods for the deposition of thin
films and particularly to apparatus and net hods for the deposition nethod
referred to as atomic | ayer deposition. Background of’,_hﬂ_LnMenp%n—%
Many aspects of nodern technology require the deposition of thin

a substrate. For exanple, integrated circuit technology r m\mwﬂmﬁu “ﬂ‘
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materials include Al and Cu Whl ch are used to make el ectrical connections
between circuit elenents as well as Ti N and TaN which are used as barrier
| ayers between, for exanple, silicdechbricabFedi copper. The deposited

| ayers may be single 20 crystal, polycrystalline, or anorphous dependi ng on
factors which include the material, the deposition conditions, and the
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In this nethod, a particle, for exanple, an ion,

Background of the Invention

10
Many aspects of modern technology require the deposition of thin films
on a substrate. For example, integrated circuit technology requires the
deposition of dielectrics, metals and semiconducting films. Examples of
~ dielectrics include silicon oxide and silicon nitride used in gates in field effect
15 transistors as well as tantalum oxide used in capacitors for dynamic random
access rhemories ( DRAMs ). Examples of conducting materials include Al
and Cu which are used to make electrical connections between circuit
elements as well as TiN and TaN which are used as barrier layers between,
for example, silicon oxide and copper. The deposited layers may be single
20  crystal, polycrystalline, or amorphous depending on factors which include the
material, the deposition conditions, and the substrate on which films are
deposited.

A variety of deposition techniques has been developed. The choice of
25 a particular technique is determined by considerations including the material
deposited and the underlying material or substrate. For example, physical
vapor deposition, such as sputtering, was long used for deposition of
aluminum and other materials. In this method, a particle, for example, an ion,
strikes a target and momentum transfer dislodges material from the target so
30 that it travels to the substrate. Although adequate for many applicatidns and
materials, this deposition techhique became difficult to use with, for example,
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strikes a target and nonentumtransfer dislodges material fromthe target
so 30 that it travels to the substrate. Although adequate for many
applications and materials, this deposition technique becane difficult to
use with, for exanple, 2 tungsten, when dinensions becane approxi mately
.5 mcrons or smaller. Deposition of sufficiently conformal coatings
proved difficult and filling of small contact holes becane nearly .
i npossi bl e. A confornmal coating is obtained when the deposited material
grows uniformy in all directions on a n02r1-pl anar 5 substrate; that is, the
coating has a uniformthickness over the surface irregularities. Another
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on the substrate although there nay also be a small anount of vapor phase
reacti on. UnY"gﬁEttgﬁ dﬁP@%ﬁﬁdsmat%ﬁﬁ&O\étﬁ @"&@ﬁﬂlwnﬂ@ﬂsilrﬁctl@nﬁwfw l_htm-lmladr’_[ane
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silicon, 5gi | i cograggﬁgéf kéﬁ?%ﬁé\{g‘g @an‘éfjg f%’ﬁ?@%@%&b&sﬁ#@&ﬁl res the
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e~.These high tenperatures are increasingly inconpatible
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phase reaction. Unreacted precursor gases are continuously removed from
the reaction chamber. This technique is used with many materials including
silicon, silicon oxide, and tungsten. A typical CVD process requires the
substrate to be heated to high temperatures; often much higher than 400
15 degrees centigrade. These high temperatures are increasingly incompatible
with the maximum allowed temperatures of new device structures.

As integrated circuit dimensions have decreased further into the

submicron region, use of the above described deposition techniques to obtain

20  layers with both the desired thicknesses and compositions has become more
difficult, and additional deposition techniques have been developed. One
such technique is conﬁmonly referred to as atomic layer deposition ( ALD ). A
first precursor gas is introduced into the reaction chamber where it adsorbs
and forms a monolayer on the substrate. Unreacted precursor gas is purged

25 from the reaction chamber, and a second precursor gas is introduced into the
chamber. A second monolayer is formed. The process conditions have been
adjusted in such a way that the first and the second monolayer chemically
react with each other. Again, the unreacted precursor gas, together with any
reaction products, are purged from the chamber. Both monolayers are

30 formed in a self-limiting manner; that is, after a single layer forms on the
exposed surface, the adsorption terminates. More than two precursor gases



such technique is comonly referred to as atom c | ayer deposition (ALD ). A
first precursor gas is introduced into the reaction chanber where it
adsorbs and forns a nonol ayer on the substrate. Unreacted precursor gas is
“purged 25 fromthe reaction chanber, and a second precursor gas is

I ntroduced into the chanber. A second nonol ayer is forned. The process
condi tions have been adjusted in such a way that the first and the second
nonol ayer chemically react with each other. Again, the unreacted precursor
gas, together with any reaction products3 are purged fromthe chanber.
Bot h nonol ayers are 30 forned in a self-limting manner; that is, after a
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Successful implementation of ALD requires purging of the precursor
gases from the reaction chamber, and there are now numerous references in
the literature to apparatus and methods for purging the reaction chamber and

15 protecting the pumps in the exhaust system from the detrimental effects of the
precursor gases and their reaction products. Purging of the chamber is also
frequently required for etching processes as well as deposition processes.
Several of these references will now be briefly described.

20 United States Patent 4,647,338 issued on March 3, 1987 to Visser
describes a deposition technique using an inert gas together with the
precursor ( termed “reaction” by Visser ) gas. A cooled trap is positioned
between a pump and the reaction chamber, and the unreacted precursor or
other gas condenses in the cooled trap. The condensed gas retained in the

25 cooled trap may be very corrosive and would thus damage the pump. To
reduce the amount of inert gas required in the reaction chamber, another inert
gas is fed into the system between the cooled trap and the pump in an
amount equal to the condensed gas thereby optimizing the process according
to Visser. Visser explicitly describes etching processes.

30



precursor gases and their reaction products. Purging of the chanber is also
frequently required for etching processes as well as deposition processes.
Several of these references will now be briefly described. 20 United States
Patent 4,647,338 issued on March 3, 1987 to Visser describes a deposition
techni que using an inert gas together with the precursor ( terned
"reaction" by Visser) gas. A cooled trap is positioned between a punp and
the reaction chanber, and the unreacted precursor or other gas condenses
in the cooled trap. The condensed gas retained in the 25 cooled trap may be
very corrosive and woul d thus danage the punp. To .reduce the anount of
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chamber and . ef a n.pgas.is,introduced into the
reaction Cha%‘g?ﬂéﬂpﬁgéﬁ%@;&im{@gc%ﬁ%&%ﬁgeggh%uw(,9 a2 ween the
fl ow rat e cobetwddrethe flovdrdtbeoatrbierstandihieteathagsfit es Patent 5, 704, 214

I ssued on January 6, 1998 to Fuji kawa, io0o Miurikam and Hatano ( Fujikawa )
shows a cold trap, between the reaction chanber and the exhaust, which

freezes gases thaunftediStaes FREAES5,7D8FTR issued on January 6, 1998 to Fujikawa,

10 Murikami and Hatano ( Fujikawa ) shows a cold trap, between the reaction
chamber and the exhaust, which freezes gases that Fujikawa terms “tramp”
materials. The term “tramp” includes unreacted gases as well as reaction
products. Fujikawa recognized that the tramp materials might condense in
the pump and thus damage the pump or even clog the pipe between the

15 reaction chamber and the pump. There are two pumps depicted. The first is
termed a precision or drag pump, and the second is termed a rough or dry
pump. The cold trap precedes both pumps in the exhaust system.

United States Patent 6,506,352 issued on January 14, 2003 to Lindfors

20 and Hyvarinen ( Lindfors ) uses a large surface area trap to capture unreacted
precursor gases prior to the point at which they would enter the pump. The
trap is called a secondary reaction space or reactant trap and has a large
surface area such as that provided by a porous material. The secondary
reaction space is maintained under conditions that are substantially the same

25 as those in the primary reaction space. The similar conditions and large
surface area result in deposition of the gases in the reactant trap. Unreacted
precursor materials and reaction products are thus deposited in the porous
material trap and do not reach the pump. However, the presence of the
porous material reduces the conductance of the trap és compared to the

30 conductance of the trap without the porous material. Lindfors explicitly
mentions use of ALD with his apparatus. United States Patent Application



materials. The term"tranp"” includes unreacted gases as well as reaction
products. Fujikawa recogni zed that the tranp materials m ght condense in
the punp and thus danmage the punp or even clog the pipe between the is
reacti on chanber and the punp. There are two punps depicted. The first is
termed a precision or drag punp, and the second is terned a rough or dry
punp. The cold trap precedes both punps in the exhaust system United

St ates Patent 6,506,352 i ssued on January 14, 2003 to Lindfors 20 and
Hyvarinen ( Lindfors ) uses a large surfage area trap to capture unreacted
precursor gases prior to the point at which they would enter the punp. The

trap is Ca"ﬁ@bﬂﬁﬁﬁﬁp?ﬁ@?%1é?@§4EgﬁﬁﬁﬂﬁﬁﬁwB%céﬁﬂﬁ%qat2@6§$%3anﬁﬁ§a q arge
surface area such as at provid y a porous materiar: € 'Secondary
reacti on spaoéthesapplicatian tieat resdiéed rothei grevioastpaténtar e substantially the
sanme 25 as those in the primary reaction space. The simlar conditions and
| arge surface area result in deposition of the gases in the reactant trap.
Unreacted precursor materials and reaction products are thus deposited in
the porous material trap and do not reach the punp. However, the presence
of the pbdrous material reduces the conductance of the trap as conpared to
the 30 conductance of the trap w o [ raterial. Lindfors
explicitly nentions use of ALD - United States Patent
Application 5 Publication 2002/0187084 published on Decenber 12, 2002 is a
continuation of the %gﬁlication that resulted in the previous patent. 5

Summary of the | nYéWSHHOM BUNERPEFYHP S8PaHN Heinyentian iciudasidamigaht i on

i ncl udes cheggsad deposition apparatus having first and second precursor gas sources,

10 first and second valves connected to said first and second precursor gas
sources; a purge gas source, said purge gas source having a third valve, said |
gas sources operating sequentially to define a deposition cycle; a reaction
chamber, said reaction chamber being connected to said first, said second,
and said third valves; a trap connected to said reaction chamber; said trap

15 having an inlet and an outlet, said inlet being connected to said reaction
~ chamber, said trap having a residence time at least equal to the deposition
cycle; and a backing pump connected to said outlet of said trap and to
exhaust.

20 Viewed from another apparatus aspect, the invention includes atomic
layer vapor deposition apparatus having first and second precursor gas
sources, first and second valves connected to said first and second precursor
gas sources; a purge gas source, said purge gas source having a third valve,
said gas sources operating sequentially to define a'deposition cycle; a

25  reaction chamber, said reaction chamber being connected to said first, said
second, and said third valves; a trap connected to said reaction chamber; said
trap having an inlet and an outlet, said inlet being connected to said reaction
chamber, said trap having a residence time at least equal to the deposition
cycle; and a backing pump connected to said outlet of said trap and to

30 exhaust.



vapor deposition apparatus having first and second precursor gas sources,
10 first and second val ves connected to said first and second precursor gas
sources; a purge gas source, said purge gas source having a third val ve,
said gas sources operating sequentially to define a deposition cycle; a
reaction chamber, said reaction chanber being connected to said first,

said second, and said third valves; a trap connected to said reaction
chanber; sai d trap 15 having an inlet and an outlet, said inlet being
connected to said reaction chanber, saick trap having a residence tine at

| east equal to the deposition cycle; and a backing punp connected to said

outlet of said trg Bllﬁ’\u%gﬁglg?@tasgg& Mee%gnﬂclér?m ool Osr'sfeé'qouaep\% tus
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sai d reaction chanber bei ng connected to said first, said second, and said
third valVestrap, Q&l@;ﬁe@@m@dn@udmt@pm the gaseousheffibent insatrdp, saidp havi ng
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cycl e; and adépadiiorgcyeiep connected to said outlet of said trap and to 30
exhaust. 6 Viewed froma nethod aspect, the invention includes _
sequentially flowng first and second precursor gases into a reaction
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10  deposition apparatus having first and second precursor gas sources, first and
second valves connected to said first and second precursor gas sources; a
‘purge gas source, said purge gas source having a third valve, said valve
permitting inert gas flow, first and said second precursor gas sources and said
purge gas operate sequentially to define a deposition cycle, a purge gas

15 source, said purge gas source having a third valve, said valve permitting inert
gas flow, first and said second precursor gas sources and said purge gas
operate sequentially to define a deposition cycle; a reaction chamber, said
reaction chamber being connected to said first, said second, and said third
valves; and a trap connected to said reaction chamber; said trap having an

20 inlet and an outlet, said inlet being connected to said reaction chamber, said

trap having a residence time at least equal to one deposition cycle.

Brief Description of the Drawing

25 FIG. 1 is useful in describing the atomic layer deposition process;

FIG. 2 is a schematic representation of an embodiment of apparatus
according to this invention; and

30 FIG. 3 is a schematic representation of an embodiment of the exhaust
section of an embodiment of apparatus according to this invention.



cycle; and removing the gaseous effluent fromsaid reaction chamber in a 5
trap, said renoving including trapping the gaseous effluent in a trap, said
gaseous effluent having a residence tinme in said trap at |east equal to
said deposition cycle. Viewed fromyet another apparatus aspect, the

I nvention includes 10 deposition apparatus having first and second
precursor gas sources, first and second val ves connected to said first and
second precursor gas sources; a purge gas source, said purge gas source
having a third valve, said valve permtting inert gas flow, first and said
second precursor gas sources and said purge gas operate sequentially to
define a deposition cycle, a purge gas 15 source, said purge gas source
having a third valve, said valve permtting inert gas flow, first and said
second precursor gas sources and s@etiledOescgption operate sequentially to
define a deposition cycle; a reaction chanber, said reaction chanber being
connected to said first, said second, and said third valves; and a trap

connected to sai dSa#est featureSafaaratomid Bytf a8pbeitiom Braasg Will Béqa‘tneﬁpd an
outlet, said.inl @@C{)el n connected to said reaction chanber, said trap
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| ayer deposition process ematic representation o
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Descri ption and a first precursor gas containing species 3 is introduced into the chamber.
10 A monolayer of the first precursor gas is absorbed on the surface of the
substrate 1. The excess amount of the first precursor gas; that is, the material
not absorbed, is then purged from the chamber, and a second precursor gas
containing species 5 is introduced into the chamber. A monolayer of the
second precursor gas is absorbed on the substrate 1. A reaction between the
15 absorbed first and second precursors leaves only the first and second sp.ecies
3 and 5, respectively, on substrate 1. The chamber is now purged and the
unreacted portion of the second precursor gas together with the reaction
products are removed from the reaction chamber

20 Variations of the process described are possible. For example, more
than two precursor gases could be used. Additionally, the second precursor
gas could be activated by a plasma to effect a chemical treatment of the first
monolayer. Numerous materials, for example, many oxides and nitrides, may
be deposited with this process for the applications'previously described as

25 well as other applications. The process of sequentially admitting precursor
gases into the reaction chamber, with intermediate purge gas pulses, is then
repeated to grow as many additional layers as desired.

An embodiment of apparatus according to this invention is
30 schematically depicted in FIG. 2. Reaction chamber 211 contains substrate

213. The substrate support is not shown. First and second precursor sources -



Salient features of an atom c |ayer deposition process will be briefly 5
described by reference to FIG 1. Shown in FIG 1 are substrate 1 on which
are deposited nonol ayers of a first species 3 and a second species 5 which
are indicated by x and o, respectively. During the growmh process, the
Substrate 1 is located in a reaction chanber ( not shown ), typically
heated, and a first precursor gas containing species 3 is introduced into
the chanber. io A nonolayer of the first precursor gas is absorbed on the
surface of the substrate 1. The excess aBount of the first precursor gas;
that is, the material not absorbed, is then purged fromthe chanber, and a
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reacti on bet wabiest3& and 283 ordspectivelgtarahapprepdats pipesuiwgs gasaoescen! y

the first an [ .and 5 . re tivel 0 bstrate 1. The
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nore that t\ﬁ%mer’%%m%eﬂwaa_ g3sas thatds. fbegaspgds € t fromithe reaetiom
pr ecur sor géﬁaﬁfﬂé!r%'?ear%%vlqut?é 895&?@&1 iR o%?é‘iﬁwitgrr?%éeg&tt? grlé.himﬁﬁée 229

I
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this invéhti @re i Rgpicted and @epnet aways readired.  Reacti on chanber 211
contai ns substrate

Operation of the apparatus will now be described. The first precursor

gas is allowed into the reaction chamber in a predetermined quantity and for a
predetermined time followed by the purge gas in a predetermined quantity for

15 a predetermined amount of time. The second precursor gas is then allowed
into the reaction chamber in a predetermined quantity and for a
predetermined time and is also followed by the purge gas in a predetermined
quantity for a predetermined amount of time; that is, the precursor gases are
introduced sequentially with the purge gas introduced between the pulses of

20 the precursor gases. The sequence of first precursor gas, purge gas, second
precursor gas, and purge gas forms one deposition cycle. The gas flows are
controlled by the valves associated with the individual gases. As will be -
appreciated, the valves must be operated rapidly to increase apparatus
efficiency. As will also be appreciated, the exhaust system must operate

25 efficiently not only for apparatus efficiency but to insure the quality of the
deposited material.

Appropriate precursor gases will be readily select_ed by those skilled in
the art after consideration of parameters such as the material desired and the
30 underlying substrate. The purge gas is often chosen to be an inert gas such
as argon. Nitrogen may sometimes be used.



213. The substrate support is not shown. First and second precursor sources
8 215 and 217, respectively; are connected to reaction chanber 211 through
val ves 219 and 221, respectively, and appropriate pipes. Purge gas source
223 is connected to reaction chanber 211 through valve 225 and an..
appropriate pipe. The purge gas is an inert gas. Exhaust system 227 5
renoves the unwanted gases; that is, the gaseous effluent, fromthe
reaction chanber 211 and will be described in detail with respect to FIG
3. Pipe 229 connects reaction chanber 219 and exhaust system 227. The
gaseous effluent includes, for exanple, the unreacted precursor gases and
the reaction products. The reaction chanber may be heated al t hough the
heating i o elenments are not depicted and are not always required. Operation
of the apparatus Whelexhawsbsysiern2biediepidied in FES. Jir eDepited agareactioal | owed

into the reaction chanber, in a predeterm ned quantity and for a,
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purge gas, secqnd recursor gas, and purge gas forns one depgsition cycle.
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i ncrease apparatus efficiency. As w al so be appreciated, the. exhaust
system nist opambee211 are included in the exhaust system 227 shown in FIG. 2. The

~ apparatus, except for trap 315, will be readily fabricated by those skilled in the

art and additional explanation is not required for these elements.

The following elements may be present and will be described in detail |

15 later. Electrode 329 is in trap 315 and ground connection 331 to made to trap

315. Heater 333 may be used to heat trap 315. Surge flow suppresser 335 is
connected to outlet 323.

The design and operation of trap 315 requires additional explanation

20 for an understanding of the invention. It is designed to insure that gas
molecules have a long residence time in the trap. The longer the residence
time for the gas molecules, the greater the likelihood of gas phase reactions
between the first and second precursor gases which reduce the possibility of
the gases reacting with each other after e'ntering the backing pump where

25  they might damage the pump or interfere with the proper operation of the
pumping mechanism. The detailed design of trap 315, including the meaning
of long residence time, will be better understood from consideration of the
following.

30 The residence time of a gas molecule in a volume V flowing at a flow
rate Q in a gas stream of pressure P is PV/Q. Thus, low pressure and small



25 efficiently not only for apparatus efficiency but to insure the quality
of the deposited material. Appropriate precursor gases wll be readily

sel ected by those skilled in the art after consideration of paraneters
such as the material desired and the 30 underlying substrate. The purge
gas is often chosen to be an inert gas such as argon. N trogen may

soneti nes be used. 9 The exhaust system 227 is depicted in FIG 3.
Depicted are reaction chanber 211, gate valve 311, process punp 313, trap
315, and backing punp 317. The gate valve 311 is between process punp 313
and the 5 reaction chanmber 211. Trap 315 is positioned between process punp
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10 react to form a powder that remains in the trap 315. Trap 315 is constructed
with a volume V to have a residence time at least equal to one complete cycle
of the ALD process. It is preferred that the residence time be longer than one
complete cycle of the ALD process.

15 In another embodiment, the process pump 313 is omitted and the trap
315 is connected to reaction chamber 211. Although this configuration has
advantages with respect to the prior art, it is less preferred than is the
embodiment with the process pump 313. The following explanation will be
helpful in understanding why this embodiment is less preferred. The process

20 pump 313 insures that trap 315 is placed in a relatively high pressure
environment. The trap can thus be physically smaller than it would be in a low
pressure environment. |t also increases the likelihood of gas phase reactions
prior to the backup pump. In the high pressure region in trap 315, the gas
density is relatively high and the molecular mean free path is short thereby

25  increasing the likelihood of gas phase reactions prior to exiting the trap.
Additionally, the low gas velocities decrease the possibility that the powder
will be entrained in the gas as it exits the trap.

The conductance of the trap should not decrease during operation.
30  This can be accomplished by placing the inlet 321 and outlet 323 at the top of
the trap as shown; that is, most of the volume of the trap is below the inlet and



time for the gas nolecules, the greater the |ikelihood of gas phase
reactions between the first and second precursor gases which reduce the
possibility of the gases reacting with each other after entering the
backi ng punp where 25 they m ght danage the punp or interfere with the
proper operation of the punping nmechanism The detailed design of trap
315, including the neaning of long residence tinme, will be better
understood from consideration of the follow ng. 30 The residence tine of a
gas nolecule in a volune V flowing at a flhow rate Qin a gas stream of
pressure Pis PV/Q Thus, |ow pressure and small 10 volune, such as in the
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constructed with a volume V to have a residence tinme at | east equal to one
conpl ete cycle r ocess Is preferred that the residence tine

ALD
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to reactlon chanber 211. Al't uratd on
10 for the reaction to occur. For example, in the case that the two reactant gases

are WFg and Hy, the reaction will proceed at room temperature at a low rate.
To ensure that the reaction occurs in the trap 315, trap 315 or a portion
thereof may be heated with heater 333 to a sufficiently high temperature. This
temperature will be readily determined by those skilled in the art. Additionally,

15 aplasma may be created in trap 315 by applying an appropriate voltage
between electrode 329 and ground connection 331.

Surge flow suppresser 335 between trap 315 and pump 317 avoids
pressure transients and the resulting high gas flows that would entrain powder
20 already in trap 315. These surge flow suppressors are well to those skilled in
the art and need not be described in more detail.

Although the invention has been specifically described with respect to
atomic layer deposition, it should be understood that the apparatus may also
25 be used for other chemical vapor deposition processes in which the precursor
gases are sequentially admitted and spaced from each other by an inert gas
pulse. Itis also to be understood that the removing step involves the use of
the trap, and other steps may be present. It is also contemplated that
advantages may result from use of the trap even absent a pump.



advantages with respect to the prior art, it is less preferred than is the
enbodi nent with the process punp 313. The follow ng explanation wll be

hel pful in understanding why this enbodinment is |less preferred. The process
20 punp 313 insures that trap 315 is placed in a relatively hﬂéﬁYBW¥§§ure
environment. The trap can thus be physically smaller than it would be in a
| ow pressure environnent. It also increases the |ikelihood of gas phase
reactions prior to the backup punp. In the high pressure region in trap
315, the gas density is relatively high afd the nol ecul ar mean free path
is short thereby 25 i.ncreasing the |likelihood of gas phase reactions prior -
to exiting the trap. Additionally, the I ow gas velocities decrease the
possibility that the powder wll be entrained in the gas as it exits the
trap. The conductance of the trap should not decrease during operation. 30
This can be abdhatys ickeddhy: pl acing the inlet 321 and outlet 323 at the top
of the trap as shown; that is, nost of the volune of the trap i's below t he
inlet and 11 outlet. Thus, powders and solid deposits remain in the trap
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323 at the bottom or a partially inverted configuration; that is, a
configurationg either, inlet 321 or outlet s 323 at the bottom wll
have a decr eagpi@%éngdsﬁ&ﬁegéjﬁﬁ%“régr 86\7\68\"”%0&@%[‘3%0%&3 &3 GNestesh r uct
ei ther or bot aitiffest Mebecdld preitupsrlfls stiFees;!t 1s often desirable to
pronote the reaction of the precursor gases in the long residence tine trap
315 by creating energetically favorable conditions 1o for the reaction to

occur. For exgmpk&e gl h e. LW react ant .gas I 6 and
2. 'the react foRgE PFS SPORESRR bl deaoulBe MEPISE kT e £48 VA1V
: : permitting inert gas flow, first and said second precursor gas sources and said
purge gas operate sequentially to define a deposition cycle,

a reaction chamber, said reaction chamber being connected to said first, said
second, and said third valves;

a trap connected to said reaction chamber; said trap having an inlet and an
outlet, said inlet being connected to said reaction chamber, said trép. having a
residence time at least equal to one deposition cycle; and '

a backing pump connected to said outlet of said trap and to exhaust.

2. Apparatuslas recited in claim 1 in which said inlet and said outlet are at the
top of said trap.

3. Apparatu's as recited in claim 2 further comprising:

a process pump, said process pump being connected between said inlet of
said trap and said reaction chamber.



To ensure that the reaction occurs in the trap 315, trap 315 or a portion
thereof nmay be heated with heater 333 to a sufficiently high tenperature.
This tenperature will be readily deternmined by those skilled in LtHRYRWSE
Additionally, 15 a plasma may be created in trap 315 by applying an
appropriate voltage between electrode 329 and ground connection 331. Surge
fl ow suppresser 335 between trap 315 and punp 317 avoids pressure
transients and the resulting high gas flows that would entrain powder 20
already in trap 315. These surge fl ow supptessors are well to those skilled
in the art and need not be described in nore detail. Al though the

i nvention has ‘be@RPafRies b catited idesiain Hénl whidhsaidsasigente tindd RIGreaterY®dn

deposition, it : nderstood that the apparatus may also 25 be used
for other chen%azé;ﬁgbg%'ggn&g%si tion processes in which the precursor gases

are sequentially admtted and spaced from each other by an inert gas

pulse. It is q\{as t o be understood that the renoving step involves the use
of the trap, PRRR&YS 8% eppaitaddp alrimpd éswiich saiditwapdusthec ootpripestt ed t hat
advantages may result fromuse of the trap even absent a punp. LLOYD W SE
12 What is clainmed is: 1. Chem cal vapor |ayer deposition apparatus

conpri sing: fiarkeatand second precursor gas sources, first and second val ves
connected to said first and second precursor gas sources; a purge gas
source, said purge gas source having a third valve, said valve permtting

inert gas flo@, Apparbtuanab FEYiItedSE et PIrPRHIPN @S pFAHREESoRABAsSS d  Purge
gas operate sequentially to define a deposition cyclpe,

an electrode in said trap;

and a ground connection to said trap.

7. Apparatus as recited in claim 1 further comprising:

a surge flow suppresser connected to said outlet of said trap.

8. Atomic Iayer'deposit_ion apparatus comprising:

first and second precursor gas sources, first and second valves connected to
said first and second precursor gas sources:

a purge gas source, said purge gas source having a third valve, said valve
permitting inert gas flow, first and said second precursor gas sources and said
purge gas operate sequentially to define a deposition cycle,

a reaction chamber, said reaction chamber being connected to said first, said
‘second, and said third valves:



a reaction chanber, said reaction chanber being connected to said first,
said second, and said third valves; a trap connected to said reaction
chanmber; said trap having an inlet and an outlet, said inlet bei@p WISE
connected to said reaction chanber, said trap. having a residence tine at

| east equal to one deposition cycle; and a backing punp connected to said
outlet of said trap and to exhaust. 2. Apparatus as recited in claiml in
which said inlet and said outlet are.at the -top of said trap. 3. Apparatus
as recited in claim2 further conprising: 1y process punp, said process punp
bei ng connected between said inlet of said trap and said reaction chanber.
LLOYD W SE 13 4ap sgpaecteddos=id eazictiod chambleaj said tiap hdvirdhas ahldt aegiadence

time is great . i, d depositiaon cle. 5... ratus as . recited in
claim3 ign mf&fc%lteggs:ééd ﬁﬁ%ﬁo?'ﬁgtcﬂgpe%SHggiségsr:eaCHg}ﬁEE? er.gahyeRAMNI &8s
recited in cl absidante tim shieasi éhddld@oﬁéfddp@éiti@ﬁfﬂg/bie'i%% an el ectrode in

said trap; and a ground connection to said trap. Apparatus as recited in
claim1 further conprising: a surge flow suppresser connected to said

outlet of sai & baddng Bém cﬂme%té@%?%igwﬂé{ éf %%?@@aér?& e {ising:

first and second preclursor gas sources, Tirs cond val'ves "connect ed
to said first and second precursor gas sources;

9. Apparatus as recited in claim 8 in which said inlet and said outlet are at the
top of said trap.

10. Apparatus as recited in claim 9 further comprising:

a process pump, said process pump being connected between said inlet of
said trap and said reaction chamber.

11. Apparatus as recited in claim 8 in which said residence time is greatér
than said deposition cycle. |

12. Apparatus as recited in claim 8 in which said trap further comprises:

a heater.
13. Apparatus as recited in claim 8 in which said trap further comprises:
an electrode in said trap;

and a ground connection to said trap.



a purge gas source, said purge gas source having a third valve, said valve
permtting inert gas flow, first and said second precursor gas sg%ﬁfwlggd
said purge gas operate sequentially to define a deposition cyclEg,

reacti on chanber, said reaction chanber being connected to said first, said
second, and said third valves; LLOYD WSE 14 a trap connected to said
reaction chanber; said trap having an inlet and an outlet, said inlet
bei ng connected to said reaction chanber, said trap having a residence
time at |east equal to one deposition cycl® and a backing punp connected
to said outlet of said trap and to exhaust. 9. Apparatus as recited in
claim8 in whildh Aanethbdlodatemit lageddepdditdn esrapesinghire steps off sai d trap.
10. Apparatus as recited in claim9 further conprising: a process punp,
sai d process punp being connected between said inlet of said trap and said

reaction chamhueﬁﬁallﬂkﬁﬁih?tﬂﬂ& @] S8R Srelclrdr 'a§1|9§ iﬂt?zé’@'g‘gﬂoﬁ%gmber;

residence tine is greater han sai d deposition cycle. paratus as
recited in claim8 in which said trap further conprises: a heater. 13.

Appar at us as kggj | | ai |.n | said trap further conprises: an
el ectrode in Sﬂg%)gﬁ S?rgafJ L{?g%ﬁ%'sZﬁtgréo%q'Eé]%cgﬁﬂe@}q%%ert%t%ga@] ﬁrlséﬂ'." A'8YD w SE
15 second precursor gases, the flowing of said first and said second precursor

gases and said purge gas forming a deposition cycle; and

removing the gaseous effluent from said reaction chamber in a trap, said
removing including trapping the gaseous effluent in a trap, said gaseous
effluent having a residence time in said trap at least equal to said deposition
cycle. '

15.- A method as recited in claim 14 in which said removing further comprises:

pumping said gaseous effluent with a backing pump after said trap.

16. A method as recited in claim 14 in which said removing further comprises:
pumping said gaseous effluent with a process pump prior to said trap.

17. A method as recited in claim 14 in which said residence time is greater
than said depqsition cycle.

18. Deposition apparatus comprising:

first and second precursor gas sources, first and second valves connected to
said first and second precursor gas sources;

a purge gas source, said purge gas source having a third valve, said valve
permitting inert gas flow, first and said second precursor gas sources and said
purge gas operate sequentially to define a deposition cycle,



14. A method of atom c |ayer deposition conprising the steps of:
sequentially flowng first and second precursor gases into a reaction
chamber; flowing a purge gas into said reaction chanmber after Sl‘."\.'dj{lefS%t
and after second precursor gases, the flowng of said first and said
second precursor gases and said purge gas formng a deposition cycle; and
renovi ng the gaseous effluent fromsaid reaction chanber in a trap, said
renovi ng i ncluding trapping the gaseous effluent in a trap, said gaseous
ef fl uent having a residence tine in said tVﬁp at | east equal to said
deposition cycle. 15. A nethod as recited in claim14 in which said
renmovi ng further conprises: punping said gaseous effluent with a backing

punp after sai r t.hod as recited . in claim14 in which sai,
renovi ng furtﬁag'}etagg?r%rcﬁgg?ér’n%ﬂ%?% 'OQa%@%%re%@g Qppﬂﬁéﬁg t%isﬁl'\é ﬁrsé-r%gss
punp prior toseaondtampsaitithirdvaricepdnas recited in claim 14 in wich said

residence time is greater than said deposition cycle. 18. Deposition
apparatus conprising: first and second precursor gas sources, first and

second val ves aeanB6hREiba to Sictobllish AIRESECA I BLSEHE 05, HAgs SRUTEES: 2

t
purge gas source, said purge gas soufrce€ having a | ve
permitting i néktleggeid intatbeing sonmenied & daidareantiorp tambenrsaidsraptiavieg aand

said purge gas.: .e sequentially to define a deposition cycle, LLOYD
WSE 16 a regéﬁlﬁgﬁéegﬁgﬁb%ﬁ?a r}aqodqu g%B'P? APERYAB&YCISei ng connected to said
first, said second, and said third val ves; and

19. Apparatus as recited in claim 18 further comprising:

a backing purhp connected to said outlet of said trap and to exhaust.

20. Apparatus as recited in claim 18 in which said inlet and-said outlet are at
.the top of said trap.

21. Apparatus as recited in claim 19 further comprising:

a process pump, said process pump being connected between said inlet of
said trap and said reaction chamber.

22. Apparatus as recited in claim 18 in which said residence time is greater
than said deposition cycle.

23. Apparatus as recited in claim 18 in which said trap further comprises:

a heater.



a‘trap connected to said reaction chanber; said trap having an inlet and an
outlet, said inlet being connected to said reaction chanber, said tra
fhaving a residence tine at |east equal to one deposition cycleﬁ#ﬁiD ISE
Apparatus as recited in claim 18 further conprising: a backing punp
connected to said outlet of said trap and to exhaust. 20. Apparatus as
recited in claim18 in which said inlet and said outlet are at ,the top of
said trap. 21. Apparatus as recited in claim 19 further conprising: a
process punp, said process punp being conncted between said inlet of ‘said
trap and said yeaction chanber. 22. Apparatus as recited in claim18 in
which said r es%"de/geréaﬁarf%% gegjieganelaim hauin whicth sheg treiptfuthecymnpris@s.
Apparatus as recited in claim18 in which said trap further conprises: a
heater. LLOYD WSE 17 24. Apparatus as recited in claim18 in which said
trap further @m@leckede in saidatagtrode in said trap; and a ground connection
to said trap. 25. Apparatus as recited in claim18 further conprising: a
surge fl ow suppresser connected to said outlet of said trap.

and a ground connection to said trap.
25. Apparatus as recited in claim 18 further comprising:

a surge flow suppresser connected to said outlet of said trap.



