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Description of the Related Art

15 Presently, aluminum is widely employed in integrated
circuits as an interconnect, such as plugs and wires.
However, higher device densities, faster operating
frequencies, and larger die sizes have creaﬁed a need for a
metal with lower resistivity than aluminum to be used in

20 interconnect structures. The lower resistivity of copper
makes it an attractive candidate for replacing aluminum.
One challenge in employing copper instead of aluminum is the
fact that copper does not adhere well to materials, such as
titanium nitride, that are presently being used as diffusion

25 barriers beneath the copper. Diffusion barriers are
deposited between layers of the devices to prevent cross-
contamination. For example, material from a conducting
layer can migrate into néighboring insulating layers thereby
compromising the intended insulative characteristic. Such a

30 condition can lead to shorting or performance degradation of
the device. Poor adhesion of the copper to a diffusion
barrier results in portions of the copper being undesirably
peeled away during polishing. This condition can also
render an integrated circuit defective.

35 One solution to improve the adhesion of copper to an
underlying diffusion barrier :is to divide the process for
depositing copper into two steps. During a first step,
physical vapor deposition {(PVD) is performed to depesit a
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throughput (the number of substrates processed per unit of
time). Alternately, adhesion can be improved by treatment
of the seed layer by bombardment with ions prior to bulk
20 deposition of CVD copper. However such thin films have an
undesirably high electrical resistivity. Therefore, it is
therefore desirable to employ chemical vapor deposition, for
depositing both the seed and bulk layers, because CVD
provides for a more conformal layer of copper.

25 The chemical vapor deposition of copper presents a
further challenge. The challenge arises from a byproduct
that is produced during the deposition of the copper. In

one instance, the chemical vapor deposition of copper is
achieved by using a precursor known as Cupraselect, which
30 has the formula Cu{hfac)L. The L represents a Lewis base
compound, such as vinyltrimethylsilane (VIMS). The (hfac)
represents hexafluorocacetylacetonato, and Cu represents
copper. During the CVD of copper using the Cu(hfac)L
precursor, the precursor is vaporized and flowed into a
35 deposition chamber <containing a  substrate {i.e. " a
semiconductor wafer). - In the chamber, the precursor 1is
infused with therma'l energy at the wafer's surface, and the

following reaction results:
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the copper forming copper oxide (Cu0). The Cu0 incorporated
into the seed layer increases the resistivity of the
resulting film to an undesirable level. Further, a bulk

20 layer of copper will not adhere well to a CuO interface.
Accordingly, it is desirable to provide a method for
the treatment of moisture laden copper CVD layers so that
the adhesion between the copper and the underlying diffusion
barrier is strong and the electrical resistivity is reduced.
25 It is also desirable for such a deposition to be performed

. in a single chamber (in situ).

SUMMAR Y OF THE INVENTION

In accordance with the present invention, a layer of

30 material, such as copper, is formed on the surface of a
wafer with reduced resistivity. In forming the layer of
copper, a copper seed layer containing moisture (H,0) is
first deposited by CVD on a surface of the wafer. Once the
seed layer is deposited, the copper (containing moisture) is

35 annealed by treatment with energy to reduce the resistivity
of the copper on the surface of the wafer. The energy for
annealing can be provided, for example, in the form of heat

or bombardment with ions. A bulk layer of copper is
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plasma is generated in one embodiment of the present
invention using an inert gas, such as argon along with
reactive gases such as hydrogen and nitrogen.
Alternatively, a hydrogen/nitrogen plasma can be employed
20 along for bombarding the copper as well as providing for
contaminant removal. The addition of the hydrogen provides
for the removal of copper deposition byproducts such as
carbon, oxygen, fluorine and the like, thereby reducing the
resistivity of the copper seed layer and improving the
25 adhesion of same.

B F DESCRIPTION OF T RAWINGS
Further details of .the present .invention are explained
with the help of the attached drawings in which:

30 Fig. 1 illustrates a sequence of operations that are
performed for depositing a layer of copper in accordance
with the present invention;

Figs. 2(a)-2(d) illustrate the deposition and treatment
of a layer of copper in accordance with the present

35 invention; .

Fig. 3 illustrates a deposition chamber that is used in
the deposition of copper in accordance with the present

invention;
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rting at step 98, 1in accordance with the present

invention for depositing copper on the surface of a wafer

mounted on a support in a vacuum chamber. A -seed layer of

moisture containing copper is deposited on the upper surface

of the wafer in step 100. The seed layer of copper is

20 deposited wusing chemical vapor deposition and can be

deposited as either a continuous or discontinuous layer of

copper. In accordance with the present invention, a

Cu(hfac)L. (Cupraselect) precursor is employed in the

deposition of the seed layer. However, other copper

25 precursors in combination with reducing agents could be used

. to form the seed layer, e.g., Cu?(hfac)L precursor with a

hydrogen reducing agent. An inert carrier gas, such as

argon, Xenon, Krypton or Helium, that contains water vapor

is also employed to introduce the moisture into the copper

30 layer.

In a first embodiment of the present invention, the
seed layer is treated with energy in the form of heat in
step 101. The heat can be provided by various methods known
in the art of semiconductor fabrication, for example a

35 resistive heater element internal to the wafer support or
heat 1a1fxps external to the wafer support.

In a second embodiment of the present invention, the
seed layer of moisture containing copper is treated with
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substrate, i.e., the copper grains become "mounted" on the
substrate and also flattens the grains to improve charge

15 mobility. This enhances the adhesion of the copper seed
layer to the substrate. BAlso, the hydrogen ions present in
the plasma combine with precursor contaminant byproducts and
are removed from the chamber.

Once the heat or plasma treatment is completed in step

20 101, a bulk deposition of copper is performed in step 102.
The copper deposited during the bulk deposition is deposited
over the treated copper to form a layer of copper having a
desired thickness and improved adhesion to the wafer's
surface. The bulk copper deposition is achieved using a

25 chemical wvapor deposition with Cupraselect or some other
bulk copper deposition process. Furthermore, it is
important that the bulk deposition of copper be performed in
a moisture free environn'\ent. Finally, the process ends .at
step 104.

30 In one embodiment of the present invention, the seed
layer and bulk layer depositions and heat or plasma
treatment are performed in different chambers. Regardless
of the type of treatment the seed layer is subjected to, it
is speculated that the excess moisture from the Cu lattice

35 1is annealed out and oxides that may form as a result of
oxygen reacting with pure copper are reduced and exhausted
from the chamber by the hydrogen. As such, there are fewer
contaminants left in the seed layer to effect resistivity
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treatnent, the substrate onto which the copper has been deposjted
acquires &5 nég;@(qkpetlyeaglategg.a& overlies a substrate 110 which is to be

electrically coupled to other elements in the integrated
circuit. The substrate 110 is to be coupled to the other
elements by an interconnect structure that will be formed
within the wvia 116.

20 The upper surface of the insulative layer 111 and the
upper surface of the substrate 110 that is within the
perimeter of the via 116 are overlain by a diffusion barrier
112. The diffusion barrier 112 is employed to inhibit the
diffusion of interconnect structure metal into the substrate

25 110. In one embodiment of the present invention, the

. interconnect structure metal is copper, and the diffusion
barrier is a refractory _metal or refractory metal nitride.
For example, the refractory metal- nitride is preferably
tantalum nitride, but may also be titanium nitride,

30 tantalum, tungsten nitride or another suitable material that
functions as a diffusion barrier between the metal {(e.g.,
copper) and the substrate 110.

Fig. 2(b} illustrates the deposition of a seed layer
113 of copper which is to be employed in an interconnect

35 structure. The seed layer of copper 113 is deposited on the
upper surface of the diffusion barrier 112 using .chemical
vapor deposition. In one embodiment of the present
invention, as shown in Fig. 2(b}, the seed layer 113 of
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resistivity chemically deposited using other copper precursors such as

cu(hfac), with a hydrogen reducing agent. Broadly speaking,
any form of copper deposition with moisture is considered to
be within the scope of the invent;ion. During deposition,
20 excess moisture (H,0 vapor) exists in the seed layer.
Additionally, some of the H,0 may break down into H, and O
{(oxygen). The free O then combines with the seed layer to
form copper oxide (Cu0O). CuO increases the resistivity of
the seed layer as well as reduces adhesion of a bulk copper
25 layer formed thereupon.

According to the first embodiment of the invention,
after the seed layer of copper 113 is deposited, it is
treated with heat in eifher a hydrogen or Argon atmosphere.
This heat treatment anneals out the moisture (H,0 vapor) in

30 the seed layer. 1In addition, copper oxide (Cu0) in the seed
layer is reduced by reaction with the ambient hydrogen
according to the following equation:

Cuo + H, ----> Cu + H,0 (Eq. 2)
35 '
the 'H,0, in the form of water vapor, is exhausted from the
chamber . '
According to the second embodiment of the invention,
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ITTustrates thecfaR@sti OOl sRoRfidid a%8ly. 2(d), the newly deposited
copper is deposited using chemical vapor deposition and
20 merges with (grows upon) the seed layer of copper 113 to
form the final 1layer of copper 115. In a preferred
embodiment of the invention, the bulk CVD of copper layer
115 is achieved as described above with respect to Fig. 2(b)
using the Cu{hfac)L precursor; however, no moisture is
25 introduced and the bulk deposition is performed in a
. moisture free environment. Other moisture free bulk
deposition processes may be used such as using Cu® (hfac),

with a hydrogen reducing agent. .
The bulk deposition of copper is accomplished until
3¢ the final layer 115 of copper has a thickness in a range of
1000A to 1 micron. Since the newly deposited copper is
deposited on top of the seed layer 113, which has improved
adhesion to the wunderlying diffusion barrier 112, the
adhesion of the final layer of copper 115 to the diffusion
35 barrier 112 is also improved. As a result of the improved:
adhesion, the copper is less likely to be undesirably peeled

away from the diffusion barrier 112 during CMP polishing.

In an alternate embodiment of the invention, substrate
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Following deposition of the seed layer, the wafers were
transferred to a separate treatment chamber for treatment.
The wafers were then transferred back to the CVD chamber for

20 bulk layer deposition.

For the deposition of the seed layer, Argon was used as
the carrier gas for moisture at a flow rate of approximately
26scem and hydrogen was introduced at a flow rate of
approximately 100sccm. Argon was also directed at the wafer

25 backside and edge at a rates of approximately 200sccm and
300scem respectively. A Cupraselect precursor was admitted
to the CVD chamber at a rate of approximately 0.35cc/min
using helium as a carrier gas at a flow rate of
approximately 200sccm. The spacing between the showerhead

30 and the wafer (heater spacing)} was approximately 400mils.
The CVD chamber pressure was maintained at approximately 0.5
torr for a deposition time of approximately 30sec. After
deposition of the seed layer, one wafer was transferred to a
treatment chamber and treated with heat and the other wafer

35 was transferred to a treatment chamber and treated with an
Argon/nitrogen/hydrogen plasma.

For the plasma treated wafer, a “self-annealing” stage
is first established. In this stage, Argon, nitrogen, and
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the range treatment conditions were sustained for approximately 60sec.
For the heat treated wafer, hydrogen was admitted to
15 the treatment chamber at a flow rate of approximately
1000sccm. The treatment chamber pressure was established at
approximately 5.0torr and treatment chamber temperature
established at approximately 450°C. The heater spacing was
approximately 400mils. The heat treatment conditions were

20 sustained for approximately 300sec.

For both the plasma and heat treated wafers, bulk
copper was deposited in the CVD chamber using hydrogen flow
of approximately 100sccm and a Cupraselect precursor flow
rate of approximately 0.35 cc/min using helium as a carrier

25 gas at a flow rate of approximately 200sccm. The argon
carrier gas containing moisture was -omitted during the
deposition of the bulk films. Argon was directed at the
wafer backside and edge at a rates of approximately 200scem
and 300sccm respectively. The Theater spacing was

30 approximately 400mils. The CVD chamber pressure was
established at about 0.5torr and the deposition time was
about 1l80sec. |

As an example of an alternate embodiment of the
invention, a copper film was treated with a

35 hydrogen/nitrogen plasma to strip Cu0 from a copper coated
wafer without affecting the underlying copper. The process
was performed in a TxZ chamber manufactured by Applied
Materials of Santa Clara, cCalifornia. Specifically,
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representative wafers processed under different conditions.

Wafers 2 and 3 (plasma treated only and heat treated only
respectively) have the best combined characteristics of good

adhesion, deposited layer thickness and low resistivity (1.7

20 pdcm 1is the standard for bulk copper, seed layers are

usually slighty higher). Adhesion was measured by a
qualitative “scotch tape” and scribe test. Adhesive tape
was applied to the film and then peeled off. A score of 1
indicated the film peeled off at the interface between the

25 copper and the barrier. A score of 2 indicated the film
peeled off at the interface between the barrier and the
underlying oxide. A score of 3 indicated the film didn’t
peel with the tape, but peeled when scribed. A score of 4
indicated none of the f£ilm peeled off with the tape or when

30 scribed. An average score for four films is shown for each
experiment.

Fig. 3 illustrates a CVD system 120 that c¢an be
employed to form a layer of copper in accordance with the
present invention. The chamber is a model WxZ chamber

35 manufactured by Applied Materials, Inc. of Santa Clara,
California, that has been modified to perform copper
deposition in accordance with the invention. The system 120
includes a process chamber 137 in which copper deposition is
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In order to provide reactants to the process chamber

20 137, the system 120 also includes a mixer block 127,
vaporizer 128, gas panel 121, and liquid panel 122. The gas
panel 121 provides carrier gases and reactants and is
coupled to both the vaporizer 128 and the mixer block 127.
The liquid panel 122 provides liquid reactants and is

25 coupled to the vaporizer 128.

The vaporizer 128 provides for converting Lliquid
reactants into gaseous reactants. When a liquid reactant is
employed, the liquid pa.riel 122 provides the liquid reactant
to the vaporizer 128, and the vaporizer 128 vaporizes the

30 liquid and wuses an inert diluant gas such as helium,
hydrogen, nitrogen or argon as a carrier gas.
Alternatively, the vaporizer may produce a gaseous reactant
through evaporation. When both gaseous and liquid reactants
are employed, the gas panel 121 provides the vaporizer 128

35 with the carrier gases and gaseous reactants, and the liquid
panel 122 Dprovides the vaporizer 128 with the 1liquid
reactants. The vaporizer then provides for the combination
and vaporization of these reactants. The mixer block 127 is
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was directed p?rtovtiré%s signals having frequencies in a range of 100 kHz to
20 MHz. Both the processing chamber walls 131 and the wafer
support 130 are coupled to ground. During the plasma or
heat treatment, the CVD chamber 137 would be pumped down to
20 exhaust process by products and excess moisture from the
dhamber. The wafer would then be transferred back to the
CVD chamber 137 from the treatment chamber.
The above-described process steps (FIGS. 2(a) through

2(d)) for forming a layer of copper can be performed in a

25 system that is controlled by a processor based control unit.
Fig. 4 shows a control unit 200 that: can be employed in
such a capacity. The control unit includes a processor unit
205, a memory 210, a mass storage device 220, an input
control unit 270, and a display unit 250 which are all

30 coupled to a control unit bus 225.

The processor unit 205 is either a microprocessor or
other engine that is capable of executing instructions
stored in a memory. The memory 210 can be comprised of a
hard disk drive, random access memory ("RBM"), read only

35 memory {("ROM"}, a combination of RAM and ROM, or another
processor readable storage medium. The memory 210 contains
instructions that the processor unit 205 executes to
facilitate the performance of the above mentioned process
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15 retrieved by evice 0 are employed by the
processor unit 205 for performing the above mentioned
process steps. The data and program code instructions are
first retrieved by the mass storage device 220 from a medium
and then transferred to the memory 210 for use by the

20 processor unit 205.

The display unit 250 provides information to a chamber
operator in the form of graphical displays and alphanumeric
characters under control of the processor unit 205. The
input control unit 270 couples a data input device, such as

25 a keybbard, mouse, or light pen, to the control unit 200 to
provide for the receipt of a chamber operator’s inputs.

' The control unit bus 225 provides for the transfer of
data and control signals between all of the devices that are
coupled to the control unit bus 225. Although the control

30 unit bus is displayed as a single bus that directly connects
the devices in the control unit 200, the control unit bus
225 can also be a collection of busses. For example, the
display unit 250, input control unit 270 and mass storage
device 220 can be coupled to an input-output peripheral bus,

35 while the processor unit 205 and memory 210 are coupled to a
local processor - bus. The local processor bus and input-
output peripheral bus are coupled together to form the
control unit bus 225.
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15 In operation, the processor unit 205 directs the
operation of the chamber elements in response to the program
code instructions that it retrieves from the memory 210. In
response to these instructions, the chamber elements are
directed to perform the process steps described above with

20 reference to Fig. 1.

Once a wafer is placed in the processing chamber, a
seed layer of copper is deposited on the wafer in step 100
{(Fig. 1). In order to perform the deposition in step 100,
the processor unit 205 executes instructions retrieved from

25 the memory 210. The execution of these instructions results
in the elements of the chamber being operated to deposit a
layer of material on a substrate as described above with
reference to Fig. 2(b). ’

Once the seed layer of <copper is depoéited,

30 instructions retrieved from the memoxry 210 instruct the
processor unit 205 to cause the elements of the chamber 120
to perform an energy treatment in step 101. The execution
of these instructions results in the wafer 140 being
transferred to a treatment chamber, i.e., a similar CVD

35 chamber available for the treatment process, and the
elements of the treatment chamber being operated to treat
the deposited copper with a plasma as described above with

reference to Fig. 2(c).
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to pass gaseous reactants fromthe gas pa‘f‘f’tﬁ‘ 121 and vapori zer 128 to

t he shower head 129. A wafer 140 containing an upper surface on

whi ch copper is to be deposited is FHESE in the process chamber 137 on
5 wafer suppde iIB3Q1ainddy e enbodinent of the present

I nvention, the upper surface of the wafer 140 is a diffusion barri er
that is forned by & rBethedor pfnersdusisgd reherivesistividyeh ofis coppani um
nitride, tanieddditead tdd e, subsasten; Lbs tl | JU ten and
the preferred e'?'3ant.al um If 10 the é(;n%?r% giél%%g?ﬁ%nﬁ%%céegs%l ;Hi%gct&
carried out ARGHSING the steps ofs wafer is transferred to anot her

chanber such as a (a) td@bsmiiinghabBger, ASicsHEWY ﬁéi%%fé‘a%%ﬂt shager

may be ideptical in canstruction to the CVD chamber
Speci fi cal |y, SYBEHRSi GF% energy for forming a plasma, the 15 showerhead
129 is coupl ed to {o)si gnadatsioy cehd26céhsdr wihove | g2l $eRAXENOLhe

frequenci es i r.an of kHz to 20 MHz. Both the processing chanber
wal I's 131 an %'gt%avggy Oflgzg‘SpSPprﬁ‘) are coupled to ground. During the

pl asma orl0 heat treatnent, the CVD chanber 137 would be punped down to 20

exhaust process b Qs nmojsture fromthe chanber . e
waf er woul d 1?fier] %Ig&{ransfozdr ?‘%ﬁ‘ ac%?ts%' t‘ﬁlééyenb/{?{cgha‘?ﬁ%rrgylis"f 5450 tﬁg
treat nent ch&®dn the form pfiehabbve- descri bed process steps (FIGS. 2(a)
t hr ough 2(d)) for formng a | ayer of copper can be perforned in a 25
systemthat is controlled by a processor based control unit. Fig. 4
shows a cont Pol ufibe reg efcshapn @npwberdinnsaid keath treaspwitt \stefhe

control uyt (byckudene? RoRpRIses WRkhbii ; ;
st orage devi (:(?22 . aﬁ, i np&?ﬂ Ecg&%{t%glllﬁﬁlggéz %?ggggg% |5%I%§/£%ﬁi%to%o
whi ch are al P3¢ Y 13 RvEsREeB fAAM Bes R AFreatment chimbexw ogbssor

unit 205 is eatberof MppPrUdiRA®IY 0000sccm, establishing a treatment

chamber pressure at approximately 5.0torr, a treatment

chamber temperature at approximately 450°C and a heater

20 spacing of approximately 400mils and sustaining said heat
treatment conditions for approximately 300sec.

4, The method of claim 1, wherein said energy in step (b)
is in the form of a plasma. '

25
5. The method of claim 4, wherein said plasma treatment
step (b) further comprises a *self-annealing” stage prior to
the plasma treatment. ' '

30 6. The method of claim 5, wherein the “self-annealing®
stage further comprises admitting an Argon/nitrogen/hydrogen
flow to a treatment chamber at flow rates of approximately
500sccem, 250sccem and 2S50sccm respectively, establishing a
treatment chamber pressure of approximately 1.5 torr, a

35 treatment chamber temperature of approximately 450°C and a
heater spacing of approximate:ly 400mils and sustaining

the self-annealing stage for approximately 48 sec.
[ —
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ot her -engi ne tha% Il s capabl e of executing instructions St pEBtsdon 1272
nmenory. The¥ §P 210 can be conprised-d%-a hard di sk drive, random

access nenory ("RAM'), read only 35 nenory ("ROM'), a conbination of RAM
and ROM or anot her processor readabl e storage nedium The nenory 210
cont ai ns hNStr gt oc ugl : e

facilitate tRé pe#gr %%n%glé)tdrt;%tft r#el%a. 0\%' nﬁ?%%red%%%g%'%g ége%&#@%wo
-15- plasma tpemtwsny/ condptionstapter Thee i Meelfirmanneslingt hetageory
210 are in the f iR RROGRMSGEAS1 HIe RHOUMBLAGRCLBY ¢ @% t op ANy
one of a -nunbeérts%afyﬂﬁferent grgg ranm ng Iangu‘g%)es. Fc?raI e>9<:a Igég& (t)ﬁe
progr am cotle 13af 6MbzwanG: an appeeximare BRWEL, ofadoAW foxn approximbeslyvf

ot her | anguag@sec. The nmss storage device 220 stores data
and I nstructions and retrieves data and program code
I nstructions froma processor readable storage nedium such as a

magnet i c dislg or mﬂi‘eithoﬁa%- c1&0m E%fif@iﬁaei fl?xdl%ﬁinéo tHleO=2ep devi ce
220 can be a hard di sk drive,, flogB\é di sk driye, tape drive, or optical
di sk drive. The md&d g%dé’rmg GEvPEE ¥35herh BOLISRUTS e PPEy ddi§ HeoPper

i nstruct i ons depok@spANSA saiflostepefd) el thadatidd naceteps (bypom the
processor unit 205. Data and program code instructions that are stored
and 15 retrieved by the nmass st.orage device 220 are enpl oyed by the
processor uni%. 205 hieomerdodoratiaig t1he wileoed nnirhiei depdsitipnoceep stedpsis

The data and _pr ] e.lLnstr ti?,gﬁg e brst & Leye t nass

storage devi §§c§%§%§§%\galﬁe§1 19#15 U5 %%hgﬁdt f}:gﬁsfggﬁggéégg %ﬁe me@gr yl 10
for use by tkec2oppisbedsdin antre@0ient chamberThe di splay unit 250 provides
informatiph to a chanber operator in the form of graphical displays and

al phanuneric )
10. A method for forming a layer of copper over a layer of

material on a wafer, said method comprising the steps of:
(a) placing the wafer in a processing chamber;
(b) chemical vapor depositing the copper with moisture
20 on the layer of material;
(c} transferring the wafer to a treatment chamber; and
(d) treating the copper to reduce the resistivity.

11. The method of c¢laim 10, wherein said step (d) further
25 comprises treating the wafer with heat.

12. The method of claim 11, wherein said heat treatment
step (d) further comprises establishing heat treatment
conditions of admitting a hydrogen flow to the treatment
30 cChamber at a rate of approximately 1000sccm, establishing a
treatment chamber pressure at approximately 5.0torr, a
treatment chamber temperature at approximately 450°C and a
heater spacing of approximately 400mils and sustaining said
conditions for approximately 300sec.
35 )
13. The method of. claim 10, wherein said- step (¢} further

comprises forming a plasma, wherein the plasma includes ions

that impact the copper. -
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characters W troI of the processor unlt 205 The  pCTpss9magnt rol
unit 270 coupl€s a data | nput devi ce, suchPas 25 a keyboard, nouse, or

| ight pen, to the control unit 200 to provi de for the receipt of a
chanber operator's inputs. The control unit bus 225 provides for
the transfer 1af, . THéatReBROdCWT rolasingne s hﬁbwgeﬂ af drmind h%ﬂéevgiﬁm&hat
are couplgi‘g%the cont,rol unjt, bys 225. _Alth htheflwé,rr 0 unit
bus is di spl &VEEPEE £TBRIHSES, ngi raéi:t??g% regen asn cEovn
the control waita200reatieesoOntdttdmbey t d1is Flow22ratas abgo hppaoﬁﬂzhée&iyon

of busses. exa uni t_ 250 ynit 270
and mass st Oﬁgggccm,%%%c%oaggndi@[) |585P%°%"?f>8ut Bépgph%ral
bus, 35 whi | ereatmenbceckambeni pr%@%uaad cEnmapgpimtelgoudl.6d torg, a
Iocal proces aI I b I

peri pher al bu%gr %?’é!‘g%%ug?‘%é’lb c%ge & m h%BSr&g% t%er % bgg sanéiZSa

WO 99/ 63590 heater spacing oflapproxmately 400R¢ USSO/ dpp7dximately 48he

control unit 200 i up Iths;al e ha ers,,
e.g., the ovB ghams)aergd) %ﬁﬂsé@;é %Egif B%r eat nmen chan%rg?f(n? shovvn)
that are Ehpeepsaexinater rﬁrﬁgruencx lody ek3 JT6Mppendi AtaARATRIFHGW LA t POweR

present invepls ggow5forE§?BrQ§< ihdeSH, eded@nt s is coupled to the control
unit bus 225 to facilitate communi cation between the control unit 200
and the elenent. These elenents include the follow ng: the gas panel

121, the liquasd pamel mb%&odaobealam Ecb,enﬁmu?&e inchiiely and Reepesifstive
coil (not shown)i r’tebhe waf er, port ressure contrql n|t 135, ,the

R
si gnal source 126 hedeP%&ﬁ&PB EPPE§§ oﬁng‘hﬁhé’ ORPRE: J5Posk n - sgid
control us t step2Q@B) prekidesthe gnater tix tire £ haniizurel €xrest antrﬁlabnman&e t he

16. In a semiconductor wafer processing system containing a
chamber for performing chemical vapor deposition and a
computer for controlling said chemical wvapor deposif:ion
20 within said chamber, a computer readable medium containing a
program that, when executed by said computer, causes said
semiconductor wafer processing system to perform the
following steps:
depositing a copper seed layer with moisture upon a
25 substrate;
supplying a treatment gas to said chamber;
providing energy to said copper seed layer.

17. The computer readable medium of claim 16, further
30 containing a program that, when executed by said computer,
causes said semiconductor wafer processing system to perform
the following additional step:
depositing a layer of copper upon the copper seed
layer.
35
-~ 18. A method for treating & layer of copper underneath an
existing layer of material on a semiconductor wafer,

processed in a semiconductor wafer processing system having

RN 0 AR




el ements to -performthe operations described above for the roce st eps
of forning PAYEIIYf copper. .15 | n.ggperation, the plrgg‘ggé%fﬁ”uni t
205 directs fthe operation of the chanber elenents in response to the

program  ced@ bRShbwre! cARMbERS! thelRLEhEA CSohpLIBIME tRIQYtepsl Q. I N
response to these |nstruc]t1|.ons, t he ch&}n}éer el enenfs_are, , dlofect ed to
perform the proced@’st 8pSHERI crd b¥d2abbPEOWFR h S PRI BRLRI: oLaYgE of
Once a waf er magepliatedo rexgeseapraogaastith cbfinhesurdface ofedsd Ry elapér cepper
i s deposited on_the Eer in step 100 (Fig. 1). 1In order to performthe
deposition .i FOSPED #1680, the processor unit 205 executes instructions
retrieved $rom 25 (ke teaatring 1$aid hsurkacet wohhokenehegye innstheicpresence

SIS, B MpvSkegERl S0l HIRIeeicdiidn ghatl ol 0oz biogsen
of

| ayer of material on a substrate as bove w t refe
Fig. 2(b). portionemce the seed |ayer copper is deposited, 30
i nstructions retrieved fromthe nenory 210 instruct the processor unit

205 to cause _the el enent t he .chanmber 120 , to perform an, energy,

t r eat nent in@t'epT%’G”l.meé‘F’%fe %gé&?t’inbr?'a W]}&ﬁr?%s%a‘iqewsstr’r%m ohS PEgﬁHigdi n
the waf erid4®ybel hgdrogendnitescged pbasemd eat ment chanber, i.e., a simlar
CVvD 35 chanber available for the treatnent process, and the

el enents of the treatnent chanber being operated to treat t he deposited
copper with 20pl asie aethedcrafberlaiookd whdrein resfist alesnea £&gprévided
WO 99/ 63590 -17- Once the plasma treatnent is

conpleted, i r?gtructi ons | retrieved fromthe menpry 210 instruct the
processor unit admitting a flow of hydrogen and a flow of nitrogen to

15 one of the said one or more process chambers at rates of
approximately 500sccm and 100sccm respectively;
establishing a chamber temperature at approximately
350°C;
establishing a heater spacing at approximately 400mils;
20 establishing a chamber pressure of approximately
2 .5Torr; ’
applying RF energy at a power of approximately 155W;
and
sustained said flows, temperature, heater spacing,

25 pressure and RF energy for approximately 300sec.

21. The method of claim 18 further comprising the step of
{(c) depositing material onto ‘said existing layer and
said exposed portion.
30
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205 to cause the el ements of the chanber 120 to performa ul k- .
deposi tion ooV in step 102.  The execution of 5 theSgCT/US99/nz7z

instructions, Tesults in the ?/ 140 being transferred back to
the chamber 120 from the treat ment %harrber and the elenents of the
chanber 120 bei ng operated to performa bulk deposition to treat the
copper as descri bed above with refepe Fig. 2 (d). 10 Al t hough
the present invention has been descripe herns  of sp g‘f i
exenpl ary enbodi nents, it will bs ST%&T

ki atgd- t hat va
nodi fications and al terations m ght those skilled |n the art
W t hout departing from the spirit and s¢ope of the invention as

specified by the 15 foll ow ng cl ai WD 99/ 63590
- 18- PCT/ US99/ 11272 sSLED LAVE CLAI M5
What is clainmed is: 1. A el hegde pets. ;@ ucm the resistivity of
copper deposited on a substrate (w;a.smgq‘-@m&’ rocessing system 5
conprising the steps of: B —EHe SR p% cont ai ni ng noi sture
upon said substrate; and (b) treati ng Gopper wi th energy
to reduce the resistivity of the copperY 10 . The nethod of claim
1, wherein said energy in step (b) S«L;K-Rg"f formof heat . 3. The
met hod of claim 2, wherein said hept ’t'—"r! st ep
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15 (b),further conprises establishing heat treatment conditions of
admtting a Wodssassn flow to a treatnment chanber at a r at RCHPS99/11272
approxi mat el y 1000sccm est abl i shi ng 2(5t r eat ment 6 chanber pressure at

approximately 5.0torr, a treatnent chanber fenperature at approxi mately
450[ err] C and a heater 20 Spactrng of approxi nkat J%;S 'Fé]d sust ai ni ng
sai d heat treat nent cgwaei4ong for approxi ndt ely-30Q0s 1 4 The
met hod of claim 1, M n’sald | i (b) ie~d he formof- a
pl asma. 25 5. The Thod of _Trarmmz,—wherern sard—pl as tr eat nent
step (b) further conpris a "self-annealing" stage pri 40 the plasm

treat nent. 30 6. The net hod of im 5, erein the "self-arnnealing"
stage further conprises admtting |&go n'éa ogen/ hydr ogen flowto a
treatnment chanber at flow rates of approximtéely 500sccm 250sccm and

250sccm respectively, establishing a treat nent chanber preéssure of
approximately 1.5 torr, a 35 treatnent chanber tenperature of approxi mately
450[err] C and a heat er spaci ng of approximtely 400m |s and sustaining
the self-annealing stage for approximately 48 sec. WO 99/ 63590
-19- PCT/ US99/ 11272 7. The rre‘t‘goﬁgaf cl aim 6,
further conprising establishi P
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pl asma treatnent conditions after the "self-annealing" stage of .applykng
an RF si gnal M899%435%ppr oxi mat e frequency of 5 13.56Mz andPﬁTfuﬁi?b\lg?i mat e
power of 450W for approxi mately 6%3@0. 8. The nethod of claim1,
further including the step of: (c) depositing copper wthout

noi sture upon the copper 10 deposited in said step (a) and treated in step

(b). 9. The neth claim1, wherein the deposition step (a) is
acconplished in a CvD nber and the treatnent step (b) is acconpl i shed
in a treatment chanber. 15 10. A method for formng a | ayer of copper

on aprwefer——sad—ret-hed coppr-Sag— he steps
r I YARQRIZER Si ndechafbbiQUID (b)

opper with noi sturd 20 pnPANEL ajer of

ring the wgf er\i?aa treaf\qﬁgg chanber; and
(d) treating the copper to redpce the resijstivitTy. 117" The met hod of
claim 10, wherein said step (d [ her 29 conpri ses eating the wafer
wi th heat. 12. The method of—ctaim.1X..uh i
step (d) further conprises estab}ishy

adm tting a hydrogen H%/to t he

approxi mately 1000scc gblis .
approximately 5. ¢ t r eat ment
450[err] C and a heat er )aci ng of approximately 400

over a |layer of
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programt hat,
waf er  procewpiongssosyst em
supplying a treatnment gas to
copper seed | ayer.
further

foll owi ng additional
copper seed | ayer.
under neat h an
processed in a sem conductor
99/ 63590 -21-
chanbers, the method conpri si
t hr ough sald exi sting |ayer
of said | ayer of copper
energy in the presence
exposed portion.

st ep:
35

TABLE |

exi sting Iayv;
ffeg
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