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An integrated system for depositing ?lms on a substrate for 
copper interconnect is provided. The system includes a pro 
cessing chamber With a plurality of proximity heads, and a 
vacuum transfer module coupled to the processing chamber. 
Selected ones of the proximity heads are used for surface 
treatments and atomic layer depositions (ALDs). The system 
further includes a processing module for copper seed layer 
deposition, Which is integrated With a rinse/dryer to enable 
dry-in/dry-out process capability and is ?lled With an inert 
gas to limit the exposure of the substrate to oxygen. Addition 
ally, the system includes a controlled-ambient transfer mod 
ule coupled to the processing module for copper seed layer 
deposition. Further, the system includes a loadlock coupled to 
the vacuum transfer module and to the controlled-ambient 
transfer module. The integrated system enables controlled 
ambient transitions Within the system to limit exposure of the 
substrate to uncontrolled ambient conditions outside of the 
system. 
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Moving a substrate into a processing chamber with integrated 
surface treatment and ALD deposition 
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Depositing a barrier layer and an optional liner layer with surface 

treatment before and/or after ?lm deposition 
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APPARATUS FOR INTEGRATED SURFACE 
TREATMENT AND DEPOSITION FOR 

COPPER INTERCONNECT 

CLAIM OF PRIORITY 

[0001] This application is a divisional application of US. 
application Ser. No. 11/736,522, entitled “Apparatus and 
Method for Integrated Surface Treatment and Deposition for 
Copper Interconnect”, Which claims priority from US. appli 
cation Ser. No. 11/ 514,038, entitled “Processes and Systems 
for Engineering a Barrier Surface for Copper Deposition” 
?led on Aug. 30, 2006, all of Which are herein incorporated by 
reference. 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0002] This application is related to US. patent application 
Ser. No. 11/736,514, ?led on Apr. 17, 2007 and entitled 
“Apparatus and Method for Pre and Po st Treatment of Atomic 
Layer Deposition,” US. patent application Ser. No. 11/736, 
51 1, ?led on Apr. 17, 2007 and entitled “Apparatus and 
Method for Atomic Layer Deposition,” and US. patent appli 
cation Ser. No. 1 1/736,519, ?led onApr. 17, 2007 and entitled 
“Apparatus and Method for Integrated Surface Treatment and 
Film Deposition.” The disclosure of these related applications 
is incorporated herein by reference in their entireties for all 
purposes. 

BACKGROUND 

[0003] In the fabrication of semiconductor devices such as 
integrated circuits, memory cells, and the like, a series of 
manufacturing operations are performed to de?ne features on 
semiconductor Wafers. The semiconductor Wafers include 
integrated circuit devices in the form of multi-level structures 
de?ned on a silicon substrate. At a substrate level, transistor 
devices With diffusion regions are formed. In subsequent 
levels, interconnect metalliZation lines are patterned and elec 
trically connected to the transistor devices to de?ne a desired 
integrated circuit device. Also, patterned conductive layers 
are insulated from other conductive layers by dielectric mate 
rials. 
[0004] Reliably producing sub-micron and smaller features 
is one of the key technologies for the next generation of very 
large scale integration (VLSI) and ultra large scale integration 
(ULSI) of semiconductor devices. HoWever, the shrinking 
dimensions of interconnect in VLSI and ULSI technologies 
have placed additional demands on the processing capabili 
ties. As circuit densities increase, the Widths of vias, contacts 
and other features, as Well as the dielectric materials betWeen 
them, decrease to sub-micron dimensions (e. g., less than 0.20 
micrometers or less), Whereas the thickness of the dielectric 
layers remains substantially constant, With the result that the 
aspect ratios for the features, i.e., their height divided by 
Width, increase. Many traditional deposition processes have 
dif?culty achieving substantially void-free and seam-free ?ll 
ing of sub-micron structures Where the aspect ratio exceeds 
4: 1. 
[0005] Currently, copper and its alloys have become the 
metals of choice for sub-micron interconnect technology due 
to its loWer resistivity. One problem With the use of copper is 
that copper diffuses into silicon, silicon dioxide, and other 
dielectric materials, Which may compromise the integrity of 
devices. Therefore, conformal barrier layers become increas 
ingly important to prevent copper diffusion. Copper might not 
adhere Well to the barrier layer; therefore, a liner layer might 
need to be deposited betWeen the barrier layer and copper. 
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Conformal deposition of the liner layer is also important to 
provide good step coverage to assist copper adhesion and/or 
deposition. 
[0006] Conformal deposition of the barrier layer on inter 
connect features by deposition methods, such as atomic layer 
deposition (ALD), needs to occur on clean surfaces to ensure 
good adhesion betWeen the barrier layer and/or liner layer, 
and the material(s) the barrier layer deposited upon. Surface 
impurity can become a source of defects during the heating 
cycles of the substrate processing. Pre-treatment can be used 
to remove unWanted compounds from the substrate surface 
prior to barrier deposition. In addition, deposition by ALD 
might need surface pre-treatment to make the substrate sur 
face easier to bond With the deposition precursor to improve 
the quality of barrier layer deposition. 
[0007] Electro-migration (EM) is a Well-knoWn reliability 
problem for metal interconnects, caused by electrons pushing 
and moving metal atoms in the direction of current ?oW at a 
rate determined by the current density. EM in copper lines is 
a surface phenomenon. It can occur Wherever the copper is 
free to move, typically at an interface Where there is poor 
adhesion betWeen the copper and another material, such as at 
the copper/barrier or copper/liner interface. The quality and 
conformality of the barrier layer and/ or liner layer can cer 
tainly affect the EM performance of copper interconnect. It is 
desirable to perform the ALD barrier and liner layer deposi 
tion right after the surface pre-treatment, since the pre-treated 
surface might be altered if the surface is exposed to oxygen or 
other contaminants for a period of time. 
[0008] A post-treatment after barrier and/ or liner layer 
deposition prior to the deposition of copper can improve the 
adhesion betWeen the barrier or liner layer With copper by 
removing impurities from the substrate surface. In addition, a 
post-treatment after barrier or liner layer deposition prior the 
deposition of a copper seed layer by electroless method can 
increase nucleation sites for copper seed layer deposition, 
Which can improve the ?lm quality of the copper seed layer. 
[0009] In vieW of the foregoing, there is a need for inte 
grated systems and methods that perform substrate surface 
treatment and ?lm deposition for copper interconnect With 
improved metal migration performance and reduced void 
propagation. 

SUMMARY 

[0010] Broadly speaking, the embodiments ?ll the needs 
for integrated systems that perform substrate surface treat 
ment and ?lm deposition for copper interconnect With 
improved metal migration performance and reduced void 
propagation. It should be appreciated that the present inven 
tion can be implemented in numerous Ways, including as a 
solution, a method, a process, an apparatus, or a system. 
Several inventive embodiments of the present invention are 
described beloW. 
[0011] In one embodiment, an integrated system for depos 
iting ?lms on a substrate for copper interconnect is provided. 
The integrated system includes a processing chamber having 
a plurality of proximity heads, and selected ones of the prox 
imity heads are used for surface treatments and atomic layer 
depositions (ALDs). The integrated system also includes a 
vacuum transfer module coupled to the processing chamber. 
The vacuum transfer module is used to transfer the substrate 
in the integrated system. Further, the integrated system 
includes a processing module for copper seed layer deposi 
tion. The processing module for performing copper seed layer 
deposition is integrated With a rinse/dryer to enable dry-in/ 
dry-out process capability and is ?lled With an inert gas to 
limit the exposure of the substrate to oxygen. Additionally, 
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the integrated system includes a controlled-ambient transfer 
module coupled to the processing module for copper seed 
layer deposition, and a loadlock coupled to the vacuum trans 
fer module and to the controlled-ambient transfer module. 
The loadlock is used to assist transferring the substrate 
betWeen the vacuum transfer module and to the controlled 
ambient transfer module, Wherein the integrated system 
enables controlled-ambient transitions Within the integrated 
system to limit exposure of the substrate to uncontrolled 
ambient conditions outside of the integrated system. 

[0012] In another embodiment, an integrated system for 
depositing ?lms on a substrate for copper interconnect is 
provided. The integrated system includes a cassette for hold 
ing the substrate before and after the substrate being pro 
cessed in the integrated system, and a processing chamber 
With a plurality of proximity heads. Selected ones of the 
proximity heads are used for surface treatments and atomic 
layer depositions (ALDs), and the processing chamber is 
con?gured to operate under vacuum. The integrated system 
further includes a vacuum transfer module coupled to the 
processing chamber, and the vacuum transfer module is used 
to transfer the substrate in the integrated system. In addition, 
the integrated system includes a ?rst loadlock coupled to the 
cassette and to the vacuum transfer module and to the pro 
cessing chamber With the plurality of proximity heads, and 
the ?rst loadlock is used to assist transferring the substrate 
betWeen the cassette and the vacuum transfer module. Addi 
tionally, the integrates system includes a processing module 
for copper seed layer deposition, and the processing module 
for performing copper seed layer deposition is integrated With 
a rinse/dryer to enable dry-in/dry-out process capability and 
is ?lled With an inert gas to limit the exposure of the substrate 
to oxygen. The integrated system also includes a controlled 
ambient transfer module coupled to the processing module 
for copper seed layer deposition, and a second loadlock 
coupled to the vacuum transfer module and to the controlled 
ambient transfer module. The second loadlock is used to 
assist transferring the substrate betWeen the vacuum transfer 
module and to the controlled-ambient transfer module. The 
integrated system enables controlled-ambient transitions 
Within the integrated system to limit exposure of the substrate 
to uncontrolled ambient conditions outside of the integrated 
system. 
[0013] In yet another embodiment, an integrated system for 
depositing ?lms on a substrate for copper interconnect is 
provided. The integrated system includes a processing cham 
ber having a plurality of proximity heads and selected ones of 
the proximity heads are used for surface treatments and 
atomic layer depositions (ALDs). The integrated system also 
includes a vacuum transfer module coupled to the processing 
chamber, and the vacuum transfer module is used to transfer 
the substrate in the integrated system. The integrated system 
further includes a processing module for copper seed layer 
deposition, a controlled-ambient transfer module coupled to 
the processing module for copper seed layer deposition, and 
a loadlock coupled to the vacuum transfer module and to the 
controlled-ambient transfer module. The loadlock is used to 
assist transferring the substrate betWeen the vacuum transfer 
module and to the controlled-ambient transfer module. The 
controlled-ambient transfer module and the processing mod 
ule for performing copper seed layer deposition are ?lled With 
an inert gas to limit the exposure of the substrate to oxygen. 
The integrated system enables controlled-ambient transitions 
Within the integrated system to limit exposure of the substrate 
to uncontrolled ambient conditions outside of the integrated 
system. 
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[0014] Other aspects and advantages of the invention Will 
become apparent from the folloWing detailed description, 
taken in conjunction With the accompanying draWings, illus 
trating by Way of example the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The present invention Will be readily understood by 
the folloWing detailed description in conjunction With the 
accompanying draWings, and like reference numerals desig 
nate like structural elements. 
[0016] FIG. 1A shoW an exemplary cross section of an 
interconnect structure prior to barrier layer deposition, in 
accordance of an embodiment of the current invention. 
[0017] FIG. 1B shoW an exemplary cross section of an 
interconnect structure after deposition of barrier layer depo 
sition and copper, in accordance of an embodiment of the 
current invention. 
[0018] FIG. 2 shoWs an exemplary ALD deposition cycle. 
[0019] FIG. 3 shoWs a cross-sectional diagram of an ALD 
?lm groWn With limited groWth sites in the beginning of ALD 
deposition. 
[0020] FIG. 4A shoWs a schematic diagram of a proximity 
headALD chamber, in accordance With an embodiment of the 
current invention. 
[0021] FIG. 4B shoWs a schematic diagram of a proximity 
head for ALD, in accordance With an embodiment of the 
current invention. 
[0022] FIG. 4C shoWs a schematic diagram of a proximity 
head forALD coupled to an RF poWer source over a substrate 
and a grounded substrate support, in accordance With an 
embodiment of the current invention. 
[0023] FIG. 4D shoWs a schematic diagram of a thin ?lm 
deposited by proximity head ALD, in accordance With an 
embodiment of the current invention. 
[0024] FIG. 5A shoWs a schematic diagram of a chamber 
With a surface treatment proximity head, in accordance With 
an embodiment of the current invention. 
[0025] FIG. 5B shoWs a schematic diagram of a proximity 
head for surface treatment, in accordance With an embodi 
ment of the current invention. 
[0026] FIG. 6A shoWs plurality of proximity heads for sur 
face treatment and deposition over a substrate, in accordance 
With an embodiment of the current invention. 
[0027] FIG. 6B shoWs plurality of proximity heads for sur 
face treatment and deposition over a substrate, in accordance 
With another embodiment of the current invention. 
[0028] FIG. 7A shoWs a process How for surface treatment 
and ?lm deposition for copper interconnect, in accordance 
With one embodiment of the current invention. 
[0029] FIG. 7B shoWs an integrated system for surface 
treatment and ?lm deposition for copper interconnect, in 
accordance With one embodiment of the current invention. 

DETAILED DESCRIPTION OF THE 
EXEMPLARY EMBODIMENTS 

[0030] Several exemplary embodiments of integrated appa 
ratus (or systems) and methods for substrate surface treat 
ment and ?lm deposition for copper interconnect are detailed. 
Substrate pre-treatment prior to barrier layer deposition can 
either remove surface contaminants or can activate surface for 
barrier layer atomic layer deposition (ALD). Substrate post 
treatment after ?lm deposition can either remove surface 
contaminants or prepare the substrate surface for deposition 
of another ?lm, such as a copper seed layer. Pre-treatment and 
post-treatment proximity heads can be integrated With an 
atomic layer deposition (ALD) proximity head to complete 
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the ?lm deposition and surface treatment in one chamber. 
Afterwards, the substrate can be moved into a copper seed 
layer deposition chamber in the same integrated system for 
copper seed layer deposition. The substrate is either trans 
ferred under vacuum or in a controlled ambient to limit the 
exposure to oxygen or other contaminants. ALD barrier layer, 
ALD liner layer, and copper seed layer deposited on clean or 
activated surfaces yield good electro-migration (EM) perfor 
mance, and avoid delamination and void propagation. 
[0031] It should be appreciated that the present invention 
can be implemented in numerous ways, including a process, 
a method, an apparatus, or a system. Several inventive 
embodiments of the present invention are described below. It 
will be apparent to those skilled in the art that the present 
invention may be practiced without some or all of the speci?c 
details set forth herein. 
[0032] FIG. 1A shows an exemplary cross-section of an 
interconnect structure(s) after being patterned by using a dual 
damascene process sequence. The interconnect structure(s) is 
on a substrate 50 and has a dielectric layer 100, which was 
previously fabricated to form a metalliZation line 101 therein. 
The metalliZation line is typically fabricated by etching a 
trench into the dielectric 100 and then ?lling the trench with 
a conductive material, such as copper. 

[0033] In the trench, there is a barrier layer 120, used to 
prevent the copper material 122, from diffusing into the 
dielectric 100. The barrier layer 120 can be made of PVD 
tantalum nitride (TaN), PVD tantalum (Ta), ALD TaN, or a 
combination of these ?lms. Other barrier layer materials can 
also be used. Alternatively, a liner layer can be deposited 
between the barrier layer 120 and the copper material 122 to 
increase the adhesion between the copper material 122 and 
the barrier layer 120. Another barrier layer 102 is deposited 
over the planariZed copper material 122 to protect the copper 
material 122 from premature oxidation when via holes 114 
are etched through overlying dielectric materials 104, 106 to 
the barrier layer 102. The barrier layer 102 is also con?gured 
to function as a selective etch stop and a copper diffusion 
barrier. Exemplary barrier layer 102 materials include silicon 
nitride (SiN) or silicon carbide (SiC). 
[0034] A via dielectric layer 104 is deposited over the bar 
rier layer 102. The via dielectric layer 104 can be made of a 
material with a low dielectric constant. Over the via dielectric 
layer 104 is a trench dielectric layer 106. The trench dielectric 
layer 106 may be a low K dielectric material, which can be a 
material same as or different from layer 104. In one embodi 
ment, both the via and trench dielectric layers are made of the 
same material, and deposited at the same time to form a 
continuous ?lm. After the trench dielectric layer 106 is depos 
ited, the substrate 50 that holds the structure(s) undergoes 
patterning and etching processes to form the via holes 1 14 and 
trenches 116 by known art. 
[0035] FIG. 1B shows that after the formation of via holes 
114 and trenches 116, a barrier layer 130, an optional liner 
layer 131, and a copper layer 132 are deposited to line and ?ll 
the via holes 114 and the trenches 116. The barrier layer 130 
can be made by materials, such as tantalum nitride (TaN), 
tantalum (Ta), Ruthenium (Ru), or a hybrid combination of 
these ?lms. Barrier layer materials may be other refractory 
metal compound including but not limited to titanium (Ti), 
titanium nitride (TiN), tungsten (W), Zirconium (Zr), hafnium 
(Hf), molybdenum (Mo), niobium (Nb), vanadium (V), and 
chromium (Cr), among others. 
[0036] The optional liner layer 131 can be made by mate 
rials, such as tantalum (Ta), and Ruthenium (Ru). Liner layer 
materials may be other refractory metal compound including 
but not limited to titanium (Ti), titanium nitride (TiN), tung 
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sten (W), Zirconium (Zr), hafnium (Hf), molybdenum (Mo), 
niobium (Nb), vanadium (V), and chromium (Cr), among 
others. While these are the commonly considered materials, 
other barrier layer and liner layer materials can also be used. 
A copper layer 132 is then deposited to ?ll the via holes 114 
and the trenches 116. A copper seed layer 133 can be depos 
ited prior to the gap-?lling copper ?lm 132 is deposited. 
[0037] As discussed above, before depositing a metallic 
barrier layer 130, the substrate surface can have residual 
contaminants left from etching the dielectric layers 104, 106 
and the barrier layer 102 to allow the metallic barrier layer 
130 to be in contact with the copper material 122. A cleaning 
process, such as Ar sputtering, can be used to remove surface 
contaminant. Also as discussed above, conformal deposition 
of metallic barrier layer 130 by ALD might need surface 
pre-treatment to make the substrate surface easier to bond 
with the deposition precursor. The reason is described below. 

[0038] Atomic layer deposition (ALD) is known to produce 
thin ?lm with good step coverage. ALD is typically accom 
plished by using multiple pulses, such as two pulses, of reac 
tants with gas purge in between, as shown in FIG. 2. For 
metallic barrier deposition, a pulse of barrier-metal-contain 
ing reactant (M) 201 is delivered to the substrate surface, 
followed by a pulse of purging gas (P) 202. The pulse of 
barrier-metal-containing reactant 201 delivered to the sub 
strate surface to form a monolayer of barrier metal, such as Ta, 
on the substrate surface. In one embodiment, the pulse of 
purging gas is a plasma-enhanced (or plasma-assisted) gas. 
The barrier metal, such as Ta, bonds to the substrate surface, 
which can be made of a dielectric material, such as low-k 
materials 104, 106 of FIG. 1A, and/or a conductive material, 
such as copper material 122 of FIG. 1A. The purge gas 202 
removes the excess barrier-metal-containing reactant 201 
from the substrate surface. 

[0039] Following the pulse of the purging gas 202, a pulse 
of reactant (B) 203 is delivered to the substrate surface. If the 
barrier material contains nitrogen, such as TaN, the reactant 
(B) 203 is likely to contain nitrogen. The reactant (B) 203 can 
be nitrogen-containing gas to form TaN with the Ta on the 
substrate. Examples of reactant (B) 203 include ammonia 
(NH3), N2, and NO. Other N-containing precursors gases 
may be used including but not limited to NxHy for x and y 
integers (e.g., N2H4), N2 plasma source, NH2N(CH3)2, 
among others. If the barrier material contains little or no 
nitrogen, the reactant (B) 203 can be a hydrogen-containing 
reducing gas, such as H2. H2 is a reducing gas that reacts with 
the ligand bounding with the barrier-metal in reactant M 201 
to terminate the ?lm deposition. Following pulse 203 is a 
pulse of purging gas 204. Reactants M, B, and purge gas P can 
be plasma enhanced or thermally excited. In one embodi 
ment, the pulse of reactant (B) 203 is a plasma-enhanced (or 
plasma-assisted). 
[0040] However, in some situations, the substrate surface 
does not possess ample bonding sites for all the potential 
locations on the surface. Accordingly, the barrier-metal-con 
taining reactant M (or precursor) bonding to the surface can 
result in the formation of islands and grains which are su?i 
ciently far apart to form poor quality ALD ?lm. FIG. 3 shows 
an ALD ?lm with islands 301 that are grown with limited 
growth sites in the beginning ofALD deposition. Between the 
islands 301, there are voids 303 along the surface of the 
substrate. Substrate surface, such as SiO2 or low-k material, 
can be quite inert and not easy to bond with for barrier metal 
in the barrier-metal-containing reactant M. Surface treatment 
by OH, O, or O radical exposure can e?iciently insert HOH 
into the SiOSi to generate 2 SiiOH surface species that are 
highly reactive with the barrier-metal-containing reactant M. 
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The introduction of the pre-treatment plasma into the pro 
cessing chamber containing the substrate can result in the 
formation of surface species at various desired bonding sites. 
In order to groW continuous interfaces and ?lms, one embodi 
ment of the present invention is to pre-treat the surface of the 
substrate prior to ALD in order to make the surface more 
susceptible to ALD, due to more deposition sites. 
[0041] Due to the relatively long deposition cycle of con 
ventional ALD process, the deposition rate (or throughput) 
for some barrier or liner layers, such as Ru, is considered too 
loW from manufacturing standpoint. In order to improve the 
deposition rate, neW systems and methods of using a proxim 
ity head for ALD of barrier layer and/or liner layer are 
invented. Details of using a proximity head to deposit anALD 
?lm are described in commonly assigned US. patent appli 
cation Ser. No. 11/736,511, entitled “Apparatus and Method 
for Atomic Layer Deposition,” Which is ?led on the same day 
as the instant application. This application is incorporated 
herein by reference in its entirety. The ALD proximity head is 
brie?y introduced beloW. 
[0042] FIG. 4A shoWs a schematic diagram of an ALD 
reactor 400 With a proximity head 430. In reactor 400, there is 
a substrate 410 disposed on a substrate support 420. The 
proximity head 430 is supported above substrate 410 and 
covers only a portion of substrate surface. BetWeen the prox 
imity head 430 and the substrate 410, there is a reaction 
volume 450. 

[0043] A gas inlet 440 and a vacuum line 465 are coupled to 
the proximity head 430. The gas inlet 440 supplies reactants 
and purging gas to process chamber 400. The gas inlet 440 
can be coupled to a plurality of containers that store reactants 
and purging gas. The gas inlet 440 can be coupled to a con 
tainer 441 that stores a ?rst reactant, such as reactant M 
described in FIG. 2. The gas inlet 440 can also be coupled to 
a container 443 that supplies a second reactant, such as reac 
tant B described in FIG. 2. As described above, reactant B can 
be plasma assisted. Reactant B can be supplied by a reactor 
443' that generate plasmariZed reactant B. Alternatively, the 
substrate support 420 can be coupled to a radio frequency 
(RF) generator to generate a plasma of reactant B When reac 
tant B is dispensed into the reaction volume 450, instead of 
supplying plasmariZed reactant B from reactor 443'. Another 
alternative is to couple an RF generator 473 to the proximity 
head 430 to generate plasma. In one embodiment, one elec 
trode is coupled to the RF generator and the other electrode is 
grounded, during plasma generation. 
[0044] The gas inlet 440 is coupled to a container 445 that 
stores a purging gas. Reactant M, purging gas and reactant B 
can be diluted by a carrier gas, Which can be an inert gas. 
During ALD deposition cycles, one of reactants M, B and 
purging gas P is supplied to the gas inlet 440. The on and off 
of gas supplies of these gas are controlled by valves 451, 453, 
and 454. The other end of the vacuum line 465 is a vacuum 
pump 460. The reaction volume 450 in FIG. 4a is much 
smaller than the reaction volume in a conventional ALD 
chamber. The deposition rate of proximity head ALD of bar 
rier layer can be 10 times or higher than the deposition rate of 
conventional ALD. 

[0045] FIG. 4B shoWs one embodiment of a proximity head 
430 disposed above substrate 410, With a reaction volume 450 
betWeen the proximity head 430 and substrate 410. The sub 
strate surface under the reaction volume 450 is an active 
surface region 455. The proximity head 430 has one or more 
gas channels 411 that supplies reactant M, B, or purging gas 
P. On both sides of the gas channel 411, there are vacuum 
channels 413, 415 pumping excessive reactant M, B, purging 
gas, and/or reactant byproducts from the reaction volume 
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450. Reactant M, B, and purging gas P is passed through the 
gas channel 411 sequentially, such as the sequence shoWn in 
FIG. 2. Gas channel 411 is coupled to the gas inlet 440. When 
a pulse of gas, either reactant M, B, or purging gas P, is 
injected from the gas channel 411 to the substrate surface, the 
excess amount of gas is pumped aWay from the substrate 
surface by the vacuum channels 413, 415, Which keeps the 
reaction volume small and reduces the purging or pumping 
time. Since the reaction volume is small, only small amount 
of reactant is needed to cover the small reaction volume. 
Similarly only small amount of purging gas is needed to purge 
the excess reactant from the reaction volume 450. In addition, 
the vacuum channels are right near the small reaction volume 
450, Which assists the pumping and purging of the excess 
reactants, purging gas, and reaction byproducts from the sub 
strate surface. As a consequence, the pulse times ATM, ATE, 
AT P1, and ATP2 for reactants M, B, and purging gas P respec 
tively, can be greatly reduced. 
[0046] As a consequence, the ALD cycle time can be 
reduced and the throughput can be increased. Details of Why 
ALD by proximity head has higher throughput than conven 
tional ALD are discussed commonly assigned US. patent 
application Ser. No. 11/736,511, entitled “Apparatus and 
Method for Atomic Layer Deposition,” Which is mentioned 
above. 
[0047] The proximity head for ALD can also have multiple 
sides With different sides dispensing different types of pro 
cessing gases. Rotating the proximity head from side to side 
alloWs the ALD cycle to be completed and a thin ?lm being 
deposited. 
[0048] FIG. 4C shoWs a schematic top vieW of an embodi 
ment of proximity head 430 of FIGS. 4A and 4B on top of a 
substrate 410. Proximity head 430 moves across the substrate 
surface. In this embodiment, the length of the proximity head 
L PH is equal to or greater than the diameter of the substrate. 
The reaction volume under the proximity head covers the 
substrate surface underneath. By moving the proximity head 
across the substrate once, the entire substrate surface is 
deposited With a thin ?lm of the barrier or liner layer. In 
another embodiment, the substrate 410 is moved under the 
proximity head 430. In yet another embodiment, both the 
proximity head 430 and the substrate 410 move, but in oppo 
site directions to cross each other. The thickness of the thin 
?lm deposited can be controlled by the speed the proximity 
head 430 move across the substrate 410. 

[0049] FIG. 4D shoWs a schematic cross-sectional diagram 
of a thin barrier or liner layer 420 deposited on a substrate 
410, in accordance With one embodiment of the current inven 
tion. At the edge of substrate 410, a small section 421 of thin 
barrier or liner layer 420 is deposited under the proximity 
head. After section 421 is deposited, the proximity is moved 
toWards left to deposit another section 422, Which overlaps 
section 421 slightly. Section 423 folloWs section 422, and 
section 424 folloWs section 423, and so on. At the other edge 
of the substrate, the deposition process stops and a complete 
thin ?lm 410 is formed. 

[0050] As discussed above, in order to groW continuous 
interfaces and ?lms, one embodiment of the present invention 
is to pre-treat the surface of the substrate prior to ALD in order 
to have the surface more susceptible to ALD. In addition, after 
barrier layer and/or liner layer is deposited on the substrate 
surface, the surface can be post-treated to remove any surface 
contaminant or to reduce impurities in the ?lm, or to densify 
the ?lm. Post-treatment can also enhance nucleation of cop 
per seed layer deposited by an electroless process in a similar 
mechanism described above for pre-treatment prior to barrier 
layer deposition. Copper seed layer With enhanced nucleation 
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has better ?lm quality and results in better reliability (such as 
EM performance) and avoids delamination and void propa 
gation. Surface pre-treatment and post-treatment can be per 
formed by proximity heads. Details of using proximity heads 
for surface treatment are described in commonly assigned 
US. patent application Ser. No. 1 1/ 736,514, entitled “Appa 
ratus and Method for Pre and Po st Treatment of Atomic Layer 
Deposition,” Which is ?led on the same day as the instant 
application. This application is incorporated herein by refer 
ence in its entirety. Surface treatment using proximity is 
brie?y introduced beloW. 
[0051] FIG. 5A shoWs a schematic diagram of a chamber 
500 for substrate surface treatment With a proximity head 
530. In chamber 500, there is a substrate 510 disposed on a 
substrate support 520. The proximity head 530 is supported 
above substrate 510. BetWeen the proximity head 530 and the 
substrate 510, there is a reaction volume 550. Since the prox 
imity head 530 only covers a portion of the substrate surface, 
the reaction volume 550 is much smaller than conventional 
surface treatment that applies to the entire substrate surface. 
[0052] A gas inlet 540 and a vacuum line 565 are coupled to 
the proximity head 530. The other end of the vacuum line 565 
is a pump 560. The gas inlet 540 supplies reactant gas to 
process chamber 500. The excess treatment gas is pumped 
aWay from the reaction volume 550 by the vacuum line 565. 
The gas inlet 540 can be coupled to a container 541 that stores 
a treatment gas, such as H2. The treatment gas can be diluted 
With an inert gas. As described above, the treatment gas can be 
plasma assisted. In one embodiment, the plasmariZed treat 
ment gas is supplied by a reactor 541' that plasmariZes the 
treatment gas. Alternatively, the substrate support 520 can be 
coupled to a radio frequency (RF) generator 570 to generate 
plasma to plasmariZe treatment gas When treatment gas is 
dispensed into the reaction volume 550, instead of supplying 
plasmariZed treatment from reactor 541'. Another alternative 
is to couple an RF generator 573 to the proximity head 530 to 
generate plasma. The inert gas canbe used to sustain chamber 
pressure or to sustain plasma. 

[0053] FIG. 5B shoWs one embodiment of a proximity head 
530 disposed above substrate 510, With a reaction volume 450 
betWeen the proximity head 530 and substrate 510. The prox 
imity head 530 has one or more gas channels 511 that supply 
treatment gas. On both sides of the gas channel 511, there are 
vacuum channels 513, 515 pumping excess treatment gas(es) 
from the reaction volume 550. Gas channel 51 1 is coupled the 
container of the treatment gas. When treatment gas is injected 
from the gas channel 511 to the substrate surface, the excess 
amount of gas is pumped aWay from the substrate surface by 
the vacuum channels 513, 515, Which limits the reaction 
volume to be substantially beloW the proximity head 530. 
[0054] The processing gases for ALD by proximity head 
and the treatment gas for surface treatment by proximity head 
can be plasma-enhanced or excited by other means, such as by 
thermal excitation, by UV, or by laser. 
[0055] ALD proximity head(s), pre-treatment proximity 
head(s), and/ or post-treatment proximity head(s) can be inte 
grated in one single process chamber to complete the depo 
sition and treatment processes. In one embodiment, for a 
substrate to be deposited With a thin barrier layer, such as TaN, 
and a liner layer, such as Ru, the substrate can be pre-treated 
to clean the substrate surface or the substrate surface can be 
pre-treated to prepare the surface for barrier layerALD depo 
sition, as discussed above. After barrier layer deposition and 
liner layer deposition, the substrate surface can be posted 
treated to prepare the surface for copper seed layer deposi 
tion. In a single and integrated deposition/ treatment chamber, 
the substrate is pre-treated, deposited With a barrier layer and 
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a liner layer, and post-treated. FIG. 6A shoWs a substrate 610 
With a plurality of proximity treatment and deposition heads 
over the substrate 610. Pre-treatment proximity head 620 is 
used to pre-treat the substrate surface either to remove impu 
rities or to prepare the substrate surface forALD. BetWeen the 
proximity head 620 and the surface of substrate 610, there is 
a reaction volume 660. The substrate surface beloW the reac 
tion volume 660 is an active process region 670. BetWeen the 
proximity head 620 and the surface of substrate 610, there is 
a reaction volume 660. The substrate surface beloW the reac 
tion volume 660 is an active process region 670. Next to 
pre-treatment proximity head 620 is an ALD1 proximity head 
630 used to deposit a barrier layer on the substrate. After the 
ALD1 proximity head 630 is an ALD2 proximity head 640 
used to deposit a liner layer on the substrate. After the liner 
layer is deposited, the substrate is post-treated either to 
remove impurities or to prepare the substrate surface for 
copper seed layer deposition folloWing. The post-treatment is 
performed by a post-treatment proximity head 650. The vari 
ous proximity heads move sequentially across the substrate 
surface to complete treatment and deposition surface. The 
treatment and deposition processes can occur simultaneously 
or in sequence. 

[0056] In addition, not every proximity head in the process 
chamber needs to be used for processing. For example, if 
pre-treatment is not needed for some types of substrates, the 
pre-treatment proximity head can move across the substrate 
With ALD1 proximity head, ALD2 proximity head, and post 
treatment proximity head, but no treatment gas is dispensed 
from the pre-treatment proximity head. 
[0057] The embodiment shoWn in FIG. 6A is only an 
example of integrating treatment proximity head With depo 
sition proximity head. Other combinations are possible. For 
example, there could be a surface treatment after the barrier 
layer is deposited and before the deposition of the liner layer. 
FIG. 6B shoWs an embodiment With a surface treatment 
betWeen tWo deposition steps. Inter-treatment proximity head 
635 is inserted betWeenALD1 proximity head 630 and ALD2 
proximity head 640. 
[0058] The proximity head surface treatment chamber can 
be integrated With ALD proximity heads to complete surface 
treatment and barrier/liner layer(s) deposition in one process 
chamber. Details of integrating proximity heads forALD With 
proximity heads for surface treatment are described in com 
monly assigned US. patent application Ser. No. 11/736,519, 
entitled “Apparatus and Method for Integrated Surface Treat 
ment and Film Deposition,” Which is ?led on the same day as 
the instant application. The application is incorporated herein 
by reference in its entirety. 
[0059] The gap distance betWeen the proximity head and 
the substrate for surface treatment is small and is betWeen 
about 5 mm to about 10 mm. The gap distance betWeen the 
proximity head and the substrate during ALD changes from 
side to side and is less than about 5 mm, such as 1 mm. The 
gap distance betWeen the different proximity head and sub 
strate surface can be different for different proximity heads in 
the chamber. 

[0060] Once the substrate completes processing in the inte 
grated surface treatment and deposition system, such as the 
ones in FIGS. 6A and 6B, the substrate is ready for electroless 
deposition (ELD) of copper seed layer. The substrate should 
not be exposed to oxygen or other contaminants to ensure the 
surface is ready for depositing high-quality electroless copper 
seed layer. To achieve controlled and limited exposure to 
oxygen or to protect the surface from contaminants, the sub 
strate should be transferred or processed in controlled envi 
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ronment, such as an environment under vacuum or an envi 
ronment ?lled With an inert gas. 

[0061] FIG. 7A shows an embodiment of a process How 
700 of depositing a barrier layer, an optional liner layer, an 
electroless copper seed layer, and a copper gap-?ll layer to ?ll 
an interconnect structure. The barrier layer and the optional 
liner layer are deposited in an integrated chamber that has the 
process capability of surface treatment. At step 701, the sub 
strate is moved into a process chamber With integrated surface 
treatment and ALD deposition. As described above, the inte 
grated surface treatment and ALD deposition chamber uses 
proximity heads for surface treatment and ALD deposition, 
since proximity heads alloW integration of multiple process 
ing heads in one processing chamber. 
[0062] At step 703, the substrate surface is processed in the 
process chamber With integrated surface treatment and ALD 
deposition to deposit a barrier layer and an optional liner layer 
With surface treatment before and/ or after ?lm deposition. In 
one embodiment, the substrate surface before ?lm deposition, 
such as the one shoWn in FIG. 1A, is pre-treated to prepare the 
surface for barrier layer deposition. The surface is either 
cleaned to remove surface contaminants or treated With a 
treatment gas to increase deposition groWn sites, as described 
above. In one embodiment, substrate surface of the intercon 
nect feature, such as surface 12211 of FIG. 1A, could have 
been oxidized to have formed a metal oxide. The metal oxide 
can be removed by anAr sputtering process, a plasma process 
using a ?uorine-containing gas, such as NF3, CF4, or a com 
bination of both. Alternatively, the dielectric surfaces of 
openings 114, 116 might need to be plasma treated to increase 
deposition sites to improve ?lm quality, as described above. 
For some barrier layer, such as TaN, a liner layer, such as Ru, 
might be needed before copper deposition. For other barrier 
layer, such as Ru, the liner layer might not be needed. In one 
embodiment, the barrier layer is TaN and the thickness of the 
barrier layer is betWeen about 20 A to about 200 A. The liner 
layer is Ru and the thickness of the liner layer is betWeen 
about 20 A to about 200 A. 
[0063] After the barrier layer and the optional liner layer are 
deposited, the substrate can be post-treated, as described 
above, to remove surface contaminants or to prepare the sub 
strate surface copper seed layer deposition. Therefore, the 
integrated chamber can include a proximity head for post 
treatment. In one embodiment, the barrier layer is hydro gen 
plasma treated to produce a metal-rich surface on the Ta, TaN, 
or Ru layer to provide a catalytic surface for the subsequent 
copper seed deposition step. 
[0064] At step 705, the substrate is moved into a copper 
seed layer deposition chamber. At step 707, a copper seed 
layer is deposited. In one embodiment, the thickness of the 
copper seed layer is betWeen about 25 A to about 200 A. In 
another embodiment, the thickness of the copper seed layer is 
betWeen about 50 A to about 100 A. In one embodiment, the 
copper seed layer is deposited by an electroless process. The 
thick copper bulk ?ll process can be deposited by an electro 
less deposition (ELD) process or by an electrochemical plat 
ing (ECP) process. At step 709, the substrate is moved to a 
copper-plating chamber. HoWever, if the copper gap-?ll layer 
is deposited by ELD, this step can be skipped (optional step), 
since the gap-?ll layer deposition Will be done in the same 
processing chamber as the seed layer. At step 711, a copper 
gap ?ll layer is deposited. 
[0065] Electroless copper deposition and ECP are Well 
knoWn Wet process. For a Wet process to be integrated in a 
system With controlled processing and transporting environ 
ment, the reactor needs to be integrated With a rinse/dryer to 
enable dry-in/dry-out process capability. In addition, the sys 
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tem needs to be ?lled With inert gas to ensure minimal expo 
sure of the substrate to oxygen. Recently, a dry-in/dry-out 
electroless copper process has been developed. Further, all 
?uids used in the process are de-gassed, i.e. dissolved oxygen 
is removed by commercially available degassing systems. 
Details of apparatus and methods of integrating Wet and dry 
processes are described in commonly assigned US. patent 
application Ser. No. ll/5 14,038, entitled “Processes and Sys 
tems for Engineering a Barrier Surface for Copper Deposi 
tion” ?led on Aug. 30, 2006, Which is incorporated herein by 
reference in its entirety. 
[0066] The electroless deposition process can be carried 
out in a number of Ways, such as puddle-plating, Where ?uid 
is dispensed onto a substrate and is alloWed to react in a static 
mode, after Which the reactants are removed and discarded, or 
reclaimed. In another embodiment, the process uses a prox 
imity process head to limit the electroless process liquid is 
only in contact With the substrate surface on a limited region. 
The substrate surface not under the proximity process head is 
dry. Details of such process and system can be found in US. 
application Ser. No. 10/607,611, titled “Apparatus And 
Method For DepositingAnd PlanariZing Thin Films Of Semi 
conductor Wafers,” ?led on Jun. 27, 2003, and US. applica 
tion Ser. No. 10/ 879,263, titled “Method and Apparatus For 
Plating Semiconductor Wafers,” ?led on Jun. 28, 2004, both 
of Which are incorporated herein in their entireties. 
[0067] After copper deposition at steps 707 and 711, the 
substrate can be optionally moved into a substrate cleaning 
chamber to undergo an optional substrate cleaning at step 
713. Post-copper-deposition clean can be accomplished by 
using a brush scrub clean With a chemical solution, such as a 
solution containing CP72B supplied by Air Products and 
Chemical, Inc. of AllentoWn, Pa. Other substrate surface 
cleaning processes can also be used. 
[0068] FIG. 7B shoWs an embodiment of a schematic dia 
gram of an integrated system 750 that alloWs minimal expo 
sure of substrate surface to oxygen or other contaminants 
after barrier surface preparation. In addition, since it is an 
integrated system, the substrate is transferred from one pro 
cess station immediately to the next process station, limiting 
the duration that the clean or treated barrier layer or liner layer 
surface is exposed to oxygen. The integrated system 750 can 
be used to process substrate(s) through the process sequence 
of How 700 of FIG. 7A. 

[0069] As described above, the pre-treatment and post 
treatment for barrier/liner layer deposition, ALD of barrier 
and liner layers, and electroless deposition of copper seed 
layer, copper gap-?ll layer deposition, and the optional post 
copper gap-?ll deposition involve a mixture of dry and Wet 
processes. The Wet processes are typically operated near 
atmosphere, While the dry plasma processes are operated at 
less than 1 Torr. Therefore, the integrated system needs to be 
able to handle a mixture of dry and Wet processes. 

[0070] The integrated system 750 has 2 substrate transfer 
modules 755, and 757. Transfer modules 755 and 757 are 
equipped With robots to move substrate 751 from one process 
area to another process area. The process area could be a 
substrate cassette, a reactor, or a loadlock. Substrate transfer 
module 755 is operated under vacuum, at a pressure less than 
about 1 Torr. Substrate transfer module 755 is coupled to a 
process chamber 756 for integrated surface treatment and 
ALD, Which is also operated under vacuum, at a pressure less 
than 1 Torr. In one embodiment, vacuum transfer module 755 
interfaces With a substrate loader (or substrate cassette) 752 to 
bring the substrate 751 into the integrated system or to return 
the substrate to the cassette 752. BetWeen the vacuum transfer 
module 755 and the cassette 752, there is a loadlock 753 to 
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assist transferring the substrate betWeen the atmospheric cas 
sette 752 and the vacuum transfer module 755, Which is 
operated under vacuum at a pressure compatible With pro 
cessing chamber(s), such as processing chamber 756, 
attached. For example, if the substrate 751 is to be transferred 
from the atmospheric cassette 752 to the vacuum transfer 
module 755, the pressure of the loadlock 753 is ?rst being 
brought to be atmospheric to alloW the substrate 751 to be 
transferred from the atmospheric cassette 752 to the loadlock 
753. After the substrate 751 is in the loadlock 753 and the 
loadlock door(s) is closed, the loadlock 753 is pumped to be 
in vacuum to alloW the substrate 751 to be transferred from 
the loadlock 753 to the vacuum transfer module 755. 

[0071] As described above in process How 700, the sub 
strate 751 is brought to the integrated system 750 to deposit 
barrier/liner layer(s) and copper seed layer, and a copper 
gap-?ll layer. As described in step 701 of process How 700, 
substrate 751 is moved to process module 756 With a chamber 
756 for integrated surface treatment and ALD barrier/liner 
deposition. The surface treatment and ALD barrier/ liner 
deposition are performed With proximity heads, such as the 
ones in FIG. 6A. The surface treatment processes, ALD bar 
rier deposition, and ALD liner deposition described in FIG. 
6A are all dry processes and are all operated below 1 Torr. 

[0072] After substrate 751 is processed in process chamber 
756 at step 702, the substrate is ready for ELD copper seed 
layer deposition. Electroless copper deposition and electro 
chemical plating (ECP) are Well-known Wet processes. As 
discussed above, for a Wet process to be integrated in a system 
With controlled processing and transporting environment, 
Which has been described above, the reactor needs to be 
integrated With a rinse/dryer to enable dry-in/dry-out process 
capability. In addition, the system needs to be ?lled With inert 
gas to ensure minimal exposure of the substrate to oxygen. 
Recently, a dry-in/dry-out electroless copper process has 
been developed. Further, all ?uids used in the process are 
de-gassed, i.e. dissolved oxygen is removed by commercially 
available degassing systems. 
[0073] Both ELD copper and ECP copper processing mod 
ules need to be integrated With a transfer module With con 
trolled ambient; therefore, the substrate transport module 757 
is operating under controlled-ambient to limit the exposure of 
substrate to oxygen or contaminants. In one embodiment, the 
substrate transport module 757 is ?lled With an inert gas and 
operated at atmospheric pressure. Substrate 751 is moved 
from processing chamber 756 to ELD copper processing 
module 758 for copper seed layer deposition, as described in 
steps 705 and 707. AfterWards, the substrate 751 is moved to 
ECP copper module 759 for copper gap-?ll deposition, as 
described in step 709 and 711. After ECP gap-?ll, the sub 
strate 751 could be moved into a cleaning module 761 and 
undergoes a substrate cleaning, as described in step 713. 
HoWever, the cleaning after ECP copper deposition is 
optional. The ECP processing module has an integrated rinse/ 
dry, Which might have suf?ciently cleaned the substrate. 
[0074] While this invention has been described in terms of 
several embodiments, it Will be appreciated that those skilled 
in the art upon reading the preceding speci?cations and study 
ing the draWings Will realiZe various alterations, additions, 
permutations and equivalents thereof. Therefore, it is 
intended that the present invention includes all such alter 
ations, additions, permutations, and equivalents as fall Within 
the true spirit and scope of the invention. In the claims, ele 
ments and/or steps do not imply any particular order of opera 
tion, unless explicitly stated in the claims. 
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What is claimed is: 
1. An integrated system for depositing ?lms on a substrate 

for copper interconnect, comprising: 
a processing chamber having a plurality of proximity 

heads, selected ones of the proximity heads being used 
for surface treatments and atomic layer depositions 
(ALDs); 

a vacuum transfer module coupled to the processing cham 
ber, the vacuum transfer module being used to transfer 
the substrate in the integrated system; 

a processing module for copper seed layer deposition, 
Wherein the processing module for performing copper 
seed layer deposition is integrated With a rinse/dryer to 
enable dry-in/dry-out process capability and is ?lled 
With an inert gas to limit the exposure of the substrate to 
oxygen; 

a controlled-ambient transfer module coupled to the pro 
cessing module for copper seed layer deposition; and 

a loadlock coupled to the vacuum transfer module and to 
the controlled-ambient transfer module, the loadlock 
being used to assist transferring the substrate betWeen 
the vacuum transfer module and to the controlled-ambi 
ent transfer module, Wherein the integrated system 
enables controlled-ambient transitions Within the inte 
grated system to limit exposure of the substrate to 
uncontrolled ambient conditions outside of the inte 
grated system. 

2. The integrated system of claim 1, further comprising: 
a processing module for copper gap-?ll layer deposition, 

Which is coupled to the controlled-ambient transfer 
module; and 

a processing module for substrate cleaning, Which is 
coupled to the controlled-ambient transfer module. 

3. The integrated system of claim 1, further comprising: 
a cassette for holding the substrate before and after the 

substrate being processed in the integrated system; and 
a loadlock coupled to the cassette and to the vacuum trans 

fer module, the loadlock being used to assist transferring 
the substrate betWeen the cassette and the vacuum trans 
fer module. 

4. The integrated system of claim 1, Wherein one of the 
proximity heads is used to deposit an ALD barrier layer for 
copper interconnect. 

5. The integrated system of claim 1, Wherein one of the 
proximity heads is used to deposit an ALD liner layer for 
copper interconnect. 

6. The integrated system of claim 1, Wherein one of the 
proximity heads is used to perform surface pre-treatment 
before ALDs, and another one of the proximity heads is used 
to perform surface post-treatment after ALDs. 

7. The integrated system of claim 1, Wherein not every 
proximity head in the processing chamber is used during 
substrate processing. 

8. The integrated system of claim 2, Wherein the processing 
module for copper seed layer deposition is an electroless 
deposition module, and the processing module for copper 
gap-?ll layer deposition is an electrochemical plating mod 
ule. 

9. The integrated system of claim 1, Wherein the selected 
ones of the proximity heads includes a proximity head for 
surface pre-treatment, a proximity head for barrier layer 
ALD, a proximity head for liner layer ALD, and a proximity 
head for surface post-treatment. 

10. The integrated system of claim 1, Wherein the selected 
ones of the plurality of proximity heads are placed side by 
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side, and are placed in the sequence of the proximity head for 
surface pre-treatment, the proximity head for barrier layer 
ALD, the proximity head for liner layer ALD, and the prox 
imity head for surface post-treatment. 

11. The integrated system of claim 1, Wherein the con 
trolled-ambient transfer module is ?lled With an inert gas to 
limit the exposure of the substrate to oxygen. 

12. The integrated system of claim 1, Wherein the ?lms 
deposited on the substrate for copper interconnect in the 
integrated system With limited exposure to uncontrolled 
ambient conditions outside the integrated system improve 
electro -migration (EM) performance for copper interconnect. 

13 . An integrated system for depositing ?lms on a substrate 
for copper interconnect, comprising: 

a cassette for holding the substrate before and after the 
substrate being processed in the integrated system; 

a processing chamber With a plurality of proximity heads, 
selected ones of the proximity heads being used for 
surface treatments and atomic layer depositions 
(ALDs), Wherein the processing chamber is con?gured 
to operate under Vacuum; 

a Vacuum transfer module coupled to the processing cham 
ber, the Vacuum transfer module being used to transfer 
the substrate in the integrated system; 

a ?rst loadlock coupled to the cassette and to the Vacuum 
transfer module and to the processing chamber With the 
plurality of proximity heads, the ?rst loadlock being 
used to assist transferring the substrate betWeen the cas 
sette and the Vacuum transfer module; 

a processing module for copper seed layer deposition, 
Wherein the processing module for performing copper 
seed layer deposition is integrated With a rinse/ dryer to 
enable dry-in/dry-out process capability and is ?lled 
With an inert gas to limit the exposure of the substrate to 
oxygen; 

a controlled-ambient transfer module coupled to the pro 
cessing module for copper seed layer deposition; and 

a second loadlock coupled to the Vacuum transfer module 
and to the controlled-ambient transfer module, the sec 
ond loadlock being used to assist transferring the sub 
strate betWeen the Vacuum transfer module and to the 
controlled-ambient transfer module, Wherein the inte 
grated system enables controlled-ambient transitions 
Within the integrated system to limit exposure of the 
substrate to uncontrolled ambient conditions outside of 
the integrated system. 

14. The integrated system of claim 13, further comprising: 
a processing module for copper gap-?ll layer deposition, 
Which is coupled to the controlled-ambient transfer 
module; and 

Dec. 31, 2009 

a processing module for substrate cleaning, Which is 
coupled to the controlled-ambient transfer module. 

15. The integrated system of claim 13, Wherein one of the 
proximity heads is used to deposit an ALD barrier layer for 
copper interconnect and another one of the proximity heads is 
used to deposit an ALD liner layer. 

16. The integrated system of claim 13, Wherein one of the 
proximity heads is used to perform surface pre-treatment 
before ALD and another one of the proximity heads is used to 
perform surface post-treatment after ALD. 

17. The integrated system of claim 14, Wherein the pro 
cessing module for copper seed layer deposition is an elec 
troless deposition module, and the processing module for 
copper gap-?ll layer deposition is an electrochemical plating 
module. 

18. The integrated system of claim 14, Wherein the selected 
ones of the proximity heads includes a proximity head for 
surface pre-treatment, a proximity head for barrier layer 
ALD, a proximity head for liner layer ALD, and a proximity 
head for surface post-treatment. 

19. The integrated system of claim 14, Wherein the con 
trolled-ambient transfer module is ?lled With an inert gas to 
limit the exposure of the substrate to oxygen. 
20.An integrated system for depositing ?lms on a substrate 

for copper interconnect, comprising: 
a processing chamber having a plurality of proximity 

heads, selected ones of the proximity heads being used 
for surface treatments and atomic layer depositions 
(ALDs); 

a Vacuum transfer module coupled to the processing cham 
ber, the Vacuum transfer module being used to transfer 
the substrate in the integrated system; 

a processing module for copper seed layer deposition; 
a controlled-ambient transfer module coupled to the pro 

cessing module for copper seed layer deposition; and 
a loadlock coupled to the Vacuum transfer module and to 

the controlled-ambient transfer module, the loadlock 
being used to assist transferring the substrate betWeen 
the Vacuum transfer module and to the controlled-ambi 
ent transfer module, Wherein the controlled-ambient 
transfer module and the processing module for perform 
ing copper seed layer deposition are ?lled With an inert 
gas to limit the exposure of the substrate to oxygen, and 
Wherein the integrated system enables controlled-ambi 
ent transitions Within the integrated system to limit 
exposure of the substrate to uncontrolled ambient con 
ditions outside of the integrated system. 

* * * * * 
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