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CLAIMS 

1. An apparatus for treating a surface of a substrate, comprising: 

a substrate support configured to support the substrate; 

a proximity head configured to dispense a treatment gas to treat an 	tive process 

region of a substrate surface under the proximity head, wherein the prom , ty head covers 

the action process region of the substrate surface and the proximity head 	eludes at least one 

vacuum channel to pull excess treatment gas from a reaction volume • etween the proximity 

head and the substrate, the proximity head having an excitati • 	chamber to excite the 

treatment gas before the treatment gas being dispensed on the 	• ve process region portion 

of the substrate surface. 

2. The apparatus of claim 1, wherein there are 	• vacuum channels, one on each side 

of at least one gas channel to dispense the treatmen :as. 

3. The apparatus of claim 1, wherein t , e is one vacuum channel surrounding at least 

one gas channel to dispense the treatment ,, : 

4. The apparatus of claim 1, 	herein the treatment gas is selected form a group 

consisting of H2, NH3, NF3, 	r, 02, and N2. 

5. The apparatus of cl m 4, wherein the treatment gas is diluted by an inert gas. 

6. The apparatu• of claim 1, wherein the treatment gas is excited by a hot-filament, by 

laser, by ultra-vio 	nt (UV), or by plasma. 

7. A s 	hod of treatment a substrate surface, comprising: 

• ving a proximity head for surface treatment above a substrate, wherein the 

prom , ty head has at least one gas channel configured to dispense a treatment gas on a 

re, on of the substrate surface, the proximity head having at least one vacuum channel used 

o vacuum excess treatment gas from a reaction volume underneath the proximity head, and 

the proximity head for surface treatment covering the region of the substrate surface; 
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exciting the treatment gas in an excitation chamber of the proximity head before the  

treatment gas is dispensed on the region of the substrate surface; and 

dispensing the excited treatment gas on the region of the substrate surface to 	eat the 

substrate surface. 

8. The method of claim 7, wherein the surface treatment is used 	. remove surface 

impurities prior to the deposition of a film on the substrate. 

9. The method of claim 7, wherein the surface treatme 	is used to increase initial 

deposition sites for an ALD of a barrier layer for copper. 

10. The method of claim 7, wherein the surfac; treatment is performed on a deposited 

liner layer to enhance nucleation for an electrol: .s copper seed layer to be deposited, or to 

remove contaminants on the deposited liner . yer prior to the deposition of a copper seed 

layer. 

11. A chamber for performing s 	ace treatment and film deposition, comprising: 

a first proximity head fo , substrate surface treatment configured to dispense a first 

treatment gas to treat a portio 	of a surface of a substrate under the first proximity head for 

substrate surface treatment• . d 

a first proximity 	ead for atomic layer deposition (ALD) configured to sequentially 

dispensing a first re. tant gas and a first purging gas to deposit a first ALD film under the 

second proximity ead for ALD. 

12. The . . paratus of claim 11, further comprising: 

econd proximity head for substrate surface treatment configured to dispense a 

seco 	treatment gas to treat a portion of the surface of the substrate under the first 

pr• imity head for substrate surface treatment; and 
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a second proximity head for ALD configured to sequentially dispensing a secon' 

reactant gas and a second purging gas to deposit a second ALD film under the se and 

proximity head for ALD. 

13. The apparatus of claim 11, wherein the first proximity head for sub 	ate surface 

treatment is used to perform a surface treatment before or after the subs 	• e is deposited 

with the first ALD film. 

14. The apparatus of claim 11, wherein the first ALD film is a b . 'er layer for copper. 

15. The apparatus of claim 12, wherein the second ALD f 	is a liner layer for copper. 

16. The apparatus of claim 12, wherein the secon. iroximity head for substrate surface 

treatment is used to perform a surface treatment . 	- r the substrate is deposited with the 

second ALD film. 

17. The apparatus of claim 12, wherein 	e first proximity head for ALD is placed next to 

the first proximity head for substrate su ace treatment, the second proximity head for ALD 

being placed next to the first proxi ,, ty head for ALD, and the second proximity head for 

substrate surface treatment being . . ced next to the second proximity head for ALD. 

18. The apparatus for c . m 17, wherein the first proximity head for substrate surface 

treatment is used to perf. 	a pre-treatment before film deposition on the substrate, the first 

proximity head for : 	D being used to deposit a barrier layer for copper, the second 

proximity head fo • ALD being used to deposit a liner layer for copper, and the second 

proximity head 	r substrate surface treatment being used to perform a post-treatment after 

the barrier 1 	r and the liner layer being deposited. 

19. he apparatus of claim 11, wherein the first reactant gas is a barrier-metal-containing 

rea .4 t or a reactant gas that form a barrier layer with the barrier-metal-containing reactant. 
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20. The apparatus of claim 12, wherein the second reactant gas is a liner-meta 

containing reactant or a reactant gas that form a liner layer with the liner-metal-contai • ng 

reactant. 

21. A method of performing surface treatment and film deposition on a 	bstrate in a 

processing chamber, comprising: 

placing the substrate in the processing chamber with a plurali 	of proximity heads 

for surface treatment and film deposition, wherein each of the plu 	'ty of proximity head 

covers a portion of a substrate surface; 

moving a pre-treatment proximity head above a regio 	4n the substrate surface; 

performing a surface pre-treatment with the pr: 4 eatment proximity head at the 

region on the substrate surface; 

moving an atomic layer deposition 1 (ALD 	proximity head above the region on the 

substrate surface; and 

depositing a barrier layer for copper 	ith the ALD 1 proximity head at the region on 

the substrate surface. 

22. The method of claim 21, 	, 	er comprising: 

moving an atomic lay 	deposition 2 (ALD2) proximity head above the region on the 

substrate surface; 

depositing a li 	r layer for copper with the ALD2 proximity head at the region on the 

substrate surface; 

moving 	post-treatment proximity head above a region on the substrate surface; and 

perf' 	ng a surface post-treatment with the post-treatment proximity head at the 

region o,  the substrate surface. 
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23. The method of claim 21, wherein the surface pre-treatment is used to remove surfac 

impurities prior to the deposition of the barrier layer or to increase initial deposition site 	or 

the barrier layer deposited with ALD1 proximity head. 

24. The method of claim 22, wherein the surface post-treatment is perfo g d on the liner 

layer for copper to enhance nucleation for an electroless copper seed layer 4 be deposited. 

25. The method of claim 21, wherein the surface pre-treatme I 	and the barrier layer 

deposition are performed in the same chamber to reduce process %4 e and to protect the pre- 

treated substrate surface from being contaminated or being 	on-active before the barrier 

layer is deposited. 

26. A method of depositing films on a substrate 	copper interconnect in an integrated 

system, comprising: 

moving the substrate into a processi _ chamber having a plurality of proximity 

heads, selected ones of the proximity hea.. being configured to perform at least one of 

surface treatments and atomic layer dep• tions (ALDs), the processing chamber being part 

of the integrated system, and within th• processing chamber, performing, 

bather layer depos . on over a surface of the substrate using one of the 

plurality of proximity he. 4s functioning to perform barrier layer ALD; and 

moving the substrate 	om the processing chamber, through a transfer module of the 

integrated system and into 4 processing module for performing copper seed layer deposition, 

the processing moduli for performing copper seed layer deposition being part of the 

integrated system, 	d within the processing module for performing copper seed layer 

deposition, perfo, 	, 

opper seed layer deposition over the surface of the substrate, 

wh= em the integrated system enables controlled-ambient transitions within the 

integrate . system to limit exposure of the substrate to uncontrolled ambient conditions 

outs • - of the integrated system. 

7. 	The method of claim 26, further comprising: 
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moving the substrate from the processing module for performing copper seed lay• 

deposition, through the transfer module of the integrated system and into a proces • ng 

module for performing copper gap-fill layer deposition, the processing mod 	e for 

performing copper gap-fill layer deposition being part of the integrated system, . d within 

the processing module for performing copper gap-fill layer deposition, perfo 	. g, 

copper gap-fill layer deposition over the copper seed layer ' 	the substrate; 

and 

moving the substrate from the processing module for perforrni 	copper gap-fill layer 

deposition, through the transfer module of the integrated syste• 	and into a processing 

module for performing substrate cleaning, the processing mod e for performing substrate 

cleaning being part of the integrated system, and within the • ocessing module for substrate 

cleaning, performing, 

cleaning of the substrate after the cop. r gap-fill layer deposition has been 

performed. 

28. The method of claim 26, further comp 	ing: 

performing surface pre-treatment • er the surface of the substrate using one of the 

plurality of proximity heads functionin 	to perform surface pre-treatment in the processing 

chamber before the barrier layer dep..mon. 

29. The method of claim 	4, wherein the surface pre-treatment is performed over the 

surface of the substrate to r~ 	ove contaminants or to activate the surface of the substrate for 

the barrier layer depositi• . 

30. The metho• of claim 28, further comprising: 

perfor 	g liner layer deposition over the barrier layer of the substrate using one of 

the plurality •f proximity heads functioning to perform liner layer ALD in the processing 

chamber, nd 

• erforming surface post-treatment over the surface of the substrate using one of the 

plu r. ty of proximity heads functioning to perform surface post-treatment in the processing 

• amber after the liner layer deposition. 
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31. The method of claim 30, wherein the surface post-treatment is performed over th - 

surface of the substrate to remove contaminants or to activate the surface of the substrat in 

preparation for the copper seed layer deposition. 

32. The method of claim 26, wherein the films deposited on the substra • for copper 

interconnect in the integrated system with limited exposure to uncon oiled ambient 

conditions outside the integrated system improve electro-migration (E 	performance for 

copper interconnect. 

33. An integrated system for depositing films on a subs i . • for copper interconnect, 

comprising: 

a processing chamber having a plurality of prox' 	'ty heads, selected ones of the 

proximity heads being used for surface treatments and . •mic layer depositions (ALDs); 

a vacuum transfer module coupled to the p •cessing chamber, the vacuum transfer 

module being used to transfer the substrate in the 	tegrated system; 

a processing module for copper seed la 	r deposition; 

a controlled-ambient transfer mod 	• coupled to the processing module for copper 

seed layer deposition; and 

a loadlock coupled to the v 	uum transfer module and to the controlled-ambient 

transfer module, the loadlock be' g used to assist transferring the substrate between the 

vacuum transfer module an 	to the controlled-ambient transfer module, wherein the 

integrated system enables c . trolled-ambient transitions within the integrated system to limit 

exposure of the substr 	to uncontrolled ambient conditions outside of the integrated 

system. 

34. The inte 	aced system of claim 33, further comprising: 

a pr. • - ssing module for copper gap-fill layer deposition, which is coupled to the 

controllei . mbient transfer module; and 

processing module for substrate cleaning, which is coupled to the controlled-

am. ent transfer module. 

35. The integrated system of claim 33, further comprising: 
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a cassette for holding the substrate before and after the substrate being processed i 

the integrated system; and 

a loadlock coupled to the cassette and to the vacuum transfer module, the lo :lock 

being used to assist transferring the substrate between the cassette and the vacuu r 	transfer 

module. 

36. The integrated system of claim 33, wherein one of the proximit 	heads is used to 

deposit an ALD barrier layer for copper interconnect. 

37. The integrated system of claim 33, wherein one of the .roximity heads is used to 

deposit an ALD liner layer for copper interconnect. 

38. The integrated system of claim 33, wherein o 	of the proximity heads is used to 

perform surface pre-treatment before ALDs, and an.. er one of the proximity heads is used 

to perform surface post-treatment after ALDs. 

39. The integrated system of claim 33, 	erein the selected ones of the proximity heads 

includes a proximity head for surface pr: treatment, a proximity head for barrier layer ALD, 

a proximity head for liner layer ALD . nd a proximity head for surface post-treatment. 

40. The method of claim 	., wherein the controlled-ambient transfer module and the 

processing module for peril), 	ng copper seed layer deposition are filled with an inert gas to 

limit the exposure of the 	, • strate to oxygen. 
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What is claimed is:

1. A method of depositing films on a substrate for copper interconnect in an integrated

system, comprising:

moving the substrate into a processing chamber having a plurality of proximity heads,

selected ones of the proximity heads being configured to perform at least one of surface

treatments and atomic layer depositions (ALDs), the processing chamber being part of the

integrated system, and within the processing chamber, performing, barrier layer deposition

over a surface of the substrate using one of the plurality of proximity heads functioning to

perform barrier layer ALD; and

moving the substrate from the processing chamber, through a transfer module of the

integrated systems, into a processing module for performing copper seed layer deposition,

the processing module for performing copper seed layer deposition being part of the

integrated system, wherein the processing module for performing copper seed layer

deposition is integrated with a rinse/dryer to enable dry-in/dry-out process capability limiting

the exposure of the substrate to oxygen, and within the processing module for performing

copper seed layer deposition, performing, copper seed layer deposition over the surface of

the substrate,

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.

2. The method of claim 1, further comprising:

moving the substrate from the processing module for performing copper seed layer

deposition, through the transfer module of the integrated system, into a processing module

for performing copper gap-fill layer deposition, the processing module for performing copper

gap-fill layer deposition being part of the integrated, system, and within the processing

module for performing copper gap-fill layer deposition, performing, copper gap-fill layer

deposition over the copper seed layer of the substrate; and

moving the substrate from the processing module for performing copper gap-fill layer

deposition, through the transfer module of the integrated system and into a processing

module for performing substrate cleaning, the processing module for performing substrate

cleaning being part of the integrated system, and within the processing module for substrate

cleaning, performing, cleaning of the substrate after the copper gap-fill layer deposition has

been performed.
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3. The method of claim 2, wherein the processing module for performing copper gap-fill

layer deposition is an electrochemical plating (ECP) module.

4. The method of claim 1, further comprising:

performing surface pre-treatment over the surface of the substrate using one of the

plurality of proximity heads functioning to perform surface pre-treatment in the processing

chamber before the barrier layer deposition.

5. The method of claim 4, wherein the surface pre-treatment is performed over the

surface of the substrate to remove contaminants or to activate the surface of the substrate

for the barrier layer deposition.

6. The method of claim 4, further comprising:

performing liner layer deposition over the barrier layer of the substrate using one of

the plurality of proximity heads functioning to perform liner layer ALD in the processing

chamber, and

performing surface post-treatment over the surface of the substrate using one of the

plurality of proximity heads functioning to perform surface post-treatment in the processing

chamber after the liner layer deposition.

7. The method of claim 6, wherein the surface post-treatment is performed over the

surface of the substrate to remove contaminants or to activate the surface of the substrate in

preparation for the copper seed layer deposition.

8. The method of claim 6, wherein substrate processing on substrate is performed in

the sequence of surface pre-treatment, barrier layer deposition, liner layer deposition, and

surface post-treatment.

9. The method of claim 6, the metals in the barrier layer and the liner layer are selected

from the group consisting of tantalum (Ta), titanium (Ti), tungsten (W), zirconium (Zr),

hafnium (HD, molybdenum (Mo), niobium (Nb), vanadium (V), ruthenium (Ru) and chromium

(Cr).

10. The method of claim 1, wherein the processing module for performing copper seed

layer deposition is an electroless deposition (ELD) module.
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11. The method of claim 1, wherein the transfer module and the processing module for

performing copper seed layer deposition are filled with an inert gas to limit the exposure of

the substrate to oxygen.

12. The method of claim 1, wherein the films 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. The method of claim 1, wherein the barrier layer deposited is conformal and reduces

void formation in copper interconnect.

14. A method of depositing films on a substrate for copper interconnect in an integrated

system, comprising:

moving the substrate into a processing chamber having a plurality of proximity heads,

selected ones of the proximity heads being configured to perform at least one of surface

treatments and atomic layer depositions (ALDs), the processing chamber being part of the

integrated system, and within the processing chamber, performing, surface pre-treatment

over a surface of the substrate using one of the plurality of proximity heads functioning to

perform surface pre-treatment in the processing chamber before a barrier layer deposition,

wherein the surface pre-treatment is performed over the surface of the substrate to remove

contaminants or to activate the surface of the substrate for the barrier layer deposition, and

barrier layer deposition over the surface of the substrate using one of the plurality of

proximity beads functioning to perform barrier layer ALD after surface pre-treatment; and

moving the substrate from the processing chamber, through a transfer module of the

integrated system, into a processing module for performing copper seed layer deposition,

the processing module for performing copper seed layer deposition being part of the

integrated system, wherein the processing module for performing copper seed layer

deposition is integrated with a rinse/dryer to enable dry-in/dry-out process capability limiting

the exposure of the substrate to oxygen, and within the processing module for performing

copper seed layer deposition, performing, copper seed layer deposition over the surface of

the substrate,

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.
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15. The method of claim 14, further comprising:

moving the substrate from the processing module for performing copper seed layer

deposition, through the transfer module of the integrated system and into a processing

module for performing copper gap-fill layer deposition, the processing module for performing

copper gap-fill layer deposition being part of the integrated system, and within the

processing module for performing copper gap-fill layer deposition, performing, copper gap-fill

layer deposition over the copper seed layer of the substrate; and

moving the substrate from the processing module for performing copper gap-fill layer

deposition, through the transfer module of the integrated system, into a processing module

for performing substrate cleaning, the processing module for performing substrate cleaning

being part of the integrated system, and within the processing module for substrate cleaning,

performing, cleaning of the substrate after the copper gap-fill layer deposition has been

performed.

16. The method of claim 14, further comprising:

performing liner layer deposition over the barrier layer of the substrate using one of

the plurality of proximity heads functioning to perform liner layer ALD in the processing

chamber, and

performing surface post-treatment over the surface of the substrate using one of the

plurality of proximity heads functioning to perform surface post-treatment in the processing

chamber after the liner layer deposition, wherein the surface post-treatment is performed

over the surface of the substrate to remove contaminants or to activate the surface of the

substrate in preparation for the copper seed layer deposition.

17. The method of claim 16, wherein substrate processing on substrate is performed in

the sequence of surface pre-treatment, barrier layer deposition, liner layer deposition, and

surface post-treatment.

18. The method of claim 14, wherein the transfer module and the processing module for

performing copper seed layer deposition are filled with an inert gas to limit the exposure of

the substrate to oxygen.

19. A method of depositing films on a substrate for copper interconnect in an integrated

system, comprising:
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moving the substrate into a processing chamber having a plurality of proximity heads,

selected ones of the proximity heads being configured to perform at least one of surface

treatments and atomic layer depositions (ALDs), the processing chamber being part of the

integrated system, and within the processing chamber, performing, barrier layer deposition

over a surface of the substrate using one of the plurality of proximity heads functioning to

perform barrier layer ALD, surface pre-treatment over the surface of the substrate using one

of the plurality of proximity heads functioning to perform surface pre-treatment in the

processing chamber before the barrier layer deposition, liner layer deposition over the barrier

layer of the substrate using one of the plurality of proximity heads functioning to perform liner

layer ALD in the processing chamber, and surface post-treatment over the surface of the

substrate using one of the plurality of proximity heads functioning to perform surface post-

treatment in the processing chamber after the liner layer deposition; and

moving the substrate from the processing chamber, through a transfer module of the

integrated system, into a processing module for performing copper seed layer deposition,

the processing module for performing copper seed layer deposition being part of the

integrated system, and within the processing module for performing copper seed layer

deposition, performing, copper seed layer deposition over the surface of the substrate,

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.

20. The method of claim 19, wherein the surface post-treatment is performed over the

surface of the substrate to remove contaminants or to activate the surface of the substrate in

preparation for the copper seed layer deposition.

21. The method of claim 19, wherein substrate processing on substrate is performed in

the sequence of surface pre-treatment, barrier layer deposition, liner layer deposition, and

surface post-treatment.

22. The method of claim 19, the metals in the barrier layer and the liner layer are

selected from the group consisting of tantalum (Ta), titanium (Ti), tungsten (W), zirconium

(Zr), hafnium (Hf), molybdenum (Mo), niobium (Nb), vanadium (V), ruthenium (Ru) and

chromium (Cr).


