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Fig. 1 
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CONDUCTOR-DIELECTRIC STRUCTURE AND 
METHOD FOR FABRICATING 

TECHNICAL FIELD 

[0001] The present disclosure relates to a conductor-di 
electric structure and a method for fabricating the structure. 
In particular, the present disclosure relates to a method for 
fabricating a BEOL (Back End of the Line) interconnect 
structure. The present disclosure relates generally to a neW 
process Which reduces the occurrence of discontinuities 
Within the metalliZation, such as voiding or seams. Accord 
ing to the present disclosure, a sacri?cial seed layer is 
employed to prevent underneath plating seed layer from 
oxidation. 

BACKGROUND 

[0002] During the manufacture of semiconductor technol 
ogy, ?lms of various materials are sequentially deposited 
and patterned on a semiconductor substrate such as a silicon 
substrate. For the back-end-of-line (BEOL) processing, 
these materials include metalliZation levels for the intercon 
nect structures, dielectric levels used for insulation and 
capping, and barrier layers to prevent diffusion and oxida 
tion of the interconnects. The current choice for interconnect 
metalliZation is copper, manufactured in a dual-damascene 
method. Dielectric materials include silicon oxide, deposited 
by plasma enhanced chemical vapor deposition (PECVD) 
using silane (SiH4) or tetraethylorthosilicate (TEOS) pre 
cursors, or organosilicate glass or borophosphosilicate glass 
(BPSG), deposited by chemical vapor deposition (CVD) for 
high-performance interconnect applications. The organosili 
cate glass can be in its dense form or in a form that includes 
porosity. 
[0003] The choice of barrier layers includes tantalum, 
tantalum nitride, tungsten nitride ruthenium, iridium, and 
titanium and alloys of these metals. 

[0004] As the critical dimension (CD) decreases, confor 
mality and coverage problems from physical vapor deposi 
tion (PVD) techniques get Worse for diffusion barrier and Cu 
plating seed depositions. These in turn Will lead to ?ll issues 
during plating such as center and edge voids Which cause 
reliability concerns and yield degradation. One Way around 
this problem is to reduce the overall thickness of PVD 
material, and utiliZe a single layer of liner material Which 
serves as both the diffusion barrier and plating seed. Another 
Way around the aforementioned issue, is the use of chemical 
vapor deposition (CVD) or atomic layer deposition (ALD) 
Which result in better step coverage and conformality as 
compared With conventional PVD techniques. 

[0005] An example of such a material is Ruthenium (O. 
Chyan et al., “Electrodeposition of Coper Thin Film on 
Ruthenium: A Potential Di?‘usion Barrier for Copper Inter 
connects,” J. Electrochem. Soc., 150(5), p. C347, 2003). 
HoWever, an issue that exists for the plating of Cu on Ru is 
the tendency of the Ru surface to oxidiZe on exposure to air 
Which results in a decreased conductivity (and possibly 
adhesion) leading to poor plating. Apart from extremely 
poor ?ll of patterned structures, insuf?cient adhesion of Cu 
to surface oxide poses electromigration and stress reliability 
concerns. It has been suggested to address this problem by 
the use of process such a forming gas and hydrogen plasma 
exposures to reduce the surface oxide before plating. DraW 
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backs of these techniques include: 1) a time WindoW (Queue 
time) exists Within reduced Wafers have to be plated before 
the surface oxide groWs again, and 2) increased manufac 
turing cost due to required tooling for the reducing process, 
and increased raW process time. 

[0006] A method that can eliminate or at least minimize 
plating voids inside an interconnect Which is compatible 
With current plating tools and plating processes Would be 
desirable. 

SUMMARY 

[0007] The present disclosure makes it possible to at least 
minimiZe plating voids inside interconnect features. 

[0008] In particular, one aspect of the present disclosure 
relates to a method for fabricating an interconnect structure 
Which comprises providing a structure comprising a dielec 
tric layer having a patterned feature therein; depositing a 
plating seed layer on the dielectric layer in the via; depos 
iting a sacri?cial seed layer on the plating seed layer in the 
via; reducing the thickness of the sacri?cial seed layer by 
reverse plating; and plating a conductive metal on the 
sacri?cial seed layer in the patterned feature. 

[0009] Another aspect of the present disclosure relates to 
a structure Which comprises a dielectric layer having a 
patterned feature therein; a plating seed layer on the dielec 
tric layer in the patterned feature; and a discontinuous 
sacri?cial seed layer located in the patterned feature on the 
plating seed layer. 

[0010] Other objections and advantages of the present 
disclosure Will become readily apparent to those skilled in 
this art from the folloWing detailed description, Wherein it is 
shoWn and described only the preferred embodiments sim 
ply by Way of illustration of the best mode contemplated. As 
Will be realiZed, the disclosure is capable of other and 
different embodiments, and its several details are capable of 
modi?cations in various obvious respects, Without departing 
from the disclosure. Accordingly, the description is to be 
regarded as illustrative in nature and not as restrictive. 

BRIEF DESCRIPTION OF DRAWINGS 

[0011] The features of the disclosure believed to be novel 
and the elements characteristic of the disclosure are set forth 
With particularity in the appended claims. The ?gures are for 
illustration purposes only. The disclosure itself, hoWever, 
both as to organization and method of operation, may best be 
understood by reference to the detailed description Which 
folloWs taken in conjunction With the accompanying draW 
ings in Which: 

[0012] FIGS. 1-5, 7 and 8 are schematic cross-sectional 
vieWs of the structure in various stages of a fabrication 
process of the present disclosure. 

[0013] FIG. 6 is a graph illustrating in-situ monitoring of 
resistivity. 
[0014] FIG. 9 is a schematic in cross-sectional vieW illus 
trating voids due to decreased CD in future nodes. 

BEST AND VARIOUS MODES 

[0015] In order to facilitate an understanding of the 
present disclosure reference is made to the Figures. 
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[0016] Bearing in mind the problems and de?ciencies of 
the prior art, the present disclosure provides a structure 
Which makes it possible to reduce the occurrence of discon 
tinuities Within the metalliZation, such as voiding or seams. 

[0017] FIG. 1 illustrates a structure comprising an inter 
layer dielectric 16, a barrier layer 18 located in a trough in 
dielectric 16 and conductive layer 17 located above barrier 
layer 18. Numerals 10 and 20 represented a single dama 
scene etching pro?le and a dual damascene etching pro?le, 
respectively located in interlayer dielectric material 14. 
Numeral 11 represents the trench in single damascene etch 
ing pro?le 10. Numeral 12 represents the trench in dual 
damascene etching pro?le 20, While numeral 13 represents 
the via. A capping layer 15 is present on interlayer dielectric 
16, above barrier layer 18 and portions of conductive layer 
17. 

[0018] Typical insulating or dielectric materials 14 and 16 
include silicon dioxide (SiO2) phosphosilicate glass (PSG), 
boron doped PSG (BDPSG) or tetraethylorthosilicate 
(TEOS), and more typically loW-k dielectrics having a 
dielectric constant of less than 3.9 such as SILK (available 
from DoW Chemical), SiCH (available from AMAT under 
the trade designation BLOK), SiCOH (available from Nov 
ellus under the trade designation Coral, from AMAT under 
the trade designation Black Diamond and from ASM under 
the trade designation Auora), SiCHN (available from IBM 
under the trade designation N Blok), CVD carbon-doped 
oxide, porous CVD carbon-doped oxide, porous and non 
porous organo silicates, porous and non-porous organic 
spin-on polymers. 

[0019] Examples of typical capping layers are SiCOH, 
Blok, SiO2, NBlok, Si3N4, and spin-on silesquioxanes. The 
capping layer is about 10 nm to about 60 nm. The function 
of the capping layer 15 is for preventing dilfusion of the 
interconnect material 17 into the dielectric layer 14. 

[0020] Examples of some barrier layers 18 are tantalum, 
tantalum nitride, titanium, titanium nitride, tungsten, tung 
sten nitride, ruthenium, rhenium, cobalt, molybdenum, chro 
mium, iridium, platinum, silicon, carbon, Zirconium, nio 
bium, rhodium, palladium; mixtures thereof and alloys 
thereof. The alloys of the above metals can include various 
alloying materials such as, but not limited to O, S, N, B and 
P. Also the barrier layer 18 can comprise a plurality of layers 
of the same and/or di?ferent compositions. 

[0021] More typical barrier layers are tungsten, titanium, 
tantalum, nitrides thereof, Ru, and alloys thereof. The barrier 
layer 18 is typically deposited by chemical vapor deposition 
(CVD) or by sputtering such as physical vapor deposition 
(PVD) or ioniZed physical vapor deposition (IPVD). 

[0022] The barrier layer is typically about 8 nm to 80 nm 
thick. 

[0023] The conductive material is typically Cu, Cu alloys, 
Al, Al alloys, Ag, Ag alloys, Au, Au alloys, W or W alloys, 
and more typically Cu containing conductive materials (eg 
Cu and Cu alloys). Typically plating baths for Cu and Cu 
alloys are disclosed in US Patent Publication 2004/ 178078 
A1, disclosure of Which is incorporated herein by reference. 

[0024] See FIG. 2 Wherein a dilfusion barrier layer and 
plating seed 21 is deposited on the structure over interlayer 
dielectric (ILD) 14 and the exposed portion of conductive 
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layer 17. The dilfusion barrier and plating seed layer 21 
typically comprises ruthenium and/or iridium. Also, layer 21 
can comprise a plurality of layers such as Ru and Ta and/or 
TaN; Ir and Ta and/ or TaN; Ru and TiSiN; and Ir and TiSiN. 

[0025] The layer 21 is typically deposited by CVD orALD 
for Ru, Ir, and TaN. Although PVD deposition technologies 
are also available for deposition of Ru, Ir and TaN. 

[0026] The layer 21 is typically about 2nm to 80nm and 
more typically about 4 nm to 20 nm thick. 

[0027] Next a relatively thick sacri?cial seed layer 31 as 
illustrated in FIG. 3 is deposited over plating seed layer 21. 
Sacri?cial seed layer 31 is typically Cu or a Cu alloy and is 
typically deposited by PVD. 
[0028] The layers 31 is provided to prevent or at least 
minimiZe oxidation of layer 21. The sacri?cial seed layer 31 
is deposited in the same platform, Which is operated under 
vacuum, as the plating layer 21, so that there is no air expose 
betWeen depositions of the tWo ?lms and the surface of the 
deposited layer 21 is free of oxygen. A platform contains 
several deposition chambers With Wafer transportation 
betWeen the chambers being under vacuum Without air 
expose in betWeen. 

[0029] The sacri?cial seed layer 31 is typically about 3 nm 
to about 100 nm thick and more typically about 5 nm to 
about 50 nm thick. It needs to be thick enough to minimiZe 
the possibility of discontinuities and/or pin holes that could 
expose the underlayer 21 to being oxidiZed. 

[0030] After deposition of layers 21 and 31 in a single 
platform, the Wafer is then moved to another platform for a 
thickness thing process of the sacri?cial layer 31 and depo 
sition of conductive material into the patterned features. 
During the thickness thinning process and the conductive 
material deposition process, the entire Wafer is completely 
immersed in a plating bath. 

[0031] As illustrated in FIG. 4, the thickness of the sac 
ri?cial seed 31 is reduced by using a reverse plating process 
to create thinned layer 41. The reverse plating process 
involves reversing the current in the electroplating bath. A 
typical reverse plating process is described in Us. Pat. No. 
5,486,282 to Datta and assigned to International Business 
Machines Corporation, the assignee of this application, 
entire disclosure of Which is incorporated herein by refer 
ence. The thinning involves chemical etching Whereby in 
one example, cupric ions react With copper to form cuprous 
ions. Because the thickness thinning process of sacri?cial 
seed layer 31 and the deposition process of the conductive 
layer 71 are carry out inside a same plating bath, and the 
Wafer is entirely immersed in the plating bath during the 
processes, the underneath layer 21 is completely prevent 
from exposition to the air. 

[0032] The thinned sacri?cial layer is typically less than 
50% of layer 31 and more typically less than 20% of layer 
31. 

[0033] In an even more typical process, the reverse plating 
can be continued to produce a discontinuous sacri?cial seed 
layer 51. The discontinuous sacri?cial seed layer 51 is 
typically 1 nm to about 10 nm thick and covers at least about 
30% of the underlying layer 21. 
[0034] As illustrated in FIG. 6, the resistivity of the Wafer 
can be monitored during the reverse plating process to 
determine When the desired thickness of layer 41 is 
achieved. 
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[0035] Next as illustrated in FIG. 7, a conductive inter 
connected 71 is blanket deposited typically by electroless or 
electroplating to ?ll the openings 11, 12 and 13. Typical 
interconnection materials 71 are Cu, Cu alloys such as CuAl, 
Al, Al alloys such as AlCu, Ag, Ag alloys, Au, Au alloys, W 
and W alloys With Cu and Cu alloys being more typical. 
Suitable electroless and electroplating baths are knoWn and 
need not be describe herein. (Nevertheless, if possible, 
please provide reference to some). Typical techniques are 
disclosed in Us. Ser. No. 09/348,632 and Us. Pat. No. 
6,331,237 B1 to Andricacos et al., entire disclosures of 
Which are incorporated herein by reference. Because the 
thickness thinning process of sacri?cial seed layer 31 and 
the deposition process of the conductive layer 71 are carried 
out inside the same plating bath, and the Wafer is entirely 
immersed in the plating bath during the processes, the 
underneath layer 21 is completely prevent from exposition 
to the air. 

[0036] As illustrated in FIG. 8, the structure is then 
plarariZed to remove the overburden of the interconnect 
material 71 such as by Chemical Mechanical Polishing 
(CMP). Typical slurries for CMP contain an abrasive particle 
such as alumina, silica, ceria, Zirconia, or titanium dioxide, 
along With an oxidiZing agent such as ferric nitrate, potas 
sium iodate, ammonium cerium nitrate, potassium ferricya 
nide, silver nitrate, sodium hypochlorite, potassium perchlo 
rate, potassium permanganate or hydrogen peroxide. 

[0037] The foregoing description illustrates and describes 
the disclosure. Additionally, the disclosure shoWs and 
describes only the preferred embodiments but, as mentioned 
above, it is to be understood that it is capable of use in 
various other combinations, modi?cations, and environ 
ments and is capable of changes or modi?cations Within the 
scope of the invention concept as expressed herein, com 
mensurate With the above teachings and/or the skill or 
knoWledge of the relevant art. The embodiments described 
herein above are further intended to explain best modes 
knoWn by applicant and to enable others skilled in the art to 
utiliZe the disclosure in such, or other embodiments and With 
the various modi?cations required by the particular appli 
cations or uses thereof. Accordingly, the description is not 
intended to limit the invention to the form disclosed herein. 
Also it is intended that the appended claims be construed to 
include alternative embodiments. 

[0038] All publications and patent applications cited in 
this speci?cation are herein incorporated by reference, and 
for any and all purposes, as if each individual publication or 
patent application Were speci?cally and individually indi 
cated to be incorporated by reference. 

What is claimed is: 
1. A method for fabricating a conductor-dielectric inter 

connect structure Which comprises providing a structure 
comprising a dielectric layer having a patterned feature 
therein; depositing a plating seed layer on the dielectric layer 
in said patterned feature; depositing a sacri?cial seed layer 
on said plating seed layer in said patterned feature; reducing 
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the thickness of the sacri?cial seed layer by reverse plating; 
and depositing a conductive material on the sacri?cial seed 
layer in said patterned feature. 

2. The method of claim 1 Wherein the structural includes 
a single or dual damascene structure or both. 

3. The method of claim 1 Wherein the plating seed layer 
comprises Ru or Ir or both. 

4. The method of claim 1 Wherein the sacri?cial seed layer 
comprises Cu or a Cu alloy. 

5. The method of claim 1 Wherein the plating seed layer 
comprise Ru and Ta and/or TaN; Ir and Ta and/or TaN; Ru 
and TiSiN; and Ir and TiSiN. 

6. The method of claim 1 Wherein the sacri?cial seed layer 
is about 3 nm to about 100 nm thick. 

7. The method of claim 1 Wherein the thickness of the 
sacri?cial seed layer is reduced to at least 50% of the 
original thickness. 

8. The method of claim 1 Wherein the thickness of the 
sacri?cial seed layer is reduced to provide a discontinuous 
sacri?cial seed layer. 

9. The method of claim 1 Wherein the conductive material 
is selected from the group consisting of Cu, Al, Ag, Au, W 
and alloys thereof. 

10. The method of claim 1 Wherein said conductive 
material comprises Cu or Cu alloy. 

11. The method of claim 1 Which further comprises 
planariZing the conductive material. 

12. The method of claim 1 Wherein the plating seed layer 
is deposited by chemical vapor deposition (CVD) or atomic 
layer deposition (ALD) techniques. 

13. The method of claim 1 Wherein the sacri?cial seed 
layer is deposited by physical vapor deposition (PVD) or 
chemical vapor deposition (CVD) or atomic layer deposition 
(ALD) techniques. 

14. The method of claim 13 Wherein the sacri?cial seed 
layer is deposited in the same platform Where the plating 
seed Was deposited. 

15. The method of claim 1 Wherein conductive material is 
deposited by electroless or electroplating and is carried out 
in the same plating bath in Which the sacri?cial layer is 
thinned. 

16. The method of claim 1 Wherein the structure further 
comprises a capping layer located above the dielectric layer 
and barrier layer. 

17. A structure Which comprises a dielectric layer having 
a patterned feature therein; a plating seed layer on the 
dielectric layer in said patterned feature; and a discontinuous 
sacri?cial seed layer located in said patterned feature on said 
plating seed layer. 

18. The structure of claim 17 Wherein the plating seed 
layer comprises Ru or Ir or both. 

19. The structure of claim 17 Wherein the sacri?cial seed 
layer comprises Cu or Cu alloy. 

20. The structure of claim 17 Which further comprises a 
conductive interconnect on the sacri?cial seed layer. 

* * * * * 


