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(57) ABSTRACT 
In forming a semiconductor device in Which an electrically 
conductive substrate is covered With a dielectric layer by the 
following steps, form a trench With a trench line on top and 
a contact hole on the bottom in the dielectric layer With the 
overall trench reaching doWn to the substrate. Preclean the 
trench. Form a tantalum ?lm over the dielectric layer includ 
ing the trench Walls, covering the exposed the substrate 
surface. Fill grain boundaries of the tantalum ?lm With at 
least one of tantalum oxide and tantalum nitride forming a 
?lled tantalum ?lm. Form a redeposited tantalum layer 
above the ?lled tantalum ?lm. Form a copper seed ?lm 
above the redeposited tantalum ?lm. Plate the device ?lling 
the trench With a plated bulk copper layer on the seed ?lm. 
PlanariZe the device to expose the top surface of the dielec 
tric layer, removing surplus portions of the ?lled tantalum 
?lm, the copper seed ?lm, and the bulk copper layer. The 
?lled tantalum ?lm is formed by exposing the tantalum to air 
under STP atmospheric conditions or by exposure to a 
nitrous oxide (N20) gas in a plasma at a temperature of 
about 400° C. 
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EFFECTIVE DIFFUSION BARRIER PROCESS AND 
DEVICE MANUFACTURED THEREBY 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to semiconductor devices 
and more particularly to diffusion barriers for conductors. 

[0003] 2. Description of Related Art 

[0004] US. Pat. No. 5,714,418 of Bai et al. for “Diffusion 
Barrier for Electrical Interconnects in an Integrated Circuit” 
discloses a bi-layer barrier for a copper interconnect using 
titanium/tantalum (Ti/T a) or tantalum nitride (TaN). 

[0005] US. Pat. No. 5,668,054 of Sun et al. for “Process 
for Fabricating Tantalum Nitride Diffusion Barrier for Cop 
per MetalliZation” shoWs a tantalum nitride (TaN) diffusing 
barrier for a copper interconnect. 

[0006] US. Pat. No. 4,931,410 of Tokunaga et al. for 
“Process for Producing Semiconductor Integrated Circuit 
Device Having Copper Interconnections and/or Wirings, and 
Device Produced” shoWs a copper (Cu) Wire interconnect 
process. 

[0007] US. Pat. No. 5,674,787 of Zhoa et al. for “Selec 
tive Electroless Copper Deposited Interconnect Plugs for 
ULSI Applications” mentions a tantalum barrier for a copper 
interconnect. See col. 5. 

SUMMARY OF THE INVENTION 

[0008] This invention provides a Ta barrier layer and 
?lling/stuf?ng process for a Cu interconnect process. 

[0009] Before deposition of a copper interconnect conduc 
tor tantalum (Ta) is deposited. Next the initial tantalum ?lm 
is ?lled, i.e. stuffed With an oxide and/or a nitride to form an 
enhanced tantalum (Ta) barrier layer by exposure to room 
temperature atmospheric air or exposure to a nitrous oxide 
(N20) gas in a plasma to improve barrier properties. This 
improves the barrier properties of the tantalum (Ta) by the 
oxygen (O2) gas or N20 to ?ll or stuff the grain boundaries 
of the tantalum metal ?lm. The tantalum ?lm can be ?lled 
With oxygen and/or nitrogen preferably at about 600° C. or 
in a plasma at a loWer temperature of about 400° C. The 
?lled tantalum ?lm can be formed by exposure to a nitrous 
oxide (N20) gas in a plasma at a temperature of about 400° 
C. Next, the ?lled tantalum ?lm is coated With a redeposited 
tantalum layer. This simultaneously avoids degrading of the 
adhesion betWeen the tantalum (Ta) the copper (Cu) layers 
Which are added on top of the re?lled tantalum layer. 

[0010] In accordance With this invention, a method is 
provided for forming a semiconductor device in Which an 
electrically conductive substrate is covered With a dielectric 
layer by the folloWing steps. Form a trench in the dielectric 
layer reaching doWn to expose a portion of the substrate, the 
trench having Walls. The trench is precleaned prior to 
forming the tantalum ?lm. Form a tantalum ?lm superjacent 
to the dielectric layer including the Walls and covering the 
portion of the substrate. Fill the tantalum ?lm by oxidiZing 
to form at least one of tantalum oxide and tantalum nitride 
forming a ?lled tantalum ?lm. After ?lling the tantalum ?lm 
a redeposited tantalum layer is formed superjacent to the 
?lled tantalum ?lm. Form a copper seed ?lm superj acent to 
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the redeposited tantalum ?lm. Plate the device ?lling the 
trench With a plated bulk copper layer superjacent to the 
copper seed ?lm. PlanariZe the device to expose the top 
surface of the dielectric layer, removing surplus portions of 
the ?lled tantalum ?lm, the copper seed ?lm, and the bulk 
copper layer. Preferably, the ?lled tantalum ?lm is formed by 
exposing the tantalum to air under STP atmospheric condi 
tions; or the ?lled tantalum ?lm is formed by exposure to a 
nitrous oxide (N20) gas in a plasma at a temperature of 
about 600° C. 

[0011] In accordance With another aspect of this invention, 
a semiconductor device has an electrically conductive sub 
strate is covered With a dielectric layer With a trench formed 
therein reaching doWn to expose a portion of the substrate. 
The trench Was precleaned prior to forming a tantalum ?lm 
Which is over the dielectric layer including the Walls and 
covering the portion of the substrate. The tantalum ?lm has 
grain boundaries ?lled With at least one of tantalum oxide 
and tantalum nitride forming a ?lled tantalum ?lm. There are 
a redeposited tantalum layer over the ?lled tantalum ?lm and 
a copper seed ?lm over the redeposited tantalum ?lm. The 
trench is ?lled With a plated bulk copper layer over the 
copper seed ?lm, and the device is planariZed to expose the 
top surface of the dielectric layer, after removal of surplus 
portions of the ?lled tantalum ?lm, the copper seed ?lm, and 
the bulk copper layer. Preferably, the ?lled tantalum ?lm Was 
exposed to air under STP atmospheric conditions or to a 
nitrous oxide (N20) gas in a plasma at a temperature of 
about 600° C. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The foregoing and other aspects and advantages of 
this invention are explained and described beloW With 
reference to the accompanying draWings, in Which: 

[0013] FIGS. 1A-1E shoW a sectional vieW of a portion of 
a semiconductor device in accordance With this invention 
being manufactured in accordance With this invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0014] FIG. 1A shoWs a sectional vieW of a portion of a 
semiconductor device 10 With a substrate 12 formed of a 
silicide of (Ta, W, Ti, etc.) or a metal layer. Above the 
substrate layer 12, an InterLevel Dielectric (ILD) or Inter 
Metal Dielectric (IMD) dielectric layer 16 has been formed 
and a dual damascene trench 22A including a space for a 
trench line 22L and a contact hole 22V (via hole) has been 
formed, preferably by etching With a photolithographically 
(With a photoresist mask Which has been stripped aWay) in 
the top surface of the dielectric layer 16. The dual dama 
scene trench 22A extends doWn through trench line 22L and 
contact hole 22V until trench 22A reaches doWn to the top 
surface of the substrate 12 of silicide or metal removing a 
modest amount of the surface of layer 12 in the process of 
forming the hole 22A by etching or otherWise. 

[0015] FIG. 1B shoWs the device 10 of FIG. 1A after 
precleaning the device by Argon sputtering, folloWed by 
formation of a thin tantalum barrier ?lm 20, superjacent to 
device 10 forming a narroWer and shalloWer trench 22B by 
covering the surface of dielectric layer 16, as Well as the 
sideWalls of trench 22A in FIG. 1A and the exposed surface 
of substrate 12 at the bottom of trench 22A Within the barrier 
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layer 20. Film 20 has a thickness from about 20 A to about 
500 A and ?lm 20 is deposited by a process such as PVD 
(Physical Vapor Deposition). Trench line 22L and contact 
hole 22V have been reduced by the thickness of ?lrn 20 to 
comprise trench line 22LB and contact hole 22VB. 

[0016] FIG. 1C shoWs the device 10 of FIG. 1B after 
eXposure of the device 10 to air to cause oxygen gas (O2) to 
?ll, i.e. stuff, the tantalurn ?lm 20 in trench 22B and 
elseWhere to form a stuffed/oxidized tantalurn ?lrn 20‘ lining 
the trench 22C formed from trench 22B. The stuffing occurs 
at STP (Room temperature and atmospheric pressure). Alter 
natively, the tantalurn ?lrn 20‘ is stuffed With oXygen and/or 
nitrogen preferably at about 600° C. or in a plasma at a lower 
temperature of about 400° C. For example, the ?lled tanta 
lurn ?lrn can be formed by eXposure to a nitrous oXide (N20) 
gas in a plasma at a temperature of about 400° C. During the 
stuf?ng process, the grain boundaries or interstices in the 
tantalurn ?lrn 20‘ are ?lled With atoms of the stuf?ng oXygen 
which forms tantalurn oXide Which ?lls the grain boundaries/ 
interstices of the tantalurn rnetal lattice structure With tan 
talurn oXide and additional tantalurn oXide is formed on the 
surface of tantalurn ?lrn 20. Since the stuffed gas sirnply ?lls 
the interstices in the ?lrn 20‘, the dimensions of the trench 
22C are substantially the same as the trench 22B of FIG. 1B. 
See Sinke et al., Appl. Phys. Lett., Vol. 47, No. 5 (1985) p. 
471 et seq. Trench line 22LB and contact hole 22VB have 
been replaced by the trench line 22LC and contact hole 
22VC With the dimensions of the corresponding portions of 
trench hole 22C. 

[0017] FIG. 1D shoWs the device 10 of FIG. 1C after 
trench 22C has been ?lled With a redeposited tantalurn layer 
26 formed over stuffed tantalurn ?lrn 20‘ and a copper seed 
?lrn 27 formed over the redeposited tantalurn layer 26 Which 
leaves a shalloWer and narroWer trench 22D When compared 
With trench 22C in FIG. 1C. The redeposited tantalurn layer 
26 is formed to improve the adhesion/barrier functions of the 
stuffed tantalurn ?lrn 20‘. The copper seed ?lrn 27 is pro 
vided to enhance plating of copper in the neXt step shoWn in 
FIG. 1E. Trench line 22LC and contact hole 22VC have 
been reduced by the thickness of ?lrns 26 and 27 to comprise 
trench line 22LD and contact hole 22VD. 

[0018] Tantalourn layer 26 has a thickness from about 20 A 
to about 500 A; and tantalurn layer 26 is deposited by a 
process such as PVD. 

[0019] Copper seed ?lrn 27 has a thickness from about 500 
A to about 2,500 A and copper seed ?lrn 27 is deposited by 
a process such as CVD, LPCVD, PECVD, evaporation, or 
PVD. 

[0020] FIG. 1E shoWs the device 10 of FIG. 1D after a 
process of plating by ECD (ElectroChernical Deposition). 

[0021] The result of the plating step is overplating of the 
trench 22D in FIG. 1D With copper layer 28P. The seed ?lrn 
27 has been merged With the bulk copper layer 28P and is no 
longer shoWn in the draWings for that reason. 

[0022] The layer 28P can be deposited by another process 
such as electroless plating, CVD or PVD (high temperature 
With re?oW, as is done With a conventional hot-Al process.) 

[0023] The result is that the copper plug or interconnect 
line 28 connects to the silicide or metal layer. 
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[0024] FIG. 1F shoWs the device 10 of FIG. 1E after a 
process of CMP (Chernical Mechanical Polishing or Pla 
nariZation) Which srnooths the surface of device 10 so that 
the copper layer 28 in the trench 22D is ?ush With the 
surface of the ILD/IMD layer 16 as Well as the layers 20‘/26 
after removal of the layer 28P of FIG. 1E. 

[0025] While this invention has been described in terms of 
the above speci?c ernbodirnent(s), those skilled in the art 
Will recogniZe that the invention can be practiced With 
rnodi?cations Within the spirit and scope of the appended 
claims, ie that changes can be made in form and detail, 
Without departing from the spirit and scope of the invention. 
Accordingly all such changes come within the purvieW of 
the present invention and the invention encompasses the 
subject matter of the claims Which folloW. 

Having thus described the invention, What is claimed as neW 
and desirable to be secured by Letters Patent is as folloWs: 
1. A method of forming a semiconductor device in Which 

an electrically conductive substrate is covered With a dielec 
tric layer comprising: 

forming a trench for a dual darnascene structure cornpris 
ing a trench line space and a contact hole in said 
dielectric layer, said trench reaching doWn to eXpose a 
portion of said substrate, said trench having Walls, 

forming a tantalurn ?lrn superjacent to said dielectric 
layer including said Walls and covering said portion of 
said substrate, 

?lling grain boundaries of said tantalurn ?lrn With at least 
one of tantalurn oXide and tantalum nitride forming a 
?lled tantalurn ?lrn, 

forming a copper seed ?lrn above said ?lled tantalurn ?lrn, 

plating said device ?lling said trench With a plated bulk 
copper layer superj acent to said copper seed ?lrn, and 

planariZing said device to eXpose the top surface of said 
dielectric layer, rernoving surplus portions of said ?lled 
tantalurn ?lrn, said copper seed ?lrn, and said bulk 
copper layer. 

2. A method in accordance with claim 1 Wherein: 

said ?lled tantalurn ?lrn is formed by eXposing said 
tantalurn to air under STP atmospheric conditions. 

3. A method in accordance with claim 1 Wherein: 

said ?lled tantalurn ?lrn is formed by eXposure to a nitrous 
oXide (N20) gas in a plasma at a temperature of about 
400° C. 

4. A method in accordance with claim 1 Wherein: 

said trench is precleaned prior to forrning said tantalurn 
?lrn. 

5. A method in accordance with claim 1 Wherein: 

after ?lling said tantalurn ?lrn, form a redeposited tanta 
lurn layer superjacent to said ?lled tantalurn ?lrn. 

6. A method in accordance with claim 1 Wherein: 

said trench is precleaned prior to forrning said tantalurn 
?lrn, and 

after ?lling said tantalurn ?lrn, form a redeposited tanta 
lurn layer superjacent to said ?lled tantalurn ?lrn. 
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7. A method in accordance With claim 1 wherein: 

said trench is precleaned prior to forming said tantalum 
?lm, 

said ?lled tantalum ?lm is formed by exposing said 
tantalum to air under STP atmospheric conditions, and 

after ?lling said tantalum ?lm, form a redeposited tanta 
lum layer superjacent to said ?lled tantalum ?lm. 

8. A method in accordance With claim 1 Wherein: 

said trench is precleaned prior to forming said tantalum 
?lm, 

said ?lled tantalum ?lm is formed by eXposure to a nitrous 
oXide (N20) gas in a plasma at a temperature of about 
400° C., and 

after ?lling said tantalum ?lm, form a redeposited tanta 
lum layer superjacent to said ?lled tantalum ?lm. 

9. A method of forming a semiconductor device in Which 
an electrically conductive substrate is covered With a dielec 
tric layer comprising: 

forming a trench in said dielectric layer comprising a dual 
damascene structure With a trench line space stacked 
above a contact hole in said dielectric layer, said trench 
reaching doWn to eXpose a portion of said substrate, 
said trench having Walls, 

said trench is precleaned prior to forming said tantalum 
?lm, 

forming a tantalum ?lm superj acent to said dielectric 
layer including said Walls and covering said portion of 
said substrate, 

?lling grain boundaries of said tantalum ?lm With at least 
one of tantalum oXide and tantalum nitride forming a 
?lled tantalum ?lm, 

after ?lling said tantalum ?lm, forming a redeposited 
tantalum layer superjacent to said ?lled tantalum ?lm, 

forming a copper seed ?lm superj acent to said redeposited 
tantalum ?lm, 

plating said device ?lling said trench With a plated bulk 
copper layer superj acent to said copper seed ?lm, and 

planariZing said device to eXpose the top surface of said 
dielectric layer, removing surplus portions of said ?lled 
tantalum ?lm, said copper seed ?lm, and said bulk 
copper layer. 

10. A method in accordance With claim 9 Wherein: 

said ?lled tantalum ?lm is formed by eXposing said 
tantalum to air under STP atmospheric conditions. 

11. A method in accordance With claim 9 Wherein: 

said ?lled tantalum ?lm is formed by eXposure to a nitrous 
oXide (N20) gas in a plasma at a temperature of about 
400° C. 

12. A semiconductor device in Which an electrically 
conductive substrate is covered With a dielectric layer com 
prising: 

a trench With a dual damascene structure comprising a 
trench line space stacked above a contact hole in said 
dielectric layer, said trench reaching doWn to eXpose a 
portion of said substrate, said trench having Walls, 
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a tantalum ?lm is superjacent to said dielectric layer 
including said Walls and covering said portion of said 
substrate, 

grain boundaries of said tantalum ?lm having been ?lled 
With at least one of tantalum oXide and tantalum nitride 
forming a ?lled tantalum ?lm, 

a copper seed ?lm above said ?lled tantalum ?lm, 

a bulk copper layer superjacent to said copper seed ?lm, 
and 

said device planariZed to eXpose the top surface of said 
dielectric layer, With surplus portions of said ?lled 
tantalum ?lm, said copper seed ?lm, and said bulk 
copper layer removed. 

13. A device in accordance With claim 12 Wherein: 

said trench Was precleaned prior to forming said tantalum 
?lm. 

14. A device in accordance With claim 12 Wherein: 

a redeposited tantalum layer is superj acent to said ?lled 
tantalum ?lm. 

15. A device in accordance With claim 12 Wherein: 

said trench Was precleaned prior to forming said tantalum 
?lm, and 

a redeposited tantalum layer is superj acent to said ?lled 
tantalum ?lm. 

16. A device in accordance With claim 12 Wherein: 

said trench Was precleaned prior to forming said tantalum 
?lm, 

said ?lled tantalum ?lm Was formed by eXposing said 
tantalum to air under STP atmospheric conditions, and 

a redeposited tantalum layer is superj acent to said ?lled 
tantalum ?lm. 

17. A device in accordance With claim 12 Wherein: 

said trench Was precleaned prior to forming said tantalum 
?lm, 

a redeposited tantalum layer is superj acent to said ?lled 
tantalum ?lm. 

18. A semiconductor device in Which an electrically 
conductive substrate is covered With a dielectric layer com 
prising: 

a trench in said dielectric layer reaching doWn to eXpose 
a portion of said substrate, said trench having Walls, 

said trench Was precleaned prior to forming said tantalum 
?lm, 

a tantalum ?lm superj acent to said dielectric layer includ 
ing said Walls and covering said portion of said sub 
strate, 

said tantalum ?lm having grain boundaries having been 
?lled With at least one of tantalum oXide and tantalum 
nitride forming a ?lled tantalum ?lm, 

a redeposited tantalum layer superjacent to said ?lled 
tantalum ?lm, 

a copper seed ?lm superjacent to said redeposited tanta 
lum ?lm, 

said trench ?lled With a plated bulk copper layer super 
jacent to said copper seed ?lm, and 
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said device planariZed to expose the top surface of said 20. A device in accordance With claim 18 Wherein: 
dielectric layer, after removal of surplus portions of 
Said ?lled tantalum ?lm, Said Copper Seed ?lm, and Said said ?lled tantalurn ?lm Was eXposed to a nitrous oXide 
bulk copper layer. (N20) gas in a plasma at a temperature of about 400° 

19. A device in accordance with claim 18 Wherein: C_ 

said ?lled tantalurn ?lrn Was eXposed to air under STP 
atmospheric conditions. * * * * * 


