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A method of manufacturing metallic interconnects. A sub 
gg?lslléindRe?€eéiiilrliiig strate has a copper line formed therein. An inter-metal 
THOMAS KAYDEN HORSTEMEYER & dielectric layer is formed over the substrate and the copper 
RISLEY LLP line. A patterned photoresist layer is formed over the inter 

metal dielectric layer. The inter-metal dielectric layer is 
etched to form a trench and a contact opening that exposes 
a portion of the copper line; Wherein the contact opening is 
under the trench. At a low temperature and using a plasma 
derived from a gaseous mixture NZH2 (H2:4%)/O2, the 
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(*) Notice: This is a publication of a continued pros 
ecution application (CPA) ?led under 37 
CFR 1' 53((1) photoresist layer is removed. Any copper oXide layer formed 

on the copper line in the process of removing photoresist 
(21) APPL No. 09/457,561 material is reduced back to copper using gaseous NZH2 

(H2:4%). A barrier layer conformal to the trench and the 
(22) Filed; Dec_ 9, 1999 contact opening pro?le is formed. Copper is deposited to 

form a conformal ?rst copper layer over the trench and the 
Publication Classi?cation contact opening. Using the ?rst copper layer as a seeding 

layer; a copper or a copperless electroplating is carried out 
(51) Int. Cl.7 ................... .. H01L 21/4763; H01L 21/44; so that a second copper layer is groWn anisotropically over 

H01L 21/302; H01L 21/461 the ?rst copper layer. 



Patent Application Publication Aug. 16, 2001 Sheet 1 0f 4 US 2001/0014529 A1 

102<1\H_x lffm 

FIG. 1A (PRIOR ART) 

( ‘ 10s 

5106 

1020i 110 104 5 \ I 
_f102 

11E 

FIG. 1B (PRIOR ART) 



Patent Application Publication Aug. 16, 2001 Sheet 2 0f 4 US 2001/0014529 A1 

H2 I106 

kljno 104 
‘V _f102 

129 

FIG. 1C (PRIOR ART) 

2020 204 

FIG. 2A 



Patent Application Publication Aug. 16, 2001 Sheet 3 0f 4 US 2001/0014529 A1 

208 

I206 
211 202 <1 /21o} 204 

_f2o2 

M 

FIG. 2B 
212 

FIG. 2C 



Patent Application Publication Aug. 16, 2001 Sheet 4 0f 4 US 2001/0014529 A1 

212 

216b-5 L/////// ////A I206 
z1sq\ %/ 210 216{ }211 204 

& 
_f202 

2% 

FIG. 2D 



US 2001/0014529 A1 

METHOD OF MANUFACTURING METALLIC 
INTERCONNECTS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method of manu 
facturing a semiconductor device. More particularly, the 
present invention relates to a method of manufacturing 
metallic interconnects. 

[0003] 2. Description of the Related Art 

[0004] As the level of integration of integrated circuit 
devices increases, the number of devices in a silicon chip 
increases and hence the number of interconnects necessary 
for linking semiconductor devices also increases. Conse 
quently, integrated circuits, in particular metallic intercon 
nects, are becoming harder to manufacture. In fact, hoW to 
produce quality conductive lines With ideal operating prop 
erties Within the con?nes of a small contact area is a goal that 
all semiconductor manufacturers are actively pursuing. 

[0005] Due to a reduction of line Width through miniatur 
iZation, current density sustained by each metallic line 
increases correspondingly. Passing a high current through a 
narroW conventional aluminum metal line results in elec 
tromigration and subsequently leads to a device reliability 
problem. 
[0006] To reduce electromigration, especially for sub 
micron devices, copper is a better choice of material than 
aluminum for forming interconnects. Copper has a loW 
resistivity and a higher resistance to electromigration. More 
over, a copper layer can be deposited by chemical vapor 
deposition or electroplating. HoWever, copper is also highly 
resistant toWards most conventional gaseous etchants, and 
hence copper lines are dif?cult to produce by conventional 
methods. Typically, copper lines are usually manufactured 
by a dual damascene process. 

[0007] FIGS. 1A through 1C are schematic cross-sec 
tional vieWs shoWing the progression of steps in a conven 
tional dual damascene process. 

[0008] As shoWn in FIG. 1A, a substrate having a copper 
line 102 therein is provided. Atop surface 102a of the copper 
line 102 is exposed. An inter-metal dielectric layer 104 is 
formed over the substrate 100. The inter-metal dielectric 
layer 104 is formed, for example, by sequentially depositing 
a silicon oxide, a silicon nitride and a silicon oxide layer 
over the substrate 100. Silicon oxide and silicon nitride have 
different etching rates With respect to an etchant. Silicon 
nitride may also be deposited over the substrate 100 to form 
a silicon nitride layer prior (not shoWn) to the formation of 
the inter-metal dielectric layer 104. This has the advantage 
of preventing copper atoms from diffusing into the inter 
metal dielectric layer 104 leading to device malfunction or 
undesired bridging betWeen metallic interconnects. 

[0009] As shoWn in FIG. 1B, a dual damascene opening 
consisting of a trench 106 and a contact opening 110 is 
formed in the inter-metal dielectric layer 104 With the 
contact opening 110 located under the trench 106. To form 
the dual damascene opening, a patterned photoresist layer 
(not shoWn) is formed over the inter-metal dielectric layer 
104. The inter-metal-dielectric layer 104 is etched using the 
patterned photoresist as an etching mask and the silicon 
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nitride layer as an etching stop layer. Hence, the trench 106 
is ?rst formed in the inter-metal dielectric layer 104. The 
patterned photoresist layer is removed, and then another 
patterned photoresist layer 108 is formed over the inter 
metal dielectric layer 104. Using the patterned photoresist 
layer 108 as a mask, the inter-metal dielectric layer 104 is 
etched again to form the contact opening 110 that exposes 
the surface 102a of the copper line 102. 

[0010] As shoWn in FIG. IC, the photoresist layer 108 is 
removed by ashing using oxygen plasma. The plasma ashing 
is carried out at a high temperature With oxygen ?oWing at 
a rate of about 2000 to 3000 sccm. Oxygen plasma oxidiZes 
organic molecules inside the photoresist material, Which 
contains carbon (C), hydrogen (H), nitrogen (N) and oxygen 
(O), into gaseous carbon dioxide (CO2), Water (H20) and 
nitrogen oxides (NOX). The resulting gaseous products 
including carbon dioxide, Water and nitrogen oxide are 
pumped aWay. High temperature is used to facilitate the 
oxidation of the photoresist material and accelerate photo 
resist removal. 

[0011] Typically, the ashing chamber for removing pho 
toresist material is raised to a temperature of about 250° C. 
HoWever, at such a high temperature, the exposed surface 
102a of the copper line 102 is also attacked by oxygen 
plasma. A portion of the copper near the surface 102a is 
oxidiZed into loose cupric oxide (CuZO) or copper oxide 
(CuO). Hence, electrical conductivity of the copper line 
decreases and contact resistance at the contact opening 
increases. 

[0012] Although the oxides of copper can be dissolved in 
an alkali solvent, voids 112 are often formed on the surface 
102a of the copper line 102. When a barrier layer and a seed 
layer are subsequently formed over the exposed sideWalls of 
the trench 106 and the contact opening 110, these voids 112 
Will result in a highly irregular pro?le. The irregular pro?le 
creates a high stress in subsequently deposited seeding layer 
during high temperature annealing, and may lead to an open 
contact due to surface tension. In a subsequent copper 
electroplating or copperless electroplating process, no cop 
per adheres to the area Where there is a break in the seeding 
layer. Hence, copper Will not groW evenly inside the dual 
damascene opening, and a high contact resistance Will result. 

SUMMARY OF THE INVENTION 

[0013] The invention provides a dual damascene process. 
A substrate having a copper line therein is provided. An 
inter-metal dielectric layer is formed over the substrate and 
the copper line. Apatterned photoresist layer is formed over 
the inter-metal dielectric layer. The inter-metal dielectric 
layer is etched to from a contact opening and a trench that 
exposes a portion of the copper line With the contact opening 
located under the trench. At a loW temperature and using 
NZH2 (H2:4%)/O2 as a gaseous mixture for producing a 
plasma, the photoresist layer is removed. Due to the pres 
ence of oxygen plasma, a surface layer of copper on the 
copper line is oxidiZed into copper oxide. Using the NZH2 
(H2:4%) as a gaseous source, the copper oxide layer on the 
surface of the copper line is reduced back into copper. A 
barrier layer conformal to the trench and contact opening 
pro?le is formed. Copper is deposited to form a conformal 
?rst copper layer over the trench and the contact opening. 
Using the ?rst copper layer as a seeding layer, a copper or 
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a copperless electroplating is carried out to form a second 
copper layer. The second copper plug layer includes a trench 
line and a contact. 

[0014] This invention also provides a dual damascene 
process that uses a gaseous mixture N2H2 (H2:4%)/O2 to 
produce a plasma for removing photoresist material at a loW 
temperature so that the oxidation of copper on the surface of 
copper lines is greatly reduced. 

[0015] This invention also provides a dual damascene 
process that uses a gas N2H2 (H2:4%) to reduce the copper 
oxide formed after the removal of photoresist material back 
into copper so that loWering of electrical conductivity of 
metallic interconnects and increase of contact resistance are 
prevented. 
[0016] It is to be understood that both the foregoing 
general description and the folloWing detailed description 
are exemplary, and are intended to provide further explana 
tion of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The accompanying draWings are included to pro 
vide a further understanding of the invention, and are 
incorporated in and constitute a part of this speci?cation. 
The draWings illustrate embodiments of the invention and, 
together With the description, serve to explain the principles 
of the invention. In the draWings, 

[0018] FIGS. 1A through 1C are schematic cross-sec 
tional vieWs shoWing the progression of steps in a conven 
tional dual damascene process; and 

[0019] FIGS. 2A through 2D are schematic cross-sec 
tional vieWs shoWing the progression of steps in a dual 
damascene process according to the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0020] Reference Will noW be made in detail to the present 
preferred embodiments of the invention, examples of Which 
are illustrated in the accompanying draWings. Wherever 
possible, the same reference numbers are used in the draW 
ings and the description to refer to the same or like parts. 

[0021] FIGS. 2A through 2D are schematic cross-sec 
tional vieWs shoWing the progression of steps in a dual 
damascene process according to the invention. As shoWn in 
FIG. 2A, a substrate 200 having a copper line 202 therein 
is provided. The upper surface 202a of the copper line 202 
is exposed. An inter-metal dielectric layer 204 is formed 
over the substrate 200 and the copper line 202. The inter 
metal dielectric layer 204 is formed, for example, by depos 
iting a silicon oxide layer, a silicon nitride layer and a silicon 
oxide layer in sequence over the substrate 200. The silicon 
oxide layer and the silicon nitride layer have different 
etching rates With respect to a particular etchant. In this 
embodiment, an additional silicon nitride layer may be 
formed over the substrate 200 prior to the formation of the 
inter-metal dielectric layer 204. This silicon nitride layer 
serves as a barrier preventing the diffusion of copper atoms 
into the inter-metal dielectric layer 204 that Would lead to 
device malfunction or unWanted bridging betWeen metallic 
interconnects. The inter-metal dielectric layer 204 is pref 
erably planariZed. 
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[0022] As shoWn in FIG. 2B, a dual damascene opening 
211 is formed in the inter-metal dielectric layer 204. The 
dual damascene opening 211 includes a trench 206 and a 
contact opening 210, Wherein the contact opening 210 is 
formed under the trench 206. 

[0023] Typically, the dual damascene opening 211 is 
formed by depositing photoresist material over the inter 
metal dielectric layer 204 to form a photoresist layer (not 
shoWn), and then patterning the photoresist layer. Using the 
patterned photoresist layer as an etching mask and the 
silicon nitride layer as an etching stop layer, the inter-metal 
dielectric layer 204 is etched to form the trench 206. The 
patterned photoresist layer is removed, and then another 
patterned photoresist layer 208 is formed over the inter 
metal dielectric layer 204. Using the patterned photoresist 
layer 208 as a mask, the inter-metal dielectric layer 204 is 
again etched to form the contact opening 210 that exposes 
the surface 202a of the copper line 202. 

[0024] The aforementioned method of forming the dual 
damascene opening 211 is only one of the preferred embodi 
ments of this invention. Alternatively, the contact opening 
210 is formed in the inter-metal dielectric layer 204 before 
the trench 206 is formed. Moreover, the inter-metal dielec 
tric layer 204 can simply be a silicon oxide layer or a loW 
dielectric constant dielectric layer. If the inter-metal dielec 
tric layer 204 is a silicon oxide or a loW dielectric constant 
layer, depth of the trench can be controlled by a timing 
model. In addition, the method of forming a damascene 
opening can also be applied to the invention. 

[0025] As shoWn in FIG. 2C, the photoresist 208 is 
removed by a loW-temperature ashing method. In other 
Words, the photoresist layer 208 is removed by placing the 
substrate 200 in an ashing chamber, introducing N2H2 at a 
rate of 100 to 300 sccm and oxygen O2 at a rate of 200 to 
600 sccm, heating the chamber to a temperature of about 30 
to 90° C., setting the pressure inside the chamber to about 
200 to 600 mT, and applying a source poWer of about 800 
to 1300 Watts (2.54 GHZ) and a radio frequency (RF) of 
about 100 to 400 Watts (13.56 MHZ). A plasma mixture of 
N2H2 (H2:4%)/O2 is produced to carry out loW-temperature 
ashing of the photoresist layer 208. 

[0026] Although a loW-temperature ashing for the removal 
of the photoresist layer 208 using a plasma mixture of N2H2 
(H2:4%)/O2 can reduce the amount of oxidation of the 
copper line 202, a portion of copper on the surface 202a still 
reacts With oxygen plasma to form loose copper oxide 
leading to a loWering of electrical conductivity of the metal 
line and an increase in contact resistance. Therefore, after 
the photoresist layer 208 is removed, the copper oxide on the 
surface 202a of the copper line 202 is reduced back to 
copper by the introduction of gaseous N2H2 into the cham 
ber. Reduction is carried out by introducing N2H2 (H2:4%) 
at a rate of 100 to 300 sccm, heating the chamber to a 
temperature of about 30 to 90° C., setting the pressure inside 
the chamber to 200 to 600 mT, and applying a source poWer 
of about 800 to 1300 Watts (2.54 GHZ) and a radio fre 
quency (RF) of about 100 to 400 Watts (13.56 MHZ). 
Thereafter, electrical conductivity of the metal line can be 
restored and contact resistance can be reduced. 

[0027] Furthermore, after the copper oxide on the copper 
line 202 is reduced back to copper, a cleaning solvent can be 
applied to remove any residual particles. 
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[0028] A conformal barrier layer 212 is formed over the 
inter-metal dielectric layer 204 and the interior surface of the 
trench 206 and the contact opening 210. The barrier layer 
212 is formed using a material that can prevent copper atoms 
from diffusing into the inter-metal dielectric layer 204. 
Consequently, the barrier layer 212 is preferably a tantalum 
silicide layer formed, for example, by chemical vapor depo 
sition. Because tantalum silicide is very effective in stopping 
the diffusion of copper atoms, the diffusion of copper atoms 
into the inter-metal dielectric layer 204 is blocked. 

[0029] A conformal copper layer 214 is formed over the 
barrier layer 212. The copper layer 214 serves as a seeding 
layer for groWing a copper layer. The copper layer 214 can 
be formed, for example, by physical vapor deposition or 
chemical vapor deposition. Using the inter-metal dielectric 
layer 204 as a polishing stop layer, the copper layer 214 and 
the barrier layer 212 above the inter-metal dielectric layer 
204 are removed, forming a structure as shoWn in FIG. 2C. 

[0030] In the invention, since copper oxide on the surface 
202a of the copper line 202 is reduced back to copper by the 
introduction of NZH2 gas, voids are no longer formed as in 
the conventional process. In the absence of voids on the 
copper line 202, a smooth copper layer 214 conformal to the 
surface pro?le of the trench 206 and the contact opening 210 
is formed. Hence, seeding layer breakage due to subsequent 
high-temperature annealing can be prevented. 

[0031] As shoWn in FIG. 2D, 21 copper or a copperless 
electroplating is carried out using the copper layer 214 as a 
seeding layer. Copper groWs anisotropically over the copper 
layer 214 to form a second copper layer 216 that ?lls the 
trench 206 and the contact opening 210. The second copper 
layer 216 can be regarded as comprising of a trench line 
216b and a contact 216a. 

[0032] Since the seeding copper layer 214 is deposited 
over the interior surface of the trench 206 and the contact 
opening 210, the second copper layer 216 groWs only in 
these areas. In other Words, no second copper layer 216 
forms over the barrier layer 212 during a copper or copper 
less electroplating due to the absence of seeding copper 
thereon. 

[0033] In summary, photoresist material is removed by a 
loW-temperature plasma derived from a gaseous mixture 
NZH2 (H2:4%)/O2 so that only small amount of copper oxide 
is formed. Moreover, the copper oxide is immediately 
reduced back to copper by the introduction of gaseous NZH2 
(H2:4%). Hence, voids are not formed on the exposed 
copper line and the subsequent breakage of seeding layer 
resulting in a loWering of conductivity and an increase in 
contact resistance is prevented. 

[0034] It Will be apparent to those skilled in the art that 
various modi?cations and variations can be made to the 
structure of the present invention Without departing from the 
scope or spirit of the invention. In vieW of the foregoing, it 
is intended that the present invention cover modi?cations 
and variations of this invention provided they fall Within the 
scope of the folloWing claims and their equivalents. 
What is claimed is: 

1. A method of manufacturing metallic interconnects, 
comprising the steps of: 

providing a substrate having a copper line therein; 

forming a dielectric layer over the substrate and the 
copper line; 
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forming a patterned photoresist layer over the dielectric 
layer; 

forming a dual damascene opening that exposes a portion 
of the copper line, Wherein the dual damascene opening 
includes a contact opening and a trench With the contact 
opening located under the trench; 

removing the photoresist layer using a loW-temperature 
plasma of a gaseous mixture NZH2 (H2:4%)/O2 so that 
an amount of oxidation on a surface of the copper line 

is minimiZed; 

reducing the copper oxide on the surface of copper line by 
introducing gaseous NZH2 (H2:4%); 

forming a conformal barrier layer over the interior surface 
of the trench and the contact opening; 

forming a ?rst copper layer over the barrier layer inside 
the trench and the contact opening; and 

groWing a second copper layer over the ?rst copper layer 
inside the trench and the contact opening, Wherein the 
second copper layer includes a trench line and a con 
tact, With the contact located under the trench line. 

2. The method of claim 1, Wherein ?oW rates of compo 
nents of the gaseous mixture NZH2 (H2:4%)/O2 While 
removing photoresist material are 100 to 300 sccm for NZH2 
(H2:4%) and 200 to 600 sccm for O2. 

3. The method of claim 1, Wherein the step of removing 
the photoresist layer is carried out at a temperature of about 
30 to 90° C., a pressure of about 200 to 600 mT, a Working 
poWer of about 800 to 1300 Watts (2.54 GHZ) and a radio 
frequency (RF) rating of about 100 to 400 Watts (13.56 
MHZ). 

4. The method of claim 1, Wherein the step of reducing the 
copper oxide back to copper is carried out With gaseous 
NZH2 is introduced at a rate of about 100 to 300 sccm, a 
temperature to about 30 to 90° C., a pressure of about 200 
to 600 mT, a Working poWer of about 800 to 1300 Watts 
(2.54 GHZ) and a radio frequency (RF) rating of about 100 
to 400 Watts (13.56 MHZ). 

5. The method of claim 1, Wherein the step of forming the 
second copper layer includes copper electroplating using the 
?rst copper layer as a seed layer. 

6. The method of claim 1, Wherein the step of forming the 
second copper layer includes a copperless electroplating 
using the ?rst copper layer as a seed layer. 

7. The method of claim 1, Wherein after the step of 
reducing the copper oxide back to copper using gaseous 
NZH2 (H2:4%) but before forming the barrier layer, further 
includes cleaning With a solvent. 

8. A dual damascene process, comprising the steps of: 

providing a substrate having a metal line therein; 

forming an inter-metal dielectric layer over the metal line 
and the substrate; 

forming a patterned photoresist layer over the inter-metal 
dielectric layer; 

forming a dual damascene opening that exposes a portion 
of the metal line in the inter-metal dielectric layer, 
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wherein the dual damascene opening includes a contact 
opening and a trench With the contact opening located 
under the trench; 

removing the photoresist layer using a loW-temperature 
plasma of a gaseous mixture NZH2 (H2:4%)/O2 so that 
an amount of oxidation on a surface of the copper line 

is minimiZed; 

reducing the copper oxide on the surface of copper line by 
introducing gaseous NZH2 (H2:4%); 

forming a conformal barrier layer over an interior surface 
of the trench and the contact opening; 

forming a conformal seeding layer over the barrier layer 
inside the trench and the contact opening; and 

groWing a metallic layer over the seeding layer inside the 
trench and the contact opening, Wherein the metallic 
layer includes a trench line and a contact, With the 
contact located under the trench line. 

9. The process of claim 8, Wherein ?oW rates of the 
components of the gaseous mixture NZH2 (H2:4%)/O2 While 
removing photoresist material are 100 to 300 sccm for NZH2 
(H2:4%) and 200 to 600 sccm for O2. 

10. The process of claim 8, Wherein the step of removing 
the photoresist layer is carried out at a temperature of about 
30 to 90° C., a pressure of about 200 to 600 mT, a Working 
poWer of about 800 to 1300 Watts (2.54 GHZ) and a radio 
frequency (RF) rating of about 100 to 400 Watts (13.56 
MHZ). 

11. The process of claim 8, wherein the step of reducing 
copper oxide back to copper is carried out With gaseous 
NZH2 introduced at a rate of about 100 to 300, a temperature 
of about 30 to 90° C., a pressure of about 200 to 600 mT, a 
Working poWer of about 800 to 1300 Watts (2.54 GHZ) and 
a radio frequency (RF) rating of about 100 to 400 Watts 
(13.56 MHZ). 

12. The process of claim 8, Wherein the seeding layer 
includes a copper layer. 

13. The process of claim 8, Wherein the metallic layer 
includes a copper layer. 

14. The process of claim 8, Wherein the step of forming 
the metallic layer includes copper electroplating using the 
seeding layer as a base. 

15. The process of claim 8, Wherein the step of forming 
the metallic layer includes copperless electroplating using 
the seeding layer as a base. 

16. The process of claim 8, Wherein the metal line 
includes a copper line. 

17. A method of removing photoresist material Without 
groWing a layer of copper oxide over a copper line, com 
prising the steps of: 

providing a substrate having a copper line therein; 

forming a dielectric layer over the copper line and the 
substrate; 

forming a patterned photoresist layer over the dielectric 
layer; 

forming a dual damascene opening that exposes a portion 
of the copper line in the dielectric layer, Wherein the 
dual damascene opening includes a contact opening 
and a trench, With the contact opening located under the 
trench; 
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removing the photoresist layer using a loW-temperature 
plasma of a gaseous mixture NZH2 (H2:4%)/O2 so that 
an amount of copper oxide groWn on a surface of the 

copper line is minimiZed; and 

reducing the copper oxide. 
18. The method of claim 17, Wherein ?oW rates of 

components of the gaseous mixture NZH2 (H2:4%)/O2 While 
removing photoresist material are 100 to 300 sccm for NZH2 
(H2:4%) and 200 to 600 sccm for O2. 

19. The method of claim 17, Wherein the step of removing 
the photoresist layer is carried out at a temperature of about 
30 to 90° C., a pressure of about 200 to 600 mT, a Working 
poWer of about 800 to 1300 Watts (2.54 GHZ) and a radio 
frequency (RF) rating of about 100 to 400 Watts (13.56 
MHZ). 

20. The method of claim 17, Wherein the step of reducing 
the copper oxide on the copper line includes using gaseous 

NZH2 (H2:4%). 
21. The method of claim 20, Wherein the step of reducing 

copper oxide back to copper is carried out With gaseous 
NZH2 introduced at a rate of about 100 to 300, a temperature 
of about 30 to 90° C., a pressure of about 200 to 600 mT, a 
Working poWer of about 800 to 1300 Watts (2.54 GHZ) and 
a radio frequency (RF) rating of about 100 to 400 Watts 
(13.56 MHZ). 

22. Acopper damascene process, comprising the steps of: 

providing a substrate having a copper line therein; 

forming an inter-metal dielectric layer over the copper 
line and the substrate; 

forming a patterned photoresist layer over the inter-metal 
dielectric layer; 

forming a copper damascene opening in the inter-metal 
dielectric layer, Wherein the copper damascene opening 
includes a contact opening and a trench, With the 
contact opening located under the trench; 

removing the photoresist layer using a loW-temperature 
plasma of a gaseous mixture NZH2 (H2:4%)/O2 so that 
an amount of oxidation on a surface of the copper line 

is minimiZed; 

reducing the copper oxide on the surface of copper line by 
passing gaseous NZH2 (H2:4%); 

forming a conformal barrier layer over the interior surface 
of the trench and the contact opening; 

forming a conformal seeding layer over the barrier layer 
inside the trench and the contact opening; and 

groWing a copper layer over the seeding layer inside the 
trench and the contact opening, Wherein the copper 
layer includes a trench line and a contact With the 
contact is located under the trench line. 

23. The method of claim 22, Wherein ?oW rates of 
components of the gaseous mixture NZH2 (H2:4%)/O2 While 
removing photoresist material are 100 to 300 sccm for NZH2 
(H2:4%) and 200 to 600 sccm for O2. 

24. The method of claim 22, Wherein the step of removing 
the photoresist layer is carried out at a temperature of about 
30 to 90° C., a pressure of about 200 to 600 mT, a Working 
poWer of about 800 to 1300 Watts (2.54 GHZ) and a radio 
frequency (RF) rating of about 100 to 400 Watts (13.56 
MHZ). 



US 2001/0014529 A1 

25. The method of claim 22, wherein the step of reducing 
copper oxide back to copper includes is carried out With 
gaseous NZH2 introduced at a rate of about 100 to 300, a 
temperature of about 30 to 90° C., a pressure of about 200 
to 600 mT, a Working poWer of about 800 to 1300 Watts 
(2.54 GHZ) and a radio frequency (RF) rating of about 100 
to 400 Watts (13.56 MHZ). 

26. The method of claim 22, Wherein the seeding layer 
includes a copper layer. 
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27. The method of claim 22, Wherein the step of forming 
the copper layer includes copper electroplating using the 
seeding layer as a base. 

28. The method of claim 22, Wherein the step of forming 
the copper layer includes a copperless electroplating using 
the seeding layer as a base. 


