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FIG. 4 (PRIOR ART) 
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METHOD OF FORMING METAL 
INTERCONNECTION USING PLATING AND 

SEMICONDUCTOR DEVICE MANUFACTURED BY 
THE METHOD 

[0001] This application relies for priority upon Korean 
Patent Application Nos. 99-39548 and 00-42153, ?led on 
Sep. 15, 1999, and Jul. 22, 2000, respectively, the contents 
of Which are herein incorporated by reference in their 
entirety. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a method of form 
ing a metal interconnection using plating and a semicon 
ductor device manufactured by the method. More particu 
larly, the present invention relates to a method for 
manufacturing a metal interconnection in a semiconductor 
device having a damascene structure and a semiconductor 
device manufactured by such a method. 

[0003] In order to reduce RC delay time in a semiconduc 
tor device, a method has been studied of forming a metal 
interconnection layer using metal such as copper, Which has 
a loW resistivity. Areduction in RC delay time is particularly 
useful in logic devices that require a high operation speed. 

[0004] In one method of forming a metal interconnection 
material, a metal interconnection material, such as alumi 
num, is formed over the entire surface of a substrate and the 
resultant structure is patterned by a conventional photoli 
thography process. However, a different method is used 
When forming a metal interconnection layer With copper 
(Cu) as a metal interconnection material because it is 
dif?cult to perform a patterning process With respect to 
copper. In order to form a metal interconnection layer using 
this process, a region Where a metal interconnection is to be 
made is formed in an insulation layer on a substrate in 
advance, and then this area is ?lled With a metal intercon 
nection material. Aso-called “damascene” process is used to 
achieve this method. 

[0005] FIGS. 1 through 3 are sectional vieWs for explain 
ing a method of forming a metal interconnection of a 
semiconductor device having a conventional line damascene 
structure. In the line damascene structure, a trench having a 
predetermined depth from the surface of an insulation layer 
is formed in a line, and a metal interconnection layer is 
formed in the trench. A method of forming a metal inter 
connection of a line damascene structure Will noW be 
described With reference to the attached draWings. 

[0006] Referring to FIG. 1, a trench region 11 of a line 
shape is formed by performing a photolithography process 
on an insulation layer 10, Which is formed over a substrate 
5. Subsequently, a diffusion prevention layer 12 is formed 
over the entire surface of the insulation layer 10, including 
the trench region 11. Next, copper is deposited over the 
diffusion prevention layer 12 by a physical vapor deposition 
(PVD) method such as sputtering, thereby forming a seed 
layer 14. 

[0007] Referring to FIG. 2, a plating layer 16 of copper is 
then formed over the resultant structure, including the seed 
layer 14, using an electroplating method. The plating layer 
16 is formed thick enough to completely ?ll the trench 
region 11. 
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[0008] Referring to FIG. 3, some of the plating layer 16 is 
then removed by a chemical-mechanical polishing (CMP) 
process until a portion of the insulation layer 10 is exposed. 
As a result of this, remaining portions of the diffusion 
prevention layer 12 and the seed layer 14, as Well as a metal 
interconnection layer 16a that is formed from the portion of 
the plating layer 16 remains Within each trench region 11, in 
the vicinity of the surface of the insulation layer 10. 

[0009] FIGS. 4 through 7 are a plan vieW and section 
vieWs for explaining a method of forming a metal intercon 
nection of a semiconductor device having a conventional 
dual damascene structure. In the dual damascene structure, 
a metal interconnection formed to ?ll a trench region of a 
line shape is combined With a contact ?lling a contact hole 
or a via-hole in order to connect to an underlying conductive 
layer. A method of forming a metal interconnection of a dual 
damascene structure Will be described beloW. 

[0010] Referring to FIG. 4, loWer conductive layers 28 are 
formed over a substrate 5 at a predetermined interval. Metal 
interconnection layers 26a are formed over the loWer con 
ductive layers 28 at another predetermined interval. An 
insulation layer (not shoWn in FIG. 4) is interposed betWeen 
the metal interconnection layer 26a and the underlying 
loWer conductive layer 28. The metal interconnection layer 
26a is electrically connected to the underlying loWer con 
ductive layer 28 through a contact hole region 30. FIGS. 5 
through 7 are sectional vieWs of FIG. 4 taken along the line 
VII-VII‘, and shoW the sequential steps of fabricating the 
device of FIG. 4. 

[0011] Referring to FIG. 5, a conductive material is 
deposited and patterned over a substrate 15 to form loWer 
conductive layers 28 at regular intervals. Subsequently, an 
insulation layer 20 is formed over the entire surface of the 
resultant structure, including the loWer conductive layers 28. 
A typical photolithography process is then performed on the 
insulation layer 20 to form a contact hole region 30 and a 
trench region 31 that includes the contact hole region 30. 
Next, a diffusion prevention layer 22 and a seed layer 24 are 
sequentially formed over the entire surface of the resultant 
structure, including the contact hole region 30 and the trench 
region 31. 

[0012] Referring to FIG. 6, the substrate 15 over Which 
the seed layer 24 is formed is then loaded into an electro 
plating apparatus and is electroplated to form a plating layer 
26 of copper. 

[0013] Referring to FIG. 7, the surface of the substrate 15, 
including the plating layer 26, is then planariZed by a 
chemical mechanical polishing (CMP) process. This surface 
planariZation is performed on the plating layer 26, the seed 
layer 24, and the diffusion prevention layer 22 until the 
surface of the insulation layer 20 is exposed. In this Way a 
metal interconnection layer 26a is formed that has a dual 
damascene structure and a planariZed surface, as shoWn in 
FIG. 7. 

[0014] HoWever, the method described above of forming 
a metal interconnection having a line or dual damascene 
structure has several problems. First, copper must be thickly 
deposited to make certain that enough copper is deposited to 
form a layer that ?lls the trench region 31 and has at least a 
predetermined thickness over the insulation layer 24, taking 
into account the depth of the trench region 31 and contact 
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hole region 30, and the parameters of the chemical mechani 
cal polishing (CMP) process. Thus, the amount of copper 
subject to the polishing is large. This decreases the through 
put of the fabrication process decreases, and increases 
fabrication eXpense. 

[0015] Second, as the amount of copper subject to the 
polishing increases, the uniformity of the chemical mechani 
cal polishing (CMP) process is degraded. This causes the 
thickness of a metal interconnection layer 26a ?nally formed 
in a substrate 15 to vary according to its location, Which 
directly affects the reliability and throughput of the devices. 

[0016] Third, When removing the copper layer using the 
chemical mechanical polishing (CMP) process, corrosion of 
the insulation layer 24 occurs according to the density of a 
metal interconnection layer pattern. This also causes the 
thicknesses of the metal interconnection layers 26a in a 
substrate 15 to vary, Which, as noted above, results in 
defects. 

[0017] Fourth, different slurries must be used When pol 
ishing a seed layer 24 and a diffusion prevention layer 22 
When the seed layer 24 and the diffusion prevention layer 22 
have different polishing speeds. This complicates the chemi 
cal mechanical polishing (CMP) process and increases fab 
rication eXpense. 

[0018] Fifth, in a dual damascene structure, the aspect 
ratio of a contact hole region 30 is very large, Which may 
result in the formation of a void 32 during electroplating, as 
shoWn in FIG. 6. Such a void 32, as shoWn in FIG. 7, 
remains as a void defect 32a on the surface of the metal 
interconnection layer 26a after surface planariZation, 
thereby deteriorating the reliability of the resulting devices. 

SUMMARY OF THE INVENTION 

[0019] It is a ?rst objective of the present invention to 
provide a method of forming a metal interconnection using 
a plating process, Which can improve the throughput and 
reliability of semiconductor devices by decreasing the 
required polishing in a chemical mechanical polishing 
(CMP) process. 

[0020] It is a second objective of the present invention to 
provide a semiconductor device, Which decreases the varia 
tion in the thicknesses of metal interconnection layers in a 
given substrate, and removes void defects, thereby improv 
ing the reliability of the device. 

[0021] To achieve the ?rst objective, the present invention 
provides a method of forming a metal interconnection. This 
method comprises forming an insulation region on a sub 
strate; forming a recess region in the insulation layer; 
forming a diffusion prevention layer over insulation layer 
and the recess region; forming a metal seed layer over the 
diffusion prevention layer only in the recess region; and 
forming a conductive plating layer on the seed layer using 
plating process. 

[0022] The recess region may comprise a trench region of 
a line shape having a predetermined depth from a top surface 
of the insulation layer. The recess region, may also comprise 
a trench region of a line shape having a predetermined depth 
from the surface of the insulation layer; and a contact hole 
region passing through the insulation layer. 
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[0023] Forming the metal seed layer may further comprise 
forming a preliminary seed layer over the diffusion preven 
tion layer; and removing a ?rst portion of the preliminary 
seed layer outside of the recess region such that a second 
portion of the preliminary seed layer in the recess region 
forms the metal seed layer. Forming the preliminary seed 
layer is preferably performed by a physical vapor deposition 
(PVD) method or a chemical vapor deposition (CVD) 
method. 

[0024] Removing a ?rst portion of the preliminary seed 
layer is preferably performed by a chemical mechanical 
polishing (CMP) process. The slurry used for the chemical 
mechanical polishing (CMP) process preferably does not 
contain abrasives. The chemical-mechanical polishing 
(CMP) process preferably uses a slurry having a polishing 
selection ratio of 1011-1000: 1 With respect to the preliminary 
seed layer and the diffusion prevention layer. 

[0025] Removing a ?rst portion of the preliminary seed 
layer preferably leaves the second portion of the preliminary 
seed layer and a third portion of the preliminary seed layer 
in the recess region. In addition, the method may further 
comprise performing a Wet etching process on the third 
portion of the preliminary seed layer to remove the third 
portion of the seed layer from the recess region. The Wet 
etching process is preferably time-controlled. 

[0026] The second portion of the preliminary seed layer is 
preferably formed only on a bottom surface of the recess 
region. 

[0027] Removing a ?rst portion of the preliminary seed 
layer may further comprise forming an intermediate material 
layer over the preliminary seed layer to ?ll the recess region; 
etching back and removing a ?rst portion of the intermediate 
material layer and the ?rst portion of the preliminary seed 
layer until a portion of the diffusion prevention layer outside 
the recess region is eXposed; and removing a second portion 
of the intermediate material layer remaining in the recess 
region. The intermediate material layer preferably comprises 
a photoresist material. 

[0028] The method may further comprise performing a 
surface planariZation process on the conductive plating layer 
and the diffusion prevention layer to eXpose a top surface of 
the insulation layer and to form a metal interconnection 
layer in the recess region. The surface planariZation is 
preferably performed by a chemical mechanical polishing 
process using a slurry having nearly the same polishing 
speeds With respect to the diffusion prevention layer and the 
plating layer. 

[0029] To achieve the second objective, the present inven 
tion provides a semiconductor device including a substrate; 
an insulation layer formed over the substrate, the insulation 
layer having a recess region is formed in it; a diffusion 
prevention layer formed over the insulation layer and in the 
recess region; a metal seed layer formed over the diffusion 
prevention layer and in the recess region; and a metal 
interconnection layer formed in the recess region on the 
metal seed layer therein. 

[0030] The recess region preferably comprises a trench 
region of a line shape having a predetermined depth from the 
surface of the insulation layer, and the metal seed layer is 
formed over a bottom portion of the trench region. 
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[0031] The semiconductor device may further comprising 
a lower conductive layer formed over the substrate. The 
recess region may comprises a contact hole region that 
passes through the insulation layer and exposes the loWer 
conductive layer. In this case, the diffusion prevention layer 
is preferably formed in the contact hole region and over the 
loWer conductive layer, and the metal seed layer is prefer 
ably formed over the bottom portion of the contact hole. 

[0032] The recess region may further comprise a trench 
region of a line shape having a predetermined depth from the 
surface of the insulation layer. In this case, the metal seed 
layer is preferably formed over a bottom portion of the 
contact hole and a bottom portion of the trench region. 

[0033] The diffusion prevention layer preferably com 
prises a material selected from the group consisting of a 
tantalum (Ta), tantalum nitride (TaN), tantalum aluminum 
nitride (TaAlN), tantalum silicon nitride (TaSiN), tantalum 
silicide (TaSiZ), titanium (Ti), titanium nitride (TiN), tita 
nium silicon nitride (TiSiN), tungsten nitride (WN), cobalt 
(Co), cobalt silicide (CoSi2), and a composite layer com 
prising at least tWo of these materials. The metal seed layer 
preferably comprises a material selected from the transition 
metal group of copper, platinum, palladium, rubidium, 
strontium, rhodium, and cobalt. Preferably, the metal seed 
layer and the metal interconnection layer both comprise 
copper. 

[0034] According to the present invention, the plating 
layer is formed only in the recess region in Which the metal 
interconnection layer Will be formed so that the plating layer 
does not have to be formed any thicker than needed, thus 
greatly reducing the amount of metal to be polished during 
a subsequent CMP process. This improves fabrication 
throughput and decreases fabrication expense. 

[0035] In addition, since the amount of the plating layer to 
be polished by the polishing process is small, the uniformity 
of the CMP process in a given substrate is excellent, Which 
decreases the variation in the thicknesses of the metal 
interconnection layers formed in the substrate. Moreover, 
this can prevent dishing or corrosion of the insulation layer 
because the polishing process does not need to be exces 
sively performed. 
[0036] Furthermore, the fabrication process is simpli?ed 
by alloWing the use of a slurry having nearly the same 
polishing speed With respect to the plating layer and the 
diffusion prevention layer When polishing the plating layer 
and the diffusion prevention layer. 

[0037] Moreover, the seed layer on the sideWalls of the 
recess region is removedby a Wet etching process, Which 
decreases the aspect ratio of the recess region. This improves 
the gap-?lling performance of the plating layer, thereby 
preventing void defects. Consequently, this improves the 
reliability of the resulting semiconductor devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] The above objectives and advantages of the present 
invention Will become more apparent by describing in detail 
preferred embodiments thereof With reference to the 
attached draWings in Which: 

[0039] FIGS. 1 through 3 are sectional vieWs shoWing a 
method of forming a metal interconnection in a semicon 
ductor device having a conventional line damascene struc 

ture; 
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[0040] FIGS. 4 through 7 are a plan vieW and section 
vieWs shoWing a method of forming a metal interconnection 
in a semiconductor device having a conventional dual dama 
scene structure; 

[0041] FIGS. 8 through 10 are sectional vieWs shoWing a 
method of forming a metal interconnection in a semicon 
ductor device having a line damascene structure according 
to a ?rst preferred embodiment of the present invention; 

[0042] FIGS. 11 through 13 are sectional vieWs shoWing 
a method of forming a metal interconnection in a semicon 
ductor device having a line damascene structure according 
to a second preferred embodiment of the present invention; 

[0043] FIGS. 14 through 16 are sectional vieWs shoWing 
a method of forming a metal interconnection in a semicon 
ductor device having a dual damascene structure according 
to a third preferred embodiment of the present invention; 
and 

[0044] FIGS. 17 through 19 are sectional vieWs shoWing 
a method of forming a metal interconnection in a semicon 
ductor device having a dual damascene structure according 
to a fourth preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0045] The present invention Will noW be described in 
greater detail With reference to the accompanying draWings, 
in Which preferred embodiments of the invention are shoWn. 
This invention may, hoWever, be embodied in many different 
forms and should not be construed as being limited to the 
embodiments set forth herein; rather, these embodiments are 
provided so that this disclosure Will be thorough and com 
plete, and Will fully convey the concept of the invention to 
those skilled in the art. 

[0046] First Preferred Embodiment 

[0047] FIGS. 8 through 10 are sectional vieWs shoWing a 
method of forming a metal interconnection according to a 
?rst preferred embodiment of the present invention. The ?rst 
preferred embodiment is related to a method of forming a 
metal interconnection having a conventional line damascene 
structure described in FIGS. 1 through 3. As a result, 
similar elements are represented by the same reference 
numerals in these draWings. 

[0048] Referring to FIG. 8, a trench region 11 is formed 
as a recess region in an insulation layer 10 over a substrate 
5. A diffusion prevention layer 12 and a seed layer 14 are 
then sequentially formed over the entire surface of the 
substrate 5, including the trench area 11. Next, the seed layer 
14 is removed so that it remains only in the trench area 11. 

[0049] Although the draWing shoWs the insulation layer 
10 formed directly over the substrate 5, an underlying layer 
or layers that have a conductivity or an insulating charac 
teristic may be formed betWeen the substrate 5 and the 
insulation layer 10. 

[0050] More speci?cally, the insulation layer 10 may 
comprise silicon oxide, and may be formed over the sub 
strate 5 and be etched by a typical photolithography process 
to form the trench region 11 in a recess region. The depth of 
the trench region 11 is preferably betWeen 1000-30,000 
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[0051] In one method of forming the trench region 11, a 
silicon nitride ?lm having an etching selectivity With respect 
to the silicon oxide layer is deposited over the silicon oxide 
layer formed on the insulation layer 10 to form an etching 
mask layer. The etching mask layer is then coated With a 
photoresist layer. Aphotoresist pattern and a silicon nitride 
?lm pattern are formed by a photolithography process and 
used for forming the trench region 11. 

[0052] In another method, a photoresist layer may be 
immediately formed over the insulation layer 10, and then 
the trench region 11 may be formed by a direct photolithog 
raphy process. 

[0053] After the trench region 11 is formed, a diffusion 
prevention layer 12 is formed over the insulation layer 10 
and in the trench region 11. The diffusion prevention layer 
12 acts to improve adhesion to a succeeding interconnection 
metal and t prevent diffusion of the metal into the insulation 
layer 10. 

[0054] The diffusion prevention layer 12 may comprise a 
tantalum (Ta) layer, a tantalum nitride (TaN) layer, a tanta 
lum aluminum nitride (TaAlN) layer, a tantalum silicon 
nitride (TaSiN) layer, a tantalum silicide (TaSi2) layer, a 
titanium (Ti) layer, a titanium nitride (TiN) layer, a titanium 
silicon nitride (TiSiN) layer, a tungsten nitride (WN) layer, 
a cobalt (Co) layer, a cobalt silicide (CoSi2) layer, or a 
composite layer including at least tWo of these materials. 
The thickness of the diffusion prevention layer 12 is pref 
erably betWeen 100-1000 

[0055] Subsequently, the seed layer 14 for plating is 
formed over the entire surface of the diffusion prevention 
layer 12. The seed layer 14 may comprise a transition metal 
such as platinum, palladium, rubidium, strontium, rhodium, 
or cobalt, or may simply comprise copper. The seed layer is 
preferably formed to a thickness betWeen SOD-5,000 A. 

[0056] In forming the seed layer 14, a physical vapor 
deposition (PVD) method such as sputtering or a chemical 
vapor deposition (CVD) method may be used. When the 
CVD method is used, a material is relatively uniformly 
deposited over the surface, i.e., the vertical and horiZontal 
surfaces, of the seed layer 14. In contrast, When the PVD 
method is used, a material is deposited more thickly on the 
horiZontal surface of the seed layer 14 than on the vertical 
surface parallel to the moving direction of the deposited 
material. This is caused by the directional properties of the 
deposited material. 

[0057] The portion of the seed layer 14 outside of the 
trench region 11 is then selectively removed so that the seed 
layer 14 remains only in the trench region 11. This has the 
result of exposing the diffusion prevention layer 12, as 
shoWn in FIG. 8. One of the folloWing tWo preferred 
methods may be used in selectively removing the seed layer 
14. 

[0058] The ?rst preferred method uses a chemical 
mechanical polishing (CMP) process. In the CMP process, 
a given substrate is loaded into a polishing apparatus, the 
surface of the substrate, i.e., the top layers, to be polished is 
brought into contact With a pad provided in the polishing 
apparatus, a slurry is applied betWeen the substrate and the 
pad, and the substrate and the pad are then rotated in 
opposite directions. During this polishing process, the height 
of the surface to be polished remains uniform. 
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[0059] When a CMP process is used in this embodiment, 
the portion of the seed layer 14 outside the trench region 11 
contacts the pad of a polishing apparatus during the polish 
ing process, and the process is performed until only the seed 
layer 14 Within the trench region 11 remains. It is preferable 
that the slurry used for such a CMP process not include 
abrasives to prevent a slurry residue from remaining in the 
trench region 11 after the CMP process. The CMP process is 
preferably performed using a slurry having a polishing 
selection ratio of the seed layer 14 to the diffusion preven 
tion layer 12 of about 10:1-1000z1. 

[0060] The second method uses an etch back process. In 
an etch back process, the entire surface of a substrate 
exposed to an etching atmosphere is removed at a nearly 
uniform etching rate. Accordingly, an intermediate material 
layer may be used in this embodiment of the present 
invention to selectively remove the seed layer 14. In other 
Words, an intermediate material layer having an excellent 
re?oW characteristic, for example, a photoresist layer, may 
be thickly formed over the entire surface of the substrate 
including the trench region 11, and an etch back process 
performed on the resultant structure. The photoresist layer 
formed over the substrate 5 and the seed layer 14 outside the 
trench region 11 are sequentially etched by the etch back 
process. 

[0061] The etch back process is performed until the dif 
fusion prevention layer 12 outside the trench region 11 is 
exposed. Then the portion of the photoresist layer remaining 
in the trench region 11 is removed, for example, by an ashing 
process, so that only the seed layer 14 in the trench region 
11 remains, as shoWn in FIG. 8. 

[0062] Referring to FIG. 9, the resultant structure shoWn 
in FIG. 8 is loaded into a plating apparatus (not shoWn) 
containing a plating solution, and a plating process is 
performed to form a plating layer 18 in the trench region 11, 
over the seed layer 14. In this preferred embodiment of the 
present invention, copper is used for the plating layer, 
although any conductive metal material that Will alloW for a 
plating process may also be used. 

[0063] For the plating process used in this embodiment, 
either an electroplating method or an electroless plating 
method can be used. For example, in a copper electroplating 
method, the substrate 5 including the seed layer 14 is put into 
an electrolyte including copper ions, and a voltage is applied 
to the substrate 5, Which is de?ned as a cathode. Then, the 
copper plating layer 18 is selectively formed only on the 
seed layer 14. 

[0064] Alternatively, in an electroless plating method, 
pretreatment, for example, palladium treatment, is per 
formed on the substrate 5, including the seed layer 14, and 
the resultant structure is put into a plating solution including 
copper ions. Then, the copper plating layer 18 is selectively 
formed on only the seed layer 14. In either case, a plating 
process is performed until the plating layer 18 suf?ciently 
?lls the trench region 11. 

[0065] Referring to FIG. 10, the entire surface of the 
structure is then planariZed to leave a metal interconnection 
layer 18a only in the trench region 11. For the planariZation, 
a CMP process or an etch back process can be performed, as 
described above. When a CMP process is performed, the 
surface of the substrate may be planariZed either in a single 
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step using a slurry having nearly the same polishing selec 
tion ratios With respect to the plating layer 18 and the 
diffusion prevention layer 12, or using separate processes 
that are applied to the plating layer 18 and the diffusion 
prevention layer 12 individually. 

[0066] Second Preferred Embodiment 

[0067] FIGS. 11 through 13 are sectional vieWs shoWing 
a method of forming a metal interconnection according to a 
second preferred embodiment of the present invention. Like 
the ?rst embodiment, the second embodiment is related to a 
method of forming a metal interconnection having a line 
damascene structure, as described in FIGS. 1 through 3. As 
a result, in the second preferred embodiment, elements that 
are similar to those in the ?rst preferred embodiment are 
represented by the same reference numerals in the draWings. 

[0068] Referring to FIG. 11, an insulation layer 10 is 
initially formed over a substrate 5. A trench region 11 is then 
formed at a recess region in the insulation layer 10. A 
diffusion prevention layer 12 and a seed layer 14 are then 
sequentially formed over the entire surface of the substrate 
5, including the trench area 11. Finally, the seed layer 14 is 
removed so that it remains only in the bottom portion of the 
trench area 11. 

[0069] Fundamentally the same processes as those of the 
?rst preferred embodiment are applied to the second pre 
ferred embodiment With the eXception that a larger portion 
of the deposited seed layer 14 is removed such that it 
remains only in the bottom portion of the trench region 11. 
In this embodiment particularly, it is preferable to use a PVD 
method, such as sputtering (described above), in forming the 
seed layer 14. This is because in a PVD method, material is 
deposited more thickly on a horiZontal surface of a layer 
(perpendicular to the moving direction of the deposited 
material) than on a vertical surface (parallel to the moving 
direction of the deposited material) as a result of the direc 
tional properties of the deposited material 

[0070] More speci?cally, When a Wet etching process is 
performed on the substrate to remove the portions of the 
seed layer 14 not in the bottom portion and on the sideWalls 
of the trench region 11 as shoWn in FIG. 8, some portion of 
the seed layer in the trench region Will be removed if the 
seed layer 14 is relatively thinly formed on the sideWalls of 
the trench region 11, then it may be completely removed, 
While if the seed layer 14 is relatively thickly formed in the 
bottom portion of the trench region 11 it Will remain after a 
predetermined time has passed. 

[0071] When performing the Wet etching process, an 
etchant suitable for the feature of the seed layer 14 can be 
used. For example, When the seed layer 14 is formed of 
copper, an etchant obtained by diluting sulfuric acid and 
hydrogen peroXide With ultra pure Water may be used. The 
Wet etching process is preferably performed over a con 
trolled period of time such that a portion of the seed layer 14 
remains in the bottom portion of the trench region 11, While 
the seed layer 14 is completely removed from the sideWalls 
of the trench region 11. 

[0072] Referring to FIG. 12, in an manner similar to that 
of the ?rst preferred embodiment, the resultant structure 
shoWn in FIG. 11 is loaded into a plating apparatus (not 
shoWn) containing a plating solution, and a plating process 
is performed to form a plating layer 19 in the trench region 

Oct. 30, 2003 

11 over the seed layer 14. HoWever, unlike the ?rst preferred 
embodiment, the seed layer 14 does not eXist on the side 
Walls of the trench region 11 in this embodiment. Accord 
ingly, the aspect ratio of the trench region 11 is loW enough 
that the plating layer 19 can be satisfactorily formed Without 
forming a void. Preferably the plating layer 19 is formed to 
suf?ciently ?ll the trench region 11. 

[0073] Referring to FIG. 13, the entire surface of the 
substrate, including the plating layer 19 and the diffusion 
prevention layer 12 is planariZed to form a metal intercon 
nection layer 19a only in the trench region 11. As described 
above With respect to the ?rst preferred embodiment, a CMP 
process or an etch back process described before can be 
performed to achieve this planariZation. When a CMP pro 
cess is performed, it is preferable that the surface of the 
substrate be planariZed in one step using slurry having 
nearly the same polishing selection ratios With respect to the 
plating layer 19 and the diffusion prevention layer 12. 

[0074] Third Preferred Embodiment 

[0075] FIGS. 14 through 16 are sectional vieWs that shoW 
a method of forming a metal interconnection according to a 
third preferred embodiment of the present invention. The 
third preferred embodiment is similar in some Ways to a 
method of forming a metal interconnection having a con 
ventional dual damascene structure, as described in FIGS. 4 
through 7. As a result, similar elements are represented by 
the same reference numerals in these draWings. 

[0076] Referring to FIG. 14, a loWer conductive layer 28 
and an insulation layer 20 are sequentially formed over a 
substrate 15. Acontact hole region 30 and a trench region 31 
then formed in the insulation layer 20 as a recess region, 
thereby forming a dual damascene stricture. The contact 
hole region 30 is formed to eXpose the surface of the loWer 
conductive layer 28 on the substrate. The trench region 31 is 
combined With the contact hole region 30 and together they 
form a line shape having a predetermined depth from the 
surface of the insulation layer 20. A diffusion prevention 
layer 22 and the seed layer 24 are sequentially formed on the 
entire surface of the substrate having the recess region, and 
then the seed layer 24 on the insulation layer 20 is removed 
so that the seed layer remains only in the recess region. 

[0077] As in the ?rst preferred embodiment, although the 
insulation layer 20 is shoWn as being formed directly over 
the substrate 15, one or more additional layers having a 
conductivity or an insulating characteristic may be formed 
betWeen the insulation layer 20 and the substrate 15. 

[0078] The depth of the trench region is preferably 
betWeen 1000-30,000 The diffusion prevention layer 22 
may comprise a tantalum (Ta) layer, a tantalum nitride (TaN) 
layer, a tantalum aluminum nitride (TaAlN) layer, a tantalum 
silicon nitride (TaSiN) layer, a tantalum suicide (TaSi2) 
layer, a titanium (Ti) layer, a titanium nitride (TiN) layer, a 
titanium silicon nitride (TiSiN) layer, a tungsten nitride 
(WN) layer, a cobalt (Co) layer, a cobalt silicide (CoSi2) 
layer, or a composite layer including at least tWo of these 
materials. The thickness of the diffusion prevention layer 22 
is preferably betWeen 100-1000 

[0079] The seed layer 24 is preferably made of copper, but 
may also be formed of a transition metal such as platinum, 
palladium, rubidium, strontium, rhodium, or cobalt. The 
seed layer 14 is preferably formed to a thickness of about 
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SOD-5,000 The seed layer 24 may be formed by a PVD 
method, such as sputtering, or a CVD method. 

[0080] After the seed layer 24 is deposited, a CMP process 
or an etch back process may be used to expose the diffusion 
prevention layer 22, as described above With respect to the 
?rst preferred embodiment. The CMP process or an etch 
back process Will selectively remove a portion of the seed 
layer 24 outside of the recess region, alloWing the seed layer 
24 to remain only in the recess region, as shoWn in FIG. 14. 
Preferably, if a CMP Process is used, the slurry does not 
include abrasives as described With respect to the ?rst 
preferred embodiment. 

[0081] Referring to FIG. 15, the resultant structure shoWn 
in FIG. 14 is then loaded into a plating apparatus (not 
shoWn) containing a plating solution, and a plating process 
is performed to form a plating layer 27 only in the recess 
region, Which has the seed layer 24. In this embodiment, 
either an electroplating method or an electroless plating 
method can be used for the plating process. The plating 
process is preferably performed until the plating layer 27 
?lls the recess region, as shoWn in FIG. 15. 

[0082] Referring to FIG. 16, the entire surface of the 
substrate, including the plating layer 27 and the diffusion 
prevention layer 22 is planariZed such that a metal intercon 
nection layer 27a remains only in the recess region. For the 
planariZation, a CMP process or an etch back process 
described before can be performed. When a CMP process is 
performed, the surface of the substrate is preferably pla 
nariZed in a single step, using a slurry having nearly the 
same polishing selection ratios With respect to the plating 
layer 27 and the diffusion prevention layer 22. 

[0083] Fourth Preferred Embodiment 

[0084] FIGS. 17 through 19 are sectional vieWs that shoW 
a method of forming a metal interconnection according to a 
fourth preferred embodiment of the present invention. Like 
the third preferred embodiment, the fourth preferred 
embodiment is related to a method of forming a metal 
interconnection having a dual damascene structure. This 
embodiment is similar to the third preferred embodiment of 
FIG. 14, and so similar elements are represented by the 
same reference numerals in the draWings. 

[0085] FIG. 17 is a sectional vieW of the structure 
obtained by performing a Wet etching process on a structure 
a seed layer 24 only in the recess region as shoWn in FIG. 
14. Fundamentally, the same processes as those of the third 
preferred embodiment are applied to this embodiment, With 
the eXception that the seed layer 24 remains only in the 
bottom portion, i.e., the horiZontal surface, of the recess 
region, as opposed to the sides as Well. 

[0086] In this embodiment, it is preferable to use a PVD 
method, such as sputtering, to form the seed layer 24 (as 
described above). The PVD method is preferable because it 
deposits material more thickly on the horiZontal surface of 
a layer than on the vertical surface parallel to the moving 
direction of the deposited material. This is because of the 
directional properties of the deposited material. 

[0087] Because of this, a Wet etching process can be used 
to provide the structure shoWn in FIG. 17. After performing 
the PVD method to deposit the seed layer on the substrate, 
the seed layer 24 is formed on both the bottom portion and 
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the sideWalls of the recess region, including the contact hole 
30 and the trench region 31, as shoWn in FIG. 4. HoWever, 
the seed layer 24 is formed relatively thinly on the sideWalls 
of the recess region, but is formed much more thickly on the 
bottom portion of the recess region. As a result, after a 
predetermined etching duration, the seed layer 24 is com 
pletely removed from the side Wall, but remains on the 
bottom surfaces of the contact hole 30 and trench region 31. 

[0088] The Wet etching process is preferably performed by 
controlling the etching time such that a portion of the seed 
layer 24 remains in the bottom portion of the recess region, 
but the portion of the seed layer 24 on the sideWalls of the 
recess region is completely removed. HoWever, in alternate 
embodiments, the etching time of the Wet etching precess 
may be controlled such that a portion of the seed layer 24 
remains on the sideWalls of the recess region. 

[0089] Referring to FIG. 18, as in the third preferred 
embodiment, the resultant structure shoWn in FIG. 17 is 
loaded into a plating apparatus (not shoWn) that contains a 
plating solution, and a plating process is performed to form 
a plating layer 29 in the recess region, Which contains the 
seed layer 24. Unlike the third preferred embodiment, hoW 
ever, in this embodiment, no portion of the seed layer 24 
remains on the sideWalls of the recess region. Accordingly, 
the aspect ratio of the recess region is loW, meaning that the 
plating layer 29 can be satisfactorily formed Without form 
ing a void. 

[0090] Referring to FIG. 19, the entire surface of the 
substrate is then planariZed to form a metal interconnection 
layer 29a that is only in the recess region. For the planariZa 
tion, a CMP process or an etch back process can be per 
formed as described above. If a CMP process is performed, 
it is preferable that the surface of the substrate is planariZed 
in a single step using a slurry having nearly the same 
polishing selection ratios With respect to the plating layer 29 
and the diffusion prevention layer 22. 

[0091] While this invention has been particularly shoWn 
and described With reference to preferred embodiments 
thereof, it Will be understood by those skilled in the art that 
various changes in form and details may be made therein. In 
particular, the present invention can be applied to a line 
damascene structure and a dual damascene structure and 
also applied to formation of a plug ?lling a contact hole or 
a via-hole in a single shape. In addition, various materials 
can be used for forming a plating layer as long as the 
material alloWs a plating process. 

[0092] According to the present invention, ?rst, a plating 
layer is formed only in a recess region in Which a metal 
interconnection layer Will be formed so that the plating layer 
does not have to be formed thicker than needed and the 
amount of metal to be polished during a subsequent CMP 
process or an etch back process can be greatly reduced. This 
improves throughput and decreases fabrication eXpense. 

[0093] Second, since the amount of the plating layer to be 
polished by the polishing process is small, the uniformity of 
the polishing process in a given substrate is excellent, Which 
can decrease the variation in the thicknesses of metal 
interconnection layers formed in the substrate. Moreover, 
this can prevent dishing or corrosion of the insulation layer 
because the polishing process does not need to be performed 
excessively, thereby improving the reliability of semicon 
ductor devices. 
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[0094] Third, since a seed layer does not remain outside 
the recess region, the same slurry can be used With respect 
to the plating layer and a diffusion prevention layer during 
a CMP process, thus simplifying the fabrication process. 

[0095] Fourth, even if the seed layer remaining on the 
sideWalls of the recess region is removed, the plating layer 
can be suf?ciently formed. Accordingly, the aspect ratio of 
the recess region can be suf?ciently loW that the gap-?lling 
performance of the plating layer is improved. Consequently, 
the reliability of semiconductor devices can be improved. 

What is claimed is: 
1. A method of forming a metal interconnection, the 

method comprising: 

forming an insulation region on a substrate; 

forming a recess region in the insulation layer; 

forming a diffusion prevention layer over insulation layer 
and the recess region; 

forming a metal seed layer over the diffusion prevention 
layer only in the recess region; and 

forming a conductive plating layer on the seed layer using 
plating process. 

2. Amethod of forming a metal interconnection, as recited 
in claim 1, Wherein the recess region comprises a trench 
region of a line shape having a predetermined depth from a 
top surface of the insulation layer. 

3. Amethod of forming a metal interconnection, as recited 
in claim 1, Wherein the recess region, comprises: 

a trench region of a line shape having a predetermined 
depth from the surface of the insulation layer; and 

a contact hole region passing through the insulation layer. 
4. Amethod of forming a metal interconnection, as recited 

in claim 1, Wherein forming the metal seed layer further 
comprises: 

forming a preliminary seed layer over the diffusion pre 
vention layer; and 

removing a ?rst portion of the preliminary seed layer 
outside of the recess region such that a second portion 
of the preliminary seed layer in the recess region forms 
the metal seed layer. 

5. Amethod of forming a metal interconnection, as recited 
in claim 4, Wherein forming the preliminary seed layer is 
performed by a physical vapor deposition (PVD) method or 
a chemical vapor deposition (CVD) method. 

6. Amethod of forming a metal interconnection, as recited 
in claim 4, Wherein removing a ?rst portion of the prelimi 
nary seed layer is performed by a chemical mechanical 
polishing (CMP) process. 

7. Amethod of forming a metal interconnection, as recited 
in claim 6, Wherein a slurry used for the chemical mechani 
cal polishing (CMP) process does not contain abrasives. 

8. Amethod of forming a metal interconnection, as recited 
in claim 6, Wherein the chemical-mechanical polishing 
(CMP) process uses a slurry having a polishing selection 
ratio of 10:1-1000:1 With respect to the preliminary seed 
layer and the diffusion prevention layer. 

9. Amethod of forming a metal interconnection, as recited 
in claim 4, 
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Wherein removing a ?rst portion of the preliminary seed 
layer leaves the second portion of the preliminary seed 
layer and a third portion of the preliminary seed layer 
in the recess region, and 

further comprising performing a Wet etching process on 
the third portion of the preliminary seed layer to 
remove the third portion of the seed layer from the 
recess region. 

10. A method of forming a metal interconnection, as 
recited in claim 9, Wherein the Wet etching process is 
time-controlled. 

11. A method of forming a metal interconnection, as 
recited in claim 10, Wherein the second portion of the 
preliminary seed layer is formed only on a bottom surface of 
the recess region. 

12. A method of forming a metal interconnection, as 
recited in claim 4, Wherein removing a ?rst portion of the 
preliminary seed layer further comprises: 

forming an intermediate material layer over the prelimi 
nary seed layer to ?ll the recess region; 

etching back and removing a ?rst portion of the interme 
diate material layer and the ?rst portion of the prelimi 
nary seed layer until a portion of the diffusion preven 
tion layer outside the recess region is exposed; and 

removing a second portion of the intermediate material 
layer remaining in the recess region. 

13. A method of forming a metal interconnection, as 
recited in claim 12, Wherein the intermediate material layer 
comprises a photoresist material. 

14. A method of forming a metal interconnection, as 
recited in claim 1, further comprising performing a surface 
planariZation process on the conductive plating layer and the 
diffusion prevention layer to eXpose a top surface of the 
insulation layer and to form a metal interconnection layer in 
the recess region. 

15. A method of forming a metal interconnection, as 
recited in claim 14, Wherein the surface planariZation is 
performed by a chemical mechanical polishing process 
using a slurry having nearly the same polishing speeds With 
respect to the diffusion prevention layer and the plating 
layer. 

16. A semiconductor device comprising: 

a substrate; 

an insulation layer formed over the substrate, the insula 
tion layer having a recess region is formed in it; 

a diffusion prevention layer formed over the insulation 
layer and in the recess region; 

a metal seed layer formed over the diffusion prevention 
layer and in the recess region; and 

a metal interconnection layer formed in the recess region 
on the metal seed layer therein. 

17. A semiconductor device, as recited in claim 16, 
Wherein the recess region comprises a trench region of a line 
shape having a predetermined depth from the surface of the 
insulation layer, and the metal seed layer is formed over a 
bottom portion of the trench region. 

18. A semiconductor device, as recited in claim 16, 

further comprising a loWer conductive layer formed over 
the substrate, 
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wherein the recess region comprises a contact hole region 
that passes through the insulation layer and exposes the 
loWer conductive layer, 

Wherein the diffusion prevention layer is formed in the 
contact hole region and over the loWer conductive 
layer, and 

Wherein the metal seed layer is formed over the bottom 
portion of the contact hole. 

19. A semiconductor device, as recited in claim 18, 
Wherein the recess region further comprises a trench region 
of a line shape having a predetermined depth from the 
surface of the insulation layer. 

20. A semiconductor device, as recited in claim 19, 
Wherein the metal seed layer is formed over a bottom portion 
of the contact hole and a bottom portion of the trench region. 

21. A semiconductor device, as recited in claim 16, 
Wherein the diffusion prevention layer comprises a material 
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selected from the group consisting of a tantalum (Ta), 
tantalum nitride (TaN), tantalum aluminum nitride (TaAlN), 
tantalum silicon nitride (TaSiN), tantalum silicide (TaSiZ), 
titanium (Ti), titanium nitride (TiN), titanium silicon nitride 
(TiSiN), tungsten nitride (WN), cobalt (Co), cobalt silicide 
(CoSi2), and a composite layer comprising at least tWo of 
these materials. 

22. A semiconductor device, as recited in claim 16, 
Wherein the metal seed layer comprises a material selected 
from the transition metal group of copper, platinum, palla 
dium, rubidium, strontium, rhodium, and cobalt. 

23. A semiconductor device, as recited in claim 22, 
Wherein the metal seed layer and the metal interconnection 
layer both comprise copper. 


