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A plating method according to the present invention is 
capable of plating a substrate With a plated ?lm of a metal 
such as copper or the like With high adhesion to a seed layer 
Without producing voids in the plated ?lm at a high through 
put, not only in recesses having a large Width and a small 
aspect ratio, but also in recesses having a small Width and a 
large aspect ratio, even When relatively narroW recesses and 
relatively broad recesses are co-present in the substrate. The 
plating method is performed by preparing a substrate having 
a relatively narroW recess and a relatively broad recess 
de?ned in a surface thereof, performing ?rst plating under 
plating conditions for ?lling a metal in the narroW recess, 
and then performing second plating under plating conditions 

(51) Int. Cl.7 ..................................................... .. C25D 5/02 for ?lling a metal in the broad recess. 
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PLATING METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a plating method of 
?lling ?ne recesses formed in a substrate such as a semi 
conductor Wafer or the like With a metal to form an inter 
connect circuit, and more particularly to a plating method of 
plating a substrate With a plated ?lm With high adhesion 
Without producing voids in the plated ?lm even When 
relatively narroW recesses and relatively broad recesses are 
co-present in the substrate. 

[0003] 2. Description of the Related Art 

[0004] In recent years, copper has Widely been used as an 
interconnect material for use in semiconductor devices. One 
general process for forming interconnects of copper is a 
damascene process in Which ?ne recesses such as via holes, 
trenches, etc. are formed in an insulating ?lm formed on a 
substrate, and then an interconnect metal such as copper or 
the like is deposited on the insulating ?lm, after Which any 
eXtra interconnect metal is removed by CMP or the like. 

[0005] According to the damascene process, before an 
interconnect metal such as copper or the like is deposited, a 
barrier layer such as of TaN, Ta, or the like for preventing 
copper atoms from being diffused into an insulating ?lm is 
formed on the surfaces of the substrate and the recesses. 
Then, if copper is to be deposited by performing electro 
plating, a seed layer serving as a current supply layer for 
electroplating is formed on the barrier layer on the surfaces 
of the substrate and the recesses. The seed layer is generally 
formed by PVD or CVD. PVD is Widely used as it can form 
a seed layer capable of high adhesion to the barrier layer. 

[0006] Heretofore, the folloWing problems have arisen in 
forming a seed layer on a surface of a recess: If a recess has 

a broad Width and a small aspect ratio, then a seed layer can 
uniformly be formed uninterruptedly on the entire surface of 
the recess. HoWever, if a seed layer is formed by anisotropic 
PVD on a surface of a recess that has a narroW Width and a 

large aspect ratio, then an amount of the seed layer material 
deposited on the sideWall of the recess is reduced, and the 
seed layer formed on the sideWall of the recess is made thin. 
If the Width of the recess is narroWer and the aspect ratio is 
larger, then the seed layer deposited at the opening of the 
recess overhangs the opening, reducing the area of the 
opening. 

[0007] Even When an attempt is made to embed metal 
(plated ?lm) in a recess having such a seed layer by 
electroplating, the opening of the recess is closed by the 
metal before the metal is embedded in the recess, leaving 
voids in the metal embedded in the recess. 

[0008] It is conceivable that the ?lm thickness of the seed 
layer may be reduced in order to achieve the enough area of 
the opening of the recess. If the ?lm thickness of the seed 
layer is reduced, hoWever, the ?lm thickness of the seed 
layer formed on the sideWall of the recess is further reduced, 
eventually causing other problems in that the seed layer is 
discontinued and includes a portion Whose resistance is 
extremely large. If electroplating is performed onto the 
surface of a substrate having a recess covered With such a 
discontinuous seed layer, no plated ?lm is deposited on the 
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discontinuous region of the seed layer, tending to form 
voids, Which are in contact With the sideWall of the recess, 
Within the metal that is embedded in the recess. 

[0009] For the above reasons, it is necessary to perform 
electroplating of good adhesion on a substrate, Which has a 
recess having a large aspect ratio, While avoiding both the 
generation of voids caused Within metal by the closure of the 
opening of the recess and the generation of voids caused 
Within metal by the discontinuity of a seed layer. 

[0010] There has been disclosed a technique for solving 
the above problems by reinforcing an incomplete ultra-thin 
seed layer formed in a recess With a metal (plated ?lm) 
formed by performing conformal plating using a plating 
solution containing complex copper ions, thus producing a 
current supply layer, and then performing electroplating to 
embed a metal in the recess (see US. Pat. No. 6,197,181 and 
Japanese laid-open patent publication No. H6-349952). 

[0011] Similarly, there has also been disclosed a technique 
for reinforcing a seed layer With a metal (plated ?lm) that is 
formed by performing electroless plating (see Japanese 
laid-open patent publication No. H7-193214, US. Pat. No. 
5,913,147, and IEEE 2001, pages 30 through 32, pages 33 
through 34, and pages 277 through 279). 

[0012] HoWever, even When a seed layer is reinforced by 
a metal (plated ?lm) formed by performing conformal 
plating, if the adhesion of the reinforced metal to the barrier 
layer is insuf?cient, then the problem of a migration that 
occurs from use cannot be said as being solved though an 
interconnect appears to be formed entirely in the recess 
immediately after the plating. This is the reason Why the 
above techniques have not been practical in the ?eld of 
semiconductor fabrication. 

[0013] Aprocess of plating copper or the like directly on 
a barrier layer Without using a seed layer has also been 
developed. HoWever, there is a limitation on barrier layer 
materials that are used, and the process is not suf?ciently 
reliable. 

[0014] Recently, there are available substrates in Which 
relatively narroW recesses and relatively broad recesses are 
co-present. There has been a demand for embedding a metal 
free of voids therein With increased adhesion to a barrier 
layer, in a recess having a narroW Width and a large aspect 
ratio in such a substrate. 

[0015] The present invention has been made in vieW of the 
above draWbacks. It is an object of the present invention to 
provide a plating method of plating a substrate With a plated 
?lm of a metal such as copper or the like With high adhesion 
to a seed layer Without producing voids in the plated ?lm at 
a high throughput, not only in recesses having a broad Width 
and a small aspect ratio, but also in recesses having a narroW 
Width and a large aspect ratio, even if relatively narroW 
recesses and relatively broad recesses are co-present in the 
substrate. 

SUMMARY OF THE INVENTION 

[0016] According to the present invention, a substrate 
having a relatively narroW recess and a relatively broad 
recess de?ned in a surface thereof is prepared, ?rst plating 
is performed under plating conditions for ?lling a metal in 
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the narrow recess, and then second plating is performed 
under plating conditions for ?lling a metal in the broad 
recess. 

[0017] With the recent advance in PVD technology and 
technological developments such as atomic layer deposition, 
it is becoming possible to form a complete seed layer even 
in recesses having a narroW Width and a high aspect ratio. 
According to the present invention, on the premise that a 
complete seed layer has been formed, plating conditions 
suitable for embedding a metal in narroW recesses and 
plating conditions suitable for embedding a metal in broad 
recesses are appropriately changed to form a void-free 
plated metal ?lm With high adhesion to the seed layer in the 
recesses. 

[0018] For example, plating under plating conditions for a 
relatively high bottom-up capability is suitable for embed 
ding a metal in narroW recesses, and plating under plating 
conditions for a relatively high leveling capability is suitable 
for embedding a metal in broad recesses. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a cross-sectional vieW schematically 
shoWing an impregnation plating apparatus Which is pref 
erably used in a plating method according to the present 
invention; 
[0020] FIGS. 2A through 2C are diagrams shoWing dif 
ferent current recipes upon plating; 

[0021] FIGS. 3A through 3D are cross-sectional vieWs of 
different plated ?lms after ?rst plating in Example 1; and 

[0022] FIGS. 4A through 4C are cross-sectional vieWs of 
different plated ?lms after second plating in Example 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0023] A substrate such as a semiconductor Wafer or the 
like to be plated by a plating method according to the present 
invention has a mixture of relatively narroW recesses and 
relatively broad recesses in its surface. The narroW recesses 
in the substrate have a Width, for example, less than 0.2 pm. 
The aspect ratio of the recesses having such a Width is 
often 4 or more. On the other hand, the relatively broad 
recesses have a Width, for example, of 0.2 pm or more and 
an aspect ratio Which is generally less than 4. 

[0024] For plating the above substrate by the plating 
method according to the present invention, a barrier layer 
such as of TaN, Ta, or the like is formed on the entire surface 
(to be plated) of a substrate having recesses de?ned therein 
according to a common procedure, and then a seed layer is 
formed according to PVD, CVD, or the like. For the 
formation of a seed layer, PVD is preferably used because it 
can form a seed layer capable of high adhesion to the barrier 
layer. Particularly, because of its excellent ability to form a 
seed layer on a sideWall of a recess, it is preferable to use a 
process such as self-ioniZed sputtering (SIS) or self-ioniZed 
plasma sputtering (SPS). 
[0025] The substrate With the seed layer formed on its 
surface is then subjected to the plating method according to 
the present invention. The plating method according to the 
present invention is basically performed by ?rst plating 
under such plating conditions as to ?ll a metal (plated ?lm) 

Dec. 30, 2004 

in relatively narroW recesses and, subsequently, second 
plating under such plating conditions as to selectively ?ll a 
metal (plated ?lm) in relatively broad recesses. The plating 
conditions for carrying out the second plating may be 
changed in a certain range. 

[0026] The ?rst plating is performed under plating condi 
tions for a relatively high bottom-up capability, and the 
second plating is performed under plating conditions for a 
relatively high leveling capability. The term “relatively” is 
used here for the reason that the ?rst plating exhibits a 
certain leveling capability and the second plating exhibits a 
certain bottom-up capability, and a comparison betWeen 
these plating indicates that the bottom-up capability is 
higher in the ?rst plating than in the second plating, and the 
leveling capability is higher in the second plating than in the 
?rst plating. 

[0027] Several methods are available for performing the 
?rst plating With the high bottom-up capability and the 
second plating With the high leveling capability. Examples 
of those methods are as folloWs: 

[0028] (1) A method of changing the cathode current 
density (hereinafter referred to as “current density”) upon 
plating thereby to change plating conditions of the ?rst 
plating and the second plating. (2) A method of changing 
additives of a plating solution used upon plating thereby to 
change plating conditions of the ?rst plating and the second 
plating. (3) A method of changing plating solution compo 
sitions used upon plating thereby to change plating condi 
tions of the ?rst plating and the second plating. (4) Amethod 
of changing relative speeds of a plating area and a plating 
solution upon plating thereby to change plating conditions of 
the ?rst plating and the second plating. 

[0029] According to the above-described method (1), the 
current density at the time of the ?rst plating is made loWer 
than the current density at the time of the second plating. In 
this case, it is preferable to use a plating solution containing 
an additive of a high bottom-up capability as plating solu 
tions for use in the ?rst plating and the second plating. 
Reducing the current density during the second plating is 
able to cause the additive to exhibit its bottom-up capability 
more effectively. It is determined by experimentation or the 
like hoW much the current density is to be loWered to 
increase the bottom-up capability. If a standard copper 
sulfate plating solution is used, for example, then the current 
density upon the ?rst plating, Which requires the bottom-up 
capability, is generally in the range from 0.1 to 1.5 A/dm2, 
and the current density upon the second plating, Which 
requires the leveling capability, is generally in the range 
from 2 to 7 A/cm2. It is thus possible to make the current 
density upon the second plating greater than the current 
density upon the ?rst plating for thereby increasing the 
leveling capability and making the plating rate upon the 
second plating higher than the plating rate upon the ?rst 
plating to perform a time-consuming process of ?lling a 
metal in broad recesses in a short period of time. 

[0030] After a metal is ?lled in relatively narroW recesses 
by performing the ?rst plating, a reverse electric ?eld may 
be applied for a short period of time, as shoWn in FIG. 2A, 
to etch an overplated ?lm on the surfaces of the narroW 
recesses, thus removing the additive in the overplated ?lm. 
The period of time for applying the reverse electric ?eld is 
generally in the range from 1 to 10 seconds, and preferably 
from 1 to 4 seconds. 
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[0031] In FIG. 2A, the current density during the ?rst 
plating and the current density during the second plating are 
varied discontinuously. For example, as shoWn in FIG. 2B, 
the ?rst plating and the second plating may be performed by 
varying the current density so as to increase gradually. 
Alternatively, as shoWn in FIG. 2C, the ?rst plating and the 
second plating may be performed by varying the current 
density so as to increase linearly. 

[0032] According to the above-described method (2), a 
plating solution containing an additive of a relatively high 
bottom-up capability is used as the plating solution during 
the ?rst plating, and a plating solution containing an additive 
of a relatively high leveling capability is used as the plating 
solution during the second plating. For example, since a 
copper sulfate plating solution generally contains as addi 
tives a suppressor (precipitation suppressor: for conformal), 
an accelerator (increasing the bottom-up capability), and a 
leveler. An additive including more of a component called an 
accelerator is used in the plating solution for the ?rst plating, 
and an additive including more of a component called a 
leveler is used in the plating solution for the second plating. 

[0033] Components serving as the suppressor, compo 
nents serving as the accelerator, and components serving as 
the lever are Well knoWn. Representative examples of them 
are given as folloWs: Polypropylene glycol, polyethylene 
glycol, their polymers, high-molecular surfactant such as 
ethylene oxide, etc. are suppressor components. Sulfur 
based organic compounds such as dithiobis-alkane-sulfonic 
acids, such as 4,4-dithiobisbutane sulfonic acid, 3,3-dithio 
bispropane sulfonic acid, etc. or their salts are accelerator 
components. Organic dye compounds such as safranine, 
thio?avine, Dye 300, CyS, etc. are leveler components. This 
method may be carried out using tWo plating solutions 
containing different additives, or may be carried out by 
adding a leveler component, for example, When changing 
from the ?rst plating to the second plating. 

[0034] Whether a plating solution including more of a 
component called an accelerator is used as the plating 
solution for the ?rst plating or not is re?ected by the 
concentration of sulfur in the plated ?lm. For example, if 
copper sulfate plating is carried out using a plating solution 
including more of an accelerator, then it is common for 
sulfur atoms to have a density of 1><1018 atoms/cm3 or more 
at a depth of 0.5 pm in a plated copper ?lm having a 
thickness of 1 pm. If a plating solution not including more 
of an accelerator is used, on the other hand, then the density 
of sulfur atoms at a depth of 0.5 pm in a plated copper ?lm 
under the same conditions does not reach 1><1018 atoms/cm3 
or more. 

[0035] According to the above-described method (3), fur 
thermore, a plating solution having a high metal ion con 
centration and a high anion concentration is used as the 
plating solution during the ?rst plating, and a plating solu 
tion having a loW metal ion concentration and a loW anion 
concentration is used as the plating solution during the 
second plating. For example, a copper sulfate plating solu 
tion contains copper ions as metal ions and sulfuric acid ions 
as anion ions. If a plating solution With high concentrations 
of these ions is used, then the bottom-up capability is 
increased, and if a plating solution With loW concentrations 
of these ions is used, then the leveling capability is 
increased. For carrying out this method, a ?rst plating 
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solution having a high metal ion concentration and a high 
anion concentration and a second plating solution having a 
loW metal ion concentration and a loW anion concentration 
may be prepared, and these plating solutions may be used. 

[0036] According to the ?nal method (4), the bottom-up 
capability and the leveling capability are adjusted based on 
a change in the relative speeds of a plating area and a plating 
solution upon plating. In spin plating, for example, the 
relative speed of the plating solution is determined by the 
rotational speed of the substrate and the speed of the plating 
solution jet. If the rotational speed of the substrate (the speed 
in the horiZontal direction With respect to the substrate) is 
high, the bottom-up capability is increased, and the leveling 
capability is loWered. If the speed of the plating solution jet 
(the speed in the vertical direction With respect to the 
substrate) is high, the bottom-up capability is loWered, and 
the leveling capability is increased. Therefore, the bottom 
up capability and the leveling capability can be adjusted by 
using these properties. 
[0037] With the method according to the present inven 
tion, the above methods may be used singly or in combina 
tion for achieving more appropriate bottom-up and leveling 
capabilities. 
[0038] If an acid plating solution is used, then it is 
preferable to carry out the folloWing method When the 
substrate is brought into the plating solution: Speci?cally, an 
oxide ?lm may be formed in contact With air on the surface 
of a seed layer formed on the surface of a substrate, and the 
oxide ?lm may be dissolved in contact With an acid plating 
solution. In this case, the surface of the seed layer is etched 
by the acid plating solution, and the thin seed layer may be 
eliminated in extreme cases, exposing the barrier layer. 

[0039] Before the substrate is brought into contact With the 
plating solution, a plating voltage is applied betWeen the 
substrate and the anode held in contact With the plating 
solution for starting to reduce the oxide ?lm on the surface 
of the seed layer or deposit a plated ?lm from the time When 
the substrate is brought into contact With the plating solu 
tion. This method is generally referred to as hot entry. 

[0040] In the hot entry, When the substrate is brought into 
contact With the plating solution, a portion of the substrate 
?rst contacts the plating solution, and then the area of 
contact betWeen the plating solution and the substrate 
increases progressively until the entire surface to be plated 
of the substrate contacts the plating solution. As the area of 
contact betWeen the plating solution and the substrate 
changes, the electric resistance of the system changes 
greatly. In the hot entry, therefore, it is often customary to 
perform a voltage control process for controlling the voltage 
applied betWeen the substrate and the anode at a predeter 
mined value. If the hot entry is performed under current 
control, then it is necessary to apply a voltage limiter to 
ensure that no voltage higher than a preset value Will be 
applied betWeen the substrate and the anode. 

[0041] If a large voltage is set in the hot entry, then ?lm 
thickness irregularities of the plated ?lm occur betWeen the 
portion of the substrate Which is initially brought into 
contact With the plating solution and the portion of the 
substrate Which is ?nally brought into contact With the 
plating solution. Therefore, until the substrate is brought into 
full contact With the plating solution, it is preferable to use 
as small a voltage as possible for preventing the seed layer 
from being dissolved. 
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[0042] After the hot entry is ?nished, if plating under the 
initial conditions is to be continued, the voltage control may 
sWitch to the current control, but may remain in action. 
Particularly, if the seed layer is thin, an initial large sheet 
resistance changes to a reduced resistance due to the depo 
sition of a plated metal ?lm on the seed layer, making it 
possible to supply an appropriate current that matches the 
resistance of the seed layer. It is of course possible to use the 
voltage control in the ?rst plating and the second plating. If 
the current density is changed in the ?rst plating and the 
second plating, the voltage may be correspondingly changed 
in the voltage control thereby to perform the ?rst plating 
With a loW current density and the second plating With a high 
current density, as With the current control. 

[0043] The method according to the present invention as 
described above can be carried out using a conventional 
plating apparatus for semiconductor substrates. A more 
preferable method is an impregnation plating method using 
an impregnation plating apparatus shoWn in FIG. 1. 

[0044] FIG. 1 is a cross-sectional vieW schematically 
shoWing an electrode head and a substrate holder of an 
impregnation plating apparatus. The impregnation plating 
apparatus has a sWing arm 26, a substrate holder 36, a 
cathode 88, and a seal member 90. The impregnation plating 
apparatus has a ball bearing 92, a housing 94 having an 
inWard protrusion 94a and a plating solution discharge port 
94b, a spacer 96, an anode 98, a holloW plating solution 
chamber 100, and a plating solution supply pipe 102. The 
impregnation plating apparatus also has a plating solution 
introduction pipe 104 having a plating solution introduction 
port 104a, a plating solution discharge pipe 106, a high 
resistance structure 110 having a ?ange 110a, narroW pipes 
112, a plating poWer source 114, a holder 124, a vertical 
displacement motor 132, and a ball screW 134. The impreg 
nation plating apparatus holds a substrate W detachably. 

[0045] The electrode head of the impregnation plating 
apparatus has the housing 94 coupled to the free end of the 
sWing arm 26 by the ball bearing 92, and the high-resistance 
structure 110 disposed in closing relation to a loWer end 
opening of the housing 94. The inWard protrusion 94a Which 
projects inWardly is formed at a loWer portion of the housing 
94, and the ?ange 110a is formed at an upper portion of the 
high-resistance structure 110. The ?ange 110a engages the 
inWard protrusion 94a Which, With a spacer 96 interposed 
betWeen the housing 94 and the high-resistance structure 
110, holding the high-resistance structure 110 in the housing 
94. In this manner, the holloW plating solution chamber 10 
is de?ned in the housing 94. 

[0046] The high-resistance structure 110 is made of porous 
ceramics such as alumina, SiC, mullite, Zirconia, titania, 
cordierite, or the like, or a hard porous material such as a 
sintered material of polypropylene or polyethylene, or a 
composite material thereof, or a Woven or a non-Woven 
fabric. For example, alumina-based ceramics having a pore 
diameter ranging from 30 to 200 pm, SiC having a pore 
diameter of 30 pm or less, a porosity ranging from 20 to 
95%, and a thickness ranging from 1 to 20 mm, preferably 
from 5 to 20 mm, or more preferably from 8 to 15 mm, is 
used. In this embodiment, the high-resistance structure 110 
is in the form of a porous ceramics plate of alumina having 
a porosity of 30% and an average pore diameter of 100 pm. 
When the high-resistance structure 110 is impregnated With 
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a plating solution, though the porous ceramics plate itself is 
an insulating material, it causes the plating solution to enter 
therein in a compleX pattern and folloW a considerably long 
path in the transverse direction thereof, providing an electric 
conductivity smaller than that of the plating solution. 

[0047] The high-resistance structure 110 is disposed in the 
plating solution chamber 100 and produces a high resistance 
to reduce the effect of the resistance of the seed layer to a 
negligible degree, thus reducing an in-plane difference 
betWeen current densities due to the electric resistance of the 
surface of the substrate W for increased in-plane uniformity 
of the plated ?lm. 

[0048] The anode 98 is disposed in the plating solution 
chamber 100 and mounted on the loWer surface of the 
plating solution introduction pipe 104 disposed above the 
anode 98. The plating solution introduction port 104a of the 
plating solution introduction pipe 104 is connected to the 
plating solution supply pipe 102 Which eXtends from a 
plating solution supply equipment (not shoWn). The plating 
solution discharge port 94b on the upper surface of the 
housing 94 is connected to the plating solution discharge 
pipe 106 Which communicates With the plating solution 
chamber 100. 

[0049] The plating solution introduction pipe 104 is of a 
manifold structure for supplying a plating solution uni 
formly to the surface to be plated. Speci?cally, the narroW 
pipes 112 communicating With the interior of the plating 
solution introduction pipe 104 are connected thereto at 
longitudinally spaced positions. The anode 98 and the high 
resistance structure 110 have small holes de?ned therein in 
alignment With the narroW pipes 112. The narroW pipes 112 
eXtend through those small holes and reach the loWer surface 
of the high-resistance structure 110 or a region near the 
loWer surface thereof. 

[0050] The plating solution introduced from the plating 
solution supply pipe 102 into the plating solution introduc 
tion pipe 104 passes through the narroW pipes 112 to a loWer 
portion of the high-resistance structure 110, passes through 
the high-resistance structure 110, ?lls the plating solution 
chamber 100, causing the anode 98 to be immersed in the 
plating solution. The plating solution can be discharged from 
the plating solution discharge pipe 106 by evacuating the 
plating solution discharge pipe 106. 

[0051] The anode 98 used in the above impregnation 
plating apparatus is made of copper (phosphorus-containing 
copper) containing 0.03 to 0.05% of phosphorus in order to 
prevent a slime from being produced. HoWever, the anode 
98 may be made of an insoluble material. 

[0052] The cathode 88 is electrically connected to the 
positive terminal of the plating poWer source 114, and the 
anode is electrically connected to the negative terminal of 
the plating poWer source 114. The plating poWer source 114 
is arranged so as to be able to change the direction of the 
?oWing current as desired. 

[0053] The ball bearing 92 is suspended from the sWing 
arm 26 via the holder 124. The sing arm 26 is vertically 
movable by the vertical displacement motor 132, Which 
comprises a servomotor, and the ball screW 134. This 
vertical displacement mechanism may be a pneumatic actua 
tor. 
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[0054] During electroplating, the electrode head is loW 
ered until the gap betWeen the substrate W held by the 
substrate holder 36 and the high-resistance structure 110 
becomes 0.1 to 3 mm, for example. Then, the plating 
solution supply pipe 102 supplies the plating solution (plat 
ing solution) to impregnate the high-resistance structure 110 
With the plating solution and ?lls the interior of the plating 
solution chamber 100 With the plating solution from the 
upper surface (to be plated) of the substrate W. In this 
manner, the surface to be plated of the substrate W is plated. 

[0055] The present invention Will be described in detail 
beloW With respect to examples. HoWever, the present 
invention is not limited to these examples. 

[0056] In the examples, a plating solution including 150 to 
250 g/l of pentahydrate of copper sulfate, 20 to 100 g/l of 
sulfuric acid, 20 to 90 mg/l of chlorine in terms of a basic 
composition Was used. Additives that Were used include 0.05 
to 20 mg/l of PEG (polyethylene glycol) having a molecular 
Weight of 20,000 as a high-molecular surfactant for sup 
pressing an electrodeposition reaction, 1 to 20 mg/l of 
3,3-dithiobispropane sulfonic acid sodium as a sulfur-based 
saturated organic compound for accelerating the elec 
trodeposition speed, and 1 to 20 mg/l of safranine as an 
organic dye compound for controlling the leveling of copper 
plating. 

EXAMPLE 1 

[0057] In Example 1, the ?rst plating and the second 
plating Were carried out by changing current densities during 
plating. 

[0058] (1) First, a preliminary experiment in Which 
the concentration of the sulfur-based organic com 
pound and the concentration of the organic dye 
compound Were changed Was conducted to con?rm 
Whether voids Were produced in a metal (plated ?lm) 
embedded by plating in ?ne interconnect pattern 
recesses or not. The height of humps of the plated 
?lm formed by plating Was also con?rmed. Apattern 
Wafer used in the experiment had a via pattern 
having a diameter of 0.16 pm and a depth of 0.8 pm 
and a via pattern having a diameter of 0.3 pm and a 
depth of 0.8 pm, etching in a thermal oxide ?lm. On 
the Wafer, there Was formed a barrier layer of TaN to 
a thickness ranging from 10 to 40 nm and a seed 
layer to a thickness ranging from 60 to 150 nm by an 
SIS process. The current passed during plating Was 
in the range from 0.1 A/dm2 to 3 A/dm2. The cross 
section of the Wafer after it Was plated Was con?rmed 
With SEM for voids in the metal. 

[0059] Table 1 beloW shoWs the experimental results. With 
the pattern having the diameter of 0.16 pm, the metal in the 
via pattern Was void-free only if the concentration of the 
sulfur-based organic compound Was high and the concen 
tration of the organic dye compound Was loW. With the 
plating solution containing 20 mg/l of the sulfur-based 
organic compound and 5 mg/l of the organic dye compound, 
no voids Were observed in the metal at a current value of in 
the range from 0.1 A/dM2 to 1.5 A/dm2, bottom voids Were 
observed in the metal at a current value of 0.1 A/dm2 or less, 
and top voids Were observed in the metal column at a current 
value in excess of 1.5 A/dm2. At current values in the range 
from 0.1 A/dm2 to 1.5 A/dm2, the bottom-up capability Was 
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?ne, and pinch-off Was suppressed. This means that the 
bottom-up capability depends on the concentration ratio of 
both of additives and there is an appropriate current condi 
tion. No voids Were produced in the metal for the pattern 
having the diameter of 0.3 pm. 

TABLE 1 

Amount of sulfur-based organic compound (mg/l 

5 10 20 

Amount of 5 x/o o/o o/o 
organic dye 10 x/o x/o o/o 
compound 20 x/o x/o x/o 
(mg/l) 

Diameter 0.16 [um/diameter 0.3 ,um 
o: void-free, 
x: voids produced 

[0060] Diameter 0.16 pm/diameter 0.3 pm 

[0061] 
[0062] (2) Then, a pattern Wafer in Which a trench pattern 
of L/S (line and space: trench Width/trench interval)=0.18 
pm/0.18 pm and L/S=0.3 pm/0.3 pm Were etched in a 
thermal oxide ?lm having a ?lm thickness of 1.0 pm and a 
barrier layer and a seed layer Were formed thereon Was used, 
and the height of humps produced on a plated ?lm deposited 
by plating Was con?rmed. The current passed upon plating 
Was 1.0 A/dm2, the plating time Was 280 seconds, and the 
?lm Was plated to a thickness corresponding to 1 pm in 
terms of a solid ?lm. Table 2 shoWs the results. It is 
understood from Table 2 that the height of humps is small if 
the concentration of the sulfur-based organic compound is 
loW and the concentration of the organic dye compound is 
high. 

0: void-free, x: voids produced 

TABLE 2 

Amount of sulfur-based organic compound (mg/l 

5 10 20 

Amount of 5 30/10 80/30 120/50 
organic dye 10 20/0 60/20 100/40 
compound 20 10/0 30/10 70/20 
(mg/l) 

LS: 0.18 [um/LS: 0.3 ,um 

[0063] LS: 0.18 ptm/LS: 0.3 pm 

[0064] The proportion of the height of humps (=b/a>< 
100%), see a, b for FIG. 4A. 

[0065] (3) Based on the preliminary experiments (1), (2), 
a plating experiment Was conducted on an actual pattern 
Wafer, using a cup-type plating apparatus for 200 mm 
Wafers. Apattern Wafer has a mixture of ?ne patterns having 
a Width of 0.2 pm or less and patterns having a greater Width. 
Adepth of the pattern Was in a range from 0.2 to 1.0/am. On 
the pattern Wafer, there Was formed a barrier layer of TaN to 
a thickness ranging from 10 to 40 nm and a seed layer to a 
thickness ranging from 60 to 150 nm by an SIS process. 

[0066] The plating solution that Was used had a high 
sulfur-based organic compound concentration of 20 mg/l 
and a loW organic dye compound concentration of 5 mg/l. 
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The plating solution ?oWed at a rate ranging from 5 to 25 
1/min., the plating temperature Was in the range from 20 to 
30° C., and the Wafer Was rotated at a rotational speed in the 
range from 10 to 250 rpm. Current conditions are such that 
according to the plating current recipe shoWn in FIG. 2A, 
the ?rst plating Was performed in the ?rst step to embed a 
void-free metal in ?ne interconnect patterns and the second 
plating Was performed in the second step under conditions 
for a high throughput and conditions for a better in-plane 
uniformity of the plated ?lm. 

[0067] Speci?cally, in the ?rst plating, the Wafer Was 
plated for 25 to 50 seconds With an initial current value 
corresponding to 1.0 A/dm2. At 2.0 A/dm2, a reverse electric 
?eld Was applied for 0.5 to 5 seconds to remove the additive 
from the surface. Thereafter, in the second plating, patterns 
other than the ?ne interconnects Were plated at a current 
value ranging from 2 to 7 A/dm2 to form a plated ?lm until 
its ?lm thickness ?nally reached 1 pm. 

[0068] FIGS. 3A through 3D schematically shoW cross 
sections of plated ?lms after the ?rst plating. FIG. 3A shoWs 
a metal (plated ?lm) 4a embedded in a ?ne recess 2a having 
a Width of 2 pm or less, for eXample, formed in the surface 
of a substrate, according to the ?rst plating under the 
condition of the current density of 0.1 A/dm2 or less. In this 
case, since the seed layer of the ?ne recess 2a is thin, a 
current is less liable to ?oW, and the plated ?lm 4a is less 
likely to be precipitated. In addition, because the seed layer 
is etched, a bottom void 6 or a side void is easily produced 
in the plated ?lm 4a. FIG. 3C shoWs a metal (plated ?lm) 
4a embedded in a ?ne recess 2a having a Width of 2 pm or 
less, for example, according to the ?rst plating under the 
condition of the current density of 1.5 A/dm2 or less. In this 
case, it can be seen that the pinch-off rate is higher than the 
bottom-up rate, making it easy to form a top void 8 in the 
plated ?lm 4a. On the other hand, FIG. 3B shoWs a metal 
(plated ?lm) 4a embedded in a ?ne recess 2a having a Width 
of 2 pm or less, for eXample, according to the ?rst plating 
under the condition of the current density ranging from 0.1 
A/dm2 to 1.5 A/dm2. In this case, it can be seen that no 
bottom voids and no top voids are produced in the plated 
?lm 4a. FIG. 3D shoWs a metal (plated ?lm) 4a embedded 
in abroad recess 2b having a Width of 2 pm or more, for 
eXample, formed in the surface of a substrate. In this case, 
it can be seen that a plated ?lm 6a is formed in a nearly 
conformal state due to the in?uence of the suppressor. 

[0069] FIGS. 4A through 4C schematically shoW plated 
?lms after the second plating. FIGS. 4A through 4C 
illustrate that the height of humps on the plated ?lm formed 
by the second plating changes depending on the Width of the 
recess. Speci?cally, FIG. 4A shoWs a state in Which a metal 
(plated ?lm) 4a is embedded in a ?ne recess 2a having a 
Width of 2 pm or less, for eXample, according to the ?rst 
plating and thereafter a plated ?lm 4b is formed according 
to the second plating. In this case, the height of a hump 
(=b/a><100%) of the plated ?lm 4b formed according to the 
second plating process is large. With a slightly Wider recess 
2c, as shoWn in FIG. 4B, the height of a hump of the plated 
?lm 4b formed according to the second plating is smaller. 
With a Wider recess 2b, as shoWn in FIG. 4C, a concave 
plated ?lm 4b is formed by the second plating. 

[0070] As described above, the ?rst plating and the second 
plating are performed under different tWo-step current con 
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ditions for embedding ?ne patterns and forming a plated ?lm 
With good in-plane ?lm thickness uniformity at a high 
throughput. 

EXAMPLE 2 

[0071] In Example 2, the ?rst plating and the second 
plating Were carried out by changing additive components 
during plating. 
[0072] Plating Was performed using tWo cells having 
plating solutions containing different sulfur-based organic 
compound and organic dye compound concentrations With a 
cup-type plating apparatus for 200 mm Wafers. In the ?rst 
plating, a plating solution having a high sulfur-based organic 
compound concentration of 20 mg/l and a loW organic dye 
compound concentration of 5 mg/l Was used, and the Wafer 
Was plated for 25 to 50 seconds With a current value 
corresponding to 1.0 A/dm2 under the conditions of EXample 
1, thus embedding a metal (plated ?lm) in a ?ne interconnect 
pattern. 

[0073] In the second plating, a plating solution having a 
loW sulfur-based organic compound concentration of 5 mg/l 
and a high organic dye compound concentration of 10 mg/l 
Was used, and a metal (plated ?lm) Was embedded in 
patterns other than ?ne interconnect patterns at a current 
density ranging from 2 to 5 A/dm2, ?nally achieving a plated 
?lm thickness of 1 pm. By performing the ?rst plating and 
the second plating under tWo-step current conditions, ?ne 
patterns can be embedded. By performing the second plating 
using a plating solution having different additive concentra 
tions, highly smooth plated ?lm Was realiZed. 

[0074] The method according to the present invention as 
described above can plate a substrate under plating condi 
tions suitable for embedding both narroW recesses and broad 
recesses. 

[0075] Therefore, it is possible to form a void-free, high 
adhesion plated ?lm of metal such as copper or the like in 
recesses, thus fabricating a stable-performance semiconduc 
tor substrate. 

What is claimed is: 
1. A plating method comprising: 

preparing a substrate having a relatively narroW recess 
and a relatively broad recess de?ned in a surface 

thereof; 

performing ?rst plating under plating conditions for ?ll 
ing a metal in said narroW recess; and then 

performing second plating under plating conditions for 
?lling a metal in said broad recess. 

2. A plating method according to claim 1, Wherein entire 
surfaces of said narroW recess and said broad recess are fully 
covered With a seed layer. 

3. A plating method according to claim 1, Wherein said 
?rst plating is performed under plating conditions for a 
relatively high bottom-up capability, and said second plating 
is performed under plating conditions for a relatively high 
leveling capability. 

4. A plating method according to claim 1, Wherein said 
narroW recess has a Width less than 0.2 pm and said broad 
recess has a Width of 0.2 pm or greater. 
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5. A plating method according to claim 1, wherein said 
substrate has a plurality of said narroW recesses de?ned in 
the surface thereof. 

6. A plating method according to claim 1, Wherein said 
substrate has a plurality of said broad recesses de?ned in the 
surface thereof. 

7. A plating method according to claim 1, Wherein said 
?rst plating and said second plating are performed under 
plating conditions including different current densities upon 
plating. 

8. A plating method according to claim 7, Wherein said 
second plating process is performed under plating conditions 
including a current density higher than said ?rst plating. 

9. A plating method according to claim 8, Wherein said 
?rst plating is performed under plating conditions including 
a current density upon plating ranging from 0.1 to 1.5 
A/drn2, and said second plating is performed under plating 
conditions including a current density upon plating ranging 
from 2 to 7 A/drn2. 

10. A plating method according to claim 9, Wherein said 
second plating process is performed With a current density 
Which increases more progressively than said ?rst plating. 

11. A plating method according to claim 1, Wherein said 
second plating is performed at a higher plating rate than said 
?rst plating. 

12. Aplating method according to claim 11, Wherein said 
?rst plating is performed using a copper sulfate plating 
solution having a large proportion of an accelerator compo 
nent. 

13. Aplating method according to claim 12, Wherein said 
accelerator cornponent comprises a sulfur-based organic 
compound. 

14. Aplating method according to claim 1, Wherein after 
said ?rst plating is performed, a reverse electric ?eld is 
applied for a short period of time, and thereafter said plating 
is performed. 

15. A plating method according to claim 1, Wherein said 
?rst plating and said second plating are performed using 
plating solutions containing different additives added 
thereto. 

16. Aplating method according to claim 15, Wherein the 
additive added to the plating solution used in the ?rst plating 
has a relatively high bottorn-up capability, and the additive 
added to the plating solution used in the second plating has 
a relatively high leveling capability. 

17. Aplating method according to claim 15, Wherein the 
plating solutions used in said ?rst plating and said second 
plating comprise a copper sulfate plating solution, and the 
plating solution used in said second plating has a less 
accelerator component and a more leveler cornponent than 
the plating solution used in said ?rst plating. 

18. A plating method according to claim 1, Wherein said 
?rst plating and said second plating are performed using 
plating solutions having different compositions. 
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19. A plating method according to claim 18, Wherein the 
plating solutions used in said ?rst plating and said second 
plating comprise a copper sulfate plating solution, and the 
plating solution used in said second plating has a loWer 
copper concentration and a loWer sulfuric acid concentration 
than the plating solution used in said ?rst plating. 

20. A plating method according to claim 1, Wherein said 
?rst plating and said second plating are performed under 
plating conditions including different relative speed of the 
plating solution upon plating. 

21. A plating method according to claim 1, Wherein an 
additive added to a plating solution used in the ?rst plating 
has a relatively high bottorn-up capability, an additive added 
to a plating solution used in the second plating has a 
relatively high leveling capability, and a current density in 
said second plating is greater than a current density in said 
?rst plating. 

22. A plating method according to claim 1, Wherein 
plating solutions used in said ?rst plating and said second 
plating comprise a copper sulfate plating solution, the plat 
ing solution used in said second plating has a loWer copper 
concentration and a loWer sulfuric acid concentration than 
the plating solution used in said ?rst plating, and a current 
density in said second plating is greater than a current 
density in said ?rst plating. 

23. Aplating method according to claim 1, Wherein before 
said ?rst plating is performed, a voltage is applied betWeen 
the substrate and an anode Which has been in contact With a 
plating solution before the substrate is brought into contact 
With the plating solution, and the voltage rernains applied 
and said substrate and said plating solution are brought into 
contact With each other. 

24. Aplating method according to claim 23, Wherein until 
said substrate and said plating solution are brought into full 
contact With each other, a voltage is applied betWeen said 
substrate and said anode With a voltage control process 
Which controls the voltage at a predetermined value, and 
then said ?rst plating is performed With a current control 
process Which controls a current ?oWing betWeen said 
substrate and said anode at a predetermined value. 

25. Aplating method according to claim 23, Wherein until 
said substrate and said plating solution are brought into full 
contact With each other, a voltage is applied betWeen said 
substrate and said anode With a voltage control process 
Which controls the voltage at a predetermined value, and 
then said ?rst plating is performed With a voltage control 
process Which controls a voltage applied betWeen said 
substrate and said anode at a predetermined value. 

26. A plating method according to claim 1, Wherein said 
?rst plating and said second plating are performed by an 
irnpregnation plating process. 

* * * * * 


