
US 20030036267A1 

(12) Patent Application Publication (10) Pub. No.: US 2003/0036267 A1 
(19) United States 

Hirabayashi et al. 

COPPER-BASED METAL POLISHING 
SOLUTION AND METHOD FOR 
MANUFACTURING SEMICONDUCTOR 
DEVICE 

(54) 

(75) Inventors: Hideaki Hirabayashi, Tokyo (JP); 
Masatoshi Higuchi, Kawasaki-kn (JP) 

Correspondence Address: 
OBLON SPIVAK MCCLELLAND MAIER & 
NEUSTADT PC 
FOURTH FLOOR 
1755 JEFFERSON DAVIS HIGHWAY 
ARLINGTON, VA 22202 (US) 

(73) Assignee: KABUSHI KAISHA TOSHIBA, 1-1, 
Shibaura 1-chome, Minato-ku, Tokyo 
(JP) 

Appl. No.: 10/137,679 (21) 

(22) Filed: May 3, 2002 

(43) Pub. Date: Feb. 20, 2003 

Related US. Application Data 

(62) Division of application No. 09/195,681, ?led on Nov. 
19, 1998, noW Pat. No. R,E37,786, Which is a 
ERROR - reissue-of application No. 08/352,611, ?led 
on Dec. 9, 1994, noW Pat. No. 5,575,885. 

(30) Foreign Application Priority Data 

Dec. 14, 1993 (JP) ..................................... .. JP 5-313406 

Publication Classi?cation 

(51) Int. Cl? ..................... .. H01L 21/302; H01L 21/461 
(52) Us. 01. ............................................................ ..438/689 

(57) ABSTRACT 

Disclosed is a copper-based metal polishing solution Which 
hardly dissolves a Cu ?lm or a Cu alloy ?lm When the ?lm 
is dipped into the solution, and has a dissolution velocity 
during polishing several times higher than that during dip 
ping. This copper-based metal polishing solution contains at 
least one acid selected from aminoacetic acid and amino 
sulfuric acid, an oXidiZer, and Water. 
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COPPER-BASED METAL POLISHING SOLUTION 
AND METHOD FOR MANUFACTURING 

SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a copper-based 
metal polishing solution and a method for manufacturing a 
semiconductor device. 

[0003] 2. Description of the Related Art 

[0004] A polishing solution for a Cu ?lm or a Cu-alloy 
?lm, Which consists of a slurry of amine-based colloidal 
silica or a slurry added With K3Fe(CN)6, K4(CN)6, or 
Co(NO3)2, is disclosed in J. Electrochem. Soc., Vol. 138, 
No. 11, 3460 (1991), VMIC Conference, ISMIC-101/92/ 
0156 (1992) or VMIC Conference, ISMIC-102/93/0205 
(1993). 
[0005] Unfortunately, the above polishing solution has the 
folloWing problem since there is no difference betWeen the 
Cu ?lm dissolution velocity of the polishing solution during 
dipping and that during polishing. 

[0006] In the formation of an interconnecting layer as one 
manufacturing step of semiconductor devices, an etch-back 
technique is employed in order to remove steps from the 
device surface. This etch-back technique is a method in 
Which a trench is formed in an insulating ?lm on a semi 
conductor substrate, and a Cu ?lm is deposited on the 
insulating ?lm including the trench and polished by using a 
polishing solution, thereby forming a buried interconnecting 
layer by leaving the Cu ?lm behind only in the trench. After 
this etch-back step, the Cu interconnecting layer remaining 
in the trench is brought into contact With a polishing 
solution. Therefore, if a polishing solution of the composi 
tion discussed above by Which no difference is obtained 
betWeen the Cu ?lm etching rate during dipping and that 
during polishing, the Cu interconnecting layer is further 
etched by the polishing solution. As a result, the surface of 
the Cu interconnecting layer becomes loWer than the surface 
of the insulating ?lm. 

[0007] This makes it dif?cult to form an interconnecting 
layer Whose surface is level With the surface of the insulating 
?lm, resulting in a loW ?atness. In addition, the resistance of 
a buried Cu interconnecting layer formed in this manner 
becomes higher than that of a Cu interconnecting layer 
Which is so buried that its surface is level With the surface 
of an insulating ?lm. 

SUMMARY OF THE INVENTION 

[0008] It is an object of the present invention to provide a 
copper-based metal polishing solution Which hardly etches 
copper (Cu) or a copper alloy (Cu alloy) When this Cu or Cu 
alloy is dipped into the solution, and dissolves the Cu or Cu 
alloy during polishing With an etching rate several times to 
several ten times higher than that during the dipping. 

[0009] It is another object of the present invention to 
provide a method for manufacturing a semiconductor 
device, in Which a trench and/or an opening is formed in an 
insulating ?lm on a semiconductor substrate, and an inter 
connection material ?lm deposited on the insulating ?lm and 
consisting of copper (Cu) or a copper alloy (Cu alloy) can be 
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etched back Within a short time period and at the same time 
a buried interconnecting layer Whose surface is level With 
the surface of the insulating ?lm can be formed. 

[0010] It is still another object of the present invention to 
provide a method for manufacturing a semiconductor 
device, in Which a trench and/or an opening is formed in an 
insulating ?lm on a semiconductor substrate, an intercon 
nection material ?lm deposited on the insulating ?lm and 
consisting of Cu or a Cu alloy can be etched back Within a 
short time period to form a buried interconnecting layer 
Whose surface is level With the surface of the insulating ?lm, 
and the surface of the insulating ?lm and the like after the 
etch back can be cleaned Well. 

[0011] According to the present invention, there is pro 
vided a copper-based metal polishing solution containing at 
least one acid selected from the group Consisting of ami 
noacetic acid and aminosulfuric acid, an oXidiZer, and Water. 

[0012] According to the present invention, there is also 
provided a method for manufacturing a semiconductor 
device, comprising the steps of: 

[0013] forming at least one member selected from the 
group consisting of a trench and an opening corre 
sponding to a shape of an interconnecting layer in an 
insulating ?lm on a semiconductor substrate; 

[0014] depositing an interconnection material ?lm 
consisting of copper (Cu) or a copper alloy (Cu 
alloy) on the insulating ?lm including at least one 
member selected from the group consisting of a 
trench and an opening; and 

[0015] polishing the interconnection material ?lm 
until a surface of the insulating ?lm is eXposed by 
using a polishing solution containing at least one 
acid selected from the group consisting of aminoace 
tic acid and aminosulfuric acid, an oXidiZer, and 
Water, thereby forming a buried interconnecting 
layer in the insulating ?lm such that surfaces of the 
interconnecting layer and the insulating ?lm are level 
With each other. 

[0016] Furthermore, according to the present invention, 
there is provided a method for manufacturing a semicon 
ductor device, comprising the steps of: 

[0017] forming at least one member selected from the 
group consisting of a trench and an opening corre 
sponding to a shape of an interconnecting layer in an 
insulating ?lm on a semiconductor substrate; 

[0018] depositing an interconnection material ?lm 
consisting of copper (Cu) or a copper alloy (Cu 
alloy) on the insulating ?lm including at least one 
member selected from the group consisting of a 
trench and an opening; 

[0019] polishing the interconnection material ?lm 
until a surface of the insulating ?lm is eXposed by 
using a polishing solution containing at least one 
organic acid [selected from the group consisting of 
aminoacetic acid and amidosulfuric acid,] an oXi 
diZer, and Water, thereby forming a buried intercon 
necting layer in the insulating ?lm such that surfaces 
of the interconnecting layer and the insulating ?lm 
are level With each other; and 
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[0020] treating the surface of the insulating ?lm 
including the interconnecting layer With an aqueous 
dissolved oZone solution and then With an aqueous 
dilute hydro?uoric acid solution. 

[0021] Additional objects and advantages of the invention 
Will be set forth in the description Which folloWs, and in part 
Will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realiZed and obtained by means of the 
instrumentalities and combinations particularly pointed out 
in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
presently preferred embodiments of the invention, and 
together With the general description given above and the 
detailed description of the preferred embodiments given 
beloW, serve to explain the principles of the invention. 

[0023] FIG. 1 is a schematic vieW shoWing a polishing 
apparatus for use in the process of polishing of the present 
invention; 
[0024] FIG. 2 is a graph shoWing the characteristics of a 
polishing solution composed of 0.1 Wt % aminoacetic acid, 
hydrogen peroxide, and Water, i.e., shoWing the relationship 
betWeen the amount of hydrogen peroxide, the etching rate 
of a Cu ?lm When the ?lm Was dipped into the solution, and 
the polishing rate of the Cu ?lm during polishing; 

[0025] FIGS. 3A to 3C are sectional vieWs shoWing the 
states of a Cu ?lm With projections When the ?lm Was dipped 
into a polishing solution composed of aminoacetic acid, 
hydrogen peroxide, and Water, and Was polished by using a 
polishing apparatus; 

[0026] FIG. 4 is a graph shoWing the spectra of the surface 
of a Cu ?lm obtained by XPS (X-ray Photoelectron Spec 
troscopy) before the treatment, after the ?lm Was dipped into 
the polishing solution of the present invention, and after the 
?lm Was polished; 

[0027] FIG. 5 is a graph shoWing the characteristics of a 
polishing solution composed of 0.9 Wt % aminoacetic acid, 
hydrogen peroxide, and Water, i.e., shoWing the relationship 
betWeen the amount of hydrogen peroxide, the etching rate 
of a Cu ?lm When the ?lm Was dipped into the solution, and 
the polishing rate of the Cu ?lm during polishing; 

[0028] FIG. 6 is a graph shoWing the characteristics of a 
polishing solution composed of aminosulfuric acid, hydro 
gen peroxide, and Water, i.e., shoWing the relationship 
betWeen the amount of hydrogen peroxide, the etching rate 
of a Cu ?lm When the ?lm Was dipped into the solution, and 
the polishing rate of the Cu ?lm during polishing; 

[0029] FIG. 7 is a graph shoWing a change in the thickness 
of an oxide layer formed on the surface of a Cu ?lm as a 
function of the pH of the polishing solution of the present 
invention; 
[0030] FIGS. 8A to 8C are sectional vieWs shoWing 
manufacturing steps of the semiconductor device in 
Example 1 of the present invention; 

[0031] FIG. 9 is a graph shoWing a change in the pH of the 
polishing solution during polishing (an etch-back step) in 
Example 1; 
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[0032] FIG. 10 is a graph shoWing a change in the 
temperature of a polishing cloth during the polishing (the 
etch-back step) in Example 1; 

[0033] FIG. 11 is a graph shoWing a change in the voltage 
of a driving motor of a turntable during the polishing (the 
etch-back step) in Example 1; 

[0034] FIG. 12 is a graph shoWing the spectra of the 
surface of a Cu interconnecting layer obtained by XPS 
immediately after formation, after an oZone treatment, and 
after a treatment using dilute hydro?uoric acid in Example 
1 of the present invention; 

[0035] FIGS. 13A to 13C are sectional vieWs shoWing 
manufacturing steps of the semiconductor device in 
Example 2 of the present invention; 

[0036] FIGS. 14A to 14C are sectional vieWs shoWing 
manufacturing steps of the semiconductor device in 
Example 3 of the present invention; and 

[0037] FIGS. 15A to 15F are sectional vieWs shoWing 
manufacturing steps of the semiconductor device in 
Example 4 of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0038] Acopper-based metal polishing solution according 
to the present invention contains at least one organic acid 
selected from aminoacetic acid or an inorganic acid selected 
from aminosulfuric acid, an oxidiZer, and Water. When Cu or 
a Cu alloy is dipped in this polishing solution, the polishing 
solution forms an oxide layer, Which functions as an etching 
barrier, on the surface of the Cu or Cu alloy by the oxidiZing 
action of the oxidiZer. During polishing of the Cu or Cu 
alloy, the organic acid in the solution etches the Cu or Cu 
alloy Which is exposed by mechanically removing the oxide 
layer. Therefore, etching of the Cu or Cu alloy is suppressed 
or prevented by the oxide layer While it is dipped into the 
polishing solution. During the polishing, the exposed Cu or 
Cu alloy is physically polished and etched by the organic 
acid contained in the polishing solution. This suf?ciently 
increases the difference betWeen the etching rate of the Cu 
or Cu alloy during the dipping and that during the polishing. 

[0039] As the oxidiZer, it is possible to use, e.g., hydrogen 
peroxide (H202) or soda hypochlorite (NaClO). 

[0040] In the polishing solution, it is preferable that 0.01 
to 10 Wt % of the organic acid be contained and the Weight 
ratio of the organic acid to the oxidiZer be 1 to 20 or more. 
The content of the organic acid and the content ratio of the 
organic acid to the oxidiZer in the polishing solution are thus 
de?ned for the reasons explained beloW. 

[0041] If the content of the organic acid is smaller than 
0.01 Wt %, the polishing rate (primarily the chemical dis 
solution velocity) of Cu or a Cu alloy during polishing may 
decrease. On the other hand, if the content of the organic 
acid is larger than 10 Wt %, etching of Cu or a Cu alloy may 
proceed exceedingly When the Cu or Cu alloy is dipped into 
the polishing solution to thereby nullify the difference 
betWeen the etching rate during the dipping and that during 
polishing. The content of the organic acid is more preferably 
0.01 to 1 Wt %. 

[0042] If the Weight ratio of the organic acid to the 
oxidiZer is 1 to less than 20, it may become impossible to 
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obtain a suf?cient etching rate difference between dipping of 
Cu or a Cu alloy and polishing of it. The content ratio of the 
organic acid to the oxidiZer in the polishing solution is 
preferably 1 to 40 or more, and more preferably 1 to 100 or 
more. 

[0043] It is desirable that the upper-limiting ratio of the 
oxidiZer to the organic acid be de?ned by the content of the 
oxidiZer. For example, the content of the oxidiZer is prefer 
ably 30 Wt %. If the content of the oxidiZer exceeds 30 Wt 
%, an oxide layer may immediately form on the exposed 
surface during polishing of Cu or a Cu alloy to result in a loW 
polishing rate. 

[0044] If the content of the organic acid is to be set at the 
loWer-limiting value (0.01 Wt %) Within the range de?ned 
above, it is preferable that the content ratio of the organic 
acid to the oxidiZer be set at 1 to 40 or more as a Weight ratio. 

[0045] The polishing solution according to the present 
invention may contain an alkaline agent for adjusting the pH 
of the solution betWeen 9 and 14, in addition to the organic 
acid and the oxidiZer. Suitable examples of this alkaline 
agent are potassium hydroxide and quinoline. 

[0046] The polishing solution according to the present 
invention may contain abrasive grains, such as silica grains, 
alumina grains, cerium oxide grains, or Zirconia grains, in 
addition to the organic acid and the oxidiZer. These abrasive 
grains can be used in the form of a mixture of tWo or more 
types of grains. 

[0047] The abrasive grains preferably have a mean grain 
siZe of 0.02 to 0.1 mu m. 

[0048] The abrasive grains are preferably added in an 
amount of 1 to 14 Wt %. If the addition amount of the 
abrasive grains is less than 1 Wt %, the effect of the grains 
becomes dif?cult to achieve. If, on the other hand, the 
addition amount of the abrasive grains is more than 14 Wt %, 
the viscosity of the polishing solution is increased to make 
the solution dif?cult to handle. The addition amount of the 
abrasive grains is more preferably 3 to 10 Wt %. 

[0049] A polishing apparatus shoWn in FIG. 1 is used to 
polish a Cu ?lm or a Cu alloy ?lm formed on, e.g., a 
substrate by using the copper-based metal polishing solution 
according to the present invention. That is, a polishing pad 
2 made of, e.g., cloth is covered on a turntable 1. A supply 
pipe 3 for supplying a polishing solution is arranged above 
the polishing pad 2. A substrate holder 5 having a support 
shaft 4 on its upper surface is arranged above the polishing 
pad 2 so as to be vertically movable and rotatable. In the 
polishing apparatus With this arrangement, the holder 5 
holds a substrate 6 such that the surface (e.g., a Cu ?lm) to 
be polished faces the pad 2. While a polishing solution 7 of 
the composition discussed above is supplied from the supply 
pipe 3, and a desired load is applied from the support shaft 
4 to the substrate 6 toWard the polishing pad 2. The Cu ?lm 
on the substrate is polished While the turntable 1 and the 
holder 5 are rotated in the opposite direction. 

[0050] The copper-based metal polishing solution accord 
ing to the present invention as described above contains at 
least one organic acid (aminoacetic acid) or aminosulfuric 
acid, an oxidiZer, and Water. Therefore, this polishing solu 
tion hardly etches Cu or Cu alloy When Cu or a Cu alloy is 
dipped into the solution (the etching rate is preferably 100 
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nm/min or less), and has an etching rate during polishing 
several times to several ten times higher than that during the 
dipping. 
[0051] More speci?cally, an organic acid (e.g., aminoace 
tic acid) as one component of the polishing solution has a 
property of producing a complex by reacting With a hydrate 
of Cu, as indicated by the folloWing reaction formula. 

Cu(H2O)42*+2H2NCH2COOH Cu(H2NCH2COOH)2+ 
4H2O+2H+ 

[0052] Cu does not react With a solution mixture of 
aminoacetic acid and Water. In this reaction system, the 
addition of an oxidiZer (e.g., hydrogen peroxide) alloWs the 
reaction to proceed in the direction indicated by the arroW in 
the above formula, thereby etching Cu. 

[0053] FIG. 2 shoWs plots of the etching rate of a Cu ?lm 
formed on a substrate during dipping and the etching rate of 
the ?lm during polishing in a polishing solution composed 
of aminoacetic acid, hydrogen peroxide, and Water, When the 
content of aminoacetic acid Was kept constant at 0.1 Wt % 
and the content of hydrogen peroxide Was varied. Note that 
the polishing Was done by using the polishing apparatus 
illustrated in FIG. 1. That is, a substrate on Which a Cu ?lm 
Was formed Was held upside doWn by the substrate holder 5 
so that the Cu ?lm faced the polishing pad 2 consisting of 
SUBA800 (tradename) manufactured by Rodel Nitta Corp. 
Aload of 400 g/cm2 Was applied from the support shaft 4 to 
the substrate toWard the polishing pad 2. While the turntable 
1 and the holder 5 Were rotated in the opposite directions at 
a rotating speed of 100 rpm, the polishing solution Was 
supplied from the supply pipe 3 to the polishing pad 2 at a 
rate of 12.5 ml/min to perform polishing. 

[0054] As is apparent from FIG. 2, the Cu ?lm Was not 
etched at all When dipped into a polishing solution added 
With no hydrogen peroxide. When the polishing solution 
contained a small amount of hydrogen peroxide, hoWever, 
the Cu ?lm Was briskly etched. This is so because a hydrate 
of Cu Was produced by hydrogen peroxide contained in the 
polishing solution and aminoacetic acid reacted With this Cu 
hydrate to produce a complex, thereby etching Cu. It is also 
evident from FIG. 2 that the Cu ?lm etching rate Was 
loWered as the content of hydrogen peroxide Was increased 
further, and became Zero When the content of hydrogen 
peroxide reached 5 Wt %. The reason for this is assumed that 
an oxide layer Which prevents etching by the polishing 
solution is formed on the surface of a Cu ?lm if the content 
of hydrogen peroxide is increased. 

[0055] In effect, a Cu ?lm 12 having projections Was 
formed on a substrate 11, as shoWn in FIG. 3A, and the 
resultant substrate 11 Was dipped into a polishing solution 
(containing 0.1 Wt % of aminoacetic acid and 13 Wt % of 
hydrogen peroxide) of the composition, FIG. 2, by Which 
the etching rate Was loWered. Consequently, as depicted in 
FIG. 3B, an oxide layer 13 Was formed on the surface of the 
Cu ?lm 12. In addition, the surface of the Cu ?lm Was 
analyZed With XPS after the substrate Was dipped into the 
polishing solution. The result Was that a spectrum indicated 
by the solid line in FIG. 4 appeared. This also demonstrates 
the formation of an oxide layer. Note that the dotted line in 
FIG. 4 represents the spectrum immediately after the Cu 
?lm Was formed on the substrate and before the treatment. 

[0056] It Was found that the polishing rate of a Cu ?lm 
When polishing Was done by using the polishing apparatus in 
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FIG. 1 and the polishing solution containing 0.1 Wt % of 
aminoacetic acid and 13 Wt % of hydrogen peroxide Was 
approximately 10 nm/min, Which Was sufficiently higher 
than the Cu ?lm etching rate during the dipping, as shoWn 
in FIG. 2. This rise in the Cu ?lm polishing rate resulting 
from the polishing Was due to the reason explained beloW. 
That is, When the Cu ?lm 12 on the surface of Which the 
oxide layer 13 Was formed, FIG. 3B, Was polished With a 
polishing pad soaked With the above polishing solution, the 
oxide layer 13 on each projecting portion of the Cu ?lm 12 
Was mechanically polished by the pad to expose pure Cu to 
the surface as illustrated in FIG. 3C. As a consequence, 
active chemical polishing Was brought about by the action of 
aminoacetic acid and hydrogen peroxide contained in the 
polishing solution. That is, in the polishing step pure Cu is 
constantly exposed to the surface to be polished of a Cu ?lm, 
and this permits chemical etching by aminoacetic acid and 
hydrogen peroxide contained in the polishing solution. In 
effect, When the surface of a Cu ?lm immediately after 
polishing Was analyZed by XPS, a spectrum indicated by the 
alternate long and short dashed line in FIG. 4 appeared, 
demonstrating the exposure of Cu. 

[0057] FIG. 5 shoWs plots of the etching rate of a Cu ?lm 
formed on a substrate during dipping and the polishing rate 
of the ?lm during polishing in a polishing solution com 
posed of aminoacetic acid, hydrogen peroxide, and Water, 
When the content of aminoacetic acid Was held constant at 
0.9 Wt % and the content of hydrogen peroxide Was varied. 
Note that the polishing Was done folloWing the same pro 
cedures as discussed above by using the polishing apparatus 
shoWn in FIG. 1. As can be seen from FIG. 5, the Cu ?lm 
Was not etched at all When dipped into a polishing solution 
added With no hydrogen peroxide. HoWever, the Cu ?lm Was 
vigorously etched When a small amount of hydrogen per 
oxide Was added to the polishing solution. FIG. 5 also 
reveals that the Cu ?lm etching rate decreased as the content 
of hydrogen peroxide Was increased further, and became 
Zero When the content of hydrogen peroxide reached about 
18 Wt %. The reason for this is considered that an oxide layer 
Which prevents etching by the polishing solution is formed 
on the surface of a Cu ?lm if the content of hydrogen 
peroxide is increased. A Cu ?lm Was polished folloWing the 
same procedures as described above by using a polishing 
solution containing 15 Wt % of hydrogen peroxide. As a 
result, the Cu ?lm Was polished at a rate of approximately 
85 nm/min, i.e., the etching rate during the polishing Was 
sufficiently higher than that during the dipping. HoWever, 
the polishing rate of a Cu ?lm during polishing Was about 60 
nm/min even by the use of a polishing solution Which 
contained 20 Wt % of hydrogen peroxide and by Which 
etching of a Cu ?lm Was reliably prevented during dipping, 
i.e., a polishing solution in Which the content ratio of 
aminoacetic acid to hydrogen peroxide Was 1 to about 20 as 
a Weight ratio. Therefore, the etching rate during the pol 
ishing Was suf?ciently higher than that during the dipping. 
[0058] FIG. 6 shoWs plots of the etching rate of a Cu ?lm 
formed on a substrate during dipping and the polishing rate 
of the ?lm during polishing in a polishing solution com 
posed of aminosulfuric acid as an acid, hydrogen peroxide, 
and Water, When the content of aminosulfuric acid Was held 
constant at 0.86 Wt % and the content of hydrogen peroxide 
Was varied. Note that the polishing Was done folloWing the 
same procedures as discussed above by using the polishing 
apparatus depicted in FIG. 1. It is evident from FIG. 6 that 
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the Cu ?lm Was not etched at all When a polishing solution 
added With no hydrogen peroxide Was used, but Was actively 
etched When the polishing solution contained a small 
amount of hydrogen peroxide. It is also apparent from FIG. 
6 that the Cu ?lm etching rate Was loWered as the content of 
hydrogen peroxide Was increased, and Was 50 nm/min When 
the content of hydrogen peroxide Was about 22 Wt % or 
more. The reason for this is assumed that an oxide layer 
Which prevents etching by the polishing solution is formed 
on the surface of a Cu ?lm if the content of hydrogen 
peroxide is increased. A Cu ?lm Was polished folloWing the 
same procedures as described above by using a polishing 
solution Which contained 30 Wt % of hydrogen peroxide, 
i.e., in Which the content ratio of aminosulfuric acid to 
hydrogen peroxide Was 1 to about 35 as a Weight ratio. 
Consequently, the Cu ?lm Was polished at a rate of approxi 
mately 950 nm/min. That is, the etching rate during the 
polishing Was suf?ciently high, about 19 times higher than 
that during the dipping. 

[0059] As discussed above, the polishing solution accord 
ing to the present invention hardly etches Cu or Cu alloy 
When Cu or a Cu alloy is dipped into the solution, and has 
an etching rate during polishing several times to several ten 
times higher than that during dipping. For this reason, it is 
possible to avoid the problem that, for example, the Cu 
etching amount varies depending on the supply timing of a 
polishing solution in the polishing step. This alloWs an easy 
polishing operation. In addition, an oxide layer is formed on 
a Cu ?lm on a substrate by hydrogen peroxide, as mentioned 
earlier, When the Cu ?lm comes into contact With the 
polishing solution after being polished by the polishing 
apparatus. This prevents so-called over-etching in Which the 
Cu ?lm continues to be etched after the polishing. Further 
more, as illustrated in FIG. 3C, in the polishing step the Cu 
?lm 12 having projections is sequentially etched from the 
surface of each projection in contact With the polishing pad 
While the side surfaces of the ?lm remain unetched. There 
fore, the polishing solution is very suitable for an etch-back 
technique (to be described later). 

[0060] By adjusting the pH of the polishing solution 
according to the present invention betWeen 9 and 14 by 
adding an alkaline agent such as potassium hydroxide to the 
solution, an oxide layer having a good etching barrier 
property With respect to the polishing solution can be formed 
on the surface of Cu or a Cu alloy When the Cu or Cu alloy 
is dipped into the solution. It is also possible to control the 
thickness of the oxide layer formed on the surface of Cu or 
a Cu alloy. FIG. 7 is a graph shoWing a change in the 
thickness of an oxide layer formed on the surface of a Cu 
?lm formed on a substrate When the Cu ?lm Was dipped into 
a polishing solution Which contained 0.9 Wt % of aminoace 
tic acid and 12 Wt % of hydrogen peroxide and in Which the 
pH Was adjusted betWeen 8.5 and 11 by addition of potas 
sium hydroxide. As shoWn in FIG. 7, the thickness of the 
oxide layer formed on the surface of the Cu ?lm increases 
as the pH rises. 

[0061] The polishing solution Whose pH is adjusted 
betWeen 9 and 14 alloWs formation of an oxide layer having 
a good etching battier property on the surface of Cu or a Cu 
alloy When the Cu or Cu alloy is dipped into the polishing 
solution. Therefore, even if the content of an organic acid 
such as aminoacetic acid in the polishing solution is 
increased, Cu is hardly etched When Cu or a Cu alloy is 



US 2003/0036267 A1 

dipped into the solution. During polishing, on the other 
hand, this increase in the content of the organic acid makes 
it possible to increase the etching rate of the Cu or Cu alloy. 
Consequently, the difference betWeen the etching rate during 
the dipping and that during the polishing can be increased as 
compared With a polishing solution added With no alkaline 
agent. The result is a reduced polishing time of the Cu or Cu 
alloy. 

[0062] By adding abrasive grains such as silica grains to 
the polishing solution according to the present invention, it 
is possible to improve the polishing rate during polishing of 
Cu or a Cu alloy compared to a polishing solution not added 
With the abrasive grains. As examples, polishing solutions 
Were prepared by adding about 9 Wt % of silica grains With 
a mean grain siZe of 30 nm, alumina grains With a mean 
grain siZe of 740 nm, cerium oXide grains With a mean grain 
siZe of 1300 nm, and Zirconia grains With a mean grain siZe 
of 1100 nm to an aqueous solution containing 0.1 Wt % of 
aminoacetic acid and 13 Wt % of hydrogen peroxide. Each 
of the resultant polishing solutions Was used to polish a Cu 
?lm formed on a substrate and having projections folloWing 
the same procedures as discussed earlier by using the 
polishing apparatus illustrated in FIG. 1. Alist of the Cu ?lm 
polishing rates of these polishing solutions is given in Table 
1 beloW. Note that Table 1 also shoWs the polishing rate of 
a Cu ?lm polished With a polishing solution added With no 
abrasive grains and containing 0.1 Wt % of aminoacetic acid 
and 13 Wt % of hydrogen peroxide. 

TABLE 1 

Polishing rate of 
Type of abrasive grain Cu ?lm (nm/min) 

Silica grain 35.3 
Alumina grain 98.5 
Cerium oxide grain 31.1 
Zirconia grain 22.1 
None 10.0 

[0063] As can be seen from Table 1 above, the polishing 
rate of a Cu ?lm can be improved by the use of each 
polishing solution added With abrasive grains compared to 
the polishing solution added With no abrasive grains. It is 
also evident from Table 1 that the Cu ?lm polishing rate can 
be controlled by changing the type of abrasive grain. 

[0064] An SiO2 ?lm, an Si3N4 ?lm, and a borophospho 
silicate glass ?lm (BPSG ?lm) formed on substrates Were 
polished folloWing the same procedures as discussed earlier 
by using polishing solutions added With silica grains and 
alumina grains as abrasive grains and the polishing appara 
tus illustrated in FIG. 1. Table 2 beloW shoWs the polishing 
rates of the individual insulating ?lms obtained by these 
polishing solutions. Note that each value in parentheses in 
Table 2 indicates the velocity ratio calculated from (the 
polishing rate of a Cu ?lm/the polishing rate of an insulating 
?lm in a polishing solution of the same type). In the 
manufacture of semiconductor devices to be described later, 
the selective polishing property for Cu can be improved as 
the velocity ratio is increased in forming a buried Cu 
interconnecting layer in a trench or the like of an insulating 
?lm by polishing. That is, a decrease in thickness of the 
underlying insulating ?lm can be suppressed. 

Feb. 20, 2003 

TABLE 2 

Type of Polishing rate of insulating ?lm 
abrasive (nm/min) 

grain SiO2 ?lm Si3N4 ?lm BPSG ?lm 

Silica grain 1 (35.3) 0.4 (88.3) 4.7 (7.5) 
Alumina grain 7.7 (12.8) 3.5 (28.1) 41.2 (2.39) 

[0065] Furthermore, the polishing solution added With 
abrasive grains such as silica grains can perform polishing 
Well Without producing cracks or ?ne ?aWs on a Cu ?lm or 
a Cu alloy ?lm. This is so because, When the polishing step 
is performed by using the polishing apparatus shoWn in FIG. 
1, the frictional force betWeen the surface to be polished of 
a Cu ?lm and the polishing pad can be reduced by the 
abrasive grains. This consequently reduces the impact force 
on the Cu ?lm, preventing cracks and the like. 

[0066] The polishing solution added With abrasive grains 
such as silica grains, therefore, can improve the polishing 
rate of Cu or a Cu alloy in comparison With a polishing 
solution added With no abrasive grains, and can also sup 
press damages to the surface of Cu or a Cu alloy during the 
polishing. 

[0067] Note that a polishing solution containing amino 
sulfuric acid as an acid and abrasive grains such as silica 
grains also can improve the polishing rate of Cu or a Cu 
alloy compared to a polishing solution added With no 
abrasive grains, and can suppress damages to the surface of 
Cu or a Cu alloy during the polishing. 

[0068] A method for manufacturing a semiconductor 
device according to the present invention comprises the 
steps of: 

[0069] forming a trench and/or an opening corre 
sponding to a shape of an interconnecting layer in an 
insulating ?lm on a semiconductor substrate; 

[0070] depositing an interconnection material ?lm 
consisting of copper (Cu) or a copper alloy (Cu 
alloy) on the insulating ?lm including the trench 
and/or opening; and 

[0071] polishing the interconnection material ?lm 
until a surface of the insulating ?lm is eXposed by 
using a polishing solution containing at least one 
acid selected from the group consisting of aminoace 
tic acid and aminosulfuric acid, an oXidiZer, and 
Water, thereby forming a buried interconnecting 
layer in the insulating ?lm such that surfaces of the 
interconnecting layer and the insulating ?lm are level 
With each other. 

[0072] As the insulating ?lm, it is possible to use, e.g., a 
silicon oXide ?lm, a silicon nitride ?lm, a tWo-layer ?lm 
constituted by a silicon oXide ?lm and a silicon nitride ?lm 
stacked on the silicon oXide ?lm, a borophosphosilicate 
glass ?lm (BPSG ?lm), or a phosphosilicate glass ?lm (PSG 
?lm). 
[0073] As the Cu alloy, it is possible to use, e.g., a Cu—Si 
alloy, a Cu—Al alloy, a Cu—Si—Al alloy, or a Cu—Ag 
alloy. 
















