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(57) ABSTRACT 

An object of this invention is to improve stress-migration 
resistance and reliability in a semiconductor device com 
prising a metal region. In an insulating ?lm 101 is formed a 
loWer interconnection consisting of a barrier metal ?lm 102 
and a copper-silver alloy ?lm 103, on Which is then formed 
an interlayer insulating ?lm 104. In the interlayer insulating 
?lm 104 is formed an upper interconnection consisting of a 
barrier metal ?lm 106 and a copper-silver alloy ?lm 111. The 
loWer and the upper interconnections are made of a copper 
silver alloy Which contains silver to an amount more than a 
solid solution limit of silver to copper. 
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FIG. 8a 
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FIG. 16 
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SEMICONDUCTOR DEVICE AND 
MANUFACTURING PROCESS THEREFOR AS 

WELL AS PLATING SOLUTION 

[0001] This application is based on Japanese patent appli 
cation NO.2002-127702, the content of Which is incorpo 
rated hereinto by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates to a semiconductor device 
comprising a silver-containing metal region and a process 
for manufacturing the device. 

[0004] 2. Description of the Prior Art 

[0005] Recent increasing integration of a semiconductor 
device has required the use of copper as a material for an 
interconnection or plug. Copper has advantageous properties 
of a loWer resistance and higher electromigration resistance 
compared With aluminum Which has been conventionally 
used. 

[0006] HoWever, as a device has become more compact, 
electromigration has been signi?cant in such an intercon 
nection using copper. A copper ?lm as a copper intercon 
nection is usually formed by plating, Which gives the copper 
?lm as an aggregate of a number of polycrystalline copper 
grains. When a voltage is applied to a copper interconnec 
tion having such a structure, mass transfer occurs via a 
copper grain boundary, leading to electromigration. In a 
narroWer interconnection, a copper grain siZe is smaller and 
thus the problem of migration due to mass transfer via such 
a grain boundary becomes more signi?cant. 

[0007] For solving such a problem of electromigration 
(hereinafter, referred to as “EM”), there have been several 
attempts Where silver is added to a copper interconnection. 

[0008] Japanese Laid-open Patent Publication 2000 
349085 has disclosed an interconnection made of a silver 
containing copper alloy, and described that the interconnec 
tion has a silver content Within a range of at least 0.1 Wt % 
to less than its maXimum solid solution limit, and if more 
than the maXimum solid solution limit, the metal may form 
a compound With Cu, leading to a rupture or crack in the 
interconnection. 

[0009] Japanese Laid-open Patent Publication 1999 
204524 has disclosed an interconnection made of a silver 
containing copper alloy and described that a silver content in 
the interconnection is preferably 1 Wt % or less and illus 
trates forming an interconnection made of a copper alloy 
containing silver at 0.1 Wt % as a speci?c eXample. 

[0010] Some other attempts using a silver-containing cop 
per interconnection have been made for minimiZing elec 
tromigration and all of these studies have concluded that in 
the light of the purpose, a silver content is Within its solid 
solution limit in a copper ?lm and thus at most 1 Wt %. There 
have been developed no methods for consistently forming an 
alloy containing silver and copper With a silver content 
higher than the above limit and thus there have been little 
information about the physical properties of such an alloy 
?lm and its effects on device performance When applied in 
a semiconductor device. 
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[0011] MeanWhile, stress migration in a copper intercon 
nection has become a signi?cant problem. FIG. 2 shoWs a 
schematic cross section of a copper multilayer interconnec 
tion formed by a damascene method, Where an upper inter 
connection 121b is connected With a loWer interconnection 
121a and the upper interconnection 121b consists of a 
connecting plug and an interconnection formed thereon. In 
FIG. 2(a), a void 122 is formed on the side of the upper 
interconnection 121b. That is, the void is formed in a via 
region in the upper interconnection 121b. In FIG. 2(b), a 
void 122 is formed on the upper surface of the loWer 
interconnection 121a. Such a void 122 may be caused by an 
internal stress generated in the copper interconnection due 
to, for eXample, a heat history during a semiconductor 
process. In FIG. 2(a), the void 122 may be formed by 
upWard migration of copper in the via due to copper “pull 
up” in the upper interconnection 121b. In FIG. 2(b), copper 
may horiZontally migrate in the loWer interconnection 121a, 
leading to formation of the void 122. 

[0012] Our studies have demonstrated that such a void 
forming phenomenon prominently occurs about at 150° C. 
Which is a practical process temperature for a semiconductor 
device (for eXample, in a bonding process and a photoresist 
baking process). A void thus formed may cause connection 
defect betWeen a connecting plug and an interconnection, a 
reduced yield of a semiconductor device and instability in a 
semiconductor device after a long period use. 

[0013] For preventing generation of such stress migration, 
besides investigating processes, a material itself for a metal 
region such as an interconnection must be studied besides 
process investigation. 

[0014] Furthermore, the recent needs for much higher 
level of device operation require developing a material for 
an interconnection exhibiting higher-speed operability than 
a copper interconnection. 

SUMMARY OF THE INVENTION 

[0015] In vieW of these problems, an objective of this 
invention is to improve stress migration resistance in a 
semiconductor device comprising a metal region, and thus to 
improve reliability of the device. 

[0016] Another objective of this invention is to provide a 
process for consistently manufacturing such a semiconduc 
tor device. 

[0017] This invention provides a semiconductor device 
comprising a metal region on a semiconductor substrate, 
Wherein a silver content is more than 1 Wt % to the total 
amount of component metals in the metal region. 

[0018] This invention also provides on a semiconductor 
device comprising a metal region on a semiconductor sub 
strate, Wherein the metal region comprises copper and silver; 
and a silver content to the total amount of component metals 
in the metal region is more than a solid solution limit of 
silver to copper. 

[0019] The metal region in the above semiconductor 
device a larger amount of silver than that in a conventional 
interconnection structure made of a copper-silver alloy, and 
thus can effectively prevent stress migration When being 
eXposed to a heat history during, for eXample, a process for 
manufacturing a semiconductor. 
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[0020] This invention also provides a semiconductor 
device comprising a metal region on a semiconductor sub 
strate Wherein a maximum hysteresis error in a temperature 
stress curve in the metal region is 150 MPa or less. 

[0021] When a semiconductor device is exposed to a heat 
history, a temperature-stress curve for a metal region gen 
erally exhibits different patterns in a Warming and a cooling 
processes. An indicator for the difference is de?ned as a 
“maximum hysteresis error”. A maximum hysteresis error is 
the maximum separation Width betWeen the curves shoWing 
the Warming and the cooling processes. For example, in 
FIG. 8, the maximum Width betWeen a Warming process a 
and a cooling process b is a maximum hysteresis error. In the 
semiconductor device, an irreversible loss is reduced When 
being exposed to a heat history during a process for manu 
facturing a semiconductor, and thus stress migration is 
effectively prevented. 
[0022] This invention further provides a semiconductor 
device comprising a metal region on a semiconductor sub 
strate Wherein a recrystalliZation temperature of a compo 
nent metal in the metal region is 200° C. or higher. A 
recrystalliZation temperature is a temperature at Which trans 
formation of crystal grains or grain groWth occurs due to 
atomic diffusion. Since recrystalliZation may result in a void 
or distortion in a metal region, a higher recrystalliZation 
temperature is an important condition for providing a reli 
able metal region. The above semiconductor device has a 
recrystalliZation temperature higher than 200° C., so that 
irreversible loss can be minimiZed When being exposed to a 
heat history and thus stress migration can be effectively 
prevented. A recrystalliZation temperature can be deter 
mined by, for example, measuring a hysteresis curve. FIG. 
9 shoWs a method for determining a recrystalliZation tem 
perature. An in?ection point during a Warming process, i.e., 
an intersection betWeen a linear line and a horiZontal line 
after the initiation of temperature-rising corresponds to a 
recrystalliZation temperature. In this ?gure, a recrystalliZa 
tion temperature is 220° C. 

[0023] In a semiconductor device according to this inven 
tion, the metal region may be made of a silver-containing 
metal With a shape of an interconnection plug or pad. 

[0024] This invention also provides a process for manu 
facturing a semiconductor device comprising the steps of 
forming a metal region on a semiconductor substrate; con 
tacting the surface of the metal region With a silver-contain 
ing liquid; and heating the metal region. 

[0025] According to this process for manufacturing a 
semiconductor device, contacting the surface of the metal 
region With a silver-containing liquid results in precipitation 
of silver and then heating alloWs silver to diffuse in the metal 
region. As a result, a silver-containing metal region may be 
suitably formed. According to this invention, a metal region 
made of a copper-silver alloy may be consistently formed by 
a convenient process. Since a plating solution itself does not 
have to contain silver, the plating solution may be selected 
more freely. 

[0026] This invention also provides a process for manu 
facturing a semiconductor device comprising the steps of 
contacting a semiconductor substrate or a ?lm formed 
thereon With a silver-containing solution to precipitate sil 
ver; forming a metal region on the precipitated silver; and 
heating the metal region. 
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[0027] According to the process for manufacturing a semi 
conductor device, the precipitated silver after contacting 
With the silver-containing solution diffuses in a metal region 
formed thereon. As a result, a silver-containing metal region 
may be suitably formed. According to this invention, a metal 
region made of a copper-silver alloy may be consistently 
formed by a convenient process. Furthermore, a metal 
composition in a metal region may be made homogeneous. 

[0028] This invention also provides a process for manu 
facturing a semiconductor device comprising the steps of 
contacting a device-forming surface of a semiconductor 
substrate With a silver-containing plating solution; and form 
ing a silver-containing metal region on the semiconductor 
substrate. The silver-containing plating solution may be 
contacted With all or a part of the device-forming surface. 
Speci?cally, a plating solution is contacted With either of a 
semiconductor substrate surface, a metal ?lm, an insulating 
?lm or a semiconductor ?lm or a surface comprising these 
in any combination. 

[0029] Contacting With a silver-containing plating solu 
tion may be conducted after forming a plating ?lm using a 
silver-free plating solution. The process may comprise, for 
example, the steps of forming a copper ?lm such that it 
partially ?lls a concave formed in an insulating ?lm on a 
semiconductor substrate; then contacting the surface of the 
copper ?lm With a silver-containing plating solution to form 
a silver-containing ?lm on the copper ?lm; and then pol 
ishing the Whole surface of the substrate to leave the copper 
?lm and the silver-containing ?lm only in the concave. 
Alternatively, this process may comprises the steps of form 
ing a silver-containing ?lm; forming a copper ?lm on the 
silver-containing ?lm; and polishing the substrate surface as 
described above. 

[0030] According to this process for manufacturing a 
semiconductor device, a metal region made of a copper 
silver alloy may be consistently formed by a convenient 
process. A homogeneous metal composition may be pro 
vided in the metal region. 

[0031] In a process for manufacturing a semiconductor 
device according to this invention, the metal region may 
contain copper. Furthermore, in a process for manufacturing 
a semiconductor device according to this invention, a silver 
content may be more than 1 Wt % to the total amount of 
component metals in the metal region after heating. Thus, a 
metal region highly resistant to stress migration may be 
consistently formed. 

[0032] When a metal region in this invention is made of a 
copper-silver alloy, other components may be further added. 
For example, components such as Zr, In, Al, Ti and Sn may 
be added up to 1 Wt % to the total amount of the metals. Zr 
and/or In may be added to improve adhesiveness betWeen 
the metal region and an insulating ?lm and/or betWeen the 
metal region and a barrier metal ?lm. Al, Ti and Sn may 
diffuse in the surface of the reactive copper-silver alloy ?lm 
to be bound to the material atoms constituting the interlayer 
insulating ?lm, resulting in improved adhesiveness. 
[0033] While some aspects of this invention have been 
described, variations may be made to these. For example, 
When this invention is applied to an interconnection struc 
ture formed by a damascene process, the effects of this 
invention become more prominent. There Will be described 
such aspects. 
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[0034] Speci?cally, a metal region in this invention may 
be formed by a single or dual damascene process. 

[0035] Asingle damascene process comprises the steps of: 

[0036] (a) forming a ?rst interconnection as a metal 
?lm on a semiconductor substrate; 

[0037] (b) forming a ?rst interlayer insulating ?lm 
over the Whole upper surface of the semiconductor 
substrate such that it covers the ?rst interconnection; 

[0038] (c) selectively removing the ?rst interlayer 
insulating ?lm to form a connecting hole reaching 
the upper surface of the ?rst interconnection; 

[0039] (d) forming a barrier metal ?lm coating the 
inner surface of the connecting hole and then form 
ing a metal ?lm ?lling the connecting hole; 

[0040] (e) removing a metal ?lm formed outside the 
connecting hole; 

[0041] forming a second interlayer insulating ?lm 
over the Whole surface of the semiconductor sub 
strate such that it covers the metal ?lm formed in the 
connecting hole; 

[0042] (g) selectively removing the second interlayer 
insulating ?lm to form an interconnection groove in 
Whose bottom the metal ?lm formed in the connect 
ing hole is eXposed; 

[0043] (h) forming a barrier metal ?lm coating the 
inner surface of the interconnection groove and then 
forming a metal ?lm ?lling the interconnection 
groove; and 

[0044] removing the metal ?lm formed outside the 
interconnection groove to form a second intercon 
nection. 

[0045] In this process, the ?rst and the second intercon 
nections and the Whole connecting hole or a part thereof may 
be a “metal region” to Which a semiconductor device or 
process according to this invention can be applied. Some of 
the above steps of (a) to may be omitted as appropriate. 

[0046] A dual damascene process comprises the steps of: 

[0047] (a) forming a ?rst interconnection as a metal 
?lm on a semiconductor substrate; 

[0048] (b) forming a ?rst interlayer insulating ?lm 
over the Whole surface of the semiconductor sub 
strate such that it covers the ?rst interconnection; 

[0049] (c) selectively removing the ?rst interlayer 
insulating ?lm to form a connecting hole reaching 
the upper surface of the ?rst interconnection and to 
form an interconnection groove Which is connected 
to the upper surface of the connecting hole; 

[0050] (d) forming a barrier metal ?lm coating the 
inner surfaces of the connecting hole and the inter 
connection groove and then forming a metal ?lm 
such that it ?lls the connecting hole and the inter 
connection groove; and 

[0051] (e) removing the metal ?lm formed outside 
the interconnection groove. 
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[0052] In this process, the ?rst and the second intercon 
nections and the Whole connecting hole or a part thereof may 
be a “metal region” to Which a semiconductor device or 
process according to this invention can be applied. Some of 
the above steps of (a) to (e) may be omitted as appropriate. 

[0053] The interconnection structure formed by the above 
damascene process comprises the semiconductor substrate; 
the ?rst interconnection formed on the semiconductor sub 
strate; the connecting plug connected to the ?rst intercon 
nection; and the second interconnection connected to con 
necting plug. 
[0054] In this semiconductor device, the ?rst and the 
second interconnections and the Whole connecting hole or a 
part thereof may be a “metal region” to Which this invention 
may be applied. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0055] FIG. 1 shoWs a cross section illustrating an 
embodiment of a semiconductor device according to this 
invention. 

[0056] FIG. 2 shoWs a cross section illustrating an inter 
connection structure in Which a void is formed due to stress 
migration. 
[0057] FIGS. 3 to 6 are process diagrams illustrating a 
process for manufacturing an interconnection structure 
shoWn in FIG. 1(a). 

[0058] FIG. 7 is a graph shoWing an eXample of a hys 
teresis curve. 

[0059] FIG. 8 is a graph shoWing an eXample of a hys 
teresis curve. 

[0060] FIG. 9 shoWs a method for determining a recrys 
talliZation temperature. 

[0061] FIG. 10 is a draWing illustrating a principle of 
determination of a via chain resistance. 

[0062] FIGS. 11 to 15 are graphs illustrating eXemplary 
results of determination for a hysteresis curve. 

[0063] FIG. 16 is a state diagram for an Ag—Cu tWo 
component eutectic compound. 

[0064] FIG. 17 shoWs a relationship betWeen a silver 
content and an interconnection resistance. 

[0065] In these draWings, the symbols have the folloWing 
meanings; 22a is a ?rst interconnection; 22b is a second 
interconnection; 28 is a connecting plug; 101 is an insulating 
?lm; 102 is a barrier metal ?lm; 103 is a copper-silver alloy 
?lm; 104 is an interlayer insulating ?lm; 105 is an intercon 
nection groove; 106, 106a and 106b are barrier metal ?lms; 
107 is a seed metal ?lm; 108 is a silver-containing ?lm; 110 
is a copper plating ?lm; 111 is a copper-silver alloy ?lm; 
111a is an interlayer connecting plug; 111b is a copper-silver 
alloy ?lm; 114 is a copper-silver alloy plating ?lm; 117 is a 
copper plating ?lm; 121a is a loWer interconnection; 121b is 
an upper interconnection; and 122 is a void. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0066] FIG. 1 is a schematic cross section illustrating an 
embodiment of semiconductor device according to this 
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invention. FIG. 1(a) shows an embodiment in Which this 
invention is applied to a copper multilayer interconnection 
structure formed by a so-called dual damascene process. In 
an insulating ?lm 101, a loWer interconnection is formed, 
Which consists of a barrier metal ?lm 102 and a copper 
silver alloy ?lm 103. On the insulating ?lm, there is formed 
an interlayer insulating ?lm 104, in Which an upper inter 
connection consisting of a barrier metal ?lm 106 and a 
copper-silver alloy ?lm 111 is formed. The upper intercon 
nection has a T-shaped cross section. The loWer part of the 
T-shape is an interconnection connecting plug While the 
upper part of the T-shape is an upper interconnection. 

[0067] The term “alloy” as used herein means a product 
obtained by melting and coagulating tWo or more metal 
elements, and is intended to also include one containing a 
non-metal or semi-metal element in addition to metal ele 
ments. Depending on a mixing style of component elements, 
an alloy may have a state of a solid solution or intermetallic 
compound or a mixture thereof. Thus, the term “alloy” as 
used herein also includes such a product containing a 
component to its solid solution limit or more. 

[0068] In the copper-silver alloy ?lm 103 and the copper 
silver alloy ?lm 111, a silver content to the Whole alloy ?lm 
may be preferably 1 Wt % or more, more preferably 2 Wt % 
or more to more consistently prevent stress migration. The 
silver content to the Whole alloy ?lm is 3 Wt % or more may 
effectively reduce a maximum hysteresis error, resulting in 
more stable prevention of stress migration. In particular, 
When this invention is applied to a process for forming metal 
interconnections With different interconnection Widths, a 
silver content described above may alloW a predetermined 
amount of silver to be consistently introduced in each 
interconnection, resulting in effective prevention of stress 
migration. There is not a particular upper limitation to a 
silver content to the Whole alloy ?lm, but in the light of 
stable formation of a copper-silver alloy ?lm, it may be 
preferably 99 Wt % or less, more preferably 80 Wt % or less, 
further preferably 50 Wt % or less. In the light of resistance 
reduction, a silver content to the Whole alloy ?lm is pref 
erably 90 Wt % or more, more preferably 95 Wt % or more, 
further preferably 98 Wt % or more. 

[0069] A silver content is preferably more than a solid 
solution limit of silver to copper. Thus, even When a pro 
duction process is changed, stress migration may be more 
consistently prevented. Although the reason is not fully 
understood, a silver content more than a solid solution limit 
of silver to copper Would considerably reduce in?uence of 
hysteresis When the copper-silver alloy is exposed to a heat 
history. This Will be described in Examples. 

[0070] A solid solution limit of silver to copper Will be 
described With reference to FIG. 16. As shoWn in FIG. 16, 
an Ag—Cu tWo-component eutectic compound has an eutec 
tic point Y of 39.9 Wt % (converted to a silver Wt % to 
copper), an eutectic temperature of 779° C., and a maximum 
solid solution limit of Ag to Cu (Z; a point at Which a solid 
solution limit of Ag to Cu is maximum) of 4.9 Wt %. In FIG. 
16, a solid solution limit is plotted on Curve X at a 
temperature and the solid solution limit is maximum at Point 
Z (maximum solid solution limit). In production of a semi 
conductor device, a maximum process temperature is about 
400° C. at Which a solid solution limit is about 1 Wt % 
(converted to an Ag Wt % to Cu). In this invention, a silver 
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content to the total amount of component metals in a metal 
region is preferably more than a solid solution limit of silver 
to copper. This solid solution limit is preferably a maximum 
of a solid solution limit Within a temperature range of, for 
example, 0° C. to 400° C. 

[0071] There Will be an embodiment in Which this inven 
tion is applied to an interconnection structure formed by a 
damascene method. FIG. 1(b) shoWs an example of appli 
cation of this invention to a copper multilayer interconnec 
tion structure formed by a single damascene method. The 
structure shoWn in FIG. 1(a) has an advantage that the 
number of production steps may be reduced by simulta 
neously forming an interlayer connecting plug and an inter 
connection. HoWever, since the interlayer connecting plug 
and the interconnection are formed as an integrated part, 
in?uence of stress migration may become signi?cant, lead 
ing to higher tendency to formation of a void in a mode 
shoWn in FIG. 2(a). On the other hand, in FIG. 1(b), 
although the number of production steps increases, the 
copper-silver alloy ?lm is separated into tWo parts, i.e., the 
interlayer connecting plug and the interconnection via an 
intervening barrier metal ?lm 106b so that stress migration 
can be much more reduced. In FIG. 1(b), there is formed a 
loWer interconnection consisting of a barrier metal ?lm 102 
and a copper-silver alloy ?lm 103 in an insulating ?lm 101. 
On the insulating ?lm, there is formed an interlayer insu 
lating ?lm 104, in Which are formed a via plug consisting of 
an interlayer connecting plug 111a as a copper-silver alloy 
and a barrier metal ?lm 106a as Well as an upper intercon 

nection consisting of a copper-silver alloy ?lm 111b and a 
barrier metal ?lm 106b. In the copper-silver alloy ?lm 103, 
the interlayer connecting plug 111a and the copper-silver 
alloy ?lm 111b, a silver content to the Whole alloy ?lm may 
be preferably 1 Wt % or more, more preferably 2 Wt % or 
more to more consistently prevent stress migration. The 
silver content to the Whole alloy ?lm is 3 Wt % or more may 
effectively reduce a maximum hysteresis error, resulting in 
more stable prevention of stress migration. In particular, 
When this invention is applied to a process for forming metal 
interconnections With different interconnection Widths, a 
silver content described above may alloW a predetermined 
amount of silver to be consistently introduced in each 
interconnection, resulting in effective prevention of stress 
migration. There is not a particular upper limitation to a 
silver content to the Whole alloy ?lm, but in the light of 
stable formation of a copper-silver alloy ?lm, it may be 
preferably 99 Wt % or less, more preferably 80 Wt % or less, 
further preferably 50 Wt % or less. A silver content is 
preferably more than a solid solution limit of silver to 
copper. Thus, even When a production process is changed, 
stress migration may be more consistently prevented. 

[0072] In the interconnection structures in FIGS. 1(a) and 
(b), the insulating ?lm 101 and the interlayer insulating ?lm 
104 may be made of a material selected from polyorganosi 
loxanes such as HSQ (hydrogensilsesquioxane), MSQ 
(methylsilsesquioxane) and MHSQ (methylated hydrogen 
silsesquioxane); aromatic organic materials such as polyaryl 
ethers (PAEs), divinylsiloxane-bis-benZocyclobutene (BCB) 
and Silk®; and materials having a loW dielectric constant 
such as SOG (spin on glass), FOX (?oWable oxide), 
Parylene, Saitop and BCB (BenZoCycloButene). An HSQ 
may have any of various structures such as a so-called ladder 
type and a cage type. Such an insulating ?lm With a loW 
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dielectric constant may be used to minimize problems such 
as crosstalk, resulting in improved reliability in a device. 

[0073] The insulating ?lm 101 or the interlayer insulating 
?lm 104 is preferably made of a material having a substan 
tially equal coef?cient of thermal expansion to that for a 
component metal of the interconnection. Thus, stress migra 
tion can be effectively minimiZe in the connecting plug and 
the interconnection. In the light of these conditions, for 
example, When using a copper/silver-containing metal ?lm 
as a metal interconnection, an interlayer insulating ?lm is 
preferably made of HSQ (hydrogensilsesquioxane). 

[0074] In the interconnection structure shoWn in FIG. 1, 
the barrier metal ?lms 102 and 106 may contain a high 
melting metal such as Ti, W and Ta. Examples of a prefer 
able metal for a barrier metal ?lm include Ti, TiN, W, WN, 
Ta and TaN. Particularly, a tantalum barrier metal in Which 
Ta and TaN are sequentially laminated is preferably used. 
The barrier metal ?lm may be formed by an appropriate 
process such as sputtering and CVD. A thickness of the 
barrier metal ?lm may be appropriately determined depend 
ing on some conditions such as the type of a material and an 
interconnection structure; for example, about 1 to 30 nm. 

[0075] Though not shoWn in FIG. 1, a diffusion barrier 
may be disposed betWeen the insulating ?lm 101 and the 
interlayer insulating ?lm 104 as appropriate. The diffusion 
barrier can prevent a component metal of the interconnec 
tion or plug from being diffused in the insulating ?lm. 
Furthermore, it may play a role of an etching stopper When 
forming an interlayer connecting hole in a process for 
forming an interconnection structure. Examples of a metal 
for the diffusion barrier include SiC, SiCN, SiN, SiOF and 
SiON. 

[0076] There Will be then described a component material 
of a metal region such as an interconnection in this inven 
tion. FIG. 7 shoWs variation in an internal stress When a 
copper interconnection is exposed to a heat history consist 
ing of a Warming and a cooling processes. The horiZontal 
axis is a temperature While the vertical axis is an internal 
stress in a copper interconnection. As shoWn in the ?gure, 
hysteresis occurs betWeen a Warming process (a) and a 
cooling process 

[0077] As a temperature rises from room temperature, an 
internal stress is changed from a tensile mode to a compres 
sion mode. Then, When a temperature exceeds a recrystal 
liZation temperature T1 for copper, plastic deformation 
occurs and an internal stress is kept at a relatively constant 
value (a). Then, as a temperature decreases, an internal stress 
in the interconnection is changed from a compression mode 
to a tensile mode and then a cooling process proceeds With 
a relatively constant tensile stress 

[0078] As shoW in the ?gure, hysteresis betWeen the 
Warming and the cooling processes causes migration of a 
component metal in the copper interconnection. That is, a 
larger hysteresis leads to a larger migration or deformation, 
Which may cause disconnection due to a void Which leads to 
a less reliable device. 

[0079] In this invention, an interconnection material 
Which can reduce such a hysteresis is selected to provide a 
reliable interconnection structure. FIG. 8 schematically 
shoWs a temperature-stress curve When using different inter 
connection materials. In this ?gure, a horiZontal axis is a 
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temperature While the vertical axis is an internal stress in an 
interconnection. FIG. 8(a) shoWs usual behavior of a copper 
interconnection, While FIG. 8(b) shoWs behavior of a cop 
per-silver interconnection as a copper-silver alloy ?lm 
formed according to this invention. 

[0080] Here, as indicated in FIG. 8, a maximum Width 
betWeen Processes (a) and (b) is de?ned as a maximum 
hysteresis error. An interconnection material de?ned in this 
invention may be used to signi?cantly reduce the maximum 
hysteresis error. A maximum hysteresis error is preferably 
150 MPa or less, more preferably 100 MPa or less. Thus, 
stress migration can be consistently prevented. Furthermore, 
When a maximum hysteresis error is 80 MPa, stress migra 
tion may be effectively prevented even during forming a ?ne 
interconnection With a siZe of about 0.1 pm. 

[0081] In FIG. 7, increase in a recrystalliZation tempera 
ture T1 gives a curve as illustrated in FIG. 8(b). It indicates 
that increase in a recrystalliZation temperature T1 in a metal 
region such as an interconnection is effective for reducing a 
maximum hysteresis error. During a Warming process (a), a 
plateau of a stress value appears in a region in Which a 
temperature is higher than a recrystalliZation temperature 
T1, and thus the recrystalliZation temperature T1 may be 
increased to reduce the plateau Which then leads to a reduced 
maximum hysteresis error. That is, difference betWeen the 
maximum of a process temperature (the rightmost point in 
the hysteresis curve in FIG. 7 or 8) and a recrystalliZation 
temperature T1 may be reduced to reduce a maximum 
hysteresis error. For effectively reducing a maximum hys 
teresis error, a recrystalliZation temperature of a metal 
region such as an interconnection is preferably 200° C. or 
higher, more preferably 300° C. or higher. Thus, stress 
migration can be consistently prevented. Since a process 
temperature for a semiconductor device is usually 400° C. or 
loWer, a recrystalliZation temperature may be 350° C. or 
higher to further consistently prevent stress migration during 
the process. 

[0082] Some embodiments of this invention Will be more 
speci?cally described With reference to the draWings. 

[0083] Embodiment 1 

[0084] In this embodiment, this invention Will be 
described With reference to FIG. 3 in terms of application to 
a copper interconnection formed by a dual damascene 
method. 

[0085] First, on a silicon substrate (not shoWn) is formed 
an insulating ?lm 101, on Which is then a loWer intercon 
nection consisting of a barrier metal ?lm 102 and a copper 
silver alloy 103. Here, the loWer interconnection can be 
formed by a procedure described beloW. 

[0086] After forming an interlayer insulating ?lm 104 on 
the insulating ?lm 101, an interconnection groove 105 With 
a T-shaped cross section is formed by a multistep dry 
etching. FIG. 3(a) shoWs the state at the end of the step. 

[0087] Then, a barrier metal ?lm 106 is formed over the 
Whole surface of the substrate (FIG. 3(b)). A component 
material of the barrier metal ?lm 106 may contain a high 
melting metal such as titanium, tungsten and tantalum; for 
example, titanium, titanium nitride, tungsten, tungsten 
nitride, tantalum and tantalum nitride. It may be a multilayer 
?lm in Which tWo or more of these are laminated. 










