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METHOD FOR FORMING INTERCONNECTS (57) ABSTRACT 
ON SEMICONDUCTOR SUBSTRATES AND 

STRUCTURES FORMED Amethod for forming metal interconnect in a semiconductor 
structure and the structure formed are disclosed. In the 

_ _ _ method, a seed layer of a ?rst metal is ?rst deposited into an 
Inventors: Panaymls Constantmou A“d“°a?°S> interconnect opening Wherein the seed layer has an average 
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Cabral JR" Ossmmg’ (Us); John is then annealed at a temperature suf?cient to groW the 
Mlchael C0tte’,NeW Falr?eld’ CT average grain siZe in the seed layer to at least the ?lm 
(Us); Lyfme Glgnac’ Beacon’ _ thickness. A ?ller layer of a second metal is then deposited 
(Us); Wllma Jean Horkans’ Ossmmg’ to ?ll the interconnect opening overlaying the seed layer 
NY (Us); Kenneth Parker Rodbell’ such that the ?ller layer has an average grain siZe of larger 
Sandy Hook’ CT (Us) than 0.0005 pm and comparable to the annealed seed layer. 

The ?rst metal and the second metal may be the same or 

Correspondence Address different. A commonly used ?rst metal and second metal 
TUNG & ASSOCIATES may be copper. The present invention may further be'carried 
838 W‘ Long Lake Road Suite 120 out by depositing a seed layer of a ?rst metal mto an 
Bloom?eld Hills MI 483’02 (Us) interconnect opening at a thickness of at least 0.0005 pm, 

’ then depositing a ?ller layer to ?ll the interconnect opening 

Assigneez International Business Machines Cop on top of the seed layer such that the ?ller layer of the second 
poration Armonk NY (Us) metal may have an average grain siZe larger than 0.0005 pm. 

’ ’ The present invention may further be carried out by depos 

APPL NO; 09 /755’899 iting a seed layer of a ?rst metal into an interconnect opening 
at a thickness of at least 0.1 pm, annealing said seed layer, 

Filed; Jam 4, 2001 removing the top surface of the seed layer, and then depos 
iting a ?ller layer. The ?ller layer should have one grain siZe 

Publication Classi?cation comparable to the seed layer. The present invention novel 
method can be utilized to electroplate various metallic 

Int. Cl.7 ................................................... .. H01L 23/52 materials into interconnect openings, including but not lim 
US. Cl. ............................................................ .. 257/758 ited to Cu, Au and Ni. 
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METHOD FOR FORMING INTERCONNECTS ON 
SEMICONDUCTOR SUBSTRATES AND 

STRUCTURES FORMED 

FIELD OF THE INVENTION 

[0001] The present invention generally relates to a method 
for forming an electrical conductor in an electronic structure 
and more particularly, relates to a method for forming 
interconnects in a semiconductor structure and structures 
formed. 

BACKGROUND OF THE INVENTION 

[0002] The technology of making metal conductors to 
provide for vias, lines and other recesses in semiconductor 
chip structures, ?at panel displays and package applications 
has been developed in the past decade. For instance, in 
developing interconnection technology for very-large-scale 
integrated (VLSI) structures, aluminum has been utiliZed as 
the primary metal source for contacts and interconnects in 
semiconductor regions or devices located on a single sub 
strate. Aluminum has been the material of choice because of 
its loW cost, good ohmic contact and high conductivity. 
HoWever, pure aluminum thin-?lm conductors have unde 
sirable properties such as a loW melting point Which limits 
its use to loW temperature processing and possible diffusion 
into the silicon during annealing Which leads to contact and 
junction failure, and poor electromigration resistance. Con 
sequently, a number of aluminum alloys have been devel 
oped Which provided advances over pure aluminum. 

[0003] Recently developed ULSI technology has placed 
more stringent demands on the Wiring requirements due to 
the extremely high circuit densities and faster operating 
speeds required of such devices. This leads to higher current 
densities in increasingly smaller conductor lines. As a result, 
higher conductance Wiring is desired Which requires either 
larger cross-section Wires for aluminum alloy conductors or 
a different Wiring material that has a higher conductance. 
The obvious choice in the industry is to develop the latter 
Which includes pure copper for its desirable high conduc 
tivity. 
[0004] In the formation of ULSI interconnection struc 
tures such as vias and lines, copper can be deposited into 
such recesses to interconnect semiconductor regions or 
devices located on the same substrate. HoWever, copper is 
knoWn to have problems in semiconductor devices. The 
electromigration phenomenon occurs When the superposi 
tion of an electric ?eld onto random thermal diffusion in a 
metallic solid causes a net drift of atoms in the direction of 
electron ?oW. This can lead to degradation in interconnect 
reliability. Diffusion of copper atoms into the silicon sub 
strate or ILD can also cause device failure and poor reli 
ability. In addition, pure copper does not adhere Well to 
oxygen-containing dielectrics such as silicon dioxide and 
polyimide. To fully utiliZe copper in interconnection tech 
nology, the adhesion, diffusion and electromigration prop 
erties of copper must be improved control. 

[0005] Aschematic of an enlarged, cross-sectional vieW of 
an electronic structure that utiliZes conventional intercon 
nections made of a copper or copper alloys is shoWn in FIG. 
1. The electronic structure 10 contains tWo levels of copper 
interconnections 12, 16 and one stud level 14 illustrating a 
copper Wiring structure formed in a Damascene process on 
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a pre-fabricated device 20. The device 20 is built on a 
semi-conducting substrate 24. As shoWn in FIG. 1, atypical 
Damascene level is ?rst fabricated by the deposition of an 
ILD stack 26. The ILD stack 26 is then patterned and etched 
using standard lithograph and dry etch techniques to produce 
a desired Wiring or via pattern. The process is then folloWed 
by the metal depositions of a thin adhesion/diffusion barrier 
liner 18 and copper or copper alloy metallurgy 12 Wherein 
a bottom capping layer such as silicon nitride layer 28 is 
used as a diffusion barrier/etch stop Which is previously 
deposited on top of the device 20 to protect against copper 
diffusion. After the copper or copper alloy interconnection 
12 is formed, a top cap layer such as a silicon nitride layer 
32 is deposited and used as an etch stop layer for de?ning the 
neXt level copper interconnection 14. After a second level 
ILD stack 34 is deposited, a recess for an interconnect is 
etched into the ILD stack 34 and the silicon nitride layer 32. 

[0006] An interlevel copper alloy stud 14 With liner 22 is 
then deposited by a technique similar to that used in depos 
iting the ?rst level copper or copper alloy interconnection 
12. Avariety of metal deposition techniques can be used for 
?lling the trench or via. These techniques include a colli 
mated sputtering process, an ioniZed sputtering process, a 
holloW cathode magnetron sputtering process, a chemical 
vapor deposition process, an electroless plating process and 
an electrolytic plating process. Other techniques such as a 
co-deposition method in Which copper and an alloying 
element are co-deposited can also be used in forming the 
copper alloys. For instance, the co-deposition methods 
include co-sputtering, “alloy plating”, sequential plating of 
different materials With subsequent annealing, chemical 
vapor deposition, sequential chemical vapor deposition and 
co-evaporation. After the completion of the interlevel copper 
alloy stud 14, another similar process is repeated to form the 
second level copper interconnection 16 With liner 24 in a 
third ILD stack layer 38. An etch stop layer 36 such as 
silicon nitride is utiliZed betWeen the stud and the second 
level interconnections. Finally, a top capping layer 42 is 
deposited on top of the copper Wiring structure 10 for 
protecting the device from the environment. 

[0007] More recently, void-free and seamless conductors 
are produced by electroplating copper from plating baths 
that contain additives. The capability of the electroplating 
method to super?ll structural features Without leaving voids 
or seams is unique and superior to that of other deposition 
techniques. Electrolytic copper plating techniques used in 
damascene structures can be defect-free if the deposited seed 
layer is continuous and has a uniform thickness even in the 
deepest area of the structural feature to be plated. The copper 
seed layer is typically deposited by a physical vapor depo 
sition technique or other techniques over a barrier layer that 
prevents diffusion of copper into the insulator such as Ta, 
TaN, TiN or TaSiN. When the deposited seed layer is too 
thin at the bottom or near-bottom Walls of a structural 
feature, plating does not occur and a void is created. 

[0008] In order to eliminate the non-continuous deposition 
problem occurring during sputtering of a copper seed layer, 
a seed layer of a larger thickness is normally deposited. The 
deposition of a thick seed layer helps to eliminate the plated 
Cu voiding problem, hoWever, it creates another one of 
equal or even greater signi?cance, i.e. poor electromigration 
resistance in the resultant structure. The poor electromigra 
tion resistance of the structure is caused by the fact that the 
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seed layer itself has Weak electromigration resistance When 
compared to the much higher electromigration resistance of 
the plated ?lm. It is also noted that in future generations of 
chips, the seed layer Will contribute an increasing part of the 
total structure based on the decreasing dimensions of the 
features and the inability to decrease the thickness of the 
seed layer proportionally for reason stated above as Well as 
the thickness uniformity requirements in electrolytic plating. 

[0009] The Cu damascene process consists of the forma 
tion of trenches and vias in a dielectric material (such as 
SiOZ), Which stops at an etch-stop shoWn as layer 46 in FIG. 
2 ?lling the vias and trenches With a metal stack containing 
a barrier layer folloWed by Cu and then removing the eXcess 
metal from the ?eld region typically by chemical/mechani 
cal polishing. This is shoWn in FIGS. 2A and 2B, for a 
single damascene structure 50 and a dual damascene struc 
ture 40, respectively. When Cu damascene interconnects are 
produced using plated Cu, typically a physical vapor depo 
sition Cu ?lm 26 (seed layer) is deposited on the barrier 
layer to improve the substrate conductivity and to alloW for 
uniform Cu plating. The as-plated Cu 44 is ?ne grained 
(005-02 pm grain siZe) but at room temperature over time, 
the Cu grains Will groW to about 1~5 pm in siZe. 

[0010] It is desirable for the interconnect microstructure to 
be large grained for electromigration and stress voiding 
purposes because grain boundary diffusion is minimiZed. 
Since the room temperature grain groWth can occur over a 
time period of 1-4 days and is dependent on plated ?lm 
thickness and impurity content, it is not practical to Wait for 
room temperature grain growth prior to further processing. 
Therefore, a typical plated Cu damascene process requires 
that plated Cu be annealed post-plating but prior to chemical 
mechanical polishing (CMP) to alloW grain groWth to occur 
Within 30~60 min. It has been shoWn that interconnects 
formed With a post-plate anneal have a higher incidence of 
stress voids than interconnects formed With a room tem 
perature anneal. If the microstructure of the as-plated ?lm is 
large grained, the anneal step Would not be required. 

[0011] It is therefore an object of the present invention to 
provide a method for forming interconnects in a semicon 
ductor structure that does not have the draWbacks or short 
comings of the conventional methods. 

[0012] It is another object of the present invention to 
provide a method for forming copper interconnects With 
large grains for improved electromigration and stress void 
ing proportions. 
[0013] It is a further object of the present invention to 
provide a method for forming copper interconnects that have 
a bamboo or near bamboo microstructure. 

[0014] It is another further object of the present invention 
to provide a method for forming copper interconnects of 
large grains by ?rst forming a copper seed layer of large 
grains in the interconnect opening. 

[0015] It is still another object of the present invention to 
provide a method for forming copper interconnects in a 
semiconductor structure by ?rst depositing a copper seed 
layer in the interconnect opening and then annealing the 
copper seed layer until the grains are increased in siZe by at 
least 1.5 times. 

[0016] It is still another further object of the present 
invention to provide a semiconductor structure that has at 
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least one copper interconnect created by forming a seed 
layer such that the grain siZe of the ?ller layer is maXimiZed. 

[0017] It is yet another further object of the present 
invention to provide a semiconductor structure that has at 
least one copper interconnect formed therein by a copper 
seed layer having a thickness of 00005-050 pm and a 
copper ?ller layer having a grain siZe at least the thickness 
of the seed layer. 

SUMMARY OF THE INVENTION 

[0018] In accordance With the present invention, a method 
for forming copper interconnect in a semiconductor struc 
ture that has large copper grains and the structures formed 
are disclosed. 

[0019] In a preferred embodiment, a method for forming 
metal interconnects in a semiconductor structure can be 
carried out by the operating steps of ?rst providing a 
semiconductor structure that has an interconnect opening 
formed therein, depositing a seed layer of a ?rst metal that 
has an average grain siZe betWeen 00005-050 pm in the 
interconnect opening, heating the semiconductor structure to 
a temperature suf?cient to groW the average grain siZe of the 
seed layer by at least a factor of 1.5 times and depositing a 
?ller layer of a second metal in the interconnect opening 
overlaying the seed layer such that the ?ller layer of the 
second metal has a ?nal average grain siZe comparable to the 
average grain siZe of the seed layer. 

[0020] The method for forming metal interconnects in a 
semiconductor structure may further include the step of 
depositing the ?ller layer of a second metal that is the same 
as the ?rst metal in the seed layer, or the step of depositing 
the seed layer and the ?ller layer in Cu. The method may 
further include the steps of depositing the ?ller layer in Au 
and depositing the seed layer in Au or Pt, or the steps of 
depositing the ?ller layer in Cu and depositing the seed layer 
in Pt, or the steps of depositing the ?ller layer in Ni and 
depositing the seed layer in Ni. The method may further 
include the step of heating the seed layer prior to depositing 
the ?ller layer to a temperature betWeen about 50° C. and 
about 500° C., or preferably to a temperature betWeen about 
300° C. and about 400° C. When the ?rst metal is Cu, or the 
step of heating the semiconductor structure to a temperature 
betWeen about 50° C. and about 500° C. in a reducing 
atmosphere of forming gas or in an inert gas. The method 
may further include the step of heating the semiconductor 
structure for a time period of less than tWo hrs, or preferably 
betWeen about 1/2 hr~1 hr in a furnace or 1 sec~100 sec in 
a RTA (rapid thermal annealing) When the ?rst metal is Cu. 
The method may further include the step of depositing the 
seed layer to a thickness betWeen above 0.0005 pm and 
about 0.5 pm. 

[0021] The present invention is further directed to a semi 
conductor structure that includes an insulating material layer 
on a top surface of the semi-conductor structure, an inter 
connect opening in the insulating material layer, a diffusion 
barrier layer in the interconnect opening, a seed layer of a 
?rst metal on top of the diffusion barrier layer, the seed layer 
is formed of grains that have an average grain siZe of 
00005-050 pm, and a ?ller layer of a second metal ?lling 
the interconnect opening formed of grains that have an 
average grain siZe at least 50% of the average grain siZe of 
the seed layer. 
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[0022] In the semiconductor structure, the diffusion barrier 
layer may be formed of refractory metal or refractory metal 
nitride. The ?rst metal and the second metal may be of the 
same material. For example, ?rst metal and the second metal 
are both Cu. The average grain siZe of the ?ller layer is at 
least 50% of the average grain siZe of the seed layer. The ?rst 
metal may be Au or Pt, and the second metal may be Au. The 
?rst metal may be Pt, and the second metal may Cu. The ?rst 
metal may be Ni, and the second metal may be Ni. The seed 
layer may have a thickness betWeen about 0.0005 pm and 
about 0.5 pm, or preferably a thickness betWeen about 0.005 
pm and about 0.5 pm, or more preferably a thickness 
betWeen about 0.05 pm and about 0.25 pm. 

[0023] In another preferred embodiment, a method for 
forming a metal interconnect in a semiconductor structure 
can be carried out by the steps of ?rst providing a semicon 
ductor structure that has an interconnect opening formed 
therein, then depositing a seed layer of a ?rst metal that has 
a thickness of at least 0.0005 pm in the interconnect opening, 
and depositing a ?ller layer of a second metal in the 
interconnect opening overlaying the seed layer such that the 
?ller layer of the second metal has an average grain siZe 
comparable to the seed layer. 

[0024] The method for forming an interconnect in a semi 
conductor structure may further include the step of depos 
iting a diffusion barrier layer in the interconnect opening 
prior to the deposition step for the seed layer. The method 
may further include the step of depositing the seed layer and 
the ?ller layer of the same metal. For example, the step of 
depositing the seed layer and the ?ller layer in Cu. The 
method may further include the step of depositing the seed 
layer of Cu to a thickness of at least 0.0005-0.5 pm, or the 
step of depositing a seed layer of Cu to a thickness of at least 
0.0005-0.50 pm such that the ?ller layer subsequently 
deposited has an average grain siZe comparable to the seed. 
The method may further include the step of depositing the 
seed layer of copper to a thickness betWeen about 0.0005 pm 
and about 0.5 pm, or preferably betWeen about 0.05 pm and 
about 0.25 pm. The method may further include the step of 
depositing the seed layer of Cu to a thickness betWeen about 
0.0005 pm and about 0.5 pm such that a subsequently 
deposited ?ller layer has an average grain siZe comparable 
to the thickness of the seed layer. 

[0025] The present invention is further directed to a semi 
conductor structure that includes a dielectric material layer 
on top of the semiconductor structure, an interconnect 
opening in the dielectric material layer, a seed layer of a ?rst 
metal in the interconnect opening that has a thickness of at 
least 0.0005-0.5 pm, and a ?ller layer of a second metal 
?lling the interconnect opening that is formed of grains 
having an average grain siZe that is at least the thickness of 
the seed layer. The ?ller layer may be formed of grains that 
have an average grain siZe that is not larger than ?ve times 
the thickness of the seed layer, or the ?ller layer may be 
formed of grains that have an average grain siZe comparable 
to the seed layer thickness. The ?rst metal and the second 
metal may be Cu. The semiconductor structure may further 
include a layer of diffusion barrier betWeen the interconnect 
opening and the seed layer. The ?rst metal may be Au or Pt, 
While the second metal may be Au. The ?rst metal may be 
Pt, and the second metal may be Au. The ?rst metal may be 
Ni, and the second metal may be Ni. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] These and other objects, features and advantages of 
the present invention Will become apparent from the fol 
loWing detailed description and the appended draWings in 
Which: 

[0027] FIG. 1 is an enlarged, cross-sectional vieW of a 
conventional interconnection system utiliZing copper and 
copper alloys. 

[0028] FIG. 2A is an enlarged, cross-sectional vieW of a 
conventional copper single damascene structure. 

[0029] FIG. 2B is an enlarged, cross-sectional vieW of a 
conventional copper dual damascene interconnect structure. 

[0030] FIG. 3A is an enlarged, plan vieW trace of a present 
invention copper seed layer of 60 nm thickness. 

[0031] FIG. 3B is a graph illustrating the grain siZe 
distribution of the seed layer shoWn in FIG. 3A. 

[0032] FIG. 4 is a graph illustrating the dependency of the 
copper seed layer thicknesses on the room temperature 
normaliZed resistance transient of plated Cu. 

[0033] FIG. 5A is an enlarged, plan vieW image of the 
copper grains in a 60 nm copper seed layer after annealing 
at 400° C. for 1 hour. 

[0034] FIG. 5B is a graph illustrating the grain siZe 
distribution of the copper seed layer of FIG. 5A. 

[0035] FIG. 6A is an enlarged, plan vieW trace of copper 
grains in a 150 nm copper seed layer after annealing at 4000 
C. for 1 hour. 

[0036] FIG. 6B is a graph illustrating grain siZe distribu 
tion in the copper seed layer of FIG. 6A. 

[0037] FIG. 7 is a graph illustrating the dependency of 
electrical resistivity on the seed annealing temperature for 
copper seed layers of 60 nm and 150 nm thickness. 

[0038] FIG. 8 is a graph illustrating the (111) Cu ?ber 
texture for ?lms With seed layer thickness of 60 nm With and 
Without annealing the seed layer and Cu plated layer. 

[0039] FIG. 9 is a table illustrating data on various prop 
erties of the copper seed layers of different thicknesses and 
annealing temperatures. 

[0040] FIG. 10 is a graph illustrating the dependency of 
the annealing time for 60 nm thick copper seed layers on the 
normaliZed sheet resistance. 

[0041] FIG. 11 is a graph illustrating the dependency of 
the annealing time for 150 nm thick copper seed layers on 
the normaliZed sheet resistance. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0042] The present invention discloses a method for form 
ing a metal interconnect in a semiconductor structure With 
large grained metal of Cu, Au or Ni. The method can be 
carried out by either depositing a seed layer that has small 
grains and then annealing the seed layer prior to ?lling the 
interconnect opening such that the grain siZe of the seed 
layer groWs to 0.0005-0.50 pm or 1.5x as-deposited grain 
siZe. The method may further be carried out by depositing a 
seed layer in the interconnect opening that has a minimal 
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thickness such as 0.0005 pm, and then ?lling the intercon 
nect opening With a metal such that the ?ller metal has an 
average grain siZe comparable to the seed layer. When the 
seed layer is Cu, the thickness of the seed layer deposited is 
0.0005-0.50 pm such that the ?ller layer subsequently 
deposited, ie of Cu, has an average grain siZe comparable 
to the seed layer. 

[0043] The present invention novel method produces 
semiconductor structures With interconnects formed of cop 
per, or of any other suitable metal that has large grains With 
enhanced (111) Cu ?ber texture for improved electromigra 
tion and stress voiding properties. The present invention 
method is developed to control the microstructure of as 
plated Cu ?lms and the resulting interconnects by control 
ling the microstructure of the seed layer. The novel method 
is also applicable to plated metal ?lms other than Cu on 
various seed layers, for instance, Au on Au or Pt, Cu on Pt, 
Ni on Ni, etc. 

[0044] In a typical Cu plating process, a seed layer is 
deposited by a sputter, CVD or electroless plating technique 
prior to Cu plating to achieve better substrate conductivity 
and improved plating uniformity. It is shoWn that the micro 
structure of the plated ?lm mimics the microstructure of the 
seed layer by the present invention novel method. The 
method therefore controls the grain siZe and texture of the 
seed layer in order to control the resulting microstructure 
and various physical properties of the plated ?lm. A major 
goal of the present invention is therefore to shoW that one 
can control the grain siZe in as-deposited plated Cu ?lms. It 
is discovered that the microstructure of the seed layer can be 
controlled by several different methods, ie such as by 
varying the seed layer thickness; by annealing the seed 
layer; by using a thick seed layer either as-deposited or 
as-deposited and annealed folloWed by etching back the seed 
layer; by doping the seed layer With an impurity; by varying 
the deposition technique and parameters for the seed layer; 
and by selecting a suitable seed layer material. The present 
invention novel method therefore enables the tuning of the 
microstructure of the PVD seed layer to obtain the desirable 
microstructure in the plated Cu ?lm. 

[0045] Of the various proposed methods, three speci?c 
methods left out are described in detail, i.e. varying the seed 
layer thickness, annealing the seed layer and depositing a 
thick seed layer folloWed by etching back the ?lm. 

[0046] In the ?rst method of varying the seed layer thick 
ness, most PVD deposited ?lms have an average grain siZe 
that is dependent on the ?lm thickness Where the average 
grain siZe Will not be much larger than tWo to three times the 
?lm thickness. The grain siZe limitation is due to surface 
energy constraints Where a grain boundary comes in contact 
With a free surface. Therefore, the grain structure of the seed 
layer can be controlled by controlling the seed layer thick 
ness, i.e. thicker ?lms produce larger grains. 

[0047] In the annealing method, When larger seed layer 
grains are required for a given seed layer thickness, the seed 
layer can be annealed to groW the grains. Typically, grain 
groWth occurs at a temperature betWeen about 200° C. and 
about 250° C. In the context of this Writing, the Word 
“about” is to mean a range of values that is betWeen 110% 
of the average value given. While the grain siZe is limited by 
the ?lm thickness, annealing has a ?nite effect on the grain 
size. 
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[0048] In the third method of thick seed layer deposition 
folloWed by etching-back the ?lm, the method can be carried 
out by depositing a thick seed layer, or depositing and then 
annealing, folloWed by an etch-back process of the thick 
seed layer to a required process thickness. For instance, the 
thick seed layer may ?rst be deposited to a thickness of at 
least 0.005 pm, a layer of the ?rst metal used in depositing 
the seed layer is then removed from a top surface of the seed 
layer to a thickness that is at least 20% the thickness of the 
seed layer, and preferably to a thickness that is at least 40% 
of the thickness of the seed layer. The method is suitable 
When the grain siZe of the seed layer desired should be large, 
but the process constrains the thickness. The etch-back 
process can be accomplished by a variety of methods such 
as electro-etching, ion beam sputtering, reactive ion etching 
and chemical mechanical polishing. 

[0049] The method enables one to deposit a thick seed 
layer (that has large grains) either annealed or Without 
annealing, and then form a ?rst surface layer of the ?lm With 
a very large grained structure in a thin seed layer. For 
instance, When the electro-etch removal method is used, the 
folloWing are the suitable process conditions: an electrolyte 
of 95% phosphoric acid; an electrode con?guration of a 
sWeeping fountain noZZle; a cathode material made of 
stainless steel; and inter-electrode distance of 3~4 mm; an 
electrolyte How of 1~3 gpm; a cathode velocity of 0.1~3.0 
cm/sec; an electrical potential of 4~10 volts DC; and a 
minimum of 8 pin contacts. 

[0050] FIGS. 3A and 3B shoW a micrograph of a Cu seed 
layer as-deposited With a thickness of 60 nm, and a grain size 
distribution With average grain siZe of 0.04 pm, respectively. 
In this case, When a ?ne-grained plated ?lm is desired, a 
PVD (physical vapor deposition) Cu seed layer is ?rst 
deposited in the interconnect opening on an insulating 
material such as SiO2. Asuitable thickness such as 60 nm or 
less is normally used. A thin Cu ?lm of less than 0.4 pm (or 
400 nm) is then electroplated on top of the seed layer. The 
plated ?lm should have grains approximately 0.05-2 pm in 
diameter. 

[0051] FIG. 4 is a graph illustrating the dependency of the 
plated Cu microstructure on the time for the relative resis 
tance transient. It is seen that data obtained on both 60 nm 
thick and 150 nm thick seed layers shoW a faster resistance 
transient for the 60 nm seed layer compared to the thicker 
150 nm seed layer. 

[0052] The next example shoWs a 60 nm thick Cu seed 
layer deposited by a PVD method, and then post-deposition 
annealed at 400° C. for 1 hour. A grain trace of the Cu seed 
layer and a graph illustrating the grain siZe distribution are 
shoWn in FIGS. 5A and 5B, respectively. The average grain 
siZe of the annealed seed layer, ie as indicated by the mean 
diameter, is about 0.06 pm, Which is a 50% increase from 
0.04 pm as shoWn in FIGS. 3A and 3B. These data are 
further shoWn in FIG. 9. 

[0053] FIGS. 6A and 6B illustrate a grain trace and grain 
siZe distribution of a seed layer that is ?rst deposited to a 150 
nm thickness and then annealed at 400° C. for one hour. In 
this example, the seed layer has an average grain siZe of 0.17 
pm. The average grain siZe for the 150 nm annealed seed is 
180% greater compared to the 60 nm seed. 

[0054] In the above example, the sheet resistance of the 
seed layers Was measured prior to plating and the ?lms Were 
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also measured immediately after plating. The average grain 
siZe of three of the seed layers, ie 60 nm as-deposited, 60 
nm as-annealed and 150 nm as-annealed, Was determined. 

[0055] Test data obtained on the resistivity and the sheet 
resistance are shoWn in FIGS. 7 and 9. As previously 
discussed, the average grain siZes of the three seed layers 
Were 0.04 pm for 60 nm as-deposited seed layer, 0.06 pm for 
60 nm as-annealed seed layer and 0.17 pm for 150 nm 
as-annealed seed layer. The sheet resistance of the layers 
Was measured and the resistivity Was determined by assum 
ing the ?lm thickness Was equal to the nominal value and 
there Was no contribution of the barrier ?lm to the resistivity. 
The resistivity of the Cu seed layers are measured to be 2.4 
pQcm for the 60 nm as-deposited seed layer, 2.0 pQcm for 
the 60 nm as-annealed seed layer, 1.95 pQcm for the 150 nm 
as-deposited seed layer and near bulk for the 150 nm 
as-annealed layer. 

[0056] The textbook resistivity for bulk, single crystal Cu 
at room temperature is 1.7 pQcm, as shoWn in FIG. 7 for 
comparison. It is shoWn that these data can be used for 
relative comparison of all ?lms. The resistivity results shoW 
that thinner seed layers have higher resistivities than thicker 
seed layers. Furthermore, annealing can loWer the resistance 
of the seed layer. The grain siZe data shoW that the difference 
in resistivity can be explained by increased grain boundary 
scattering due to smaller grains in thinner ?lms and ?lms 
Which have not been annealed. 

[0057] The resistivity of the plated Cu ?lms, calculated 
With the same assumptions used for the PVD ?lms, Were 
found to be 2.6 pQcm on the 60 nm as-deposited seed layer, 
2.3 pQcm cm on the 60 nm as-annealed seed layer, and 2.0 
pQcm on the 150 nm as-annealed seed layer. The resistivity 
data agreed With the microstructural characteriZation for the 
?lms With large grains that have loWer resistivities. The 
plated ?lm on 150 nm as-annealed seed layer has a resis 
tivity similar to that of a typical plated Cu, i.e. about 2.0 
pQcm. The grains are very large, ie between 1~5 pm and 
the grain boundary scattering does not contribute as mark 
edly to the resistivity as the other tWo ?lms With smaller 
grains. 

[0058] In FIG. 8, pole ?gures shoWing the intensity of the 
Cu (111) ?ber texture is given for Cu ?lms plated on: 1) a 
60 nm as-deposited physical vapor deposition (PVD) seed 
layer (gray curves) and 2) a 60 nm PVD Cu seed layer 
annealed at 400° C. for 1 hour (black curves). The dotted 
lines represent texture data taken immediately after plating 
and the solid curves represent data taken after annealing the 
plated ?lms for 7 days at 21° C. The data shoW that the (111) 
texture of a blanket plated Cu ?lm is enhanced if the seed 
layer is annealed prior to plating. Enhanced (111) texture can 
lead to improved electromigration. There is also a slight 
increase in Cu (111) texture intensity if the plated Cu ?lms 
are annealed at room temperature compared to the as-plated 
state. This texture increase is related to grain groW that 
occurs in plated Cu ?lms at room temperature after plating. 

[0059] In FIGS. 10 and 11, shoW normaliZed sheet resis 
tance as a function of time (at 70° C.) of tWo plated Cu ?lms 
on 60 nm as-deposited seed layer and 150 nm as-deposited 
seed layer is shoWn. Plated Cu exhibits a behavior Where the 
Cu grains groW at room temperature over time from a very 
?ne initial grain structure of about 0.05-0.2 pm average 
grain siZe to very large grains of about 1~5 pm. The 
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phenomena is knoWn as Cu resistance transient or plated Cu 
self-annealing. The sheet resistance of a plated Cu ?lm 
decreases over time at room temperature as the grains groW. 
In FIGS. 10 and 11, a comparison of the plated Cu resis 
tance transient shoWs a shorter transient for the unannealed 
seed layer in both cases. The ?lm on the 150 nm as 
deposited seed layer has a longer resistance transient than 
the ?lm on the 60 nm as-deposited seed layer. The grain 
structure of the PVD seed layer controls not only the grain 
structure and the initial resistivity of the resulting plated Cu 
?lm, but also has an effect on the time dependent resistance 
behavior of the plated ?lm. 

[0060] The present invention novel method for forming a 
metal interconnect that has large grains and consequently, 
improved electromigration and sheet resistance has been 
amply described in the above description and in the 
appended draWings of FIGS. 3~11. The description clearly 
shoWs that the microstructure of a PVD Cu seed layer 
controls the microstructure of the subsequently plated Cu 
?lm. The resistivity and resistance transient of the plated Cu 
?lm are dependent on the microstructure of the PVD layer. 

[0061] While the present invention has been described in 
an illustrative manner, it should be understood that the 
terminology used is intended to be in a nature of Words of 
description rather than of limitation. 

[0062] Furthermore, While the present invention has been 
described in terms of a preferred embodiment, it is to be 
appreciated that those skilled in the art Will readily apply 
these teachings to other possible variations of the inventions. 

[0063] The embodiment of the invention in Which an 
exclusive property or privilege is claimed are de?ned as 
folloWs. 

1. A method of forming metal interconnects in a semi 
conductor structure comprising the steps of: 

providing a semiconductor structure having an intercon 
nect opening having sideWalls and a bottom formed 
therein, 

depositing a seed layer of a ?rst metal having an average 
grain siZe of not larger than 0.5 pm, 

heating said semiconductor structure to a temperature 
suf?cient to groW said average grain siZe of said seed 
layer to at least 1.5 times of said average grain siZe, and 

depositing a ?ller layer of a second metal in said inter 
connect opening overlaying said seed layer such that 
said ?ller layer of said second metal has an average 
grain siZe Within 120% of said average grain siZe of 
said seed layer. 

2. A method for forming metal interconnects in a semi 
conductor structure according to claim 1 further comprising 
the step of depositing said ?ller layer of a second metal that 
is the same as the ?rst metal in the seed layer. 

3. A method for forming metal interconnects in a semi 
conductor structure according to claim 1 further comprising 
the step of depositing said ?ller layer and said seed layer in 
Cu. 

4. A method for forming metal interconnects in a semi 
conductor structure according to claim 1 further comprising 
the steps of depositing said ?ller layer in Au and depositing 
said seed layer in Au or Pt. 
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5. A method for forming metal interconnects in a semi 
conductor structure according to claim 1 further comprising 
the steps of depositing said ?ller layer in Cu and depositing 
said seed layer in Pt. 

6. A method for forming metal interconnects in a semi 
conductor structure according to claim 1 further comprising 
the step of depositing said ?ller layer in Ni and depositing 
said seed layer in Ni. 

7. A method for forming metal interconnects in a semi 
conductor structure according to claim 1 further comprising 
the step of heating said seed layer to a temperature betWeen 
about 50° C. and about 500° C. 

8. A method for forming metal interconnects in a semi 
conductor structure according to claim 1 further comprising 
the step of heating said seed layer to a temperature betWeen 
about 300° C. and about 400° C. When said ?rst metal is Cu. 

9. A method for forming metal interconnects in a semi 
conductor structure according to claim 1 further comprising 
the step of heating said seed layer to a temperature betWeen 
about 50° C. and about 500° C. in a reducing atmosphere of 
forming gas or N2 or an inert gas, He or Ar. 

10. A method for forming metal interconnects in a semi 
conductor structure according to claim 1 further comprising 
the step of heating said seed layer for a time period of less 
than 2 hrs. 

11. A method for forming metal interconnects in a semi 
conductor structure according to claim 1 further comprising 
the step of heating said seed layer for a time period betWeen 
about 30 min and about 2 hrs When said ?rst metal is Cu. 

12. A method for forming metal interconnects in a semi 
conductor structure according to claim 1 further comprising 
the step of depositing said seed layer to a thickness betWeen 
about 0.0005 urn and about 0.50 urn. 

13. A serniconductor structure comprising: 

an insulating material layer on a top surface of the 
semiconductor structure, 

an interconnect opening having sideWalls and a bottom in 
said insulating material layer, 

a seed layer of a ?rst metal on top of said diffusion barrier 
layer, said seed layer being formed of grains having an 
average grain siZe not smaller than 0.005 urn, and 

a ?ller layer of a second metal ?lling said interconnect 
opening formed of grains having an average grain siZe 
With a range of 120% of the average grain siZe of said 
seed layer. 

14. A serniconductor structure according to claim 13, 
Wherein said seed layer being formed of grains having an 
average grain siZe not smaller than 0.05 urn. 

15. A serniconductor structure according to claim 13, 
Wherein said average grain siZe of said seed layer is not 
larger than 0.2 urn. 

16. A serniconductor structure according to claim 13, 
Wherein said ?rst metal and said second metal are of the 
same material. 

17. A serniconductor structure according to claim 13, 
Wherein said ?rst metal and said second metal are both Cu. 

18. A serniconductor structure according to claim 13, 
Wherein said ?rst metal is Au or Pt, said second metal is Au. 

19. A serniconductor structure according to claim 13, 
Wherein said ?rst metal is Pt, said second metal is Cu. 

20. A serniconductor structure according to claim 13, 
Wherein said ?rst metal is Ni, said second metal is Ni. 
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21. A serniconductor structure according to claim 13, 
Wherein said seed layer having a thickness betWeen about 
0.0005 urn and about 0.5 urn. 

22. A serniconductor structure according to claim 13, 
Wherein said seed layer preferably having a thickness 
betWeen about 0.0005 urn and about 0.2 urn. 

23. A serniconductor structure according to claim 13, 
Wherein said seed layer more preferably having a thickness 
betWeen about 0.0005 urn and about 0.50 urn. 

24. A method for forming metal interconnect in a semi 
conductor structure comprising the steps of: 

providing a semiconductor structure having an intercon 
nect opening having sideWalls and a bottom formed 
therein, 

depositing a seed layer of a ?rst rnetal having a thickness 
of at least 0.0005 urn in said interconnect opening, and 

depositing a ?ller layer of a second metal in said inter 
connect opening overlaying said seed layer such that 
said ?ller layer of said second metal has an average 
grain siZe larger than 0.0005 urn. 

25. A method for forming metal interconnect in a semi 
conductor structure according to claim 24 further cornpris 
ing the step of depositing a diffusion barrier layer in said 
interconnect opening prior to said deposition step for said 
seed layer. 

26. A method for forming metal interconnect in a semi 
conductor structure according to claim 24 further cornpris 
ing the step of depositing said seed layer and said ?ller layer 
of the same metal. 

27. A method for forming metal interconnect in a semi 
conductor structure according to claim 24 further cornpris 
ing the step of depositing said seed layer and said ?ller layer 
of Cu. 

28. A method for forming metal interconnect in a semi 
conductor structure according to claim 24 further cornpris 
ing the step of depositing said seed layer of Cu to a thickness 
of at least 0.0005 urn. 

29. A method for forming metal interconnect in a semi 
conductor structure according to claim 24 further cornpris 
ing the step of depositing said seed layer of Cu to a thickness 
of at least 0.0005 urn such that said ?ller layer subsequently 
deposited has an average grain siZe Within 120% of said 
average grain siZe of said seed layer. 

30. A method for forming metal interconnect in a semi 
conductor structure according to claim 24 further cornpris 
ing the step of depositing said seed layer of Cu to a thickness 
betWeen about 0.0005 urn and about 0.50 urn. 

31. A method for forming metal interconnect in a semi 
conductor structure according to claim 24 further cornpris 
ing the step of depositing said seed layer of Cu to a thickness 
preferably betWeen about 0.0005 urn and about 0.25 urn. 

32. A method for forming metal interconnect in a semi 
conductor structure according to claim 24 further cornpris 
ing the step of depositing said seed layer of Cu to a thickness 
betWeen about 0.0005 urn and about 0.25 urn such that a 
subsequently deposited ?ller layer has an average grain siZe 
that is equal to or greater than the said thickness of the seed 
layer. 

33. A serniconductor structure comprising: 

a dielectric material layer on top of said semiconductor 

structure, 
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an interconnect opening having sidewalls and a bottom in 
said dielectric material layer, 

a seed layer of a ?rst metal in said interconnect opening 
having a thickness of at least 0.0005 urn, and 

a ?ller layer of a second metal ?lling said interconnect 
opening formed of grains having an average grain siZe 
that is at least the thickness of said seed layer. 

34. A serniconductor structure according to claim 33, 
Wherein said ?ller layer being formed of grains having an 
average grain siZe that is larger than two times said thickness 
of the seed layer. 

35. A serniconductor structure according to claim 33, 
Wherein said ?ller layer being formed of grains having an 
average grain siZe betWeen about 0.0005 urn and about 0.25 
pm. 

36. A serniconductor structure according to claim 33, 
Wherein said ?rst metal and said second metal are Cu. 

37. A serniconductor structure according to claim 33 
further comprising a layer of diffusion barrier betWeen said 
interconnect opening and said seed layer. 

38. A serniconductor structure according to claim 33, 
Wherein said ?rst metal is Au or Pt, said second metal is Au. 

39. A serniconductor structure according to claim 33, 
Wherein said ?rst metal is Pt, said second metal is Cu. 

40. A serniconductor structure according to claim 33, 
Wherein said ?rst metal is Ni, said second metal is Ni. 

41. A method for forming metal interconnect in a semi 
conductor structure comprising the steps of: 

providing a semiconductor structure having an intercon 
nect opening having sideWalls and a bottom formed 
therein, 

depositing a seed layer of a ?rst rnetal having a thickness 
of at least 0.05 urn in said interconnect opening, 

removing a layer of said ?rst metal from a top surface of 
said seed layer that is at least 20% the thickness of said 
seed layer, and 

depositing a ?ller layer of a second metal in said inter 
connect opening overlaying said rernaining seed layer 
such that said ?ller layer of said second metal has an 
average grain siZe larger than 0.005 urn. 

42. A method for forming metal interconnect in a semi 
conductor structure according to claim 41 further cornpris 
ing the step of depositing a diffusion barrier layer in said 
interconnect opening prior to said deposition step for said 
seed layer. 

43. A method for forming metal interconnect in a semi 
conductor structure according to claim 41 further cornpris 
ing the step of depositing said seed layer and said ?ller layer 
of the same rnetal. 
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44. A method for forming metal interconnect in a semi 
conductor structure according to claim 41 further cornpris 
ing the step of depositing said seed layer and said ?ller layer 
of Cu. 

45. A method for forming metal interconnect in a semi 
conductor structure according to claim 41 further cornpris 
ing the step of depositing said seed layer of Cu to a thickness 
of at least 0.05 urn. 

46. A method for forming metal interconnect in a semi 
conductor structure according to claim 41 further cornpris 
ing the step of depositing said seed layer of Cu to a thickness 
of at least 0.05 urn such that said ?ller layer subsequently 
deposited has an average grain siZe Within 120% of said 
average grain siZe of said seed layer. 

47. A method for forming metal interconnect in a semi 
conductor structure according to claim 41 further cornpris 
ing the step of depositing said seed layer of Cu to a thickness 
betWeen about 0.05 urn and about 0.5 urn. 

48. A method for forming metal interconnect in a semi 
conductor structure according to claim 41 further cornpris 
ing the step of depositing said seed layer of Cu to a thickness 
preferably betWeen about 0.10 urn and about 0.50 urn. 

49. A method for forming metal interconnect in a semi 
conductor structure according to claim 41 further cornpris 
ing the step of depositing said seed layer of Cu to a thickness 
betWeen about 0.05 urn and about 0.50 urn such that a 
subsequently deposited ?ller layer has an average grain siZe 
that is equal to or larger than the thickness of the seed layer 
after a layer of Cu is removed from a top surface of said seed 
layer. 

50. A method for forming metal interconnect in a semi 
conductor structure according to claim 41 further cornpris 
ing the step of annealing said seed layer formed of said ?rst 
metal at an annealing temperature to increase the grain siZe 
of said ?rst rnetal prior to said rernoval step. 

51. A method for forming metal interconnect in a semi 
conductor structure according to claim 41, Wherein said step 
of removing a layer of the ?rst metal from a top surface of 
the seed layer is carried out by a technique selected from the 
group consisting of electro-etching, ion beam sputtering, 
reactive ion etching and chemical mechanical polishing. 

52. A method for forming metal interconnect in a semi 
conductor structure according to claim 41, Wherein said seed 
layer of said ?rst metal is deposited by a technique selected 
from the group consisting of physical vapor deposition, 
evaporation, ioniZed physical vapor deposition, chemical 
vapor deposition, electroless plating and electrodeposition. 


