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(57) ABSTRACT 
Titanium nitride layers planarized may be utilized in the 
production of integrated circuits, and various apparatus 
utilizing Such integrated circuits. Planarizing Solutions may 
be used for removing titanium nitride from the Surface of a 
Substrate using a fixed-abrasive planarizing pad. The pla 
narizing Solutions take the form of an etchant Solution or an 
oxidizing Solution. The etchant Solutions are aqueous Solu 
tions containing an etchant and a buffer. The etchant con 
tains one or more etching agents Selective to titanium nitride. 
The oxidizing Solutions are acqueous Solutions containing an 
oxidizer and a buffer. The oxidizer contains one or more 
oxidizing agents Selective to titanium nitride. In either 
Solution, i.e., etchant or oxidizing Solution, the buffer con 
tains one or more buffering agents. 
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FIXED-ABRASIVE CHEMICAL-MECHANICAL 
PLANARIZATION OF TITANIUM NITRIDE 

RELATED APPLICATIONS 

0001) This application is a Divisional of U.S. Ser. No. 
10/116,585 filed Apr. 4, 2002, which is a Divisional of U.S. 
Ser. No. 09/339,735 filed Jun. 24, 1999 and issued as U.S. 
Pat. No. 6,419,554 on Jul. 16, 2002, which applications are 
incorporated herein by reference. 

TECHNICAL FIELD 

0002 The present invention relates generally to methods 
for planarizing Semiconductor SubStrates, and in particular to 
planarizing Solutions and methods of use for removing 
titanium nitride from the Surface of Semiconductor Sub 
Strates using fixed-abrasive pads, and apparatus produced 
therefrom. 

BACKGROUND 

0003 Chemical-Mechanical Planarizing (CMP) pro 
ceSSes are often used for forming a flat Surface on a 
Semiconductor Substrate in the manufacture of electronic 
devices. CMP processes generally remove material from a 
Substrate Surface to create a highly planar Surface. A variety 
of planarizing machines have been developed to carry out 
such CMP processes. 
0004 Planarizing machines for use in CMP processing 
generally fall into two categories: web-format and fixed-pad 
format. In each case, a planarizing pad and a planarizing 
Solution are combined to define a planarizing medium that 
mechanically and/or chemically-mechanically removes 
material from the Surface of a Substrate. The planarizing pad 
may be of a fixed-abrasive or non-abrasive type. With a 
fixed-abrasive pad type, abrasive particles are fixedly 
bonded to a Suspension material. Furthermore, the planariz 
ing Solution used with a fixed-abrasive pad type is typically 
a “clean' Solution, i.e., Substantially devoid of abrasive 
particles as Such abrasive particles are fixedly distributed 
acroSS a planarizing Surface of the planarizing pad. With a 
non-abrasive planarizing pad, no abrasive particles are asso 
ciated with the pad, So the abrasive particles are introduced 
in the planarizing Solution. Such planarizing Solutions for 
use with non-abrasive pad types are often slurries of both 
abrasive particles as well as chemicals to aid removal of 
material from a Substrate. 

0005 To planarize the Substrate with the planarizing 
machine, the Surface of the Substrate is first contacted 
against the planarizing pad in the presence of the planarizing 
Solution, i.e., a planarizing Surface of the planarizing 
medium. While in contact, the Substrate is then moved 
relative to the planarizing Surface of the planarizing 
medium, generally through lateral, rotational, revolving or 
orbital movement of the Substrate, the planarizing pad or 
both. Lateral movement is defined as movement in one 
direction. Rotational movement is defined as rotation about 
an axis located at the center point of the object in motion. 
Revolving movement is defined as rotation about Some axis 
located at other than the center point of the object in motion. 
Orbital movement is defined as rotational or revolving 
movement combined with oscillation. Different types of 
movement may be combined, e.g., rotational movement of 
the Substrate and rotational movement of the planarizing pad 
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or revolving and rotational movement of the Substrate 
against a Stationary planarizing pad. AS is well understood in 
the art, Such relative movement is in a plane Substantially 
parallel to the Surface of Substrate. As a result, the abrasive 
particles and/or the chemicals in the planarizing medium 
remove material from the Surface of the Substrate. 

0006 Fixed abrasive pad types are well known in the art 
of Semiconductor wafer processing. See, e.g., U.S. Pat. No. 
5,692,950 issued Dec. 2, 1997 to Rutherford et al., U.S. Pat. 
No. 5,624.303 issued Apr. 29, 1997 to Robinson; and U.S. 
Pat. No. 5,335,453 issued Aug. 9, 1994 to Baldy et al. 
Despite widespread recognition and acceptance of fixed 
abrasive pads in the processing of Semiconductor wafers, 
effective planarizing Solutions for use in the fixed-abrasive 
planarization of an advantageous barrier material and con 
ductor, i.e., titanium nitride (TN), are lacking. As a result, 
the customary processing for planarizing titanium nitride 
utilizes abrasive slurries with non-abrasive pad types. 
0007. One problem with CMP processing is that the 
planarized Surface of the wafer may not be Sufficiently 
uniform across the whole Surface of the wafer. In the 
competitive Semiconductor industry, it is also desirable to 
maximize the throughput of finished wafers. The uniformity 
of the planarized Surface and maximization of throughput is 
a function of the effectiveness and repeatability of the 
planarizing Solution utilized with the planarizing pad, as 
well as a wide array of other CMP operating parameters. 
While a wide variety of planarizing Solutions are available, 
these Solutions are generally specific to the composition of 
the material to be removed as well as the type of planarizing 
pad used. For obvious reasons, planarizing Solutions devel 
oped for non-abrasive pad types are ill Suited for use with 
fixed-abrasive pad types. Therefore, it would be desirable to 
develop effective planarizing Solutions for planarization of 
titanium nitride on the Surface of a Semiconductor wafer for 
use in conjunction with fixed-abrasive planarizing pads. 
0008 For the reasons stated above, and for other reasons 
stated below which will become apparent to those skilled in 
the art upon reading and understanding the present Specifi 
cation, there is a need in the art for methods of planarizing 
titanium nitride using fixed-abrasive planarizing pads. 

SUMMARY 

0009 Embodiments of titanium nitride layers planarized 
in accordance with the invention may be utilized in the 
production of integrated circuits, and various apparatus 
utilizing Such integrated circuits. Planarizing Solutions may 
be used for removing titanium nitride from the Surface of a 
Substrate using a fixed-abrasive planarizing pad. The pla 
narizing Solutions take the form of an etchant Solution or an 
oxidizing Solution. The etchant Solutions are aqueous Solu 
tions containing an etchant and a buffer. The etchant con 
tains one or more etching agents Selective to titanium nitride. 
The oxidizing Solutions are acqueous Solutions containing an 
oxidizer and a buffer. The oxidizer contains one or more 
oxidizing agents Selective to titanium nitride. In either 
Solution, i.e., etchant or oxidizing Solution, the buffer con 
tains one or more buffering agents. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIGS. 1A-1B are a cross-sectional views of a 
Substrate with a titanium nitride layer at Sequential proceSS 
ing Stages in accordance with an embodiment of the inven 
tion. 
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0.011 FIG. 2A is a schematic of a web-format planariz 
ing machine as used in accordance with an embodiment of 
the invention. 

0012 FIG. 2B is a schematic of a fixed-pad format 
planarizing machine as used in accordance with an embodi 
ment of the invention. 

0013 FIG. 3 is a block diagram of an integrated circuit 
memory device in accordance with an embodiment of the 
invention. 

0.014 FIG. 4 is an elevation view of a wafer containing 
Semiconductor dies in accordance with an embodiment of 
the invention. 

0.015 FIG. 5 is a block diagram of an exemplary circuit 
module in accordance with an embodiment of the invention. 

0016 FIG. 6 is a block diagram of an exemplary memory 
module in accordance with an embodiment of the invention. 

0017 FIG. 7 is a block diagram of an exemplary elec 
tronic System in accordance with an embodiment of the 
invention. 

0.018 FIG. 8 is a block diagram of an exemplary memory 
System in accordance with an embodiment of the invention. 
0.019 FIG. 9 is a block diagram of an exemplary com 
puter System in accordance with an embodiment of the 
invention. 

DESCRIPTION OF THE EMBODIMENTS 

0020. In the following detailed description of the pre 
ferred embodiments, reference is made to the accompanying 
drawings which form a part hereof, and in which is shown 
by way of illustration specific embodiments in which the 
inventions may be practiced. These embodiments are 
described in Sufficient detail to enable those skilled in the art 
to practice the invention, and it is to be understood that other 
embodiments may be utilized and that proceSS or mechanical 
changes may be made without departing from the Scope of 
the present invention. The terms wafer and Substrate used 
previously and in the following description include any base 
Semiconductor Structure. Both are to be understood as 
including Silicon-on-Sapphire (SOS) technology, Silicon-on 
insulator (SOI) technology, thin film transistor (TFT) tech 
nology, doped and undoped Semiconductors, epitaxial layers 
of Silicon Supported by a base Semiconductor, as well as 
other Semiconductor Structures well known to one skilled in 
the art. Furthermore, when reference is made to a wafer or 
Substrate in the following description, previous process Steps 
may have been utilized to form regions/unctions in the base 
Semiconductor Structure. The following detailed description 
is, therefore, not to be taken in a limiting Sense, and the 
Scope of the present invention is defined only by the 
appended claims. 
0021. In one embodiment, the invention provides a 
method of planarizing titanium nitride on a Surface of a 
Substrate. The method includes contacting the Surface of the 
Substrate with a planarizing Surface of a planarizing 
medium, the planarizing medium comprising a fixed-abra 
Sive planarizing pad and a clean planarizing Solution. The 
method further includes moving the surface of the substrate 
relative to the planarizing Surface of the planarizing 
medium, thereby abrading the titanium nitride on the Surface 
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of the Substrate. In another embodiment, moving the Surface 
of the Substrate relative to the planarizing Surface of the 
planarizing medium comprises moving at least one of the 
Substrate and the planarizing Surface of the planarizing 
medium in a manner Selected from the group consisting of 
lateral, rotational, revolving and orbital. In a further embodi 
ment, the planarizing Solution is an etchant Solution. In a still 
further embodiment, the planarizing Solution is an oxidizing 
Solution. 

0022. In another embodiment, a method of planarizing 
titanium nitride on a Surface of a Substrate includes use of an 
etchant Solution as the planarizing Solution, wherein the 
etchant Solution contains an etchant and a buffer in aqueous 
Solution. In one embodiment, the etchant comprises at least 
one etching agent Selected from the group consisting of 
Oxalic acid, ascorbic acid and phosphoric acid. In a further 
embodiment, the buffer comprises at least one buffering 
agent Selected from the group consisting of ammonium 
acetate, ammonium oxalate, ammonium phosphate and 
diammonium phosphate. In a still further embodiment, the 
etchant Solution has a pH of approximately 1 to 5. In yet 
another embodiment, the etchant Solution has a pH of 
approximately 1.5 to 3. 

0023. In a further embodiment, a method of planarizing 
titanium nitride on a Surface of a Substrate includes use of an 
oxidizing Solution as the planarizing Solution, wherein the 
oxidizing Solution contains an oxidizer and a buffer in 
aqueous Solution. In one embodiment, the oxidizer com 
prises at least one oxidizing agent Selected from the group 
consisting of ammonium perSulfate, ammonium heptamo 
lybdate, ceric ammonium nitrate, ceric ammonium Sulfate 
and hydrogen peroxide. In another embodiment, the buffer 
comprises at least one buffering agent Selected from the 
group consisting of phosphoric acid, ammonium acetate, 
ammonium oxalate, ammonium phosphate and diammo 
nium phosphate. In yet another embodiment, the oxidizing 
Solution has a pH of approximately 1 to 6. In a further 
embodiment, the oxidizing Solution has a pH of approxi 
mately 1.5 to 4. 

0024. In one embodiment, the invention provides a 
method of planarizing titanium nitride on a Surface of a 
Substrate. The method includes contacting the Surface of the 
Substrate with a planarizing Surface of a planarizing 
medium, the planarizing medium comprising a fixed-abra 
Sive planarizing pad and a clean planarizing Solution, 
wherein the planarizing Solution is an aqueous Solution 
comprising approximately 1% to 5% by weight of Oxalic 
acid and approximately 2% to 10% by weight of ammonium 
acetate. The method further includes moving the Surface of 
the Substrate relative to the planarizing Surface of the 
planarizing medium, thereby abrading the titanium nitride 
on the Surface of the Substrate. 

0025. In another embodiment, the invention provides a 
clean aqueous planarizing Solution. The clean aqueous pla 
narizing Solution includes an etchant having at least one 
etching agent Selected from the group consisting of Oxalic 
acid, ascorbic acid and phosphoric acid, and a buffer. In one 
embodiment, the buffer comprises at least one buffering 
agent Selected from the group consisting of ammonium 
acetate, ammonium oxalate, ammonium phosphate and 
diammonium phosphate. In a further embodiment, the pla 
narizing Solution has a pH of approximately 1 to 5. In a still 














