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METHODS OF FORMING ELECTRICAL 
INTERCONNECTS ON INTEGRATED 

CIRCUIT SUBSTRATES USING SELECTIVE 
SLURRIES 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

FIELD OF THE INVENTION 

The present invention relates to methods of forming inte 
grated circuits and more particularly, to methods of forming 
electrical interconnects on integrated circuit substrates. 

BACKGROUND OF THE INVENTION 

A wiring layer in a semiconductor device functions to 
transmit signals and is typically connected to lower conduc 
tion layers via contact plugs. Contact plugs should typically 
be formed of low-resistivity metals in order to prevent signal 
delays. 

FIGS. 1A*1D are sectional views for illustrating a con 
ventional method of forming a contact plug in a semiconduc 
tor device. In FIGS. 1A*1D, reference numeral 1 is a semi 
conductor substrate, reference numeral 3 is an inter 
insulating layer, reference numeral 5 is a wiring layer, 
reference numerals 7, 7a and 7b are insulating ?lms, refer 
ence numeral 8 is a contact hole, reference numerals 9 and 
9a are barrier layers and reference numerals 11 and 11a are 
material layers. Referring to FIG. 1A, a conductive material 
is deposited on a semiconductor substrate 1 on which an 
inter-insulating layer 3 is formed, and then patterned to form 
a wiring layer 5. Next, an insulating material is deposited on 
the semiconductor substrate 1 on which the wiring layer 5 is 
formed, thereby forming the insulating ?lm 7. The wiring 
layer 5 may be formed of a metal, e.g., aluminum (Al). The 
insulating ?lm 7 has depressed portions which conform to 
the structure of the wiring layer 5. 

Referring now to FIG. 1B, the insulating ?lm 7 undergoes 
a chemical and mechanical polishing (CMP) process to form 
a planariZed insulating ?lm 7a. At this time, the insulating 
?lm 7a can be formed to a predetermined thickness by con 
trolling the time required for the polishing process. 
Thereafter, a cleaning process such as a spin scrubbing 
method is performed to remove particles generated during 
the polishing process. 

Referring now to FIG. 1C, the insulating ?lm 7a is etched 
using photolithography to expose the surface of the wiring 
layer 5 and form contact holes 8. Titanium (Ti) and titanium 
nitride (TiN) are sequentially deposited in the contact holes 
8 to form a barrier layer 9 having a titanium nitride (TiN)/ 
titanium (Ti) structure. Then, tungsten (W) is deposited on 
the entire surface of the semiconductor substrate 1 on which 
the barrier layer 9 is formed, thereby forming the material 
layer 11. The titanium reduces the contact resistance 
between the tungsten as the component material of the mate 
rial layer 11 and the aluminum as that of the wiring layer 5. 
The titanium nitride also improves adhesion of the tungsten. 

Referring to FIG. 1D, the material layer 11 and the barrier 
layer 9 undergo a chemical and mechanical polishing (CMP) 
process until an insulating ?lm 7b is exposed. Accordingly, a 
plurality of contact plugs comprised of a material layer 11a 
and a barrier layer 9a are formed in the contact hole 8. As 
described above, the CMP process is carried out two times, 
after the deposition of the insulating ?lm 7 and after the 
deposition of the material layer 11. Unfortunately, the use of 
two polishing steps complicates the process for forming con 
tact plugs. 
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2 
SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
improved methods of forming electrical interconnects on 
integrated circuit substrates. 

These and other objects, advantages and features of the 
present invention are provided by methods of forming elec 
trical interconnects which include the steps of forming a ?rst 
electrically conductive layer on a semiconductor substrate 
and then forming a ?rst electrically insulating layer on the 
?rst electrically conductive layer. A second electrically insu 
lating layer is then formed on the ?rst electrically insulating 
layer. The second electrically insulating layer is then etched 
to expose the ?rst electrically insulating layer and then a 
third electrically insulating layer is formed on the ?rst elec 
trically insulating layer. The ?rst and third electrically insu 
lating layers are then etched to de?ne a contact hole therein 
which exposes a portion of the ?rst electrically conductive 
layer. A barrier metal layer is then formed. The barrier metal 
layer is preferably formed to extend on the third electrically 
insulating layer and on the exposed portion of the ?rst elec 
trically conductive layer. The second electrically conductive 
layer is then formed to extend on the barrier metal layer and 
into the contact hole. The second electrically conductive 
layer and barrier metal layer are then polished in sequence to 
expose the third electrically insulating layer. 

According to a preferred aspect of the present invention, 
the step of polishing the second electrically conductive layer 
and the barrier metal layer comprises the steps of polishing 
the second electrically conductive layer and the third electri 
cally insulating layer simultaneously at a ?rst rate and a 
second rate less than the ?rst rate, respectively, using a ?rst 
slurry, and then polishing the second electrically conductive 
layer and the third electrically insulating layer simulta 
neously at a third rate and a fourth rate greater than the third 
rate, respectively, using a second slurry. These polishing 
steps are preferably performed in an apparatus containing 
?rst and second polishing plates with the ?rst and second 
slurries, respectively. According to another preferred aspect 
of the present invention, the step of forming a third electri 
cally insulating layer is followed by the step of forming a 
trench having a ?rst width in the third electrically insulating 
layer. According to this aspect of the present invention, the 
step of patterning the ?rst and third electrically insulating 
layers comprises patterning the ?rst and third electrically 
insulating layers to de?ne a contact hole having a second 
width less than the ?rst width, extending between a bottom 
of the trench and the ?rst electrically conductive layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A*1D are cross-sectional views of intermediate 
structures that illustrate a method of forming electrical inter 
connects according to the prior art. 

FIGS. 2Ai2E are cross-sectional views of intermediate 
structures that illustrate a method of forming electrical inter 
connects according to a ?rst embodiment of the present 
invention. 

FIGS. 3Ai3C are cross-sectional views of intermediate 
structures that illustrate a method of forming electrical inter 
connects according to a second embodiment of the present 
invention. 

FIGS. 4Ai4D are cross-sectional views of intermediate 
structures that illustrate a method of forming electrical inter 
connects according to a third embodiment of the present 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention will now be described more fully 
hereinafter with reference to the accompanying drawings, in 
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Which preferred embodiments of the invention are shown. 
This invention may, hoWever, be embodied in many different 
forms and should not be construed as limited to the embodi 
ments set forth herein. Rather, these embodiments are pro 
vided so that this disclosure Will be thorough and complete, 
and Will fully convey the scope of the invention to those 
skilled in the art. It Will also be understood that When a layer 
is referred to as being “on” another layer or substrate, it can 
be directly on the other layer or substrate, or intervening 
layers may also be present. Like numbers refer to like ele 
ments throughout. 

Referring to FIGS. 2A to 2E, reference numeral 21 is a 
semiconductor substrate, reference numeral 23 is an inter 
insulating layer, reference numeral 25 is a Wiring layer, ref 
erence numerals 27, 27a and 27b are ?rst insulating ?lms, 
reference numeral 29 is a second insulating ?lm, reference 
numerals 31, 31a and 31b are third insulating ?lms, refer 
ence numeral 32 is a contact hole, reference numerals 33, 
33a and 33b are barrier layers, and reference numerals 35, 
35a and 35b are material layers. 

Referring speci?cally to FIG. 2A, a conductive material is 
deposited on the semiconductor substrate 21 on Which the 
inter-insulating layer 23 is formed, and then patterned to 
form the Wiring layer 25. An insulating material is deposited 
on the semiconductor substrate 21 on Which the Wiring layer 
25 is formed, thereby forming the ?rst insulating ?lm 27. 
Then, the second insulating ?lm 29 is formed on the ?rst 
insulating ?lm 27. The Wiring layer 25 may be formed of a 
metal, e.g., aluminum (Al). The ?rst insulating ?lm 27 is 
formed by depositing an oxide material including silicon to a 
thickness of betWeen 1000 and 100000 A using a high den 
sity plasma method Wherein deposition and etching are 
simultaneously performed. At this time, a step difference is 
generated due to the Wiring layer 25. SiO2, SiOF, boron 
phosphorus silicate glass (BPSG), etc. can be used as the 
oxide material including silicon. The second insulating ?lm 
29 may be formed by depositing silicon-on-glass (SOG) to a 
thickness of betWeen 1000 and 100000 A. HoWever, any one 
selected among a ?oWable oxide, a photoresist and an insu 
lating polymer can be used instead of SOG. Alternatively, 
the second insulating ?lm 29 can be formed by depositing 
any one of the above materials tWice or more. At this time, a 
thermal treatment step is additionally performed after each 
of the depositing steps in order to improve the characteristics 
of the ?lm material. 

Referring to FIG. 2B, the second insulating ?lm 29 is 
etched back until it is completely removed, and a third insu 
lating ?lm 31 is then formed on the ?rst insulating ?lm 27. 
The etching-back process is performed under a condition 
Where the ratio of the etching selectivity of the ?rst insulat 
ing ?lm 27 to the second insulating ?lm 29 is betWeen about 
3 and 0.33. As a result of such an etching-back process, a 
planariZed ?rst insulating ?lm 27a is obtained. As compared 
to the conventional method Wherein a spin scrubbing process 
is performed after a chemical and mechanical polishing 
(CMP) process, the etching-back process simpli?es the pro 
cess and reduces process costs. The third insulating ?lm 31 
is formed of either a single layer using any one selected 
among SiO2, undoped silicate glass (U SG), boron phospho 
rus silicate glass (BPSG), phosphorus silicate glass (PSG), 
SiOF, SiN, SiON, spin-on-glass (SOG), a ?oWable oxide and 
an insulating polymer, or a multi-layer formed by combining 
the single layers. At this time, the thickness of the entire 
third insulating ?lm 31 is set betWeen 10 and 100000 A. 
Among the above materials forming the third insulating 

?lm 31, SiO2, undoped silicate glass (U SG), boron phospho 
rus silicate glass (BPSG), phosphorus silicate glass (PSG), 
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4 
SiOF, SiN and SiON are deposited according to either a loW 
pressure chemical vapor deposition (LPCVD) method or a 
plasma enhanced CVD (PECVD) method, and spin-on-glass 
(SOG), ?oWable oxide and insulating polymer are coated 
according to a spin coating method. 

Referring to FIG. 2C, the third insulating ?lm 31 and the 
?rst insulating ?lm 27a are selectively etched using photoli 
thography to expose the surface of the Wiring layer 25, 
thereby forming the contact hole 32. Then, a barrier layer 33 
is formed on the semiconductor substrate 21 on Which the 
contact hole 32 is formed. Next, a loW-resistance metal is 
deposited on the entire surface of the semiconductor sub 
strate 21 on Which the barrier layer 33 is formed, thereby 
forming the material layer 35. The barrier layer 33 can be 
formed of a single layer of a refractory metal, e.g., titanium 
(Ti), titanium nitride (TiN) or tungsten nitride (WN) or a 
multi layer formed by combining the single layers, in addi 
tion to a titanium nitride (TiN)/titanium (Ti) structure. The 
loW-resistance metal for the material layer 35 includes tung 
sten (W), aluminum (Al) and copper (Cu). In addition, the 
material layer 35 can be formed of any one material selected 
among loW-resistance metal compounds such as polysilicon, 
tungsten silicon, an aluminum copper compound and an alu 
minum copper silicon compound. 

Referring to FIG. 2D, the material layer 35 and the barrier 
layer 33 are polished using a CMP apparatus until the sur 
face of the third insulating ?lm 31a is exposed. The polish 
ing apparatus includes at least tWo polishing plates Which 
can employ different slurries. The polishing process is per 
formed by at least one polishing plate using a slurry that can 
polish the material layer 35 at a higher rate than the third 
insulating ?lm 31a, so that the material layer 35 and the 
barrier layer 33 on the third insulating ?lm 31a are selec 
tively removed. As a result, a contact plug composed of the 
material layer 35a and the barrier layer 33a is formed in the 
contact hole 32. 

Referring to FIG. 2E, the CMP process is performed in 
situ to planariZe the third insulating ?lm 31a. Here, the pol 
ishing process may be performed by at least the other polish 
ing plate of the CMP apparatus using a slurry that can polish 
the third insulating ?lm 31a at a faster rate than the material 
layer 35a, so that a portion of the third insulating ?lm 31a is 
removed. 

Next, a cleaning process is performed on the semiconduc 
tor substrate 21 using DI (De-Ionized) Water in order to 
eliminate particles generated during the polishing process. 
This cleaning process may be performed by a polishing 
plate, to Which a polishing pad used only for cleansing is 
attached, or in a dedicated cleaning apparatus. 

FIGS. 3A to 3C are sectional vieWs for illustrating a sec 
ond embodiment for forming a contact plug for a semicon 
ductor device according to the present invention. Reference 
numeral 51 is a semiconductor substrate, reference numeral 
53 is an inter-insulating layer, reference numeral 55 is a 
Wiring layer, reference numerals 57 and 57a are ?rst insulat 
ing ?lms, reference numeral 58 is a trench, reference numer 
als 59 and 59a are third insulating ?lms, reference numeral 
60 is a contact hole, reference numerals 61 and 61a are bar 
rier layers, and reference numerals 63 and 63a are material 
layers. 

Referring to FIG. 3A, a conductive material is deposited 
on the semiconductor substrate 51 on Which the inter 
insulating layer 53 is formed, and then patterned to form the 
Wiring layer 55. An insulating material is deposited on the 
semiconductor substrate 51 on Which the Wiring layer 55 is 
formed, thereby forming the ?rst insulating ?lm 57 and a 
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second insulating ?lm (not shown) in a sequence. Then, the 
second insulating ?lm is etched back until it is completely 
removed. A third insulating ?lm (Which Will be patterned 
later to be reference numeral 59) is formed on the ?rst insu 
lating ?lm 57. The third insulating ?lm above the Wiring 
layer 55 is removed partially or completely using 
photolithography, thereby forming the trench 58 in the third 
insulating ?lm 59. The Wiring layer 55 may be formed of a 
metal such as aluminum (Al). 

The ?rst insulating ?lm 57 is formed by depositing an 
oxide material including silicon to a thickness of betWeen 
1000 and 100000 A using a high density plasma (HDP) 
method Wherein deposition and etching are simultaneously 
performed. At this time, a step difference is generated due to 
the Wiring layer 55. SiO2, SiOF, boron phosphorus silicate 
glass (BPSG), etc. can be used as the oxide material includ 
ing silicon. The second insulating ?lm is formed by deposit 
ing silicon-on-glass (SOG) to a thickness of betWeen 1000 
and 100000 A. HoWever, any one selected among a ?oWable 
oxide, a photoresist and an insulating polymer can be used 
instead of SOG. Alternatively, the second insulating ?lm can 
be formed by depositing any one of the above materials 
tWice or more. At this time, a thermal treatment step is addi 
tionally performed after each of the depositing processes in 
order to improve the characteristics of the ?lm material. The 
etching-back process is performed under a condition Where 
the etching selectivity of the ?rst insulating ?lm 57 to the 
second insulating ?lm is betWeen 3 to 1 and 1 to 3. 
Consequently, the ?rst insulating ?lm 57 is planariZed. 
As compared to the conventional method Wherein a spin 

scrubbing process is performed after a chemical and 
mechanical polishing (CMP) process, the planariZing 
method using the etching-back process is simple and reduces 
fabricating costs, as described more fully herein beloW. The 
third insulating ?lm 59 is formed of either a single layer 
using any one selected among SiO2, undoped silicate glass 
(USG), boron phosphorus silicate glass (BPSG), phosphorus 
silicate glass (PSG), SiOF, SiN, SiON, spin-on-glass (SOG), 
a ?oWable oxide and an insulating polymer, or a multi layer 
formed by combining the single layers. At this time, the 
thickness of the entire third insulating ?lm 59 is set betWeen 
10 and 100000 A. 

Among the above materials forming the third insulating 
?lm 59, SiO2, undoped silicate glass (U SG), boron phospho 
rus silicate glass (BPSG), phosphorus silicate glass (PSG), 
SiOF, SiN or SiON may be deposited according to either a 
loW pressure chemical vapor deposition (LPCVD) method 
or a plasma enhanced CVD (PECVD) method, and spin-on 
glass (SOG), ?oWable oxide and insulating polymer may be 
deposited according to a spin coating method. 

The trench 58 is for forming another Wiring layer Which is 
connected to the Wiring layer 55. Referring to FIG. 3B, the 
third insulating ?lm 59 and the ?rst insulating ?lm 57 are 
etched using photolithography to expose the surface of the 
Wiring layer 55, thereby forming the contact hole 60. Then, 
the barrier layer 61 is formed on the semiconductor substrate 
51 on Which the contact hole 60 is formed. Next, a loW 
resistance metal is deposited on the entire surface of the 
semiconductor substrate 51 on Which the barrier layer 61 is 
formed, thereby forming the material layer 63. 

The barrier layer 61 can be formed of a single layer of a 
refractory metal, e. g., titanium (Ti), titanium nitride (TiN) or 
tungsten nitride (WN) or a multi layer formed by combining 
the single layers, in addition to a titanium nitride (TiN)/ 
titanium (Ti) structure. The loW-resistance metal for the 
material layer 63 includes tungsten (W), aluminum (Al) and 
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6 
copper (Cu). In addition, the material layer 63 can be formed 
of any one material selected among loW-resistance metal 
compounds such as polysilicon and tungsten silicon, alumi 
num copper compound and aluminum copper silicon com 
pound. 

Referring to FIG. 3C, the material layer 63 and the barrier 
layer 61 are polished until the surface of the third insulating 
?lm 59a is exposed. A ?rst polishing process is then per 
formed using a slurry Which is capable of polishing the 
material layer 63 at a faster rate than the third insulating ?lm 
59a. Consequently, the contact hole 60 and the trench 58 are 
?lled With the material layer 63a and the barrier layer 61 a so 
that a contact plug is formed in the contact hole 60 and 
another Wiring layer is formed in the trench 58. Thus, a plug 
and additional Wiring layer can be simultaneously formed in 
accordance With a second embodiment of the present inven 
tion. 

Then, a second polishing process is performed using 
another slurry Which is capable of polishing the third insulat 
ing ?lm 59a at a faster rate than the material layer 63. The 
?rst and second polishing processes may be performed using 
respective ?rst and second polishing plates in a polishing 
apparatus. At this time, the contact plug having a material 
layer 63a/barrier layer 61 a structure can be formed to a 
certain thickness by controlling the polishing time. Next, a 
cleaning process is performed on the semiconductor sub 
strate 51 using DI (De-Ionized) Water in order to eliminate 
particles generated during the polishing process. This clean 
ing process may be performed by a polishing plate to Which 
a polishing pad used only for cleansing is attached, or in a 
cleaning apparatus. 

FIGS. 4A to 4D are sectional vieWs for illustrating a third 
embodiment for forming contact plug for a semiconductor 
device according to the present invention. Reference 
numeral 71 is a semiconductor substrate, reference numeral 
73 is an inter-insulating layer, reference numeral 75 is a 
Wiring layer, reference numerals 77, 77a and 77b are insulat 
ing ?lms, reference numeral 78 is a contact hole, reference 
numerals 79, 79a and 79b are barrier layers, and reference 
numerals 81, 81a and 81b are material layers. 

Referring to FIG. 4A, a conductive material is deposited 
on the semiconductor substrate 71 on Which the inter 
insulating layer 73 is formed, and then patterned to form the 
Wiring layer 75. An insulating material is deposited on the 
semiconductor substrate 71 on Which the Wiring layer 75 is 
formed, thereby forming the insulating ?lm 77. The Wiring 
layer 75 may be formed of a metal such as aluminum (Al). 
The insulating ?lm 77 may be formed by depositing an oxide 
material including silicon to a thickness of betWeen 1000 
and 100000 A using a high density plasma (HDP) method 
Wherein deposition and etching are simultaneously per 
formed. At this time, a step difference is generated due to the 
Wiring layer 75. SiO2, SiOF, boron phosphorus silicate glass 
(BPSG), etc. can be used as the oxide material including 
silicon. 

Referring to FIG. 4B, the insulating ?lm 77 is etched 
using photolithography until the surface of the Wiring layer 
75 is exposed, thereby forming the contact hole 78. Then, the 
barrier layer 79 is formed on the semiconductor substrate 71 
on Which the contact hole 78 is formed. Next, a loW 
resistance metal is deposited on the entire surface of the 
semiconductor substrate 71 on Which the barrier layer 79 is 
formed, thereby forming the material layer 81. The barrier 
layer 79 can be formed of a single layer of a refractory metal, 
e.g., titanium (Ti), titanium nitride (TiN) or tungsten nitride 
(WN) or a multi layer formed by combining the single 
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layers, in addition to a titanium nitride (TiN)/titanium (Ti) 
structure. In addition, the material layer 81 can be formed of 
any one material selected among tungsten (W), aluminum 
(Al) and copper (Cu), polysilicon and a tungsten silicon 
compound, an aluminum copper compound, and a loW 
resistance metal compound such as an aluminum copper sili 
con compound. 

Referring to FIG. 4C, the material layer 81 and the barrier 
layer 79 are polished until the surface of the insulating ?lm 
77a is exposed. The polishing process is performed using a 
?rst slurry Which can polish the material layer 81 faster than 
the insulating ?lm 77a. This polishing step can be performed 
using one polishing plate of a CMP apparatus including at 
least tWo polishing plates. Referring to FIG. 4D, the polish 
ing process is again performed using a second slurry Which 
can polish the material layer 81 at a sloWer rate than the 
insulating ?lm 77a. Consequently, a contact plug having the 
material layer 81b/barrier layer 79b structure, and the pla 
nariZed insulating ?lm 77b, are formed in the contact hole 
78. 

As described above, in the contact plug forming method 
for a semiconductor device according to the present 
invention, the insulating ?lm is planariZed using an etching 
back method instead of a CMP process, and the material 
layer and the insulating ?lm for forming a contact plug are 
consecutively polished using a CMP apparatus including at 
least tWo polishing plates. Therefore, the process is 
simpli?ed, the planariZation degree is improved, and a con 
tact plug and another Wiring layer can be simultaneously 
formed. 

In the draWings and speci?cation, there have been dis 
closed typical preferred embodiments of the invention and, 
although speci?c terms are employed, they are used in a 
generic and descriptive sense only and not for purposes of 
limitation, the scope of the invention being set forth in the 
folloWing claims. 

That Which is claimed is: 
1. A method of forming an electrical interconnect, com 

prising the steps of: 
forming a ?rst electrically conductive layer on a semicon 

ductor substrate; 
forming a ?rst electrically insulating layer on the ?rst 

electrically conductive layer; 
patterning the ?rst electrically insulating layer to de?ne a 

contact hole therein Which exposes a portion of the ?rst 
electrically conductive layer; 

forming a barrier metal layer extending on the ?rst electri 
cally insulating layer and on the exposed portion of the 
?rst electrically conductive layer; 

forming a second electrically conductive layer extending 
on the barrier metal layer and into the contact hole; 

polishing the second electrically conductive layer using a 
?rst slurry that can polish the second electrically con 
ductive layer and the ?rst electrically insulating layer at 
a ?rst rate and a second rate less than the ?rst rate, 
respectively; and 

polishing the ?rst electrically insulating layer and the sec 
ond electrically conductive layer within the contact 
hole using a second slurry that can polish the second 
electrically conductive layer and the ?rst electrically 
insulating layer at a third rate and a fourth rate greater 
than the third rate, respectively. 

2. The method of claim 1, Wherein said step of forming a 
?rst electrically insulating layer comprises depositing an 
oxide layer containing silicon using a plasma. 
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3. The method of claim 1, Wherein said step of forming a 

barrier metal layer comprises forming a barrier metal layer 
containing a material selected from the group consisting of 
titanium, titanium nitride, tungsten nitride and combinations 
thereof. 

4. The method of claim 1, Wherein said step of forming a 
second electrically conductive layer comprises forming a 
second electrically conductive layer containing a material 
selected from the group consisting of tungsten, aluminum, 
copper and silicon. 

5. The method of claim 1, Wherein said polishing steps are 
performed in an apparatus containing ?rst and second pol 
ishing plates With the ?rst and second slurries, respectively. 

6. The method of claim 1, Wherein said step of patterning 
the ?rst electrically insulating layer is preceded by the steps 
of: 

forming a second electrically insulating layer on the ?rst 
electrically insulating layer; 

etching the second electrically insulating layer to expose 
the ?rst electrically insulating layer; and then 

forming a third electrically insulating layer on the ?rst 
electrically insulating layer. 

7. The method of claim 6, Wherein said step of etching the 
second electrically insulating layer comprises etching the 
?rst electrically insulating layer at a ?rst etch rate and etch 
ing the second electrically insulating layer at a second etch 
rate; and Wherein a ratio of the ?rst etch rate to second etch 
rate is in a range betWeen about 0.33 and 3.0. 

8. The method of claim 7, Wherein said step of forming a 
?rst electrically insulating layer comprises depositing an 
oxide layer containing silicon using a plasma. 

9. The method of claim 7, Wherein said step of forming a 
second electrically insulating layer comprises forming a sec 
ond electrically insulating layer containing a material 
selected from the group consisting of spin-on-glass, ?oWable 
oxide, photoresist and electrically insulating polymers. 

10. The method of claim 7, Wherein said step of forming a 
third electrically insulating layer comprises forming a third 
electrically insulating layer containing a material selected 
from the group consisting of spin-on-glass, ?oWable oxide, 
electrically insulating polymers, silicon dioxide, borophos 
phosilicate glass, SiOF, silicon nitride and silicon oxyni 
tride. 

11. The method of claim 10, Wherein said step of forming 
a third electrically insulating layer comprises depositing a 
third electrically insulating layer using loW pressure or 
plasma enhanced chemical vapor deposition. 

[12. A method of forming an electrical interconnect, com 
prising the steps of: 

forming a ?rst electrically conductive layer on a semicon 
ductor substrate; 

forming a ?rst electrically insulating layer on the ?rst 
electrically conductive layer; 

forming a second electrically insulating layer on the ?rst 
electrically insulating layer; 

etching the second electrically insulating layer to expose 
the ?rst electrically insulating layer; 

forming a third electrically insulating layer on the ?rst 
electrically insulating layer; 

patterning the ?rst and third electrically insulating layers 
to de?ne a contact hole therein Which exposes a portion 
of the ?rst electrically conductive layer; 

forming a barrier metal layer extending on the third elec 
trically insulating layer and on the exposed portion of 
the ?rst electrically conductive layer; 
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forming a second electrically conductive layer extending 
on the barrier metal layer and into the contact hole; and 

polishing the second electrically conductive layer and the 
barrier metal layer to expose the third electrically insu 
lating layer.] 

13. [The method of claim 12,] A method offorming an 
electrical interconnect, comprising the steps of.‘' 
forming a?rst electrically conductive layer on a semicon 

ductor substrate; 
forming a first electrically insulating layer on the first 

electrically conductive layer; 
forming a second electrically insulating layer on the?rst 

electrically insulating layer; 
etching back the second electrically insulating layer until 

the second electrically insulating layer is removed to 
expose the first electrically insulating layer; 

forming a third electrically insulating layer on the first 
electrically insulating layer; 

patterning the first and third electrically insulating layers 
to define a contact hole therein which exposes a portion 
of the first electrically conductive layer; 

forming a barrier metal layer extending on the third elec 
trically insulating layer and on the exposedportion of 
the first electrically conductive layer; 

forming a second electrically conductive layer extending 
on the barrier metal layer and into the contact hole; 
and 

polishing the second electrically conductive layer and the 
barrier metal layer to expose the third electrically insu 
lating layer; 

Wherein said step of polishing the second electrically con 
ductive layer and the barrier metal layer comprises the 
steps of: 

polishing the second electrically conductive layer and the 
third electrically insulating layer simultaneously at a 
?rst rate and a second rate less than the ?rst rate, 
respectively, using a ?rst slurry; and 

polishing the second electrically conductive layer and the 
third electrically insulating layer simultaneously at a 
third rate and a fourth rate greater than the third rate, 
respectively, using a second slurry. 

14. The method of claim 13, Wherein said step of forming 
a barrier metal layer comprises forming a barrier metal layer 
containing a material selected from the group consisting of 
titanium, titanium nitride, tungsten nitride and combinations 
thereof. 

15. The method of claim 14, Wherein said step of forming 
a second electrically conductive layer comprises forming a 
second electrically conductive layer containing a material 
selected from the group consisting of tungsten, aluminum, 
copper and silicon. 

16. The method of claim 15, Wherein said polishing steps 
are performed in an apparatus containing ?rst and second 
polishing plates With the ?rst and second slurries, respec 
tively. 

17. The method of claim 15, Wherein said step of forming 
a ?rst electrically insulating layer comprises depositing an 
oxide layer containing silicon using a plasma. 

18. The method of claim 15, Wherein said step of forming 
a second electrically insulating layer comprises forming a 
second electrically insulating layer containing a material 
selected from the group consisting of spin-on-glass, ?oWable 
oxide, photoresist and electrically insulating polymers. 

19. The method of claim 18, Wherein said step of forming 
a third electrically insulating layer comprises forming a third 
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electrically insulating layer containing a material selected 
from the group consisting of spin-on-glass, ?oWable oxide, 
electrically insulating polymers, silicon dioxide, borophos 
phosilicate glass, SiOF, silicon nitride and silicon oxyni 
tride. 

20. The method of claim 19, Wherein said step of forming 
a third electrically insulating layer comprises depositing a 
third electrically insulating layer using loW pressure or 
plasma enhanced chemical vapor deposition. 

[21. The method of claim 12, Wherein said step of forming 
a third electrically insulating layer is folloWed by the step of 
forming a trench having a ?rst Width in the third electrically 
insulating layer; and Wherein said step of patterning the ?rst 
and third electrically insulating layers comprises patterning 
the ?rst and third electrically insulating layers to de?ne a 
contact hole having a second Width less than the ?rst Width, 
extending betWeen a bottom of the trench and the ?rst elec 
trically conductive layer.] 

22. [The method of claim 21,] A method offorming an 
electrical interconnect, comprising the steps of.‘' 
forming a?rst electrically conductive layer on a semicon 

ductor substrate; 
forming a first electrically insulating layer on the first 

electrically conductive layer; 
forming a second electrically insulating layer on the?rst 

electrically insulating layer; 
etching back the second electrically insulating layer until 

the second electrically insulating layer is removed to 
expose the first electrically insulating layer; 

forming a third electrically insulating layer on the first 
electrically insulating layer; 

patterning the first and third electrically insulating layers 
to define a contact hole therein which exposes a portion 
of the first electrically conductive layer; 

forming a barrier metal layer extending on the third elec 
trically insulating layer and on the exposedportion of 
the first electrically conductive layer; 

forming a second electrically conductive layer extending 
on the barrier metal layer and into the contact hole; 
and 

polishing the second electrically conductive layer and the 
barrier metal layer to expose the third electrically insu 
lating layer; 

wherein said step offorming a third electrically insulating 
layer isfollowed by the step offorming a trench having 
a?rst width in the third electrically insulating layer; 
and wherein said step ofpatterning the?rst and third 
electrically insulating layers comprises patterning the 
first and third electrically insulating layers to define a 
contact hole having a second width less than the?rst 
width, extending between a bottom of the trench and the 
first electrically conductive layer; and 

Wherein said step of polishing the second electrically con 
ductive layer and the barrier metal layer comprises the 
steps of: 

polishing the second electrically conductive layer and the 
third electrically insulating layer simultaneously at a 
?rst rate and a second rate less than the ?rst rate, 
respectively, using a ?rst slurry; and 

polishing the second electrically conductive layer and the 
third electrically insulating layer simultaneously at a 
third rate and a fourth rate greater than the third rate, 
respectively, using a second slurry. 

* * * * * 


