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interconnection wiring layers. 

Briefly, CMP involves holding and rotating a thin, 
reasonably flat, semiconductor wafer against a rotating 
polishing surface. The polishing surface is wetted by a 

5 chemical slurry, under -controlled chemical, pressure, and 
temperature conditions. The chemical slurry contains a 
polishing agent, which is an abrasive material, and chemicals 
chosen to selectively etch or oxidize particular surfaces of 
the wafer during CMP. It may be desirable to perform the 

10 chemical etching and mechanical abrasion steps simultaneously 
or sequentially. The combination of chemical etching and 
mechanical removal of material during polishing results in 
superior planarization of the polished surface. 

One problem area associated with chemical/mechanical 
15 polishing is in the area of slurry preparation and storage. 

As "the polishing slurry is a suspension of a mechanical 
abrasive in a liquid chemical agent, the suspension is 
normally premixed as a batch and stored in a batch tank of 
about 350 gallon capacity. The premix tank is connected to 

20 another tank, conunonly called a "day tank," of about 50 

gallon capacity by an extensive plumbing system. The 
plumbing system allows the slurry to be continuously re­
circulated between the day tank and the premix tank. This 

approach hopes to minimize settling and agglomeration of the 
25 particulates in suspension and maintain a reasonably uniform 

mixture. In total, a single batch of slurry may have a 
volume of about 350 gallons. Once mixed, the slurry "brew" 
needs from about one-half hour to 12 hours of vigorous 
agitation/recirculation before the slurry is useable in order 

30 to insure reasonable uniformity. 
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The effectiveness of the CMP process depends 

significantly upon the physical parameters, for example: 

chemical concentration, temperature, pH, specific gravity, 

etc., of the slurry. Because of the large slurry volume, 

5 i.e., 350 gallons, it is extremely difficult to make small 

adjustments to the mixture in a timely manner. Additionally, 

the large volume of slurry commits the CMP equipment to a 

particular process, e.g., planarization of a metal layer, 

because of the incompatibility of the chemicals in a 

IO particular slurry mix to the planarization of a different 

material, e.g., a dielectric. Modification of the chemical 

properties of the total slurry mix is very difficult. 

Therefore, a large quantity of highly refined and expensive 

chemicals must be ultimately used, stored or disposed. 

15 Environmentally, this presents a significant challenge as the 

CMP apparatus is changed from material process to material 

process, e.g., polishing substrate, to polishing metal, to 

polishing dielectric, etc. Of course, the changeover process 

is time consuming and ultimately very expensive when the high 

20 cost of the potentially wasted slurry and lost processing 

time is considered. 

Accordingly, what is needed in the art is a slurry 

preparation apparatus that: provides a continuous slurry 

delivery system, constantly monitors the slurry parameters, 

25 and continually adjusts the slurry components to correct 

the slurry parameters to nominal values. 

Summary Of The Invention 

To address the above-discussed deficiencies of the prior 

art, the present invention provides a continuous slurry 

30 delivery system for use with a polishing apparatus employing 

a slurry. In one embodiment, the continuous slurry delivery 

system comprises a mixing chamber, slurry component tanks, a 
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chemical parameter sensor system, and a control system. Each 

of the slurry component tanks contains a different slurry 

component and is in fluid connection with the mixing chamber 

to deliver a required rate of the different slurry component 

5 to the mixing chamber. The chemical parameter sensor system 

is coupled to the mixing chamber and configured to sense a 

chemical property of the slurry. The control system is 

coupled to the mixing chamber and the chemical parameter 

sensor system. The control system is configured to control 

10 the introduction of at least one of the slurry components ac 

a given rate to the mixing chamber. 

Thus, in a broad scope, the present invention provides 

a slurry dispensing system that allows the slurry composition 

to be easily changed or adjusted as processes parameters 

15 require. This system, therefore, allows for a more 

continuous polishing and fabrication process, which also 

reduces fabrication costs and increases overall production 

efficiency. 

In one embodiment, the chemical property sensed may be 

20 an ion concentration or conductivity. For example, the ion 

sensed may be: hydronium ion (H30+), hydroxyl ion (OH-) metal 

ion, or non-metal ion concentration. . In an alternative 

embodiment, the different slurry components may be: an 

oxidant, a surfactant, an abrasive, a buffer, a corrosion 

25 inhibitor, an acid, a base, or water, which are typically 

used during the polishing of a semiconductor wafer. In yet 

another embodiment, the mixing chamber may comprise a pre­

mixing chamber and the continuous slurry delivery system 

further comprises a pre-dispensing chamber in fluid 

30 connection with the pre-mixing chamber. The chemical 

parameter sensor system may be coupled to the pre-mixing 

chamber or the pre-dispensing chamber. 
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The continuous' slurry delivery system may further 

comprise a physical parameter sensor system that is coupled 

to the mixing chamber and that is configured to sense a 

physical property of the slurry. Exemplary physical 

5 properties that may be sensed are: pressure, temperature, 

humidity, density, viscosity, zeta potential and light 

transmittance for turbidity. 

In an alternative embodiment, the mixing chamber may 

further comprise an agitator for mixing the slurry. The 

10 slurry component tanks may, in another embodiment, further 

comprise a meter device configured to meter a measured rate 

of the different slurry component into the mixing chamber. 
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The foregoing has outlined, rather broadly, preferred 

and alternative features of the present invention so that 

those skilled in the art may better understand the detailed 

description of the invention that follows. Additional 

5 features of the invention will be described hereinafter 

that form the subject of the claims of the invention. 

Those skilled in the art should appreciate that they can 

readily use the disclosed conc~ption and specific 

embodiment as a basis for designing or modifying other 

10 structures for carrying out the same purposes of the 

present invention. Those skilled in the art should also 

realize that such equivalent constructions do not depart 

from the spirit and scope of the invention in its broadest 

form. 

15 Brief Description Of The Drawings 

20 

25 

For a more complete understanding of the present 

invention, reference is now made to the following 

descriptions taken in conjunction with the accompanying 

drawings, in which: 

FIGURE 1 illustrates one embodiment of a continuous 

slurry delivery system constructed according to the 

principles of the present invention; 

FIGURE 2 illustrates an alternative embodiment of the 

continuous slurry delivery system of FIGURE 1; and 

FIGURE 3 illustrates an elevational view of the 

continuous slurry delivery system of FIGURE 1 in use with a 

semiconductor polishing apparatus. 

iiifli~lf 
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Detailed Description 

Referring initial1y to FIGURE 1, illustrated is or...e 

embodiment of a continuous slurry delivery system constructed 

according to the principles of the present invention. ;.._ 

5 continuous slurry delivery system 100 comprises a mixing 
chamber 110, a slurry dispenser 115, slurry component tanks 

collectively designated 120 and individually designated 120a-
120h, a chemical parameter sensor system 130, and a control 

system 140. In one preferred embodiment, the mixing chamber 
10 110 has a volume that is relQtively small when compared to 

the total volume of the delivery system. For example, in one 

embodiment, the mixing chamber 110 may have a volume of about 

0.5 gallons where the total system volume may be as much as 

350 gallons. However, it should be understood that larger 

15 volumes for the mixing chamber 110 are also within the scope 

of the present invention. 

Each of the slurry component tanks 120a-120h contains a 

different slurry component essential to the overall polishing 

and conditioning processes; for example, an oxidant 121a, a 

20 surfactant 121b, an abrasive 121c, a buffer 12ld, a corrosion 

inhibitor 121e, an acid 121f, a base 121g~ or water 121h. Of 

course, one who is skilled in the art will recognize that 
other different types of slurry components may also be used. 

As shown, the slurry component tanks 120a-120h are 

25 individually in fluid cominunication with the mixing chamber 

110. For the purposes of this discussion, fluid 

communication means having a conduit 122a-122h. between the 

individual component tanks 120a-120h and the mixing chamber 

110 that is suitable for conducting the component from each 
30 component tank 120a-120h to the mixing chamber 110. For 

example, fluids, such as water 12lh, may have a tube 122h 

directly connecting to the mixing chamber 110. One who is 

skilled in the art is familiar with the problems and 
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conventional soluti;ns of dispensing liquid and powdered 

components through a conduit or other type of delivery 

system. Each slurry tank 120a-120h is equipped with a 

metering device 123a-123h that is configured to meter a 

5 measured rate of the respective component 12la-121h into the 

mixing chamber 110. 

The mixing chamber 110 further comprises an agitator 150 

that concusses the ·contents of the chamber 11 O so as to 

produce a substantially uniform slurry 160 that is delivered 

IO to a polishing platen/pad 170 of a polishing apparatus 180. 

The slurry 150 is a chemical suspension of some of the 

individual components 12la-12lh described above. One who is 

skilled in the art is aware that the exact composition of the 

slurry 160 will vary depending upon what material is to be 

15 planarized. 

·The chemical parameter sensor system 130 is coupled to 

the mixing chamber 110 and, through sensors 135, configured 

to sense a chemical property, for example, an ion 

concentration or conductivity of the slurry 160. More 

20 specifically, the chemical property se~sed may be a hydronium 

(H30.), hydroxyl ion (OH-) metal, or non-metal ion 

concentration; or oxidant concentration. This ion 

concentration, or another chemical or physical property, is 

analyzed by the control system 140, which determines what 

25 chemical components 12la-121h are deficient or excessive in 

the slurry 160, and sends a command to one or more of the 

metering devices 123a-123h to introduce the appropriate 

chemical components 121a-12lh into the mixing chamber 110 at 

an appropriate rate to adjust the slurry 160 composition. 

30 For example, the chemical parameter sensor system 130 

may, during polishing of a metal, determine that the initial 

pH of the slurry 160 is 4.7. The desired pH for the process 
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may be 4.5. The control system 140 would compare the actual 
pH of 4.7 to the desired 4.5 and command the metering device 
123f to introduce a calculated rate of acid 12lf from acid 
component tank 120f into the mixing chamber 110. One who is 

5 skilled in the art will immediately recognize that by 
continuous monitoring of multiple chemical parameters, the 
slurry 160 composition will vary only sligJ.:ltly from the 
desired parameters. Thus, the close controlling of the 
slurry 160 composition speeds the CMP process and improves 

10 semiconductor wafer throughput. Also, by having water 121h 
or other solvents/detergents (not shown) in separate 
component tanks 120, the mixing chamber 110 and slurry 
dispenser 115 can quickly be flushed and prepared to change 
over to a different process, e.g., from metal polishing to 

15 dielectric polishing. The large batch size of the prior art 
is therefore avoided; and the disposal of excess slurry 
mixture is avoided while slurry components are kept isolated 
from one another. Thus, environmentally, the chemicals 12la-
121h are retained in the individual component tanks 120a-120h 

20 until they are needed in relatively small quantities, thereby 
avoiding the waste of potentially hazardous chemicals that, 
one~ mixed, cannot be economically separated. 

The continuous slurry delivery system 100 may further 
comprise a physical parameter sensor system 190 coupled to 

25 the mixing chamber 110 .and the control system 140. The 
physical parameter sensor system 190 may collect current data 
on, for example, the temperature, pressure, humidity, 
turbidity, density, viscosity, zeta potential, etc., of the 
slurry mixing chamber 110. The control system 140 processes 

30 this information and makes needed adju~tments to the 
environment. For example, the actual environmental 

temperature may be 50°C, when the desired temperature is 

55°C. The control system 140, sensing the difference, then 
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commands a heater 193 · to increase the e_nvironmental 

temperature until 55°C is reached. If the_ slurry temperatur.e 

is the controlling factor, then it may also be sensed as just 

described, and adjusted by, for example, a cold or hot water 

S bath 195 around the mixing chamber 110. One who is skilled 

in the art is familiar with the methods of controlling 

physical parameters of suspensions. 

The continuous slurry delivery system 100 may further 

comprise a pressurizing system {not shown) and directablc 

IO pressure nozzle for delivery of a selected one or more of the 

components to the polishing platen/pad 170, such as water or 

other cleaning fluid. In such embodiments, the pressurized 

system can be used to clean and condition the polishing pad 

between various polishing operations. One who is skilled in 

15 the art is familiar with pressurized fluid delivery systems 

that could be used in this aspect of .the_ present invention. 

Referring now to FIGURE 2, illustrated is an alternative 

embodiment of the continuous slurry delivery system of FIGURE 

1. In this embodiment, the continuous slurry delivery system 

20 200 may comprise a pre-mixing chamber 211 and a pre­

dispensing chamber 212. Slurry mixing from the individual 

components 12la-121h occurs in the pre-mixing chamber 211. 

The slurry 160 is then delivered to the pre-dispensing 

chamber 212, whence the slurry 160 is dispensed onto the 

25 polishing platen/pad 170. In this embodiment, a chemical 

parameter sensor system 230 and a physical parameter sensing 

system 290a, 290b may be coupled to both the pre-mixing 

chamber 211, as in 290b, and the pre-dispensing chamber 212, 

as in 290a. Of course, portions of the sensing systems 230, 

30 290a, 290b may be distributed as desired for optimum 

performance. The advantages of locating particu~ar sensors 

on either the pre-mixing chamber 211 or the pre-dispensing 

chamber 212 is readily understood by one who is skilled in 
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the art and does not effect the scope of the prese~t 

invention. 

Referring now to FIGURE 3, illustrated is an elevational 
view of the continuous slurry delivery system of FIGURE 1 in 

5 use with a semiconductor polishing apparatus. A 
semiconductor wafer 310 has been installed in a polishing 
head 320 of a polishing apparatus 380. The semiconductor 
wafer 310 may be at any stage of manufacture requiring 
planarization, e.g., substrate, metal layer, microcircuit 

10 formed, dielectric layer, etc. The chemical parameter 
sensing system 130 continually monitors chemical parameters 
prescribed, and necessary adjustments to the rate of 
dispensing of slurry components 121a-121h are made by the 
control system 140 to maintain the actual chemical parameters 

15 within very close tolerance of the desired parameters. 
Likewise, the physical parameter sensor system 190 senses the 
actual value of prescribed physical parameters and 
adjustments are made by the control system 140 as described 
above. The semiconductor wafer 310 is polished in a 

20 conventional manner well known to one who is skilled in the 
art. Significantly, only minimal quantities of the slurry 
160, on the order of 2 liters, are ever mixed at any one 
time. ·Thus, mixing slurry 160 far in excess of the current 
need is avoided, as well as waste and potential pollution. 

25 Disposal of unneeded slurry 160 is minimized and costs are 
significantly reduced. Changing from substrate, to metal, to 
dielectric planarization processes is accomplished rapidly 
and at minimal cost. 

Although the present invention has been described in 
30 detail, those skilled in the art should understand that they 

can make various changes, substitutions and alterations 
herein without departing from the spirit and scope of the 
invention in its broadest form. 
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Claims: 

1. For use with a polishing apparatus employing a 
slurry, a continuous slurry delivery system, comprising: 

a mixing cnamber; 

slurry component tanks, each of said slurry component 
tanks containing a different slurry component and in fluid 
connection with said mixing chamber to deliver a required 
rate of said different slurry component to said mixiny 
chamber; 

a chemical parameter sen_sor system coupled to said 
mixing chamber and configured to sense a chemical property of 
said slurry; and 

a control system coupled to said chemical parameter 
sensor system and said mixing chamber, said control system 

15 configured to introduce at least one of said slurry 
components at a given rate. 

20 

25 

2. The continuous slurry delivery system as recited in 
.. 

Claim 1 wherein said chemical property is an ion 
concentration or conductivity. 

3 . The continuous slurry delivery system as recited in 
Claim 2 wherein said ion concentration is selected from the 
group consisting of: 

hydronium ion concentration, 

hydroxyl ion concentration, 

metal ion concentration, and 

non-metal ion concentration. 

. ' 111\lll \l\lll 11111 Ulll \I '"' * C L M S * 
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4. The contin~ous slurry delivery system as recited.in 

Claim 1 wherein said different slurry components are selected 

from the group consisting of: 

an oxidant, 

a surfactant, 

an abrasive, 

a buffer, 

a corrosion inhibitor, 

an acid, 

a base, .and 

water. 

5. The continuous slurry delivery system as recited in 

Claim 1 wherein said mixing chamber is a pre-mixing chamber 

and said continuous slurry delivery system further comprises 

15 a pre-dispensing chamber in fluid connection with said pre­

mixing chamber, said pre-mixing chamber having a volume 

substantially less than a volume of said slurry delivery 

system-. 

6. The continuous slurry delivery system as recited in 

20 Claim 5 wherein said chemical parameter sensor system is 

coupled to said pre-mixing chamber or said pre-dispensing 

chamber. 

7. The continuous slurry delivery system as recited in 

Claim 1 further comprising a physical parameter sensor system 

25 coupled to said control system and said mixing chamber, said 

physical parameter sensor system configured to sense a 

physical property of said slurry, and said control system is 

I Jllllll IJllll lllll 1111111 Jiii 
* C L M S * 
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. 
configured to adjust a physical parameter of said slurry. 

8. The continuous slurry delivery system as recited in 

Claim 7 wherein said physical property is selected from the 

group consisting of: 

pressure, 

temperature, 

humidity, 

density, 

viscosity, 

zeta potential, and 

light transmittance. 

9. The continuous slurry delivery system as recited in 

Claim 1 wherein said mixing chamber further comprises an 

agitator for mixing said slurry. 

10. The continuous slurry delivery system as recited in 

Claim 1 wherein each of said slurry component tanks further 

compri~e a meter device configured to meter a measured rate 

of said different slurry component into said mixing chamber. 

11. The continuous slurry delivery system as recited 

20 in Claim 1 further comprising a pressurized delivery system 

in fluid connection with said slurry delivery system and 

configured to deliver a pressurized fluid through a nozzle 

onto a polishing pad. 

12. A method of forming a continuous slurry for a 

25 semiconductor polishing system, comprising: 

dispensing a slurry component at a required rate into a 

111111111111111111111111111111 · 
* C L M S * 
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mixing chamber from ~t least one of slurry component tanks in 

fluid connection with said mixing chamber, each of said 

slurry component tanks containing a different slurry 

component; 

sensing a chemical parameter of said slurry with a 

chemical parameter sensor system coupled to said mixing 

chamber; and 

dispensing at least one of another of said slurry 

components into said mixing chamber at a given rate by way of 

IO a control system coupled to said chemical parameter sensor 

system. 

15 

20 

25 

13. The method as recited in Claim 12 wherein sensing 

a chemical p~rameter includes sensing an ion concentration or 

conductivity in said slurry. 

14. The method as recited in Claim 11 wherein sensing 

an ion concentration includes sensing an ion concentration 

selected from the group consisting of: 

. hydronium ion concentration, 

hydroxyl ion concentration, 

metal ion concentration, and 

non-metal ion concentration. 

15. The method as recited in Claim 12 wherein 

dispensing includes dispensing different slurry components 

selected from the group consisting of: 

an oxidant, 

a surfactant, 

' 111111\ \1\11\ lllll ""' \l 111\ * C L M S * 
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an abrasive, 

a buffer, 

a corrosion inhibitor, 

an acid, 

5 a base, and 

water. 

16. The method as recited in Claim 12 wherein injecting 

a slurry component into a mixing chamber includes injecting 

a slurry into a pre-mixing chamber and then into a pre-

10 dispensing chamber, said pre-mixing chamber having a volume 

substantially less than a volume of said slurry delivery 

system. 

17. The method as recited in Claim 16 wherein sensing 

a chemical parameter includes sensing a chemical parameter of 

15 a slurry within said pre-mixing chamber or said pre­

dispensing chamber. 

18; The method as recited in Claim 12 further 

comprising sensing a physical parameter of said slurry with 

a physical parameter sensor system coupled to said mixing 

20 chamber. 

25 

19. The method as recited in Claim 18 wherein sensing 

a physical parameter includes sensing a physical property 

selected from the group consisting of: 

pressure, 

temperature, 

· .. 111111~ 1111~ lllJI 11,n 1111 humidity, 

-
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density, 

viscosity, 

zeta potential, and 

light transmittance. 

20. The method as recited in Claim 12 further 

comprising mixing said slurry in said mixing chamber with an 

agitator. 

21. The method as recited in Claim 12 wherein 

dispensing includes metering a measured rate of said 

10 different slurry component with a meter. 

22. The method as recited in Claim 12 further 

comprising ejecting a pres'surized fluid onto a polishing 

pad with a pressurized fluid dispensed from a pressurized 

delivery system in fluid connection with a slurry delivery 

15 system and configured to deliver a pressurized fluid 

through a nozzle onto a polishing pad. 

23. A method of fabricating a semiconductor wafer, 

comprising: 

forming a material layer on a semiconductor substrate; 

20 retaining said semiconductor substrate in a polishing 

head of a polishing apparatus; 

delivering a continuous slurry to a platen of said 

polishing apparatus by: 

dispensing a slurry component at a required rate 

25 into a mixing chamber from at least one of slurry component 

tanks in fluid connection with said mixing chaµtber, each of 

said slurry component tanks containing a different slurry 

: 11111111111111 111111111111 1111 · 
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component; 

sensing a chemical parameter of said slurry with a 

chemical parameter sensor system coupled to said mixing 

chamber; and 

dispensing at least one of another of said slurry 

components into said mixing chamber.at a given rate by way of 

a control system coupled to said chemical parameter sensor 

system; and 

polishing said material layer against said polishing 

IO platen. 

24. The method as recited in Claim 23 wherein polishing 

includes polishing a substrate, a dielectric layer or a metal 

layer. 

25. The method as recited in ·Claim 23 further 

15 comprising forming interconnected integrated circuits on said 

semiconductor wafer. 

· TilisBheet u 
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