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(57) ABSTRACT 

A system for conditioning rotatable polishing pads used to 
planariZe and polish surfaces of thin ?lm integrated circuits 
deposited on semiconductor Wafer substrates, microelec 
tronic, and optical system. The system has a pad condition 
ing apparatus, process ?uids, a vacuum capability to pull 
Waste material out of the conditioning pad, self-contained 
?ushing means, and a pieZo-electric device for vibrating the 
pad conditioning apparatus. 
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POLISHING PAD CONDITIONING SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to the ?eld of semi 
conductor fabrication, microelectromechanical systems 
(MEMS) fabrication or precision polishing; more speci? 
cally to apparatuses and methods for Chemical Mechanical 
Polishing (CMP) and planariZation. 
[0003] 2. Description of Related Art W/R to Semiconduc 
tor Fabrication 

[0004] An integrated circuit generally consists of a silicon 
Wafer substrate typically produced on fabricated as a disc 
With a diameter of 100 to 300 millimeters and a thickness of 
16 to 40 mils. Metallic dielectric and insulator depositions 
forming interconnected circuits are created on a Wafer by a 
series of processes (lithography, vapor deposition, oXyda 
tion) producing the desired electrical circuitry. An electrical 
insulating layer, up to one-micron in thickness, is then 
deposited over the electrical circuit layer. With each layer, a 
multiplicity of undesired irregularities occur on the surface. 
These irregularities are on the order of 0.1 to 0.5 microns but 
it is critically important that they be removed so that 
processing can continue to develop neW layers of circuitry 
Without loss of focus in lithography and Whereby accurate 
interconnections can be formed betWeen layers. 

[0005] Various techniques have been developed and used 
to effect the removal of these irregularities. Chemical 
Mechanical Polishing (CMP) (planarity) process has 
become a key technology to remove irregularities and 
achieve required planarity and layer geometries of micro 
electronic devices. A CMP system generally consists of the 
folloWing components: 

[0006] 1) a polishing pad mounted on a rotating platen 
or belt; 

[0007] 2) a stream of polishing slurry (oXidiZer and 
abrasive) Whose chemistry is important to polishing 
performance; 

[0008] 3) large amounts of ultra pure Water (UPW) used 
as a lubricant or ?ushing medium/agent; 

[0009] 4) slurry components and ?ushing agent. To 
adjust chemistry or ?uid properties during processing; 

[0010] 5) an end effector arm With a diamond impreg 
nated head at the free end that controls the asperity 
surface of the polishing pad, and; 

[0011] 6) a rotating carrier head that contains the Wafer 
and eXerts a force on the Wafer against the polishing 
pad. 

[0012] Irregularities on the Wafer are removed With the 
polishing pad that has slurry of oXydating chemicals and 
very ?ne abrasive particles continually poured on its surface. 
Polishing or planarity is generally accomplished With the 
silicon Wafer placed face doWn on the polishing pad that is 
rotating beneath the Wafer that is itself rotating around a 
central ads. 

[0013] Polishing pads are generally made of a plastic 
(urethane) material and the removal rate of Wafer irregulari 
ties is affected by the pressure applied to the Wafer against 
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the polishing pad, the relative speed of the slurry on the 
Wafer, the amount of fresh slurry presented to the surface of 
the polishing pad, and the circuit pattern of the Wafer. The 
introduction of slurry under the Wafer, and the removal of 
Waste products from the polishing process are dependent on 
centrifugal force of the rotating pad, the action of the end 
effector, and the How of slurry and components and ultra 
pure Water. This type of ?ushing does not alWays remove the 
Waste. Large settled abrasive particles from the slurry, and 
agglomerated slurry and Wastes form in the pores and 
grooves of the pad and betWeen diamond particles on the 
conditioners. Commercial applications have large volumes 
of UPW used in production and signi?cant amounts of 
WasteWater that must be treated. 

[0014] The rate of Wafer polishing depends upon the slurry 
and diamond head on the end effector arm to roughen or 
condition the polishing pad, providing a consistent asperity 
pro?le. In cross-section, the pad has regions of peaks and 
valleys Which both carry slurry and provide pressure to the 
abrasive particles therein). The pad generally consists of a 
hard or soft urethane material With pores and/or ?bers 
dispersed throughout the active layer. The ?bers and/or 
urethane give the pad rigidity, provides pressure to the 
abrasive/Wafer interface, and aids in the removal of material 
from the surface of the Wafer. The pores act as a reservoir for 
the slurry facilitating the chemical contact and interaction 
With the Wafer surface. The chemical interaction is an 
important ‘accelerator’ over an abrasive only polishing 
situation and therefore is critical to overall process perfor 
mance and control. 

[0015] The diamond end effector generally consists of 
diamond particles embedded in a metal matriX in the form of 
a rotating disk. The disk is principally used to teXture the 
polishing pad so that a sustainable rate of planariZation can 
occur on the Wafer and Wafer to Wafer. It is also used to 
remove used slurry and debris from the pad. The used slurry 
and debris often occurs as large hard agglomerations Which 
consists of silicon dioxide (SiOZ), dielectric and metals that 
become embedded in the polishing pad. These materials 
reduce removal or polishing rates and repeatability and can 
produce defects in the form of scratches that damage the 
Wafer surface and device performance (opens, shorts). Data 
from the semiconductor industry reveal that 60% of chip 
loss is due to contamination. The CMP process has been 
reported to be a major source of this contamination. 

[0016] The uncontrolled delivery and removal (?ushing) 
of process ?uids can also cause polishing Waste to build-up 
on many surfaces Within the tooling. When dislodged, these 
dried/agglomerated compounds can lead to additional 
defects. Slurry has proven to be “unstable” prone to agglom 
eration due to shear forces in delivery systems, heat, and age 
effects. There is also potential for diamond particles to 
fracture or be torn from the metal matriX of the end effector 
disk and scratch the Wafer surface. Within typical polishing 
times, from 60-600 seconds, there is signi?cant causal 
mechanisms for scratching and more control of the process 
is required. 

[0017] Presently this debris is removed from the pad With 
copious ?ushing of the pad With ultra-pure Water and/or 
slurry. This method relies on centrifugal force of the liquid 
to carry off the Waste and agglomerates. This is a very 
uncontrolled method of removal because the ?ushing cannot 
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breakup the static layer of slurry on the pad surface nor is it 
able to dislodge the slurry in the holes of the pad. This could 
lead to additional agglomerates of slurry becoming depos 
ited in holes and recesses of the pad. This slurry can be 
dislodged, at a later time, and damage subsequent Wafers. 
The reliance of centrifugal force to present neW slurry to the 
Wafer/pad interface is also less controlled or repeatable than 
required causing variation in removal rates and uniformity. 

[0018] Polishing pad surfaces, Which typically contain 
pores, holes or grooves for channeling the slurry betWeen the 
Wafer and the pad require conditioning to create a consistent 
polishing interface. Slurry and debris from the Wafer must be 
removed by continually “abrading” or “conditioning” the 
pad surface. Additionally, oxidiZing slurries sometimes used 
in this process contribute to the contamination of the pad by 
interacting With metals that come in close proximity to the 
pad causing potential contamination of the Wafer. A variety 
of apparatuses and methods are presently in use to condition 
polishing pads. Diamond in one form or another is most 
often used as the conditioning apparatus because of its Wear 
resistance, chemical inertness and reduced propensity to 
contaminate the pad/Wafer. 

[0019] One such apparatus is described in Breivogel et al 
US. Pat. No. 5,216,843 in Which the pad conditioning 
apparatus comprises a diamond block holder having a plu 
rality of conical ground diamond tipped, stainless steel, 
threaded rods embedded into a substantially planar surface 
of the block. The diamond points are manually adjusted With 
the threaded rods to position them to the desired depth as 
shoWn in FIG. 1. The holder containing the diamond points 
is pressed into the pad until the holder contacts the pad. A 
conditioner arm is coupled at one end to the diamond block 
holder and at the other end to a variable speed oscillating 
motor. The motor pivots the arm about a ?xed point, Which 
sWeeps the holder block in a radial direction across a 
predetermined portion of the polishing pad. The embedded 
diamond tipped rods generate the micro channel grooves as 
the end effector arm With the diamond holder conditioner is 
sWept across the pad surface. This alloWs for an even 
distribution of slurry but the limited number of points 
requires a large number of passes in order to fully texture the 
polishing pad. Because the diamond points are ground to a 
conical point they Will locally compress the pad as they pass 
over it as illustrated in FIG. 1. Depending upon the pad 
elasticity, the groove depth could be much less than the 
desired depth established during the initial setup. Very often 
this compression Will change the properties of the pad. Also, 
as the diamond points are Worn, they must be adjusted 
manually to the original depth. In addition, the limited 
number of points limits the area of pad that has the desired 
grooves. This process does nothing to control delivery or 
removal of process ?uid streams, nor active cleaning of the 
pad. 

[0020] Another method for conditioning polishing pads, 
shoWn in FIG. 2, uses a large diameter ?at disk With 
multiple—diamonds particles exposed. They generally con 
tain tens of thousands of diamond particles per square inch 
that are encapsulated in a matrix With a portion of the 
diamond particle exposed to condition the pad. Most often 
the matrix is metal. The pressure applied to the diamond disk 
controls the depth of the grooves in the pad. This overcomes 
the problem of a limited number of particles to condition the 
pad and the total pad surface can be grooved quickly. Pad 
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conditioning by this method is accomplished by pressing the 
diamond disk against the pad radially oscillating and rotat 
ing it around its center. In both cases the pad is rotated 
beneath the conditioning disk. This Will quickly texture the 
total pad. 

[0021] The diamonds used in this type of conditioning 
apparatus are generally rounded in overall shape With sharp 
angular points spread over the surface as illustrated in FIGS. 
3A & B. This gives a condition similar to the conical shape 
diamonds and tends to compress the surface of the pad as 
they pass over it. 

[0022] In a more recent development, diamond particles 
have been encapsulated in a chemical vapor deposited 
(CVD) diamond. This provides a Wear resistant but makes 
the diamond particles more spherical in shape. This shape 
Will compress the pad even more than the conical shape 
diamonds changing pad properties. 

[0023] Considering the above limitations and problems 
associated With prior art conditioning apparatuses it is an 
objective of the present invention to develop a system for 
achieving a consistently textured surface and removing the 
debris and loose slurry as it is dislodged during the condi 
tioning process; 

[0024] It is a further objective to reduce the amount of 
ultra-pure Water in the pad cleansing operation. 

[0025] A still further objective is to de-stabiliZe the static 
layer of slurry Wastes and UPW on the pad surface. 

[0026] It is yet another objective to clean the pores and 
grooves in the pad of slurry and Wastes; 

[0027] Another objective is to assist the ?bers or asperities 
of the pad to stand upright to the pad to help the polishing 
operation. 

[0028] Another objective is to remove trapped or satura 
tions of Water, slurry and Wastes from the pad so fresh slurry 
can get into the neWly exposed pores. 

[0029] Yet another objective is to improve the distribution 
of slurry and UPW on the pad. 

[0030] Still a further objective is to alloW separation of 
Waste streams (high concentrated solids vs. recoverable 

Water). 
[0031] Yet a further objective is to alloW Wafers to be 
“pre-cleaned” at end of polish by having the cleaned con 
ditioned pad used to buff aWay residues on the Wafer. 

BRIEF SUMMARY OF THE INVENTION 

[0032] The pad conditioning system of the present inven 
tion is comprised of a pad conditioning apparatus, process 
?uids, and a vacuum capability to pull Waste material out of 
the conditioning pad, self-contained ?ushing means, and a 
pieZo-electric device for vibrating the pad conditioning 
abrasive. All of these elements combine in operation to 
provide a unique and effective system for conditioning 
polishing pads. The pad conditioning apparatus is comprised 
of an outer chamber in a generally circular con?guration 
With an inlet port for introducing process ?uids and/or 
ultra-pure Water and an outlet port for attaching negative 
pressure. The outer chamber houses a rotating impeller 
assembly With impeller blades radiating outWard from the 
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impeller shaft. The shaft of the impeller assembly protrudes 
through an opening in the top surface of the outer chamber 
and is attached to the equipment’s end effector assembly. A 
support disk, a magnetic disk or mechanical fastening means 
and an abrasive conditioning disk are attached to the impel 
ler in a stacked con?guration. As described in US. Pat. No. 
4,222,204, the abrasive disk is held in place magnetically or 
mechanically offering full support of the disk because it 
pulls the disk ?at to the support disk. The assembly is 
constructed With aligned holes that alloW debris on the 
polishing pad to be vacuumed up through these holes. In 
operation, the outside chamber is held stationary With an 
attached hose connected to a vacuum facility. The Water or 
slurry is introduced either from an inlet port on the outer 
chamber or from the center of the impeller through a Water 
collar. A series of Water holes radiating out from the center 
of the impeller disk alloWs full coverage of the abrasive disk 
and aids in the break up of the static layers in the pores of 
the polishing pad. The vacuum action pulls the Water and 
debris immediately up through the aligned holes in the 
support, magnetic, and abrasive disks and the rotating impel 
ler blades sWeep the Water and debris to the vacuum pickup 
outlet and into the disposal system. The aligned holes or 
“open structure” in the stacked disks alloWs collection of 
debris or sWarf, as it is being dislodged from the surface of 
the pad alloWing continuous conditioning Without interfer 
ence of the debris betWeen the abrasive disk and the surface 
of the Wafer. The magnetic fastening structure adds driving 
force to the abrasive by gripping the edge of the holes. It also 
tends to cushion the abrasive process. Amechanical method 
can also be used Which Would be gimbaled for alignment and 
cushioning. Vacuum pulls the Wastes from the process, lifts 
the polishing pad asperities into an uncompressed position. 
Select holes also introduce process ?uids (slurry/UPW) or 
cleaning gasses to the pad in a much more controlled 
(pressure, location, sequence, pad/Wafer surface conditions, 
etc.) fashion. 

[0033] A self-contained ?ushing system provides Water to 
loosen and ?ush the debris up the disks holes into the 
impeller chamber and on through to the disposal system. A 
Water inlet port on the periphery of the outer chamber 
projects a stream of Water around the impeller assembly. A 
sealed bearing at the top of the outer chamber prevents Water 
or process ?uids from escaping. This ?ushing method also 
reduces the amount of UPW that is presently needed to ?ush 
the polishing pad. This saves on costly slurry, the volume of 
UPW and the expensive Waste disposal. 

[0034] The support disk is secured in place With screWs to 
the impeller and provides ?rm backing for the magnetic disk 
or mechanical fastening and abrasive disk. The magnet is 
secured to the support disk by an adhesive. The abrasive disk 
is either magnetically or mechanically secured to the support 
disk. This system alloWs for periodic cleaning of the pad 
conditioning apparatus as Well as periodic replacement of 
the magnet and abrasive disks Without the need to disas 
semble the entire outer chamber and inner impeller assembly 
incurring extensive doWn time. 

[0035] ApieZoelectric transducer is provided near the free 
end of the end effector arm and When excited With a high 
frequency voltage, imparts a loW amplitude vibration to the 
pad conditioning apparatus further enhancing the breakup 
and removal of the static layer of slurry on the polishing pad 
surface. A small vertical force imparted by the end effector 
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arm on the polishing pad also aids in breaking up glaZing of 
the slurry and aids in dislodging particles Wedged in the 
polishing pad surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] FIG. 1 illustrates a prior art, diamond tipped, 
manually adjustable threaded rods in a block holder. 

[0037] FIG. 2 is a sketch shoWing a prior art conditioning 
disk or matrix With encapsulated diamond particles exposed. 

[0038] FIG. 3 is a detailed vieW of encapsulated diamond 
particles of FIG. 2 With variable diamond spacing for 
conditioning grooves spacing. 

[0039] FIG. 4 is a perspective vieW of the major elements 
of a Chemical Mechanical Polishing (CMP) system With the 
Wafer holder removed. 

[0040] FIG. 5 is a top schematic vieW of the constituent 
components of the present invention. 

[0041] FIG. 6 is a vieW of the outer chamber taken along 
line 6-6 of FIG. 5. 

[0042] FIG. 7 is a section vieW of the conditioning appa 
ratus of the present invention taken along line 7-7 of FIG. 
5. 

[0043] FIG. 8 is an exploded vieW of the constituent 
components of the conditioning apparatus of the present 
invention shoWing the outer chamber and impeller assembly. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

[0044] The present invention is an improved apparatus and 
method for conditioning polishing pads such as those used 
in Chemical Mechanical Polishing or PlanariZing (CMP) 
Systems for removing irregularities on semiconductor Wafer 
substrates. The speci?c details of the preferred embodiment 
provide a thorough understanding of the invention, hoWever, 
some CMP system elements Which operate in conjunction 
With the present invention have not been elaborated on 
because they are Well knoWn and may tend to obscure other 
aspects that are unique to this invention. It Will be obvious 
to one skilled in the art that the present invention may be 
practiced Without these other system elements. 

[0045] Referring to FIG. 4, a perspective vieW of a typical 
CMP system 10 is illustrated generally comprising a pol 
ishing head (not shoWn) that applies pressure to Wafer 11 
against a polishing pad 12 through a Wafer carrier and 
support arm (not shoWn), and a polishing pad conditioning 
apparatus 15. Wafer 11 is rotated on polishing pad 12 that is 
secured to rotating, orbital or linear platen 13. (The Wafer 
carrier, support arm and motor are not shoWn). A stream of 
polishing slurry 14 generally containing an oxidiZer, abra 
sive and/or ultra-pure Water is poured on polishing pad 
surface 12a and in cooperation With the rotating motion of 
Wafer 11 acts to remove a feW tenths of microns of surface 
unevenness on the Wafer 11 after each layer of integrated 
circuitry. Pad conditioning apparatus 15 operates to restore 
and maintain polishing pad surface 12a as it is Worn doWn 
by the polishing action. Motor 17, FIG. 5, pivots end 
effector arm 16 in an arc about ?xed shaft 18 While simul 
taneously providing rotational motion and a doWnWard force 
40 to pad conditioning apparatus 15. Debris from the pol 
ishing operation is removed through outlet 41. 
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[0046] An improved pad conditioning apparatus 15 of the 
present invention is shoWn in the top vieW of FIG. 5 and is 
con?gured to mechanically and electrically interface With 
end effector arm 16. Pad conditioning apparatus 15 is 
designed to automatically dispense slurry and/or ultra-pure 
Water, condition polishing pad surface 12a, and vacuum out 
debris formed by the polishing process Without interfering 
With the polishing process or incurring excessive doWn time. 
Hose 21 attached to vacuum outlet port 22 on the periphery 
of conditioning holder 20 pulls debris into a vacuum facility 
(not shoWn). Hose 23 attached to inlet port 19 projecting 
through the top center of conditioning holder 20 provides a 
stream of abrasive slurry for consistent coverage of the pad 
surface 12a and/or ultra-pure Water or process gasses for 
?ushing and lubrication. To enhance debris removal, pieZo 
electric device 24 When excited With a high frequency 
voltage through electrical connection 25 imparts a loW 
amplitude vibratory impulse to conditioning apparatus 15 
thereby agitating debris particles on conditioning pad sur 
face 12a causing them to become dislodged for easier 
removal. 

[0047] Outer chamber 30 of conditioning holder 20 shoWn 
in FIG. 6 is a vieW taken along line 6-6 of FIG. 5. Outer 
chamber 30 of the current embodiment is approximately 
four inches in diameter and three inches high. It Will be 
obvious to one skilled in the art that the present invention 
may be practiced With dimensional characteristics other than 
those described. FIG. 7 is a sectional vieW taken along line 
7-7 of FIG. 5 and shoWs the impeller assembly 32 With 
support disk 34, magnetic disk 35 and abrasive disk 36 
attached to impeller blades 33. Holes 37 in each of the disks 
are aligned such that debris is pulled from polishing disk 12 
to vacuum outlet 22. Process ?uid is taken in through hose 
23 and evenly distributed through outlets 38 in impeller disk 
39 to polishing pad 12 through holes 37. Seal 31 betWeen 
outer chamber 30 and impeller shaft 19 prevents process 
?uid from escaping. An annular channel 40 in outer chamber 
30 provides a secondary means of introducing process and 
?ushing ?uids to polishing pad 12. 
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[0048] FIG. 8 is an exploded vieW that more clearly shoWs 
the constituent parts of conditioning apparatus 15 With screW 
attachment holes 41 securing support disk 34 to impeller 
blades 33. Although only four impeller blades 33 are shoWn 
in this vieW, other impeller blade con?gurations Will provide 
the same function as that described in this embodiment. 

1. Asystem for conditioning rotatable polishing pads used 
to planariZe and polish surfaces of thin ?lm integrated 
circuits deposited on semiconductor Wafer substrates, 
MEMS and/or optics, said system operably attached to an 
arm means capable of imparting rotational motion While 
simultaneously moving through an arc over said polishing 
pad; comprising: 

a polishing pad conditioning apparatus attached to a 
vacuum facility and means for introducing processing 
?uids or gasses and/or ultra-pure Water to the polishing 
pad and imparting a loW amplitude vibratory impulse to 
said conditioning apparatus for the purpose of dislodg 
ing and removing debris on said polishing pad; 

said conditioning apparatus comprising an outer chamber 
housing an inner impeller assembly; 

said outer chamber provided With a outlet port for attach 
ing a vacuum capability; 

said impeller assembly With means for attaching a support 
disk, a magnetic disk or mechanical holder and an 
abrasive disk to the impeller blades; 

said support disk, magnetic disk or mechanical holder and 
abrasive disk constructed With through holes; 

said holes in support disk, magnetic disk and abrasive disk 
aligned one to the other to alloW passage of process 
?uids/gasses into and/or debris from the polishing 
process. 


