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(57) ABSTRACT 

A method of using a ?nishing element and using organic 
lubricating ?lms for ?nishing semiconductor Wafers is 
described. The lubricants in the ?nishing element can be 
transferred to operative ?nishing interface forming lubricat 
ing ?lm. The organic lubricating ?lm thickness can be 
controlled to improve ?nishing and reduce unWanted surface 
defects. Differential organic lubricating ?lm methods are 
described to differentially ?nish semiconductor Wafers. Pla 
nariZation and localized ?nishing can be improved using 
differential lubricating boundary layer and organic lubricat 
ing ?lm methods of ?nishing. 
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FINISHING ELEMENT WITH FINISHING AIDS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims bene?t of Provisional 
Application Ser. No. 60/107,301 ?led on Nov. 6, 1998 
entitled “Method of ?nishing With a ?xed abrasive ?nishing 
element having ?nishing aids”; Provisional Application Ser. 
No. 60/111,969 ?led on Feb. 6, 1999 entitled “Finishing 
semiconductor Wafers With a multilayer ?xed abrasive ?n 
ishing element having ?nishing aids”, No. 60/275,897 ?led 
on Mar. 15, 2001 entitled “Finishing semiconductors With a 
lubricating layer” and No. 60/293,263 ?led on May 24, 2001 
entitled “Finishing element having ?nishing aids ?nishing 
method”. This application claims bene?t of Regular appli 
cation Ser. No. 09/434723 ?led on Jan. 5, 1999 entitled 
“Fixed abrasive ?nishing element having ?nishing aids 
method” and Regular application Ser. No. 09/498,265 ?led 
on Feb. 3, 2000 entitled “Finishing semiconductor Wafers 
With a ?xed abrasive ?nishing element”. 

[0002] Provisional Applications and Regular Applications 
above are included herein by reference in their entirety. 

BACKGROUND OF INVENTION 

[0003] Chemical mechanical polishing (CMP) is generally 
knoWn in the art. For example US. Pat. No. 5,177,908 to 
Tuttle issued in 1993 describes a ?nishing element for 
semiconductor Wafers, having a face shaped to provide a 
constant, or nearly constant, surface contact rate to a Work 
piece such as a semiconductor Wafer in order to effect 
improved planarity of the Workpiece. US. Pat. No. 5,234, 
867 to SchultZ et. al. issued in 1993 describes an apparatus 
for planariZing semiconductor Wafers Which in a preferred 
form includes a rotatable platen for polishing a surface of the 
semiconductor Wafer and a motor for rotating the platen and 
a non-circular pad is mounted atop the platen to engage and 
polish the surface of the semiconductor Wafer. Fixed abra 
sive ?nishing elements are knoWn for polishing semicon 
ductor layers. An example is W0 98/ 18159 PCT application 
by Minnesota Mining and Manufacturing. 

BRIEF SUMMARY OF INVENTION 

[0004] An objective of polishing of semiconductor layers 
is to make the semiconductor layers as nearly perfect as 
possible. Fixed abrasive ?nishing pad ?nishing surfaces can 
suffer from being overly harsh on a Workpiece causing 
unWanted scratching or other unWanted surface damage thus 
reducing the perfection of the surface. Further, a ?xed 
abrasive ?nishing pad ?nishing surface can suffer from 
having a higher than necessary friction When ?nishing a 
Workpiece. This higher than necessary friction can lead to 
other unWanted surface damage. Further, ?xed abrasive 
?nishing pads can have abrasive particles unexpectedly 
break aWay from their surface during ?nishing and these 
broken aWay abrasive particles can scratch or damage the 
Workpiece surface. Still further, during ?nishing a particle 
can break aWay from the Workpiece surface forming a 
Workpiece abrasive particle Which can scratch or damage the 
Workpiece surface. These unWanted effects are particularly 
important and deleterious to yield When manufacturing 
electronic Wafers Which require extremely close tolerances 
in required planarity and feature siZes. 
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[0005] It is an advantage of this invention to reduce the 
harshness of ?xed abrasive ?nishing pads on the Workpiece 
surface being ?nished. It is an advantage of this invention to 
reduce unWanted scratching or other unWanted surface dam 
age on the Workpiece surface during ?nishing. It is further 
an advantage of this invention to reduce the friction during 
?nishing to help reduce unWanted surface damage. It is an 
advantage of this invention to reduce unWanted damage to 
the Workpiece surface When during ?nishing With a ?xed 
abrasive ?nishing element an abrasive particle unexpectedly 
breaks aWay from their surface. It is an advantage of the 
invention to reduce unWanted damage to the Workpiece 
surface When an abrasive Workpiece particle breaks aWay 
Workpiece surface during ?nishing. It is further an advantage 
of this invention to help improve yield for Workpieces 
having extremely close tolerances such as semiconductor 
Wafers. 

[0006] These and other advantages of the invention Will 
become readily apparent to those of ordinary skill in the art 
after reading the folloWing disclosure of the invention. 

[0007] A preferred embodiment of this invention is 
directed to a method of ?nishing of a semiconductor Wafer 
surface being ?nished comprising the step a) of providing a 
?nishing element ?nishing surface having an organic lubri 
cant; the step b) of positioning the semiconductor Wafer 
surface being ?nished proximate to the ?nishing surface; the 
step c) of applying an operative ?nishing motion in the 
interface betWeen the semiconductor Wafer surface being 
?nished and ?nishing element ?nishing surface; and Wherein 
applying the operative ?nishing motion transfers the organic 
lubricant from the ?nishing surface to the operative ?nishing 
interface in a manner that forms a organic lubricating ?lm of 
from 1 to 6 molecules thick Which adheres to the semicon 
ductor Wafer surface being ?nished. 

[0008] A preferred embodiment of this invention is 
directed to a method of ?nishing of a semiconductor Wafer 
surface being ?nished comprising the step a) of providing a 
?nishing element ?nishing surface capable of abrading the 
semiconductor Wafer surface during ?nishing; the step b) of 
positioning the semiconductor Wafer surface being ?nished 
proximate to the ?nishing surface; the step c) of providing 
an organic lubricant proximate to the surface of the semi 
conductor Wafer surface being ?nished; the step d) of 
applying an operative ?nishing motion in the operative 
?nishing interface comprising the interface betWeen the 
semiconductor Wafer surface being ?nished and the ?nishing 
element ?nishing surface; and Wherein applying the opera 
tive ?nishing motion forms an organic lubricating ?lm layer 
of at most 10 molecules thick Which interacts With and 
adheres to the semiconductor Wafer surface being ?nished. 

[0009] A preferred embodiment of this invention is 
directed to a method of ?nishing of a semiconductor Wafer 
surface having unWanted raised regions being ?nished com 
prising the step a) of providing an abrasive ?nishing surface; 
the step b) of positioning the semiconductor Wafer surface 
being ?nished proximate to the ?nishing surface; the step c) 
of providing an organic lubricant betWeen the abrasive 
?nishing element ?nishing surface and the conductive 
region of the semiconductor Wafer surface being ?nished; 
the step d) of applying the operative ?nishing motion that 
transfers the organic boundary lubricant from the ?nishing 
surface to an operative ?nishing interface comprising the 
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interface between the abrasive ?nishing surface and the 
semiconductor Wafer surface being ?nished forming an 
organic lubricating ?lm in the operative ?nishing interface; 
and the step e) of controlling the thickness of the organic 
lubricating ?lm by changing at least one control parameter 
in a manner that changes the tangential force of friction in 
at least tWo different regions of the operative ?nishing 
interface in response to an in situ control signal. 

[0010] Other preferred embodiments of my invention are 
described herein. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF 
THE DRAWINGS 

[0011] FIG. 1 is an artist’s draWing of the interrelation 
ships of the different materials When ?nishing according to 
this invention. 

[0012] FIG. 2 is an artist’s draWing of a particularly 
preferred embodiment of this invention including the inter 
relationships of the different objects When ?nishing accord 
ing to this invention. 

[0013] FIG. 3 is an closeup draWing of a preferred 
embodiment of this invention 

[0014] FIG. 4 is cross-sectional vieW of a ?xed abrasive 
?nishing element 

[0015] FIG. 5 is an artist’s representation of ?nishing 
some unWanted raised regions and some regions beloW the 
unWanted raised regions With differential boundary lubrica 
tion. 

[0016] FIG. 6 is an artist’s representation of an example 
of the effects on the boundary layer lubrication. 

REFERENCE NUMERALS IN THE DRAWINGS 

[0017] Reference Numeral 4 direction of rotation of the 
?nishing element ?nishing surface 

[0018] Reference Numeral 6 direction of rotation of the 
Workpiece being ?nished 

[0019] Reference Numeral 8 center of the rotation of the 
Workpiece 

[0020] Reference Numeral 10 ?nishing composition 
feed line for adding ?nishing chemicals 

[0021] Reference Numeral 12 reservoir of ?nishing 
composition 

[0022] Reference Numeral 14 alternate ?nishing com 
position feed line for adding alternate ?nishing chemi 
cals 

[0023] Reference Numeral 16 a reservoir of alternate 
?nishing composition 

[0024] Reference Numeral 16 rotating carrier for the 
Workpiece 

[0025] Reference Numeral 18 operative contact element 

[0026] Reference Numeral 20 Workpiece 

[0027] Reference Numeral 21 Workpiece surface facing 
aWay from the Workpiece surface being ?nished. 

[0028] Reference Numeral 22 surface of the Workpiece 
being ?nished 
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[0029] Reference Numeral 23 raised surface perturba 
tion 

[0030] Reference Numeral 24 ?nishing element 

[0031] Reference Numeral 25 ?xed abrasive particles 
proximate the ?nishing element ?nishing surface. 

[0032] Reference Numeral 26 ?nishing element ?nish 
ing surface 

[0033] Reference Numeral 27 ?nishing aid in the form 
of discrete regions 

[0034] Reference Numeral 28 ?nishing element surface 
facing aWay from Workpiece surface being ?nished 

[0035] Reference Numeral 29 ?nishing element surface 
layer 

[0036] Reference Numeral 30 ?nishing element subsur 
face layer 

[0037] Reference Numeral 31 ?nishing composition 

[0038] Reference Numeral 32 operative ?nishing 
motion 

[0039] Reference Numeral 33 pressure applied to the 
operative ?nishing interface substantially perpendicu 
lar to the ?nishing motion 

[0040] Reference Numeral 40 platen 

[0041] Reference Numeral 42 surface of the platen 
facing the ?nishing element 

[0042] Reference Numeral 44 surface of the platen 
facing aWay from the ?nishing element 

[0043] Reference Numeral 54 base support structure 

[0044] Reference Numeral 56 surface of the base sup 
port structure facing the platen 

[0045] Reference Numeral 60 carrier housing 

[0046] Reference Numeral 62 pressure distributive ele 
ment 

[0047] Reference Numeral 500 operative sensor 

[0048] Reference Numeral 510 processor 

[0049] Reference Numeral 520 controller 

[0050] Reference Numeral 800 portion of a semicon 
ductor Wafer surface having tWo unWanted raised 
regions. 

[0051] Reference Numeral 802 unWanted raised regions 
on the semiconductor surface being ?nished. 

[0052] Reference Numeral 804 loWer local regions on 
the semiconductor surface being ?nished proximate to 
the unWanted raised regions. 

[0053] Reference Numeral 810 ?nishing surface con 
tacting unWanted raised regions 

[0054] Reference Numeral 812 ?nishing element sur 
face local region displaced from but proximate to and 
loWer than the unWanted raised local regions. 

[0055] Reference Numeral 900 boundary layer lubrica 
tion. 
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[0056] Reference Numeral 902 thinner regions of 
boundary layer lubrication 

[0057] Reference Numeral 904 thicker regions of 
boundary layer lubrication 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0058] The book Chemical Mechanical Planarization 0f 
Mcroelectric Materials by SteigerWald, J. M. et al published 
by John Wiley & Sons, ISBN 0471138274 generally 
describes chemical mechanical ?nishing and is included 
herein by reference in its entirety for general background. In 
chemical mechanical ?nishing the Workpiece is generally 
separated from the ?nishing element by a polishing slurry. 
The Workpiece surface being ?nished is in parallel motion 
With ?nishing element ?nishing surface disposed toWards 
the Workpiece surface being ?nished. The abrasive particles 
such as found in a polishing slurry interposed betWeen these 
surfaces ?nish the Workpiece. 

[0059] Discussion of some of the terms useful to aid in 
understanding this invention are noW presented. Finishing is 
a term used herein for both planariZing and polishing. 
PlanariZing is the process of making a surface Which has 
raised surface perturbations or cupped loWer areas into a 
planar surface and thus involves reducing or eliminating the 
raised surface perturbations and cupped loWer areas. Pla 
nariZing changes the topography of the Work piece from non 
planar to ideally perfectly planar. Polishing is the process of 
smoothing or polishing the surface of an object and tends to 
folloW the topography of the Workpiece surface being pol 
ished. A ?nishing element is a term used herein to describe 
a pad or element for both polishing and planariZing. A 
?nishing element ?nishing surface is a term used herein for 
a ?nishing element surface used for both polishing and 
planariZing. A?nishing element planariZing surface is a term 
used herein for a ?nishing element surface used for pla 
nariZing. A?nishing element polishing surface is a term used 
herein for a ?nishing element surface used for polishing. 
Workpiece surface being ?nished is a term used herein for 
a Workpiece surface undergoing either or both polishing and 
planariZing. A Workpiece surface being planariZed is a 
Workpiece surface undergoing planariZing. A Workpiece 
surface being polished is a Workpiece surface undergoing 
polishing. The ?nishing cycle time is the elapsed time in 
minutes that the Workpiece is being ?nished. A portion of a 
?nishing cycle time is about 5% to 95% of the total ?nishing 
cycle time in minutes and a more preferred portion of a 
?nishing cycle time is 10% to 90% of the total ?nishing 
cycle time in minutes. The planariZing cycle time is the 
elapsed time in minutes that the Workpiece is being pla 
nariZed. The polishing cycle time is the elapsed time in 
minutes that the Workpiece is being polishing. FIGS. 1-3 are 
noW discussed to better illustrate the invention. 

[0060] As used herein, an emulsion is a ?uid containing a 
microscopically heterogeneous mixture of tWo (2) normally 
immiscible liquid phases, in Which one liquid forms minute 
droplets suspended in the other liquid. As used herein, a 
surfactant is a surface active substance, i.e., alters (usually 
reduces) the surface tension of Water. Non limiting examples 
of surfactants include ionic, nonionic, and cationic. As used 
herein, a lubricant is an agent that reduces friction betWeen 
moving surfaces. A hydrocarbon oil is a non limiting 
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example. As used herein, soluble means capable of mixing 
With a liquid (dissolving) to form a homogeneous mixture 

(solution). 
[0061] As used herein, a dispersion is a ?uid containing a 
microscopically heterogeneous mixture of solid phase mate 
rial dispersed in a liquid and in Which the solid phase 
material is in minute particles suspended in the liquid. As 
used herein, a surfactant is a surface active substance, i.e., 
alters (usually reduces) the surface tension of Water. Non 
limiting examples of surfactants include ionic, nonionic, and 
cationic. As used herein, a lubricant is an agent that reduces 
friction betWeen moving surfaces. As used herein, soluble 
means capable of mixing With a liquid (dissolving) to form 
a homogeneous mixture (solution). 

[0062] As used herein, a die is one unit on a semiconduc 
tor Wafer generally separated by scribe lines. After the 
semiconductor Wafer fabrication steps are completed, the die 
are separated into units generally by saWing. The separated 
units are generally referred to as “chips”. Each semiconduc 
tor Wafer generally has many die Which are generally 
rectangular. The terminology semiconductor Wafer and die 
are generally knoWn to those skilled in the arts. As used 
herein, Within die uniformity refers to the uniformity of 
Within the die. As used herein, local planarity refers to die 
planarity unless speci?cally de?ned otherWise. Within Wafer 
uniformity refers to the uniformity of ?nishing of the Wafer. 
As used herein, Wafer planarity refers to planarity across a 
Wafer. Multiple die planarity is the planarity across a de?ned 
number of die. As used herein, global Wafer planarity refers 
to planarity across the entire semiconductor Wafer planarity. 
Planarity is important for the photolithography step gener 
ally common to semiconductor Wafer processing, particu 
larly Where feature siZes are less than 0.25 microns. As used 
herein, a device is a discrete circuit such as a transistor, 
resistor, or capacitor. As used herein, pattern density is ratio 
of the raised (up) area in square millimeters to the to area in 
square millimeters of region on a speci?c region such as a 
die or semiconductor Wafer. As used herein, pattern density 
is ratio of the raised (up) area in square millimeters to the 
total area in square millimeters of region on a speci?c region 
such as a die or semiconductor Wafer. As used herein, line 
pattern density is the ratio of the line Width to the pitch. As 
used herein, pitch is line Width plus the oxide space. As an 
illustrative example, pitch is the copper line Width plus the 
oxide spacing. Oxide pattern density, as used herein, is the 
volume fraction of the oxide Within an in?nitesimally thin 
surface of the die. 

[0063] FIG. 1 is an artist’s draWing of a particularly 
preferred embodiment of this invention When looking from 
a top doWn perspective including the interrelationships of 
some important objects When ?nishing according to the 
method of this invention. Reference Numeral 24 represents 
the abrasive ?nishing element. The ?nishing element ?n 
ishing surface can comprise inorganic abrasive particles for 
some applications. The ?nishing element ?nishing surface 
can comprise organic abrasive particles for some applica 
tions. The ?nishing element ?nishing surface can be free of 
inorganic abrasive particles for some applications. The ?n 
ishing element ?nishing surface can free of organic abrasive 
particles for some applications. Generally, a ?nishing sur 
face having abrasive particles therein is a more aggressive 
?nishing surface and can be preferred for some applications, 
particularly Where higher cutting rates are preferred. Gen 
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erally, a ?nishing surface free of abrasive particles therein 
can be preferred for ?nishing such as Wherein an abrasive 
slurry is used. A ?nishing element ?nishing surface, prefer 
ably abrasive ?nishing element ?nishing surface, free of 
?uorocarbon matter can be preferred for some types of 
?nishing because the ?uorocarbon matter can be dif?cult to 
clean from some Workpiece surfaces after ?nishing, particu 
larly With aqueous cleaning compositions. Reference 
Numeral 26 represents the abrasive ?nishing element ?n 
ishing surface. Abrasive particles such as inorganic abrasive 
particles Which are connected to and/or ?xed the ?nishing 
surface increase the possibility of causing unWanted surface 
damage to some Workpiece surfaces being ?nished. By 
having ?nishing surfaces Which are free of attached abrasive 
particles, preferably inorganic abrasive particles, this poten 
tial cause of damage can be generally reduced or avoided. 
For example some semiconductor Wafer surfaces are par 
ticularly sensitive to scratching and/or other unWanted sur 
face damage. Reference Numeral 4 represents the direction 
of rotation of the ?nishing element ?nishing surface. Ref 
erence Numeral 20 represents the Workpiece being ?nished. 
The Workpiece surface facing the ?nishing element ?nishing 
surface is the Workpiece surface being ?nished. Reference 
Numeral 6 represents the direction of rotation of the Work 
piece being ?nished. Reference Numeral 8 is the center of 
the rotation of the Workpiece. Reference Numeral 10 rep 
resents a ?nishing composition feed line for adding other 
chemicals to the surface of the Workpiece such as acids, 
bases, buffers, other chemical reagents, and the like. The 
?nishing composition feed line can have a plurality of exit 
ori?ces. Reference Numeral 12 represents a reservoir of 
?nishing composition to be fed to ?nishing element ?nishing 
surface. Not shoWn is the feed mechanism for the ?nishing 
composition such as a variable pressure or a pump mecha 
nism. Supplying a ?nishing composition Without abrasives 
is preferred and supplying a ?nishing composition Without 
abrasive particles is more preferred for some applications 
such as Where a ?xed abrasive ?nishing element ?nishing 
surface is used for ?nishing. Supplying a lubricant Which is 
free of an encapsulating ?lm or encapsulating thin resin 
structure is preferred. Encapsulating lubricants is an expen 
sive and complex step Which is generally unnecessary in this 
invention. Further, encapsulated lubricants tend to burst on 
breaking and can deliver higher than desired localiZed 
lubricants to regions. Further, the encapsulated lubricants 
can prematurely burst releasing their contents during manu 
facture of the slurry and/or ?nishing element. This can 
contaminate the slurry and/or ?nishing element and 
adversely affect their respective ?nishing performance. Ref 
erence Numeral 14 represents an alternate ?nishing compo 
sition feed line for adding a ?nishing chemicals composition 
to the ?nishing element ?nishing surface to improve the 
quality of ?nishing. Reference Numeral 16 represents an 
alternate ?nishing composition reservoir of chemicals to be, 
optionally, fed to ?nishing element ?nishing surface. The 
alternate ?nishing composition can also supply organic 
lubricants. Not shoWn is the feed mechanism for the alter 
nate ?nishing composition such as a variable pressure or a 
pump mechanism. Apreferred embodiment of this invention 
is to feed liquids from the ?nishing composition line and the 
alternate ?nishing composition feed line Which are free of 
abrasive particles. Another preferred embodiment, not 
shoWn, is to have a Wiping element, preferably an elasto 
meric Wiping element, to uniformly distribute the ?nishing 
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composition(s) across the ?nishing element ?nishing sur 
face. Nonlimiting examples of some preferred dispensing 
systems and Wiping elements is found in US. Pat. No. 
5,709,593 to Guthrie et. al., US. Pat. No. 5246,525 to 
Junichi, and US. Pat. No. 5,478,435 to Murphy et. al. and 
are included herein by reference in their entirety for general 
guidance and appropriate modi?cations by those generally 
skilled in the art for supplying lubricating aids. Reference 
Numeral 500 represents an operative sensor. An energy 
change sensor is a preferred operative sensor. Reference 
numeral 510 represents a processor. Reference Numeral 520 
represents a controller. Reference Numeral 530 represents 
the operative connections for controlling. Operative connec 
tions are generally knoWn to those skilled in the art. Illus 
trative preferred examples include controlling the operative 
?nishing motion. Further examples are discussed herein 
beloW. FIGS. 2 and 3 Will noW provide an artists’ expanded 
vieW of some relationships betWeen the Workpiece and the 
?xed abrasive ?nishing element. 

[0064] FIG. 2 is an artist’s closeup draWing of the inter 
relationships of some of the important aspects When ?nish 
ing according to a preferred embodiment of this invention. 
Reference Numeral 20 represents the Workpiece. Reference 
Numeral 21 represents the Workpiece surface facing aWay 
from the Workpiece surface being ?nished. Reference 
Numeral 22 represents the surface of the Workpiece being 
?nished. Reference Numeral 23 represents a high region 
(unWanted raised region) on the Workpiece surface being 
?nished. During ?nishing, the high region is preferably 
substantially removed and more preferably, the high region 
is removed and surface polished. Reference Numeral 24 
represents the abrasive ?nishing element having a ?nishing 
aid contained therein. A ?xed abrasive ?nishing element 
having a ?nishing aid comprising a polymeric lubricating 
aid at least partially dispersed therein is particularly pre 
ferred. Reference Numeral 26 represents the surface of the 
?nishing element facing the Workpiece and is often referred 
to herein as the ?nishing element ?nishing surface. An 
abrasive ?nishing surface is a preferred ?nishing element 
?nishing surface and a ?xed abrasive ?nishing surface is a 
more preferred ?nishing element ?nishing surface. Refer 
ence Numeral 30 represents a ?nishing composition and 
optionally, the alternate ?nishing composition disposed 
betWeen the Workpiece surface being ?nished and ?nishing 
element ?nishing surface. The interface betWeen the Work 
piece surface being ?nished and the ?nishing element ?n 
ishing surface is often referred to herein as the operative 
?nishing interface. A ?nishing composition comprising a 
Water based composition is preferred. A ?nishing composi 
tion comprising a Water based composition Which is sub 
stantially free of abrasive particles is preferred. The Work 
piece surface being ?nished is in operative ?nishing motion 
relative to the ?nishing element ?nishing surface. The 
Workpiece surface being ?nished in operative ?nishing 
motion relative to the ?nishing element ?nishing surface is 
an example of a preferred operative ?nishing motion. Ref 
erence Numeral 32 represents a preferred operative ?nishing 
motion betWeen the surface of the Workpiece being ?nished 
and ?nishing element ?nishing surface. Reference Numeral 
33 represents a pressure applied to the operative interface 
perpendicular to operative ?nishing motion. 
[0065] FIG. 3 is an artist’s closeup draWing of a preferred 
embodiment of this invention shoWing some further inter 
relationships of the different objects When ?nishing accord 
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ing to the method of this invention. Reference Numeral 16 
represents a carrier for the workpiece and in this particular 
embodiment, the carrier is a rotating carrier. The rotating 
carrier is operable to rotate the Workpiece against the ?n 
ishing element Which rests against the platen and optionally 
has a motor. Optionally, the rotating carrier can also be 
designed to move the Workpiece laterally, in an arch, ?gure 
eight, or orbitally to enhance uniformity of polishing. The 
Workpiece is in operative contact With the rotating carrier 
and optionally, has an operative contact element (Reference 
Numeral 18) to effect the operative contact. An illustrative 
example of an operative contact element is a Workpiece held 
in place to the rotating carrier With a bonding agent (Ref 
erence Numeral 18). Ahot Wax is an illustrative example of 
a preferred bonding agent. Alternately, a porometric ?lm can 
be placed in the rotating carrier having a recess for holding 
the Workpiece. A Wetted porometric ?lm (Reference 
Numeral 18) Will hold the Workpiece in place by surface 
tension. An adherent thin ?lm is another preferred example 
of placing the Workpiece in operative contact With the 
rotating carrier. Reference Numeral 20 represents the Work 
piece. Reference Numeral 21 represents the Workpiece sur 
face facing aWay from the Workpiece surface being ?nished. 
Reference Numeral 22 represents the surface of the Work 
piece being ?nished. Reference Numeral 24 represents the 
?nishing element. Reference Numeral 26 represents the 
?nishing element ?nishing surface. Reference Numeral 28 
represents the surface of the ?nishing element facing aWay 
from the Workpiece surface being ?nished. Reference 
Numeral 31 represents the ?nishing composition and option 
ally, the alternate ?nishing composition supplied betWeen 
the Workpiece surface being ?nished and surface of the 
?nishing element facing the Workpiece. For some applica 
tions the fmishing composition and the alternate ?nishing 
composition can be combined into one feed stream, prefer 
ably free of abrasive particles. Reference Numeral 32 rep 
resents a preferred direction of the operative ?nishing 
motion betWeen the surface of the Workpiece being ?nished 
and the ?nishing element ?nishing surface. Reference 
Numeral 40 represents the platen or support for the ?nishing 
element. The platen can also have an operative ?nishing 
motion relative to the Workpiece surface being ?nished. 
Reference Numeral 42 represents the surface of the platen 
facing the ?nishing element. The surface of the platen facing 
the ?nishing element is in support contact With the ?nishing 
element surface facing aWay from the Workpiece surface 
being ?nished. The ?nishing element surface facing the 
platen can, optionally, be connected to the platen by adhe 
sion. Frictional forces betWeen the ?nishing element and the 
platen can also retain the ?nishing element against the 
platen. Reference Numeral 44 is the surface of the platen 
facing aWay from the ?nishing element. Reference Numeral 
54 represents the base support structure. Reference Numeral 
56 represents the surface of the base support structure facing 
the platen. The rotatable carrier (Reference Number 16) can 
be operatively connected to the base structure to permit 
improved control of pressure application at the Workpiece 
surface being ?nished (Reference Numeral 22). 

[0066] A?xed abrasive ?nishing element ?nishing surface 
tends to have a higher friction than necessary With the 
Workpiece being ?nished. The higher friction can lead to 
higher than necessary energy for ?nishing. The higher 
friction can lead to destructive surface forces on the Work 
piece surface Which cause deleterious surface damage to the 
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Workpiece. Further the higher the tangential frictional forces 
can cause mechanical failure in some semiconductor Wafer 

such as those having a plurality of metal layers, even more 
particularly When loW-k dielectric layers are also incorpo 
rated in the semiconductor Wafer structure. The higher 
friction can lead to premature Wear on the ?nishing element 
and the abrasive particles themselves. This premature Wear 
on the ?nishing element and abrasive particles themselves 
can unnecessarily increase the cost of ?nishing a Workpiece. 
Further, this higher than necessary friction can lead to higher 
than necessary changes in performance of the ?nishing 
element ?nishing surface during the ?nishing of a plurality 
of Workpieces Which makes process control more difficult 
and/or complex. Applicant currently believes that the higher 
than desirable defects in the Workpiece surface being ?n 
ished can at least partially due to the fact that the abrasive 
particles in a previous ?xed abrasive ?nishing elements tend 
to scratch or gouge the surface because they are not free to 
move as compared to abrasive particles in a ?uid slurry 
Which are free to roll and move during ?nishing. Further, 
since the ?xed abrasive ?nishing element has ?xed abrasive 
particles in a constant relative position versus the Workpiece 
surface being ?nished, applicant believes it is easier for 
?nishing surface of the abrasive particles to become dull or 
less effective at ?nishing the Workpiece surface being ?n 
ished When compared to abrasive particles in a slurry. Each 
of the above situations can lead to less than desirable surface 
quality on the Workpiece surface being ?nished and earlier 
than necessary Wear on the expensive ?xed abrasive ?nish 
ing element ?nishing surface. Applicant currently believes 
that proper choice of a ?nishing aid, more preferably a 
lubricating aid, at or proximate the surface of the ?nishing 
element ?nishing surface can reduce or eliminate the high 
tendency to scratch and/or damage Workpiece surface being 
?nished. Applicant currently believes that proper choice and 
supply of a ?nishing aid, more preferably a lubricating aid, 
from the ?nishing element to the interface of the Workpiece 
surface being ?nished and the ?nishing element ?nishing 
surface can reduce or eliminate the negative effects of high 
friction such as chatter. Applicant currently believes that 
proper choice and supply of a ?nishing aid to the interface 
of the Workpiece surface being ?nished and the ?nishing 
element ?nishing surface can extend the useful life of the 
?nishing element ?nishing surface by reducing erosive and 
other Wear forces. A ?nishing aid, more preferably a lubri 
cating aid, reduces the Wear to the tips of the abrasive 
particles due to attrition Wear and tribochemical Wear. Thus 
the lubricating aid can help to maintain the “cutting ability” 
of the abrasive particles. Supplying the lubricating aid at the 
point of use from the ?nishing element ?nishing surface can 
reduce or prevent negative interactions betWeen the ?nishing 
composition and any lubricating aid Which might be added 
to the ?nishing composition (and optional slurry particles 
therein). Supplying the lubricating aid from the ?nishing 
element ?nishing surface can further reduce the of chatter, 
micro localiZed distortions in the ?nishing element ?nishing 
surface, and also increases the uniformity of ?nishing across 
the surface of the Workpiece surface being ?nished. Prefer 
ably the lubricating aid is dispersed proximate the fmishing 
element ?nishing surface and more preferably, the lubricat 
ing aid is dispersed substantially uniformly proximate the 
?nishing element ?nishing surface. Supplying an organic 
lubricating ?lm and/or an organic boundary lubricant to the 
operative ?nishing interface (located betWeen ?nishing ele 
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ment ?nishing surface and the workpiece surface being 
?nished) further reduces risks of chatter, micro localized 
distortions in the ?nishing element ?nishing surface, and 
also increases the uniformity of ?nishing across the surface 
of the Workpiece surface being ?nished. Forming the lubri 
cating boundary layer differentially can improve local pla 
narity and enhance ?nishing ?exibility as discussed herein. 
Lubrication reduces abrasive Wear to the abrasive particles 
and to the ?nishing element ?nishing surface by reducing 
friction forces. Differential boundary lubrication can 
enhance localiZed ?nishing rates to improve the semicon 
ductor Wafer surface. Lubrication reduces breaking aWay of 
the abrasive particles from the surface of the ?Xed abrasive 
?nishing element by reducing friction forces. Lubrication 
reduces the friction Which can reduce adverse forces par 
ticularly on a high speed belt ?Xed abrasive ?nishing ele 
ment Which under high friction can cause belt chatter, 
localiZed belt stretching, and/or belt distortions, high ten 
dency to scratch and/or damage Workpiece surface being 
?nished. LocaliZed and or micro localiZed distortions to the 
surface of a ?Xed abrasive ?nishing element and chatter can 
also occur With other ?nishing motions and/elements and 
lubrication can reduce or eliminate these. 

[0067] Supplying of ?nishing aid from the ?nishing ele 
ment ?nishing surface to the interface of the Workpiece 
surface being ?nished and the ?nishing element ?nishing 
surface to eXtend the ?nishing element ?nishing surface 
useful life is preferred. Supplying of ?nishing aid from the 
?nishing element ?nishing surface to the interface of the 
Workpiece surface being ?nished and the ?nishing element 
?nishing surface to reduce unWanted surface defects in the 
Workpiece surface being ?nished is preferred. Supplying of 
?nishing aid from the ?nishing element ?nishing surface to 
the interface of the Workpiece surface being ?nished and the 
?nishing element ?nishing surface to reduce unWanted 
breaking aWay of abrasive particles from the ?Xed abrasive 
?nishing element ?nishing surface is preferred. Supply of 
lubricant at the point of use is preferred and supply of 
lubricant With a substantially uniform Way to the operative 
?nishing interface at the point of use is currently more 
preferred. An effective amount of ?nishing aid from the 
?nishing element ?nishing surface often can help meeting a 
plurality of these objectives simultaneously. Supply of an 
organic lubricating ?lm is particularly preferred. Supply of 
a thin lubricating boundary layer is particularly preferred. 
An effective amount of boundary lubricant often can help 
meeting a plurality of these advantages simultaneously. 

[0068] The neW problem recognition and unique solution 
are neW and considered part of this current invention. 

[0069] Abrasive Finishing Element 

[0070] FIG. 4 represents an artist’s cross-sectional vieW 
of a preferred embodiment of a multi-layer abrasive ?nish 
ing element according to this invention. Reference Numeral 
24 represents the ?nishing element ?nishing surface layer. 
Reference Numeral 26 represents the ?nishing element 
?nishing surface. Reference Numeral 28 represents the 
surface of the ?nishing element surface layer facing aWay 
from the Workpiece surface being ?nished. Reference 
Numeral 25 represents the ?Xed abrasive particles proXimate 
the ?nishing element ?nishing surface. Preferably the ?Xed 
abrasive particles are dispersed in the ?nishing element 
?nishing surface layer and more preferably, the ?Xed abra 
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sive particles are uniformly dispersed in the ?nishing ele 
ment ?nishing surface layer. Reference Numeral 27 repre 
sents the ?nishing aid Which in this embodiment is shoWn in 
the form of discrete regions in the ?nishing element ?nish 
ing surface layer. A?nishing element ?nishing surface layer 
having ?nishing aids dispersed in the ?nishing element 
?nishing surface layer is preferred and a ?nishing element 
?nishing surface layer having ?nishing aids uniformly dis 
persed in the fmishing element ?nishing surface layer is 
more preferred. A ?nishing aid molecularly dispersed in the 
?nishing element is a preferred type of dispersion. A ?n 
ishing aid having a plurality of discrete regions in the 
?nishing element ?nishing surface layer is a particularly 
preferred form of dispersion and a ?nishing aid having 
dispersed discrete, unconnected ?nishing aid particles 
therein is a more particularly preferred form of dispersion in 
the ?nishing element ?nishing surface layer. Reference 
Numeral 29 represents a ?nishing element ?nishing surface 
layer. Reference numeral 30 represents a ?nishing element 
subsurface layer. A particularly preferred ?nishing element 
subsurface layer is free of lubricant. A ?nishing element 
subsurface layer free of lubricant is often a loWer cost 
preferred reinforcement layer for the ?nishing element. A 
?nishing element surface layer and a ?nishing element 
subsurface layer comprising an synthetic organic polymer is 
preferred. A ?nishing element ?nishing surface comprising 
binder resin is also preferred. Apreferred optional stabiliZing 
?ller dispersed in the ?nishing element surface layer is not 
shoWn in this particular embodiment. Apreferred stabiliZing 
?ller is a ?brous ?ller. An optional reinforcing layer is not 
shoWn in this particular embodiment. A preferred ?nishing 
element subsurface layer useful for a reinforcing layer can 
be a synthetic resin fabric, a Woven fabric, a reinforcing ?lm, 
or reinforcing sheet integral With or bonded to the ?nishing 
element body. 

[0071] A ?nishing element having ?Xed abrasives for 
?nishing high precision Workpieces is knoWn. As used 
herein, a ?Xed abrasive ?nishing element is an integral 
abrasive ?nishing element. The integral abrasive ?nishing 
element having abrasive particles connected to at least the 
surface of the ?nishing element ?nishing surface layer is 
preferred. The integral abrasive ?nishing element surface 
layer having abrasive particles connected to at least the 
surface of the ?nishing element and Which is substantially 
free of unconnected abrasive particles eXcept for those 
formed during the actual planariZing and/or polishing pro 
cess itself is more preferred. A three dimensional ?Xed 
abrasive ?nishing element surface layer as used herein is a 
?Xed abrasive ?nishing element surface layer having mul 
tiple abrasive particles dispersed throughout at least a por 
tion of its thickness, such that if some of the surface is 
removed additional abrasive particles are eXposed on the 
neWly eXposed surface. A three dimensional ?Xed abrasive 
?nishing element surface layer is particularly preferred. A 
three dimensional ?Xed abrasive ?nishing element surface 
layer having multiple abrasive particles substantially uni 
formly dispersed throughout at least a portion of its thick 
ness such that if some of the surface is removed another 
region of substantially uniformly dispersed abrasive par 
ticles are eXposed on the neWly eXposed surface is preferred. 
Athree dimensional ?Xed abrasive ?nishing element surface 
layer having multiple abrasive particles uniformly dispersed 
throughout at least as portion of its thickness such that if 
some of the surface is removed another region of uniformly 
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dispersed abrasive particles are exposed on the newly 
exposed surface is more preferred. A?xed abrasive ?nishing 
element surface layer Which applies a substantially uniform 
distribution of abrasive particles over the Workpiece surface 
being ?nished is preferred and a ?xed abrasive ?nishing 
element surface layer Which applies a uniform distribution 
of abrasive particles over the Workpiece surface being 
?nished is more preferred. 

[0072] An abrasive ?nishing element surface layer and a 
?nishing element subsurface layer free of ?nishing aids 
comprising a synthetic polymeric is preferred. A synthetic 
polymeric layer comprising at least one material selected 
from the group consisting of an organic synthetic polymer, 
an inorganic polymer, and combinations thereof is preferred. 
A preferred example of organic synthetic polymer is an 
thermoplastic polymer. Another preferred example of an 
organic synthetic polymer is a thermoset polymer. An 
organic synthetic polymeric body comprising organic syn 
thetic polymers including materials selected from the group 
consisting of polyurethanes, polyole?ns, polyesters, polya 
mides, polystyrenes, polycarbonates, polyvinyl chlorides, 
polyimides, epoxies, chloroprene rubbers, ethylene propy 
lene elastomers, butyl polymers, polybutadienes, polyiso 
prenes, EPDM elastomers, and styrene butadiene elastomers 
is preferred. Preferred stiff ?nishing surfaces can comprise 
polyphenylene sul?de, polysulfone, and polyphenylene 
oxide polymers. Phenolic polymers can also be used. Poly 
ole?n polymers are particularly preferred for their generally 
loW cost. A preferred polyole?n polymer is polyethylene. 
Another preferred polyole?n polymer is a propylene poly 
mer. Another preferred polyole?n polymer is a ethylene 
propylene copolymer. Copolymer organic synthetic poly 
mers are also preferred. Polyurethanes are preferred for the 
inherent ?exibility in formulations. A ?nishing element 
comprising a foamed organic synthetic polymer is particu 
larly preferred because of their ?exibility and ability to 
transport the ?nishing composition. A ?nishing element 
comprising a foamed polyurethane polymer is particularly 
preferred. Foaming agents and processes to foam organic 
synthetic polymers are generally knoWn in the art. A ?nish 
ing element comprising a compressible porous material is 
preferred and comprising a organic synthetic polymer of a 
compressible porous material is more preferred. 

[0073] A?nishing element ?nishing surface layer substan 
tially uniform mixture of a plurality of organic synthetic 
polymers can be particularly tough, Wear resistant, and 
useful. A ?nishing element having a body element com 
prised of a mixture of a plurality of organic synthetic 
polymers can be particularly tough, Wear resistant, and 
useful. An organic synthetic polymeric ?nishing element 
?nishing surface comprising a plurality of organic synthetic 
polymers and Wherein the major component is selected from 
materials selected from the group consisting of polyure 
thanes, polyole?ns, polyesters, polyamides, polystyrenes, 
polycarbonates, polyvinyl chlorides, polyimides, epoxies, 
chloroprene rubbers, ethylene propylene elastomers, butyl 
polymers, polybutadienes, polyisoprenes, EPDM elas 
tomers, and styrene butadiene elastomers is preferred. Pre 
ferred stiff ?nishing surfaces can comprise polyphenylene 
sul?de, polysulfone, and polyphenylene oxide resins. Phe 
nolic resins can also be used. The minor component is 
preferably also an organic synthetic polymer and is prefer 
ably a modifying and/or toughening agent. A preferred 
example of an organic synthetic polymer modi?er is a 
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material Which reduces the hardness or ?ex modulus of the 
?nishing element body such an polymeric elastomer. A 
compatibiliZing agent can also be used to improve the 
physical properties of the polymeric mixture. CompatibiliZ 
ing agents are often also synthetic polymers and have polar 
and/or reactive functional groups such as carboxylic acid, 
maleic anhydride, and epoxy groups. Organic synthetic 
polymers of the above descriptions are generally available 
commercially. Illustrative nonlimiting examples of commer 
cial suppliers of organic synthetic polymers include Exxon 
Co., DoW Chemical, Sumitomo Chemical, and BASF. 

[0074] An abrasive ?nishing element comprising a syn 
thetic polymer composition having a plurality of layers is 
preferred. A ?xed abrasive ?nishing element comprising at 
least one layer of a soft synthetic polymer is preferred. A 
?xed abrasive ?nishing element comprising at least one 
layer of a elastomeric synthetic polymer is preferred. A?xed 
abrasive ?nishing element comprising at least one layer of a 
thermoset elastomeric synthetic polymer is preferred. 

[0075] Further illustrative nonlimiting examples of pre 
ferred ?nishing elements for use in the invention are also 
discussed. A ?nishing element having at least a layer of an 
elastomeric material having a Shore Ahardness of at least 30 
A is preferred. ASTM D 676 is used to measure hardness. A 
porous ?nishing element is preferred to more effectively 
transfer the polishing slurry to the surface of the Workpiece 
being ?nished. A ?nishing element comprising a synthetic 
resin material is preferred. A?nishing element comprising a 
thermoset resin material is more preferred. A ?nishing 
element having layers of different compositions is preferred 
to improve the operative ?nishing motion on the Workpiece 
surface being ?nished. As an example, a ?nishing element 
having tWo layers, one a hard layer and one a soft layer, can 
better transfer the energy of operative ?nishing motion to the 
Workpiece surface being ?nished than a similar thickness 
?nishing element of only a very soft layer. A thermoset 
synthetic resin is less prone to elastic How and thus is more 
stable in this application. A ?nishing element Which is thin 
is preferred because it generally transfers the operative 
?nishing motion to the Workpiece surface being ?nished 
more efficiently. A?nishing element having a thickness from 
0.5 to 0.002 cm is preferred and a thickness from 0.3 to 
0.005 cm is more preferred and a ?nishing element having 
a thickness from 0.2 to 0.01 cm is even more preferred. 
Current synthetic resin materials can be made quite thin 
noW. The minimum thickness Will be determined by the 
?nishing element’s integrity and longevity during polishing 
Which Will depend on such parameters as tensile and tear 
strength. A ?nishing element having suf?cient strength and 
tear strength for chemical mechanical ?nishing is preferred. 

[0076] An abrasive ?nishing element having a ?ex modu 
lus in particular ranges is also preferred. An abrasive ?n 
ishing element having a high ?ex modulus is generally more 
ef?cient for planariZing. An abrasive ?nishing element hav 
ing a loW ?ex modulus is generally more efficient for 
polishing. Further a continuous belt ?xed abrasive ?nishing 
element can have a different optimum ?ex modulus than a 
?xed abrasive ?nishing element disk. One also needs to 
consider the Workpiece surface to be ?nished in selecting the 
?ex modulus. A?xed abrasive ?nishing element comprising 
a synthetic resin having ?ex modulus of at most 1,000,000 
psi is preferred and having ?ex modulus of at most 800,000 
psi is more preferred and 500,000 psi is more preferred. 
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Pounds per square in is psi. Flex modulus is preferably 
measured With ASTM 790 B at 73 degrees Fahrenheit. Fixed 
abrasive ?nishing elements comprising a synthetic resin 
having a very loW ?ex modulus are also generally knoWn to 
those skilled in the art such as elastomeric polyurethanes 
Which can also be used. A ?nishing element having a ?ex 
modulus of greater than 1,000,000 psi can be preferred for 
some particular planariZing applications. 

[0077] For some embodiments, polishing pad designs and 
equipment such as in Us. Pat. No. 5,702,290 to Leach, a 
polishing pad having a high ?exural modulus can be effec 
tive and preferred. A ?nishing element having a continuous 
phase of material imparting resistance to local ?exing is 
preferred. A preferred ?nishing element has a ?nishing 
surface comprising a multiphase polymeric ?nishing sur 
face. A more preferred ?nishing element has a ?nishing 
surface comprising a multiphase polymeric ?nishing surface 
having at least tWo synthetic polymers (e.g. separate poly 
meric components). An even more preferred ?nishing ele 
ment has a ?nishing comprising a multiphase polymeric 
?nishing surface having at least three synthetic polymers 
(e.g. separate polymeric components). A preferred continu 
ous phase of material is a synthetic polymer, more preferably 
an organic synthetic polymer. An organic synthetic polymer 
having a ?exural modulus of at least 50,000 psi is preferred 
and having a ?exural modulus of at least 100,000 psi is more 
preferred and having a ?exural modulus of at least 200,000 
psi is even more preferred for the continuous phase of 
synthetic polymer in the ?nishing element. An organic 
synthetic polymer having a ?exural modulus of at most 
5,000,000 psi is preferred and having a ?exural modulus of 
at most 3,000,000 psi is more preferred and having a ?exural 
modulus of at most 2,000,000 psi is even more preferred for 
the continuous phase of synthetic polymer in the ?nishing 
element. An organic synthetic polymer having a ?exural 
modulus of from 5,000,000 to 50,000 psi is preferred and 
having a ?exural modulus of from 3,000,000 to 100,000 psi 
is more preferred and having a ?exural modulus of at from 
2,000,000 to 200,000 psi is even more preferred for the 
continuous phase of synthetic polymer in the ?nishing 
element. For some less demanding applications (such as die 
With a loWer pattern density), a ?exural modulus of at least 
20,000 psi is preferred. These ranges of ?exural modulus for 
the synthetic polymers provide useful performance for ?n 
ishing a semiconductor Wafer and can improve local pla 
narity in the semiconductor. Flexural modulus is preferably 
measured With ASTM 790 B at 73 degrees Fahrenheit. 
Pounds per square inch is psi. 

[0078] An abrasive ?nishing element having Young’s 
modulus in particular ranges is also preferred. An abrasive 
?nishing element having a high Young’s modulus is gener 
ally more efficient for planariZing. An abrasive ?nishing 
element having a loW Young’s modulus is generally more 
ef?cient for polishing. Further a continuous belt ?xed abra 
sive ?nishing element can have a different optimum Young’s 
modulus than a ?xed abrasive ?nishing element disk. One 
also needs to consider the Workpiece surface to be ?nished 
in selecting the Young’s modulus. For a ?exible abrasive 
?nishing elment having a Young’s modulus from 100 to 
700,000 psi (pounds per square in inch) is preferred and 
having a Young’s modulus from 300 to 200,000 psi (pounds 
per square in inch) is more preferred and having a Young’s 
modulus from 300 to 150,000 psi (pounds per square in 
inch) is even more preferred. Particularly stiff abrasive 
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?nishing elements can have a preferred Young’s modulus of 
at least 700,000 psi. For particularly ?exible abrasive ?n 
ishing elements, a Young’s modulus of less than 100,000 psi 
are preferred and less than 50,000 psi is more preferred. 

[0079] An abrasive ?nishing element having abrasive 
asperities on the ?nishing element ?nishing surface is pre 
ferred. An abrasive ?nishing element having abrasive asperi 
ties having a height from 0.9 to 0.005 micrometers is 
preferred and an abrasive ?nishing element having abrasive 
asperities having a height from 0.3 to 0.005 micrometers is 
more preferred and an abrasive ?nishing element having 
abrasive asperities having a height from 0.1 to 0.01 
micrometers is even more preferred and an abrasive ?nish 
ing element having abrasive asperities having a height from 
0.05 to 0.005 micrometers is more particularly preferred. the 
asperities are preferably ?rmly attached to the ?nishing 
element ?nishing surface and asperities Which are an inte 
gral part of the ?nishing element ?nishing surface are more 
preferred. Polymeric abrasive asperities can be preferred for 
some ?nishing operations. Inorganic abrasive asperities can 
be preferred also for some ?nishing operations. Polymeric 
abrasive asperities, such as abrasive polymeric particles 
and/or abrasive polymeric material, are generally preferred 
for ?nishing softer Workpieces and inorganic abrasive 
asperities are generally preferred for ?nishing harder Work 
piece surfaces. An abrasive ?nishing element having small 
asperities can ?nish a Workpiece surface to ?ne tolerances. 

[0080] Illustrative nonlimiting abrasive particles compris 
ing silica, silicon nitride, alumina, and ceria are preferred. 
Fumed silica is particularly preferred. Ametal oxide is a type 
of preferred abrasive particle. A particularly preferred par 
ticulate abrasive is an abrasive selected from the group 
consisting of iron (III) oxide, iron (II) oxide, magnesium 
oxide, barium carbonate, calcium carbonate, manganese 
dioxide, silicon dioxide, cerium dioxide, cerium oxide, 
chromium (III) trioxide, and aluminum trioxide. Abrasive 
particles having an average diameter of less than 0.5 
micrometers are preferred and less than 0.3 micrometer are 
more preferred and less than 0.1 micrometer are even more 
preferred and less than 0.05 micrometers are even more 
particularly preferred. Abrasive particles having an average 
diameter of from 0.5 to 0.01 micrometer are preferred and 
betWeen 0.3 to 0.01 micrometer are more preferred and 
betWeen 0.1 to 0.01 micrometer are even more preferred. 

[0081] Abrasive particles having a different composition 
from the ?nishing element body are preferred. An abrasive 
particle having a Knoop hardness of less than diamond is 
particularly preferred to reduce microscratches on Work 
piece surface being ?nished and a Knoop hardness of less 
than 50 GPa is more particularly preferred and a Knoop 
hardness of less than 40 GPa is even more particularly 
preferred and a Knoop hardness of less than 35 GPa is 
especially particularly preferred. An abrasive particle having 
a Knoop hardness of at least 1.5 GPa is preferred and having 
a Knoop hardness of at least 2 is preferred. An abrasive 
particle having a Knoop hardness of from 1.5 to 50 GPa is 
preferred and having a Knoop hardness of from 2 to 40 GPa 
is preferred and having a Knoop hardness of from 2 to 30 
GPa is even more preferred. A ?xed abrasive ?nishing 
element having a plurality of abrasive particles having at 
least tWo different Knoop hardnesses can be preferred. 

[0082] Areinforcing layer or member can also be included 
With or attached to ?nishing element ?nishing body. A 
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?nishing element having a ?nishing body connected to a 
reinforcing layer is preferred and a ?nishing element having 
a ?nishing body integral With a reinforcing layer is more 
preferred. Preferred nonlimiting examples of reinforcing 
layers or members are fabrics, Woven fabrics, ?lm layers, 
and long ?ber reinforcement members. A continuous belt 
can have substantially continuous ?bers therein. Aramid 
?bers are particularly preferred for their loW stretch and 
excellent strength. The reinforcing layers can attached With 
illustrative generally knoWn adhesives and various generally 
knoWn thermal processes such as extrusion coating or bond 
ing. 
[0083] The ?xed abrasive ?rmly attached to the ?nishing 
element ?nishing surface is preferred. The abrasive can be 
?rmly attached to the ?nishing element ?nishing surface 
With knoWn adhesives and/or mixed into a surface layer of 
a polymeric layer, preferably an organic polymeric layer. 
Particular abrasive surface topographies can be preferred for 
speci?c applications. Fixed abrasive ?nishing elements are 
generally knoWn to those skilled in the art. Some nonlim 
iting examples include US. Pat. No. 4,966,245 to Callinan, 
US. Pat. No. 5,823,855 to Robinson, U.S. Pat. No. 5,692, 
950 to Rutherford, WO 98/06541 to Rutherford and WO 
98/181159 to Hudson are included herein for general guid 
ance and modi?cation of ?xed abrasive ?nishing elements 
by those skilled in the art. 

[0084] FIG. 5 is an artist’s representation of ?nishing 
some unWanted raised regions and some regions beloW the 
unWanted raised regions. Reference Numeral 800 represents 
a portion of a semiconductor Wafer surface having tWo 
unWanted raised regions. Reference Numeral 802 represent 
unWanted raised regions on the semiconductor surface being 
?nished. Reference Numeral 804 represent loWer local 
regions on the semiconductor surface being ?nished proxi 
mate to the unWanted raised regions. Reference Numeral 
810 represents the ?nishing element ?nishing surface in 
local contact With the unWanted raised regions (Reference 
Numeral 802). Reference Numeral 812 represents the ?n 
ishing element surface local region displaced from but 
proximate to and loWer than the unWanted raised local 
regions. As shoWn the ?nishing element ?nishing surface 
can reduce pressure and/or lose actual contact With the loWer 
local regions on the semiconductor proximate to the 
unWanted raised local regions. This leads to unWanted raised 
regions having higher pressure Which in turn can reduce the 
lubricating boundary layer thickness in the unWanted raised 
regions. Reducing the boundary layer thickness generally 
increases local tangential friction forces, raises the ?nishing 
rate measured in angstroms per minute on the unWanted 
raised regions. Also the pressure in loWer regions proximate 
the unWanted raised regions have loWer pressure applied 
Which in turn can increase lubricating boundary layer thick 
ness in these loWer regions. Increasing the lubricating 
boundary layer thickness generally decreases local tangen 
tial forces loWering the ?nishing rate measured in angstroms 
per minute in these loWer regions proximate the unWanted 
raised regions. By increasing ?nishing rate in the unWanted 
raised regions and loWering the ?nishing rate in the proxi 
mate loWer regions the planarity of the semiconductor is 
generally improved. This generally helps the unWanted 
raised regions to have higher ?nishing rates When measured 
in angstroms per minute and improves Within die nonuni 
formity. As shoWn in the FIG. 5, the region of contact With 
the unWanted raised region is small Which in turn raises the 
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?nishing pressure applied by the ?nishing elements having 
a higher ?exural modulus and this increased pressure 
increases the ?nishing rate measured in angstroms per 
minute at the unWanted raised region. This higher pressure 
on the unWanted raised region also increases frictional heat 
Which can further increase ?nishing rate measured in ang 
stroms per minute in the unWanted raised region. Boundary 
lubrication on the unWanted raised region can be reduced 
due to the higher temperature and/or pressure Which further 
increases friction and ?nishing rate measured in angstroms 
per minute. Higher stiffness ?nishing element ?nishing 
surfaces apply higher pressures to the unWanted raised local 
regions Which can further improve planariZation, ?nishing 
rates, and Within die nonuniformity. Finishing using ?nish 
ing elements of this in invention Wherein the unWanted 
raised regions have a ?nishing rate measured in angstroms 
per minute of at least 1.6 times faster than in the proximate 
loW local region measured in angstroms per minute is 
preferred and Wherein the unWanted raised regions have a 
?nishing rate of at least 2 times faster than in the proximate 
loW local region is more preferred and Wherein the unWanted 
raised regions have a ?nishing rate of at least 4 times faster 
than in the proximate loW local region is even more pre 
ferred and Wherein the unWanted raised regions have a 
?nishing rate of at least 8 times faster than in the proximate 
loW local region is even more particularly preferred. Where 
there is no contact With the proximate loW local region, the 
?nishing rate in the loW local region can be very small and 
thus the ratio betWeen the ?nishing rate in the unWanted 
raised region to ?nishing rate in the loW local region can be 
large. Using boundary lubrication control methods of this in 
invention Wherein the unWanted raised regions have a ?n 
ishing rate measured in angstroms per minute of from 1.6 to 
500 times faster than in the proximate loW local region 
measured in angstroms per minute is preferred and Wherein 
the unWanted raised regions have a ?nishing rate of from 2 
to 300 times faster than in the proximate loW local region is 
more preferred and Wherein the unWanted raised regions 
have a ?nishing rate of from 2 to 200 times faster than in the 
proximate loW local region is even more preferred and 
Wherein the unWanted raised regions have a ?nishing rate of 
from 4 to 200 times faster than in the proximate loW local 
region is even more preferred and Wherein the unWanted 
raised regions have a ?nishing rate of from 8 to 200 times 
faster than in the proximate loW local region is even more 
particularly preferred. By increasing the stiffness of the 
?nishing element ?nishing surface, the pressure applied to 
the unWanted raised region can be increased. Flexural modu 
lus as measured by ASTM 790 B at 73 degrees Fahrenheit 
is a useful guide to help raise the stiffness of a polymer 
?nishing element. By adjusting the ?exural modulus as 
measured by ASTM 790 B at 73 degrees Fahrenheit the 
pressure can be increased on the unWanted raised regions to 
increase ?nishing rates measured in Angstroms per minute. 
Applying 2 to 100 times higher pressure to the unWanted 
raised region When compared to the applied pressure in a 
loWer region proximate unWanted raised region is preferred 
and applying at least 3 to 100 times higher pressure to the 
unWanted raised region When compared to the applied 
pressure in a loWer region proximate unWanted raised region 
is more preferred and applying 5 to 50 times higher pressure 
to the unWanted raised region When compared to the applied 
pressure in a loWer region proximate unWanted raised region 
is even more preferred. Applying at least tWo times higher 
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pressure to the unwanted raised region When compared to 
the applied pressure in a loWer region proximate unwanted 
raised region is preferred and applying at least three times 
higher pressure to the unWanted raised region When com 
pared to the applied pressure in a loWer region proximate 
unWanted raised region is more preferred and applying ?ve 
times higher pressure to the unWanted raised region When 
compared to the applied pressure in a loWer region proxi 
mate unWanted raised region is even more preferred. 
Because the loWer region proximate the unWanted raised 
region can have a very loW pressure, at most 100 times 
higher pressure in the unWanted raised regions compared to 
the pressure in a loWer region proximate the unWanted raised 
region is preferred and at most 50 times higher pressure in 
the unWanted raised regions compared to the pressure in a 
loWer region proximate the unWanted raised region is more 
preferred. Applying an operative ?nishing motion Wherein 
the unWanted raised regions have a temperature of at least 3 
degrees centigrade higher than in the proximate loW local 
region is preferred and ?nishing Wherein the unWanted 
raised regions have a temperature of at least 7 degrees 
centigrade higher than in the proximate loW local region is 
more preferred and ?nishing Wherein the unWanted raised 
regions have a temperature of at least 10 degrees centigrade 
higher than in the proximate loW local region is even 
preferred. Finishing Wherein the unWanted raised regions 
have a temperature from 3 to 50 degrees centigrade higher 
than in the proximate loW local region is preferred and 
?nishing Wherein the unWanted raised regions have a tem 
perature from 7 to 45 degrees centigrade higher than in the 
proximate loW local region is more preferred and ?nishing 
Wherein the unWanted raised regions have a temperature of 
from 10 to 40 degrees centigrade higher than in the proxi 
mate loW local region is even more preferred. By adjusting 
the ?exural modulus of the ?nishing element ?nishing 
surface, lubricating boundary layer, and the other control 
parameters discussed herein, ?nishing and planariZation of 
semiconductor Wafer surfaces can be accomplished. The 
lubricating boundary layer Will noW be illustrated in FIG. 6. 

[0085] FIG. 6 is an artist’s representation of an example 
of the effects on an organic lubricating ?lm and/or the 
boundary layer lubrication discussed herein above. As dis 
cussed herein, it is not draWn to scale so the boundary layer 
thickness can be illustrated in simple fashion for helpful 
guidance. Reference Numeral 800 represents a cross-sec 
tional vieW of a semiconductor Wafer having tWo unWanted 
raised regions (Reference Numeral 802). Reference 
Numeral 804 represents a cross-sectional vieW of a semi 
conductor Wafer having loWer regions proximate to the tWo 
unWanted raised regions (Reference Numeral 802). Refer 
ence Numeral 900 represents the lubricating boundary layer. 
Reference Numeral 902 represents thinner regions of lubri 
cating boundary layer (for instance having a thickness of 4 
molecules). Note that the thinner regions of a lubricating 
boundary layer can occur proximate the unWanted raised 
regions on the semiconductor Wafer surface being ?nished. 
Reference Numeral 904 represents a thicker region of lubri 
cating boundary layer Which can generally occur in regions 
proximate to and beloW the unWanted raised regions. Ref 
erence Numeral 820 represents a small cross-section of 
?nishing element. The different local regions having differ 
ent lubricating boundary layers and lubricating properties is 
referred to herein as differential boundary lubrication. Dif 
ferential lubricating ?lms, preferably lubricating boundary 
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layers, can improve planariZation for some semiconductor 
Wafers (particularly at the die level). An organic lubricating 
boundary layer is a preferred lubricating ?lm. 

[0086] Finishing Aid 

[0087] Supplying an effective amount of ?nishing aid 
from the ?nishing element ?nishing surface layer, more 
preferably a lubricating aid, Which reduces the coef?cient of 
friction betWeen the ?nishing element ?nishing surface and 
the Workpiece surface being ?nished is preferred. Supplying 
an effective amount of ?nishing aid from the ?nishing 
element ?nishing surface layer, more preferably a lubricat 
ing aid, Which reduces the unWanted surface damage to the 
surface of the Workpiece being ?nished during ?nishing is 
preferred. Supplying an effective amount of ?nishing aid 
from the ?nishing element ?nishing surface layer, more 
preferably a lubricating aid, Which differentially lubricates 
different regions of the Work piece and reduces the unWanted 
surface damage to at least a portion of the surface of the 
Workpiece being ?nished during ?nishing is preferred. 

[0088] The ?nishing aid, more preferably a lubricating aid, 
can help reduce the formation of surface defects for high 
precision part ?nishing. Fluid based ?nishing aid, more 
preferably a lubricating aid, can help reduction of brittle 
fracture at the Workpiece surface being ?nished. A method 
of ?nishing Which adds an effective amount of ?uid based 
?nishing aid, more preferably a lubricating aid, to the 
interface betWeen the ?nishing element ?nishing surface and 
Workpiece surface being ?nished is preferred. A preferred 
effective amount of ?uid based ?nishing aid, more prefer 
ably a lubricating aid, reduces the occurrence of unWanted 
surface defects. A preferred effective amount of ?uid based 
?nishing aid, more preferably a lubricating aid, can reduce 
the coef?cient of friction betWeen the Work piece surface 
being ?nished and the ?nishing element ?nishing surface. 

[0089] A lubricating aid Which is Water soluble is pre 
ferred. A lubricating aid Which has a different solubility in 
Water at different temperatures is more preferred. A degrad 
able ?nishing aid, more preferably a lubricating aid, is also 
preferred and a biodegradable ?nishing aid, more preferably 
a lubricating aid, is even more preferred. An environmen 
tally friendly ?nishing aid, more preferably a lubricating aid, 
is particularly preferred. A Water based lubricant formed 
With Water Which has loW sodium content is also preferred 
because sodium can have a adverse performance effect on 
the preferred semiconductor parts being made. A lubricant 
free of sodium is a preferred lubricant. As used herein a 
lubricant ?uid free of sodium means that the sodium content 
is beloW the threshold value of sodium Which Will adversely 
impact the performance of a semiconductor Wafer or semi 
conductor parts made therefrom. A ?nishing aid, more 
preferably a lubricating aid, free of sodium is preferred. As 
used herein a ?nishing aid free of sodium means that the 
sodium content is beloW the threshold value of sodium 
Which Will adversely impact the performance of a semicon 
ductor Wafer or semiconductor parts made thereWith. 

[0090] Certain particularly important Workpieces in the 
semiconductor industry have regions of high conductivity 
and regions of loW conductivity. The higher conductivity 
regions are often comprised of metallic materials such as 
tungsten, copper, aluminum, and the like. An illustrative 
example of a common loWer conductivity region is silicon 
and silicon oxide. A ?uid based lubrication Which differen 



US 2002/0002026 A1 

tially lubricates the tWo regions is preferred and a ?uid based 
lubricant Which substantially differentially lubricates tWo 
regions is more preferred. An example of a differential 
lubrication is if the coefficient of friction is changed by 
different amounts in one region versus the other region 
during ?nishing. An example of differential lubrication is 
Where the boundary lubricant reacts differently With differ 
ent chemical compositions to create regions having different 
local regions of tangential friction force and different coef 
?cients of friction. Another example is Where the semicon 
ductor surface being ?nished topography (for instance 
unWanted raised regions) interact Within the operative ?n 
ishing interface to create local regions having different 
tangential friction forces and different coef?cients of friction 
(see for example FIG. 5 discussion herein). For instance one 
region (or area) can have the coef?cient of friction reduced 
by 20% and the other region (or area) reduced by 40%. This 
differential change in lubrication can be used to help in 
differential ?nishing of the tWo regions. An example of 
differential ?nishing is a differential ?nishing rate betWeen 
the tWo regions. For example, a ?rst region can have a 
?nishing rate of “X” angstroms/minute and a second region 
can have a ?nishing rate of “Y” angstroms per minute before 
lubrication and after differential lubrication, the ?rst region 
can have a ?nishing rate of 80% of “X” and the second 
region can have a ?nishing rate of 60% of “Y”. An example 
of Where this Will occur is When the lubricant tends to adhere 
to one region because of physical or chemical surface 
interactions (such as a metallic conductive region) and not 
adhere or not adhere as tightly to the an other region (such 
as a non metallic, non conductive region). Different regions 
can have different lubricating boundary layer thicknesses (or 
lubricating ?lm thickness). Changing the ?nishing control 
parameters to change the differential lubrication during 
?nishing of the Workpiece is a preferred method of ?nishing. 
Changing the ?nishing control parameters to change the 
differential lubrication during ?nishing of the Workpiece 
Which in turn changes the region ?nishing rates in the 
Workpiece is a more preferred method of ?nishing. Chang 
ing the ?nishing control parameters With in situ process 
control to change the differential lubrication during ?nishing 
of the Workpiece Which in turn changes the region ?nishing 
rates in the Workpiece is an even more preferred method of 
?nishing. A secondary friction sensor probe can aid in an 
important Way in detecting and controlling differential lubri 
cation in the Workpieces having heterogeneous surface com 
positions needing ?nishing. 

[0091] Changing the lubrication at least once during the 
?nishing cycle time to change the coef?cient of friction 
betWeen the ?nishing element ?nishing surface and the 
Workpiece surface being ?nished is preferred. Changing the 
lubrication a plurality of times during the ?nishing cycle 
time to change the coef?cient of friction betWeen the ?n 
ishing element ?nishing surface and the Workpiece surface 
being ?nished a plurality of times during the ?nishing cycle 
time is more preferred. Changing the amount of lubricant at 
the operative ?nishing interface is a preferred method to 
change the lubrication. Changing the composition of the 
lubricant at the operative ?nishing interface is a preferred 
method to change the lubrication. Changing the number of 
lubricants in the operative ?nishing interface is a preferred 
method to change the lubrication. Changing the number of 
organic lubricating boundary layers in the operative ?nish 
ing interface is a preferred method to change the lubrication. 
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Changing the composition of organic lubricating boundary 
layer(s) at the operative ?nishing interface is a preferred 
method to change the lubrication. Changing the number of 
organic lubricating ?lms in the operative ?nishing interface 
is a preferred method to change the lubrication. Changing 
the composition of organic lubricating ?lm(s) in the opera 
tive ?nishing interface is a preferred method to change the 
lubrication. Changing the form of the organic lubricating 
boundary layer(s) is a preferred method to change the 
lubrication. Changing the form of the organic lubricating 
?lm(s) is a preferred method to change the lubrication. 
Supplying an effective amount of lubricant Which reduces 
the unWanted surface damage to the surface of the Work 
piece being ?nished during ?nishing is preferred. Changing 
the lubrication during the ?nishing cycle time can improve 
?nishing control and improve ?nishing performance, par 
ticularly Where using in situ control as discussed elseWhere 
herein. Changing lubrication in situ With a control sub 
system is particularly preferred. Changing the coefficient of 
friction in a uniform region of the Workpiece is preferred and 
changing the coef?cient of friction in a plurality of unifor m 
region s of the Workpiece is more preferred. 

[0092] Aplurality of operative sensors, preferably friction 
sensors, can aid in an important Way in detecting and 
controlling differential lubrication in the Workpieces having 
heterogeneous surface compositions needing ?nishing. Dif 
ferential lubrication With a plurality of lubricants can be 
preferred because it can improve lubrication and coef?cient 
of friction control. Differential lubrication With a plurality of 
organic lubricating ?lms can be more preferred because it 
can further improve lubrication and coef?cient of friction 
control. Differential lubrication With a plurality of organic 
lubricating boundary layers can be even more preferred 
because it can further improve lubrication and coef?cient of 
friction control. 

[0093] An organic lubricating ?lm Which interacts With 
the semiconductor Wafer surface is preferred. An organic 
lubricating ?lm Which adheres to the semiconductor Wafer 
surface is preferred. An organic lubricating ?lm Which 
interacts With and adheres to the semiconductor Wafer 
surface is more preferred. An organic lubricating ?lm Which 
interacts With the uniform region of the semiconductor Wafer 
surface is preferred. An organic lubricating ?lm Which 
adheres to the uniform region of the semiconductor Wafer 
surface is preferred. An organic lubricating ?lm Which 
interacts With and adheres to the uniform region of the 
semiconductor Wafer surface is more preferred. A uniform 
functional region is a preferred uniform region. A conduc 
tive region is a preferred uniform functional region. A 
nonconductive region is a preferred uniform functional 
region. By having the organic lubricating ?lm interact With 
and adhere to a uniform region of the semiconductor Wafer 
surface, localiZed ?nishing control can be improved and 
unWanted surface defects can generally be reduced using the 
teaching and guidance herein. 

[0094] An organic lubricating boundary layer Which inter 
acts With the semiconductor Wafer surface is preferred. An 
organic lubricating boundary layer Which adheres to the 
semiconductor Wafer surface is preferred. An organic lubri 
cating boundary layer Which interacts With and adheres to 
the semiconductor Wafer surface is more preferred. An 
organic lubricating boundary layer Which interacts With the 
uniform region of the semiconductor Wafer surface is pre 
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ferred. An organic lubricating boundary layer Which adheres 
to the uniform region of the semiconductor Wafer surface is 
preferred. An organic lubricating boundary layer Which 
interacts With and adheres to the uniform region of the 
semiconductor Wafer surface is more preferred. A uniform 
functional region is a preferred uniform region. A conduc 
tive region is a preferred uniform functional region. A 
nonconductive region is a preferred uniform functional 
region. By having the organic boundary lubricating layer 
interact With and adhere to a uniform region of the semi 
conductor Wafer surface, localiZed ?nishing control can be 
improved and unWanted surface defects can generally be 
reduced using the teaching and guidance herein. 

[0095] A lubricating aid comprising a reactive lubricant is 
preferred. Alubricating aid comprising a boundary lubricant 
is also preferred. A reactive lubricant is a lubricant Which 
chemically reacts With the Workpiece surface being ?nished. 
A boundary layer lubricant is a preferred eXample of a 
lubricant Which can form a lubricating ?lm on the surface of 
the Workpiece surface. An organic lubricating ?lm is a 
preferred lubricating ?lm. An organic lubricating ?lm Which 
adheres to the Workpiece surface being ?nished is preferred 
and an organic lubricating ?lm Which interacts With and 
adheres to the Workpiece surface being ?nished is more 
preferred. An organic lubricating boundary layer is preferred 
eXample of an organic lubricating ?lm. As used herein a 
boundary lubricant is a thin layer on one or more surfaces 
Which prevents or at least limits, the formation of strong 
adhesive forces betWeen the Workpiece being ?nished and 
the ?nishing element ?nishing surface and therefore limiting 
potentially damaging friction junctions betWeen the Work 
piece surface being ?nished and the ?nishing element ?n 
ishing surface. A boundary layer ?lm has a comparatively 
loW shear strength in tangential loading Which reduces the 
tangential force of friction betWeen the Workpiece being 
?nished and the ?nishing element ?nishing surface Which 
can reduce surface damage to the Workpiece being ?nished. 
In other Words, boundary lubrication is a lubrication in 
Which friction betWeen tWo surfaces in relative motion, such 
as the Workpiece surface being ?nished and the ?nishing 
element ?nishing surface, is determined by the properties of 
the surfaces, and by the properties of the lubricant other than 
the viscosity. Organic lubrication layers Wherein the friction 
betWeen tWo surfaces is dependent on lubricant properties 
other than viscosity is preferred. Different regional boundary 
layers on a semiconductor Wafer surface being ?nished can 
be preferred for some ?nishing—particularly planariZing. A 
boundary ?lm generally forms a thin ?lm, perhaps even 
several molecules thick, and the boundary ?lm formation 
depends on the physical and chemical interactions With the 
surface. An organic lubricating ?lm is preferred. Aboundary 
lubricant Which forms of thin ?lm can be more preferred. 

[0096] An organic lubricating ?lm having a thickness 
from 1 to 10 molecules thick is preferred and an organic 
lubricating ?lm having a thickness from 1 to 6 molecules 
thick is more preferred and an organic lubricating ?lm 
having a thickness from 1 to 4 molecules thick is even more 
preferred. An organic lubricating ?lm having a thickness 
from 1 to 10 molecules thick on at least a portion of the 
Workpiece surface being ?nished is particularly preferred 
and an organic lubricating ?lm having a thickness from 1 to 
6 molecules thick on at least a portion of the Workpiece 
surface being ?nished is more particularly preferred and an 
organic lubricating ?lm having a thickness from 1 to 4 
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molecules thick on at least a portion of the Workpiece 
surface being ?nished is even more particularly preferred. 
An organic lubricating ?lm having a thickness of at most 10 
molecules thick on at least a portion of the Workpiece 
surface being ?nished is particularly preferred and an 
organic lubricating ?lm having a thickness of at most 6 
molecules thick on at least a portion of the Workpiece 
surface being ?nished is more particularly preferred and an 
organic lubricating ?lm having a thickness of at most 4 
molecules thick on at least a portion of the Workpiece 
surface being ?nished is even more particularly preferred. 
Thin organic lubricating ?lms can help reduce unWanted 
surface damage and aid in heterogeneous lubrication. 

[0097] An organic lubricating boundary layer is a pre 
ferred organic lubricating ?lm and is also preferably thin. A 
boundary lubricant forming a ?lm having a thickness from 
1 to 10 molecules thick is preferred and a boundary lubricant 
forming a ?lm having a thickness from 1 to 6 molecules 
thick is more preferred and a boundary lubricant forming a 
?lm having a thickness from 1 to 4 molecules thick is even 
more preferred. Aboundary lubricant forming a ?lm having 
a thickness from 1 to 10 molecules thick on at least a portion 
of the Workpiece surface being ?nished is particularly pre 
ferred and a boundary lubricant forming a ?lm having a 
thickness from 1 to 6 molecules thick on at least a portion 
of the Workpiece surface being ?nished is more particularly 
preferred and a boundary lubricant forming a ?lm having a 
thickness from 1 to 4 molecules thick on at least a portion 
of the Workpiece surface being ?nished is even more par 
ticularly preferred. A boundary lubricant forming a ?lm 
having a thickness of at most 10 molecules thick on at least 
a portion of the Workpiece surface being ?nished is particu 
larly preferred and a boundary lubricant forming a ?lm 
having a thickness of at most 6 molecules thick on at least 
a portion of the Workpiece surface being ?nished is more 
particularly preferred and a boundary lubricant forming a 
?lm having a thickness of at most 4 molecules thick on at 
least a portion of the Workpiece surface being ?nished is 
even more particularly preferred. An operative motion 
Which continues in a substantially uniform direction can 
improve boundary layer formation and lubrication. A dis 
continuous operative motion can be used to change the 
lubricating boundary layer. Boundary lubricants and lubri 
cating ?lms, because of the small amount of required 
lubricant, are particularly effective ?nishing aids for inclu 
sion in ?Xed abrasive ?nishing elements. The molecular 
thickness of lubricating boundary layers can be measured 
With generally knoWn frictional force measures and or 
energy change sensors discussed herein. Changing the pres 
sure in the operative ?nishing interface and or in the 
secondary friction sensor interface can be used to determine 
molecular thickness. Controls can also be used by using 
various generally knoWn analytical techniques such as spec 
troscopy and these results used to calibrate target energy 
change sensors and frictional force measures. Thermal 
analysis can also be used to measure the quantity of organic 
boundary layer on a surface and then the thickness calcu 
lated. Thermal analysis can be used to determine the ef?cacy 
of a particular lubricating boundary layer including solid 
boundary lubricant Zone, boundary liquid lubricant Zone, 
and boundary lubricant desorbed Zone and the transition 
temperatures therebetWeen. Thermal analysis can also be 
used for lubricating ?lms. 



US 2002/0002026 A1 

[0098] Heterogeneous lubricating boundary layers can 
improve ?nishing and planariZing of some semiconductor 
Wafers Where a differential ?nishing rate is desired in 
different regions. A semiconductor Wafer surface having at 
least one unWanted raised region Wherein the lubricating 
boundary layer thickness is at most one half the molecular 
layer thickness of the lubricating boundary layer thickness 
proximate to the unWanted raised region is preferred. A 
semiconductor Wafer surface having at least one unWanted 
raised region Wherein the boundary lubrication thickness is 
at most one third the molecular layer thickness of the 
lubricating boundary layer thickness proximate to the 
unWanted raised region is more preferred. A semiconductor 
Wafer surface having at least one unWanted raised region 
Wherein the lubricating boundary layer thickness is at most 
one quarter the molecular layer thickness of the lubricating 
boundary layer thickness proximate to the unWanted raised 
region is more preferred. Applications of this technology are 
further discussed herein elseWhere. 

[0099] Controlling the thickness of the lubricating bound 
ary layer by changing at least one control parameter in a 
manner that changes the tangential force of friction in at 
least one region of the semiconductor Wafer surface in 
response to an in situ control signal is preferred. Controlling 
the thickness of the lubricating boundary layer by changing 
at least one control parameter in a manner that changes the 
tangential force of friction in at least tWo different regions of 
the semiconductor Wafer surface in response to an in situ 
control signal is more preferred. Preferably the unWanted 
raised regions are related to a repeating pattern in the 
semiconductor Wafer die. A plurality of die each having the 
same repeating pattern on the semiconductor Wafer surface 
being ?nished is preferred. These repeating patterns are 
generally created during semiconductor Wafer manufacture 
and can be related to pattern densities. This is because small 
changes in lubricating boundary layers can change ?nishing 
rate, ?nishing rate selectivity, and ?nished surface quality. 

[0100] A reactive organic lubricant is preferred. A reactive 
organic lubricating ?lm is more preferred. Areactive bound 
ary lubricant is a preferred lubricant. A lubricating boundary 
layer comprising physical adsorption (physisorption) of the 
lubricant molecules to the semiconductor surface being 
?nished is a preferred lubricating boundary layer. Van der 
Waals surface forces are a preferred example of physical 
adsorption. Dipole-dipole interaction betWeen the boundary 
lubricant and the semiconductor Wafer surface being ?n 
ished is a preferred example of physical adsorption. A 
reversible dipole-dipole interaction betWeen the boundary 
lubricant and the semiconductor Wafer surface is an example 
of a more preferred physical adsorption lubricating bound 
ary layer. An organic alcohol is an illustrative preferred 
example. Apolar organic molecule containing the hetereoa 
tom oxygen is preferred. An organic boundary lubricating 
layer Which is a solid ?lm generally has a greater ability to 
separate the ?nishing element ?nishing surface from the 
semiconductor Wafer surface being ?nished. A heat of 
adsorption of from 2,000 to 10,000 cal/mole is preferred for 
physisorption. Aphysisorption organic boundary lubricating 
layer is a preferred reversible lubricating layer. 

[0101] A lubricating boundary layer comprising chemi 
sorption of lubricant molecules to the semiconductor Wafer 
being ?nished is a preferred lubricating boundary layer. In 
chemisorption, chemical bonds hold the boundary lubricants 
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to the semiconductor Wafer surface being ?nished. As an 
illustrative example, a reaction of stearic acid forms a “metal 
soap” thin ?lm on a metal surface. An organic carboxylic 
acid is a preferred example. Further, the “metal soap” can 
have a higher melting temperature and thus form regional 
areas of an organic boundary layer having higher tempera 
ture lubricating capacity as discussed further herein beloW. 
Aheat of absorption of betWeen 10,000 to 100,000 cal/mole 
is preferred for chemisorption. 

[0102] A solid ?lm organic boundary lubricating layer 
generally has a greater ability to separate the ?nishing 
element ?nishing surface from the semiconductor Wafer 
surface being ?nished. A solid ?lm organic boundary lubri 
cating layer can thus help reduce ?nishing rates as measured 
in angstroms per minute (compared to a liquid ?lm). Aliquid 
?lm organic boundary lubricating layer generally has a 
loWer ability to separate the ?nishing element ?nishing 
surface from the semiconductor Wafer surface being ?nished 
can thus help increase ?nishing rates as measured in ang 
stroms per minute (compared to a solid ?lm). The same 
boundary lubricant can form either solid ?lm organic bound 
ary lubricating layer or a liquid ?lm organic boundary 
lubricating layer depending on the operative ?nishing inter 
face process conditions. A reversible organic boundary 
lubricating layer (Which can change from solid to liquid to 
solid depending on processing conditions such as tempera 
ture) is preferred. Finishing a heterogeneous semiconductor 
Wafer surface having at least one unWanted raised region 
Wherein the lubricating boundary layer comprises a liquid 
?lm on the unWanted raised region and the lubricating 
boundary layer comprises a solid ?lm in the region beloW 
and proximate to the unWanted raised region is preferred. 
Finishing a heterogeneous semiconductor Wafer surface 
having at least one unWanted raised region Wherein the 
lubricating boundary layer comprises a higher temperature 
liquid ?lm on the unWanted raised region and the lubricating 
boundary layer comprises a loWer temperature solid ?lm in 
the region beloW and proximate to the unWanted raised 
region is preferred. Applying an operative ?nishing motion 
to the operative ?nishing interface forming a heterogeneous 
temperature pro?le on the semiconductor Wafer surface 
being ?nishing and Wherein the temperature is higher on a 
plurality of unWanted raised regions of the heterogeneous 
semiconductor Wafer surface and the temperature is loWer 
proximate to and beloW the plurality of unWanted raised 
regions of the heterogeneous semiconductor Wafer surface 
and further the plurality of unWanted raised regions have a 
liquid lubricating ?lms on them and the regions proximate to 
and beloW the plurality of unWanted raised regions solid 
lubricating ?lms on them. See for instance Reference 
Numerals 802 (unWanted raised region) and 804 (region 
proximate to and beloW the unWanted raised region) for 
further helpful guidance. An example is octadecyl alcolhol 
forms a solid lubricant ?lm on copper at about 20 to 55 
degrees centigrade and a liquid ?lm on copper at about 65 
to 110 degrees centigrade. An organic boundary lubricating 
layer that is capable of changing from a solid ?lm to a liquid 
?lm in the operative ?nishing interface temperature range 
during a ?nishing cycle time is preferred. An organic bound 
ary lubricating layer that is capable of changing from a solid 
?lm to a different physical form in the operative ?nishing 
interface temperature range during a ?nishing cycle time is 
preferred. An organic boundary lubricating layer that is 
capable of changing from a liquid ?lm to a different physical 




































