
3 0 SEP 2QOti (12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT
COOPERATION TREATY (PCT) (19) World Intellectual Property Organization
International Bureau PCT I~IIIII<III[ IODINE 11 Mill 1101111111 (43)
International Publication Date  11 October 2001 (11.10.2001) (51)
International Patent Classi ication7: B24B 37104,  21/18, B24D 3128, 1
I100, 18100 (21) International Application Number: PCT/US01109887  (22)
International Filing Date: 28 March 2001 (28.03 2001)  (25) Filing
Language: English  (26) Publication Language: English  (30) Priority Data:
091541,109 31 March 2000 (31.03.20W) US (71) Applicant: LAM RESEARCH
CORPORATION  [US/US]; 4650 Cushing Parkway, Fremont, CA 94538  (US). (72)
Inventor: BOYD, John, M.; 8730 Sierra Vista Road,  Atascadero, CA 93422
(US). (10) International Publication Number W4 41/74537 Al (81) Designated
States (national): AE, AG, Al, AM, AT, AU,
AZ,BA,BB,BG,BR,BY,BZ,CA,CH,CN,CO,CR,CU,  CZ DE, DK, DM, DZ, BE, ES, F1, GB,
GD, GE, GH, GM,  HR,HU,ID,II.,IN,IS,IP.RE,KG,KP,KR,KZ,LC,LK,  LR, IS, IT,
LU, LV, MA, MD, MG, MK, MN, MW, MX,  MZ, NO, NZ, PL, PT, RO, RU, SD, SE,
SG, SI SK, SL,  TJ, TM, TR, TT, TZ, UA, UG, UZ, VN, YU, ZA, ZW. (84)
Designated States (regional): ARIPO patent (GH, GM,  KE, IS, MW, MZ, SD,
SL, SZ, TZ, UG, ZW), Eurasian  patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European  patent (AT, BE, CH, CY, DE, DK, ES, El, FR, GB, OR, IE,  



IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF,  CG, CL, CM, GA, ON,
GW, ML, MR, NE, SN, TD, TG). Published:  - with international search report
- before the expiration of the time limit for amending the  claims and to
be republished in the event of receipt of  amendments For two-letter codes
and other abbreviations, refer to the 'Guid (74) Agent: BECKER, Donna, E.;
Brinks Hofer Gilson & Li- ance Notes on Codes and Abbreviations"appearing
at the begin- one, P.O_ Box 10087, Chicago, IL 60610 (US). ning of each
regular issue of the PCT Gazette. (54) Title: METHOD AND APPARATUS FOR
FIXED-ABRASIVE SUBSTRATE MANUFACTURING AND WAFER POLISH- ING IN A SINGLE
PROCESS PATH 1 n (57) Abstract: Methods and apparatus are provided for
combining the manufacturing of a fixed-abrasive substrate and the chemical
mechanical planarization of semiconductor wafers using a single process
path (26). An electrostatic patterning device (58) produces C an
electrostatic charge of a predetermined pattern and density on a backing
(52). An abrasive/binding agent container (60) deposits  an
abrasivelbinding agent mixture on the surface of the backing (52)_ The
mixture is attracted to the backing (52) in the pattern of  a the
electrostatic charge. A vacuum force generator (62) removes the excess
abrasive/binding agent mixture from the backing (52). An UV irradiation
device (64) fixes the mixture to the backing (52)_ A conveyor (74) carries
the fixed-abrasive substrate (54) to the  CMP station (66). 3 o SEP 2004 WO
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FIELD OF THE INVENTION The present invention relates to the chemical
mechanical planarization of  semiconductor wafers using a fixed abrasive
substrate. More particularly, the  present invention relates to an improved
system and method for chemical  mechanical planarization in which the
manufacturing of the fixed abrasive 10 substrate occurs in situ, being
incorporated into the same process path as the  chemical mechanical
planarization process. BACKGROUND OF THE INVENTION Semiconductor wafers are
commonly constructed in layers, where a portion  



15 of a circuit is created on a first level and conductive vias are made to
connect up to  the next level of the circuit. After each layer of the
circuit is etched on the wafer,  an oxide layer is put down allowing the
vias to pass through but covering the rest  of the previous circuit level.
Each layer of the circuit can create or add unevenness to the wafer that
must be smoothed out before generating the next  20 circuit layer. Chemical
mechanical planarization  (CMP) techniques are used to smooth  or planarize
the raw wafer and each layer of material added thereafter. Available CMP
systems, commonly called wafer polishers, often use a rotating wafer holder
that brings the wafer into contact with a polishing pad rotating in the
plane of the 25 wafer surface to be planarized. A planarization liquid or
CMP slurry is applied to  the polishing pad to facilitate the removal of
material from the surface of the  wafer. The polishing pad may utilize a
loose or a fixed abrasive. In the case of a  loose abrasive, the polishing
pad is generally made from a nonabrasive material, 3 0  SEP 2004 WO 0117437
_ 2  PCT/USO  UQ9887 and the planarization liquid is generally a CMP stony
containing abrasive particles  and chemicals that remove material from the
surface of the wafer. In the case of a  fixed abrasive, the polishing pad
is generally made from a mixture of abrasive  particles in a binding agent
affixed to a backing or substrate, and the  planarization  liquid generally
does not contain abrasive particles. The fixed-abrasive substrate can be
produced in any form that can be used  in a CMIP polishing process. A
variety of forms are commonly used, including a  continuous roll, a closed
loop, annular disks, and round disks. With respect to the  CMP process, the
fixed-abrasive substrates are generally considered consumable  products.
Fixed-abrasive substrates are usually purchased from a third party
supplier and are very expensive. One example of such a fixed-abrasive
substrate  is produced by 3M and distributed by Rodel.  SUMMARY Embodiments
may provide methods and apparatus for combining the manufacturing of
fixed-abrasive substrate and the chemical mechanical planarization of
semiconductor  



wafers using a single process path Other embodiments may provide methods
and apparatus which allow both continuous  fixed-abrasive substrate
manufacturing and continuous wafer polishing using a single  process path.
Further embodiments may provide methods and apparatus for combined
manufacturing  of a fixed-abrasive substrate and wafer polishing where the
components of the fixed- abrasive substrate can be reclaimed and recycled
for further use in a fixed-abrasive  substrate manufacturing process.
According to a first aspect of the present invention, there is provided an
apparatus for  polishing a semiconductor wafer comprising: a conveyor
adapted to transport a backing along a process path; 3 0  SEP' 200 4 2a a
patterning device, the patterning device designed to apply a pattern on to
the  backing to guide deposition of an abrasive on to the backing; a first
container positioned along the process path and adjacent to the patterning
device, the first container designed to deposit an abrasive/binding agent
mixture onto the  backing; an affixation station positioned along the
process path and downstream from the  first container, the affixation
station configured to expose a backing upon which  abrasivelbinding agent
mixture has been deposited to conditions which cause the  abrasivelbinding
agent-mixture to become affixed to the backing thereby creating a fixed-
abrasive substrate; and a wafer polishing station positioned along the
process path and downstream from the  affixation station, the wafer
polishing station comprising a wafer carrier assembly for  supporting a
semiconductor wafer and for transporting the wafer toward the substrate
such  that the wafer contacts the surface of the fixed abrasive substrate,
and a substrate. support  disposed beneath the fixed-abrasive substrate and
opposite the wafer caner. According to a second aspect of the present
invention, there is provided an  apparatus for polishing a semiconductor
wafer comprising: a conveyor adapted to transport a backing along a process
path; an electrostatic patterning device, the electrostatic patterning
device designed to apply  an electrostatic field of predetermined pattern
and density onto the backing; a first container positioned along the
process path and adjacent to the electrostatic  



patterning device, the first container designed to deposit an
abrasive/binding agent mixture  onto the backing; a polymerization station
positioned along the process path and downstream from  the first container,
the polymerization station configured to expose a backing upon which
abrasivelbinding agent mixture has been deposited to conditions which cause
the abrasivelbinding agent mixture to become affixed to the backing and
creating a fixed- abrasive substrate; and a wafer polishing station
positioned along the process path and downstream from  the polymerization
station, the wafer polishing station comprising a wafer carrier assembly
for supporting a semiconductor wafer and for transporting the wafer toward
the substrate  such that the wafer contacts the surface of the fixed
abrasive substrate, and a substrate  support disposed beneath the
fixed-abrasive substrate and opposite the wafer carrier. 3 0 SEP 20.9 2b
According to a third aspect of the present invention, there is provided a
method of  creating a fixed abrasive substrate and simultaneously polishing
a semiconductor wafer  comprising: providing an abrasive/binding agent
mixture and a continuously moving backing;  applying the abrasive/binding
agent mixture to the continuously moving backing;  affixing the
abrasivelbinding agent mixture to the continuously moving backing thereby
creating a fixed-abrasive substrate; and polishing a semiconductor wafer
with the fixed-abrasive substrate in a chemical  mechanical planarization
process, wherein the acts of affixing the abrasive/binding agent  mixture
to the continuously moving backing and polishing the semiconductor wafer
with the  fixed-abrasive substrate are performed concurrently. BRIEF
DESCRIPTION OF THE DRAWINGS FIG.1  illustrates a fixed-abrasive substrate
manufacturing station and a chemical  mechanical planarization station
using a single process path. FIG. 2 illustrates one embodiment of a closed
loop system. 3 0 SEP 2004 WO 01/74537  PCTIUS01109887  -3 FIG. 3
illustrates an alternative embodiment of a fixed-abrasive substrate
manufacturing station and a chemical mechanical planarization station using
a  



single process path. FIG. 4 illustrates an alternative embodiment of a
system using a closed  5 loop substrate. DETAILED DESCRIPTION OF THE
PRESENTLY PREFERRED  EMBODMIENTS  According to a preferred embodiment of
the present invention, a system is  10 described below that provides for
the manufacture of a fixed-abrasive substrate in situ, or as part of the
same process path as a  CMP module. A diagrammatic view  of a system 10
comprising a fixed-abrasive substrate manufacturing station 20 and  a
chemical mechanical planarization station 24 using a single process path 12
is  shown in FIG. 1. Where conventional systems rely on the use of a
consumable IS fixed-abrasive substrate from a third party supplier for use
in CMP processes, the  disclosed system provides for a single process path
12 which incorporates fixed- abrasive substrate manufacturing and wafer
polishing. The fixed-abrasive  substrate is manufactured at one station
along the process path and then used in the  CMP  process at a subsequent
station along the process path, The disclosed system 20 provides a method
of creating a fixed abrasive substrate and simultaneously  polishing a
semiconductor wafer. The system 10 is illustrated in FIG. 1. Generally, a
conveyor 16 transports  a substrate or backing 14 along a' process path 12
from "a fixed-abrasive substrate  manufacturing station 20 to a wafer
polishing station 24. The backing 14 is 25 untreated as it is transported
towards the fixed-abrasive substrate manufacturing  station 20 where an
abrasive/binding agent mixture is applied. As the backing 14 is transported
along the process path 12, the treated portion of the backing 28, or  the
fixed-abrasive substrate 28, reaches the CMP module 24 and is used in the
wafer polishing process. The term backing 14 refers specifically to the
substrate  30 or backing portion of the fixed-abrasive substrate or to
untreated backing. The 3 0 SEP 2001f WO 01/74537 PCT/L) S01/09887 - 4 term
or fixed-abrasive substrate 28 refers to treated backing or backing to
which  the abrasive/binding  agent mixture has been applied. The process
path 12 generally proceeds in the following manner. The  backing 14 is
optionally cleaned and prepared for fixed-abrasive substrate 



5 manufacturing at a substrate cleaning station 18. The fixed abrasive is
then  applied to the backing 14 at a fixed-abrasive substrate manufacturing
station 20.  After the fixed-abrasive substrate 28 is manufactured, the
conveyor 16 transports  the fixed-abrasive substrate 28 to the CMP station
24 where the fixed-abrasive  substrate 28 is utilized in the wafer
polishing process. After the fixed-abrasive 10 substrate 28 has been used
in the CMI' process, both the backing 14 and the fixed  abrasive may be
reclaimed or recycled at the reclamation station 26 for use in  subsequent
rounds of fixed-abrasive substrate manufacturing. Depending on the type of
fixed-abrasive substrate desired for a particular  application, there many
be more than one fixed-abrasive substrate manufacturing  15 station 20, 22
along the process path 12 to allow for multiple rounds of fixed abrasive
application to the backing 14. For CMP processes to effectively and
efficiently polish semiconductor  wafers, optimally, there is a velocity
differential between the wafer and the  polishing material. For most
applications using a system according to the present 20 invention, the
manufacturing of the fixed-abrasive substrate proceeds at a slower  rate
than the wafer polishing. The fixed-abrasive substrate manufacturing may
proceed at a rate of about 0.1  inch/min to about 1 inch/min. To
accommodate  these different rates while maintaining continuous operation
of both the fixed- abrasive substrate manufacturing function and the CMP
function, the wafer carrier .25 30 is preferably moving or rotating with
respect to the conveyor as the fixed- abrasive substrate 28 is proceeding
along the process path 12. It is important to  maintain the velocity
differential between the wafer carrier 30 and the fixed- abrasive substrate
28. The velocity differential is generally in the range of about  50 ft/min
to about 400 ft/min. The fixed-abrasive substrate 28 progresses along 30
the process path 12 at a fixed rate correlated to the rate of its
production. The  wafer, held in place by a wafer carrier 30 in the CMP
module 24, is brought into 3 0  SEP 2004 WO 01/74537  PCT/1JS01/09887  -5
contact with the fixed-abrasive substrate 28 and is moving or rotating with
respect  the fixed-abrasive substrate 28. The motion of the wafer is
optimally at a rate such  that the average velocity is maintained in the
range of about 50 ft/min  to about 400  ft/min. The path of motion of the
wafer is optimally a somewhat random motion 



5 which uses substantially all of the area of the fixed-abrasive substrate
28. This  type of motion provides uniform material removal from the wafer
without  introducing systematic defects. One preferred embodiment of the
present invention is shown in FIG. 2. In  general, the system 50 shown in
FIG. 2 is a closed loop system for fixed-abrasive  10 substrate
manufacturing and wafer polishing using a single platform, using a closed
loop backing 52 which forms a complete loop that repeatedly circulates
along the process path 56. Generally, the system 50 utilizes electrostatic
patterning to create a pattern on the backing 52 to guide application of
the  abrasive/binding agent mixture. The binding agent is a polymer
precursor which 15 polymerizes on exposure to UV radiation. The system 50
also provides for the  recycling or reuse of the backing 52 in multiple
rounds of fixed-abrasive substrate  manufacturing and wafer polishing. A
conveyor 74 controls the movement of the backing 52 along the process  path
56. The conveyor 74 generally transports the backing 52 in the direction of
20 the arrow shown in FIG. 2, but the conveyor 74 is also able to move in
the reverse direction. This would allow the backing 52 to pass through
multiple rounds of  abrasive/binding agent mixture application fr om a
single fixed-abrasive substrate  manufacturing station. The conveyor 74 may
be a beltless conveyor with the  backing 52 of the fixed-abrasive substrate
serving as the platform. 25 In the present embodiment, the fixed-abrasive
substrate manufacturing  station (shown as 20, 22 in FIG. 1) comprises a
patterning device 58, an  abrasive/binding  agent container 60, an
abrasive/binding agent mixture removal  device 62, and an affixation device
64, as illustrated in FIG. 2. The patterning device, in this embodiment is
an electrostatic patterning  30 device 58 which emits an electrical field.
Exposure of the backing 52 to the  electrical field produces an
electrostatic charge of a predetermined pattern and 3 D SEP 200'4 WO
01/74537 PCT/USO1/09887  -6 density on the backing 52. The electrostatic
patterning serves to direct the pattern  of the application of the
abrasive/binding agent mixture onto the backing 52. The  abrasive/binding
agent mixture is attracted to the areas of the backing 52 with the
greatest charge density. The electrostatic patterning device 58 may be any
of a 



5 number of mechanisms such as the type commonly used in photocopiers and
for  electrostatic printing in which a charge is placed on the moving paper
and then  toner is applied to the charged areas. In this case, the charge
is placed on the  backing 52 and the abrasive/binding agent mixture is
applied to the charged areas. The abrasive/binding  agent container 60
receives, contains, and deposits  10 the abrasive/binding agent mixture on
to the surface of the backing 52. In the  present embodiment, the binding
agent is a polymer precursor, such as a poly- acrylate-type compound, or a
polyurethane-type compound. The abrasive and the  polymer precursor may be
delivered into the abrasive/binding  agent container 60  as a substantially
homogeneous mixture of abrasive and polymer precursor. 15 Alternatively,
the components may be added separately to the  abrasive/binding  agent
container 60 and mixed in the abrasive/binding agent container 60. The
abrasive/binding agent mixture, or abrasive/polymer precursor mixture, is
applied  to the backing 52 from the container 60_ As the abrasive-polymer
precursor  mixture is deposited from the container 60 to the backing 52,
the mixture is 20 attracted to the backing 52 in the pattern of the
electrostatic charge on the backing 52. The backing 52 with the
abrasive/binding agent mixture applied then  moves along the process path
56 and is exposed to an abrasive/binding agent  mixture removal device
which in the present embodiment is a vacuum force 25 generator 62. The
vacuum force generator 62 applies a vacuum pressure to  remove excess
abrasive/binding agent mixture from the backing 52. There may be  excess
abrasive mixture that is not in the pattern of the electrostatic patterning
on the backing 52. This excess is removed before the abrasive mixture is
fixed to the  backing 52 so the abrasive is applied to the backing 52 in
the pattern and density 30 desired. One example of a vacuum force generator
62 would use a house vacuum 30 SEP 2004  WO 01/74537 PCTIUSOI/09887  -7 and
contain a separator to recover the reclaimed abrasivelbinding  agent
mixture.  Alternatively, the vacuum force can be provided by a stand-alone
system. The backing 52 and abrasive mixture is then exposed to an
affixation  device 64. In the present embodiment, the affixation device is
an irradiation  5 device 64 such as a UV laser which emits UV radiation
causing the polymer  



precursor in the abrasive/binding  agent mixture to polymerize and thereby
become affixed to the backing 52. This creates the fixed-abrasive substrate
54 that is used  in the polishing process. The fixed abrasive substrate 54
then proceeds along the process path 56,  10 carried by the conveyor 74, to
the CMP station 66 where it is used to polish  semiconductor wafers. A
platen assembly 68, disposed beneath the fixed-abrasive  substrate 54 and
opposite the wafer carrier 76, supports the substrate 54 and  controls its
position relative to the wafer carrier 76. Examples of CMP modules  which
can be used in this process are the TERES  polishing system available 15
from Lam Research Corp., Fremont, CA. and the Obsidian System available
from  Applied Materials, Santa Clara, CA. Examples of wafer carriers are
described in  U.S. Patent Nos. 5,803,799 and 5,857,899, which are
incorporated herein by  reference. To accommodate the rate at which
fixed-abrasive substrate can be  manufactured, it is preferable to use a
CMP system which rotates the wafer with 20 respect to the fixed-abrasive
substrate such as the Obsidian system. After the fixed-abrasive substrate
54 is used in the CMP polishing process,  the backing 52 and/or the
abrasive can be recovered and reused to make additional  fixed-abrasive
substrate. The reclamation station 70 is used to remove the  abrasive and
binding agent from the backing 52. The reclamation station 70 may 25
recover the abrasive particles from the abrasive/polymer mixture which is
removed from the backing 52. Recovery of abrasive may occur in situ, or the
abrasive/polymer mixture may be removed from the backing 52 and recovery of
the abrasive may occur remotely from the process path 56. As the
abrasive/polymer mixture is removed from the backing 52, it is treated with
a 30 chemical mixture that dissolves the polymer and releases the abrasive
particles.  Examples of chemical mixtures which could be used for
reclamation include a 3 0 SEP 2094 WO 01174537 PCMUS01109887  - 8 sulfuric
acid/hydrogen peroxide mixture or a solvent which dissolves the polymer
matrix. The abrasive particles can then be recovered for reuse in making
additional fixed-abrasive substrate, The substrate cleaning device 72 is
used to clean and prepare the backing  5 52 for reuse or to clean new
backing for initial use. The substrate cleaning device  



72 washes debris off of the new or recycled backing and clears the backing
52 of  electrostatic charge or other such characteristics that could
interfere with the,  processes of patterning or abrasive/binding agent
mixture application. As seen in FIG. 2, the present invention allows for
simultaneous fixed- 10 abrasive substrate manufacturing and wafer polishing
in a single process path,  wherein the acts of affixing the
abrasive/binding agent mixture to a continuously  moving backing and
polishing the semiconductor wafer with the fixed-abrasive  substrate are
performed concurrently. Another embodiment of a fixed-abrasive substrate
manufacturing module  is and a chemical mechanical planarization  module
using a single platform is shown  in FIG- 3. The fixed-abrasive substrate
manufacturing station, shown as 20 and 22  in FIG. I has multiple
components. The fixed-abrasive substrate manufacturing  station 20 of FIG.
I comprises the patterning device 108, the  abrasivelbinding  agent
container 110, the abrasive/binding agent mixture, removal device 112, and
20 an affixation device 114, illustrated in FIG. 3. Referring to FIG, 3, a
conveyor 126 transports the substrate or backing 102  along the process
path 106. The conveyor 126 generally proceeds- in the direction  of the
arrow shown in FIG. 3, but c-ari  be controlled to move in either
direction.  For example, if multiple rounds of application of abrasive to
the backing 102 are 25 necessary to produce the desired fixed-abrasive
substrate, the conveyor can allow  the backing 102 to proceed through one
cycle of abrasive application and then  reverse and proceed again for
another round of abrasive application to the same  portion of backing 102.
Alternatively, as discussed above, another method for  applying multiple
layers of fixed-abrasive to the backing 102 is to include multiple 30
fixed-abrasive application stations along the process path.' (Shown as 20
and 22 in  FIG. 1.) 3 SEP 2904 WO 01174537 PCT/US01/09887  -9 The conveyor
126 can be a beltless conveyor. Particularly when the  backing 102 used. is
a continuous feed roll or a closed loop, the backing 102 for  the
fixed-abrasive substrate can serve as the platform and no additional
conveyor  belt is necessary. The conveyor itself 126 comprises motorized
rollers adapted to 5 receive a backing 102. The conveyor 126 supports the
backing 102 and transports  



the backing 102 along the process path 106. The fixed-abrasive substrate
may be produced using any type of backing  102 that can be used for a CMP
process. For example, the backing 102 can be  produced as a continuous feed
roll, a closed loop, or as annular or round disks. 10 For continuous feed,
shown in FIG. 3, the backing 102 is a long roll that proceeds  in a linear
fashion along the process path 106. A-closed-loop backing 152, shown  in
FIG. 4, forms an endless belt loop that repeatedly circulates along the
process  path 160. Examples of materials that can be used for the backing
include  Kevlar,  polycarbonate, nylon, and polyurethane. 15 Referring
again to FIG. 3, the backing 102, in whichever form it is produced, may be
utilized as a single-use product or a multiple-use product. For  multiple
use, after the fixed-abrasive substrate 104 is used in a CMP process, the
abrasive is removed from the backing 102, and the backing 102 is recycled
and  reused to make additional fixed-abrasive substrate. 20 In preparation
for use in the fixed-abrasive substrate manufacturing  process, the backing
102 is preferably cleaned by a substrate cleaning device 122.  Before
abrasive is applied to the backing 102, the backing 102 is cleaned to
remove any debris or unwanted material. The cleaning process would also
remove  any electrostatic charge present on the backing 102. It is optimal
to have the 25 backing 102 processed in this manner to ensure that unwanted
debris or electrical  charge does not interfere with the process of
abrasive application to the backing 102. The substrate patterning device
108 is optionally used to pattern or prepare  the backing 102 for
application of the  abrasive/binding agent mixture. For 30 example, in one
embodiment, the substrate patterning device 108 may emit an  electrical
field to which the backing 102 is exposed, thereby electrostatically 3 0
SEP 2094 WO 01/74537 PCT/[fS01/09887  -10 charging the backing 102. The
backing 102 is electrostatically charged with a  predetermined pattern and
density. The electrostatic patterning serves to attract  the
abrasive/binding agent mixture and to control its pattern of application to
the  backing 102. The pattern and density of the electrostatic charge
chosen for 5 application to the backing 102 depend on the desired pattern
of abrasive on the  



backing 102. In another embodiment, the substrate patterning device 108
prepares the  backing 102 for application of the abrasive/binding  agent
mixture by applying an  adhesive to the backing 102. When the
abrasive/binding agent mixture is 10 subsequently applied to the backing
102, the  abrasive/binding agent mixture  adheres to the adhesive. Use of
the substrate patterning device 108 is optional, and the present  invention
also includes embodiments in which it is not necessary to pattern the
backing 102 in advance of applying the abrasive/binding agent mixture. 15
The abrasive/binding agent container 110 receives the abrasivelbinding
agent mixture, contains the abrasive/binding agent mixture, and deposits
the  abrasive/binding agent mixture on to the backing 102. The
abrasive/binding agent  container 110 may receive the abrasive/binding
agent mixture in a form that is  ready to be applied to the backing 102.
Alternatively, the  abrasive/binding agent 20 container 110 may receive the
abrasive and the binding agent separately and  provide mixing of the
components to produce a substantially homogeneous  abrasivelbinding  agent
mixture before it is applied to the backing 102. In another embodiment, the
abrasive/binding agent mixture is deposited on  the substrate 102 in the
form of a film or layer of abrasive and binding agent- The  25
abrasivelbinding agent container 110 is used to place the film or layer of
abrasive and binding agent on the backing 102. As discussed in greater
detail below, the  film or layer of abrasive and binding agent that is
placed on the backing 102 is  then patterned with a laser or other source
that results in the polymerization or  melting of the abrasive/binding
agent mixture to the backing 102. 30 The abrasive particles are chosen
based on the process and the type of  wafer being produced. The abrasive
should be hard enough to withstand the 3 0 SEP 2004  WO 01/74537
PCT/US01109887 -11- polishing environment and to remove material from the
wafer in the planarization  process- The abrasive should, however, be soft
enough so it does not damage the  surface of the wafer being polished.
Abrasive particles commonly used in CMP  polishing systems include aluminum
oxide, cerium oxide, manganese oxide, silica,  5 and diamond. 



The binding agent is the material in which the abrasive is suspended and
which causes the abrasive to become affixed to the backing 102. The binding
agent may be a polymer, a polymer precursor, or any other agent that causes
the  abrasive to become affixed to the backing 102. Examples of binding
agents may 10 include acrylate or other polyester type compounds, and
various other polymers  such as those available from Norton, a division of
Saint-Gobain Industrial  Ceramics Inc., Latrobe, PA, In the case of a
polymer precursor, polymerization of  the precursor occurs upon exposure to
some environmental condition. For  example, different types of polymer
precursors may polymerize when exposed to 15 ultraviolet radiation (UV),
infrared radiation (IR), laser light, or heat. The abrasive/binding agent
mixture is optimally chosen so it is able to self  dress. Abrasive is
distributed homogeneously in the binding agent or matrix The  surface of
the fixed-abrasive substrate wears smooth as it contacts a  semiconductor
wafer during polishing. As the surface of the fixed-abrasive 20 substrate
is smoothed, there is a need to expose more abrasive. Self-dressing is the
act of exposing abrasive on the surface of the polishing member as a result
of the  polishing process. The abrasive/binding  agent removal device 112
removes excess  abrasive/binding  agent mixture from the backing 102 before
the abrasive/binding  25 agent mixture is affixed to the backing 102. One
example of an  abrasive/binding agent removal device 112 is a vacuum force
generator. A vacuum force generator  may be used with a separator to gather
the excess unbound  abrasivelbinding agent  mixture. Alternative types of
abrasivelbinding  agent removal device 112 include  air or other compressed
gas blow-off methods. The blower is used to force air 30 over the surface
of the wafer, thereby removing unbound abrasive/binding agent 3 0 SEP 2001t
WO 01/741--37 PCT/[1541109887 -12 mixture. A blower may be used with a
catcher adapted to gather the excess  unbound abrasive/binding agent
mixture. The affixation device 114 exposes the backing 102 to appropriate
conditions which cause the binding agent to become affixed to the backing
102- 5 In one embodiment, the affixation device provides UV irradiation,
such as a UV laser as discussed above. In the case where the
abrasivelbinding agent mixture is  



applied as a sheet or layer to the backing 102, the abrasivelbinding agent
mixture  is not pre-patterned because a blanket application is used rather
than the  electrostatic method, for example. For a blanket application, the
affixation device 10 114 preferably creates the pattern desired on the
fixed-abrasive substrate. For  example, the affixation device 114 may be a
UV source Bich uses photomasking  techniques to generate a pattern in the
abrasive/binding agent mixture. The binding agent may become affixed to the
backing 102 by  polymerization or by melting onto the backing 102. For
example, where the  15 binding agent used is a polymer precursor; the
irradiation device exposes the applied abrasive-polymer precursor mixture
to the appropriate conditions to cause  polymerization of the polymer
precursor and affixation of the abrasive-polymer  mixture to the backing
102, thereby creating the fixed-abrasive substrate 104.  Such
polymerization conditions may include, for example, exposure to ultraviolet
20 radiation (UV), infrared radiation (IR), laser light, or heat. The
chemical mechanical planarization  (OMP) system 116, or wafer  polisher, is
used to planarize or polish  semicocductor wafers. According to the
present invention, the CMP system 116 is "in line" with the fixed-abrasive
substrate manufacturing system as part of a single process path 106. A
platen .25 assembly 118, is positioned beneath the fixed-abrasive substrate
104 and opposite the wafer carrier 124, and supports the substrate and
controls its position relative  to the wafer carrier. Examples of a CMP
modules which can be used in this  process are the TERES'rm polishing
system available from Lam Research Corp.,  Freemont , CA. and the Obsidian
System from Applied Materials, Santa Clara, CA. 30 FIG. 4 illustrates an
embodiment of the present invention with a closed  loop backing 152. The
closed loop backing 152 forms a complete loop that 3 0 SEP 2004 WO 01/74537
PCTIUSO1/09837  -13 repeatedly circulates along the process path. In one
embodiment of a closed loop  system, the closed loop backing 152 is used
for multiple rounds of fixed-abrasive  substrate production and CMP
processing. Between successive rounds of fixed- abrasive substrate
production and CMP processing, the substrate cleaning device 5 162 cleans
the backing 152 of the-fixed-abrasive substrate. The backing 152 is
cleaned by removing the abrasive/binding agent mixture that had been
affixed to  



the backing 152, or by otherwise treating the used fixed-abrasive substrate
so that  additional abrasivelbinding agent mixture can be applied. The
closed loop embodiment shown in FIG. 4 allows continuous operation  10 of
the wafer polishing system. Fixed-abrasive substrate is continuously
regenerated and supplied for use in the CMP module. Although not required,
each of the above embodiments described herein  may utilize a non-abrasive
liquid during polishing, such as deionized water, to  facilitate the
polishing process. The non-abrasive liquid may be applied via 15 nozzles 32
(see FIG. 1) to the region of the fixed-abrasive substrate intended for
contact with a wafer. There has been disclosed in accordance with the
present invention, a  method and apparatus for fixed-abrasive substrate
manufacturing and wafer  polishing using a single process path. Although
the invention has been described 20 and illustrated with reference to
specific illustrative embodiments thereof, it is not  intended that the
invention be limited to those illustrative embodiments. Those  skilled in
the art will recognize that variations and modifications can be made
without departing from the spirit of the invention. It is therefore
intended to "  include within the invention all such variations and
modifications that fall within .25 the scope of the appended claims and
equivalents thereof. 3 0 SEP 2004 WO 01/74537 PCT/ USO1/09887 -14 CLAIMS I
claim: I. An apparatus for polishing a semiconductor wafer comprising:  5 a
conveyor adapted to transport a backing along a process path; a patterning
device, the patterning device designed to apply a  pattern on to the
backing to guide deposition of an abrasive onto the backing; a first
container positioned along the process path and adjacent to  the patterning
device, the first container designed to deposit an abrasive/binding  10
agent mixture onto the backing; an affixation station positioned along the
process path and  downstream from the first container, the affixation
station configured to expose a  backing upon which abrasive/binding agent
mixture has been deposited to  



conditions which cause the abrasive/binding agent mixture to become affixed
to 15 the backing thereby creating a fixed-abrasive substrate; and a wafer
polishing station positioned along the process path and  downstream from
the affixation station, the wafer polishing station comprising a  wafer
carrier assembly for supporting a semiconductor wafer and for transporting
the wafer toward the substrate such that the wafer contacts the surface of
the fixed 20 abrasive substrate, and a substrate support disposed beneath
the fixed-abrasive  substrate and opposite the wafer carrier. 25 2. An
apparatus according to claim I wherein the patterning device  applies an
electrostatic charge of predetermined pattern and density on to the
backing. 3. An apparatus according to claim I wherein the patterning device
applies an adhesive to the backing. 3 0 SEP 2004 WO 01/74537
PCT/USOI/09887  -15 4. An apparatus according to claim I wherein the
affixation station  emits ultraviolet radiation. 5. An apparatus according
to claim 4 wherein the affixation station  5 comprises a UV laser. 10 15 20
6. An apparatus according to claim 4 wherein the affixation station
comprises a W photomasking  device. 7. An apparatus according to claim I
wherein the affixation station  emits infrared radiation. 8. An apparatus
according to claim I wherein the. affixation station  emits heat. 9. An
apparatus according to claim I further comprising an  abrasivelbinding
agent removal 'station positioned along the process path and  adjacent to
the first container, the removal station designed to remove excess
abrasivelbinding  agent mixture from the surface of the backing. 



10. An apparatus according to claim 9 wherein the abrasive/binding  agent
removal station comprises a vacuum force generator. 11. An apparatus
according to claim 9 wherein the abrasive/binding  25 agent removal station
comprises a compressed gas blower. 12. An apparatus for polishing a
semiconductor wafer comprising- a conveyor adapted to transport a backing
along a process path; an electrostatic patterning device, the electrostatic
patterning device  30 designed to apply an electrostatic field of
predetermined pattern and density onto  the backing; 3 0 SEP 2001t WO
01/74537 PCT/QSO1 /09887 -16 a first container positioned along the process
path and adjacent to  the electrostatic patterning device, the first
container designed to deposit an  abrasive/binding agent mixture onto the
backing, a polymerization station positioned along the process path and  5
downstream from the first container, the polymerization station configured
to  expose a backing upon which abrasive/binding agent mixture has been
deposited  to conditions which cause the abrasivelbinding agent mixture to
become affixed to  the backing and creating a fixed-abrasive substrate; and
a wafer polishing station positioned along the process path and  10
downstream from the polymerization station, the wafer polishing station
comprising a wafer carrier assembly for supporting a semiconductor wafer
and for  transporting the wafer toward the substrate such that the wafer
contacts the surface  of the fixed abrasive substrate, and a substrate
support disposed beneath the fixed- abrasive substrate and opposite the
wafer carrier. 15 13. An apparatus according to claim 12 further comprising
an  abrasive/binding agent removal station positioned along the process
path and  adjacent to the first container, the removal station having a
vacuum force  generator designed to apply a vacuum force to remove excess
abrasive/binding 20 agent mixture from the surface of the backing; 14. A
method of creating a fixed abrasive substrate and simultaneously  polishing
a semiconductor wafer comprising: 



providing an abrasive/binding agent mixture and a continuously  25 moving
backing; applying the abrasive/binding agent mixture to the continuously
moving backing; affixing the abrasive/binding agent mixture to the
continuously  moving backing thereby creating a fixed-abrasive substrate;
30 and polishing a semiconductor wafer with the fixed-abrasive  substrate
in a chemical mechanical planarization process, wherein the acts of 3 o
SEP 2004 WO 01/74537  PCTIUS01/09887  -17 affixing the abrasive./binding
agent mixture to the continuously moving backing  and polishing the
semiconductor wafer with the fixed-abrasive substrate are  performed
concurrently. 5 10 15. The method of claim 14 wherein the abrasive is
selected from the  group consisting of aluminum oxide, cerium oxide,
manganese oxide, silica, and  diamond. 16. The method of claim 15 wherein
the abrasive comprises silica.  17. The method of claim 14 wherein the
binding agent is a polymer.  18. The method of claim 14 wherein the binding
agent is a polymer precursor. 15 19. The method of claim 14 wherein
affixing the abrasive/binding agent  mixture to the continuously moving
backing comprises exposing the continuously  moving backing to heat,
whereby the abrasive/binding agent mixture becomes  affixed to the
continuously moving backing. 20 20. The method of claim 14 wherein affixing
the abrasive/binding agent  mixture to the continuously moving backing
comprises exposing the continuously  moving backing to infrared radiation,
whereby the  abrasive/binding agent mixture  becomes affixed to the
continuously moving backing. 25 



21. The method of claim 14 wherein affixing the abrasive/binding agent
mixture to the continuously moving backing comprises exposing the
continuously  moving backing to ultraviolet radiation, whereby the
abrasive/binding agent mixture becomes affixed to the continuously moving
backing. 30 3 0 SEP 2004 WO 01174537 PCT/US01109887  -18 22. The method of
claim 14 wherein the backing comprises a  continuous feed roll. 23. The
method of claim .14 wherein the backing comprises a closed 5 loop. 10 15 20
24. The method of claim 14 wherein the abrasive/binding agent mixture  is
removably affixed to the backing. 25. The method of claim 24 further
comprising: removing at least a portion of the abrasive/binding agent
mixture  from the backing of a first fixed-abrasive substrate; processing
the abrasive/binding agent mixture to remove at least a  portion of the
binding agent from the abrasive; recovering at least a portion of the
abrasive; and using the recovered abrasive in the preparation of a second
fixed- abrasive substrate. 26. The method of claim 24 further comprising:
removing at least a portion of the abrasive/binding agent mixture  from the
backing of a first fixed-abrasive substrate; recovering the backing of the
first fixed-abrasive substrate;  preparing a second fixed abrasive
substrate incorporating the  recovered backing. 25 




