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(57) ABSTRACT 

Achemical mechanical polishing (CMP) device carrier head 
(54) utilizing a pressure pack (58) for transferring a polish 
ing force (D) to a Wafer (15) being polished. The pressure 
pack may include a silicon gel material (60) encapsulated 
Within a sealed urethane casing (62). The pressure pack 
provides a desired ?uid coupling in the polishing force load 
path, alloWing the carrier head to function as a front side 
?oating reference polishing apparatus. The pressure pack 
may include a plurality of casings (70, 72) de?ning a 
plurality of chambers (66, 68) in order to affect the distri 
bution of pressure across an abutting pressure plate (56, 65). 
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CARRIER HEAD FOR A CHEMICAL 
MECHANICAL POLISHING APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] This invention relates generally to the ?eld of 
substrate polishing, and more speci?cally the ?eld of pol 
ishing semiconductor Wafers, and in particular to an 
improved carrier for a chemical mechanical polishing 
(CMP) apparatus. 
[0002] It is Well knoWn in the ?eld of integrated circuit 
fabrication to polish a semiconductor Wafer to achieve a 
planar surface on one or both sides of the Wafer. One method 
used to polish such Wafers is mechanical polishing, Where a 
surface of the Wafer is scoured With an abrasive polishing 
pad. It is also knoWn to utiliZe a ID chemical slurry in 
conjunction With the abrasive polishing pad to increase the 
material removal rate, and such a process is commonly 
referred to as chemical mechanical polishing (CMP). Many 
styles of CMP machines are commercially available from 
manufactures including Applied Materials, Inc., Ebara, 
Strausbaugh, LAM Research, and SpeedFam-IPEC Interna 
tional. 

[0003] FIG. 1 illustrates a prior art chemical mechanical 
polishing machine 10 including a polishing pad 12 disposed 
on a platen 14 being used to polish a semiconductor Wafer 
15 secured in a Wafer carrier 16. The carrier 16 includes a 
driving mechanism 18 for rotating the Wafer 15 about a 
central axis and for oscillating the Wafer 15 in a horiZontal 
direction and lifting it in a vertical direction. The CMP 
machine 10 also includes a driving mechanism 20 for 
rotating the platen about a central vertical axis. Various CMP 
machine designs may include one or both such driving 
mechanisms 18, 20 for moving the Wafer carrier 16 and 
Wafer 15 With respect to the platen 14 and polishing pad 12. 
A slurry delivery system 22 provides the chemical agent 24 
used in the CMP process. As is knoWn in the art, CMP 
machine 10 may include a plurality of carriers 16 and an 
automatic control system for moving a plurality of semi 
conductor Wafers or other such substrates into and aWay 
from the carriers for batch processing. 

[0004] FIG. 2 is a partial cross-sectional vieW of one type 
of Wafer carrier head that may be used on a CMP machine. 
Wafer carrier head 26 includes a carrier head frame 28 
adapted for connection to a drive apparatus 30. The drive 
apparatus 30 is operable to impart rotation and horiZontal 
movement While applying doWnWard force D during a Wafer 
polishing operation. AWafer 15 is secured to the carrier head 
26 by a retaining ring 32, as is knoWn in the art. A pressure 
plate 34 is disposed betWeen the frame 28 and the Wafer 15 
and is functional to transfer the doWnWard force D to the 
Wafer 15 to urge the surface to be polished against the 
polishing pad 12. It is knoWn that pressure plate 34 may be 
formed of a metal or metal alloy and may be covered by a 
felt or polyurethane backing ?lm (not illustrated) to protect 
the Wafer 15. 

[0005] The prior art device of FIG. 2 ?rmly positions the 
Wafer 15 against the pressure plate 34 during a polishing 
operation. This type of design is sometimes referred to as 
back-side reference polishing. The Wafer surface that is 
being polished is urged toWard the polishing pad 12 in direct 
response to the movement of the bottom side face 36 of the 
pressure plate 34. Such a system is knoWn to produce 
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uneven material removal across the polished face of Wafer 
15, since there is no mechanical ?exibility provided to 
accommodate problems such as a lack of parallelism 
betWeen the pressure plate bottom side face 36 and the top 
surface 38 of the polishing pad 12. 

[0006] In order to address the in?exibility of the carrier 
head 26 of FIG. 2, it is knoWn to provide a ?oating or 
front-side reference carrier head 40, as is illustrated in FIG. 
3. In this type of design, doWnWard force D is transmitted to 
Wafer 15 by a ?exible membrane 42 that is forced against the 
Wafer 15 by a pressuriZed ?uid such as pressuriZed air 44 
contained Within a volume 46 Within Wafer carrier head 
frame 28. A felt or urethane ?lm 43 may be disposed 
betWeen the Wafer 15 and the ?exible membrane 42. The 
pressuriZed air is provided and vented via a delivery system 
48 designed to be compatible With the driving mechanism 
30. A plate 50 having one or more holes 52 formed there 
through is provided behind the ?exible membrane 42. HoW 
ever, When pressuriZed by pressuriZed air 44, ?exible mem 
brane 42“?oats” aWay from the plate 50. This alloWs an even 
pressure to be applied across the Wafer in spite of minor 
mechanical misalignments and results in a more consistent 
material removal rate across the polished face of the Wafer 
15. 

[0007] Although providing superior polishing perfor 
mance, a front side reference CMP machine may be more 
costly to manufacture due to the necessity for incorporating 
a pressuriZed air delivery system 48 including associated 
electrical and pneumatic controls. Such systems may also be 
more expensive to operate, since even a small hole in the 
?exible membrane 42 Will cause unacceptable polishing 
performance and Will necessitate a maintenance outage to 
replace the membrane 42. Furthermore, While it Would be 
desirable to retro?t older back side reference 15 machines 
With ?oating head capability, it is generally not practical to 
do so because of the dif?culty of routing an air supply 
system 48 through an existing driving mechanism 30. 

SUMMARY OF THE INVENTION 

[0008] Thus there is a particular need for a chemical 
mechanical polishing machine that offers the performance 
advantages of a front side reference machine Without the 
expense and maintenance disadvantages of prior art 
machines. It is also desired to be able to upgrade an existing 
back side reference CMP machine to provide performance 
equivalent to a ?oating reference CMP machine. 

[0009] Accordingly, an improved carrier head for a chemi 
cal mechanical polishing apparatus is described herein as 
including: a frame adapted for connection to a drive appa 
ratus; a pressure plate adapted for contact With a Wafer; and 
a pressure pack disposed betWeen the frame and the pressure 
plate for transferring a force there betWeen. The pressure 
pack provides a desired degree of ?uid coupling betWeen the 
frame and the Wafer to ensure that an even pressure is 
applied across the face of the Wafer being polished. The 
pressure pack may be formed as a gelatinous material 
encapsulated Within a sealed casing. The pressure pack may 
further be formed of a plurality of chambers to provide a 
varied force pro?le across the Wafer surface, such as to 
provide a different doWn force at the edge of the Wafer than 
at the center of the Wafer in response to a single doWn force 
applied by the carrier driving mechanism. In order to reduce 
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the risk of damage resulting from a leaking pressure pack, 
the pack may be formed to have a double casing surrounding 
an interior ?uid. 

[0010] An improved Wafer polishing apparatus is also 
described herein as incorporating such an improved carrier 
head. 

[0011] A method of modifying a back side reference 
polishing apparatus to function as a ?oating reference pol 
ishing device is also described herein. Such a back side 
polishing apparatus may have a polishing pad affixed to a 
platen, a Wafer carrier for holding a Wafer to be polished 
against the polishing pad, and a driving mechanism for 
polishing the Wafer by moving the Wafer carrier With respect 
to the platen, With the Wafer carrier further including a 
carrier head frame disposed against a pressure plate for 
urging the Wafer against the polishing pad. The method of 
modifying such a device is described as including the steps 
of removing the pressure plate; and replacing the pressure 
plate With a replacement pressure plate and a pressure pack, 
the pressure pack being disposed betWeen the replacement 
pressure plate and the carrier head frame for transferring a 
force there betWeen for urging the Wafer against the polish 
ing pad. The pressure pack provides a desired degree of ?uid 
coupling to ensure that an even pressure is applied across the 
face of the Wafer being polished Without the necessity for 
adding a pressuriZed air supply system to the back side 
reference device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The features and advantages of the present inven 
tion Will become apparent from the folloWing detailed 
description of the invention When read With the accompa 
nying draWings in Which: 

[0013] 
[0014] FIG. 2 is a partial cross-sectional vieW of a prior 
art back side reference Wafer carrier head. 

FIG. 1 illustrates a prior art polishing device. 

[0015] FIG. 3 is a partial cross-sectional vieW of a prior 
art front side reference Wafer carrier head. 

[0016] FIG. 4 is a partial cross-sectional vieW of an 
improved Wafer carrier head incorporating a pressure pack 
for transmitting force to a Wafer being polished against a 
polishing pad. 
[0017] FIG. 5 is a cross-sectional vieW of a multi-chamber 
pressure pack. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] FIG. 4 illustrates an improved Wafer carrier head 
54 that may be used in a chemical mechanical polishing 
machine such as the machine 10 of FIG. 1. The carrier head 
54 includes a frame 28 adapted to be moved relative to a 
platen 14 and polishing pad 12 by a driving mechanism 30. 
The carrier head 54 includes a retaining ring 32 and is 
adapted to position a semiconductor Wafer 15 for polishing 
against polishing pad 12. Aforce D is applied through frame 
28 to urge the Wafer 15 against the polishing pad 12 during 
the polishing operation. A pressure plate 56 is disposed 
betWeen the frame 28 and the Wafer 15 for transmitting 
polishing force D there betWeen. As is knoWn in the art, 
pressure plate 56 may be fabricated from a hard substance, 
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such as metal or ceramic, but may include a covering of a 
softer substance, such as a felt pad or polyurethane in order 
to protect Wafer 15 from scratching. In one embodiment, the 
hard material may be omitted and only a softer substance 
may be used to transfer the force to the Wafer. The doWn 
Ward force D is transmitted to pressure plate 56 from the 
carrier frame 28 through a pressure pack 58. Pressure pack 
58 provides a desired degree of ?uid coupling betWeen the 
frame 28 and the Wafer 15 to ensure that an even force is 
applied across pressure plate 56 in spite of any slight 
misalignment betWeen the Gus abutting surfaces of the 
frame 28, pressure plate 56 and Wafer 15. Adequate space is 
made available betWeen frame 28 and pressure plate 56 to 
permit the pressure plate 28 to more about freely to accom 
modate the interactions betWeen Wafer 15 and pressure pack 
58. Pressure pack 58 includes a volume of ?uid 60 encap 
sulated Within a sealed outer casing 62. The outer casing 62 
may be a high quality urethane and the ?uid 60 may be 
Water, silicone or other viscous material. The ?exible, ?uid 
properties of pressure pack 58 alloW the pressure plate 56 to 
“?oat” relative to the frame 28, thus ensuring that carrier 54 
functions as a front side reference polishing device. 

[0019] A back side reference polishing apparatus such as 
Wafer carrier head 26 of FIG. 2 may be modi?ed to function 
as a ?oating reference polishing device by incorporating a 
pressure pack 58 into an eXisting carrier frame 28. In order 
to provide space for pressure pack 58, the prior art pressure 
plate 34 of carrier 26 must be removed. Pressure pack 58 and 
a replacement pressure plate 56 are then installed into the 
carrier head frame 28 in order to provide the desired ?uid 
coupling in the load path betWeen driving mechanism 30 and 
Wafer 15. Depending upon the particular carrier head being 
modi?ed, other parts may have to be replaced or modi?ed in 
order to accommodate the pressure pack 58. Importantly, 
hoWever, there is no need to provide a supply of pressuriZed 
air behind a membrane, as is described in the prior art carrier 
head 40 of FIG. 3. Fluid 60 is sealed Within casing 62 and 
therefore is available for repeated polishing operations With 
out the need to be replenished. 

[0020] Contamination is a constant concern during semi 
conductor fabrication processes. It is important that pressure 
pack 58 have a loW incidence of failure, and that in the event 
of a failure, the spread of contaminants is minimiZed. 
ToWard that end, it is preferred that ?uid 60 be a highly 
viscous material, such as a gelatinous material, so that in the 
event of a failure of casing 62, the spread of the ?uid 60 Will 
be minimiZed for easier clean up. It is also possible to 
manufacture pressure pack 58 from a highly elastic solid 
material that does not have liquid properties, such as a 
material having a consistency such as soft clay. Furthermore, 
materials of construction for pressure pack 58 should be 
selected to avoid any highly harmful or hard to clean 
materials. 

[0021] FIG. 5 illustrates another embodiment of a pres 
sure pack 64 for use in a Wafer polishing apparatus. Pressure 
pack 64 contains tWo chambers, a ?rst chamber 66 in a 
central portion of the pressure pack 64, and a second 
chamber 68 forming a donut-shaped volume around the 
perimeter of the pressure pack 64. One may appreciate that 
any number of individual chambers may be provided. The 
chambers 66, 68 of pressure pack 64 are de?ned by tWo 
separate casings 70, 72 respectively. Advantageously, the 
?uid contained in ?rst chamber 68 is encapsulated by both 
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casing 72 and casing 70, so that a leak in either one of the 
casings Will not result in contamination of the associated 
machinery. Such a double casing design may also be incor 
porated on a single chamber pressure pack. An inner casing 
may be selected for its compatibility With an encapsulated 
?uid and an outer casing may be selected for its toughness 
or elasticity properties. 

[0022] Advantageously, the physical properties of the tWo 
chambers may be selected to be different so that the distri 
bution of a force across an abutting pressure plate may be 
made non-equal While still maintaining a ?uid coupling. 
Such a dual chamber pressure pack 64 may advantageously 
be used With a tWo-part pressure plate 65 having correspond 
ing center 67 and edge 69 portions. In order to achieve a 
desired pressure loading on an abutting pressure plate, the 
?uid pressure in the respective chambers 66, 68 may be 
different in a relaXed state. For example, by ?lling ?uid in 
chamber 66 to a higher pressure than ?uid in chamber 68, the 
pressure transferred by the pressure pack 64 betWeen abut 
ting frame and pressure plate members Will be higher at the 
center portion of the pressure pack 64 than at the periphery 
portion of the pressure pack 64. Similarly, the ?uid material 
contained Within the tWo chambers 66, 68 may be selected 
to be different to achieve a desired mechanical effect. For 
eXample, the tWo ?uids may have a different viscosity. 
Furthermore, the material of casing 70 may be different than 
the material of casing 72 in order to provide a desired 
mechanical effect and/or to improve the compatibility With 
the encapsulated ?uids. 

[0023] While the preferred embodiments of the present 
invention have been shoWn and described herein, it Will be 
obvious that such embodiments are provided by Way of 
eXample only. Numerous variations, changes and substitu 
tions Will occur to those of skill in the art Without departing 
from the invention herein. Accordingly, it is intended that the 
invention be limited only by the spirit and scope of the 
appended claims. 

We claim as our invention: 
1. A carrier head for a chemical mechanical polishing 

apparatus comprising: 

a frame adapted for connection to a drive apparatus; 

a pressure plate adapted for contact With a Wafer; and 

a pressure pack disposed betWeen the frame and the 
pressure plate for transferring a force there betWeen. 

2. The carrier head of claim 1, Wherein the pressure pack 
comprises a gelatinous material encapsulated Within a sealed 
casing. 

3. The carrier head of claim 1, Wherein the pressure pack 
comprises a ?uid encapsulated Within a sealed urethane 
casing. 

4. The carrier head of claim 3, Wherein the gelatinous 
material comprises silicone. 

5. The carrier head of claim 1, Wherein the pressure pack 
comprises a plurality of chambers. 

6. The carrier head of claim 5, Wherein a ?rst chamber 
comprises central portion of the pressure pack and a second 
chamber comprises a perimeter portion of the pressure pack. 

7. The carrier head of claim 5, Wherein a ?rst of the 
plurality of chambers is ?lled With a ?uid at a ?rst pressure 
and a second of the plurality of chambers is ?lled With a ?uid 
at a second pressure different than the ?rst pressure. 
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8. The carrier head of claim 5, Wherein a ?rst of the 
plurality of chambers is ?lled With a ?rst material and a 
second of the plurality of chambers is ?lled With a second 
material different than the ?rst material. 

9. The carrier head of claim 8, Wherein the viscosity of the 
?rst material is different than the viscosity of the second 
material. 

10. The carrier head of claim 5, Wherein the pressure plate 
comprises a plurality of sections corresponding to the plu 
rality of chambers. 

11. The carrier head of claim 5, Wherein the pressure pack 
comprises a ?rst material forming a ?rst casing and a second 
material forming a second casing. 

12. The carrier head of claim 1, Wherein the pressure pack 
comprises a ?uid material encapsulated Within a ?rst sealed 
casing, and a second sealed casing encapsulating the ?rst 
casing. 

13. A Wafer polishing apparatus comprising: 

a platen having a polishing pad af?Xed to a surface 
thereof, a Wafer carrier head for holding a Wafer to be 
polished and for abutting a surface of the Wafer against 
the polishing pad; 

a driving mechanism for polishing the surface of the 
Wafer by moving the Wafer carrier head With respect to 
the platen; 

Wherein the Wafer carrier head further comprises: 

a pressure plate adapted for urging the surface of the 
Wafer against the polishing pad; 

a frame for applying a force against the pressure plate; and 

a pressure pack disposed betWeen the frame and the 
pressure plate for transferring the force there betWeen. 

14. The Wafer polishing apparatus of claim 13, Wherein 
the pressure pack comprises a ?uid encapsulated Within a 
sealed urethane casing. 

15. The Wafer polishing apparatus of claim 13, Wherein 
the pressure pack comprises a gelatinous material encapsu 
lated Within a sealed casing. 

16. The Wafer polishing apparatus of claim 15, Wherein 
the gelatinous material comprises silicone. 

17. The Wafer polishing apparatus of claim 13, Wherein 
the pressure pack comprises a plurality of chambers. 

18. The Wafer polishing apparatus of claim 17, Wherein a 
?rst chamber comprises a central portion of the pressure 
pack and a second chamber comprises a perimeter portion of 
the pressure pack. 

19. The Wafer polishing apparatus of claim 17, Wherein a 
?rst of the plurality of chambers is ?lled With a ?uid at a ?rst 
pressure and a second of the plurality of chambers is ?lled 
With a ?uid at a second pressure different than the ?rst 
pressure. 

20. The Wafer polishing apparatus of claim 17, Wherein a 
?rst of the plurality of chambers is ?lled With a ?rst material 
and a second of the plurality of chambers is ?lled With a 
second material different than the ?rst material. 

21. The Wafer polishing apparatus of claim 20, Wherein 
the viscosity of the ?rst material is different than the 
viscosity of the second material. 

22. The Wafer polishing apparatus of claim 17, Wherein 
the pressure pack comprises a ?rst material forming a ?rst 
casing and a second material forming a second casing. 
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23. The Wafer polishing apparatus of claim 13, wherein 
the pressure pack comprises a ?uid material encapsulated 
Within a ?rst sealed casing, and a second sealed casing 
encapsulating the ?rst casing. 

24. A method of modifying a back side reference polish 
ing apparatus to function as a ?oating reference polishing 
device, the back side polishing apparatus having a polishing 
pad affixed to a platen, a Wafer carrier for holding a Wafer to 
be polished against the polishing pad, a driving mechanism 
for polishing the Wafer by moving the Wafer carrier With 
respect to the platen, the Wafer carrier further including a 
carrier head frame disposed against a pressure plate for 
urging the Wafer against the polishing pad, the method 
comprising: 

removing the pressure plate; and 

replacing the pressure plate With a replacement pressure 
plate and a pressure pack, the pressure pack being 
disposed betWeen the replacement pressure plate and 
the carrier head frame for transferring a force there 
betWeen for urging the Wafer against the polishing pad. 
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25. The method of claim 24, further comprising providing 
the pressure pack to have a gelatinous material encapsulated 
Within a sealed casing. 

26. The method of claim 24, further comprising providing 
the pressure pack to have a plurality of chambers. 

27. The method of claim 24, further comprising providing 
the pressure pack to have a ?uid material encapsulated 
Within a plurality of casings. 

28. A chemical mechanical polishing apparatus adapted 
for applying a polishing force to urge a substrate against a 
polishing pad, Wherein the improvement comprises a pres 
sure pack disposed in a load path of the polishing force. 

29. The chemical mechanical polishing apparatus of claim 
28, Wherein the pressure pack further comprises a gelatinous 
material encapsulated Within a sealed casing. 

30. The chemical mechanical polishing apparatus of claim 
28, Wherein the pressure pack further comprises a plurality 
of chambers. 

31. The chemical mechanical polishing apparatus of claim 
28, Wherein the pressure pack comprises a ?uid material 
encapsulated Within a plurality of casings. 

* * * * * 


