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A chemical-mechanical polish (CMP) machine and fabrica 
tion process using the same. The CMP machine has a CMP 
retaining ring comprising: an inner peripheral surface; an 
outer peripheral surface; a loWer surface adapted to contact 
and depress an upper surface of a polishing pad during 
chemical mechanical polishing of a loWer surface of a 
substrate. The substrate is contained Within the inner periph 
eral surface of the retaining ring during chemical mechanical 
polishing. At least a groove on the loWer surface of the 
retaining ring. At least a portion of the groove has a rounded 
contour. In an aspect, the groove has a semicircle pro?le. In 
another aspect, the groove has a semicircle pro?le and a 
curved top corner pro?le at adjacent to the loWer surface of 
the retaining ring. The retaining ring With a curved portion 
of groove reduces the accumulation of dried slurry in the 
groove and thus reduces micro-scratches. 
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CMP POLISHING HEADS RETAINING RING 
GROOVE DESIGN FOR MICROSCRATCH 

REDUCTION 

BACKGROUND OF INVENTION 

[0001] 1) Field of the Invention 

[0002] Embodiments of this invention relate to Chemical 
Mechanical Polishing (CMP) methods and machines, and 
particularly to retaining ring designs for CMP heads and 
more particularly to retaining ring designs With curved 
grooves for reducing microscatches on semiconductor struc 
tures. 

[0003] 2) Description of the Related Art 

[0004] In semiconductor fabrications, the chemical-me 
chanical polish (CMP) technique is Widely used for the 
global planariZation of semiconductor Wafers that are used 
for the fabrication of VLSI (very large-scale integration) and 
ULSI (ultra large-scale integration) integrated circuits. 

[0005] FIGS. 1A and 1B are schematic diagrams shoWing 
a conventional CMP machine. The CMP machine comprises 
a polishing table 10 on Which a polishing pad 12 is layered, 
a polishing head 14 for holding a semiconductor Wafer 16 in 
position, and a noZZle 18 for applying a mass of slurry to the 
semiconductor Wafer 16 during the CMP process. 

[0006] FIG. 1C shoWs a respective vieW of the structure 
inside of the polishing head 14. As shoWn, the polishing 
head 14 includes an air-pressure means 20 Which applies air 
pressure to a Wafer loader 22 used to hold the Wafer 16. In 
addition, a retainer ring 24 is mounted around the loader 22 
and the Wafer 16, Which can retain the Wafer 16 in ?xed 
position during the CMP process. Moreover, a cushion pad 
(not shoWn) is placed betWeen the Wafer 16 and the loader 
22. 

[0007] A problem of current chemical-mechanical polish 
(CMP) machines and process is the micro-scratches formed 
on the substrate during the CMP process. 

[0008] The importance of overcoming the various de? 
ciencies noted above is evidenced by the extensive techno 
logical development directed to the subject, as documented 
by the relevant patent and technical literature. The closest 
and apparently more relevant technical developments in the 
patent literature can be gleaned by considering US. Pat. No. 
6,386,962 (Gotkis et al.) that shoWs a Wafer carrier With 
retainer ring for a chemical-mechanical polish (CMP) appa 
ratus. 

[0009] US. Pat. No. 6,527,624 B1 (Tollers et al.) shoWs a 
retaining ring. 

[0010] US. Pat. No. 6,110,025 (Williams et al.) teaches a 
retainer ring With passages. 

[0011] US. Pat. No. 6,293,850 B1 (Lin et al.) shoWs 
retaining ring With slurry passages at the bottom of the 
retainer ring. 

[0012] US. Pat. No. 6,224,472 B1 (Lai et al.) teaches a 
retaining ring With channels. 

[0013] HoWever, the retaining rings can be further 
improved. 
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SUMMARY OF THE INVENTION 

[0014] It is an object of example embodiments of the 
present invention to provide a retaining ring for use in a 
chemical-mechanical polish (CMP) machine. 

[0015] It is an object of example embodiments of the 
present invention to provide a CMP method and a retaining 
ring having channels With rounded contour or rounded 
corners or curved surfaces for use in a chemical-mechanical 

polish (CMP) machine. 

[0016] An example embodiment of the present invention 
provides a retaining ring Which is characteriZed as folloWs. 
A CMP retaining ring, comprising: 

[0017] 
[0018] 
[0019] a loWer surface adapted to contact and depress 

an upper surface of a polishing pad during chemical 
mechanical polishing of a loWer surface of a sub 
strate; the substrate is contained Within the inner 
peripheral surface of the retaining ring during chemi 
cal mechanical polishing; and 

[0020] at least a groove on the loWer surface of the 
retaining ring and extending from a position at or 
adjacent the inner peripheral surface of the retaining 
ring, to a position at or adjacent the outer peripheral 
surface of the retaining ring; 

[0021] at least a portion of the groove has a rounded 
contour. 

an inner peripheral surface; 

an outer peripheral surface; 

[0022] 
pro?le. 
[0023] In another aspect, the groove has a semicircle 
pro?le and the groove has a rounded top corner adjacent to 
the loWer surface of the retaining ring. 

In another aspect, the groove has a semicircle 

[0024] An example embodiment of a process of the inven 
tion is described as folloWs. A process for chemical-me 
chanical polish (CMP) a Wafer comprising: 

[0025] the Wafer is disposed Within a polishing head 
With the deposition layer facing a polishing table; the 
Wafer is retained Within the polishing head by a 
retainer ring, and 

[0026] at least a portion of the groove has a rounded 
contour; 

[0027] supplying a slurry to the polish table and/or 
polish head; 

[0028] rotating the polishing table and spinning the 
polishing head to chemically polish the Wafer. 

[0029] Another aspect further includes: forming a depo 
sition layer on the surface of the Wafer and chemical 
mechanically polishing the deposition layer. 

[0030] Another aspect further includes: the groove has a 
semicircle pro?le. 

[0031] Another aspect further includes: the groove has a 
semicircle pro?le and the groove has a rounded corner 
adjacent to the loWer surface of the retaining ring. 

[0032] The above advantages and features are of repre 
sentative embodiments only, and are not exhaustive and/or 



US 2005/0113002 A1 

exclusive. They are presented only to assist in understanding 
the invention. It should be understood that they are not 
representative of all the inventions de?ned by the claims, to 
be considered limitations on the invention as de?ned by the 
claims, or limitations on equivalents to the claims. For 
instance, some of these advantages may be mutually con 
tradictory, in that they cannot be simultaneously present in 
a single embodiment. Similarly, some advantages are appli 
cable to one aspect of the invention, and inapplicable to 
others. Furthermore, certain aspects of the claimed invention 
have not been discussed herein. HoWever, no inference 
should be draWn regarding those discussed herein relative to 
those not discussed herein other than for purposes of space 
and reducing repetition. Thus, this summary of features and 
advantages should not be considered dispositive in deter 
mining equivalence. Additional features and advantages of 
the invention Will become apparent in the folloWing descrip 
tion, from the draWings, and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] The features and advantages of a retaining ring and 
methods thereof according to eXample embodiments the 
present invention Will be more clearly understood from the 
folloWing description taken in conjunction With the accom 
panying draWings in Which like reference numerals desig 
nate similar or corresponding elements, regions and portions 
and in Which: 

[0034] FIG. 1A is a schematic top vieW of a chemical 
mechanical polish (CMP) machine for performing a CMP 
process on a semiconductor Wafer according to the prior art. 

[0035] FIG. 1B is a schematic section vieW of the chemi 
cal-mechanical polish (CMP) machine of FIG. 1A accord 
ing to the prior art. 

[0036] FIG. 1C is a cross sectional vieW shoWing an 
inside structure of the polishing head used on the CMP 
machine of FIGS. 1A and 1B according to the prior art. 

[0037] FIG. 2A is perspective vieW of a retaining ring 
having rectangular grooves 204. 

[0038] FIG. 2B is a close up perspective vieW a groove in 
a retaining ring having rectangular grooves 204 as shoWn in 
FIG. 2A. 

[0039] FIG. 2C is a cross sectional vieW of a groove that 
has slurry particles that cause the problems as discovered by 
the inventors. 

[0040] FIG. 3A is perspective vieW of a retaining ring that 
has non-rectangular grooves 304 according to an aspect of 
the invention. 

[0041] FIG. 3B is a close up perspective vieW of an 
embodiment Where the groove has a semicircle pro?le 
according to an aspect of the invention. 

[0042] FIG. 3C is a cross sectional vieW of a groove that 
has a semicircle pro?le according to an aspect of the 
invention. 

[0043] FIG. 3D is a cross sectional vieW of a groove that 
has rounded or curved or non-angular bottom corners and 
curved sideWalls 316 according to an aspect of the invention. 

[0044] FIG. 3E is a cross sectional vieW of a groove that 
has rounded or curved or non-angular bottom corners 311, 
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rounded top corners 320 and slanted or sloped sideWalls 322 
according to an aspect of the invention. 

[0045] FIG. 3F is a cross sectional vieW of a groove 304F 
that has rounded or curved or non-angular bottom corners 
and about vertical sideWalls 316 and a ?at bottom 316 
according to an aspect of the invention. 

[0046] FIG. 4A is perspective vieW of a retaining ring that 
has non-rectangular grooves 404 and curved top corners 
according to an aspect of the invention. 

[0047] FIG. 4B is a close up perspective vieW of an 
embodiment Where the groove has curved top corners 
according to an aspect of the invention. 

[0048] FIG. 4C is a cross sectional vieW of a groove that 
has a semicircle pro?le and curved top corners according to 
an aspect of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0049] Introduction 

[0050] Referring noW to the draWings and more particu 
larly to FIGS. 2A, 2B, and 2C, there is shoWn a retaining 
ring 200 over Which the aspects of the present invention are 
an improvement. It is to be understood in this regard that no 
portion of FIGS. 2A, 2B and 2C is admitted to be prior art 
as to the present invention. Rather, this these diagrams are an 
effort to provide an improved understanding of some of the 
problems that are overcome by the aspects of the invention. 

[0051] FIG. 2A is perspective vieW of a retaining ring 200 
having rectangular shaped grooves 204. The ring has a loWer 
surface 201 (polishing surface or pad side surface) that in 
operation faces the polish pad. 

[0052] FIG. 2B is a close up perspective vieW a groove 
204 that has non-curved corners or edges in the a retaining 
ring 200. 

[0053] FIG. 2C is a cross sectional vieW of a groove 204 
that has slurry particles or other debris 208 that cause the 
problems as discovered by the inventors. 

[0054] Microscratches are a defect caused by the CMP 
process. Big particles and/or dry slurry are causes of the 
microscrathes. Big particle siZe can be control by ?ltration 
in the supplier’s factory and the dried slurry is hard material 
normally found the in-house slurry delivery related compo 
nents. The forming of dried slurry can occur When the Water 
vaporiZes from the slurry droplet spilled on the surface of 
some polishing machine components. 

[0055] The inventors have found that the retaining ring in 
the chemical-mechanical polish (CMP) machine is a source 
of dried slurry. As shoWn in FIG. 2C, the corner of the 
groove of the Wafer polishing head’s retaining ring Was 
found to accumulate a feW chunks of dried slurry. Apurpose 
of these grooves is to alloW the slurry How in to the Wafer 
polishing head for ef?cient planariZation process. Unfortu 
nately, the design of the current retaining ring grooves can 
cause slurry particles to accumulate and increase micro 
scratches. 

EXample Embodiments of the Grooves of the 
Invention 

[0056] Example embodiments of the grooves of the inven 
tion have at least a portion of the groove or the surface 
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adjacent to the groove is curved. Examples of curvilinear 
portions of groove are: semicircle shaped grooves, arc 
shapes grooves, groves With rounded bottom corners, 
grooves With rounded top corners, grooves With curved 
sidewalls, grooves With slanted sideWalls, and combinations 
thereof. The example embodiment of the grooves reduce the 
buildup of dried slurry in grooves and thus reduce micros 
cratches. 

[0057] As shoWn in FIG. 3A, a chemical-mechanical 
polish (CMP) retaining ring 300 comprises: an inner periph 
eral surface 303; an outer peripheral surface 302; and a 
loWer surface 301. The loWer surface 301 is adapted to 
contact and depress an upper surface of a polishing pad 
during chemical mechanical polishing of a loWer surface of 
a substrate contained Within the inner peripheral surface of 
the retaining ring during chemical mechanical polishing. 

[0058] The retaining ring can be economically and speed 
ily fabricated through the injection molding, casting or other 
molding processes. The mold can be built to contain the 
siZable cavity With the retaining ring’s net shape. The most 
commonly used materials for retaining ring, normally but 
not limited to thermosetting or thermoplastic polymer, is 
heated to highly plastic state and forced to How into the 
cavity. The solidi?ed molded part or the retaining ring is 
removed from the cavity and sent for other ?nishing or 
shaping processes. 

[0059] The retaining ring 300 has grooves 304 on the 
loWer surface 301. The grooves 304 preferably extend from 
a position at or adjacent the inner peripheral surface of the 
retaining ring, to a position at or adjacent the outer periph 
eral surface of the retaining ring. The cross sectional area of 
the groove can be constant or changes along the length of the 
groove. Preferably, at least a portion of the groove 304 has 
a rounded contour. Preferably the cross sectional shape of 
the groove is rounded or has rounded corners. Preferably the 
cross section of the groove does not contain a portion 
(possibly other than the top corner) Where tWo ?at areas 
meet at a angle, such as a 90 degree angle. Preferably, the 
groove has a shape that reduces the amount of dried slurry 
and other particles that accumulates in the groove during a 
polish operation. 
[0060] The term “rounded” can mean: curved, or With 
curved parts: having curved, not straight or angular, surfaces 
or edges. 

[0061] The grooves may not have the same cross sectional 
area along the length of the groove. The grooves can 
preferably have a depth betWeen 2 and 15 mm. From a top 
doWn vieW, the groove can have any shape, such as a straight 
shape as shoWn in FIG. 3A or can be curved or some 
combination thereof. 

[0062] FIG. 3B shoWs a closer vieW of a preferred 
embodiment of the invention Where the groove 304C has an 
about semicircle pro?le. 

[0063] FIG. 3C shoWs a cross sectional vieW of a groove 
304C that has a semicircle cross-sectional pro?le 310 With 
a radius 311. The grooves 304C have a semicircle pro?le 
preferably With a radius 311 betWeen 2 mm and 15 mm. The 
semicircle pro?le of the groove helps prevent the slurry 
particles from accumulating in the groove. 

[0064] In the aspect shoWn in FIG. 3D, the groove 304D 
has curved sideWalls 316 and a rounded bottom corner 312 
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and a ?at bottom 314. The grooves can have at least one 
rounded corner. The grooves have rounded corners/edges 
312 adjacent to the bottom 314 of the grooves. The rounded 
corners, edges or surfaces 312 can prevent slurry form 
accumulating in the groove. 

[0065] In an aspect, the retaining ring has grooves With 
rounded top edges adjacent to the loWer surface 301 of the 
retaining ring. 
[0066] Referring to FIG. 3E, an aspect is shoWn Where the 
groove 304E has a rounded top corner 320 near the loWer 
surface of the ring. The groove has a sloped sideWall 322. 
The groove has a slanted contour. Slanted means the side 
Wall has a least a section that is not at about a 90 degree 
angle With the loWer surface 301 of the ring. The groove has 
a rounded bottom corner 311 and a ?at 316 bottom. The 
bottom can be ?at or curved. 

[0067] In an aspect shoWn in FIG. 3F, the CMP retaining 
ring has a groove has With about vertical sideWalls 330 and 
an about horiZontal ?at bottom 316 and at least one rounded 
corner 311 betWeen the vertical sideWalls 330 and the 
horiZontal bottom 316. The grooves can have a Width 
betWeen 1 and 30 mm. 

[0068] FIG. 4A shoWs another embodiment Where the 
groove 404 has top corner or edge With a curved shape. 

[0069] FIG. 4B shoWs a perspective vieW of the groove 
404 With the rounded top corner 420. In the aspect shoWn in 
FIGS. 4B and 4C the groove has a semicircle pro?le 410 
and top rounded corners 420. 

[0070] FIG. 4C shoWs a preferred embodiment of the 
invention of a groove 404C With rounded top corners 420 
and a semicircle pro?le 410. In an option, the rounded top 
corners 420 can have the shape of a arc of a circle having a 
radius 413. In an option, the semicircle pro?le 410 can have 
radius 411. 

[0071] The retaining ring can have other channels on the 
loWer surface. Also, the loWer surface of the retaining ring 
can further comprise a plurality of protrusions and recesses 
or a mixture of both. In addition, the retaining ring can have 
other passages thru the ring such as a passage connecting the 
grooves to the top side of the ring. See e.g., US. Pat. No. 
6,527,624 B1. 

[0072] It Will be understood that CMP retaining rings 
embodiments of the invention may be advantageously used 
With any type of CMP polishing system, pad material and/or 
polishing slurry, such as Where the loWer (or pad-side) 
surface of the retaining ring contacts the polishing pad 
during polishing. Examples of suitable CMP slurries 
include, but are not limited to, Cabot “SS25”, Cabot “SS12”. 

[0073] It should be noted that the retaining ring and Wafer 
carriers of the present invention may be used With any 
suitable CMP systems such as linear CMP apparatus or 
rotary CMP apparatus. 

[0074] Process Using the Retaining Ring of Aspects of the 
Invention 

[0075] The retaining rings of the aspects of the invention 
can be used in a process to CMP a substrate. The substrate 
is preferably a Wafer With layers formed or deposited there 
over. The layers can be insulating and/or conducting layers. 
The insulating layers can be comprised of oxide, (e.g., oxide 
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made from tetraethylorthosilicate (TEOS)) or loW-k mate 
rials. The conductive layers can be metal layers such as 
copper alloys, or Aluminum alloys. 

[0076] A process for chemical-mechanical polishing a 
Wafer comprises the following. 

[0077] The Wafer is disposed Within a polishing head With 
the deposition layer facing a polishing table. The Wafer is 
retained Within the polishing head by a retainer ring. 

[0078] The retaining ring is a ring according to an aspect 
of the invention describe above. For example, at least a 
portion of the groove has a rounded contour. 

[0079] We supply a slurry to the polishing table or the 
polish head. 

[0080] We move the polishing table and/or the polishing 
head to chemically polish the Wafer. Preferably, We rotate the 
polishing table and spin the polishing head to chemically 
polish the Wafer. Preferably the polish table has a polish pad 
thereover and the polish pad polishes the substrate. 

[0081] In the above description numerous speci?c details 
are set forth in order to provide a more thorough under 
standing of the present invention. It Will be obvious, hoW 
ever, to one skilled in the art that the present invention may 
be practiced Without these details. In other instances, Well 
knoWn process have not been described in detail in order to 
not unnecessarily obscure the present invention. 

[0082] Given the variety of embodiments of the present 
invention just described, the above description and illustra 
tions shoW not be taken as limiting the scope of the present 
invention de?ned by the claims. 

[0083] While the invention has been particularly shoWn 
and described With reference to the preferred embodiments 
thereof, it Will be understood by those skilled in the art that 
various changes in form and details may be made Without 
departing from the spirit and scope of the invention. It is 
intended to cover various modi?cations and similar arrange 
ments and procedures, and the scope of the appended claims 
therefore should be accorded the broadest interpretation so 
as to encompass all such modi?cations and similar arrange 
ments and procedures. 

What is claimed is: 
1. A CMP retaining ring, comprising: 

an inner peripheral surface; 

an outer peripheral surface; 

a loWer surface adapted to contact and depress an upper 
surface of a polishing pad during chemical mechanical 
polishing of a loWer surface of a substrate; 

at least a groove on said loWer surface of said retaining 
ring; and said groove extending from a position at or 
adjacent said inner peripheral surface of said retaining 
ring, to a position at or adjacent said outer peripheral 
surface of said retaining ring; 

at least a portion of said groove has a rounded contour or 
slanted contour. 

2. The CMP retaining ring of claim 1 Wherein said groove 
has a semicircle pro?le. 

3. The CMP retaining ring of claim 1 Wherein said groove 
has a semicircle pro?le and said groove has a rounded top 
corner adjacent to the loWer surface of the retaining ring. 
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4. The CMP retaining ring of claim 1 Wherein said groove 
has a semicircle pro?le With a radius betWeen 2 and 15 mm. 

5. The CMP retaining ring of claim 1 Wherein said groove 
has at least one rounded corner. 

6. The CMP retaining ring of claim 1 Wherein said groove 
has rounded corners adjacent to the bottom of said grooves. 

7. The CMP retaining ring of claim 1 Wherein said groove 
has rounded top corners adjacent to the loWer surface of said 
retaining ring. 

8. The CMP retaining ring of claim 1 Wherein the cross 
sectional area of said groove changes along the length of 
said groove. 

9. The CMP retaining ring of claim 1 Wherein said groove 
has a Width betWeen 1 mm and 30 mm; said groove has a 
depth betWeen 1 and 15 mm. 

10. The CMP retaining ring of claim 1 Wherein said 
groove has vertical sideWalls or sloped sideWalls. 

11. The CMP retaining ring of claim 1 Wherein said 
groove has vertical sideWalls and an about horiZontal bottom 
and at least one rounded corner betWeen said vertical 
sideWalls and said horiZontal bottom. 

12. The CMP retaining ring of claim 1 Wherein said 
groove has straight sideWalls and top and bottom corners; at 
least one of said corners is rounded or curvilinear. 

13. The CMP retaining ring of claim 1 Wherein said 
retaining ring can further comprise other channels; the loWer 
surface of the retaining ring can further comprise a plurality 
of protrusions and recesses or a mixture of both. 

14. A process for chemical-mechanical polishing a sub 
strate comprising: 

said substrate is disposed Within a polishing head facing 
a polishing table; said substrate is retained Within the 
polishing head by a retainer ring, and at least a portion 
of said groove has a rounded contour; 

supplying a slurry to said polishing table or to said polish 
head; 

moving the polishing table and/or the polishing head to 
chemically polish the Wafer. 

15. The process of claim 14 Which further includes: said 
substrate is a Wafer; forming a deposition layer on the 
surface of said Wafer and chemical mechanically polishing 
said deposition layer. 

16. The process of claim 14 Wherein said groove has a 
semicircle pro?le. 

17. The process of claim 14 Wherein said groove has a 
semicircle pro?le and said groove has a rounded corner 
adjacent to the loWer surface of the retaining ring. 

18. The process of claim 14 Wherein said groove has at 
least one rounded corner. 

19. The process of claim 14 Wherein said grooves has at 
least one rounded bottom corner. 

20. The process of claim 14 Wherein said groove has 
rounded edges adjacent to the bottom of said grooves. 

21. The process of claim 14 Wherein said groove has 
rounded top edges adjacent to the loWer surface of said 
retaining ring. 

22. The process of claim 14 Wherein said groove has a 
Width betWeen 1 and 30 mm; said groove has a depth 
betWeen 1 and 15 mm. 


