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Chemical Mechanical Polishing (CMP) is a crucial process in advanced semiconductor manufacturing, essential for
achieving global planarization of the wafer surface, which directly impacts device performance and yield. Uniform material
removal across the wafer is vital; however, non-uniformity frequently occurs, even with nominally uniform applied pressure.
A prevalent issue is the edge effect, where the removal rate at the wafer edge significantly differs from that at the center,
resulting in reduced uniformity and compromised device reliability. To tackle this challenge, this study explores the
effectiveness of a multi-zone pressure-controlled carrier in enhancing polishing uniformity. Conventional single-zone carriers
can only influence a narrow region of approximately 5-7 mm at the wafer edge, leading to limited improvements in non-
uniformity of about 3%. In contrast, the multi-zone carrier allows for precise pressure control over a broader range,
extending from 3 mm to 20 mm from the wafer edge. Experimental results show that this approach reduces non-uniformity
to below 3% while effectively addressing edge removal deficiencies. These findings underscore the significant potential of
multi-zone carriers to improve CMP process precision. Consequently, the proposed method is anticipated to enhance both
productivity and quality in semiconductor fabrication.
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Table 1 Comparative characteristics of rigid and membrane carriers

Conventional polishing CMP
Target TTV Planarization
Reference surface Backside Frontside

Flatness Backside must be flat Not required

Result Uneven High-quality
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Fig. 1 Structure of the rigid carrier with an attached wafer
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Fig. 3 Edge effect of removal rate profile due to rebounded pad
pressurized by retaining ring
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Table 2 Polishing conditions

Wafer No. 1 Wafer No. 2
Wafer pressure 5.0 psi 5.0 psi
R-ring pressure 5.0 psi 6.0 psi

Table 3 Non-uniformity at retainer ring pressure of 5 psi

Retainer ring: 5 psi

Edge exclusion 3 mm 4.5 [%]
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Fig. 4 Comparison of removal rate profiles after CMP under wafer
pressure of 5 psi and retaining ring pressures of 5 psi and 6 psi
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Fig. 7 A comparison of removal rate profiles after CMP under a wafer
pressure of 5 psi and retaining ring pressures of 5 and 6 psi ata
30 mm edge zone, along with the corresponding multi-zone
configuration
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Fig. 8 Comparison of removal rate profiles according to pressure of
zone 1

o
ﬂ
=2

N

N
of
i
o
o

)

2
4o
°
i)
iR
=
=)
w1
i)
=2
=
b
rr
og [t
o G
N
filo
e r
ox
0.94 oﬂ-’\_‘
18
e }-ﬂ?l
Siid
T
ﬁ',ﬂ

o)
=
-+
12
e
T

ofj
-
=
[
s
o
U
Lon ot
47 ox
2 fdlo o rfr 2

o o
x5
O.L.HUl

=
LiTRE)

o
ol
R

fr *
ol

2} agol M shte] Qeut

ok
)
2.
o
=

9 1%
lo
fu
ox
o
2
il

= Tle

N
NN
o2 12

il
i
o
£~
v lo

N
X

K1

i

o
o 32

I e
°
gogm K
rE
ot
S
&
ll

lo rlo

Tﬂém

oft}.
wE Zone 19] A|AE HIE
1A} 5Tk Fig. 82 Zone 12 A3 Uiz 9e] ¢rele
3 psiz ATt Ao 4], Zone 19] QFES 3.0004] 4.2 psiZA]
A2k F7AIR AR Aiks Holirh g=lo] S7Isk] wet o]
W FHOREE oF 85 mm A HolA A|Ago] HrHoT W
slsl7] AlZHon, 95 mm A FEEL A|ALgo] 243 =
7Feh= ol WEE U

I 2i= Zone 29 FE] W3lof| whE AAE WSS WG
913l, Zone 25 A|LJ7E YA GO IS 3.0 psiz AT
ArEfo| Al Zone 22] 4 3.0004] 4.2 psiZtA] HA} F7HA7]
o A Assilet. 1 A3, Fig. 9oll4] ERIE = glkol
Zone 29| o] ®igte| whet folw FHOREE oF 70 mm

¢

o 1=
N
o

-
)
e
o
=2

Ol
)

ru

2 1o
=] L

4000

=4—30PS| ==f@=36PS| ==gr=42PS|

3000

2500

2000

1500

Removal rate (A/mm)

1000

100 -95 -90 -85 -80 -75 -70 -65 -60 -55 -50

Distance from wafer center (mm)

Fig. 9 Comparison of removal rate profiles according to pressure of
zone2
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Fig. 10 Comparison of removal rate profiles according to pressure
of zone 3
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Fig. 11 Comparison of removal rate profiles according to pressure
of retaining ring
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Table 4 Non-uniformity at retainer ring pressure of 6 psi

Retainer ring: 6 psi

Edge exclusion 3 mm 6.1 [%]
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Fig. 12 Material removal rate profile in CMP using a multi zone
carrier
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Fig. 13 Comparison of removal rate profiles using single-zone and
multi-zone carriers at 30 mm edge region

Table 5 CMP results using multi-zone carrier

Edge exclusion Single zone

3 mm Multi zone 2.5 [%]
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