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Weight . f]
¥  Belkjar cap
|~ Pressure resistant chamber

Workpiece .
i (Belljar)

Regulator for vacuum

Regulator for gas
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Observation window
Bolts for fastening the cap

Weight
Bell-jar cover

Workpiece (Leaving open,"Conventional open-type CMP")

SicBix)
Sealing-ring(O-ring)

Regulator for vacuum

Regulator for gas
Gas
(02)

Vacuum pump
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Workpiece: SiC single crvstal Slurry: Colloidal silica

(30nm silica 5wt%, pH4)

g
]

TiO,(0.8 1t m,0.5wt%)
Pad: IC1000(K)/SUBA400

O UV—not applied

N
"

B UV-applied Polishing Pressure: 500g/cm?

Removal rates( ¢ m/h)
- «
LN

o
o
N

None Air 0O, N, Ar
inside bell- | A™O%PREMC | go0kpa 500kPa 500kPa 500kPa
et pressure

Effectiveness of UV application & photocatalytic reactions

(Comparison of removal rates between UV-applied and UV-not aﬂ)ljed shurry
containing titania particles by type of gases using a bell-jar type CMP machine)
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Fig.4 Logarithmic spirally grooved patterns on a non-foaming
hard plastic pad to induce dynamical pressure to slurry
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Conditioning of CMP-Pad
by Applying HPMJ (High-
Pressure Micro Jet) and
Diamond-Dresser "
(Courtesy of Asahi Sunac Co.) M' '\JM /

(@ Pad surface after applying HPMJ

(b) Pad surface afler
using CMP of ILD
(Clogged pad)

(&) Original pad surface

(Nitta-Haas IC1000) (@ Pad surface aft

diamond conditioning

=

Diamond - dresser

B e Vil
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(b) Pad surface

(a) Original clogged without
(gaUstAugfoaoc)e cleaning/HPMJ

(c) Pad recovered by applying —
HPMJ (4 min) after clogged pad

H
H
0 5 10 15 20 25 30 35 40 45 5G .
Number of Si wafer CMP without cleaning/HPMJ =
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CMP machine
for 300mm (12inch) wafer
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Optical Profiler
Wyko NT3300 (Veeco)

B SRR

Moasuroment rangs 1A~160nm inm~1mm
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Pressure gauge gy port
Safety reliefvalve /

Weight
y P Bell-jar cap
Workpiece s ) Pressure resistant chamber
y (Bell-jar)
Sealing-fing(O-ring)
Regulator for vacuum
Regulator for gas

7
Vacuum pump
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g0 Ar 1~
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Ambient pressure Inside bell-jar kPa
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]
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i i Air pressurized zone
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1.4 Gases containing oxygen Slurry SI0,  Fumed silica (pH10.5 / SS-25) @ = (Bell-jar type CMP)/(Conventional CMF)
enhanced removal rates in =O= Vacuum cu Alumina (pH4 / EP-C5001 Without H,0,)
12 the high pressure zone. Charged gases L si Colloidal silica (pH9 / Compol-80) s00 . 290
2 - b . P Sapphire Colloidal silica (pH9 / Compol-120)
B 1 o, E Polishing pressure : 49kPa (500g/cm?)
3 Conventional open-type CMP " 5300 Ped:IC1400 (9200mm) , SOrpm pu
= L Argas £ inside the belljar | Air/Oxygen RR, which a5 E
K =O= N, gas :E ®  Vacuum (- 90KPa) | is likely attributable to its oxygen {e00 - ™
= z [ ® Air (+500KPa) : dissolved in the slurry. =
c E
= Polishing conditions ; 2 B O,gas (+500KPa) £
E S ) =200 N,gas (+ 500KP; a5 3
g (4 Shirry:Compol-120 , g A ° Jages | 10%
i premp—. Polishing pressure:500g/om’ , @ - el 2
0 2Va cuum side  Pressurized side Pad( $200mmXIC1000(P), g T > K
= u El
Rotation number:90rpm E - .'.'.‘.)"“ go  Comamo e os é
% Conventional CMP
21000 0 100 200 300 400 500 r o L CMK(D o
Pressures inside the bell-jar (kPa) 08 0
An example of “Relationship between the removal rates of sapphire Workpiece  [SIO,] [cu] [Sapphire] Isi]

and ambient pressures changed with various gasses”
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Removal rates of SiO,, Cu, sapphire and silicon when inside the bell-jar is pressurized
at 500kPa with various gases & pari with the rate of the ional CMP
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Polishing characteristics in Bell-ar type CMP

@ Increase of polishing rates with oxygen gas inside the bell-jar
=> Oxidization by oxygen
@ Invariability of polishing rate with inert gases inside the

bell-jar = Oxidization subdued by inert gases

-

Effect of oxidizing reactions by oxygen
gas is large on the removal rates

BTN “Photocatalytic reaction assisted-CMP method

under high-pressure oxygen gas atmosphere”

Generation of exygen radicals by Ultraviolet (UV) ray applicati
to titania(Ti0,) particles added into colloidal silica slurry
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Pressure Ultraviolet (UV) lic to the slurries
gauge containing titania (TiO:2 ) particles on a pad

Bolts for fastening the cap

Weight
Bell-jar cover

Workpiece (“Conventional open-type CMP" when left open)

(SiC wafer )
Sealing-ring(O-ring)

Regulator for vacuum

Regulator for gas
Slurry pump

Gas(0,)

Gol loidal silil
'

Anstase-type Tif
Slurry
. A . Vacuum pump 5 )
Closed bell-jar type CMP machine, assisted by the photocatalytic reaction
through UV applications to SiC single crystals, \
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Workpiece: SiC single crystal Slurry: Colloidal silica

(30nm silica 5wt%, pH4)

25 TiO,(0.8 #£m 0.5Wt%)

Pad: IC1000(K)/SUBA400
Polishing Pressure: 500g/cm?

O UV—not applied

N

B UV-applied

-
LY

Removal rates( ¢ m/h)
-
]

0.5f]

0
None Air 0, N, Ar
inside bell | AtMOSPReMC | goopa 500kPa 500kPa 500kPa
rhuls pressure

Effectiveness of UV application & photocatalytic reactions

(Comparison of removal rates between UV-applied and UV-not af\)/ﬁ:l’ied slurry
containing titania particles by type of gases using a bell-jar type CMP machine)
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Surface roughness of SiC wafer polished by a bell-jar type CMP machine with
500kPa-0, gases (assisted by ph Iyti ions under UV applications)
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Processing mechanism by the photocatalytic
reactions of SiC

A sequence of | i ism of SiC.
Photocatalytic reactions induced
by UV applications and titania
particles, produce active oxygen

(radical) in the slurry

Polishing pressure 10)

8i0, particles
o o 0
v 0 o
DGRV

i _— A
iosiosiosi

@ The strong oxidization
phenomenon helped bond of “Si
— C” being easily cut off

@ The photocatalytic reactions
assisted-CMP brings out its
maximum effectiveness under

high-pressﬁ(ygen gas

Interior lattice bonds inside the SiC
crystal becomes weak, causing the
bond to be broken.

“Acceleration of processing rates”
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continued-

Conclusions

4) Photocatalytic reaction assisted Bell-jar type CMP for a difficult material,
SiC single crystal;

- UV application to slurry, to which small amount of titania are
added, can induce photocatalytic reactions.

Photocatalytic reactions are intensified when bell-jar is filled with
high pressure oxygen gas, contributing to promoting effect of polishing.
SiC removal rate is 4.5 times as high as that of conventional CMP

Bell-jar type CMP method is anticipated to be a next generation
polishing technology

Thank you for your attention !
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Conclusions
A new concept “ Bell-jar type Controlled Atmosphere CMP system”
was proposed, and CMP experiments were conducted on various
optoelectronics materials, achieving excellent results as follows:

1) 2 -3 times higher removal rates with belljar type CMP than
with conventional open-type CMP

2) Polishing characteristics vary largely depending on gas and
substrate (workpiece).

3) Polishing mechanism;

Vacuum side: + Sealing effect of the friction heat generated on the

processing interface promotes chemical reactions
Pressurized side : - Chemical reactions are induced and controlled by the
atmospheric pressures and gases on the processing
interface
+ Slurry-soaked pads become compressed, and
+ Slurry penetration into pad is enhanced
+ Actual polishing pressure increased
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g 04 Polishing conditions ;
& Shury: Colloidal silica
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Polishing pressare: S00gicra,
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Rotation nuber: 90rpta
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Pressures inside the bell-jar by type of gases (kPa)

Relation between the removal rates of $iC single crystal and the pressures
inside the bell-jar
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