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High speed polishing can kinematically increase the polishing removal rate by

Received 20 July 2016 using the conventional Preston equation, especially for hard substrates such as
Revised 2 August 2016 sapphire or diamond. However, high speed effects should be clarified beforehand
Accepted 3 August 2016 considering the lubrication state and process parameter variations. In this paper,
we developed a polishing experimental method and apparatus to determine the
Keywords: lubrication state by measuring the real time friction coefficient using two load
Polishing head cells. Through experiments, we obtained a boundary lubrication state above 0.35
Friction coefficient of the friction coefficient by using low table speed and high polishing load,
Stribeck curve indicating a synchronized stable behavior in polishing head rotation. However,
High speed polishing larger Stribeck indexes by a high speed above 200 rpm can generate a
Lubrication state hydrodynamic lubrication state below 0.25 of the low friction coefficient. This
causes the polishing head rotation to stop. A forced and synchronized head

rotation is required for high speed polishing.
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Fig. 2 Polishing experimental apparatus
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Fig. 3 Friction coefficient monitoring using Labview program
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Fig. 4 Z-axis load cell repeatability by the base weight
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Fig. 5 Z-axis load cell linearity using the base weight

Table 1 Z-axis load cell values versus the base weights

E
Base 1y 2nd 3 Average Ejor
weight (kg (%)
1 1 1.003 | 0.999 1.001 0.1
1.67 1.677 1.676 1.677 1.677 0.4
2.515 2522 | 2523 | 2.521 2.522 0.3
4.305 4324 | 4326 | 4.325 4325 0.5
5.45 5487 | 5489 | 5.486 5.487 0.7
10 |- B
= 08} y=0.9957x
=
£ o6} »
L
2
2 oal o
02 | t average @
base weight -
0 1 1 1 1 1
0 02 04 0.6 0.8 1.0

x-axis weight (kg)

Fig. 6 x-axis load cell linearity by the base weight

Table 2 x-axis load cell values versus the base weights

Base Ly 2nd 3w Average Fzgjor
weight (kg) )
0.255 0246 | 0242 | 0247 | 0.245 3.9
0.450 0465 | 0443 | 0445 | 0451 0.2
0.654 0.635 | 0.656 | 0.645 | 0.645 1.3
0.880 0.875 0.870 0.882 0.875 0.5

1 1 0.995 1.008 1.001 0.1

Al SRR ool thk BA ghe ARl 913 x, 25 S

ZH(crosstalk) =

303

ZA31o] Fig. 79 BABKTE oAL 2% ¥
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Fig. 7 Compensation method of x-axis load cell crosstalk
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Table 3 Friction coefficient change at S0 rpm

Polishing table velocity (50 rpm)
Load (kg) 1.1 2.6 4.5 5.6 6.8
rpny/load 45.5 19.2 11.2 9.0 7.4
COF 0.6 0.55 0.57 0.55 0.55
Head rpm 50 50 50 50 50

Table 4 Friction coefficient change at 100 rpm

Polishing table velocity (100 rpm)
Load (kg) 1.1 2.6 2.8 4.4 5.0
rpm/load 90.9 38.4 35.7 227 20
COF 0.27 0.35 0.4 0.32 0.35
Head rpm NA 100 100 100 100

Table 5 Friction coefficient change at 200 rpm

Polishing table velocity (200 rpm)
Load (kg) 1.44 34 6.5 7.6 9.1
rpm/load 139 58.8 | 307 26.3 22.0
COF 0.2 023 | 021 0.22 0.27
Head rpm NA NA NA NA 100~130
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o], &} ST vhEAlT) Zhasi v
7} SRl fAlEZ Aol Artsl=rt vizd o] EAYskA
U, &713ke A o] E7Fsoith Fig. 9« Al 46}
Anlteo] W Table 3 027 E] Table 57H4]9] whEAlF 74
e Ve 210 v} F|=9] B FaH o R sl
At e, npAl7 wold FAEE Gl s 78130
A3kt
AriiEo] o

Zo
®
Els

14 W9 oo = I3 FA tFEAIFE 0.4 ©]
FoE F7gollE Arll=e] F713) 330 Ao, dAnjet
go] 2ke 7ol 3]xo] EQHYSHA . Fig. 102 Stribeck

h{ 374 /9k2)ol| wl2} Table 3.0 25E] Table 57142 v}
T & 13t 202 Ant S=E AT FIHoR
A&

1_

[e)
Jas A

FANBITE &3, Stribeck A< Gl whE

305

EREBGT} 4ALBY) AT s} FRRE TRl
FAA EASHE
QAnlelo} 84S 1435 5o, Sibeck 457 371

sl mRAIE 0.35 ©fetR YolA| Al AR S5k,
A& el Ak o= skl vy e mE Anfel| =9
3 =g ERMSHA HE & o Slth weA] FERRI= AwlelA
ARESte] S 5 7IbEAle] A4 Anpsl =9 A, 2R 3K
&5 2703 2 ALY GoA Anpls 3)71E o] 83t A
o= Jotd) npAIE 0.35 ool AAREYYow ﬂi‘é‘}

7] $18) & Ak skEe] 38 2o A TFsdh, o] A
AR} B7Rleh S7KIE ARAAE S Hoﬂ Wd_
3} o E fAlREAGolA Anfshe -‘?—,
n=e] 5718} 3A s AsAAE
I3 B0 dvt dles A E(glmbal)
243 3] B3 o] 59 o= Hejd 7174151
E}IM]'

TZ

4. & E
B @7olre dnt AzAAE & A% 33 ns53 B
ATEA &gl mE dArksd &2 JH Wik viEAsE

g

o} Angl = F|H 0= Fotshs Y WHS AN 74 &
off thet EEe] g o83 vhAF W7HE Sf3 F A1
ZTAS o] gate] AARE nlEAl 34 AXE AR KA
QAR 0.7% °l3HE T3k An} HlojE 5 100 rpm of3}
2 483 9] AgolAE mEEAIGTE0.35 ool A=
= vt HolE3 s g 5715 ﬂxd_: TE Holn,
Ant FHE AALZFG 02 THE ] %9_;
2 Fe3lt) =3 200 rpm oPFOZ 3|HS 1
Z7} 025 o8tz ZAska E3) dunls=rt x} 7 WA
o 3|AEHA o= vy @S B, AW u}éﬁl
Aglo] AnplE B 0w A T3y /Trxﬂv_r%}
S B 47 YAk 18 71E
o] 3|4 udsh= Anpg o] AA e 0} Trxﬂv_r%}%%ﬁ
E7HsHA o5 AR FAHW 143l 239 Anfs= 3]
7 Ao} WA YZ(mechanism)©] = Q3}t}.

[e

S
T

1=

= 20134
201303190001,

°l s

Ze)y

l:
R LA
2o
EaSLiy o

27



Hocheol Lee, Minseok Choi

References

[1]Peter Wolters Co., viewed 6 May.2016, LED Process Solutions,
<www.peter-wolters.com>.

[2]Lee, H., Yang, M., 2001, Dwell Time Algorithm for Computer-
Controlled Polishing of Small Axis-symmetrical Aspherical Lens
Mold, Optical Engineering, 40:9 1936-1943.

[3] Lee, H., Lee, C., Je, T., 2012, Micro Polishing Force Control of the
Polishing Machine with the Airbag Tool, Journal of the Korean Society
of Manufacturing Technology Engineers, 21:5 714-719.

[4] Suratwala, T. I, Feit, M. D., Steele, W. A., 2010, Toward Deterministic
Material Removal and Surface Figure During Fused Silica Pad
Polishing, J. Am. Ceram. Soc., 93:5 1326-1340.

[5] Recht, R. F., 1960, The Feasibility of Ultra-high Speed Machining, A
Thesis for a Master, University of Denver, USA.

[6] Kahles, J. F., 1978, High-speed Machining Possibilities and Needs,
CIRP Annals, 27:2 551-560.

[7]Jiao, Y., 2012, Wear and Contact Phenomena in Existing and Future
Large-scale Chemical Mechanical Planarization Process, A Thesis fora
Doctorate, The University of Arizona, USA.

[8] Lee, H., Joo, S., Jeong, H., 2009, Mechanical Effect of Colloidal Silica
in Copper Chemical Mechanical Planarization, J. Materials Processing

306

Technology, 209:20 6134-6139.

[9] Zhang, Z., Yan, W., Zhang, L., Liu, W., Song, Z., 2011, Effect of
Mechanical Process Parameters on Friction Behavior and Material
Removal During Sapphire Chemical Mechanical Polishing,
Microelectronic Engineering, 88:9 3020-3023.

[10]Kim, H. J, KimH. Y., Jeong, H., Lee, E. S., Shin Y. J., 2002, Friction
and Thermal Phenomena in Chemical Mechanical Polishing, J.
Materials Processing Technology, 130 334-338.

[11] Chen, J. M., Fang, Y., 2002, Hydrodynamic Characteristics of the Thin
Fluid Film in Chemical-Mechanical Polishing, IEEE Transaction on
Semiconductor Manufacturing, 15:1 39-44.

[12] Tsail, H., Huang, P., Tsai, H., Chiu, S., 2011, Chemical Mechanical
Polishing in Elastic Contact and Partial Hydrodynamic Lubrication:
Modeling and Experiments, Materials and Manufacturing Processes,
26:2319-324.

[13] Cho, C., Park, S., Ahn Y., 2001, Three-dimensional Wafer Scale
Hydrodynamic Modeling for Chemical Mechanical Polishing, Thin
Solid Films, 389:1-2 254-260.

[14] Lee, H., Lee, N., Song, C., Lee, H., Shin, Y., Park, C., 2005, A Novel
Polishing Head with a Gimbals-like Structure for the High-speed
Polishing Process, Proceedings of the SPIE TD03, 90-92.



