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Ultrasonic Elliptical Vibration Assisted Chemical Mechanical Polishing for Fiber Array

CHEN Tao*, LIU De-fu*®, SHE Yi-xi*, YAN Ri-ming®
(a. College of Mechanical and Electrical Engineering, b. State Key Laboratory of high performance complex manufacturing,
Central South University, Changsha 410083)

Abstract: In order to obtain a flat end face of fiber array, an ultrasonic elliptic vibration assisted chemical polishing system is
designed, which is used for conducting a controlled trial between routine chemically mechanical polishing and the ultrasonic
elliptic vibration assisted chemical mechanical polishing. The experiments shows that applying ultrasonic elliptic vibration
assisted chemical mechanical polishing to process fiber array with reasonable process parameters can get better quality of end
face of which roughness declines 25% compared with using routine chemically mechanical polishing. Via single factor
experiments, we do the researches of analyzing the effect to ultrasonic elliptic vibration assisted chemical mechanical polishing
by controlling two factors, polishing particle and the pH of the polishing solution. And we also utilize Vecco surface profiler to
assay and observe the polished end face of fiber array. Orthogonal experiment method is used to get a group of process
parameters of ultrasonic elliptic vibration assisted chemical mechanical polishing fiber array, which is that the frequency of
ultrasonic is 25 kHz, the flow quantity of polishing solution is 35 mL/min, the pressure of polishing is 50 kPa, the speed of the
polishing disc is 20 r/min, the mass fraction of the polishing particle is 0.5%.
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Table | Process parameters of conventional CMP and UEV-CMP
for fiber array

Parameters Value
Frequency of ultrasonic vibration/kHz 0,35
The original surface roughness of FA Ra/pum 0.25
Polishing pad material Polyurethane
Polishing particles SiO,
Diameter of polishing particles/nm 50
Concentration of polishing articles/% 5
Composition of polishing slurry PEG800,NaOH,H,0O
Supplies of polishing slurry/(mL-min") 25
Polishing time/min 30
Polish pressure/kPa 10,30,50,70,90
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Fig. 3 Surface topographies of the fiber array end-face after
conventional CMP and UEV-CMP
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Fig. 4 Surface roughness of the fiber array and fiber after
conventional CMP and UEV-CMP with different pressures
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Table 2 Process parameters of UEV-CMP for fiber array

Test of polishing  Test of pH value of

Parameters . i
particles polishing slurry
Frequency of ultrasonic
vibration / kHz 33 33
Polishing pressure / kPa 30 30
POllS'h{I]lg speed / 25 25
(rrmin’")
Concentration of 5 5
polishing particles / %
Supplies of polishing
slurry / (mL-min™") 25 =
Dlar'neter of polishing 50 50
particles / nm
Polishing time / min 30 30
Polishing particles Si0,,Ce0,,AL,05 Si0,
pH value of polishing 7 57,10
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Fig. 5 Effect of polishing particles and pH value of polishing
slurry on surface roughness after polishing
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Table 3  Factors and levels of UEV-CMP orthogonal tests for
fiber array

Levels
Factor Code

1 2 3
Frequency/kHz A 25 30 35
Rota‘tlonal speed/ B 10 20 30
(r/min)
Pressure/ kPa C 25 50 75
Concentration/% D 0.5 2 5
Flow/mL-min™ E 15 25 35
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Table 4 Result of UEV-CMP orthogonal tests for fiber array

Number Ra of FA Ra of fiber
1 135.1 20.3
2 332 11.2
3 81.1 28.3
4 333 24.9
5 48.4 22.7
6 55.0 13.7
7 67.0 25.6
8 40.1 8.3
9 46.5 30.3
10 71.9 353
11 41.7 222
12 55.9 354
13 82.9 323
14 L,7(3") 72.5 25.1
15 46.5 9.1
16 354 21.1
17 72.7 25.7
18 114.6 60.6
19 49.2 14.6

20 82.5 15.1
21 53.5 14.7
22 94.8 15.7
23 40.9 7.7
24 119.8 13.8
25 185.5 413
26 69.3 9.4
27 106.3 19.8
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Table 5 Extreme difference analysis sheet of UEV-CMP orthogonal tests for fiber array

A B AxB C AxC D AxD E
Ky, 540 603.9 728.1 812.7 755.1 645.3 702 659.7 677.7 749.7 685.8
K, 594 594 666.9 544.5 501.3 591.3 667.8 635.4 584.1 604.8 666.9
K, 801.9 737.1 540.9 578.7 679.5 699.3 565.2 639.9 674.1 671.4 583.2
kin 60.0 67.1 80.9 90.3 83.9 71.7 78.0 73.3 75.3 83.3 76.2
fon 66.0 66.0 74.1 60.5 55.7 65.7 74.2 70.6 64.9 67.2 74.1
k3n 89.1 81.9 60.1 64.3 75.5 71.7 62.8 71.1 74.9 74.6 64.8
R; 29.1 15.9 20.8 29.8 28.2 12 15.2 2.7 10.4 16.1 114
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Table 6 Extreme difference analysis sheet of UEV-CMP orthogonal tests for fiber

A B AxB C AxC D AXD E
K, 185.3 197.1 204.4 196.8 231.1 208.1 192.1 150.2 174.5 221.1 236.4
Ky, 266.8 165.0 224.7 213.1 147.4 179.2 218.9 232.1 200.2 185.8 173.1
K, 152.1 242.1 175.1 194.3 225.7 216.9 193.2 221.9 229.5 197.3 194.7
kin 20.6 21.9 22.7 21.9 25.7 23.1 21.3 16.7 19.4 24.6 26.3
kon 29.6 18.3 25.0 23.7 16.4 19.9 24.3 25.8 222 20.6 19.2
kan 16.9 26.9 19.5 21.6 25.1 24.1 21.5 24.9 25.5 21.9 21.6
R, 12.7 8.6 5.5 2.1 9.3 4.2 3.0 9.1 6.1 3.9 7.0
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Table 7 Process parameters of UEV-CMP for fiber array

Factor Value
Frequency/ kHz 25
Rotational speed/ r/min 20
Pressure/ kPa 50
Concentration/% 0.5
Flow/(mL-min™) 35
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