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Abstract The surface structure features of conventional polished and magneto-rheological finishing (MRF) polished
fused silica are characterized by HF based etching and thermal treating combined with atomic force microscopy
(AFM). To analyze the source of thermal treating bulges, the polished surfaces are treated by three different surface
treatments, namely, ultrasonic cleaning., chemical leaching, and HF etching to remove different materials on/in
surface. The surface morphology after etching or thermal treating and their correlations show that there existe high-
density nanoscale defects in conventional polished surface. These subsurface defects are composed of nanoscale micro-
cracks and grainy impurities, which are easy to induce laser damage. Herein. a micro-cracks and grainy impurities
structure model about conventional polished surface is proposed based on the analysis of material removal mechanism
of polishing.
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Table 1 Sample preparation processes

Surface
cleaning

S/N Finishing

process

Characterization

Al CMP-1 Hand scrubbing  Etching+annealing
A2 CMP-1 Hand scrubbing Annealing
A3 CMP-1  Ultrasonic cleaning Annealing
A4 CMP-1 Chemical leaching Annealing
Bl  CMP-2 Hand scrubbing  Etching+ annealing
B2 CMP-2 Hand scrubbing Annealing
C1 Cl\fﬁé%_’_ Hand scrubbing  Etching+annealing
CMP-2+

C2 MRF Hand scrubbing Annealing
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Fig. 1 Typical morphology comparison of surfaces polished by CMP-1 (a) before and (b) after etching
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Fig. 2 Typical morphology comparison of surfaces polished by CMP-2 (a) before and (b) after etching
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Fig. 3 Typical morphology comparison of surfaces polished by MRF (a) before and (b) after etching
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Fig. 4 Morphology comparison of conventional polished surface (a) before and
(b) after thermal treating at the same location
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Fig. 5 Typical morphology of annealed sample after

scrubbing with organic solvent
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Fig. 6 Typical morphology of MRF polished surface (a) before and (b) after annealing
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Fig. 7 Morphology comparison of the etched surface (a) before and (b) after thermal treating at the same location
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Fig. 8 Typical morphology comparison of ultrasonic cleaned surface (a) before and (b) after thermal treating
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Fig. 9 Typical morphology comparison of chemical leached surface (a) before and (b) after thermal treating
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Table 2 Comparison of the number density of pits,
scratches and thermal treating bulges of CMP-1

polished surfaces with different surface treatments

Number density /(10° /mm?*)

Surface treatment

Pits Seratches Spot-like Line-like

bulge bulge

Hand scrubbing 2 0.8 168 12
Ultrasonic cleaning 85 2 97 11
Acid leaching 74 4 13 4
HF etch 200 nm 121 16 0 0
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g 2 (b) M,: target mirror
N M, reference mirror
E MPC: multi-pass cell
!-2 LD: laser diode
g2 VMR OB 200 R GTL Gires-Tournois interferometer
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=0 BOC: balanced optical cross—correlation
] Ek: (©)|| F: filter; BP: balanced photo-diode
8 o LN: LiNbO,
H o BBO: 3-barium borate
H 08— PI: proportional integral
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Fig.1 (a) Schematic of the experimental setup; (b) timing resolution of BOC; (c) distance ranging result;

(d) Allan deviation
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