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Abstract: Brittle materials are usually used as raw materials for optical elements. Subsurface damage (SSD) is
easily generated during the processing of brittle materials. SSD causes serious hazard to the manufacturing and
application stage of brittle materials. In terms of manufacturing, SSD affects the selection and connection of
processes, which is easy to cause problems such as excessive processing and lack of processing, and resulting in
low processing efficiency. In terms of application, SSD affects key technical indicators such as imaging quality,

stability, and service life of optical components. Comprehensive characterization and accurate measurement of

Wis H#A: 2022-08-15;  1&iT HHA: 2022-11-24

E LI H: S5 = A AR (20200401065GX); IR H ARl :H4 (62127901)

PEZ B 2R, 53, WA, FERNFE 2o 3R I R R R DU 5 45 B AR D5 T 5T
SIRGBIRIER) BN T2, 5, P50, Ht, FENFEI = HlE R AR 7 m i

20220572-1



ISk A2

% 12 47

www.irla.cn

SSD in optical components is critical for efficient, and high-quality removal of SSD. In this paper, the formation

mechanism of SSD corresponding to different processing methods and the characterization methods of SSD are

introduced firstly. Then the destructive and non-destructive SSD measurement methods are summarized. The

principles, applicable materials, applicable processing stages, advantages and disadvantages of different measure-

ment methods are introduced, respectively. The SSD prediction methods based on surface roughness and

processing parameters are presented. Finally, the development trend of SSD measurement technology is prospected.
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Summarize the advantages and disadvantages of each
method and prospect its development trend

!

A comprehensive and universal model for predicting
subsurface damage based on material removal mechanism
and subsurface damage formation mechanism is proposed

¥

Accurate evaluation and control of subsurface damage
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Fig.1 Research context diagram of subsurface damage testing
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Fig.2 Schematic diagram of indentation fracture mechanics model
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Fig.3 AFM morphology and corresponding two-dimensional profile of the scratched area of single crystal silicon before (a) and after (b) HF etching™
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Fig.8 Corrosion rate curve of damaged K9 glass”
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Fig.9 Corrosion rate curve of non-damaged K9 glass®”
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Fig.11 Schematic diagram of cross-section microscopy measurement
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Fig.14 Subsurface damage obtained by cross-section polishing method

(silicon wafer as co-chip) **
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Fig.15 Subsurface damage obtained by cross-section polishing
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Fig.17 Measurement principle diagram of angle polishing method
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Fig.18 SEM micrograph of glass-ceramic angle polishing method”™"
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Fig.19 Microscopic image of pits in ULE glass™®
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Fig.21 Images of magnetorheological polishing bevel when the damage is large!®”
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Pl 22 BREE L/ NI TR AL IO LR AR E7

Fig.22 Tmages of magnetorheological polishing bevel when damage is small®*”!
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Fig.24 Micrograph of head of magnetorheological polishing class®”

Depth, d/um

0 5 10 15
Distance, //mm ; )
P 23 AR BE AR A B LT
[l 25 WIS S TE 5 R b Bl el O

[38]

Fig.23 Cross-sectional profile of magnetorheological polishing class
Fig.25 Micrograph of the tail end of the magnetorheological polishing
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Fig.26 Overall morphology of subsurface damage of RB-SiC material™*”!
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Fig.27 Schematic diagram of residual stress determination by X-ray

diffraction method
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Fig.32 Schematic diagram of laser scattering confocal microscopy
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Fig.35 Schematic diagram of optical coherence tomography
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Fig.37 Schematic diagram of two crack configurations
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Fig.38 Schematic diagram of the model of the spherical indenter
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