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Ultraprecision Polishing for Super Smooth Surface and Newly Proposed P-MAC Polishing
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A definition of super smooth mirror surfaces was given first. On such smooth surfaces the texture as surface rough-
nessis considered to be of the size of surface atoms, provided that there are crystalline terraces but not strain and stress
of the damaged layer caused by material processing. Mechanism of material removing in the ultra-precision polishing to
reach such a super smooth mirror surface and suitable methods and conditions for the minimization on surface rough-
ness were described, and some examples of such polishing technology were explained: ordinary optical glass surfaces
were finished to less than 0.5 nmRy roughness under an improved pitch-polishing. The detail of newly proposed P-
MAC (Progressive Mechanical and Chemical) polishing is also described. In this polishing, an abrasive free condition is
adopted and the stock removing from work surface accelerated by the chemical reactions accompanying the friction
with a closed contactll semi-contact condition between work and polisher surfaces in first step. After removing the ups
and downs on surface roughness of work, polishing condition shifts to non-contact condition as second step. By using
Br-methanol solution and soft fluorocarbon foam polisher, less than 0.5 nmRy in surface roughness was attained with

GaAswafer surfaces.
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Fig. 1 Models of lapping, polishing and ultraprecision polishing.
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Fig. 3 Surface-smoothing model accompanying with soft film forming and mechanically removing.
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Fig. 4 Microphotograghs of pitch-polished LiTaOs surface with (a) red rouge (Fe:Os) and (b) cerium oxide (CeOz) powders.
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Fig.5 Basic formation models of surface roughness.
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Fig.6 Pitch-polished optical glass (BK 7) surfaces with (a)
cerium oxide (CeO.) and (b) 7 nm-SiO, powders.
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Tablel Somekindsof ultra-precision polishing.
Property of Processing Application

c Conventional lapping By using Al:0s or SIC abrasives and cast iron lap, or CeO. pow-

S Conventional polishing | ders and pitch or plastic polisher, and lens lapping & polishing | Glasslensor prism

8 machine or conditioning ring type lapping machine

g O Improvement of optical polishing]

£ | Advanced polishing Suppressing mechanical action and dust influence by adopting | Quarts plate, Laser rod

g very fine abrasive powders, soft polisher and (ultra) pure water gptoel egtronl ¢ devices

-ray mirror
Bowl feed polishing Work and polisher being in slurry for suppressing mechanical ac- | | arge telescope mirror
tion or impact and temperature rise
[Using flow effect of durry] )
EEM (Elastic Emission | Mild stock removing action with abrasives in hydrodynamic flow X-rgy mirror )
- Optical grade dies
Machining) of slurry around ball tool
Glass plate
Float polishing Stock removing action with abrasives in hydrodynamic flow of | geyrite

o] durry on flat polisher

o

g [Removing chemical reactive products) :

O . . . . R Si wafer
Mechanochemical Growing and removing reactive products as hydration film under GaAswafer
polishing (wet) wet condition
(dry) Peeling off reactive product film with 0.01 pm SiO. powder under | Sapphire

dry friction condition SisN4 ceramic
[Using chemical removal]
Disk-type chemical Chemical removing with friction by using non-abrasive chemical

< |polishing solution and non-woven fiber sheet GaAswafer

o

§ Hydroplane polishing Chemically removing with non-abrasive chemical solution layer | InP wafer

= between work and polisher CdTe wafer

2 — ) ) : : ; . ZnSe wafer

g P-MAC polishing Chemically removing by using non-abrasive chemical solution

5 and fluorocarbon form polisher. Working conditions change as

polishing advances
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Fig. 7 Conceptua classification of polishing methods and feature of P-MAC polishing.
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Fig.8 P-MAC polished GaAs wafer with Br-methanol solu-

tion and some polishers. (a) with polyurethane pol-
isher, (b) with pressed polyurethane polisher, (c) with
soft fluorocarbon foam polisher.
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