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Double-sided lapping is an ultra-precision manufacturing process used for fabricating wafers, thin substrates, metal
slice parts, etc. to achieve high surface integrity, flathess and parallelism. It can be divided into double-sided

lapping with loose abrasives and fixed abrasives.
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| 1. Introduction

Double-sided lapping, an ultra-precision manufacturing process, is usually adopted for fabricating wafers, thin
substrates, metal slice parts, etc. By this way, high flatness, parallelism and surface integrity can be obtained on

hard and brittle materials such as silicon, sapphire, glass and so onfil.

Double-sided lapping setup includes upper lapping plate (always floating rather than rigid coupling), lower lapping
plate, sun wheel and gear ring. Besides, planetary wheels as the carriers can drive the workpieces rotation and the
complex motion is intended to produce homogeneous profiles on both of the surfacesZ. Moreover, the planetary
wheels revolve around sun wheel and the slurry is dropped from the holes on the upper plate while processing. As
a result, both of the surfaces can be lapped at the same time, so the two surfaces are similar on profile, residual

stress, surface roughness, subsurface defects and so on.
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Fig. 1 The schematic diagram of double-sided lapping

Double-sided lapping with the relocatable upper plate is different from double-sided grinding with stationary upper
plate which the parallelism of workpiece depends on the machine accuracy. Compared with the single-sided

lapping, both of the surfaces are machined at the same time with similar removal mechanism and the efficiency
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doubles by double-sided lapping. In addition, the clamping stress is avoided and machining stress induced on the

both surfaces are similar which will cause less deformation during the lapping process.

Double-sided lapping machines are widespread around the world and many specifically companies produce the
machines such as Kemet, PR HOFFMA, Engis, SPEEDFAM, Lapmaster Wolters and so on. These machines are
usually used to fabricate the optics material such as sapphire substrates, glass and so on. Concretely, the
machines can often change the rotation speed independently, and the rotation speed is often lower than 100 rpm.
Normally, the substrate sized range from 2 to 30 inches can be fabricated, and the in-situ thickness and flatness

measurement are integrated into the machine.

| 2. Types of Double-sided lapping

Double-sided lapping can be divided into two types by different kinds of abrasives: double-sided lapping with loose
abrasives e.g. Al,O3 grits and fixed abrasives e.g. diamond particlesl8l. The material removal rate (MRR) can be
controlled by using different abrasive particle sizes. Moreover, the finished surface has few scratches and the
flatness can be improved sufficiently. Sahab et al.lll achieved the total thickness variation (TTV) at 2 pm on silicon
wafers by double-sided lapping with loose abrasives. Besides, most of the investigations on double-sided lapping
with loose abrasives were developed to achieve high MRR and ultra-smooth surface on hard and brittle materials
such as sapphire, K9 glass substrates and so on@H4E However, the abrasives embedded is serious on the soft

material surfaces and the slurry with abrasive particles may cause pollution if it is not well recycled.

On the other hand, double-sided lapping with fixed abrasives is often conducted with textured fixed abrasive pads
because the texture can avoid the blockage, which makes it available on fabricating the plastic materials. Pan et al.
(6] achieved flatness superior to 4 pm PV on thin copper substrates by double-sided lapping with fixed abrasive
pad, and the pad blockage was prevented sufficiently. Meanwhile, the texture decides the trajectory uniformity of
abrasives on the workpiece surface which is related to the material removal uniformity. In order to remove material
uniformly, some investigations were carried out to optimize the textures. In addition, trajectory distribution analysis
was carried out to improve the abrasive trajectory uniformity on the surface of hard and brittle material such as SiC,
silicon and sapphirelX8E. Thus, high flatness can be obtained by double-sided lapping with fixed abrasives. TTV
can achieve 0.5 um after double-sided lapping with fixed abrasives on silicon wafer 2. Moreover, double-sided
lapping with fixed abrasives can often obtain high MRR, but the scratches on the surface and the defects in the
subsurface are inevitable. Besides, de-ionized water is always used as slurry in double-sided lapping with fixed

abrasives, which can prevent the pollution efficiently.
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