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Abstract

Double-sided lapping (DSL) is an ultra-precision process widely used for machining optical components, wafers, and precision physical
experiment samples owing to its high efficiency and parallelism. Most previous research focused on flatness, surface roughness,
material removal rate, etc. However, as a critical parameter, parallelism was rarely investigated in the DSL process. To explain why
two surfaces of the workpiece become parallel by DSL, several workpieces, including a slide which render the model close to the
actual process, are taken to calculate the parallelism evolution, and the parallelism convergency mechanism is clarified. The
calculation result has indicated that the parallelism was improved from 100.0 um to 25.6 um based on the parallelism evolution
model. The results of subsequent experiments on thin copper substrates to analyze the parallelism evolution quantitively have

demonstrated that, as expected, it matches with theory analysis and parallelism improves from 108.6 um to 28.2 um.
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1. Introduction

Flat workpieces are indispensable parts in many fields, and the
demand for its parallelism increases with the rapid development
of the industrial regions [1]. Normally, high parallelism is always
obtained through fly cutting or ultra-precision turning [2].
However, the two sides of the workpiece are machined
successively in the cutting process, in which only a high total
thickness variation (TTV) rather than the parallelism can be
achieved. Nevertheless, the parallelism is not only determined
by thickness, but also decided by flatness, which is hard to
improve on workpieces with weak rigidity attributed to the
effect of the residual stress [3]. Thus, a process in which both
sides of workpieces can be machined simultaneously is
proposed to weaken the effect of residual stress, and the high
parallelism, as well as the flatness, is guaranteed by the process
[4]. Double-sided lapping as a qualified process, which machined
the two sides of the workpiece concurrently, is employed to
achieve high parallelism [5].

Double-sided lapping is an ultra-precision machining process,
which is always used to achieve high flatness and efficiency [6].
In the process, several rather than one workpiece are machined
in the meantime, and the flatness, surface roughness, TTV, etc.
are similar after machining. The material removal models were
developed accurately by analyzing the contact pressure, relative
motion between the workpiece and the lapping plate.
Additionally, flatness, surface roughness and material removal
rate are primarily investigated on hard and brittle materials such
as silicon, sapphire, SiC, etc. [7]. Parallelism, as a crucial index,
has undergone experimental investigation during the double-
sided lapping process [8]. However, the parallelism evolution
after double-sided lapping with floating upper plate has not
been analyzed theoretically, and the mechanism of the
parallelism convergency has not been clarified.

To solve the problems, a theoretical derivation of parallelism
evolution has been built in this paper. The contact pressure, as
well as the material removal has been obtained based on the
established model. Then, the parallelism evolution of tapered

and parallel workpieces was calculated. Five thin copper
substrates including a tapered workpiece were employed to
verify the established model by double-sided lapping process.

2 Theoretical model

In DSL process, five workpieces are machined concurrently in
actual process, in which three workpieces are processed initially
from the analysis above, and the other two are machined
gradually. The model with five workpieces is spread based on the
one with three workpieces to simulate the actual process. The
mechanical model of the process is shown in Figure 1.

Figure 1. The schematic of workpiece force analysis with five workpieces

The material removal model can be calculated based on the
Preston Equation, shown in Eq. (1) and (2).
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In which F;, F, and F3 are the contact pressure on different
workpieces respectively. A indicates the contact area between
the workpiece and lapping plate. B is the deflection angle of the
workpiece. 0 is the slope of the upper plate. R is the distance
between the point to the center of the workpiece, w, is the
rotational speed of the lapping plate, wp is the revolution speed,
wp is the rotational speed of the workpiece, and L; is the distance
between the center of workpiece and the sun wheel.

3. Experiments

Five copper substrates sized ® 100 mmx2.9 mm, including a
tapered one mentioned before with the parallelism of 100 um
fabricated by turning process, have been symmetrically placed
in a double-sided lapping machine (YJ-6B5LA by Yujing
Machinery Co., Ltd., Hunan, China) as shown in Figure 2 to verify
the theoretical model.

Figure 2. Double-sided lapping setups

Twin fixed-abrasive pads with 15-25 um diamond particles
have been utilized to perform the DSL tests with coolant using
deionized water. The parallelism of the workpiece was evaluated
each 10 min by the instrument shown in Figure 2(b), and the
measurement uncertainty is 0.34 um (coverage factor k=2).

4. Results and discussion

4.1 Calculation results

The material removal (MR) on the surface has been calculated
based on the theoretical model. The parallelism could be directly
obtained by the thickness variation as the workpiece in the
model has been assumed as an ideal flat. Given the calculation
results shown in Figure 3, it would be reasonable to assume that
the DSL process would enhance not only the thickness
uniformity but also the workpiece's parallelism (had been
improved from 100.0 um to 25.6 um).
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Figure 3. Calculation results of slide workpiece parallelism evolution

4.2 Experimental results
Five workpieces, including a tapered workpiece with a
thickness of 2.8 mm~ 2.9 mm, were selected in the double-sided

lapping process to verify the theoretical model. During the
process, the machined area becomes more extensive and the
thickness tends to be uniform. Within 40 min processing, the
whole surface was machined, and the parallelism has been
improved from 108.6 um to 28.2 um finally as shown in Figure
4. Due to the initial surface shape, the pressure distribution is
not the same with the calculation, which causes the difference
between Figure 3 and Figure 4 at the processing time of 20 min
and 30min.
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Figure 4. Experimental results of slide workpiece parallelism evolution

5. Conclusions

In this study, a theoretical model is developed to analyze the
parallelism evolution, and the mechanism of parallelism
convergency in DSL process is investigated. The following main
conclusions are presented.

(1) A theoretical model has been established to clarify the
mechanism of workpiece becoming parallel. In the modeling,
five workpieces including slide one were employed in the
calculation. The parallelism evolution has been calculated on
slide workpieces, and the parallelism was improved from 100.0
pm to 25.6 um.

(2) Experiments have been conducted to verify the theoretical
model with one slide workpiece and four parallel workpieces.
The slide-thin copper substrate becomes parallel after the
double-sided lapping process, and the parallelism is modified
from 108.6 um to 28.2 um, which agreed with the calculation
results.

The future work will focus on the double-sided lapping
machines improving, with more sensors to make the machines
intelligent.

References

[1] Chen C and Hsu L 2008 A process model of wafer thinning by
diamond grinding J. Mater. Process. Tech. 201 606-11

[2] GoelsS, Luo X, Reuben R and Pen H 2012 Influence of temperature
and crystal orientation on tool wear during single point diamond
turning of silicon Wear. 284 65-72

[3] SunZ To S and Zhang S 2018 A novel ductile machining model of
single-crystal silicon for freeform surfaces with large azimuthal
height variation by ultra-precision fly cutting Int. J. Mach. Tools.
Manuf. 135 1-11

[4] Bai K, Qin J, Lee K and Hao B 2019 Design and chatter prediction
analysis of a duplex face turning machine for manufacturing disk-
like workpieces Int. J. Mach. Tools. Manuf. 140 12-19

[5] GuolJ, WangB, He Z, Pan B, Du D, Huang W and Kang R 2021 A novel
method for workpiece deformation prediction by amending initial
residual stress based on SVR-GA Adv. Manuf. 9 483-495

[6] Sahab M, Saad N, Rashid A, Yusoff N, Said N, Zubair A and Jaffar A
2013 Effect of double sided process parameters in lapping silicon
wafer Appl. Mech. Mater. 393 259-265

[71 YuY, Hu Z, Wang W, Zhao H, Lu J and Xu X 2020 The double-side
lapping of SiC wafers with semifixed abrasives and resin—combined
plates Int. J. Adv. Manuf. Technol. 108 997-1006

[8] Yohei H, Ryota K, Tatsuaki F and Akira H 2017 Development of
highly accurate simulation model of wafer behavior considering
contact between wafer and carrier during double-sided lapping Int.
J. Jpn. Soc. Precis. Eng. 83 433-438



