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Effect of Chemical Additive on Fixed Abrasive

Polishing of LBO Crystal with Non-water Based Slurry
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Abstract—Non-water based fixed abrasive polishing was adopted
to manufacture LBO crystal for nano precision surface quality because
of its deliquescent. Ethyl alcohol was selected as the non-water based
slurry solvent and ethanediamine, lactic acid, hydrogen peroxide was
added in the slurry as a chemical additive, respectively. Effect of
different additives with non-water based slurry on material removal
rate, surface topography, microscopic appearances, and surface
roughness were investigated in fixed abrasive polishing of LBO
crystal. The results show the best surface quality of LBO crystal with
surface roughness Sa 8.2 nm and small damages was obtained by
non-water based slurry with lactic acid. Non-water based fixed
abrasive polishing can achieve nano precision surface quality of LBO
crystal with high material removal.
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1. INTRODUCTION

ONLINEAR optical (NLO) crystals are mainly used for

frequency conversion of lasers. Lithium triborate (LiB;Os
or LBO) crystal is a very important and also the most widely
applied NLO crystal [1], [2]. Recently, LBO crystal has been
applied in OPCPA (combined with Optical Parametric
Amplification and Chirped Pulse Amplification), fast ignition
in laser fusion, solid state laser displays, etc [3]. A high surface
quality of LBO crystal with nanometer precision is urgently
needed because of its applications in high energy laser systems
[4].

Abrasive particles are fixed in the polishing pad and
chemically active slurry that contains no abrasives flows
between the pad and the wafer in fixed abrasive process. One of
the advantages of fixed abrasive process is that it is extremely
selective to wafer topography. The polishing process stops
once planarity is achieved and ensures that any residual
material on the wafer surface is removed. This helps not only in
achieving total planarity, but also in reduce the overfilling
needed, thereby lowering the costs and increasing throughput.
Fixed abrasive polishing has the potential to reduce demand on
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waste treatment that no abrasives adsorbed on the wafer surface
because of no abrasives in the slurry [S]. Then the costs are
lowered and surface quality of the wafer is enhanced. Another
advantages include polishing efficiency, high speed process,
temperature stability, cost of consumables, and compatibility
with computer numerically controlled generating machines [6],
[7]. Owing to the advantages of processing technology, fixed
abrasive polishing technology can achieve nanometer precision
surface quality of LBO crystal with high processing efficiency
(81, [9].

However, water based slurry may leave little water on the
crystal surface, which is not good for the application of the
crystal because LBO crystal has weak hygroscopy. Li et al.
employed fixed abrasive polishing with water based slurry to
polish of LBO crystal, and slurry pH regulator, pH value,
matrix hardness and polishing powder concentration of fixed
abrasive pad were optimized [10], [11]. Wang et al. studied
chemical mechanical polishing of CsLiBsOj, crystal by
selecting polyethylene glycol as the water-free slurry solvent
and organic amine as pH value conditioner [12]. Based on the
above, new method of non-water based fixed abrasive polishing
was attempted to fabricate LBO crystal for super smooth
surface.

A combined mechanical and chemical action leads to
material removal in fixed abrasive polishing process. In
chemical action, chemical reactions between wafer materials,
slurry, particles and the pad play an important role in making
the wafer surface flat. And chemical action could be controlled
by the chemical additive [13], [14]. In this study, ethyl alcohol
was selected as the slurry solvent and ethanediamine,
lactic acid, hydrogen peroxide was added in the non-water
based slurry as a chemical additive, respectively. Effect of
different additives on material removal rate, surface
topography, microscopic appearances and surface roughness
were investigated for non-water based fixed abrasive polishing
of LBO crystal. Interaction mechanism of the additives and
LBO crystal was discussed.

II. EXPERIMENTS

All experiments were conducted on the specific lattice plane
(0=90°, 9=13.8°) of LBO crystal in this study. Fixed abrasive
polishing experiment was performed on Nanopoli-100 smart
precision lapping/polishing machine and a fixed abrasive pad is
introduced as the polishing pad, which has a regular
intersecting orthogonal channel pattern with 1 pm CeO, [15].
Non-water based slurry mainly contains with ethyl alcohol,
surfactant OP-10 agent (Cs4HgO;;, a nonionic surfactant)
and corrosive agent. The surfactant is used to further reduce the
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surface tension of the pad, which makes the slurry quickly
insinuate into the working site. Ethanediamine, lactic acid,
hydrogen peroxide (H,O,) was added in the slurry as a
corrosive agent, respectively. The concentration of each
additive was optimized in previous experiments. Table I shows
the optimal concentration of each additive was applied in the
polishing experiments. Before each polishing, the lapping
process is used to uniform morphology, and polishing
parameters are listed in Table II.

TABLE I
ADDITIVE CONCENTRATION IN POLISHING EXPERIMENTS

topography of polished surface is observed with a
metallographic microscope (XJX-200, Nanjing Jiangnan Novel
Optics Co., Ltd., P. R. China). An atomic force microscopy
(AFM, CSPM4000, Beijing Nano-Instruments LTD., P. R.
China) is adopted to measure surface topography and surface
roughness with contact mode, and AFM traces are taken in an
area of 10 umx10 um.

III. RESULTS AND DISCUSSION

Material removal rate of LBO crystal by different slurry in
non-water based fixed abrasive polishing process is showed in
Fig. 1. The maximum MRR of LBO crystal is 92 nm/min

Additive Concentration (Vol. %)
Ethanediamine 30
Lactic acid 25
Hydrogen peroxide 5

polished by H,0, slurry, and the minimum is 50 nm/min by
lactic acid slurry.

TABLE I1
POLISHING PARAMETERS

Polishing Parameters

Parameter Setting

Pad rotation speed (r/min) 70
Eccentric distance (mm) 82
Slurry flow rate (ml/min) 30

Process duration (min) 20
Pressure (kPa) 14

80

60

40 +

20

Material removal rate, nm/min

E thanediamine

L actic acid H102
Additive

Fig. 1 MRR of fixed abrasive polishing of LBO crystal by different
non-water based slurry

The mass of LBO crystal is determined by Sartorius BS224S
precision balance with a resolution of 0.0001 g. The thickness
is measured by electronic digital display micrometer with a
resolution of 0.01 mm, which is distributed at eight different
locations of each workpiece. The mean values are calculated
from three repeated measurements. Material removal rater
(MRR) is defined as the reduction of thickness per unit time,
and calculated using (1):

MRR:(mO_m‘F)XhOXIO(’ (1)
m, xt

where m, and m; is the mass before and after each experiment,
hy is the thickness before each experiment, and ¢ is the process
duration (min), and the unit of MRR is nm/min. Surface

Fig. 2 shows surface topography of LBO crystal after
polshing with different slurry was tested by Microscope. There
are some big scratches and pits on LBO crystal surface polished
by ethanediamine slurry and it is the worst surface quality.
There are some traces of corrosion by H,O, slurry. And the best
surface quality with only little and small pits is the one by lactic
acid slurry.

Sum

(a) Ethanediamine

50um

(b) Lactic acid
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(c) H,0,

Fig. 2 Surface topography of LBO crystal after non-water based fixed
abrasive polishing

(b) Lactic acid

(c) H,0,

Fig. 3 Microscopic appearances of LBO crystal after fixed abrasive
polishing

Microscopic appearances of LBO crystal by AFM were
showed in Fig. 3. There are some big micro scratches on LBO
crystal surface polished by ethanediamine slurry. And there are
some micro scratches and pits on the surface polished by H,0,
slurry. And the best surface quality of LBO crystal is the
surface polished with the uniform micro pits by lactic acid
slurry.

Surface roughness of LBO crystal polished by different
slurry is showed in Fig. 4. The worst surface roughness Sa is
11.4 nm polished by ethanediamine slurry. And the other two
Sa are nearly, 8.2 nm and 8.7 nm by lactic acid and H,O, slurry,
respectively.

Fixed abrasive polishing is a complex mechanical and
chemical process, and material removal is a result of combined
mechanical and chemical action. The better surface can be
obtained only when there is a balance between the two
functions. If the mechanical action is oversupplied, the
mechanical action can make abrasive particles to scratch the
crystal surface. And if the chemical action is larger than the
mechanical action, the transition soft layer that the chemical
action generates is not promptly removed by the mechanical
action [16]. When other polishing parameters are the same, the
mechanical action is considered as the same and the chemical
action is dependent on the additive.

For LBO crystal, there are two —NH, in the molecular
structure of ethanediamine. And there are a weak chemical
action between ethanediamine and LBO crystal, and the
abrasives in fixed polishing pad remove the entire transition
soft layer and scratch the crystal surface. Some big scratches
and pits or some big micro scratches are formed from Fig. 2 (a)
or 3 (a) by ethanediamine slurry, which leads to the worst
surface roughness from Fig. 4.
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Surface roughness Sa, nm

E thanediamine Laetic acid

Additive
Fig. 4 Surface roughness of LBO crystal after fixed abrasive polishing

Hydrogen peroxide solution is easy to ionize H' ion and
generate water. LBO crystal encounters water easy
hygroscopic. When H,0, was added in the slurry, the corrosion
to LBO crystal is strong. The material removal by the chemical
action is large and the maximum MRR was obtain among the
three slurries from Fig. 1. The corrosion layer that the chemical
action generates is not promptly removed by the mechanical
action and some traces of corrosion are retained from Fig. 2 (c).
Because surface quality is better generated by the chemical
action than that of the mechanical action, surface roughness is
better by H,O, slurry than that of ethanediamine slurry from
Fig. 4.

Lactic acid is a weak organic acid and its corrosion to LBO
crystal is moderate. When lactic acid is added in non-water
slurry, the mechanical and chemical actions are nearly. There
are only little and small pits on LBO crystal surface from Figs.
2 (b) and 3 (b) and the best surface roughness was obtained
from Fig. 4. The best surface quality was achieved by lactic
acid slurry in non-water based fixed abrasive polishing process
for nano machining LBO crystal.

IV. CONCLUSIONS

Non-water based fixed abrasive polishing with different
additive, ethanediamine, lactic acid, hydrogen peroxide, was
studied for nano precision surface quality of LBO crystal.
Effect of different additives with non-water based slurry on
material removal rate, surface topography, microscopic
appearances and surface roughness was discussed in fixed
abrasive polishing LBO crystal. Lactic acid is effective for
non-water based fixed abrasive polishing of LBO crystal,
obtaining a fine surface quality with surface roughness Sa 8.2
nm with rather slight surface damage and MRR of 50 nm/min.
The nanometer precision surface quality with high material
removal was obtained in fixed abrasive polishing of LBO
crystal with non-water based slurry.
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