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The VIBE process is a full-aperture, conformal polishing process that uses high- Print Email &5 Save Laser Focus World Article Archive
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finishing step after deterministic sub-aperture polishing.
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In traditional optical polishing, a pitch lap must take on the exact shape of the
desired optic (see Fig. 1). If it does not match the exact shape, the high points on
the optic will be polished away, causing the optic to become the shape of the polishing lap. The long polishing strokes
associated with traditional pitch polishing exaggerate this phenomenon and make it extremely difficult to polish
aspheres or nonspherical surfaces using traditional pitch polishing. To meet these manufacturing challenges, Optimax
developed the VIBE process—a full-aperture, conformal polishing process designed to incorporate high frequency and
random motion to rapidly remove grinding damage in a VIBE pre-polish step and eliminate mid-spatial frequency errors
created during deterministic figure correction with a VIBE finishing step.l'2
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FIGURE 1. A schematic diagram depicts traditional pitch polishing of a sphere (a) and an asphere (b;
exaggerated shape). The black arrows indicate the long strokes (>3 cm) made during polishing as
the pitch lap is rubbed against the optic. In the VIBE compliant polishing process (c), the black arrow
indicates the short strokes (1-2 mm) made during polishing as the conformal VIBE polishing lap is
rubbed against the optic.

The VIBE process implements a uniform compliant lap layer that allows for polishing of nonspherical optics. The
compliant layer allows polishing of nonuniform local sloped parts, such as aspheres. The VIBE process also
introduces short-stroke, high-frequency vibratory motion. Given the compliance in the lap and the short stroke length, the
aspheric shape can be maintained without inducing other errors. By altering the level of compliance, the localized slope
can be selectively maintained or removed. Compared to conventional pitch polishing and computer-numerical-control
(CNC)-based processes, the high-frequency vibration motion creates an environment for accelerated material removal
(see Fig. 2).

An unconventional VIBE

In traditional optics manufacturing, opticians create lenses or optics by grinding in the desired radius with specialized
tooling, followed by pitch polishing that again uses specialized tooling and artisan skill—a time-intensive and iterative
process. The creation of an optic becomes more deterministic with the introduction of CNC optics manufacturing

technology.3 The CNC generation process replaces the need for specialized grinding tools by creating the desired
radius on the optic using diamond ring tools and computer programming. Here, deterministic sub-aperture polishing
methods give optics manufacturers the ability to correct known errors. Proprietary software along with a user-defined,
interferometrically measured surface with errors and a measured removal function create a dwell map whereby the sub-
aperture tool removes more material from the high points than the low points resulting in the desired surface form. The
pre-polish step is required after the CNC generation step to remove the damage induced during generation and to
create a specular surface that can be measured interferometrically. Using conventional polishing techniques, this pre-
polish step can be iterative, time consuming, and extremely difficult for nonspherical surfaces.
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FIGURE 2. Three process flow diagrams depict the optics creation
process using traditional optics manufacturing processes (a), computer-
numerical-control (CNC)-based optics manufacturing technology (b), and
VIBE (green-dotted line boxes) and CNC optics manufacturing technology
(c). Red (shaded) boxes indicate iterative, artisan-based solutions.

A crucial step in the VIBE development process is the compliant layer. VIBE is intended to rapidly remove damage
induced during grinding while maintaining the surface shape. This leads to the requirement for a compliant layer that
has short-range stiffness and long-range flexibility. Nonuniform, local-sloped parts such as aspheres are polished
using VIBE'’s short-stroke, high-frequency vibratory motion. Given the compliance in the lap and the short stroke length,
the aspheric shape can be maintained without inducing other errors. By altering the level of compliance, the localized
slope can be selectively maintained or removed. While a major application of VIBE is polishing aspheric surfaces,
process development was performed on spherical surfaces as they can be measured easier using traditional
interferometric methods.
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FIGURE 3. Here, the VIBE process removed 10 ym of material in 10 minutes.

The VIBE process has the potential to be introduced in two areas of today’s CNC manufacturing process. The first is to
replace the conventional pre-polishing step with the rapid VIBE pre-polish step. Increasing the frequency of the VIBE
motion has been shown to increase material removal rates by 10 to 50X over conventional polishing methods (see Fig.
3). High removal rates combined with the compliant lap result in damage-free surfaces that have the same form that
was generated by the CNC process for spherical and nonspherical surfaces. The second potential area to incorporate
VIBE in the CNC manufacturing process is as a finishing step after deterministic sub-aperture polishing.

Removing MSF errors

Novel surface shapes such as aspheres, acylinders, and free-form optics require CNC deterministic sub-aperture
polishing techniques. These techniques revolutionized the optics industry with the ability to correct surface low-spatial-
frequency form error to a very high accuracy level in a pre-determined amount of time. Deterministic sub-aperture
polishing has allowed many optical designers to include nonspherical or higher-accuracy spherical surfaces into their
optical systems.
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FIGURE 4. A sub-aperture polished surface suffers from sub-aperture tooling
marks (highlighted with an arrow), but the region is greatly improved after VIBE
finishing, as indicated by an average power spectral density plot of a sub-aperture
figure-corrected surface before and after VIBE finishing to remove mid-spatial
frequency (MSF) errors.

Two of the most common patterns used by deterministic polishing techniques are rotational and raster patterns. These
periodic sub-aperture tools leave a residual pattern on the surface of the final optic. Many optical fabrication shops and
lens designers often refer to these residual patterns as mid-spatial frequency (MSF) errors or “ripple.” The size and
periodicity of these tooling marks, depending on the machine platform by which they were polished, can range from 1—
50 mm periods.

Low-spatial-frequency errors are associated with conventional aberrations and blurred features. High-spatial-frequency
errors (also referred to as surface roughness) cause wide-angle scatter that reduces the power throughput to the
image. And MSF errors contribute to flare or small-angle scattering that reduces the contrast between nearby features.
The VIBE process significantly reduces MSF errors by using both the VIBE pre-polishing process, and a VIBE finishing
process, which has significantly lower pressure (less than 1 psi) and smaller-sized nanometer-scale abrasive particles
(see Fig. 4).4

New applications

The material hardness, polycrystalline nature, and nontraditional shape of hard ceramic polycrystalline materials
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demand creative optical fabrication techniques to cost-effectively produce these types of optics. The hardness values of
such polycrystalline materials as spinel, aluminum oxynitride (AION), and polycrystalline alumina (PCA) would fabricate
8-24X slower than fused silica (see table).

Comparing polycrystalline
optical materials

B T T T TP T PP PP PP

Material Hardness (GPa)  Reference
ZnS (multispectral) 1.6 (8]
Fused silica 4.5 8]
Spinel 13.2 (9l
AION 15.3 [l
Sapphire 16.6 [9]
PCA 22.4 [9]
Diamond 88 [8]

One of the most unique features of the VIBE process is its rapid material removal mechanism. Recently, we conducted
a study where the removal rates of PCA were normalized to the conventional polishing rate. For each of four scenarios,
the polishing slurry was constant (diamond slurry) as well as the pressure and spindle velocity. The VIBE frequency was
held constant for the three VIBE polishing data points. For the VIBE process, the low microtexture pads produce much
higher removal rates compared to higher microtexture pads. Further quantification is necessary in order to determine a

quantitative optimum level of microtexture for the interface layer.
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