
1 Introduction

Interferometry has been widely used in research, development, and industrial
applications because of its precision, reliability, and versatility. It is a well-
established full-field, non-contact, non-invasive optical tool that offers excellent
sensitivity and resolution for metrology applications.1,2 Interferometers are used
in industry for a variety of measurements including shape, small displacements,
refractive index changes, and surface irregularities. It can be used to inspect both
reflecting (smooth) and scattering (diffusive) surfaces in a wide range of sizes.3

The inspection can be done under static, quasistatic, or dynamic conditions.4–7

If the object surface is smooth, the interference between the reference and object
beams results in visible fringes. If the object surface is optically rough, the inter-
ference between reference and object beams results in speckles (random fringes).
The interferometry that can study rough or speckled surfaces is known as digital
speckle pattern interferometry or television holography (TVH)8–10 and has
obtained wide acceptance as an optical metrology tool for non-destructive testing
(NDT), shape, and deformation measurements on large engineering structures in
automotive and aerospace engineering. TVH under microscopic configuration
was demonstrated for the complete characterization of microsystems, such as
microelectromechanical systems (MEMS).11–13

In interferometry, the desired information about the object under study is
encoded in the fringe pattern, which, in fact, represents the phase distribution.
The analysis of the fringes produced by a test surface gives the parameters of
interest relating to the surface. A variety of fringe analysis procedures have been
developed over the years. Prominent among them is the multiframe temporal
phase-shifting technique, which can provide phase with high accuracy but cannot
be used in dynamic situations and industrial measurement environments.14 Single-
shot measurements where only a single frame or multiple frames at one time are
recorded and analyzed for phase by an appropriate procedure have been reported.
Numerous single-frame methods such as fast Fourier transform,15 Hilbert
transform,16,17 and pixelated phase-mask camera18–20 have been applied for
single-fringe analysis. More details on single-short methods can be found in
Ref. 21. Single-wavelength (1λ) phase-shifting interferometry (PSI) measurements
are accurate, but a 1λ interferometer greatly limits the wide-spread applications of
interferometry.

The major drawbacks associated with a 1λ interferometer for the measurement
of shape and deformation include (i) for surface profiling of discontinuous
surfaces, the unambiguous step-height measurement range is limited to half-a-
wavelength (λ/2), and (ii) for deformation measurement, it suffers from overcrowd-
ing of the fringes under relatively large loading conditions. The high frequency of
the fringes sets a limitation due to speckle decorrelation for quantitative analysis:
(iii) it cannot reveal the shape of a rough surface in an out-of-plane configuration
and (iv) it cannot resolve the discontinuities between polished and unpolished
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surfaces. The approaches adopted to overcome the problems associated with single-
wavelength analysis are based on scanning white light interferometry (WLI),22–26

spectrally resolved WLI,27–30 and multiple-wavelength interferometry.31–41

Scanning WLI is a state-of-the-art technique for measuring discontinuous sur-
face profiles. It makes use of the short coherence length of the white light source.
High-contrast fringe occurs only when the optical path difference (OPD) is close
to zero. The 3-D plot of the axial positions of the zero OPD along the optical axis
represents the surface profile of the object under test. Compared to a 1λ interfer-
ometer, the scanning WLI is rather slow, as the number of frames to be recorded
and evaluated is large. The spectrally resolved WLI is a variation of WLI in
which the white light interference output is spectrally resolved into its constituent
color fringe patterns. All of the color fringe patterns are analyzed for respective
phases, which are then used to determine the profile. The phases at all wave-
lengths can be evaluated by a phase-shifting technique. However, this procedure
gives only a line profile of the object, although the requirement on the number
of frames is similar to the 1λ-PSI.

In 3λ-interferometry, more than one visible (typically red, green, and blue)
laser wavelength is used for measurements. Each wavelength will generate its
own interference pattern, which contains the desired information of the object.
Recording the fringe pattern in 3λ-interferometry can be achieved in two different
ways: (i) sequential illumination mode34,35 in which fringes are sequentially
recorded with different wavelengths one after another, making it a time-
consuming process and (ii) simultaneous illumination mode42–44 in which all the
fringe patterns are recorded at one time using an RGB CCD camera. This
approach makes the fringe acquisition as simple as in the single-wavelength case.
Three different color sensors, namely, the Bayer filter 1CCD sensor,45–48 prism-
based 3CCD sensor,43,49–51 and Foveon X3 sensor,52–54 have been used to acquire
color fringes simultaneously. The performance of the three sensors has been
tested in digital RGB holography, and it is found that a 3CCD camera gives better
results. However, being less expensive, the Bayer 1CDD sensor has been widely
employed in RGB interferometry.

In this Spotlight, we discuss the basic theory of RGB interferometry, as well
as RGB interferometry systems and their applications in advanced optical imaging
and metrology. The role of color CCD sensors and their influence on interfero-
metric measurements are also discussed.

2 RGB Interferometry of Smooth Surfaces: Theoretical
Background

2.1 Interference fringe equations

In interferometry, the interference between the smooth reference and smooth
object beams results in a visible fringe pattern that can be written as
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