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An Application of White Light Interferometry
in Thin Film Measurements

Abstract: An application of the white light interferometry technique has been developed for measuring the thickness of thin films. The
technique is used in the development of sliders which serve as carriers for the magnetic transducers (read/write elements) that operate
in close proximity to magnetic disks. With the proper design of a surface contour and the applied load on the slider, a self-acting air
bearing is created under the slider due to the boundary layer existing on a rotating disk.

To evaluate the performance of these sliders, parameters such as surface contour and steady-state slider-to-disk spacing must be deter-
mined. Since these parameters have a magnitude of only a few wavelengths of visible light, a light interference technique was chosen
for their measurement. Conventionally, measurements of this kind are made with monochromatic light. However, when measurement
magnitudes are less than 1 um, the resolution of white light interferometry surpasses that of the monochromatic technique.

The white light interference pattern is a continuous color spectrum instead of the dark and bright fringes of the monochromatic tech-
nique. For a film thickness of less than 1 um these colors can be identified to a resolution of 0.05 um, as compared with 0.15 t0 0.20 um

for the visible monochromatic fringes of the technique currently applied to the measurement of these parameters.

Introduction

Self-acting air-lubricated slider bearings have been used
successfully in the computer industry for the past ten
years. One purpose of the slider is to provide the struc-
tural support for a core (magnetic transducer) and a
means for positioning and maintaining the core in close
proximity to a magnetic disk during the recording pro-
cess. Figure 1 shows the configuration of the self-acting
slider on a recording disk.

The slider maintains a self-acting (sometimes called
hydrodynamic) lubricating film between the slider and
the moving disk surface. This film develops a load-
carrying capacity due to a wedge effect. The behavior of
this lubricating film is governed by the Reynolds equa-
tion with the proper boundary conditions. For a theoreti-
cal analysis and design of self-acting sliders, refer to
Gross [1] and Tang [2}. The four basic, commonly
used slider configurations are the plane wedge, the step,
the tapered flat, and the cylindrical curve (see Fig. 2).

One of the major evolutions in magnetic recording has
been the continuous effort to achieve higher recording
bit densities. The relationship between spacing and re-
cording bit density has been illustrated in various texts
on magnetic recording [3]. Generally, an increase in bit
density requires a decrease in spacing. Over the years
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slider-to-disk spacing has dropped from 6 to less than 1
pum. Evaluation of the sliders at spacings within the
range of 1 to 6 um, using monochromatic light, has been
described by Lieskovsky [4]. For spacings of less than
1 um, the white light interferometry technique presented
here offers resolution surpassing that of the monochro-
matic technique.

Interference of light fringes with monochromatic
light

To understand how the interference paftern created by a
white light source is interpreted, interference in a thin
film created by a monochromatic light source must be
investigated. Figure 3 shows a ray of monochromatic
light incident on a thin film of air. A portion of the inci-
dent light is reflected at the top boundary of the thin film
(surface 1), while the remainder is refracted and trans-
mitted through the boundary into the air film. At the
lower boundary of the air film (surface 2), a portion of
the transmitted light is reflected back through the film.
Upon emerging from the thin film, the ray reflected from
the lower boundary has an intensity comparable to that
of the ray reflected from the upper boundary and the two
combine to form an interference pattern. The effect of
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Figure 1 Configuration of a self-acting slider on a recording
disk.

Figure 2 Four basic slider configurations. (a) Plane wedge; (b)
step; (c) curved; (d) tapered flat.
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other reflected rays can be neglected because their inten-
sity is negligible compared with that of the first two
[5,6].

If the two rays are in phase, maximum reinforcement
occurs, whereas if they are out of phase the reinforce-
ment diminishes until total annihilation occurs when the
phase difference is 180° (A/2). The phase difference of
the two rays is controlled by two factors: the difference
in optical path length 2dncos@ (see Fig. 3), and the phase
shift of 180° (A/2) that occurs when the light ray reflects
from a more dense 1o a less dense medium.
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Figure 3 Optical path length difference for muitiple refiection
of monochromatic light.

For normal incidence (¢ = 0; see Fig. 3), .the rays
reflected from the two boundaries of the thin film inter-
act to form an interference pattern with an intensity that
can be approximated as

1=K sin® (2wd/\), 00

where A is the wavelength of incident light in the thin film
medium, d is the film thickness, and K is constant for a
given film. Total reinforcement or constructive interfer-
ence results in a maximum light intensity and occurs
when the path length difference is

2d= (m+ %A, 2)
where m = 0,1,2, - - - (maxima).

Annihilation or destructive interference, which results in
a minimum light intensity, occurs when the path differ-
ence is

2d = mh, 3)
where m=20, 1, 2, - - - (minima).

Therefore, as the film thickness d increases from zero,
where destructive interference occurs due to the phase
shift of the external reflection, the intensity increases to
a maximum at a separation equal to A/4. It then decreas-
es until another minimum is encountered at d = A/2, etc.
These bright and dark fringes are illustrated in Fig. 4 for
three frequencies in the visible spectrum. The thin film
being measured is an air wedge created by loading a slid-
er against an optical flat. The zero fringe order is at the
bottom of each photograph, with the maximum film
thickness at the top. The fringe order at any point in the
thin film is dependent upon the wavelength of the inci-
dent light. This is illustrated in Fig. 4 by the fact that for
the same air-film thickness there are seven fringes for
6250-A red light, eight fringes for 5500-A green light,
and nine fringes for 5000-A blue light. The light source
for these monochromatic frequencies was a tunable
monochromator.
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Figure 4" Interference patterns of thin air film. Top: three
monochromatic light sources. Bottom: (a) superposition of the
three monochromatic light sources above; (b) superposition of
all wavelengths in visible spectrum; (c) tungsten filament lamp
with a color correction filter.

Interference of light fringes with white light
With a white light source, the interference pattern from a
thin film consists of a continuous color spectrum instead
of the dark and bright fringes of the monochromatic pat-
tern. As illustrated by the monochromatic photographs
in Fig. 4, each wavelength forms its own interference
pattern. Therefore, for white light illumination, the color
of the interference pattern at any point in the thin film is
due to the superposition of those colors whose wave-
length intensities are strengthened through constructive
interference and the absence of those colors whose
wavelength intensities are weakened due to destructive
interference at that particular film thickness [6,7].

An artist’s rendition of the colors resulting from the
white light interference phenomenon is depicted in New-
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pm
Very black 0.01
Black 0.03
Gray 0.05
First White 013
order 1 X
Yellow : 018
Orange 0.20
Red 0.23
Violet 0.28
Indigo 0.31
Blue 0.35
Second  Green 0.38
order Yellow 0.41
Orange 0.43
Bright red 0.46
Scarlet 0.49
Purple 0.53
Indigo 0.55
) Blue 0.59
Third Green o3
order
Yellow ‘ 0.68
Red 0.73
Bluish red 0.80
Bluish green , 0.85
Fourth ~ Green 0.88
order Yellowish green . 0.90
Fifth Greenish blue 115
order Red 13
Sixth Greenish blue 147
order Red 163
Seventh ~ Greenish blue 178
order  Ruddy white 193

Figure 5 Newton’s color scale.

ton’s Color Scale, Fig. 5. The color designations and
corresponding film thicknesses are those that Newton
set forth in his Opticks [6]. The color scale is separated
into fringe orders at the transition from red to blue or
green because these points are readily identified and
quite useful in using the chart.

Generally, white light fringes are observable only up
through the sixth or seventh fringe orders (1.75 to 2 um).
Also, as the fringe order increases, the resolution of the
technique decreases. The most useful operating range is
from zero to the third or fourth fringe order (0 to 1 um).
In this range the resolution is approximately 0.05 pm.
This can be seen in Fig. 5, where the second order yel-
low represents a film thickness of 0.4 um and second
order red is 0.45 um. Therefore, a 0.05 um difference
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Figure 6 Color changes vs speed for ceramic slider on glass disk, viewed through disk. Speed is shown above or below each photo-
graph. Numerical values for spacing are superimposed on the photographs at the locations of the corresponding color bands.

can easily be distinguished. The zero order can be estab-
lished quite readily since it contains the only black fringe
on the color scale. This black fringe results from the de-
structive interference of all wavelengths at zero film
thickness.

The film thickness for which white light interferome-
try is effective is limited, because the fringes are distinct
only if the film thickness is not much greater than the
wavelength of the incident light [7-9]. This is best un-
derstood by examining the expression for the path length
difference at which maximum intensity occurs, 2d =
(m + HA. For any film thickness from zero to 0.5 um,
only a single wavelength in the visible spectrum gains
maximum intensity. The colors are quite pure and dis-
tinct, except from 0 to 0.15 um. Here, the wavelengths
in the visible spectrum reach their first intensity maxi-
mum so close together that the integrated interference
pattern appears as a fringe, changing from black at zero
through grey to white at 0.125 um before the first yellow
fringe appears at 0.175 pm.

From 0.5 to 1 um there are two wavelengths in the
visible spectrum that reach a maximum intensity at any
given film thickness. From 1.1 to 1.5 um, there are three
such wavelengths, etc. As the number of wavelengths
that reach simultaneous maxima increases, the color of
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the interference fringe appears less distinct, until the
superposition is such that the result is practically white
illumination.

Applications _
White light interferometry has been used to evaluate slid-
er parameters such as slider surface contour and
steady-state slider-to-disk spacing. The technique was
chosen for these applications because of its ability to
produce excellent resolution in the region where most of
the parameters would be measured. Other desirable fea-
tures of the technique are simplicity of equipment,
namely, a microscope with a built-in vertical illuminator,
and the ability to make full-field permanent documenta-
tion through color photography.

s Surface contour

Generally, the first parameter to be inspected on a slider
is the surface contour. This surface determines the air
bearing characteristics for each slider, which in turn
govern the slider-to-disk spacing at a given speed. The
surface contour is inspected by loading the slider against
an optical flat, which simulates the disk surface. The
contour is then inspected through the optical flat with a
microscope. Color photographs of the interference pat-
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tern created by the surface contour are taken for docu-
mentation. Such photographs are similar to the zero
speed photograph shown in Fig. 6, which was made with
the slider in contact with the optical flat (bottom of pho-
tograph).

& Slider-to-disk spacing

Probably the most important application of the white
light interference technique is the measurement of slider-
to-disk spacing. When a slider is loaded against a rotat-
ing glass disk, which simulates the functional surface as
shown in Fig. 7(a), the same interference phenomenon
occurs as when a slider is loaded against an optical flat.
As the rotational speed of the disk changes, the slider-
to-disk spacing changes. This is observed as a change of
color in the interference pattern.

These color changes are recorded by starting with the
glass disk at rest to identify the zero order fringe, and
then following the color and fringe orders as the disk
speed is increased. Or the speed can be lowered after
the slider is flying, until the slider-to-disk spacing is 0.35
um, where a very distinctive blue fringe occurs in the
second order. From this point the colors and fringe or-
ders are monitored as the disk speed is increased to its
operating value.

Examples of the color changes associated with the
speed variations are illustrated in Fig. 6, with the mini-
mum slider-to-disk spacing occurring at the bottom of
the photographs. Typical results of such tests are pre-
sented in Fig. 8, where the minimum slider-to-disk spac-
ing is plotted against disk velocity.

In addition to steady-state slider-to-disk spacing ob-
servations, dynamic stability of the slider can be ob-
served in a qualitative manner. For very low frequency
fluctuations, the human eye is usually capable of distin-
guishing the magnitude of the variations in the interfer-
ence pattern. For higher frequency fluctuations, the in-
terference pattern appears to be washed out because the
eye integrates the color changes associated with the
changes in slider-to-disk spacing. When the amplitude of
the high frequency fluctuation is greater than 0.2 um, the
interference pattern is completely washed out and the
color appears as a whitish grey.

To verify the relevance of this information, a slider
fabricated from a transparent material has been ob-
served on a functional surface. This setup-is depicted
schematically in Fig. 7(b). The verification is accom-
plished by measuring the slider-to-disk spacing using the
transparent slider under three test conditions.

Initially, the transparent slider is flown on a glass disk
and the slider-to-disk spacing is viewed through the glass
disk, as is normally done with functional sliders. This
situation is shown schematically in Fig. 7(a), with photo-
graphic illustrations shown in Fig. 9. Then the slider-to-
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Figure 7 Schematic of techniques used to measure slider-to-
disk spacing (a) through glass disk; (b) through transparent
slider.

[

Figure 8 Minimum slider-to-disk spacing vs speed from white
light interference pattern.

Observed data to be translated by Newton'’s color scale
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disk spacing is observed through the transparent slider,
which is depicted schematically in Fig. 7(b), with photo-
graphs shown in Fig. 10. Finally, the transparent slider
is flown on a functional surface and the slider-to-disk
spacing is observed through the slider. Figure 11 shows
the photographs for this condition.

The information from these three tests is then com-
pared in order to correlate the glass disk testing with
functional operation. Comparison of the first two tests,
those run on the glass disk, shows that viewing the slid-
er-to-disk spacing through the transparent slider does
not distort the observation. This is illustrated in Fig.
12(a), showing good correlation between the observa-
tions made through the disk and those through the slid-

273

WHITE LIGHT INTERFEROMETRY




Ocm—s-! 250

1000 1250 ) 1500 2000

Figure 9 Color change vs speed for clear slider on glass disk, viewed through disk. Minimum slider-to-disk spacing is at top of each
photograph.

Figure 10 Color change vs speed for clear slider on glass disk, viewed through slider. Minimum slider-to-disk spacing is at bottom of
each photograph.
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Figure 11 Color change vs speed for clear slider on magnetic disk, viewed through slider. Minimum slider-to-disk spacing is at bot-

tom of each photograph.

Figure 12 Comparison of clear slider flown in various orientations: (a) slider-to-disk spacing on glass disk as viewed through disk and

through slider; (b) slider-to-disk spacing as viewed through disk for a glass disk and as viewed through slider for a magnetic disk.
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A Through disk

0.5+ O Through slider
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er. A comparison between the initial and final parts of
the test demonstrates that the slider-to-disk spacing ob-
tained for the glass disk is valid for predicting how a slid-
er will fly on the functional surface. This is illustrated
in Fig. 12(b), which shows the good correlation between
the two tests at functional speeds. The initial difference
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in the slider-to-disk separation on the functional surface
compared with that on the glass disk is attributed to the
greater surface roughness of the functional surface. The
slider is resting on asperities which hold it away from
the reflecting surface of the disk. With increased speed
this variation diminishes until all three conditions give
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results within the 0.05-um resolution provided by the
technique.

Conclusions

White light interferometry has been successfully applied
in the development of sliders for disk memory files. The
important factors contributing to this success are the
excellent resolution for film thicknesses below 1 um, the
full field-resolving capability for determining slider-to-
disk spacing and slider attitude, and the simplicity of the
equipment needed to create and monitor the white light
interference pattern.

This technique could be applied to the measurement
of any small movement that must be monitored with
high resolution over the full field of observation. All that
is required is an optically flat reference surface and a
microscope with a vertical illuminator.
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