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Abstract - In this paper, an automatic optical
inspection system for the 3D surface profile of an
unsymmetrical microstructure using a Fizeau
interferometer, is proposed. This non-contact optical

inspection system is suitable for measuring the lens sag and
3D surface profile of unsymmetric microlenses. The
distribution of the interferometric fringes of unsymmetric
microlenses is partly dense and partly rare, and is
completely different from the equally dense distribution of
symmetrical microlenses. Thus, a novel algorithm is
proposed to overcome the above mentioned problem in this
paper, namely, individually determining the darkest points
of the dark fringes and the brightest points of the bright
fringes, and fitting these determined points as close curves
through the Bezier curve theory. As the contour lines of an
unsymmetrical microstructure are obtained, the 3D surface
profile of the unsymmetrical microstructure can be plotted
correspondingly.
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1. INTRODUCTION

As  present technology continuously  pursues
miniaturization, such as mobile phones, digital cameras,
webcam lens of the notebook PC, etc., lenses must be
miniaturized with the reduced volume of the main body.
Therefore, a micro-lens with a radius of 10 pm to 2 mm is
extensively used. The wafer-based process technology
considers the accuracy degree of the lens profile surface[1-
2], and determines the accurate location on the micro-lens
array. Manual inspection may lead to different inspection
results as the human eye would feel tired and make
misjudgements after long hours of work. Therefore, this
study designed an automatic inspection system that
automatically obtains interference images of a micro-lens,
according to the principle of the Fizeau interferometer [3-4],
where noise is filtered through image processing to make the
image clearer. The lens sag of a micro-lens was determined
using an novel algorithm, and the micro-lens surface profile
contour lines were built by computer graphics technology [5-
6], which is able to restore the surface 3D pattern of a micro-
lens.

Akihiro Yamamoto, and Yamaguchi used wavelength
scanning Fizeau interferometry to measure the body surface
profile and the surface profile height of aluminum coated
glass surface. The surface profile of the object is measured
by changing the interference signal phase [7]. Charriere et al.

used digital holographic microscopy to describe the
characteristics of a micro-lens [8], which allowed objects to
be measured in a wide range of shapes as the vibration did
not require isolation. However, the measurement structure
for the surface shape of a micro-lens was incompatible with
the measurement structure of the light characteristics of a
micro-lens, and had to be measured by two instruments.

Therefore, this study proposed an innovative algorithm:
to determine the darkest and brightest points of each dark
fringe and bright fringe, and then use the Bezier curve to fit
the determined points into a closed curve. These closed
curves can be regarded as surface profile contour lines,
which serve as the base for rebuilding the surface 3D pattern
of the micro-lens.

1I. METHODS FOR UNSYMMETRICAL
MICROSTRUCTURE MEASUREMENT SYSTEMS

The interference fringes of micro-lens were obtained
using the Fizeau interferometer principle of microscopic
interferometry. The annular interference fringes contain dark
fringe and bright fringe information are as shown in Fig. 1.
In order to ensure that the fringes found in the image are
extremely dark fringes and extremely bright fringes, the
interference fringes of the unsymmetrical micro-lens are
analysed according to the following procedures.

Fig. 1 Interference fringe image of unsymmetrical micro-lens
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Fig. 2 Result of central point

A. Calculating Central Position of Micro-lens

Binarizing the original image (Figure 1), and then
determining the central coordinates C(X,,Y,) of the micro-
lens using the region filling centroid method, as shown in the
following equations and Figure 2.
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X, =Zx/n. (1)
Y. =S y/n. 2)

where >x and Z y are the summation of x-coordinates and

the summation of y-coordinates, » is the total pixels in this
region.

B. Dividing Bright and Dark Fringes and Edge Point
Searching

As the annular interference fringes are separated
interference fringes, they are mutually exclusive and the
division can be completed according to the concepts of
"eight-neighbors" and "connectivity". As shown in Figure 3
(a)~(e), the dark fringes of each micro-lens can be divided
into 5 tags (5 annular interference fringes); similarly, the
bright fringe can be divided into 4 tags.

(@)

Fig. 3 Dark fringe division result (a) Loop 1 (b) Loop 2 (c) Loop 3
(d) Loop 4 (e) Loop 5

If the variation in brightness of two adjacent pixels is
from dark to bright, and the gradient is 255, then the dark
point must be the edge point of interference fringe. The
complete interference fringe edge contour can be obtained
by repeating this procedure. For example, the searched result
for the edge point of the dark fringe is shown in Figure 4.
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Fig. 4 Result of edge point of each dark fringe

C. Constructing The Radial Lines
The dark fringe is also taken as an example, where £/,

E, ... E represent the edge points of every dark fringe, and
(xep,pe)
(Xen, Ve, ) . Each edge point is connected to the

their coordinate points are

(Xez,yez)
central coordinate point C, and these connections are called
radial lines. As shown in Figure 5, CE,, CE, , CE, ... CE,

line segments represent the radial lines of connection
between the edge points and center point.

o

Fig. 5 Schematic diagram of radial lines of outermost dark fringe

Since the radial lines pass through every dark fringe,
the extremely dark points of the radial lines in each
interference fringe can be determined. Figure 6 shows the
schematic diagram of the radial lines passing through the
outermost dark fringe, where radial line No. n has k& pixels
R,;~R,;, herein g(R,)> g(R,) -~ g(R,) represent the gray
scale values of k pixels passing through radial line CE, .

Brightness is analyzed according to the gray scale values of
k pixels in order to determine the coordinate point with the
minimum brightness value, i.e. the extremely dark point of
this radial line. Each dark fringe is calculated in the same
way using a circular method to determine the extremely dark
point on each dark fringe. In a similar manner, the
coordinate point with the maximum brightness value among
k pixels is determined to identify the extremely bright point
of each bright fringe.

Fig. 6 Schematic diagram to determine the extremely dark point
of radial lines

D. Using The Bezier Curve to Fit Micro-lens Profile Contour
Lines

When the extremely bright point and the extremely dark
point are determined, as there may be omitted points
between these extreme points, neither the extremely bright
fringe nor the extremely dark fringe are closed rings[9-11].
Therefore, the "Bezier curve" algorithm is modified in this
study for curve fitting, where the fitted closed curve is the
micro-lens profile contour line[12].

A second-order Bezier curve is used to fit the extremely
bright fringes and the extremely dark fringes. The dark
fringe is taken as an example, every three pixels of the
extremely dark fringes is set as a group[13-14], and the
extremely dark fringes are fitted with multi unit Bezier
curves as shown in Figure 7.
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Fig. 7 A second-order Bezier curve is composed of Py, S and P,

The unit Bezier curve is composed of Py, S and P,,
where Py is the start point of the unit Bezier curve, P, is the
end point of the unit Bezier curve and P, is the control point
of the unit Bezier curve. Point S(?) varies from L to R forms
a second-order Bezier curve, which can be expressed as
follows:

S@)=(1-1) Po+2t(1-1)Pr+1*P2> 1 €[0,1].  (3)
The complete micro-lens profile contour lines are shown in

Figure 8, and the altitude difference soundness is the
quadrant inspection light wavelength.

Fig. 8 Complete micro-lens profile contour lines

E.  Rebuild Three-dimensional Pattern of Micro-lens

The phase angle of the interference fringes changes
from 0° to 180°, indicating the microlens surface variation is
M4. But the phase angle of the innermost ring is probably

not a complete change. Finding maximum value 7; and

minimum value D, of the brightness curve of the i" segment,

g(x,y) is brightness of pixel (x,y) on the i" segment
brightness curve.
Let A; be the brightness variation of the i segment

when the phase angle changes from 0° to 180°,
A, =T -D]. “4)

Let 4; be the brightness of the i” segment at a phase
angle of 90°,
A=D;+ Ai/2 . (5)
The phase angle difference & €(x,)) between the

point (x, y) and (x+1, ) in the i segment can be calculated
as follows:

50(x,y)=cos™ [Z(g (x,y)—Af)/Ai] —cos™ [2(g(x+1,y)— A,-)/A,-].
(6)

where g(x,y), g(x+1, y) are the gray level of the point (x, y)
and (x+/, y.) The phase angle of the innermost interference
fringe then can be calculated by the outer interpolation
method.

Let the segment where center circle (x, ,) lies be the

h . .
n" segment, then the corresponding microlens surface

altitude difference dd(x) between point (x, ) and (x+1/, y) in
this segment can be obtained from the following equation
[15-16]:

80(x, y) = (4/47)|cos™ [ 2(g (x, )~ 4) /A ]~cos ™ [2g (x+1, )~ 4)/A:]

(7

Summation of the corresponding microlens surface
altitude difference from the 1% segment to the (n-1)"
segment and the n® segment where the microlens center
ircle (x_y,) lies, we can obtain lens sag (aq):

Ad = (n—l)(/l/4)+i5d(x). ®)

where i is the x coordinate of every pixel on the innermost
contour line.

1. EXPERIMENTAL RESULTS AND DISCUSSION

Figure 9 shows the proposed system for the three-
dimensional pattern of a micro-lens. The laser spot was
eliminated by a rotary diffusing plate, the fiber optic light
pipe transmits the light source into the microscope array, the
20x object lens, 2x Adapter, Navitar Manual Zoom Lens,
and CCD camera form an imaging device, under which there
was an XY-Table mobile carrier for precision positioning.
The micro-lens sample was placed on the XY-Table mobile
platform, and an optical flat was placed on the micro-lens
sample as the reference plane for the interferometer. The
above-mentioned equipment was mounted on a vibration-
proof platform to form an AOI equipment for the micro-lens.
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Fig. 9 Schematic diagram of inspection system structure
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The unsymmetrical micro-lens was measured, as shown
in Figure 10, and ten micro-lenses were randomly selected
for measurement by this system. The lens sag measurement
result was 1.39~1.45um, ET-3000 surface profiler
measurement result was 1.42um, and the difference between
them is less than 0.04um. The three-dimensional pattern was
rebuilt according to the aforesaid principle. Figure 11 is the
curve diagram of micro-lens along the x axis according to



figure 8, and figure 12 is the top view of the rebuilt three-
dimensional pattern of micro-lens.
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Fig. 10 The measurement result of lens sag of unsymmetrical micro-lenses

obtained by this system
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Fig. 11 The curve diagram of micro-lens along the x axis
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Fig. 12 Top view of three-dimensional pattern of unsymmetrical micro-lens

1V. CONCLUSIONS

The optical microscopic interferometric automatic
inspection system for the three-dimensional pattern of a
micro-lens array consists of an XY-Table, an optical
imaging module, an optical interference module, and
software controls. The XY-Table controls the longitudinal
and transverse translation of the entire inspection system,
and is able to individually inspect the lenses. The CCD
camera captures the interference image of the micro-lens, the
noise is first removed from the image, and then, the central
position is searched using the region filling centroid method.
Afterwards, the three-dimensional pattern of micro-lens is
rebuilt using the contour line surface profile method, and the
edge point coordinates of the annular interference fringes are
individually determined through image processing and
computer graphics. Each edge point of the dark and bright
fringes can be connected to the center to form radial lines,
and the coordinates of the interference fringe’s extreme
points on the radial lines can be determined. Since these
extremely bright points and extremely dark points are not
always a closed curve, the Bezier curve algorithm is
introduced for curve fitting these points, which is the key

innovation of this paper. Finally, the 3D surface profile of a
micro-lens can be successfully rebuilt using the phase
difference between the fringes.

As this system has the advantage of non-contact
measurement, which does not require a metal coating to
form a reflective surface for measurement, thus, avoiding the
destruction of the surface structure of samples. Furthermore,
the three-dimensional pattern of the micro-lens to be
measured can be rebuilt, and as only one image is taken each
time, the inspection process is rapid.
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