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Abstract- Recently, demand has grown for defect detection processes utilizing machine vision applications. In our
studies, we are particularly interested in the IC lead frames used when making semiconductor products. In previous
work, we proposed a detection method that assumes the variance in the intensity of oriented gradients in images that
include defective areas will be larger than that found in acceptable areas. In this paper, another defect detection
method is proposed for detecting different defect types. This method assumes that the variance of the surface normal
direction in a local area that includes defects will be large. However, while this method achieved some good
experimental results, a number of disadvantages were encountered. One of these is that it is difficult to decide the
parameters, the size of the region of interest, weight values, and other factors.
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1. Introduction

In semiconductor product defect detection processes, machine vision applications based on pattern
matching methods are most commonly used. However, in the case of the numerous lines engraved on IC
lead frames used for mounting semiconductor components, it is difficult to determine exact line positions
due to parallelism problems related to the IC lead frame itself. This makes it difficult for matching
processes to deal with the partial shifts that result from individual variations. Therefore, a defect detection
method that does not rely on pattern matching between a template image and test input images is needed.

Recently, demand has arisen for defect detection processes that utilize machine vision applications.
This is especially needful for the abovementioned IC lead frames used in semiconductor manufacture,
which require both high quality and miniaturization.

However, when conventional image processing methods are used for verifying various defects,
constant adjustments must be made in order to maintain a balance between the detection size, the kind of
defect sought, and the error detection processes. Ultimately, this means it is necessary for a human being
to review and confirm the identification results.

Therefore, there is a tendency to detect defects that has large variance in the local image without a
temporal image of good condition ™. Our previously proposed method assumes that the variance in the
intensity of oriented gradients in local images that include defect areas will be larger than that found in
the acceptable areas ?. In this paper, another method is proposed for detecting different types of defects.

This method assumes that the variance of the surface normal direction in the area that includes
defects will be large.

Our method uses two variance types to determine whether or not defects exist. The first variance is
calculated by using multiple images that are acquired while varying the light source direction. This value
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is used to determine whether or not the normal direction at the point (or small region) of interest is
parallel to a camera’s optical axis. However, since this assessment is unsatisfactory in situations where
the stage has the slightest tilt with respect to the optical axis, an additional assessment value is needed.

The second value is calculated by using the maximum value of the variance. These values are
calculated in each image acquired from several light source directions. The second value is capable of
discriminating between flat and curved areas at the surface of the region of interest. Finally, the weighted
sum of these two values is utilized to identify defects. In Section 2, the relationships between the surface
normal direction and reflected light are explained. Our newly proposed method is described in Section 3,
after which experimental results are shown in Section 4.

2. Relations of Surface Normal Direction and Reflected Light
2. 1. Proposed Method Viewpoint
The state of light reflected from an object surface has been represented in a variety of reflection

models (Fig. 1). In many such reflection models, light values are approximated by the sum of the specular
and diffuse reflection components I,

Light source

Diffuse reflection Specular reflection

Fig. 1. Diffuse and specular reflection components.

Lambert models are used as a diffusion reflection model at viewing point X of the object surface. In
Eq. (1), it is assumed that the Lambert model is proportional to the cosine of the angle defined by the
normal direction N and the direction of the light source L (Fig. 2).

i = pgmax(0,N - L) Q)

pq is diffuse reflectance.
Additionally, in Eq. (2), the Phong model ), which is a specular reflection model, is approximated as
a power of the cosine of the angle « defined by the viewing direction V and specular reflection L' .

i = pscos™a (2)

Where ps is specular reflectance and n is a parameter representing the surface roughness.

The intensity of reflected light depends on the surface normal direction in both the diffuse reflection
component (represented by Lambert model) and the specular reflection component (represented by Phong
model).

If the viewing direction is parallel to the surface normal direction, as illustrated on the left side of Fig.
3, the reflected light intensity does not change when the light source direction rotates around the viewing
direction. However, when the viewing direction is not a parallel to the surface normal direction, the
reflected light intensity will vary as the light source rotates around the viewing direction.

Therefore, by obtaining and analyzing multiple images while the light source direction is rotated
around the viewing direction, it is able to determine whether the viewing direction is parallel to the
surface normal direction.
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Viewing direction
Surface normal direction
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Specular reflection
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Fig. 2. Angle parameters and vectors used for a reflection model.

(i) Proper relationship between
viewing direction and surface
normal direction (no defect)

(i) Improper relationship between
viewing direction and surface normal
direction (defect detected)
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Rotation of light source around viewing direction

Fig. 3. Light source and surface normal direction.

In this paper, we propose a detection method that is capable of detecting several defect types using
only one model and parameter setting. This proposed method assumes that the variance in the surface
normal direction in the local area that includes the defects is large. The surface normal directions for such

defects are shown in Fig. 4.
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Fig. 4. Defects and surface normal direction.

3. Detection Method

In our method, two variances are utilized to determine whether or not a defect exists. Each variance is
calculated by using multiple images acquired by varying the light source direction.
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3. 1. The Variance Value V4 (Direction Changes)
The first variance Vy is calculated in the same block by using multiple images which are acquired by
varyingthe N (i=1, 2+ - - N) direction of the light source (Fig. 5). (wq : width size of the block

, hq : height size of the block)

1 —
Va(x,y) = N T 30 Uiy — Ia)? 3)

_ N ‘wg hg
14 1s the mean in the block

A raster scan of the inspection area is performed and V, is then computed for all the pixels using Eq.

(3).
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Fig. 5. V4 calculation method.

-

This value is used to determine whether or not the normal direction at the point (or small region) of
interest is parallel to the camera’s optical axis. However, this assessment alone is inadequate when the
stage has the slightest tilt with respect to the optical axis. Therefore, a second assessment value is needed
to overcome this problem (Fig. 6).

7 N w7 N Left : Ideal condition
\\ o - /\\ A Right : Lead frame inclining in
L L) — relation to the camera

C—

Fig. 6. Proper and improper optical system alignment.

3. 2. The Variance Value V, (Peripheral Area)

The second value V. is calculated by using the maximum of the measured variance values. These
values are calculated for images acquired from several light source directions, respectively (Fig. 7) (w;:
block width size, h;: block height size).
i 1 r hy T
GO0 y) = oo B By Uy — 1) (@)
% (x,y) = max{? (x,)}

I,. is the mean in the block

A raster scan of the inspection area is performed and V, is computed for all pixels using Eq. (4).
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Because this value is capable of discriminating between flat and curved areas at the (large) surface
region of interest, it overcomes the problem that results when the stage is tilted with respect to the optical
axis. However, its use is insufficient when the defect size is bigger than the block size because a variance
value sufficient for detection cannot be acquired. Therefore, it is necessary to carefully estimate the defect
size when setting up the block size. Additionally, if a light source direction does not permit the
acquisition of a brightness value that shows a difference between peripheral and defective areas, a
satisfactory variance value will not be acquired. Therefore, it is necessary to prepare and utilize numerous
light source directions. (V4 is expected to be a number of light sources less than the V,.)

NS 1. (M) W, Block
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T\ (z)hr
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S HH / N images are obtained
by varying the direction
of incident illumination

Fig. 7. V, calculation method.

3. 3. Unification of V4 and V,

Finally, the weighted sum of these two values is utilized to detect defects.

The block size used for V4 and V, that sets up to become w, > wgy and h, > hy, because Vj is calculated
in a small region, and V, is calculated in a large region, as shown in Fig. 8.

Wy

A

L J

Wq
Fig. 8. Relations of w;, wg, h,, and hy.

Vq and V, are normalized at each maximum. Defect detection is then performed using «, which
determines the rate of V4 value and V, value, and Th, which determines a detection level.

(1 _ a) Vd(X,Y) +a V‘r(xry) > Th (5)

maxVy maxV;,

4. Experimental Results

4. 1. Experimental Environment

Fig. 9 shows the experimental environment used to acquire images. We rotated the light emitting
diode (LED) ring-lighting which opened at 45° by 22.5° increments in order to acquire 16 images while
varying the direction of incident illumination.
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The brightness distribution when the lighting is placed on the right side of a white paper, as shown in
Fig. 9, is so close to a light source that the light volume near the center is only becomes stabilized when
the illumination direction is rotated. However, since it is a basic experiment conducted simply to verify
the validity of this method, only the area near the center of the camera view, where light volume was
stabilized, was used in this study.

. A
When the light source is on the upper

side, the area where light intensity is sufficient.

When the light source is on the right
side, the area where light intensity is sufficient.

CWD 200 mm

LED ring-lighting

Diameter ins

67 mm

T

— Lead frame
The field of view |gjze 30x 30 mm

Opening 45 °

Rotation of 22.::5 :
% : The light intensity is stabilized by the
illumination source rotation.

Fig. 9. Imaging environment and brightness distribution.

4. 2. Experimental Method

The defects (dent, irregular plating, and deformation) examined in our experiments are shown in Fig.
4. Fig. 10 shows an example of an IC lead frame that has a flaw in the center. Each defect is located in the
center of the view, because it was where the light volume was stabilized in relation to the center of the
camera view when the light source was rotated. Multiple images of each defect were acquired from the 16
light source directions. Defect detection accuracies were then measured in several block sizes (wg, hg, W,
and hy), a, and Th.

Fig. 10. IC lead frame with a flaw.

4. 3. Experimental Method

When IC lead frames are inspected automatically, false defect detections often occur. Of course, our
proposal method may also result in false detections if the parameters are set in an arbitrary manner, as
shown in Fig. 11. Since frequent false detection occurrences are troublesome, a countermeasure for
reducing overdetection is needed.
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Green square
Inside: Appropriate detection
Outside box: False detection

Fig. 11. Error detection.

4. 4. Experiment

Block sizes (wg, hgq for Vq4 calculation. w,, h, for V, calculation) were appropriately examined via
experiment, wy = hg = 5 w, = h, = 25. The region described as "appropriate detection" is the area where
actual defects have been detected and where false detections does not occur. The "appropriate detection™
parameter setting for all defects is shown in Fig. 12.
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Appropriate detection

Fig. 12. Parameter setting that is effective for all defects

"Appropriate detection” parameters also exist for irregular plating and deformation related defects.
However, since neither irregular plating nor deformations have strong edges, detection is difficult when
using the conventional methods discussed earlier.

Using our proposed method, we checked for "appropriate detection” using the same defect parameter
shown in Fig. 12 (for all other defects), and were able to confirm its effectiveness. The detection result of
a = 0.5, Th = 0.5 is shown in Fig. 13. However, when the value of « is 0.4 or more, the "appropriate
detection" region appears. The "appropriate detection" region also appears at the time of a = 1.0 (V4 is not
used). We considered three reasons why these phenomena occurred:

I. V, is effective when the block size is larger than the defect, as described in Section 3.2. Since an
appropriate block size was chosen for the experiments in this research, the value of V, might have
become dominant.

1. Since the light source provided illumination from 16 directions, it is thought that there was a light
source direction that provided enough of a distribution value to allow the defect area to be
acquired from an image of one sheet.

I11. When the optical system is in an ideal state, V, is effective. These optical conditions may have
appeared as inclinations.
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In this research, our proposal method achieved a good performance, when the value of V, is large.
When a situation occurs where the defect size is an unknown and light source directions are reduced, the
value of Vy is expected to become large.

By using the appropriate parameter setting ( «= 0.8, Th = 0.6) for defect detection which is obtained
by pre-experiment, our proposal method achieved 90% success rate on other 20 defects example images.
Examples of appropriate detection results are shown on the left side of Fig.14. In addition, two false
detection results are shown on the right side of Fig.14. About false #1, it is thought that the inspection
area size (w, h) was not appropriate to detect that large defect. About false #2, it is thought that the whole
of defect was not detected due to inappropriate normalization in Eq. (5) with a few high values of V,
and/or V.

Defect image Detection image Defect image Detection image

Irregular -
plating

. =i
B oeromation ¢ %

Fig. 13. Detection images (0=0.5 Th=0.5).

Flow

Examples of appropriate detections Examples of false detections
#1 (Dent) #2 (Flow) #3(Irregular plating) #1 (Dent) #2 (Flow)

Fig. 14. Examples of detections (¢=0.8 Th=0.6).

5. Conclusion

Using our proposal method, variations in the normal direction of a defective area can be observed.
This method calculates the distribution value between multiple images that are acquired by varying the
direction of incident illumination. In experiments using our proposed method, we showed it was possible
to detect defects that were previously difficult to identify using conventional methods.

As a future problem, when applying this method to an entire IC lead frame, it is expected that error
detection problems will occur in the corners of the design because of the large normal direction
distribution values. This will make it necessary to examine masking processes or parameter adjustments
that take corners and edges into consideration. In addition, while we intend to discover and use
appropriate parameters via experiments, it would be optimal if a method could be developed to produce
parameters that are self-adjusting.
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