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(87) Abstract

A method and system (10} are provided including
an optical head (12) which moves relative to an object
(14) at a vison station to scan a projected pattern
(36) of imageable electromagnetic radiation across the
surface (18) of an object (14) to be inspected at a
relatively constant linear rate to generate an imageable
electromagnetic radiation signal. The optical head (12)
includes at least one projector (38) which projects a
grid of lines (36) and an imaging subsystem which
includes a trilinear array camera (24) as a detector.
The camera (24) and the at least one projector (38)
are maintained in fixed relation to each other. Three
linear detector elements (25) of the array camera (24)
extend in a direction parallel with the grid of lines.
The geometry of the optical head (12) is arranged in
such a way that each linear detector element (25) picks
up a different phase in the grid pattem. In another
embodiment, the imageable electromagnetic radiation
(36" is polarized and the response of the detector
element (25") is polarization sensitive. The generated
images are based on polarization for the surface (18").
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WO 97/28421 PCT/US97/00853

SCANNING PHASE MEASURING METHOD AND
SYSTEM FOR AN OBJECT AT A VISION STATION

Technical Field

This invention relates to non-invasive measur-
ing methods and systems and, in particular, to scanning

phase measuring methods and systems for an object at a
vision station.

Background Art

Height distribution of a surface can be ob-
tained by projecting a light stripe pattern onto the
surface and then reimaging the light pattern that
appears on the surface. A powerful technique for
extracting this information based on taking multiple
images (3 or more) of the light pattern that appears on
the surface while shifting the position (phase) of the
projected light stripe pattern is referred to as phase
shifting interferometry as disclosed in U.S. Patent Nos.
4,641,972 and 4,212,073.

The multiple images are usually taken using a
CCD video camera with the images being digitized and
transferred to a computer where phase shift analysis,
based on images being used as "buckets," converts the
information to a contour map of the surface.

The rtechniques used to obtain the multiple
images are based on methods that keep the camera and
viewed surface stationary with respect to each other and
moving the projected pattern.



WO 97/28421 PCT/US97/00853

10

15

20

25

30

-2-

A technique for capturing just one bucket
image using a line scan camera is described in Patent
No. 4,965,665 but not enough information is available to
do a phase calculation based on multiple buckets.

Other U.S. patents which show phase shifting
include U.S. Patent Nos. 5,202,749 to Pfister; 4,794,550
to Greivenkamp, Jr.; 5,069,548 to Boehnlein; and
5,307,152 to Boehnlein et al.

U.S. Patent Nos. 5,398,113 and 5,355,221
disclose white 1light interferometry systems which
profile surfaces of objects.

In the above-noted application, an optical
measuring system is disclosed which includes a light
source, gratings, lenses, and camera. A mechanical
translation device moves one of the gratings in a plane
parallel to a reference surface to effect a phase shift
of a projected image of the grating on the contoured
surface to be measured. A second mechanical translation
device moves one of the lenses to effect a change in the
contour interval. A first phase of the points on the
contoured surface is taken, via a four-bucket algorithm,
at a first contour interval. A second phase of the
points is taken at a second contour interval. A control
system, including a computer, determines a coarse
measurement using the difference between the first and
second phases. The control system further determines a
fine measurement using either the first or second phase.
The displacement or distance, relative to the reference
plane, of each point is determined, via the control

system, using the fine and coarse measurements.
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Summary Of The Invention

An object of the present invention is to
provide a method and system including an optical head
for making an optical phase measurement of a viewed
object by generating an image whose intensity varies as
a function of position relative to the optical head and
wherein the system is configured in a way which allows
multiple images with different phase information as the
viewed object is moved in a direction perpendicular to
the imaging system and these multiple images are used to
calculate a phase image that 1is proportional to the

optical phenomena that creates the phase change.

Another object of the present invention is to
provide a method and system including an optical head
for making a phase measurement of imagable electromag-
netic radiation returned to a multi-line linear detector
array by setting up the optics in the optical head in a
manner such that a different phase value is imaged onto
each line of the detector array such that each line of
the detector array creates an image with a different
optical phase value for the same point on the imaged

object.

Yet still another object of the present
invention is to provide a method and system including an
optical head for scanning the height of a surface
wherein the optical head includes a light stripe projec-
tor and imaging system where the projected pattern does
not move relative to the imaging system and the optical
head is configured in a way which allows multiple images
with different phase information as the surface is moved

with respect to the imaging system and these multiple
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images are used to calculate a phase image that is
proportional to the height of the scanned surface.

In carrying out the above objects and other
objects of the present invention, a method is provided
for high speed scanning phase measuring of an object at
a vision station to develop physical information associ-
ated with the object. The method includes the steps of
projecting a pattern of imagable electromagnetic radia-
tion with at least one projector and moving the object
relative to the at least one projector at the vision
station to scan the projected pattern of electromagnetic
radiation across a surface of the object to generate an
imagable electromagnetic radiation signal. The method
also includes the steps of receiving the imagable
electromagnetic radiation signal from the surface of the
object with a detector having a plurality of separate
detector elements and maintaining the at least one
projector and the detector in fixed relation to each
other. Finally, the method includes the steps of
measuring an amount of radiant energy in the received
electromagnetic radiation signal wherein the detector
elements produce images having different phases of the
same scanned surface based on the measurement and
computing phase values and amplitude values for the

different phases from the images.

In one embodiment, preferably the physical
information is dimensional information and the imagable

electromagnetic radiation is light.

In another embodiment, preferably the physical
information is polarization information, the imagable

electromagnetic radiation is polarized, a response of
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the detector elements is polarization-sensitive and the

images are based on polarization from the surface.

Further in carrying out the above objects and
other objects of the present invention, a system is

provided for carrying out the above method steps.

The above objects and other objects, features,
and advantages of the present invention are readily
apparent from the following detailed description of the
best mode for carrying out the invention when taken in

connection with the accompanying drawings.

Brief Description Of The Drawings

FIGURE 1 is a schematic view of a machine
vision system including an optical head for carrying out

the method and system of the present invention;

FIGURE 2 is a schematic view illustrating the
details of a first embodiment of the optical head of

Figure 1;

FIGURE 3 is a schematic view illustrating a
second embodiment of the optical head of Figure 1
wherein a grating is introduced on the imaging side to

create an optical moire pattern; and

FIGURE 4 1is a schematic view illustrating
another embodiment of the invention wherein a pattern of

polarized electromagnetic radiation is projected.
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Best Mode For Carrying Out The Invention

Referring now to Figure 1, there is illustrat-
ed schematically a machine wvision system, generally
indicated at 10, including an optical head, generally
indicated at 12, for carrying out the method of the
present invention. The method and system 12 of the
present invention are provided for high speed, scanning
phase measuring of an object 14 at a vision station 16
to develop dimensional information such as height
information of a surface 18 of the object 14. The
object 14 moves relative to the optical head 12 as
indicated by arrow 20.

In general, the invention relates to the non-
invasive three-dimensional measurement of surface
contours using technology such as moire technology with
a novel approach that allows continuous scanning of a
surface. A more general adaptation of this approach
allows the measurement of other optical parameters via
the same scanning approach but with a different optical
configuration.

The machine vision system 12 typically in-
cludes an image digitizer/frame grabber 22 electrically
coupled to the optical head 12. The image digitiz-
er/frame grabber 22 samples and digitizes the input
images from an image source such as a camera contained
within the optical head 12 as described in detail herein
below. The frame grabber 22 places each input image
into a frame buffer having picture elements. Each of
the picture elements may consist of an 8-bit number

representing the brightness of that spot in the image.
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The system 10 also includes a system bus 26
which receives information from the image digiti-
zer/frame grabber 22 and passes the information on to
the IBM compatible host computer such as a Pentium PC
28.

The system 10 may include input/output cir-
cuits 30 to allow the system 10 to communicate with one
or more external peripheral devices such as a drive 31
or robots, programmable controllers, etc. having one or
more stages. The drive 31 provides relatively uniform
and continuous movement between the object 14 and the
head 12. The I/O circuits 30 may support a three axis
stepper board (i.e. supports multiple axis control) or

other motion boards.

As illustrated in Figure 2, a camera of the
optical head 12 preferably includes a solid state image
sensor such as a trilinear array camera 24. For exam-
ple, the camera 24 may be the Kodak CCD chip model KLI-
2103 which has 3 rows of detector or sensing elements 25
each having 2098 CCD sensing elements per row. Each row
is physically separated by a distance equivalent to 8
pixel elements. The camera 24 was originally designed
for color scanning with a red, green, and blue color
mask over each element, respectively. For the present
invention, the masks are not used but rather are re-

moved.

The system bus 26 may be either a PCI, an
EISA, ISA or VL system bus or any other standard bus.

The image digitizer/frame grabber 22 may be a
conventional three channel color frame grabber board
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such as that manufactured by Imaging Technologies, or
other frame grabber manufacturers. Alternatively, the
image digitizer/frame grabber 22 may comprise a vision
processor board such as made by Cognex.

The machine vision system 10 may be programmed
at a mass storage unit 32 to include programs for image
processing and/or image analysis, as described in

greater detail hereinbelow.

A monitor 34 is also provided to display
images.

Referring again to Figure 2, generally, multi-
ple images with different phases are obtained by moving
the surface 18 of the object 14 while keeping a pattern
36 projected by a light strip projector 38 and the
camera 24 stationary with respect to each other within
the optical head 12. The optical head 12 (i.e. when the
system 10 is a scanning moire system) has no mechanical
or optical mechanism that changes the position of the
projected pattern 36. To obtain multiple phase images,
there is relative movement between the optical head 12

and the measured surface 18.

Although taking images‘with movement in any
direction could result in the ability to obtain phase
shifts, there is only discussed herein two specialized
cases. The first case is movement of the object 14 in
a direction 20 perpendicular to an optical axis of a
lens 40 of the camera 24 thereby creating a camera
image. The second case is movement of the object 14 in
a direction parallel to the optical axis of the lens 40

thereby creating a second camera image.
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As with CCD linear array scanning, the object
14 is moved in the direction 20 which is perpendicular
to both the optical axis of the linear array camera lens
40 and the line of pixels in the linear array camera 24.
Thus, as the linear array camera 24 is read out line by
line, the image of the object 14 moving past is created
row by row. Using the trilinear array camera 24 for
scanning produces three images of the scanned surface 18
with each image being offset by a certain number of
rows. This offset is a function of the spacing between
arrays and the rate at which the image of the surface 18

is moved past the sensing elements 25.

The concept of scanning phase measuring of the
present invention is analogous to the color sensing by
the above-noted color trilinear array except the color
filters are not present and each of the three scanning
lines measures a different phase of the projected light

pattern instead of the color.

In terms of phase shifting technology, each
scanning line measures a different "bucket," and a three
"bucket" algorithm is used on the computer 28 for
measuring the phase of the projected light pattern and
this phase is proportional to the surface height of the

object being scanned.

Before the phase 1is calculated from the
readings at each of the scanning lines, the three
scanned images are registered so that the phase informa-
tion from each of the three buckets is from the same
point on the scanned surface. The registration correc-

tion and the calculation of the phase could be continu-
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ous if the electronics can accommodate this mode of
operation.

As described above, three scanning lines are
utilized. However, there is no reason that more scan-
ning lines cannot be used to increase the number of
buckets used in the phase calculation or to average more
than one scan line for a bucket. For example, if one
had 16 scanning lines, the sum of lines 1 through 4
could be used for bucket 1, the sum of lines 5 through
8 could be used for bucket 2, the sum of lineg 9 through
12 could be used for bucket 3, and the sum of lines 13
through 16 could be used for bucket 4.

Case 2 alluded to above would most likely use
a CCD area array in the optical head 1 but could use a
linear array or single point photodetector. In this
case, as the surface 18 is moved toward or away from the
optical head 12, images are taken as the phase of the
projection changes. The analysis would consist of
correcting for registration between images and then
using the images to create the buckets needed for the
phase calculation. If the camera images telecetrically
or nearly telecetrically, then registration would not be

regquired.

Systems that employ the Case 2 set-up have
been described for use in white light interferometry
systems as described in U.S. Patent Nos. 5,398,113 and
5,355,221 but not for a moire (light stripe) applica-

tion.

Although a method is described above for

making phase calculations based on a moire (light
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stripe) system, the described technique could also be
applied to any optical base phenomena where the phase is
changed between the images created when moving the
object 14 of interest relative to the optical head 12.
Techniques that can create this phase change include
moire interferometry, white 1light interferometry,
standard monochromatic 1light optical interferometry,

ellipsometry, birefringence, and thermo-wave imaging.

The use of polarization to create an ellip-
someter illustrates another optical based phenomena
where phase is changed between the images created when
moving the object 14 of interest relative to the optical
head 12. The adaptation of this scanning phase measur-
ing technique to ellipsometry and birefringence measure-
ment can be understood as an adaptation of a rotating-
analyzer ellipsometer (as described at pp. 410-413 of
the book entitled "Ellipsometry and Polarized Light,"
Azzam and Bashara). The rotating-analyzer ellipsometer
projects polarized light onto a surface and the polar-
ization of the reflected beam (or transmitted beam
depending on geometry) is determined by rotating an
analyzer (linear polarizer) in front of the receiving
detector. The radiation received at the detector varies
as a sinusoidal function that it twice the frequency of
the rotating analyzer. The amplitude of the signal is
proportional to the degree of linear polarization of the
light received at the analyzer and the phase defines the

angle of polarization.

Using the scanning phase measuring technique
of the present application, the rotating-analyzer would
be replaced by three or more analyzers, each of which

would have a row of detector elements (scanning lines)
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behind it to image the received radiation at difference
polarized phase values. The object to be measured would
be moved past the fixed projector and detector system on
an optical head 12’’ as shown in Figure 4, wherein
polarized light would be projected (instead of a light
stripe pattern as described for a height measuring
system). Each of the scanning lines measures a differ-

ent phase of the sinusoidal polarization signal.

Items in Figure 4 which have the same or

similar structure and/or function to the items in the

prior figures have a double prime designation. For
example:
. Reference numeral 12'' designates an optical head

of a scanning phase measuring ellipsometer;

] Reference numeral 14'’ designates an object whose
polarization response will be measured:

. Reference number 18’’ designates a surface of the
object 14’’ whose polarization response will be
measured when using a projector 38'‘;

. Reference numeral 20’'‘’ designates relative motion
of the measured object 14'’;

. Reference numeral 24'’ designates a trilinear array

camera having analyzers 25'‘;

. Reference numeral 36’'’ designates projected polar-
ized light;
. Reference numeral 38’’' designates a polarized light

projector for a standard ellipsometer;

. Reference numeral 40’’ designates an imaging lens;
and
. Reference numeral 42'’ designates a polarized light

projector for an ellipsometer in a transmission

mode (birefingence measuring system).



WO 97/28421 PCT/US97/00853

10

15

20

25

30

-13-

Reference numerals 60, 61 and 62 designate an
analyzer system in front of detector lines wherein 60
designates a linear polarizer parallel to the linear
array 24'’, 61 designates a 1linear polarizer at 45
degrees to the linear array 24'’, and 62 designates a

linear polarizer perpendicular to the linear array 24'°'.

The example shown in Figure 4 uses a trilinear
array camera 24’'’ with the analyzers (linear polarizers)
25’’ set at 0", 45°, and 90° for the three scanning
lines. In terms of phase shifting technology, each
scanning line measures a different "bucket," and a three
"bucket" algorithm is used on the computer for measuring
the phase and amplitude of the signal received by this

scanning analyzer system.

Referring again to the first embodiment of the
invention, the optical head 12 includes the light strip
projector 28 and the camera includes the imaging lens 40
for focusing the scanned surface onto the trilinear
array 24. The scanned surface is translated past the
optical head 42 in the direction of the arrow 20. To
eliminate perspective effects in both projection and
imaging, the project and imaging system should be either
telecentric or nearly telecentric. A nearly telecentric
system is created by having the standoff from the optics

being much larger than the measurement depth range.

For this discussion, the data from the first
linear array in the detector is called bl (for bucket
1). Likewise, the second and third linear arrays is
called b2 and b3, respectively. The pitch of the
projected light pattern creates a phase difference of

1/2 a cycle between bl and b3. For each linear array,
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let bl(i,j), b2(i,j) and b3(i,j) designate the light
intensity measurement for each linear array with 3
indicating the pixel number and let j indicating the
scan number. For example, b2(25,33) would be the
intensity reading of the 25 pixel of the second linear

array taken from the 33 scan.

The phase value which is proportional to depth
is calculated within the computer 28 using the 1light
intensity reading from the trilinear array as the object
14 is moving uniformly past the optical head 12. The
preferred equation is:

phase value(i,j) = arctan[ {b1(i,j)-b2(i,j+m)} / {b2(ij+m)-b3(ij+2m)} ]
where m is an integer that provides the required image
shift to match registration between bl, b2 and b3.

In like fashion, the preferred equation for
amplitude value is:
amplitude value(i,j) = (((b1(iy) - b2(ij+m)) + (b2(i,j) - b3(i,j+2m))*)"

In some instances, it is desirable to project
from more than one angle. For example, projecting from
each side of the camera can reduce occlusion problems.
Projecting with patterns having different contour
intervals (the change in depth for one phase cycle) can
be used to eliminate ambiguity if the measurement range

is more than one contour interval.

Measurements with more than one projector by
including a second projector 42 can be accomplished by
cycling the part past the optical head and changing
which of the projectors 38 or 42 is on for each cycle.
Or, one of the illuminating projectors 38 or 42 can be
changed for each scan of the array. For example,
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assuming two projectors, when j is even, the first
projector 38 would be on and when j is odd, the second
projector 42 would be on. For calculations to work out
properly for this alternating system, then m, the
integer shift value, must be even. Thus, using this

alternating approach, phase value image for the first

projector 38 would be: phase value(i,27) where
j=0,1,2,...; and phase value image for the second
projector 42 would be: phase value(i,2j+1) where
j=0,1,2, ...

If it is desirable to increase the pitch of
the imaged grating pattern, a second grating 44 can be
added to the imaging side as illustrated in Figure 3.
In some instances, it is desirable to include an imaging
lens between the grating 44 and the array 24. The parts
shown in Figure 3 which have the same or similar func-
tion to the parts of Figure 2 have the same reference

numeral but a prime designation.

The beat effect between the two grating
patterns is the optical moire effect and will increase
the pitch imaged onto the detector. This can be desir-
able when one wants to use a pitch finer than can be
resolved by the detector. That is, the primary pitch is
less than the width of a pixel.

While the best mode for carrying out the
invention has been described in detail, those familiar
with the art to which this invention relates will
recognize various alternative designs and embodiments
for practicing the invention as defined by the following

claims.
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What Is Claimed Is:

1. A method for high speed, scanning phase
measuring of an object at a vision station to develop
physical information associated with the object, the
method comprising the steps of:

projecting a pattern of imagable electromag-
netic radiation with at least one projector;

moving the object relative to the at least one
projector at the vision station to scan the projected
pattern of electromagnetic radiation across a surface of
the object to generate an imagable electromagnetic
radiation signal;

receiving the imagable electromagnetic radia-
tion signal from the surface of the object with a
detector having a plurality of separate detector ele-
ments;

maintaining the at least one projector and the
detector in fixed relation to each other;

measuring an amount of radiant energy in the
received electromagnetic radiation signal with the
detector wherein the detector elements produce images
having different phases of the same scanned surface
based on the measurement; and

computing phase values. and amplitude values

for the different phases from the multiple images.

2. The method as claimed in claim 1 wherein
the physical information is dimensional information and

the imagable electromagnetic radiation is light.

3. The method as claimed in claim 1 wherein
the physical information is polarization information,

the imagable electromagnetic radiation is polarized, a
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response of the detector elements is polarization sensi-
tive and wherein the images are based on polarization

from the surface.

4. The method as claimed in claim 1 wherein
the plurality of detector elements are uniformly spaced
and wherein the step of moving is performed uniformly

and continuously.

5. The method as claimed in claim 1 wherein
the step of computing includes the step of registering

the images.

6. The method as claimed in claim 1 wherein
the detector elements are elongated in a direction
parallel to a detector axis of the detector, and wherein
the detector also has an optical axis and wherein the
step of moving is performed in a direction substantially

perpendicular to the detector and optical axes.

7. The method as claimed in claim 6 wherein

the detector is a multi-linear array camera.

8. The method as claimed in claim 6 wherein
each detector element is a row of CCD sensing elements
extending substantially parallel to the detector axis
and wherein the step of moving is performed in a direc-
tion substantially perpendicular to the rows of the CCD

sensing elements.

9. The method as claimed in claim 2 wherein
the detector has an optical axis and wherein the step of

moving is performed in a direction substantially paral-
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lel to the optical axis and wherein the projected
pattern of light is a stripe of lines.

10. The method as claimed in claim 1 wherein

the step of projecting is performed with two projectors.

11. The method as claimed in claim 10 wherein
the step of moving includes the step of cycling the
object relative to the two projectofs wherein the two
projectors alternately project the pattern of imagable
electromagnetic radiation.

12. The method as claimed in claim 10 wherein
the two projectors alternately project the pattern of
imagable electromagnetic radiation during consecutive
scans of the projected pattern of imagable electromag-
netic radiation.

13. The method as claimed in claim 2 further
comprising the step of determining height of the surface
of the object based on the phase and amplitude values.

14. A system for high speed, scanning phase
measuring of an object at a vision station to develop
physical information associated with the object, the
system including:

at least one projector for projecting a
pattern of imagable electromagnetic radiation;

means for moving the object relative to the at
least one projector at the vision station to scan the
projected pattern of imagable electromagnetic radiation
across a surface of the object to generate an imagable

electromagnetic radiation signal;
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a detector for receiving the imagable electro-
magnetic radiation signal from the surface of the object
and having a plurality of separate detector elements for
measuring an amount of radiant energy in the imagable
electromagnetic radiation signal wherein the detector
elements produce images having different phases of the
same scanned surface based on the measurement;

means for maintaining the at least one projec-
tor and the detector in fixed relation to each other;
and

means for computing phase values and amplitude

values for the different phases from the images.

15. The method as claimed in claim 14 wherein
the physical information is dimensional information and

the imagable electromagnetic radiation is light.

16. The method as claimed in claim 14 wherein
the physical information is polarization information,
the imagable electromagnetic radiation is polarized, a
response of the detector elements is polarization sensi-
tive and wherein the images are based on polarization

from the surface.

17. The system as claimed in claim 14 wherein
the plurality of detector elements are uniformly spaced
and wherein the means for moving moves the object
relative to the at least one projector uniformly and

continuously.

18. The system as claimed in claim 14 wherein
the means for computing includes means for registering

the images.
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19. The system as claimed in claim 14 wherein
the detector elements are elongated in a direction
parallel to a detector axis of the detector and wherein
the detector also has an optical component having an
optical axis and wherein the means for moving moves the
object relative to the at least one projector in a
direction substantially perpendicular to the detector
and optical axes.

20. The system as claimed in claim 19 wherein
the detector is a multi-linear array camera.

21. The system as claimed in claim 19 wherein
each detector element is a row of CCD sensing elements
extending substantially parallel to the detector axis
and wherein the means for moving moves the object
relative to the detector in a direction substantially

perpendicular to the rows of the CCD sensing elements.

22. The system as claimed in claim 15 wherein
the detector has an optical component for receiving the
reflected light signal, the optical component having an
optical axis and wherein the means for moving moves the
object relative to the at least one projector in a
direction substantially parallel to the optical axis and
wherein the projected pattern of light is a stripe of

lines.

23. The system as claimed in claim 14 further
comprising two projectors, the two projectors projecting

the pattern of imagable electromagnetic radiation.

24. The system as claimed in claim 23 wherein

the means for moving cycles the object relative to the
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two projectors wherein the two projectors alternately
project the pattern of imagable electromagnetic radia-

tion during consecutive cycles.

25. The system as claimed in claim 23 wherein
imagable the two projectors alternately project the
pattern of electromagnetic radiation during consecutive
scans of the projected pattern of imagable electromag-

netic radiation.

26. The system as claimed in claim 15 further
comprising means for determining height of the surface

of the object based on the phase and amplitude values.

27. The system as claimed in claim 14 wherein
the at least one projector and the detector at least

partially define an optical head.



PCT/US97/00853

WO 97/28421

av3aH
volldO

1/4

143

ot

K> LINN 3OVHOLS SSYN |-
INHG [+ 26
_
|
m
i
|
H38aVHO
JNVH4 H3ILNdWOD y
M3ZILOIa 1SOH oh
JOVNI
ze 82 0e
SNE W3LSAS
92




PCT/US97/00853

WO 97/28421

2/4




PCT/US97/00853

WO 97/28421

3/4




WO 97/28421 PCT/US97/00853




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US97/00853

A. CLASSIFICATION OF SUBJECT MATTER
IPC(6) :GOIB 11/24, 9/00
US CL : 356/376, 375, 374; 250/237G

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

U.S. : 356/376, 375, 374; 250/237G

Documentation scarched other than minimum documentation to the extent that such documents are included in the fields searched

Blectronic data base consulted during the intemational search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US, A, 5,424,836 (WEISE ET AL) 13 June 1995, figures 1-| 1-27
2.
A US, A, 5,135,308 (KUCHEL) 04 August 1992, figures 1 and| 1-27
3.
D ' Further documents are listed in the continuation of Box C. D Scc patent family annex.
hd Special gorics of cited d T Mdmnublﬂndnﬁerhmmuomlﬁhudauotpmmy
ore . L. . dnenndntn flict with the application but cited to understand the
A document defining the geacral state of the art which is not considered principle o theory e rlying the invention
to be of particular relevance
ope . . . . ) X d f particular rel : the claimed inventi ¢ be
E casiicr document published on or afier the international filing datc pbrrpinpLrid o motidered 1 movolue o sy
L doanemvhlcbmyﬂnmdouhhonpmmychml(n) or which is when the document is taken alonc
cited 1o cotabl date of or other .y R of p . the claimed i X ¢ be
Wm(-w considered 1o imvolve an inventive step when the dowmem is
"0 document referring 10 an oral discl . use, cxhibition or other combined with one or more other such d such
means being obvious to a person skilled in the ant
‘P document published prior to the international filing date but iater than " i
e ey dnte o  prior filing & document member of the same pateat family

Date of the actual completion of the international search

Date of mailing of the international search report

05 MARCH 1997 17.03.97
Name and mailing address of the ISA/US Authorized officer

Commissioncr of Patents and Trademarks . a7 . .

Washington, D.C. 20231 . HOA Q. PHAM /~- o SR
Facsimile No. N/A Telephone No. (703) 308-4808

Form PCT/ISA/210 (second sheet)(July 1992)«



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

