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(57) Abstract

A substrate reading apparatus (10) is arranged to sequentially read the identification marks (12) on each of a plurality of substrates

(1). The substrates can be those used for the production of computer chips, memory disks, or liquid crystal displays. The identification

marks are on the principle surface (20) of each of the substrates, which are accommodated in a conventional carrier or cassette (2). The

substrates (1) are carried in slots (3) of the cassette. An optical system, comprising reader (7), mirrors (18), and optical elements (22), is

mounted below the cassette in a fixed stationary relationship to the cassette such that the identification marks of each of the plurality of

::bsu'atcs can be read by the optical system without contacting the substrates and with minimal movement of the optical system relative to
e cassette.
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SUBSTRATE READING DEVICE AND METHOD

Field of the Invention

This invention relates to methods and apparatus for reading identification
marks on substrates including but not limited to semiconductor wafers, memory
disks, flat panels, etc.

Background of the Invention

In a general process for manufacturing a semiconductor device, a
predetermined number of substrates are accommodated in a vessel called a
cassette or carrier. The substrates are moved between the various processing
steps in the cassette.

It is important to identify the substrates throughout the different
manufacturing steps which they undergo. For this purpose, it is conventional for
each substrate to carry an identification mark (alpha-numeric or bar code) at a
standard location on one or both of its surfaces, usually at a specified angle or
distance from an identifiable discontinuity formed on the periphery of the
substrate so that the orientation of the substrate can be easily determined, and
the location of the identification is then calculated.

Many of the steps undergone by the substrate after it has been marked
involve the deposition of metals or chemicals over the identification mark. The
identification mark is typically etched into the smooth surface of the substrate
(e.g. by means of a laser or a diamond stylus) so that the mark will show
through such deposited layers. The marks are very small in size, such that
magnification is a practical requirement for reading them, and even though the
marks are etched into the substrate, they become more and more difficult to read
as the substrate is processed. As a result, the industry has not been able to
develop a fully reliable method for machine reading identification marks on
substrates. Such a method is highly desirable in order to achieve the objectives
of reducing the misidentification of substrates, increasing reading rates,

increasing automation, and minimize handling of the substrates.
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Summary of the Invention

As further described in detail below, we have discovered a number of
novel ways for improving the ease and reliability with which identification
marks on substrates can be read. The method and apparatus of the present
invention provide a practical means for machine reading the identification marks
on substrates while the substrates are stacked in the cassettes or carriers which
are conventionally used to store and transport the substrates between processing
steps. With the present inventions, the substrates can remain in the cassette
with minimum moving parts to reduce the creation of dust particles that can
contaminate the substrates.

In one aspect, this invention provides an apparatus for reading an
identification mark on a principal surface of each of a plurality of substrates, the
plurality of substrates being in a cassette or carrier having a plurality of parallel
slots for the substrates, the apparatus comprises a support for supporting the
cassette, and an optics system for reading and recording each identification mark
on each substrate located below the cassette, and fixed in stationary relationship
to the cassette, such that the identification mark of each of the plurality of
substrates can be read by the optics system without contacting the substrates and
with minimal movement of the optics system relative to the cassette.

In another aspect, this invention provides a method for reading an
identification mark on a principal surface of each of a plurality of substrates, the
plurality of substrates being in a cassette having a plurality of parallel slots for
the substrates, the method comprises supporting the cassette, and reading the
identification mark of each of the plurality of substrates with an optics system
located below the cassette without contacting each of the plurality of substrates
and with minimal movement of the optic’s system relative to the cassette.

Brief Description of the Drawing

Figure 1 is a diagrammatic, sectional view of one embodiment of the
present invention.
Figure 2 is an end view of the embodiment of Figure 1 with a part of the

end of the cassette removed for clarity.
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Figure 3 is a diagrammatic view of an alternate embodiment of the
present invention.

Detailed Description of the Invention

The present invention will now be described with reference to the
accompanying drawings. It is to be understood, however, that although this
description will refer to individual features of the apparatus or methods of using
the apparatus in the context of the apparatus as a whole, the present disclosure
includes the use of such individual features in combinations other than those
explicitly disclosed, either with each other, or with features previously referred
to (whether as part of the present invention or as part of the prior art), or with
features known to (or suggested by this specification to) those skilled in the
technologies of semiconductor substrates, mechanical engineering, optical
viewing systems (including displays) and optical character recognition (including
automatic processing techniques associated therewith).

In Figs. 1 and 2, the substrate reading apparatus 10 is arranged to
sequentially read the identification marks 12 on each of a plurality of substrates
1. The substrates can be those used for the production of computer chips,
memory disks or those used to produce liquid crystal displays. The
identification marks are on principal surface 20 of each of the substrates. The
substrates | are accommodated in a conventional cassette or carrier 2. Cassette
2 has a plurality of parallel slots 3 at predetermined intervals in which the large
number of substrates 1 are inserted for transportation between processing steps.
Supports 14 are formed in the side walls of the carrier 2 for supporting the
substrates along their sides. The cassette 2 has an open portion 4 in each slot 3
in the lower portion of the carrier 2 to allow the lower portion of each substrate
and thus the identification marks 12 to extend below the carrier. Each substrate
generally having its flat, notch or other peripheral discontinuity at the bottom
end. Cassette 2 is inserted into the top of apparatus 10 and rests on support

members 16 on each side of the apparatus.
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Mounted in the apparatus 10 below the lower surface of the cassette is a
reader 7. Reader 7 can be a CCD camera, infrared camera, bar code reader,
Optical Character Reader (OCR), etc. Also mounted in apparatus 10 is a
plurality of mirrors 18 corresponding with each substrate. An optical member
(such as a prism, lens, combination of prisms or lenses, etc.) 22 and illumination
source 24 are positioned between each mirror 18 and the reader 7. Preferably,
the entire optics system is stationary to prevent the production of unwanted dust
particles. However, it may be necessary to have minimal movement of the
optical member and/or mirror to compensate for the tolerances in the position of
the substrates. Minimal movement is movement just sufficient to compensate
for tolerances in the positioning of substrates and/or components such that the
identification marks will be properly focused or positioned in the field of view
of the reader. Preferably, the movement will be limited to * .08 inches laterally
and/or = 2 degrees rotationally or less. The optical members 22 redirect
illumination (in the form of a reflection from the identification mark created by
the illumination source) received from the mirror to the reader 7 for recognition
and storage. Illumination sources 24 can be light emitting diodes, laser light,
infrared radiation, etc. Illumination of any wavelength can be used. With the
configuration of Fig. 1, the mirrors are located in front of the principal surface
20 of each substrate to reflect illumination from the illumination source 24 onto
the identification marks 12 and to reflect the image received from the
illumination mark to the optical member 22. A sequencer 26 can be provided
that is electrically connected or in remote communication with each illumination
source 24. The sequencer illuminates and extinguishes each illumination
source individually in sequence such that only one image is visible to the reader
7 at a time so that it can be accurately determined as to which substrate is being
read.

Any optical system can be used to provide the desired image to the
reader 7 as will be recognized by one of ordinary skill in the art of optical

viewing systems and optical character recognition.
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When the first light source is turned on, light from the first light source
strikes the first mirror and is reflected from the first mirror onto the target area
(e.g., identification marks) of the first substrate. If the light strikes a part of the
target area which is coplanar with the principal plane of the substrate, the
reflection strikes the first mirror and is reflected into the first optical member.
The first optical member redirects the reflection to the field of view of the
reader 7. The reader then reads and records the identification mark on the first
substrate. Then, the first light source is turned off and the second light source
is turned on. Light from the second light source strikes the second mirror and is
reflected from the second mirror onto the target area of the second substrate. If
the light strikes a part of the target area which is coplanar with the principal
plane of the substrate, the reflection strikes the second mirror and is reflected
into the second optical member, The second optical member redirects the
reflection to the field of view of the reader 7. The reader then reads and
records the identification marks of the second substrate. This sequence
continues for the number of substrates present. At least the interior surfaces of
the apparatus are preferably treated, (e.g. painted matte black) so as to minimize
stray reflections.

The cassette of substrates can be in any orientation, providing that
measures are taken to ensure that the spacing between substrates is maintained.
Preferably the cassette is orientated so that this is achieved by the force of
gravity alone. It is also preferred that when a substrate is in the viewing
position, it should contact a known surface of the cassette, so that its position is
precisely known. Accordingly, it is preferred that the cassette support is such
that, when a cassette of substrates is supported by the cassette support, the
principal planes of the substrates are inclined to the vertical at an angle of 0° to
45°. Of course, the optical system will be arranged accordingly.

The mirrors in the first embodiment are necessarily very small in order
that each mirror can fit into the confined space between the substrates. The
precise relationship between each mirror and the substrate is, therefore, very

important. The location and angle of each mirror, and the location of each
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optical member are preferably such that light which reflects off the mirror into
the optical reader is at an angle of between 0 to 180 degrees relative to the
plane of the mirror. Likewise, the location and viewing direction of the reader
are preferably such that the light which enters the reader leaves the optical
member at an angle of between 0 to 180 degrees relative to an imaginary
horizontal plane.

Figure 3 is a diagrammatic illustration of another embodiment of the
present invention in which the optical system comprises a reader 7' and an
illumination source 24 for each substrate 1 present in a cassette (not shown).
Sequencer 26 illuminates and extinguishes each illumination source sequentially
as described previously. Or in the alternative, activates and deactivates each
reader sequentially.

With the optics system of the present invention, the substrates in a
conventional cassette can be read sequentially without having a translating
reader, having to move any components except to rotate and/or translate them
minimally for alignment purposes in some instances, or having to move any of
the substrates thus reducing or eliminating the production of dust particles that
may contaminate the substrates.

As indicated above, the apparatus is particularly useful when the
identification marks and associated peripheral discontinuities of the substrates
are at the bottom ends of the slot. If they are not, then the apparatus must
include means for rotating the substrates so as to bring the identification marks
into the target area (as described for example in U.S. Pat. No. 4,892,455 the
disclosure of which is incorporated herein by reference in its entirety).

The foregoing has described the principles, preferred embodiments and
modes of operation of the present invention. However, the invention should not
be construed as being limited to the particular embodiments discussed. Thus,
the above-described embodiments should be regarded as illustrative rather than
restrictive, and it should be appreciated that variations may be made in those
embodiments by workers skilled in the art without departing from the scope of

the present invention as defined by the following claims.
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THE INVENTION CLAIMED IS:

l. An apparatus for reading an identification mark on a principal
surface of each of a plurality of substrates, the plurality of substrates being in a
cassette having a plurality of parallel slots for the substrates, the apparatus
comprising:

a support for supporting the cassette;

an optics system for reading and recording each identification mark on
each substrate located below the cassette and fixed in stationary relationship to
the cassette such that the identification mark of each of the plurality of
substrates can be rcad by the optics system without contacting the substrates and

with minimal movement of the optics system relative to the cassette.

2. The apparatus of Claim | wherein the optics system comprises:

a reader corresponding to each of the plurality of substrates for reading
the identification mark on each of the plurality of substrates; and

an illumination source corresponding to the reader for providing direct

illumination of the identification mark.

3. The apparatus of Claim 2 wherein the reader is a camera and the

illumination source is a light emitting diode.

4. The apparatus of Claim 2 wherein the reader is a camera and the

illumination source is a laser.

S. The apparatus of Claim 2 further comprising:
a sequencer coupled to the illumination source for sequentially
illuminating and extinguishing the illumination source so that the reader can

read the identification mark on a single substrate.
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6. The apparatus of Claim 1 wherein the optics system comprises:
an illumination source mounted so as to correspond to each of the
plurality of substrates;
a mirror corresponding to each of the plurality of substrates for
5  facilitating indirect illumination of the identification mark by the illumination
source, the mirror being mounted in front of the principal surface of each of the
substrates; and
a reader located on an opposite side of each of the plurality of substrates
from the principal surface for reading the identification mark on each of the

10 plurality of substrates reflected in the mirror.

7. The apparatus of Claim 6 further comprising:

an optical member corresponding to each of the plurality of substrates,
the optical member being located between the reader and the mirror so as to
deviate illumination incident on the optical member from the mirror to the

15 reader.

8. The apparatus of Claim 6 wherein the reader is a camera and the

illumination source is a light emitting diode.

9. The apparatus of Claim 6 wherein the reader is a camera and the

illumination source is a laser.

20 10.  The apparatus of Claim 6 further comprising:
a sequencer coupled to the illumination source for sequentially
illuminating and extinguishing the illumination source so that the reader can

read the identification mark on a single substrate.

11.  The apparatus of Claim 1 wherein each of the plurality of
25 substrates can be read by the optics system with no movement of the

optics system relative to the cassette.
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12. A method for reading an identification mark on a principal
surface of each of a plurality of substrates, the plurality of substrates being in a
cassette having a plurality of parallel slots for the substrates, the method
comprising:

supporting the cassette; and

reading the identification mark of each of the plurality of substrates with
an optics system located below the cassette without contacting each of the
plurality of substrates and with minimal movement of the optics system relative

to the cassette.

13.  The method of Claim 12 wherein the reading step comprises:

providing a reader corresponding to each of the plurality of substrates for
reading the identification mark on each of the plurality of substrates; and

illuminating the identification mark with an illumination source

corresponding to the reader,

14.  The method of Claim 13 further comprising:
sequentially illuminating and extinguishing the illumination source so

that the reader can read the identification mark on a single substrate.

15.  The method of Claim 11 wherein the reading step comprises:

providing an illumination source for each of the plurality of substrates;

providing a mirror in front of the principal surface of each of the
substrates;

indirectly illuminating the identification mark on each of the plurality of
substrates with each illumination source and mirror; and

reading the reflection of each identification mark on the plurality of
substrates with a reader located on an opposite side of each of the plurality of

substrates from the principal surface.
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16. The method of Claim 15 further comprising:
deviating illumination incident on an optical member from the mirror to

the reader.

17.  The method of Claim 15 further comprising:
5 sequentially illuminating and extinguishing each illumination source so

that the reader can read the identification mark on a single substrate.

18. The method of Claim 12 wherein the reading step is conducted

with no movement of the optics system relative to the cassette.
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