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(57) ABSTRACT

An 1nstallation for increasing the scanning range along the
axial direction of the light source. The installation includes a
light source and a transparent glass panel. The light source
provides a light beam necessary for scanning a document.
The transparent glass panel has a coating thereon for lower-
ing light transparency near the mid-portion of the light axis
relative to either end.
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INSTALLATION FOR INCREASING A
SCANNING RANGE OF A SCANNER ALONG
AN AXIAL DIRECTION OF A LIGHT
SOURCE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Taitwan
application serial no. 88222562, filed Dec. 18, 1999.

BACKGROUND OF THE INVENTION

1. Field of Invention

The present invention relates to an installation for increas-
ing a scanning range of a scanner. More particularly, the
present imvention relates to an installation for increasing a
scanning range ol a scanner along an axial direction of a
light source.

2. Description of Related Art

In general, a scanning system can be roughly classified as
a reflective type or a light-penetrating type. In the retlective
scanning system, a document 1s placed over a transparent
glass panel. Light from a light source travels through the
transparent glass panel and hits the document. The light 1s
reflected back from the document to reach an optical sensor
alter passing through a set of optical elements. The optical
sensor, for example, can be a charge couple device (CCD)
where a scan 1mage 1s formed. In the light-passing scanning,
system, the document 1s also placed on top of a transparent
glass panel. However, light from a light source has to pass
through the document, the transparent glass panel and a set
of optical elements before arriving at the optical sensor.

Hence, both the reflective and the transparent type of
scanning system operate on similar principles. In the reflec-
tive scanning system, brightness variation of the reflected
light from a document 1s gauged to form an 1mage. On the
other hand, in the transparency scanning system, brightness
variation of light after passing through the document 1s
gauged to form an 1mage.

However, the brightness level along a conventional longi-
tudinal lamp tube, 1n other words, along the light axis of a
light source, 1s brightest in the middle and dimmer on either
side. Hence, the image produced by the light source will also
be brighter 1n the middle than either side. Since a scanner
works according to variation 1n brightness level, capacity for
detecting brightness contrast near the two end sections of the
light axis 1s lower. I the variation 1n brightness level along
the axial direction of the light source 1s large, quality of a
scan 1mage near the edges of the light axis may deteriorate.
Therefore, variation of brightness level along the light axis
of a light source 1s an important parameter in document
scanning.

In brief, the lesser the variation of brightness level along
the light axis, the better will be the scanning range of the
light source and the effective contrast of the document.

SUMMARY OF THE INVENTION

Accordingly, one object of the present invention 1s to pro-
vide an installation for increasing the scanning range along,
the axial direction of a light source. The installation 1s
capable of increasing the usable range of a light source (or
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lamp tubes) and reducing spatial occupation of the scanner.
In addition, the installation 1s able to resolve the problem of
insuificient contrast near the side edges compared with the
central area of a document.

In Taiwan Patent No. 352886 titled ‘A lens structure and
its 1ntegration with an 1mage-reading device’, brightness
variation along the axial direction of a light source 1is
reduced by moditying a component. In the proposed device,
a plurality of reflecting mirrors having coatings of varying
thickness across the mirror surface 1s used inside the scan-
ner. For example, the coating on the reflecting mirrors used
for reflecting light 1s thickened 1n the middle or the coating
thickness 1s reduced on each side of the reflecting mirrors so
that brightness level through these mirrors are modified.

In this mvention, rather than changing the reflectivity of
the reflecting mirrors as 1n Taiwan Patent No. 352886, the
transparent glass panel between the light source and a docu-
ment or the transparency of glass panel that supports the
document 1s modified.

To achieve these and other advantages and 1n accordance
with the purpose of the invention, as embodied and broadly
described herein, the mvention provides an installation for
increasing the scanning range along the axial direction of a
light source. The installation includes a light source and a
transparent glass panel. The light source provides a neces-
sary beam of light for image scanning by the scanner. The
transparent glass panel holds a scan document. Light from
the light source penetrates the transparent glass panel and
then passes through the document to produce a scan 1mage.
Alternatwely, the light that penetrates the transparent glass
panel 1s reflected back by the document to produce a scan
image.

The transparent glass panel has a coating such that light
transparency near the middle portion of the light axis 1s
lower than near either end of the light axis.

This 1nvention also provides a second installation for
increasing the scanning range along the axial direction of a
light source that includes a light source and a transparent
glass panel. The light source provides a necessary beam of
light for scanming a document by the scanner. The transpar-
ent glass 1s positioned between the light source and the scan
document. Light from the light source penetrates the trans-
parent glass panel and then impinges on the document for
generating a scan image.

The transparent glass panel has a coating such that light
transparency near the middle portion of the light axis 1s
lower than at either end of the light axis.

Through the vanation of light transparency across the
transparent glass panel, this invention 1s able to smooth out
the variation of brightness level along the light axis of the
light source. Hence, scanning range of the light source is
increased. Furthermore, since the vanation of brightness
level between the mid-portion and the sides 1s reduced, the
problem of insullicient contrast near the edge compared with
the central portion of a document 1s resolved.

In brief, this invention homogenizes the brightness level
along the light axis by changing the light transparency across
the surface of the light-channeling panel.

It 1s to be understood that both the foregoing general
description and the following detailed description are
exemplary, and are mtended to provide further explanation
of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
turther understanding of the invention, and are incorporated
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in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with
the description, serve to explain the principles of the mven-
tion. In the drawings,

FIG. 1 1s a schematic view of a scanning system according,
to a first preferred embodiment of this invention;

FIG. 2 1s a schematic view of a scanning system according,
to a second preferred embodiment of this invention;

FIG. 3a 1s a graph showing the characteristic variation of
light transparency of the transparent glass panel along the
light axis of the light source;

FIG. 3b 1s a graph showing the variation of brightness
level of the light source along the light axis of the light
SOUrce;

FIG. 3c 1s a graph showing the variation of brightness
level of light along the light axis of the light source after a
beam of light from the light source has passed through the
transparency glass panel;

FIG. 4a 15 a cross-sectional view of the variation of coat-
ing thickness on the transparent glass panel according to a
first embodiment of this invention; and

FIG. 4b 1s a cross-sectional view of the different coating

materials on the transparent glass panel according to a sec-
ond embodiment of this invention.

DESCRIPTION OF THE PR
EMBODIMENTS

L1
M

ERRED

Retference will now be made in detail to the present pre-
terred embodiments of the invention, examples of which are
illustrated 1n the accompanying drawings. Wherever
possible, the same reference numbers are used 1n the draw-
ings and the description to refer to the same or like parts.

FIG. 1 1s a schematic view of a scanning system according
to a first preferred embodiment of this invention. The scan-
ning system includes a light source 10, a transparent glass
panel 30, a light-source retlector 20, reflecting mirrors 40, a
lens 15, a charge coupled device 35 and a document 25. The
light source 10 provides the necessary light for document
scanning. In general, the light source 10 1s linear and hence
has a light axis perpendicular to the plane of the page on
which FIG. 1 lies. The document 25 1s placed on top of the
transparent glass panel 30. Light emerging from the light
source 1s reflected from the light-source reflector 20. The
reflected light penetrates the transparent glass panel 30 and
then impinges upon the document 25. Light reflected from
the document 25 passes through the transparent glass panel
30 again and arrives at the reflecting mirrors 40. After a
plurality of reflections through the mairrors 40, the light
passes through the lens 15 and finally impinges upon the
charge coupled device 35 where a scan 1image 1s formed.

Light transparency varies across the transparent glass
panel 30 due to the presence of a coating 45. Note that the
coating 45 need not be deposited over the transparent glass
panel 30 as shown 1n FIG. 1. The coating 45 can be depos-
ited on a glass surface anywhere between the transparent
glass panel 30 and the document 25.

FIG. 4a 1s a cross-sectional view of the variation of coat-
ing thickness on the transparent glass panel according to a
first embodiment of this invention. FIG. 4b 1s a cross-
sectional view of the different coating materials on the trans-
parent glass panel according to a second embodiment of this
ivention.

As shown 1n FIG. 4a, the coating 45 on the transparent
glass panel 30 can be a layer of material having one light
transparency but a variable thickness. On the other hand, the
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coating 45 on the transparent glass panel 30 can actually
comprise a plurality of coatings 45a, 45b and 43¢, with each
coating material having a different light transparency. The
coatings are laid side-by-side as shown 1n FIG. 4b and all
have the same thickness. In FIG. 4b, the coating 45 1s formed
by depositing three different coating matenals 45a, 45b and
45¢ 1n three different sections. However, the actual number
ol coating materials 1s variable depending on specification of
the design.

In this embodiment, the light transparency of the transpar-
ent glass panel 30 varies along the light axis. FIG. 3a 1s a
graph showing the characteristic variation of light transpar-
ency of the transparent glass panel along the light axis of the
light source. As shown in FIG. 3a, light transparency 1is
lower near the mid-portion of the light axis than the end-

section of the light axis.

FIG. 3b 1s a graph showing the variation of brightness
level of the light source along the light axis of the light
source. As shown 1n FIG. 3b, brightness level produced by
the light source 10 near the mid-portion of the light axis 1s
higher than the brightness level near either end of the light
axis.

FIG. 3c 1s a graph showing the variation of brightness
level of light along the light axis of the light source after a
beam of light from the light source has passed through the
transparency glass panel. As shown i FIGS. 3b and 3c,
width of the uniform brightness region along the light axis
shown 1n FIG. 3¢ 1s wider than the width of the uniform
brightness region along the light axis shown in FIG. 3b.
Hence, light emerging from the transparent glass panel 30
has a wider scanning range. Furthermore, since brightness
level 1n the mid-portion 1s very similar to the brightness level
near the end sections, light contrast between the end sections
and the mid-portion 1s almost identical.

FIG. 2 1s a schematic view of a scanning system according,
to a second preferred embodiment of this invention. The
scanning system includes a light source 50, a first transpar-
ent glass panel 70, a second transparent glass panel 90
(transparent glass panel for light processing), a light-source
retflector 60, reflecting mirrors 80, a lens 55, a charge
coupled device 75 and a document 65. The light source 50
provides the necessary light for document scanning. The
document 65 1s placed on top of the first transparent glass
panel 70. Light emerging from the light source 50 1is
reflected by the light-source reflector 60. The retlected light
passes through the second transparent glass panel 90 and
then impinges upon the document 65. Light passes through
the document 65 and the first transparent glass panel 70 to
arrive at the reflecting mirrors 80. After a plurality of retlec-
tions through the mirrors 80, the light passes through the
lens 55 and finally impinges upon the charge couple device
75 where a scan 1mage 1s formed.

In the second embodiment, light transparency varies
across the second transparent glass panel 90 due to the pres-
ence of a coating 835. Note that the coating 85 need not be
tormed over the second transparent glass panel 90 as shown
in FI1G. 2. The coating 85 can be deposited on a glass surface
anywhere between the second transparent glass panel 90 and
the document 65.

A cross-section of the coating 85 and the second transpar-
ent glass panel 90 1s similar to the cross-section of the coat-
ing 435 and the transparent glass panel 30 shown 1n FIGS. 4a
and 4b. In other words, the coating 85 can be a layer of
material having one light transparency but a variable
thickness, or the coating 85 can actually comprise of a plu-
rality of coating materials, each having a different light
transparency.
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In this embodiment, the light transparency of the second
transparent glass panel 90 varies along the light axis. FIG. 3a
1s a graph showing the characteristic variation of light trans-
parency ol the transparent glass panel along the light axis of
the light source. As shown 1n FIG. 3a, light transparency 1s
lower near the mid-portion of the light axis than at either end
of the light axis.

Besides forming a coating over the second transparent
glass panel 90 to change light transparency, light transpar-
ency of the first transparent glass panel 70 can be also modi-
fied. Alternatively, both the first transparent glass panel 70
and the second transparent glass panel 90 can be modified
simultaneously so that the ultimate brightness level across
the scanning range 1s homogenized. The coating on the first
transparent glass panel 70 and/or the second transparent
glass panel 90 can be a layer of material having one light
transparency but a variable thickness, or the coating can
actually comprise of a plurality of coating materials, each
having a different light transparency.

FIG. 3b 1s a graph showing the variation of brightness
level of the light source along the light axis of the light
source. As shown 1n FIG. 3b, brightness level produced by
the light source 10 near the mid-portion of the light axis 1s
higher than the brightness level near the two end sections of
the light axis.

FIG. 3c 1s a graph showing the variation of brightness
level of light along the light axis of the light source after a
beam of light from the light source has passed through the
transparency glass panel. As shown 1 FIGS. 3b and 3c,
width of the uniform brightness region along the light axis
shown 1n FIG. 3¢ 1s wider than the width of the uniform
brightness region along the light axis shown in FIG. 3b.
Hence, light emerging from the first transparent glass panel
90 has a wider scanning range. Furthermore, since bright-
ness level 1n the mid-portion 1s very similar to the brightness
level near the end sections of the light axis, light contrast
between the end sections and the mid-portion 1s almost 1den-
tical. When usable range on the light axis in increased,
length of a lamp tube for scanning a document of a given
dimension may be reduced. Thus, size of the scanner can be
reduced.

Although a charge couple device (CCD) 1s used 1n both
the first and the second embodiment of this invention, a con-
tact image sensor (CIS) can also be used as a receiver for the
image from the document.

In summary, the invention 1s able to smooth out the bright-
ness level of light source so that a wider scanming width can
be obtained for a given light source. Hence, size of a scanner
can be reduced. In addition, the invention 1s able to resolve
the problem of msuificient contrast along the edge regions
compared with the central portion of a document.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present mvention without departing from the scope or
spirit of the invention. In view of the foregoing, 1t 1s intended
that the present invention cover modifications and variations
of this invention provided they fall within the scope of the
tollowing claims and their equivalents.

What 1s claimed 1s:

1. An 1nstallation on a scanner for increasing a scanning
range along an axial direction of a light source, comprising:

a light source having a light axis, wherein the light source
provides a light beam necessary for scanning a docu-
ment; and

a transparent glass panel for holding the document and
permitting passage of light from the light source so that
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a scan 1mage ol the document can be ultimately
obtained, wherein the transparent glass panel has a
coating thereon for lowering light transparency near
mid-portion of the light axis relative to either end of the
light axis, wherein the coating 1s formed using a single
layer of coating material but having a variable thickness
across the transparent glass panel.

2. The 1nstallation of claim 1, wherein the scan image 1s
formed by light provided by the light source on reflecting
from the document.

3. The installation of claim 1, wherein the scan 1mage 1s
formed by light provided by the light source on passing
through the document.

4. The 1nstallation of claim 3, wherein an additional sec-
ond transparent glass panel 1s 1nserted between the docu-
ment and the light source.

5. The 1nstallation of claim 4, wherein the second trans-
parent glass panel has a coating thereon for lowering light
transparency near the mid-portion of the light axis relative to
either end of the light axis.

6. The installation of claim 3, wherein the coating 1is
tformed using a plurality of coating materials, each having a
different light transparency.

7. The 1nstallation of claim 5, wherein the coating 1s
formed using a single layer of coating material but having a
variable thickness across the transparent glass panel.

8. An 1nstallation on a scanner capable of increasing a
scanning range along an axial direction of a light source,
comprising;

a light source having a light axis, wherein the light source

provides a light beam necessary for scanning a docu-
ment;

a transparent glass panel for holding the document and
permitting passage of light from the light source so that
a scan 1mage of the document can be ultimately
obtained, wherein the scan image 1s formed by light
provided by the light source on passing through the
document; and

a second transparent sass panel 1s inserted between the
document and the light source, wherein the second
transparent glass panel has a coating thereon for lower-
ing light transparency near the mid-portion of the light
axi1s relative to either end of the light axis, wherein the
coating 1s formed using a single layer of coating mate-
rial but having a variable thickness across the second
transparent glass panel, and light from the light source
1s able to penetrate the panel and the document to form
a scan 1mage ol the document.

9. The installation of claim 8, wherein the coating 1s
formed using a plurality of coating materials each, having a
different light transparency.

10. An 1nstallation on a scanner for increasing a scanning
range along an axial direction of a light source, comprising:

a light source having a light axis, wherein the light source
provides a light beam necessary for scanning a docu-
ment,

a transparent glass panel for holding the document and
permitting passage of light from the light source so that
a scan 1mage ol the document can be ultimately
obtained, wherein the scan image 1s formed by light
provided by the light source on passing through the
document, wherein the transparent glass panel has a
coating thereon for lowering light transparency near
mid-portion of the light axis relative to either end of the
light axis; and

an additional second transparent glass panel 1s 1nserted
between the document and the light source, wherein the
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second transparent glass panel has a coating thereon for
lowering light transparency near the mid-portion of the
light axis relative to either end of the light axis.

11. The installation of claim 10, wherein the coating 1s
formed using a plurality of coating materials, each having a
different light transparency.

12. The installation of claim 10, wherein the coating is
formed using a single layer of coating material but having a
variable thickness across the transparent glass panel.

13. A method for increasing a scanning range along an
axial dirvection of a light source, comprising:

providing a light beam via a light source having a light

axis necessary for scanning a document; and

holding the document on a transpavent glass panel and

permitting passage of light from the light source so that
a scan image of the document can be ultimately
obtained, lowering light transpavency near mid-portion
of the light axis relative to either end of the light axis
via a coating on the transpavent glass panel, and the
coating formed with a single layer of coating material
but having a variable thickness across the transparent

glass panel.

14. The method of claim 13, further comprising forming
the scan image by light from the light source reflecting from
the document.

13. The method of claim 13, further comprising forming
the scan image by light from the light source passing through
the document.

16. The method of claim 15, further comprising inserting

a second transparvent glass panel between the document and
the light source.

17. The method of claim 16, further comprising lowering
light transparency near mid-portion of the light axis relative
to either end of the light axis via a coating on the second
transparent glass panel.

18. The method of claim 17, wherein the coating formed
with two or more coating materials, each having a different
light transparency.

19. The method of claim 17, wherein the coating formed
with a layer of coating material having a variable thickness
across the transparent glass panel.

20. An installation on a scanner to increase a scanning
range along a light axis of a light source, comprising.

a transparent panel capable of holding a document and
permitting passage of light so that a scan image of the
document can be obtained, wherein the transparent
panel has a coating thereon capable of lowering light
transparency near a mid-portion of the light axis rela-
tive to either end of the light axis, wherein the coating
comprises a single laver of coating material having a
variable thickness across the transparvent panel.

21. The installation of claim 20, further comprising a sec-
ond transparent panel located between the document and the
light source.

22. The installation of claim 21, further comprising a
coating on the second transparent panel capable of lowering
light transparency near mid-portion of the light axis relative
to either end of the light axis.

23. The installation of claim 22, wherein the coating on
the second transparent panel comprises two or movre coating
materials comprising different light transparencies.

24. The installation of claim 22, wherein the coating on
the second transparent panel comprises a variable thickness
across the second transparent glass panel.

25. A method to increase a scanning vange along a light
axis of a light source, comprising:

holding a document on a transparent panel and permit-
ting passage of light so that a scan image of the docu-
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ment can be obtained, lowering light transparency near
a mid-portion of the light axis relative to either end of
the light axis via a coating on the transparent panel
comprising a single layer of coating material having a
variable thickness acrvoss the transpavent panel.

26. The method of claim 25, further comprising lowering
light transparvency near mid-portion of the light axis relative
to either end of the light axis via a coating on a second
transparent panel.

27. The method of claim 25, further comprising lowering
light transparvency near mid-portion of the light axis relative
to either end of the light axis via a coating on a second
transparent panel comprising two or move coating materials
comprising different light transparencies.

28. The method of claim 25, further comprising lowering
light transparvency near mid-portion of the light axis relative
to either end of the light axis via a coating on a second
transparent panel comprising a variable thickness across the

second transparent glass panel.
29. An installation on a scanner to incrvease a scanning

range along a light axis of a light source, comprising:
a transpavent panel capable of holding a document and
permitting passage of light from the light source so that
a scan image of the document can be ultimately
obtained, wherein the scan image is formed by light
provided by the light source on passing through the
document, wherein the transpavent panel has a coating
thereon capable of lowering light transparency near
mid-portion of the light axis relative to either end of the

light axis; and

an additional second transparent panel is located
between the document and a light source, wherein the
second transparent panel has a coating thereon
capable of lowering light transparency near the mid-
portion of the light axis relative to either end of the light
axis.

30. The installation of claim 29, whevrein the coating of the
transparent panel comprises a variable thickness across the
transparent panel.

31. The installation of claim 29, wherein the coating of the
second transparvent panel comprises a variable thickness
across the second transparent panel.

32. The installation of claim 29, wherein the coating of the
second transpavent panel comprises a decveased light trans-
parency with rvespect to the coating of the transpavent panel.

33. The installation of claim 29, wherein coating of the
second transparent panel comprises a thickness diffevent

from a thickness of the coating of the transpavent panel.

34. The installation of claim 29, wherein the coating of the
second transparvent panel comprises a first coating material
and the coating of the transparent panel comprises a second
coating material, wherein the first coating material and the
second coating material have different light transparency
properties.

35. A method to increase a scanning range along a light
axis of a light source, comprising:

holding a document on a transparent panel and permit-

ting passage of light from the light source so that a scan
image of the document can be ultimately obtained,
wherein the scan image is formed by light provided by
the light source on passing through the document, low-
ering light transparency near mid-portion of the light
axis relative to either end of the light axis via a coating
on the transparvent panel; and

lowering light transparency near the mid-portion of the
light axis relative to either end of the light axis via a
coating on an additional second transparent panel
located between the document and a light source.
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36. The method of claim 35, wherein said lowering light

transparency via the coating of the transparent panel com-
prises lowering light transparency via the coating compris-
ing a variable thickness across the transparent panel.

37. The method of claim 35, wherein said lowering light
transparency via the coating of the second transparent panel
comprises lowering light transparency via the coating com-
prising a variable thickness acrvoss the second transparent
panel.

38. The method of claim 35, wherein said lowering light
transparency via the coating of the second transparent panel
comprises lowering light transpavency via the coating of the
second transparent panel comprising a decreased light
transparency with vespect to the coating of the transparvent
panel.

10

39. The method of claim 35, wherein said lowering light
transparency via the coating of the second transparent panel
comprises lowering light transpavency via the coating of the
second transparent panel comprising a thickness different

° from a thickness of the coating of the transpavent panel.

40. The method of claim 35, wherein said lowering light
transparency via the coating of the second transparent panel
comprises lowering light transparvency via the coating of the

10 second transpavent panel comprising a material with light

transparency properties diffevent from light transparvency
properties of the coating of the transparent panel.
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