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@ lllumination arrangement for elimination of gray borders in a copying device.

@ In an illumination arrangement which includes a linear 10 | 12
light transmitting array (16) the effects of gray borders on an 26a. { '

imaging surface (24) are compensated for by locating a ; 7 } L
light-directing member (26) at at feast one end of the linear

transmitter entrance. In a first embodiment, reflective ele-
ments (26) are placed at the array ends so as to intrude (26a) 2
a slight distance into the optical path. A portion of light from
an illumination source (18) is reflected from these elements
to eliminate unwanted edge borders on an underlying imag- 20
¥™ ing surface. in a second embodiment, a portion of light from
< the illumination source is directed by total internal reflec- /
tion along one of the prism surfaces into one end of the
‘D linear transmitter. This light is transmitted through the
transmitter and dissipates the gray borders created by edge
Q illumination of the document being copied.
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Illumination Arrangement for Elimination of Gray Borders

in a Copying Device

This invention relates to an illumination arrangement for the
elimination of gray borders in a copying device. One known form of copying
device comprises an illumination source for illuminating a document in an
object plane, and a linear image transmitter positioned between the object
plane and an imaging plane so as to transmit light reflected from the
document onto the imaging plane.

A problem common to most commercial eopiers is that illumina-
tion of a document lying on a transparent platen produces a shadow along
the edges of the document. This shadow area is transferred to the
photoreceptor in the form of unexposed areas along the edges of the
document image. Unless discharged in some manner, these edge "images"
are developed and result in an objectionable gray border or edge on the copy
sheets, _

A number of approaches to solve the foregoing problems of edge
or border development have been provided: A typical solution, for copiers
with standard imaging lenses, is to position the lens in the optical system so
that a slight magnification, usualy L05x, is present, This magnification
setting moves the gray borders outside of the area of the copy paper.
Besides the obvious problem of departing from a desired 1.00x magnification,
this technique cannot be used for optical systems wherein the magnification
cannot be varied from L00x, e. g. when using gradient index lens arrays of
the type described in U. S. Patent 3,947,106 and 3,977,777 and in strip lenses
of the type desecribed in U. S. Patent 3,584,950.

Other solutions to the shadow area problem are disclosed in U. S.
Patents 3,642,371; 3,788,737 and 4,118,119. These patents disclose and claim
various ways of modifying the platen cover to dissipate unwanted edge
charge areas. In U.S. 3,642,371, the underside of the platen cover is
covered with a diffusely reflective material. U, S. 3,788,717 incorporates an
electrolumineseent strip in the platen cover which, when excited, provides
light to expose edge areas. U.S. Patent 4,118,119 discloses a facetted
reflector built into the platen, the reflector set at particular orientations
relative to each other. These solutions are relatively costly and are limited .

to a specific document and paper width size.

The present invention is intended to provide a simple inexpensive

device to eliminate gray borders on copy paper, particularly where the
optical system magnification is restricted to 1.00x.
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The illumination arrangement ot the invention is characterised
by a light-directing means located between said illumination source and
said image transmitter and adapted to cause a portion of light to extend into
at least one edge area of the latent image formed on the imaging plane so
that the edge gray border is eliminated.

~In a first embodiment the light-directing elements are retlective
elements which produce a concentrated area of light. In a second
embodiment, the light-directing element is a prism adapted to direct light
by total internal reflection to the photoreceptor.

These two embodiments ot the invention will now be described,

by way of example, with reference to the accompanying drawings, in which:-

Figure 1 is a schematic end view of a copier illumination systerﬁ
utilizing a linear image transmitter and associated reflective element.

Figure 2 is a partial frontal view of the system of Figure 1
omitting the platen and illumination source for ease of description.

Figure 3 is a schematic end view of an illumination system which
utilizes a linear image transmitter and a prism arranged according to the
principles of the present invention.

Figure 4 is a partial front view of the system of Figure 1 with the
platen and illumination source omitted.

Figure 5 is a schematic diagram illustrating total internal
reflection of light at the prism surface into the image transmitter.

Figure 6 is a schematic diagram illustrating the positioning of
the total internal reflecting surface of the prism.

Referring now to Figures 1 and 2, a transparent platen 10 having
a document 12 thereon is moved in the indicated direction past optical
system 14, System 14 consists of a gradient index lens array 16 which may be
of the type commercially available from the Nippon Sheet Glass Company,
Ltd. and produced under the tradename SELFOC. Apertured lamp 18 and
eylindrical fresnel reflector 20 cooperate to produce an intense narrow band
of Nlumination during seanning.

An optical path 22 extends from the platen through lens array 16
to the surface of a drum photoreceptor 24, According to a first aspect of
the invention, reflective elements 26 are attached to the sides and at both
ends of array 16. The elements are bent so as to form edges 26a which
extend across the entire width of the array. The surface of the element

facing the light source comprises a diffuse or specular reflective material or
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is coated with such a material. Edges 26a extend slightly into the imaged
area as described in further detail below. ‘

In operation, document 12 is moved through the illumination zone
resulting in successive strips of the document being scanned. The light
pattern reflected from the document is transmitted by array 16 to the
surface of photoreceptor 24 which rotates in synchronism with the rate at
which the platen 10 is moved. Reflective elements 26 reflect a concen-
trated segment of light emanating from lamp 18 onto the portion of
photoreceptor 24 lying beneath the element dissipating the charge on these
areas. In a preferred embodiment, as shown in Figure 2; the area of charge
dissipation on the photoreceptor surface is shown as segments 30 while the
imaged portion is shown as 31. Elements 26 are of sufficient width and are
so positioned that the concentrated area of reflected light extends into the
latent image area on the drum by approximately two millimeters. This 2
mm deleted area will usually correspond to a white area on the document
and therefore will not entail any loss of information.

The reflective elements may also present a diffusely reflective

surface to lamp 18 thereby becoming, in effect, the source.
The location ot elements 26 may be adjusted in either direction

along the length of the lens array for example by being slidably mounted,

to accommodate documents ot varying size.

Referring now to Figures 3 and 4, according to a second aspect
of the present invention, a prism 36 replaces the reflective tabs of the
Figure 1 and 2 embodiment. The prism is adapted to direct a portion of the
light from lamp 18, via total internal reflection, along one of the prism
surfaces and into the field of view of lens array 16.

In operation, document 12 is moved through the illumination zone
resulting in successive strips of the document being scanned. The light
pattern reflected from the document is transmitted by array 16 to the.
surface of photoreceptor 24 which rotates in synchronism with the rate at
which the platen 10 is moved. Prism 36 directs a segment of light emanating
from lamp 18 onto the portion of photoreceptor 24 lying beneath the prism
dissipating the charge on this area, As shown in Figure 4, the area of charge
dissipation on the photoreceptor surface is shown as segment 30 while the
imaged portion is shown as 31. In this embodiment, the document has been
intentionally misregistered along its edge (left side of Figure 4) so that the
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left edge gray border is formed within the area 30 and is simultaneously
dissipated. @ The border from the opposite non-registered side of the
document is thus made to fall outside the image area. As a result, gray
borders are eliminated for any size document without need for more than
one prism and without any further lateral movement of the prism.

The prism, in order to provide optimum erase energy, must have
a certain critical location and possess a certain critical length. Figure 5,
showing the lamp-prism-lens array in enlarged form, serves to illustrate
these requirements. As shown in Figure 5, the prism is arranged so that
face 36a is at such an angle that light rays emanating from aperture 18A are
totally internally reflected at the surface and enter field of view 16 A of lens
array 16. In order for the light to be totally internally reflected at surface
36a, the light must be incident along the length of surface 36a at an anglé
greater than the criticel angle. As an example, assume that the light from
lamp 18 follows three paths as  shown with principal ray A.
Further, assume that the light is travelling through air and that the prism is
of a glass construetion. The principal ray will be refracted at surface 36b
and be incident on surface 36a at angle 8.

Figure 6 illustrates principal ray A incident upon surface 36a
located in the position shown in Figure 5 and in a second,dotted position
36a'. Principal ray A is incident on surface 36a' at an angle 8. The ray is
refracted from surface 364’ at an angle §' in accordance with Snells law

n sin 8' = n' sin #' ®

If n'=1 (index of air) and n = L5 (index of glass) equation (1) can
be rewritten as '

6 sin 71 Sif—s-g (2)

As surface 36a' is rotated in a counter clockwise direction about
its center point, the incidence angle & is effectively increased and, from
equation (Jj, refraction angle p' also increases. There is some incidence
angle @' at which §' = 90° and this angle is defined as the critical angle.

For incidence angles greater than this critical angle, the ray will
be reflected rather than refracted.

Solving for the critical angle in equation (2), 8  =41.8°. Thus,
all light rays striking surface 36a at an aﬁgle greater than 41.8°, will be
totally internally reflected towards the field of view of lens 16. Referring
again to Figure 5, prism 36 should be so located that the incidence angles Q\,
8 and/’ are all larger than the critical angle; i. e. all greater than 41.8°,



& 0049146

Another requirement for the prism to operate effectively is that
surface 36a must have a sufficient length so that light fills the entire field
of view area 16a.

The above description has not discussed in detail the effect of
refraction at the other two surfaces of the prism. While these effects must
be considered in order to ensure accurate direction of the light into the lens
array field of view, the design requirements are easily satisfied by those
skilled in the art. |

From the above descripfion it is evident that the prism is
optically coupling light from the light source onto the borders of a
photoreceptor image plane. ,

In conclusion, it may be seen that there has been disclosed an
improved optical imaging system. The exemplary embodiments desecribed
herein are presently preferred, however, it is contemplated that further
variations and modifications within the purview of those skilled in the art
can be made herein. Thus, for example, although the invention has been
disclosed in an optical system which uses a gradient index lens array, it may
also be practiced in optical systems using the forementioned strip lens in
U.S. Patent 3,854,950 as well as image bar-type lenses having similar
longitudinal dimensions and narrow acceptance cones. Also, for the prism
embodiment, although only single a prism has been shown employed, some
systems may require prisms at both end locations,
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CLAIMS:

1. An illumination arrangement for eliminating gray edge borders in
a copying device comprisings

an illumination source (18) for illuminating a document (12) in an
object plane, and

a linear image transmitter (16) positioned between said object
plane and an imaging plane (24) so as to transmit light reflected from said
document onto said imaging plane, characterised by

' a light-directing means (26) located between said illumination

source (18) and said image transmitter (16) and adapted to cause a portion of
light to extend into at least one edge area (30) of the latent image (31)

formed on the imaging plane so that the edge gray border is eliminated.

2. ~ The illumination arrangement of claim 1 wherein said light-
directing means comprises reflective elements located at the object side of
each end of said transmitter and positioned so as to reflect light from said
illumination source into said transmitter to produce a concentrated area of

reflected light on the portion of the imaging plane lying therebeneath.

3. The illumination arrangement of claim 2 wherein said light
reflected from said reflective elements extends into a latent image formed

on the imaging plane a distance of approximately two millimeters.

4. The illumination arrangement of claim 2 or claim 3 wherein said
reflective elements are slidably mounted to permit movement to new

locations.

5. The illumination arrangement of any one of claims 2 to 4
wherein said reflective elements present a specularly reflective surface to

said illumination source.

6. The illumination arrangement of any one of claims 2 to 4
wherein said reflective elements present a diffusely reflective surface to

said illumination source.

7. The illumination arrangement of any one of claims 1 to 6

wherein said image transmitter is a gradient index lens array.
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7. The illumination arrangement of any one of claims 1 to 6

wherein said image transmitter is a gradient index lens array.

8. The illumination arréngement of claim 1 wherein said light
directing means includes at least one prism located between said object
plane and image transmitter, said prism reflecting a portion of the
illumination by total internal reflection, into the entrance aperture of at
least one end of said image transmitter, whereby said reflected light is
trasmitted to the imaging plane to erase the gray shadow image created by

the edge of said document at said imaging plane.

9. The illumintion arrangement of claim 8 wherein said prism face
has a length sufficient so that rays reflected therefrom completely fill said

entrance aperture end of said image transmitter.

10. The illumination arrangement of claim 9 wherein two prisms are
located between said object plane and said image transmitter, said prisms
each reflecting light into opposite entrance end portions of the entrance

aperture of said transmitter.
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