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OPTICAL LENS DEVICE OF IMAGE
SCANNER

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.

FIELD OF THE INVENTION

The mvention relates to an optical lens device of 1image
scanner, especially to an optical lens device that 1s adapted to
an 1mage scanner having relatively short total track
(abbreviated as T'T) and back focus length (abbreviated as
BFL), such that the total volume of the image scanner may

be shrunk relatively.
BACKGROUND OF THE INVENTION

The application fields of an optical lens set may generally
be divided into several categories, one of which has endless
image distance and limited (or short) object distance, such
as: the lens sets of slide projector, overhead projector, or film
projector, etc. Another kind of optical lens set has limited (or
short) 1image distance and endless object distance, such as:
the lens sets of camera, video camera, and telescope, eftc.
There are also two kinds of application mode for the lens set
having limited image distance and object distance: one has
longer 1image distance and relatively shorter object distance,
for example, the lens set of microscope, and another one has
longer object distance and relatively shorter image distance,
and the 1image scanner of charge coupled device 1s then one
application category of this kind of optical lens set. For said
application categories of different kinds of optical lens set,
there are different characteristics and limitations of design,
assembly, and application for each mirror within the lens set.
The main objective of the invention 1s to make an improve-
ment for the optical lens set, of image scanner, having longer
object distance but relatively shorter image distance.

Please refer to FIG. 1, which 1s an embodiment of a typi-
cal flatbed optical scanner 1 commonly seen 1n current mar-
ket. Wherein, a document window glass 12 1s arranged on
the upper side surface of the casing 11 of a scanner 1 for
supporting a document to be scanned (not shown in the
figure) and, through a driving device 13, an optical chassis
14 1s brought along to proceed a linear motion along the
guiding rod 15 1n the hollow casing 11, such that an image
scanning job may be executed to the document placed on the
glass 12.

Please refer to FIG. 2, which 1s the A—A cross-sectional
view for the optical chassis 14 of the image scanner 1 shown
in FIG. 1 according to the prior arts. The optical chassis 14
includes: a hollow casing 141, a light source 142 positioned
at an approprate position on the upper side surface of the
casing 141, a light-guiding device comprised by plural
reflective minors 143, a lens set 144, and a charge coupled
device (abbreviated as CCD). From the light source 142, the
light 1s 1ncident onto the document (not shown 1n the figure)
placed on the glass 12 and, after the reflected light of the
image ol the document enters the casing 141 of the optical
chassis 14, it 1s reflected and direction-changed by plural
reflective mirrors 143 of the light-guiding device for increas-
ing the optical length to an appropnate length, and the image
1s then focused and formed on the charge coupled device
145, which converts the scanned image data into electric
signals that are readable for the computer.

As shown 1n FIG. 1 and FIG. 2, the reflective mirror 143
of the optical chassis 14 of the prior arts 1s comprised of a
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glass piece formed as thin plate and coated with silver, and
additional spring piece 146, fixing mechanism, or screw are
needed to fix the reflective mirror 143 at a predetermined
position on the iner side of the casing 141. Furthermore,
since each reflective mirror 143 all has only one reflective
plane to proceed light reflection only once so, in order to
reach the total track (abbreviated as T, that 1s, the total
value of Y1+Y2+. .. +Y5, as shown 1n FIG. 2) needed by the
lens set 144 to focus a clear image, the distance and the
corresponding angle between each reflective mirror 143 are
needed to be arranged appropriately.

As shown 1n FIG. 3, which 1s a plane developing illustra-
tion to show that an image of the document 16 of a typical
image scanner 1 1s retlected by the reflective mirror 143 and
finally focused on the charge coupled device 145 by the lens
set 144. In FIG. 3, when an 1image scanner 1 proceeds image
scanning, the relative relationship of the distances between
the document 16 and each optical element 1s as follows: TT
(total track) 1s the distance between the document 16 and the
charge coupled device 145, W 1s the width of the document
16, the length of the effective pixel range of the charge
coupled device 145 1s L, the effective focus length
(abbreviated as EFL) of the lens set 144 1s EFL, the distance
between the last lens (the mirror that 1s most close to the
charge coupled device) of the lens set and the charge coupled
device 145 1s BFL (Back Focus Length). Each value
described above 1s mainly determined by the optical design
parameters of the lens set 144.

For the all image scanner 1 known currently, the magni-
tudes of 1ts TT value and BFL value are still the most impor-
tant factors influencing the size of the optical chassis 14,
while the size and the occupied space during scanning of the
optical chassis 14 again occupy over 80% of the entire vol-
ume of a traditional tlatbed 1image scanner 1. Since the cur-
rent trend of the design concept of the electronic information
products 1s still toward the directions of minimaization,
lightness, thinness, and convenience of being carried
personally, so how to further reduce the size of the optical
chassis 14 will be the essential key-point for further shrink-
ing the entire volume of the 1mage scanner 1. However, for
the all products of the flatbed 1mage scanner 1 seen 1n cur-
rent market according to the prior arts, their T'T value and
BFL value are still relatively large. For example, for a tradi-
tional charge coupled device having 600 dp1 resolution, 4 um
pixel pitch and capable of scanming the maximum document
paper 1n A4 size, the current optical lens set according to
prior arts may only reach the length value of TT value=240
mm and BFL value=18 mm. As for the charge coupled
device having higher resolution of 1200 dpi1, same pixel
pitch of 4 um and capable of scanning the maximum docu-
ment paper 1n A4 size, 1ts TT value 1s further greater than
350 mm. Furthermore, for the charge coupled device, of low
level, having lower resolution of 300 dp1, 7 um pixel pitch
and adapted for scanning document in A4 size, 1ts TT value
1s still necessarily greater than 240 mm. In fact, the T'T val-
ues of the prior arts described theremnbefore still have large
room for further improvement, otherwise they will cause the
entire volume of the optical chassis and the 1mage scanner
still very large and uneasy to be shrunk, and this shortcom-
ing should be solved as soon as possible.

The patents of the U.S. Pat. Nos. 6,208,474, 6,014,262,
6,208,474B1, 5,386,312, and 6,147,811 had disclosed the

structural design and allocation of the mirrors inside the
optical lens set of several kinds. However, the prior patents
have never disclosed the same technical characteristics and

achievable functions as those of the present invention.

SUMMARY OF THE INVENTION

The first objective of the 1invention 1s to provide an optical
lens device of 1image scanner, and it has a relatively short
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total track ('1T), such that the volume of the optical chassis
and the 1image scanner may further be shrunk.

The second objective of the mvention 1s to provide an
optical lens device of 1image scanner, and the distance (BFL
value) between the last lens of its lens set and the charge
coupled device may further be shrunk.

To achieve above objectives, 1n a preferable embodiment
of the optical lens device of image scanner according to the
invention, the optical lens device may receive the optical
image reflected from a document and focuses the optical
image 1nto an 1mage on an 1image mnduction element, and the
optical lens device at least includes: a diaphragm and plural
lenses. The diaphragm, plural lenses, and 1image induction
clement are arranged linearly for defining an optical path
between the document and the image induction element.
Wherein, according to the different positions between the
lens and the diaphragm, the plural lenses may be divided into
two groups; 1.¢., the front group lens 1s located between the
diaphragm and the document, and the back group lens is
located between the diaphragm and the 1image induction ele-
ment. Wherein, among the plural lenses, the one that 1s most
close to the document is called the first lens, while the other
one that 1s most close to the 1mage induction element is
called the last lens, and the distance that 1s between the last
lens and the 1mage induction element 1s abbreviated as BFL,
and the length, of the induced image, provided by the image
induction element 1s called the image height, and the dis-
tance between the document and the 1image induction ele-
ment 1s abbreviated as TT, and the effective focus length of
the optical lens device 1s abbreviated as EFL. It 1s character-
1zed that the optical lens device at least fulfills the following
conditions: the diameter of the last lens/the diameter of the

first lens>1; EFL/image height<0.9; and BFL/TT<0.05.

Preferably, when the image induction element 1s the
charge coupled device (abbreviated as CCD) having 4 um
pixel pitch, 600 dpi1 resolution and capable of scanning the
maximum document in A4 size, the TT value 1s smaller than

200 mm.

Preferably, when the image induction element 1s the
charge coupled device (abbreviated as CCD) having 5.25 um
pixel pitch, 300 dpi1 resolution and capable of scanning the

maximum document in A4 size, the TT value 1s smaller than
200 mm.

Preferably, when the image induction element 1s the
charge coupled device (abbreviated as CCD) having 4 um
pixel pitch, 600 dpi1 resolution and capable of scanning the

maximum document in A3 size, the TT value 1s smaller than
280 mm.

Preferably, when the image induction element 1s the
charge coupled device (abbreviated as CCD) having 4 um
pixel pitch, 1200 dp1 resolution and capable of scanning the

maximum document in A4 size, the TT value 1s smaller than
280 mm, and BFL <25 mm, BFL/TT<0.1.

For further deeply describing the invention, a detail
description together with corresponding drawings 1s present
as follows. Hope those will facilitate your esteemed mem-
bers of reviewing committee in reviewing this mvention.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s an 1llustration of the 1image scanner according to
the prior arts.

FI1G. 2 1s an illustration of the optical chassis of the image
scanner according to the prior arts.

FIG. 3 1s a plane developing illustration to show that an
image ol the document of a typical image scanner 1s
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reflected by the reflective mirror and finally focused on the
charge coupled device by the lens set.

FIG. 4 15 an 1llustration of the first preferable embodiment
of the optical lens device of the image scanner according to
the invention.

FIG. 5 1s an 1llustration of the second preferable embodi-
ment of the optical lens device of the image scanner accord-
ing to the mvention.

FIG. 6 1s an illustration of the third preferable embodi-
ment of the optical lens device of the image scanner accord-
ing to the mvention.

FIG. 7 1s an illustration of the fourth preferable embodi-
ment of the optical lens device of the image scanner accord-
ing to the mvention.

FIG. 8 1s an 1llustration of the fifth preferable embodiment
of the optical lens device of the image scanner according to
the mnvention.

FIG. 9 1s a design parameter table for the optical lens
devices of five preferable embodiments (1.¢., the preferable
embodiments from FIG. 4 to FIG. 8) according to the mven-
tion and four embodiments according to the prior arts.

FIG. 10A 1s a characteristic curve diagram for the longitu-
dinal aberration of the optical lens device shown 1n FIG. 5.

FIG. 10B 1s a characteristic curve diagram for the field
curvature/distortion of the optical lens shown 1n FIG. 5.

DETAILED DESCRIPTION OF THE INVENTION

The optical lens device of the image scanner according to
the invention 1s mainly a design improvement for the optical
lens device 1n the optical chassis of an 1image scanner such
that, after the plural lenses 1n the optical lens device are
appropriately designed and matched with the diaphragm,
following optical characteristics may be obtained: the diam-
eter of the last lens/the diameter of the first lens>1, and the
elfective focus length/image height<0.9. By this kind of
design, the optical lens device of the image scanner accord-
ing to the mvention will have relatively shorter total track
(T'T) and relative shorter BFL that 1s the distance between
the last lens and the charge coupled device, such that the

volume of the optical chassis and the image scanner may
further be shrunk.

Detailed structure, motion manner, function, and other
characteristic of the optical lens device of the 1mage scanner
according to the invention will be described in detail from
the following several preferable embodiments.

Please refer to FIG. 4, which 1s the first preferable
embodiment of the optical lens set 30 of the image scanner
according to the invention. Except the optical lens device 30,
the other elements of the 1mage scanner are basically and
approximately similar to those of the prior arts, such as: a
scanning area 21, a light source 22, a light-gmding device
23, and an 1mage induction element 25.

The scanning area 21 1s usually comprised of transparent
glass or acrylic matenals for supporting a document 24 to be
scanned. The light source 22 may emit light toward the scan-
ning area 21 for generating an optical image for the docu-
ment 24. In this preferable embodiment, the light source 22
1s a long, narrow, tube-shaped lamp arranged at the light-
guiding device 23 and may emit light toward the document
24 for generating a reflective optical image of the document
24. In another preferable embodiment, the light source 22
may also be able to be arranged at another side of the docu-
ment 24 (1.e., one side, of the document 24, that i1s farther
from the light-guiding device 23) and emuits light for pen-
ctrating through the document 24 to generate the optical
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image ol the document 24. And, the light source of this
embodiment may also be a long, narrow, tube-shaped lamp
that may provide light-backing plate module of plane light
source or linear light source.

The light-guiding device 1s comprised of a reflective mir-
ror (not shown 1n the figure), which may proceed at least
once retlection to the optical image coming from the docu-

ment 24 for increasing the optical length, and which then
guides and projects the optical light toward a predetermined
direction. The optical lens device 30 of the invention then
receives the optical image transferred from the light-guiding
device 23 and focuses 1t into an 1image formed on the 1mage
induction element 25. The image induction element 25 may
convert the inductively recerved optical image signals, into
the electronic signals readable and manageable by a com-
puter (not shown 1in the figure). In this preferable
embodiment, the image induction device 25 may be a charge
coupled device (abbreviated as CCD), which 1s just located
at the corresponding position that may focus the optical
image and form a clear image. In the said scanning area 21,
light source 22, light-guiding device 23, document 24, and
image induction element 25, except the light-guiding device
23 having further less number of reflective mirror and
smaller volume size than those of the prior arts because of
the unique design of the optical lens device 30 of the
invention, other comprising elements are roughly similar to
those of the prior arts and are not the major technical charac-
teristics of the invention, so they will not be described repeti-
tiously thereinafter.

According to the mvention, the optical lens device 30 at
least includes: a diaphragm 38 and plural lenses 31, 32, 33,
34. The plural lenses 31, 32, 33, 34 are arranged linearly
with the diaphragm 38 and the image induction element 25
for defining an optical path between the document 24 and the
image induction element 25. Wherein, among the plural
lenses 31, 32, 33, 34, one of which that 1s most close to the
document 24 1s called the first lens 31, and one of which that
1s most close to the image induction element 25 1s called the
last lens 34, while the distance between the last lens 34 and
the 1mage induction element 25 1s called BFL, and the
length, of the image induction device, available for inducing
image 1s called the image height, and the distance between
the document 24 and the image induction element 25 1s
abbreviated as TT (total track), and the effective focus length
ol the optical lens device 30 1s abbreviated as EFL.
Furthermore, according to the different positions between
the diaphragm 38 and the lens, the plural lenses 31, 32, 33,
34 may be divided into two groups; 1.e., the front group
lenses 31, 32 that are located between the diaphragm 38 and
the document 24, and the back group lenses 33, 34 that are
located between the diaphragm 38 and the image induction
clement 25.

In the first preferable embodiment, the number of the lens
of the optical lens device 30 1s four, and they are the first lens
31, the second lens 32, the third lens 33, and the last lens 34
respectively. Between the second and the third lens 32, 33,
the diaphragm 38 1s arranged for dividing the plural lenses
into the front group lenses (1.e., the first and the second
lenses 31, 32) and the back group lenses (i.e., the third and
the last lens 33, 34) and, at the appropnate position before
the first lens 31 (1.e., the side that 1s closer to the document
24), a plane mirror 39 of zero curvature 1s arranged addition-
ally. According to the curvature, the lenses are sequentially
divided as (start from the first lens 31): convex-concave lens
(the first lens 31), concave-concave lens (the second lens
32), convex-convex lens (the third lens 33), and concave-
convex lens (the last lens 34).
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In this first preferable embodiment, the optical lens device
30 preferably fulfills following conditions of optical design,
such as:

(1) The maximum size of scanned document 24 1s A4 size
(210 mm*297 mm).

(2) The image induction element 25 i1s a charge coupled
device (abbreviated as CCD) having 4 um pixel pitch
and 600 dp1 resolution, and the effective induction
length (i.e., the 1mage height) of the 1mage induction
clement 25 1s 20.4 mm.

(3) The value for the diameter of the last lens 34 being
divided by the diameter of the first lens 31 1s 2.01; that
15, the diameter of the last lens/the diameter of the first
lens=2.01: at this time, the diameter of the last lens/the
diameter of the fist lens>1.

(4) The front group focus (1.e., the focus of the front group
lens) and the back group focus of the optical lens device
30 respectively are 2378.37 mm and 11.68 mm, and the
cifective focus length (EFL) of the optical lens device
30 1s 13.8 mm, and the distance (BFL) between the last
lens 34 and the image induction element 25 1s 4.84 mm.

Under the design conditions described thereinbefore, we
can obtain the first preferable embodiment of the invention
shown 1n FI1G. 4 as follows: TT value 1s smaller than 200 mm
to reach the relatively shorter distance of 183.77 mm, the
value of the image height divided by the TT (1.e., 1image
height/TT)1s 0.1111, the value of EFL divided by the image
height (1.e., EFL/image height) 1s 0.676, and the value of
BFL divided by the TT (1.e., BFL/TT) 1s 0.026. That 1s, TT
value 1s smaller than 200 mm; BFL<10 mm; FFL/image
height<0.9; BFT/TT<0.03.

Comparing to the charge coupled device according to the
current traditional prior arts, mentioned in the “Invention
Background™ section of this patent application, having 600
psi1 resolution and 4 um pixel pitch, and capable of scanning
the maximum document 1n A4 size, the T'T value of the prior
optical lens set 1s at least greater than 240 mm and the length
value of the BFL 1s at least greater than 18 mm. It 1s known
that, through the improving design of the optical lens device
30 of the mvention, 1t may greatly shrink the TT value over
20% and further shrink the BFL value over 70% under the
same design conditions (1.e., the document of A4 size, the
CCD having 600 dp1 resolution and 4 um pixel pitch). It thus
proves that, compared to prior arts, the unique design for the
optical lens device 30 of the invention may effectively shrink
both values of TT and BFL, such that the number of the
reflective mirror of the optical chassis (i.e., the light-guiding
device 23) 1s lessened or the volume size of the optical chas-
s1s (1.e., the light-guiding device 23) 1s shrunk so, not only
may the space allocation and the design difficulty of the
light-guiding device 23 be lowered down but also, if the
number of the reflective mirror i1s lessened, then the manu-
facturing cost may also be lowered down, and the entire
volume of the optical image scanner will be further shrunk,
such that the costs of the storage and transportation for the
products will be lowered down, and the product value and
the market’s competence will be further enhanced relatively
because of the minimization of the product.

In following other preferable embodiments, since the ele-
ments of most part are same as or similar to those of the said
embodiment, so the same or similar element will be desig-
nated with same referential name and number, and its com-
position will not be described repetitiously herein.

Please refer to FIG. 5, which 1s the second preferable
embodiment of the optical lens device 40 of the 1mage scan-
ner according to the imvention. Except the optical lens device
40, other elements of the image scanner are basically and
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approximately similar to those of the said embodiment, such
as: a scanning arca 21, a light source 22, a light-gmding
device 23, and an image 1induction element 25.

In this second preferable embodiment, the optical lens
device 40 1includes: a diaphragm 48 and plural lenses 41, 42,
43, 44, 45, and the number of the plural lenses 1s five, and
they are the first lens 41, the second lens 42, the third lens 43,
the fourth lens 44, and the last lens 45 respeetwely Between
the second and the third lens 42, 43, the diaphragm 48 1s
arranged for dividing the plural lenses 41, 42, 43, 44, 45 nto
the front group lenses (1.¢., the first and the second lenses 41,
42) and the back group lenses (1.e., the third, the fourth, and
the last lens 43, 44, 45) and, at the appropriate position
betore the first lens 41 (i.e., the side that 1s closer to the
document 24), a plane mirror 49 of zero curvature 1s
arranged additionally. According to the curvature, the lenses
41, 42, 43, 44, 45 are sequentially divided as (start from the
first lens 41): convex-concave lens (the first lens 41),
concave-concave lens (the second lens 42), convex-convex
lens (the third lens 43), concave-convex lens (the fourth lens
44), and concave-convex lens (the last lens 45).

In this second preferable embodiment, the optical lens
device 40 pretferably tulfills the following conditions of opti-
cal design, such as:

(1) The maximum size of scanned document 24 1s A4 size.

(2) The 1image induction element 25 1s a charge coupled
device (abbreviated as CCD) having 4 um pixel pitch
and 1200 dp1 resolution, and the effective induction
length (i.e., the 1mage height) of the image induction
clement 25 1s 40.8 mm.

(3) The diameter of the last lens/the diameter of the first
lens=1.7; that 1s, the diameter of the last lens/the diam-
cter of the fist lens>1.

(4) The front group focus and the back group focus
respectively are —74.94 mm and 19.12 mm, and the
elfective focus length (EFL) 1s 32.18 mum, and the dis-
tance (BFL) between the last lens 45 and the image
induction element 25 1s 23.36 mm.

Under the design conditions described thereinbefore, we
can obtain the second pretferable embodiment of the mven-
tion shown 1n FIG. § as follows: the TT value 1s 250 mm, the
value of “image height/TT” 1s 0.1632, the value of “EFL/
image height™ 1s 0.789, and the value of “BFL/TT” 1s 0.093.
That 1s, the TT value 1s smaller than 280 mm, BFL.<25 mm,
EFL/image height<0.9, and BFL/TT<0.1.

Comparing to the charge coupled device having 1200 psi
resolution, 4 um pixel pitch, and capable of scanning the
maximum document in A4 size, the T'T value of the image
scanner according to the prior arts will be greater than 3350
mm. It 1s known that, through the improving design of the
optical lens device 40 of the invention, it may obtain clear
image signal of the document 24 with the TT value of just
250 mm under the same design conditions (1.e., the docu-
ment of A4 size, the CCD having 1200 dp1 resolution and 4
um pixel pitch). The invention has indeed greatly shrunk the
1T value over 20%.

Please refer to FIG. 6, which 1s the third preferable
embodiment of the optical lens device 50 of the 1image scan-
ner according to the mvention. The image scanner 1s also
similarly comprised of a scanning area 21, a light source 22,
a light-guiding device 23, and an image induction element
25.

In this third preferable embodiment, the optical lens
device 50 1includes: a diaphragm 38 and plural lenses 51, 52,
53, and the number of the plural lenses 1s three, and they are
the first lens 51, the second lens 52, and the last lens 53
respectively. Between the first and the second lens 51, 52,
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the diaphragm 58 i1s arranged for dividing the plural lenses
51, 52, 53, into the front group lens (1.e., the first lens 31) and
the back group lenses (1.e., the second and the last lens 52,
53) and, before the first lens 51, a plane mirror 59 of zero
curvature 1s arranged additionally. According to the
curvature, the lenses 351, 52, 53 are sequentially divided as:
concave-convex lens (the first lens 51), convex-convex lens
(the second lens 52), and concave-convex lens (the last lens
53).

In this third preferable embodiment, the optical lens
device 50 preferably fulfills the following conditions of opti-
cal design, such as:

(1) The maximum size of scanned document 24 1s A4 size.

(2) The image induction element 25 i1s a charge coupled
device (abbreviated as CCD) having 5.25 um pixel
pitch and 300 dp1 resolution, and the effective induction
length (i.e., the 1mage height) of the 1mage induction
clement 25 1s 13.3875 mm.

(3) The diameter of the last lens/the diameter of the first
lens=2.48.

(4) The front group focus and the back group focus
respectively are —15.82 mm and 5.88 mm, and the
effective focus length (EFL) 1s 9.79 mm, and the dis-
tance (BFL) between the last lens and the image induc-
tion element 1s 5.04 mm.

Under the design conditions described thereinbefore, we
can obtain the third preferable embodiment of the invention
shown 1n FIG. 6 as follows: the TT value 1s 183.8 mm, the
value of “mmage height/TT” 1s 0.0728, the value of “EFL/
image height” 1s 0.731, and the value of “BFL/TT” 1s 0.027.
That 1s, the TT value 1s smaller than 200 mm.

Comparing to the charge coupled device having lower
resolution of 300 ps1, 7 um pixel pitch and capable of scan-
ning the maximum document 1n A4 size, the TT value of the
image scanner according to the prior arts will be greater than
240 mm. It 1s known that, through the improving design of
the optical lens device 50 of the invention, 1t may obtain
clear image signal of the document 24 with the T'T value of
just 183.8 mm under the similar design conditions (1.e., the
document of A4 size and the CCD having 300 dp1
resolution). The mvention has indeed greatly shrunk the TT
value over 20%.

Please refer to FIG. 7, which i1s the fourth preferable
embodiment of the optical lens device 60 of the image scan-
ner according to the mvention. The 1mage scanner 1s also
comprised of a scanning area 21, a light source 22, a light-
guiding device 23, and an image induction element 25.

In this fourth preferable embodiment, the optical lens
device 60 at least includes: a diaphragm 68 and plural lenses
61, 62, 63, 64, and the number of the plural lenses 1s four,
and they are the first lens 61, the second lens 62, the third
lens 63, and the last lens 64 respectively. Before the first lens
61 (the side that 1s closer to the document 24), the diaphragm
58 1s arranged, so only the back group lenses are exited (i.e.,
the first lens to the last lens 61, 62, 63, 64) and, before the
diaphragm 68, a plane mirror 69 of zero curvature 1s
arranged additionally. According to the curvature, the lenses
61, 62, 63, 64 (start from the first lens 61) are sequentially
divided as: convex-convex lens (the first lens 61), concave-
concave lens (the second lens 62), convex-convex lens (the
third lens 63), and concave-convex lens (the last lens 64).

In this fourth preferable embodiment, the optical lens
device 60 preferably fulfills the following conditions of opti-
cal design, such as:

(1) The maximum size of scanned document 24 1s A4 size.

(2) The image induction element 25 1s a charge coupled
device (abbreviated as CCD) having 5.25 um pixel
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pitch and 300 dp1 resolution, and the effective induction
length (i.e., the 1mage height) of the image induction
clement 25 1s 13.3875 mm.

(3) The diameter of the last lens/the diameter of the first
lens=4.47.

(4) The tront group focus and the back group tocus
respectively are 0 mm and 9.93 mm, and the effective

focus length (EFL) 1s 9.93 mm, and the distance (BFL)
between the last lens and the 1image 1induction element

1s 5.33 mm.
Under the design conditions described thereinbefore, we

can obtain the fourth preferable embodiment of the invention
shown 1n FIG. 7 as follows: the TT value 1s 183.8 mm, the

value of “image height/TT” 1s 0.0728, the value of “EFL/
image height™ 1s 0.742, and the value of “BFL/TT” 1s 0.029.

Comparing to the charge coupled device having lower
resolution of 300 ps1, 7 um pixel pitch and capable of scan-
ning the maximum document 1n A4 size, the TT value of the
image scanner according to the prior arts will be greater than
240 mm. It 1s known that, through the improving design of
the optical lens device 50 of the invention, 1t may obtain
clear 1image signal of the document 24 with the TT value of
just 183.8 mm under the similar design conditions (1.¢., the
document of A4 size and the CCD having 300 dp1
resolution). The invention has indeed greatly shrunk the TT
value over 20%.

Please refer to FIG. 8, which 1s the fifth preferable
embodiment of the optical lens device 70 of the 1mage scan-
ner according to the invention. The image scanner 1s also
comprised of a scanning area 21, a light source 22, a light-
guiding device 23, and an image induction element 25.

In this fifth preferable embodiment, the optical lens device
70 at least includes: a diaphragm 78 and plural lenses 71, 72,
73, 74, 75, and the number of the plural lenses 1s five, and
they are the first lens 71, the second lens 72, the third lens 73,
the fourth lens 74, and the last lens 75 respectwely Between
the second and the third lens 72, 73, the diaphragm 78 1s
arranged for dividing the plural lenses 71,72,73,74, 75 mto
the front group lenses (1.e., the first and the second lenses 71,
72) and the back group lenses (1.e., the third, the fourth, and
the last lens 73, 74, 75) and, at the appropriate position
betore the first lens 71 (i.e., the side that 1s closer to the
document 24), a plane mirror 79 of zero curvature 1s
arranged additionally. According to the curvature, the lenses
71,72, 73,74, 75 are sequentially divided as (start from the
first lens 71): convex-concave lens (the first lens 71),
concave-concave lens (the second lens 72), convex-convex
lens (the third lens 73), concave-convex lens (the fourth lens
74), and concave-convex lens (the last lens 75).

In this fifth preferable embodiment, the optical lens device
70 preferably fulfills the following conditions of optical
design, such as:

(1) The maximum size of scanned document 24 1s A3 size.

(2) The image induction element 25 1s a charge coupled
device (abbreviated as CCD) havmg 4 um pixel pitch
and 600 dp1 resolution, and the effective imduction
length (i.e., the 1mage height) of the image induction
clement 25 is 28.08 mm.

(3) The diameter of the last lens/the diameter of the first
lens=5.89.

(4) The front group focus and the back group focus
respectively are 46.82 mm and 36.88 mm, and the
elfective focus length (EFL) 1s 19.3 mm, and the dis-
tance (BFL) between the last lens 75 and the image
induction element 25 1s 7 mm.
Under the design conditions described thereinbefore, we
can obtain the fifth preferable embodiment of the invention
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shown 1n FIG. 8 as follows: the TT value 1s 250 mm, the
value of “image height/TT” 1s 0.1123, the value of “EFL/
image height” 1s 0.6877, and the value of “BFL/TT” 1s 0.028.
That 1s, the T'T value 1s smaller than 280 mm.

Please refer to FIG. 9, in which the parameters of each
said preferable embodiment correspondingly with the
parameters of the preferable embodiments according to the
prior arts are arranged and listed, such that your esteemed
members of reviewing committee may clearly understand
the differences of the design conditions and the achievable
functions between the optical lens device of the ivention
and that of prior arts. As shown in FIG. 9, which lists the
design parameter values of the optical lens devices that are
separately belonged to four embodiments of the prior arts
(1.., the prior art 1 to the prior art 4) and five said preferable
embodiments of the invention (1.e., the first to the fifth pret-
crable embodiments shown 1n FIG. 4 to FIG. 8). Wherein,
several points are necessarily described first. In the table
shown 1n FIG. 9, the meaning of each column under the title
of “Lens Name™ 1s: a4 represents that the maximum size of
the scanned document 1s A4 size, 4 u represents that the pixel
pitch of CCD 1s 4 um, 600 dpi1 represents the resolution of
CCD, 4G represents that the number of the lens 1s four, and
et cetera. Furthermore, the s 1n “Lens Arrangement” column
represents the position of the diaphragm located between
two pieces of lens. Except the value of ratio, the unit for each
length (or distance) column 1s mm (minimeter).

From the data listed 1n the table of FIG. 9, it 1s known that,
if the CCDs with similar design condition such as same size
of document and same resolution are compared with each
other, then the embodiments of the invention have the advan-
tage of great reduction 1n T'T value by comparing with that of
the prior arts. Not only may the number of the reflective
mirror of the invention be lessened and may the volume size
of the light-gmiding device be shrunk, but also may the entire
volume of the optical image scanner be further shrunk.

Please refer to FIG. 10A and FIG. 10B, which are respec-
tively the characteristic curve diagrams for the longitudinal
aberration and field curvature/distortion verified for the sec-
ond preferable embodiment of the optical lens device 40
according to the imnvention shown in FIG. 5. From these char-
acteristic curves, it 1s known that the optical lens device 40
according to the invention may indeed display excellent
characteristics 1n optics and also fulfill the requirement of
resolution and 1mage quality needed by the 1image scanner.

However, the preferable embodiments described therein-
betore are applied for describing the mvention 1n detail and
are not to limit the ranges of the mvention. Therefore, all
those skilled 1n such arts should understand that any appro-
priate slight variation and adjustment that are still within the
merits of the invention are within the spirits and fields of the
invention.

In summary, the concretion of the mvention has indeed
tulfilled the merits, of 1nvention patent, specified in the
patent law so, please your esteemed members of reviewing
committee review the present patent application in favorable
way and grant it as a formal pattern as soon as possible.

What 1s claimed 1s:

1. An optical lens device of ar image scanner [may
receive the optical image retlected from a document and
focuses the optical image 1into an 1mage on an 1mage nduc-
tion element, and the optical lens device], comprising:

a diaphragm; and

plural lenses|, which are] arranged linearly with the dia-

phragm and [the] ar image induction element for defin-
ing an optical path between [the] a document and the
image induction element, wherein, according to [the}
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different positions between the [lens] plural lenses and
the diaphragm, the plural lenses [may be] are divided
into two groups[; i.e., the], wherein a front group [lens}
of lenses 1s located between the diaphragm and the

document, and [the] wherein a back group [lens] of s

lenses 1s located between the diaphragm and the image
induction element:

wherein, among the plural lenses, [the one that] a first lens
is most close to the document [is called the first lens],
[while the other one that] 1 wherein a last lens is most
close to the image induction element [is called the last
lens], [and the] wherein a distance that is between the
last lens and the image induction element 1s abbreviated
as BFL, [and the] wherein a length],] of the [induced]
image|, provided by the image induction element] is
called [the] a» image height, [and the] wherein a dis-
tance between the document and the image imduction
element is abbreviated as TT, and [the] wherein an
clfective focus length of the optical lens device 1s
abbreviated as EFL; and,

wherein|, the] a ratio between [the] a diameter of the last
lens of the optical lens device and [the] a diameter of
the first lens is greater than one[:], that is, the diameter
of the last lens/the diameter of the first lens>1.

2. The optical lens device [of image scanner] according to
claim 1, wherein [its characteristic further includes: the] a
ratio between the EFL and the image height 1s smaller than
0.9 (1.e., EFL/image height<0.9).

3. The optical lens device [of image scanner] according to
claim 1, wherein [its characteristic further includes: the] a
rat1o between the BFL and the T'T 1s smaller than 0.05 (1.e.,
BFL/TT<0.05).

4. The optical lens device [of image scanner] according to
claim 1, wherein the plural lenses [includes] irnclude four
pieces of lens, and wherein the diaphragm i1s located between
[the] a second /ens and [the] a third lens of the plural lenses.

5. The optical lens device [of image scanner] according to
claim 1, wherein the plural lenses [includes] include three
pieces of lens, and wherein the diaphragm i1s located between
the first lens and [the] a second lens of the plural lenses.

6. The optical lens device Jof image scanner] according to
claim 1, wherein the plural lenses [includes] include five
pieces of lens, and wherein the diaphragm 1s located between
[the] a second and [the] a third lens of the plural lenses.

7. The optical lens device [of image scanner] according to
claim 1, wherein t#e BFL <10 mm.

8. The optical lens device [of image scanner] according to
claim 1, wherein], when] the image induction element [is]
comprises a charge coupled device (abbreviated as CCD)
that has 4 um pixel pitch, 600 dp1 resolution, and 1s capable
of scanning @ maximum document in A4 size, [then its] and
wherein the TT value 1s smaller than 200 mm.

9. The optical lens device [of image scanner] according to
claim 1, wherein|, when] the image induction element is a
charge coupled device (abbreviated as CCD) that has 5.25
um pixel pitch, 300 dp1 resolution, and 1s capable of scan-
ning ¢ maximum document in A4 size, [then its] and
wherein the TT value 1s smaller than 200 mm.

10. The optical lens device Jof image scanner] according
to claim 1, wherein|, when] the image induction element is a
charge coupled device (abbreviated as CCD) that has 4 um
pixel pitch, 600 dp1 resolution, and 1s capable of scanning a
maximum document in A3 size, [then its] and wherein the
TT value 1s smaller than 280 mm.

11. The optical lens device Jof image scanner] according
to claim 1, wherein|, when] the image induction element is a
charge coupled device (abbreviate as CCD) that has 4 um
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pixel pitch, 1200 dpi1 resolution, and 1s capable of scanning
[the] @ maximum document in A4 size [its], wherein the TT
value 1s smaller than 280 mm, wherein the BFL.<25 mm, and
wherein BFL/TT<0.1.

12. The optical lens device Jof image scanner] according
to claim 1, wherein the plural lenses [includes] include four
pieces of lens, and wherein the diaphragm 1s located 1n front
of the plural lenses.

13. An image scanner [having optical lens device] com-
prising:

a scanning area, which [may be available for supporting]

supports a document to be scanned;

a light source which [may emit] emits light to the scanning
area for generating an optical image of the document;

a light-guiding device, which includes at least one piece
of reflective mirror for [making] reflecting the optical
image [proceed at least once reflection and guides the
reflected optical image] toward a predetermined direc-
tion;

an optical lens device, which receives the optical 1mage
[transferred] reflected from the light-guiding device
and focuses 1t into ar 1mage; and

an image induction element|, which is just] located at
[the] a position corresponding to [the place] where the
optical image is focused into [an] #2e image;

wherein[,] the optical lens device [at least includes] com-
prises:.

a diaphragm and plural lenses, [which] wherein the plural
lenses are arranged linearly with the diaphragm and the
image induction element for defining [an] a fixed opti-
cal path between the document and the image induction
element wherein, among the plural lenses, [the one
that] a first lens is most close to the document [is called
the first lens], [while the other one that] wherein a last
lens 1s most close to the image induction element [is
called the last lens], [and the] wherein a distance that is
between the last lens and the image induction element
is abbreviated as BFL, [and the] wherein a length[.] of
the [induced] image|, provided by the image induction
element] is called [the] ar image height, Jand the]
wherein a distance between the document and the
image induction element is abbreviated as TT, and [the}
wherein an elfective focus length of the optical lens
device 1s abbreviated as FFL.; and

wherein], the] a ratio between [the] a diameter of the last
lens of the optical lens device and [the] a diameter of
the first lens is greater than onef[; that is, the diameter of
the last lens/the diameter of the first lens>1], and
wherein BFL/TT<0.0)5.

14. The image scanner [having optical lens device]
according to claim 13 wherein [its characteristic further
includes: the] a ratio between the EFL and the image height
1s smaller than 0.9 (1.e., EFL/image height<0.9).

15. The image scanner [having optical lens device]
according to claim 13, wherein the plural lenses include at
least [includes] four pieces of lens, and].] wherein the dia-
phragm is located between [the] a second /ens and [the] a
third lens of the plural lenses.

16. The image scanner [having optical lens device]
according to claim 13, wherein the plural lenses include at
least [includes] three pieces of lens, and[,] wherein the dia-
phragm is located between the first /ens and [the] a second
lens of the plural lenses.

17. The image scanner [having optical lens device]
according to claim 13, wherein BFL/TT[<] is betweer 0.026
and 0.03.
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18. The image scanner [having optical lens device]
according to claim 13, wherein BFL<10 mm.

19. The image scanner [having optical lens device}
according to claim 13, wherein|, when] the image induction
clement 1s a charge coupled device (abbreviated as CCD)
that has 4 um pixel pitch, 600 dp1 resolution, and 1s capable
of scanning @ maximum document in A4 size, [then its] arnd
wherein the TT value 1s smaller than 200 mm.

20. The image scanner [having optical lens device]
according to claim 13, wherein|, when] the image induction
clement 1s a charge coupled device (abbreviated as CCD)
that has 5.25 um pixel pitch, 300 dpi resolution, and 1s
capable of scanning ¢ maximum document in A4 size, [then
its] and wherein the T'T value is smaller than 200 mm.

21. The image scanner [having optical lens device]
according to claim 13, wherein|, when] the image induction
clement 1s a charge coupled device (abbreviated as CCD)
that has 4 um pixel pitch, 600 dp1 resolution, and 1s capable

of scanning @ maximum document in A3 size, [then its] and
wherein the T'T value 1s smaller than 280 mm.

22. The image scanner [having optical lens device]
according to claim 13, wherein[, when] the image induction
clement 1s a charge coupled device (abbreviate as CCD) that
has 4 um pixel pitch, 1200 dp1 resolution, and 1s capable of
scanning [the] ¢ maximum document in A4 size, [its]
wherein the TT value 1s smaller than 280 mm, wherein the
BFL<25 mm, and wherein BFL/TT<0.1.

23. The image scanner [having optical lens device]
according to claim 13, wherein the plural lenses [includes]

include five pieces of lens, and wherein the diaphragm 1s
located between [the] a second /ens and [the] a third lens of
the plural lenses.

24. The image scanner [having optical lens device]
according to claim 13, wherein the plural lenses [includes]
include Tour pieces of lens, and wherein the diaphragm 1s
located 1n front of the plural lenses.

25. An apparatus, comprising.

a diaphrvagm, and

two or movre lenses arrvanged linearly with an image

induction element and the diaphvagm, wherein the two
or more lenses define an optical path between a docu-
ment and the image induction element, whevein the two
or movre lenses include a first lens and a last lens,
wherein the first lens is located closest to the document
of all the two or more lenses along the optical path,
wherein the last lens is located closest to the image
induction element of all the two or more lenses along
the optical path, wherein the first lens is located on an
opposite side of the diaphragm as the last lens, and
wherein a distance between the last lens and the image
induction element is between 10 mm and 4.54 mm.

26. The apparatus according to claim 25, wherein a dis-
tance between the document and the image induction ele-
ment is between 200 mm and 183 mm.

27. The apparatus according to claim 25, wherein a ratio
between an effective focus length of the apparatus and an
image height is between 0.9 and 0.676.

28. The apparatus according to claim 25, wherein a ratio
comprising a distance between the last lens and the image
induction element and a distance between the document and
the image induction element is between 0.05 and 0.026.

29. The apparatus accovding to claim 25, wherein the two
or movre lenses comprise four pieces of lens, and wherein the
diaphragm is located between a second lens and a thivd lens.

30. The apparatus accovding to claim 25, wherein the two
or more lenses comprise three pieces of lens, and wherein
the diaphvagm is located between the first lens and a second
lens.
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31. The apparatus accorvding to claim 25, whevrein the two
or more lenses comprise five pieces of lens, and wherein the
diaphragm is located between a second lens and a thivd lens.

32. The apparatus accorvding to claim 25, wherein the two
or move lenses comprise four pieces of lens, and wherein the
diaphragm is located between the document and the first
lens.

33. The apparatus accorvding to claim 25, whervein a dis-
tance between the document and the image induction ele-
ment is between 200 mm and 183 mm, and wherein a rvatio of
the distance between the last lens and the image induction
element and the distance between the document and the
image induction element is between 0.05 and 0.026.

34. A system, comprising.

a diaphragm;

a light source configured to emit light onto a document,

an image induction element configured to convert an opti-
cal image of the document into electronic signals; and

two or more lenses arrvanged linearly with the image
induction element, wherein the two or more lenses
define an optical path between the document and the
image induction element, wherein the two or more
lenses include a first lens and a last lens, wherein the
first lens is located closest to the document of all the
two or movre lenses along the optical path, wherein the
last lens is located closest to the image induction ele-
ment of all the two or more lenses along the optical
path, wherein the first lens is located on an opposite
side of the diaphragm as the last lens, and wherein a
distance between the document and the image induc-
tion element is less than 200 mm.

35. The system according to claim 34, wherein a distance
between the last lens and the image induction element is less
than 10 mm.

36. The system according to claim 35, wherein a ratio
comprising the distance between the last lens and the image
induction element and the distance between the document
and the image induction element is less than 0.03.

37. The system according to claim 35, wherein a ratio
between an effective focus length of the apparatus and an
image height is less than 0.9.

38. The system according to claim 34, wherein a distance
between the last lens and the image induction element is less
than 10 mm, and wherein a rvatio of the distance between the
last lens and the image induction element and the distance
between the document and the image induction element is

less than 0.05.
39. An apparatus, comprising:

means for receiving an optical image of a document,
whevrein the means for rveceiving includes two or more
lenses arranged linearly with both a means for convert-
ing the optical image into electronic signals and a
diaphragm, and wherein the means for rveceiving and
the means for converting define an optical path between
the document and the means for converting;

wherein the two or morvre lenses include a first lens and a
last lens, wherein the first lens is located closest to the
document of all the two or more lenses along the opti-
cal path, wherein the last lens is located closest to the
means for converting of all the two or more lenses
along the optical path, and whervein the first lens is
located on an opposite side of the diaphragm as the last
lens; and

means for focusing the optical image on the means for
converting, wherein the means for focusing includes the
last lens of the two or more lenses, and wherein a dis-
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tance between the document and the means for convert-
ing is less than 200 mm.

40. The apparatus according to claim 39, wherein a dis-
tance between the last lens and the means for converting is
less than 10 mm.

41. The apparatus accorvding to claim 40, wherein a ratio
of the distance between the last lens and the means for con-
verting and the distance between the document and the
means for converting is less than 0.035.

42. An apparatus, comprising.

a diaphrvagm, and

two or more lenses arranged linearly with an image
induction element and the diaphvagm, wherein the two
or more lenses define an optical path between a docu-
ment and the image induction element, wherein the two

or movre lenses include a first lens and a last lens,
whevrein the first lens is located closest to the document
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of all the two or more lenses along the optical path,
wherein the last lens is located closest to the image
induction element of all the two or more lenses along
the optical path, wherein the first lens is located on an
opposite side of the diaphragm as the last lens, and
wherein a ratio of a distance between the last lens and
the image induction element and a distance between the
document and the image induction element is less than

0.05.

43. The apparatus accorvding to claim 42, wherein the
distance between the last lens and the image induction ele-
ment is less than 10 mm.

44. The method according to claim 42, whevein the dis-
tance between the document and the image induction ele-
ment is less than 200 mm.
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