
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date (10) International Publication Number
5 July 2007 (05.07.2007) PCT WO 2007/074936 Al

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
G02B 5/02 (2006.01) G02F 1/1335 (2006.01) kind of national protection available): AE, AG, AL, AM,
G02B 5/04 (2006.01) G02F 1/13357 (2006.01) AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,

CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
(21) International Application Number: GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,

PCT/JP2006/326362 KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT,

(22) International Filing Date: LU, LV,LY,MA, MD, MG, MK, MN, MW, MX, MY, MZ,

27 December 2006 (27.12.2006) NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU,
SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN, TR,

(25) Filing Language: English TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW

(26) Publication Language: English (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

(30) Priority Data: GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
2005-375761 27 December 2005 (27. 12.2005) JP ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
2005-375762 27 December 2005 (27. 12.2005) JP European (AT,BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

(71) Applicant (for all designated States except US): FUJI- FR, GB, GR, HU, IE, IS, IT, LT, LU, LV,MC, NL, PL, PT,

FILM Corporation [JP/JP]; 26-30, Nishiazabu 2-chome, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,

Minato-ku, Tokyo, 1060031 (JP).
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

(72) Inventor; and Published:
(75) Inventor/Applicant (for US only): NAGAO, Kimitoshi. — with international search report

(74) Agents: OGURI, Shohei et al.; Eikoh Patent Office, 7-13, For two-letter codes and other abbreviations, refer to the "G uid

Nishi-Shimbashi 1-chome, Minato-ku, Tokyo, 1050003 ance Notes on Codes and Abbreviations" appearing at the beg in
(JP). ning of each regular issue of the PCT Gazette.

(54) Title: PRISM SHEET

(57) Abstract: A prism sheet including a plurality of prisms arranged on a substrate, wherein each of the prisms has a shape of a
cross-section, which is observed from a specific direction, being a polygon, the polygon includes a base of a bottom surface of each
of the prisms and five or more sides, and is axisymmetrical with respect to a straight line serving as an axis that passes through a
midpoint of the base and that is perpendicular to the base, and the five or more sides are designed so that in a case where a given one
of the five or more sides is more distant from the base than another of the five or more sides, an angle formed by the axis and the
given one of the five or more sides is larger than an angle formed by the axis and the another of the five or more sides.



DESCRIPTION

PRISM SHEET

Technical Field

The present invention relates to a prism sheet for use in a

flat display panel used in a flat-screen television, a portable

telephone, a digital camera, a car navigation system, a computer,

a PDA, a cash dispensing terminal, or the like, to enhance luminance .

Background Art

Generally, in a display apparatus, such as a liquid crystal

display apparatus, using a backlight, a prism sheet is provided

on a light guide plate, which guides light from the backlight to

5 a display screen, to enhance display luminance. Consider a member

configured by arranging a large number of semicylindrical prisms

on a transparent substrate as the prism sheet. Let θp denote an

observation angle, at which the prism sheet is observed, with

respect to a direction (0°) perpendicular to the transparent

O substrate in the prism sheet of such a configuration. A curve a

shown in FIG. 4 represents a luminance characteristic that indicates

the luminance detected at each observation angle θp when light is

incident from a transparent substrate side, and that is obtained

by simulation. A curve e_ shown in FIG. 4 represents a luminance

!5 characteristic in a case where the prism sheet is constituted only

by the transparent substrate. In most cases, the screen of the



display apparatus is observed from the front thereof. Thus, it is

demanded to enhance luminance in a direction of the front thereof.

A s indicated by the curve a shown in FIG. 4 , according to the prism

sheet in which the semicylindrical prisms are arranged, the

luminance in the direction of the front of the screen can be

enhanced.

A prism sheet constituted by arranging a large number of

triangular prisms, the apex angle of the transversal cross-section

of each of which is 90°, on a transparent substrate 20, as shown

in FIG. 7 , is known as the prism sheet configured to further enhance

the luminance in the direction of the front thereof (see, for example,

JP-A-2003-270633 (the term "JP-A" as used herein means an

"unexamined published Japanese patent application") ). Let θp

denote an observation angle, at which the prism sheet 10 is observed,

with respect to a direction (0°) perpendicular to the transparent

substrate 20 in the prism sheet of such a configuration. A curve

b shown in FIG. 4 represents a luminance characteristic that

indicates the luminance detected at each observation angle θp when

light is incident from the side of the transparent substrate 20,

and that is obtained by simulation.

As is seen from the curve b , the luminance in the direction

of the front of the screen in the case of the prism sheet of FIG.

7 is higher than that represented by the curve a . However, in a

case where the angle θp is in the vicinity of ±45°, whose absolute

value is half the apex angle of the prism 30, the luminance is

substantially 0 . It is known that in the case of the triangular

prism, almost no light is outputted in the direction corresponding

to a half the apex angle thereof.



Disclosure of the Invention

A prism sheet constituted by prisms, the shape of a

cross-section of each of which is that of a part between troughs

of a sine curve, is known as the prism sheet configured to further

enhance the luminance in an oblique direction. The luminance

characteristic of such a prism sheet is similar to that represented

by the curve a shown in FIG. 4 .

Thus, a prism sheet enabled to achieve both enhancement of

luminance in a font direction thereof and that of luminance in an

oblique direction has been demanded. In the case of the prism sheet

having the luminance characteristic represented by the curve b shown

in FIG. 4 , the luminance in the oblique direction corresponding

to an angle of 45° is almost 0 . Thus, although the luminance in

the front direction is sufficient, the angle of view is small.

Although a sufficient luminance in the oblique direction can be

assured by using the prism sheet constituted by arranging a large

number of semicylindrical prisms, the luminance in the front

direction is considerably reduced in this case, as compared with

the case of using the triangular prisms.

To increase an angle of view, a display apparatus is demanded

to enhance the luminance in the case of viewing the screen from

an oblique direction, in addition to the luminance in the case of

viewing the screen from the front direction thereof.

The invention is accomplished in view of the above

circumstances. An object of the invention is to provide a prism

sheet enabled to obtain effects in satisfactorily enhancing



luminance .

(1) According to a first aspect of the present invention/ a prism

sheet comprising a plurality of prisms arranged on a substrate,

wherein each of the prisms has a shape of a cross-section, which

is observed from a specific direction, being a polygon, the polygon

includes a base of a bottom surface of each of the prisms and five

or more sides, and is axisymmetrical with respect to a straight

line serving as an axis that passes through a midpoint of the base

and that is perpendicular to the base, and the five or more sides

are designed so that in a case where a given one of the five or

more sides is more distant from the base than another of the five

or more sides, an angle formed by the axis and the given one of

the five or more sides is larger than an angle formed by the axis

and the another of the five or more sides.

(2) The prism sheet according to the item (1), wherein the

plurality of the prisms are arranged in a matrix on the substrate.

(3) The prism sheet according to the item (1), wherein each of

the prisms is a polygonal prism extending in the specific direction,

and a plurality of the polygonal prisms are arranged in a direction

perpendicular to the specific direction.

(4) The prism sheet according to any one of the items (1) to (3) ,

wherein the plurality of prisms have a pitch of arrangement being

irregular.

(5) According to a second aspect of the present invention, a prism

sheet comprising a plurality of prisms arranged on a substrate,

wherein each of the prisms has a shape of a cross-section, which

is observed from a specific direction, being a polygon, the polygon



includes a base of a bottom surface of each of the prisms and five

or more sides, and is axisymmetrical with respect to a straight

line serving as an axis that passes through a midpoint of the base

and that is perpendicular to the base, the six or more sides are

designed so that one of the six or more sides satisfies both the

conditions that the one side is in contact with other two of the

six or more sides at both ends thereof, respectively, and that an

angle formed between the axis and the one side is smaller than an

angle formed between the axis and each of the other two of the six

or more sides, and the six or more sides are also designed so that

none of the six or more sides satisfies both conditions that the

one side is in contact with other two of the six or more sides at

both ends thereof, respectively, and that an angle formed between

the axis and the side is larger than an angle formed between the

axis and each of the other two of the six or more sides.

(6) The prism sheet according to the item (5), wherein the

plurality of the prisms are arranged in a matrix on the substrate.

(7) The prism sheet according to the item (5), wherein each of

the prisms is a polygonal prism extending in the specific direction,

and a plurality of the polygonal prisms are arranged in a direction

perpendicular to the specific direction.

(8) The prism sheet according to any one of the items (5) to (7) ,

wherein the plurality of prisms have a pitch of arrangement being

irregular .

The invention can provide a prism sheet enabled to obtain

effects in satisfactorily enhancing luminance.



Brief Description of the Drawings

The invention disclosed herein will be understood better with

reference to the following drawings of which:

FIG. 1 is a schematic cross-sectional view of a prism sheet,

which illustrates a first embodiment of the invention;

FIGS. 2A and 2B are graphs respectively illustrating

luminance characteristics of a conventional prism sheet and the

prism sheet according to the first embodiment of the invention;

FIG. 3 is a graph illustrating a luminance characteristic of

the prism sheet according to first embodiment of the invention

FIG. 4 is a schematic cross-sectional view of a prism sheet,

which illustrates a second embodiment of the invention;

FIGS. 5A and 5B are graphs respectively illustrating

luminance characteristics of a conventional prism sheet and the

prism sheet according to the second embodiment of the invention;

FIG. 6 is a graph illustrating a luminance characteristic of

the prism sheet according to the second embodiment of the invention;

and

FIG. 7 is a schematic cross-sectional view of a conventional

prism sheet.

Best Mode for Carrying Out the Invention

(First embodiment)

Hereinafter, a first embodiment of the invention is described

with reference to the accompanying drawings.

FIG. 1 is a partial schematic cross-sectional view of a prism

sheet, which illustrates an embodiment of the invention.



The prism sheet for exemplifying the embodiment of the

invention has a configuration represented by a locus of a

cross-section shown in FIG. 1 , which is obtained by moving the

cross-section in a direction (hereunder referred to as a specific

direction) perpendicular to paper on which FIG. 1 is drawn. The

prism sheet shown in FIG. 1 has a substrate 2 , such as a transparent

substrate or a film substrate, which is made of a plastic material,

and a large number of prisms 3 on one side of the substrate 2 .

The prisms 3 are polygonal prisms extending in the specific

direction. A large number of the prisms 3 are arrange in a direction

perpendicular to the specific direction. The length in the

specific direction of each of the prisms 3 is equal to, for example,

the length from one end pixel to the other end pixel of display

pixels arranged in the longitudinal direction of a screen of a liquid

crystal display apparatus, on which the prism sheet 1 is mounted.

The number of prisms 3 is equal to, for example, to the number of

display pixels arranged in a lateral direction of the screen of

the liquid crystal display apparatus, on which the prism sheet 1

is mounted. The pitch of arrangement of the prisms 3 may be either

regular or irregular. In a case where the pitch of arrangement of

the prisms 3 is set to be irregular, the generation of moire due

to the arrangement of color filters placed above the prism sheet

1 and to the arrangement of the prisms 3 can be inhibited.

Preferably, the length in the specific direction of each of

the prisms 3 is equal to or less than a liquid crystal display device

displaying one pixel or one color filter on the screen of the liquid

crystal display apparatus, on which the prism sheet 1 is mounted.

That is, preferably, the length in the specific direction of each



of the prisms 3 ranges from 5 µm to 1000 µm .

The shape of a cross-section of each of the prisms 3 , which

is observed from the specific direction, is a polygon including

a base 3a of the bottom surface thereof and six or more sides 3b

to 3g. This polygon is axisymmetrical with respect to a straight

line A serving as an axis that passes through the midpoint of the

base 3a and that is perpendicular to the base 3a. An angle formed

between the axis A and each of the sides 3b and 3e is 30°. An angle

formed between the axis A and each of the sides 3c and 3f is 45°.

An angle formed between the axis A and each of the sides 3d and

3g is 60°.

Thus, as indicated by dashed lines at the leftmost prism 3 ,

as viewed in FIG. 1 , the sides 3b and 3e constitute a part of a

prism having a triangular cross-section whose apex angle is 60°.

The sides 3c and 3f constitute a part of a prism having a triangular

cross-section whose apex angle is 90°. The sides 3d and 3g

constitute a part of a prism having a triangular cross-section whose

apex angle is 120°. Consequently, the characteristics of the three

prisms respectively having the triangular cross-section whose apex

angle is 60°, the triangular cross-section whose apex angle is 90°,

and the triangular cross-section whose apex angle is 120° can be

imparted to each of the prisms 3 .

The six sides 3b to 3g are designed so that in a case where

a given one of the six or more sides is more distant from the base

3a than another of the six or more sides, an angle formed by the

axis A and the given one of the six or more sides is larger than

an angle formed by the axis A and the another of the six or more

sides. This is with the purpose of approximating the shape of a



cross-section of each of the prisms 3 , which is observed from the

specific direction, to a semicircle. A characteristic equivalent

to the characteristic of the prism, the shape of a cross-section

of which is a semicircle, can be imparted to each of the prisms

3 by approximating the shape of a cross-section of each of the prisms

3 , which is observed from the specific direction, to a semicircle.

Preferably, an angle formed between the axis A and each of

the sides 3b and 3e, which are closest to the base 3a among the

six sides 3b to 3g, is equal to or more than 30°. Also, preferably,

an angle formed between the axis A and each of the sides 3d and

3g, which are furthest from the base 3a among the six sides 3b to

3g, is equal to or less than 90°, more preferably, 85°.

Let θp denote an observation angle, at which the prism sheet

1 is observed, with respect to a direction (0°) perpendicular to

the substrate 2 . A curve c shown in FIG. 3 represents a luminance

characteristic indicating the luminance detected at each

observation angle θp , which is obtained by simulation, in a case

where light is incident from the side of the substrate 2 , and where

the angle θp is set to a direction perpendicular to the specific

direction.

The prism having the triangular cross-section, whose apex

angle is 90°, has a luminance characteristic as indicated by the

curve b shown in FIG. 3 . The prism having the triangular

cross-section, whose apex angle is 60°, and the prism having the

triangular cross-section, whose apex angle is 120°, have

characteristics obtained by shifting the angles θp , at which the

luminance is substantially 0 according to the characteristic

represented by the curve b , to angles close to +30° and ±60°,



respectively. The characteristic of each of the prisms 3 is

obtained by multiplying the characteristics of the three prism

having the triangular cross-sections by certain weighting

coefficients, respectively, and adding up the weighted

characteristics. Thus, as indicated by the curve c , the luminance

is not 0 at the angles θp other than ±90°. Consequently, in the

case of using the prisms 3 , the luminance in the oblique direction

can be enhanced, as compared with the case of using the prisms having

the characteristic represented by the curve b . Additionally, each

of the prisms 3 has the characteristics of the three prisms having

the triangular cross-sections. Thus, as illustrated in FIG. 3 , in

the case of using the prisms 3 , the luminance in the front direction

can be enhanced, as compared with the case of using the prisms having

the characteristic represented by the curve a .

FIG. 2A illustrates a luminance characteristic representing

a luminance that is detected at each observation angle θp , at which

the prism sheet 10 having a configuration shown in FIG. 7 is observed,

with respect to a direction (0°) perpendicular to the substrate 20

and that is obtained by simulation, in a case where light is incident

from the side of the substrate 20, and where the angle θp is set

to the specific direction. FIG. 2B illustrates a luminance

characteristic representing a luminance that is detected at each

observation angle θp , at which the prism sheet 1 is observed, with

respect to a direction (0°) perpendicular to the substrate 2 and

that is obtained by simulation, in a case where light is incident

from the side of the substrate 2 , and where the angle θp is set to

the specific direction. As is seen from FIGS. 2A and 2B, even when

the prism sheet is observed in the specific direction, in the case



of using the prism sheet 1 , the luminance in the oblique direction

is high, as compared with the case of using the prism sheet 10.

Thus, the prism sheet 1 is designed so that each of the prisms

3 has the characteristics of a plurality of prisms respectively

having cross-sections whose apex angles differ from one another,

and that the shape of the cross-section of the entire prism sheet

1 is approximated to a semicircle. Consequently, the prism sheet

1 has advantages of both the prism having a triangular cross-section

and the prism having a semicircular cross-section. Thus, the prism

sheet 1 can achieve both the enhancement of the luminance in the

front direction and that of the luminance in the oblique direction.

Incidentally, in the foregoing description, it has been

described that the shape of the cross-section of each of the prisms

3 is a polygon including the base 3a and the six sides 3b to 3g.

However, the shape of the cross-section of each of the prisms 3

is not limited thereto. To impart the characteristics of a

plurality of prisms having cross-sections, whose apex angles differ

from one another, to each of the prisms 3 , it is sufficient that

the shape of the cross-section of each of the prisms 3 is a polygon

including the base 3a and five or more sides. For example, each

of the prisms may be configured so that a side extending in parallel

to the substrate 2 is provided between the sides 3d and 3g of each

of the prisms 3 shown in FIG. 1. A curve d shown in FIG. 1 represents

a luminance characteristic of the prism of such a configuration.

As is seen from FIG. 4 , according to the characteristic represented

by the curve d , the luminance in the oblique direction is high,

as compared with the case of the characteristic represented by the

curve b . Also, according to the characteristic represented by the



curve d , the luminance in the front direction is high, as compared

with the case of the characteristic represented by the curve a .

Also, in a case where the prism sheet is designed so that the shape

of a cross-section of each of the prisms 3 is a polygon including

the base 3a and thirteen or more sides, and that the angular

conditions are satisfied, the shape of the cross-section of each

of the prisms 3 is too close to a semicircle. Thus, the luminance

in the front direction cannot be maintained. Consequently,

preferably, the number of sides other than the base 3a is equal

to or less than twelve.

Also, in the foregoing description, it has been described that

the prism sheet 1 has the configuration represented by the locus

of the cross-section shown in FIG. 1 , which is obtained by moving

the cross-section in the specific direction. However, the

configuration of the prism sheet 1 is not limited thereto. For

example, the prism sheet may be configured by setting the shape

of the cross-section of each of the prisms 3 shown in FIG. 1 to

be a polygon, which is represented by a locus obtained when rotating

the cross-section thereof around the axis A , and by then arranging

the prisms 3 like a matrix on one side of the substrate 2 . In this

case, the size in plan view of each of the prisms 3 is equal to

or less than a liquid crystal display device displaying one pixel

or one color filter on the screen of the liquid crystal display

apparatus, on which the prism sheet 1 is mounted. That is,

preferably, the size in plan view of each of the prisms 3 ranges

from 5 µm to 1000 µm . Also, the pitch of arrangement of the prisms

3 may be either regular or irregular.

In a case where the prism sheet 1 having the aforementioned



configuration is mounted on a liquid crystal display apparatus by

placing the prisms 3 opposite to liquid crystals by being outwardly

directed, light utilization efficiency can be further enhanced.

Incidentally, in the foregoing description, it has been

5 described that the polygon, which is the shape of the cross-section

of each of the prisms 3 , is axisymmetrical with respect to a straight

line A serving as an axis that passes through the midpoint of the

base 3a and that is perpendicular to the base 3a. However, the

polygon may be asymmetrical. For example, in a peripheral portion

0 of the screen when the prism sheet is mounted in the display

apparatus, each of the prisms 3 may be inclined toward the center

of the screen.

(Second embodiment)

Hereinafter, a second embodiment of the invention is

5 described with reference to the accompanying drawings.

With reference to the second embodiment, in which parts

similar to those previously described with reference to the first

embodiment are denoted by the same reference numerals.

The shape of a cross-section of each of the prisms 3', which

O is observed from the specific direction, is a polygon including

a base 3a' of the bottom surface thereof and six or more sides 3b'

to 3g' . This polygon is axisymmetrical with respect to a straight

line A serving as an axis that passes through the midpoint of the

base 3a' and that is perpendicular to the base 3a' . An angle formed

'5 between the axis A and each of the sides 3b' and 3e' is 60°. An

angle formed between the axis A and each of the sides 3c' and 3f'

is 30°. An angle formed between the axis A and each of the sides

3d' and 3g' is 45°.



Thus, as indicated by dashed lines at the leftmost prism 3 ' ,

as viewed in FIG. 3 , the sides 3b' and 3e' constitute a part of

a prism having a triangular cross-section whose apex angle is 120°.

The sides 3c' and 3f' constitute a part of a prism having a triangular

cross-section whose apex angle is 60°. The sides 3d' and 3g'

constitute a part of a prism having a triangular cross-section whose

apex angle is 90°. Consequently, the characteristics of the three

prisms respectively having the triangular cross-section whose apex

angle is 60°, the triangular cross-section whose apex angle is 90°,

and the triangular cross-section whose apex angle is 120° can be

imparted to each of the prisms 3 ' .

The six sides 3b' to 3g' are designed so that in the

cross-section shown in FIG. 4 , one of the six sides satisfies both

the conditions that the one side is in contact with other two of

the six sides at both ends thereof, respectively, and that an angle

formed between the axis A and the one side (in the case shown in

FIG. 4 , the side 3c' or 3f') is smaller than an angle formed between

the axis A and each of the other two of the six sides. The six sides

3b' to 3g' are also designed so that none of the six or more sides

satisfies both the conditions that a side is in contact with other

two of the six sides at both ends thereof, respectively, and that

an angle formed between the axis A and the side is larger than an

angle formed between the axis A and each of the other two of the

six sides. This is with the purpose of approximating the shape of

a cross-section of each of the prisms 3 ' , which is observed from

the specific direction, to the shape of a part between troughs of

a sine curve. A characteristic equivalent to the characteristic

of the prism, the shape of a cross-section of which is a semicircle,



can be imparted to each of the prisms 3 ' by approximating the shape

of a cross-section of each of the prisms 3 ' , which is observed from

the specific direction, to the shape of the part between the troughs

of a sine curve.

Preferably, an angle formed between the axis A and each of

the sides 3b' and 3e' , among the six sides 3b' to 3g' , ranges from

50° to 85°. Also, preferably, an angle formed between the axis A

and each of the sides 3c' and 3f ranges from 20° to 40°. Also,

preferably, an angle formed between the axis A and each of the sides

3d' and 3g' ranges from 41° to 85°.

Let θp denote an observation angle, at which the prism sheet

1 is observed, with respect to a direction (0°) perpendicular to

the substrate 2 . A curve c/_ shown in FIG. 6 represents a luminance

characteristic indicating the luminance detected at each

observation angle θp , which is obtained by simulation, in a case

where light is incident from the side of the substrate 2 , and where

the angle θp is set to a direction perpendicular to the specific

direction.

The prism having the triangular cross-section, whose apex

angle is 90°, has a luminance characteristic as indicated by the

curve k shown in FIG. 6 . The prism having the triangular

cross-section, whose apex angle is 60°, and the prism having the

triangular cross-section, whose apex angle is 120°, have

characteristics obtained by shifting the angles θp , at which the

luminance is substantially 0 according to the characteristic

represented by the curve k/_, to angles close to ±30° and ±60°,

respectively. The characteristic of each of the prisms 3 ' is

obtained by multiplying the characteristics of the three prisms



having the triangular cross-sections by certain weighting

coefficients, respectively, and adding up the weighted

characteristics. Thus, as indicated by the curve cj_, the luminance

is not 0 at the angles θp other than ±90°. Consequently, in the

case of using the prisms 3 ' , the luminance in the oblique direction

can be enhanced, as compared with the case of using the prisms having

the characteristic represented by the curve fc/_. Additionally, each

of the prisms 3 ' has the characteristics of the prisms having the

triangular cross-section. Thus, in the case of using the prisms

3 ' , the luminance in the front direction can be enhanced, as compared

with the case of using the prisms having the characteristic

represented by the curve a/_, which is close to the luminance

characteristic of the prism having the cross-section shaped like

a sinusoidal wave.

FIG. 5A illustrates a luminance characteristic representing

a luminance that is detected at each observation angle θp , at which

the prism sheet 10 having a configuration shown in FIG. 7 is observed,

with respect to a direction (0°) perpendicular to the substrate 20

and that is obtained by simulation, in a case where light is incident

from the side of the substrate 20, and where the angle θp is set

to the specific direction. FIG. 5B illustrates a luminance

characteristic representing a luminance that is detected at each

observation angle θp , at which the prism sheet 1 ' is observed, with

respect to a direction (0°) perpendicular to the substrate 2 and

that is obtained by simulation, in a case where light is incident

from the side of the substrate 2 , and where the angle θp is set to

the specific direction. As is seen from FIGS. 5A and 5B, even when

the prism sheet is observed in the specific direction, in the case



of using the prism sheet 1 ' , the luminance in the oblique direction

is high, as compared with the case of using the prism sheet 10.

Thus, the prism sheet 1 ' is designed so that each of the prisms

3 ' has the characteristics of a plurality of prisms respectively

having cross-sections whose apex angles differ from one another,

and that the shape of the cross-section of the entire prism sheet

1 ' is approximated to a shape like sinusoidal wave. Consequently,

the prism sheet 1 ' has advantages of both the prism having a

triangular cross-section and the prism having a cross-section

shaped like a sinusoidal wave. Thus, the prism sheet 1 ' can achieve

both the enhancement of the luminance in the front direction and

that of the luminance in the oblique direction.

Incidentally, in the foregoing description, it has been

described that the shape of the cross-section of each of the prisms

3 ' is a polygon including the base 3a' and the six sides 3b' to

3g' . However, the shape of the cross-section of each of the prisms

3 ' is not limited thereto. To satisfy the design conditions, it

is sufficient that the shape of the cross-section of each of the

prisms 3 ' is a polygon including the base 3a' and six or more sides .

For example, each of the prisms may be configured so that a side

extending in parallel to the substrate 2 is provided between the

sides 3d' and 3g' of each of the prisms 3 ' shown in FIG. 4 . A curve

d ' shown in FIG. 4 represents a luminance characteristic of the

prism of such a configuration. According to the characteristic

represented by the curve d/_, the luminance in the oblique direction

is high, as compared with the case of the characteristic represented

by the curve h/_. Also, according to the characteristic represented

by the curve d/_, the luminance in the front direction is high, as



compared with the case of the characteristic represented by the

curve a/_. Also, as long as the design conditions are met, any number

equal to or more than six can be employed as the number of sides

other than the base 3a' . However, in a case where the number of

5 sides other than the base 3a' exceeds fourteen, the shape of the

cross-section of each of the prisms 3 ' is too close to the shape

of the part between troughs of a sine curve. Thus, the luminance

in the front direction cannot be maintained. Consequently,

preferably, the number of sides other than the base 3a' is equal

0 to or less than fourteen.

Also, in the foregoing description, it has been described that

the prism sheet 1 ' has the configuration represented by the locus

of the cross-section shown in FIG. 4 , which is obtained by moving

the cross-section in the specific direction. However, the

5 configuration of the prism sheet 1 ' is not limited thereto. For

example, the prism sheet may be configured by setting the shape

of the cross-section of each of the prisms 3 ' shown in FIG. 4 to

be a polygon, which is represented by a locus obtained when rotating

the cross-section thereof around the axis A , and by then arranging

!0 the prisms 3 ' like a matrix on one side of the substrate 2 . In this

case, the size in plan view of each of the prisms 3 ' is equal to

or less than a liquid crystal display device displaying one pixel

or one color filter on the screen of the liquid crystal display

apparatus, on which the prism sheet 1 ' is mounted. That is,

'5 preferably, the size in plan view of each of the prisms 3 ' ranges

from 5 µm to 1000 µm . Also, the pitch of arrangement of the prisms

3 ' may be either regular or irregular.

In a case where the prism sheet 1 ' having the aforementioned



configuration is mounted on a liquid crystal display apparatus by

placing the prisms 3 ' opposite to liquid crystals by being outwardly

directed, light utilization efficiency can be further enhanced.

Incidentally, in the foregoing description, it has been

described that the polygon, which is the shape of the cross-section

of each of the prisms 3 ', is axisymmetrical with respect to a

straight line A serving as an axis that passes through the midpoint

of the base 3a' and that is perpendicular to the base 3a' . However,

the polygon may be asymmetrical. For example, in a peripheral

portion of the screen when the prism sheet is mounted in the display

apparatus, each of the prisms 3 ' may be inclined toward the center

of the screen.

The present application claims foreign priority based on

Japanese Patent Application (JP 2005-375761) filed December 27 of

2005, Japanese Patent Application (JP 2005-375762) filed December

27 of 2005, the contents of which is incorporated herein by

reference .



CLAIMS

1 . A prism sheet comprising a plurality of prisms arranged on

a substrate,

wherein

each of the prisms has a shape of a cross-section, which is

observed from a specific direction, being a polygon,

the polygon includes a base of a bottom surface of each of

the prisms and five or more sides, and is axisymmetrical with respect

to a straight line serving as an axis that passes through a midpoint

of the base and that is perpendicular to the base, and

the five or more sides are designed so that in a case where

a given one of the five or more sides is more distant from the base

than another of the five or more sides, an angle formed by the axis

and the given one of the five or more sides is larger than an angle

formed by the axis and the another of the five or more sides.

2 . The prism sheet according to claim 1 , wherein the plurality

of the prisms are arranged in a matrix on the substrate.

3 . The prism sheet according to claim 1 ,

wherein

each of the prisms is a polygonal prism extending in the

specific direction, and

a plurality of the polygonal prisms are arranged in a

direction perpendicular to the specific direction.



4 . The prism sheet according to claim 1 , wherein the plurality

o f prisms have a pitch of arrangement being irregular.

5 . A prism sheet comprising a plurality of prisms arranged on

a substrate,

wherein

each of the prisms has a shape of a cross-section, which is

observed from a specific direction, being a polygon,

the polygon includes a base of a bottom surface of each of

"the prisms and five or more sides, and is axisymmetrical with respect

to a straight line serving as an axis that passes through a midpoint

of the base and that is perpendicular to the base,

the six or more sides are designed so that one of the six or

more sides satisfies both the conditions that the one side is in

contact with other two of the six or more sides at both ends thereof,

respectively, and that an angle formed between the axis and the

one side is smaller than an angle formed between the axis and each

of the other two of the six or more sides, and

the six or more sides are also designed so that none of the

six or more sides satisfies both conditions that the one side is

in contact with other two of the six or more sides at both ends

thereof, respectively, and that an angle formed between the axis

and the side is larger than an angle formed between the axis and

each of the other two of the six or more sides.

6 . The prism sheet according to claim 5 , wherein the plurality



of the prisms are arranged in a matrix on the substrate.

7 . The prism sheet according to claim 5 ,

wherein

each of the prisms is a polygonal prism extending in the

specific direction, and

a plurality of the polygonal prisms are arranged in a

direction perpendicular to the specific direction.

8 . The prism sheet according to claim 5 , wherein the plurality

of prisms have a pitch of arrangement being irregular.

















A. CLASSIFICATION OF SUBJECT MATTER

Int.Cl. G02B5/02 (2006. 01)i, G02B5/04 (2006 .01 )i , G02F1/1335 (2006 .01 )i ,
G02F1/13357 (2006. 01)i

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Int.Cl. G0 2B5 / 02 , G0 2B5 / 0 4 , G0 2 F 1 / 1 3 3 5 , G0 2 F 1 / 1 3 3 5 7

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Published examined utility model applications o f Japan 1922 1996

Published unexamined utility model applications o f Japan 1971 2007

Registered utility model specifications o f Japan 1996 2007

Published registered utility model applications o f Japan 1994 2007

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

W O 2004/019082 A l (Mitsubishi Rayon CO, .Ltd.) 1-3
2004.03.04, P8-P12,Fig.2 (No Family) 4

5-8

J P 2004-94051 A (Keiwa Co,. Ltd.) 2004.03.25, 5-7
Fig. 10 (No Family)

1-4

J P 2003-140126 A (Hitachi Seisakusyo Co, .Ltd.) 4 , 8
2003.05.14, Fig. 7 (No Family)

A J P 7-230002 A (Mitsubishi Rayon Co,. Ltd. ) 1-!
1995.08.29, Fig. 2 (No Family)

Further documents are listed in the continuation of Box C. f See patent family annex.

* Special categories of cited documents: „ later document published after the international filing date or
"A" document defining the general state of the art which is not priority date and not in conflict with the application but cited to

considered to be of particular relevance understand the principle or theory underlying the invention
-E" earlier application or patent but published on or after the inter- „

national filing date document of particular relevance; the claimed invention cannot

"L" document which may throw doubts on priority claim(s) or which be considered novel or cannot be considered to involve an

is cited to establish the publication date of another citation or other inventive step when the document is taken alone

special reason (as specified) "Y" document of particular relevance; the claimed invention cannot
"O" document referring to an oral disclosure, use, exhibition or other be considered to involve an inventive step when the document is

means combined with one or more other such documents, such

"P" document published prior to the international filing date but later combination being obvious to a person skilled in the art

than the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

2 6 . 02 . 2 0 07 0 6 . 03 . 2 0 07

Name and mailing address of the ISA/JP Authorized officer 20 3 0 1 2
Japan Patent Office Isamu Watanabe

3-4-3, Kasumigaseki, Chiyoda-ku, Tokyo 100-8915, Japan Telephone No. +81-3-3581-1 101 Ext. 3 2 7 1

Form PCT/ISA/210 (second sheet) (April 2005)



.

PCT/JP2006/326362

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A JP 2004-70309 A (SAMSUNG ELECTRONICS Co, .Ltd.) l -

2004.03.04, Fig.8-Fig.10 & US 2003/0234900 Al

A JP 2000-231103 A (Mitsubishi Rayon Co,. Ltd.) l -

2000.08.22, Fig. 2 (No Family)

A JP 2002-287256 A (Mitsubishi Rayon Co,. Ltd.) l -

2002.10.03, Fig. 5 (No Family)

Form PCT/ISA/210 (continuation of second sheet) (April 2005)


	front-page
	description
	claims
	drawings
	wo-search-report

