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PRISM GROUP AND PROJECTION

APPARATUS
BACKGROUND
[0001] Technical Field
[0002] The present disclosure relates to an optical element

and an image apparatus, and particularly relates to a prism
group and a projection apparatus.

[0003] Description of Related Art

[0004] Generally, a projection apparatus includes an illu-
mination system, a light valve, and a projection lens. The
illumination system is adapted for providing illumination
beam to illuminate the light valve. The light valve then
converts the illumination beam into an image beam, and the
image beam is projected by the projection lens on a screen
to generate an image on screen. As the projection apparatus
projects a completely black image, the light valve (e.g. a
digital micro-mirror device, hereinafter “DMD”) is unable
to terminate all the lights to send to the projection lens and
the screen. A basic brightness remains on the screen even
with a completely black image. When the basic brightness is
too high, the black image becomes not black enough. Hence,
the contrast ratio of the image projected by the projection
apparatus decreases.

SUMMARY

[0005] The disclosure is directed to a prism group, which
is capable of deviate the image beam off the projection lens
when the micro-mirrors of the DMD are in OFF or FLAT
states.

[0006] The disclosure is also directed to a projection
apparatus, which has good image quality.

[0007] The disclosure provides a prism group which is
applied to a projection apparatus comprising a digital micro-
mirror device and a projection lens. The prism group com-
prises a first prism, a second prism, and a third prism. The
first prism has a first light incidence surface, a first light
emitting surface, and a first connecting surface connecting
the first light incidence surface and the first light emitting
surface. The second prism is close to the first light emitting
surface and has a second light incidence surface, a second
light emitting surface, and a second connecting surface
connecting the second light incidence surface and the second
light emitting surface, wherein the second light incidence
surface is parallel to the first light emitting surface and
located between the first light emitting surface and the
second light emitting surface, and a first air gap is between
the second light incidence surface and the first light emitting
surface. The third prism is close to the second light emitting
surface and has a third light incidence surface, a third light
emitting surface, and a third connecting surface connecting
the third light incidence surface and the third light emitting
surface, wherein the third light incidence surface is parallel
to the second light emitting surface and located between the
second light emitting surface and the third light emitting
surface, and a second air gap is between the third light
incidence surface and the second light emitting surface. The
digital micro-mirror device faces the second connecting
surface, and the projection lens is located next to the third
light emitting surface.

[0008] The disclosure also provides a projection apparatus
comprising an illumination system, a prism group, a digital
micro-mirror device, and a projection lens. The illumination
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system provides an illumination beam. The prism group is
disposed on a transmission path of the illumination beam
and comprises a first prism, a second prism, and a third
prism. The first prism has a first light incidence surface, a
first light emitting surface, and a first connecting surface
connecting the first light incidence surface and the first light
emitting surface. The second prism is close to the first light
emitting surface and has a second light incidence surface, a
second light emitting surface, and a second connecting
surface connecting the second light incidence surface and
the second light emitting surface, wherein the second light
incidence surface is parallel to the first light emitting surface
and located between the first light emitting surface and the
second light emitting surface, and a first air gap is between
the second light incidence surface and the first light emitting
surface. The third prism is close to the second light emitting
surface and has a third light incidence surface, a third light
emitting surface, and a third connecting surface connecting
the third light incidence surface and the third light emitting
surface, wherein the third light incidence surface is parallel
to the second light emitting surface and located between the
second light emitting surface and the third light emitting
surface, and a second air gap is between the third light
incidence surface and the second light emitting surface. The
digital micro-mirror device faces the second connecting
surface and converts the illumination beam into an image
beam. The projection lens is disposed on a transmission path
of'the image beam and located next to the third light emitting
surface.

[0009] Based on the above, since the image beam is
deviated by the prism group through total inner reflection as
tilt angles of the micro-mirrors of the DMD are 0° or —12°
respectively, the prism group is capable of deviate the image
beam off the projection lens when the micro-mirrors are in
OFF or FLAT states, and the image quality (e.g. contrast
ratio) of the projection apparatus using the same can be
improved.

[0010] To make the above features and advantages of the
present disclosure more comprehensible, several embodi-
ments accompanied with drawings are described in detail as
follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The accompanying drawings are included to pro-
vide a further understanding of the disclosure, and are
incorporated in and constitute a part of this specification.
The drawings illustrate embodiments of the disclosure and,
together with the description, serve to explain the principles
of the disclosure.

[0012] FIG. 1 is a schematic diagram of a projection
apparatus according to an embodiment of the disclosure.
[0013] FIG. 2A is an enlarged view illustrating a prism
group, a DMD, and transmission paths of illumination
beams and image beams therebetween when micro-mirrors
of the DMD are in ON state.

[0014] FIG. 2B is an enlarged view illustrating a prism
group, a DMD, and transmission paths of illumination
beams and image beams therebetween when micro-mirrors
of the DMD are in Flat state.

[0015] FIG. 3A to FIG. 3C are schematic diagrams illus-
trating transmission paths of illumination beams respec-
tively from light sources 111, 112 and 113 in FIG. 1 and
transmission paths of image beams thereof when micro-
mirrors of the DMD are in ON state.
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[0016] FIG. 4A to FIG. 4C are schematic diagrams illus-
trating transmission paths of illumination beams respec-
tively from light sources 111, 112 and 113 in FIG. 1 and
transmission paths of image beams thereof when micro-
mirrors of the DMD are in FLAT state.

[0017] FIG. 5A to FIG. 5C are schematic diagrams illus-
trating transmission paths of illumination beams respec-
tively from light sources 111, 112 and 113 in FIG. 1 and
transmission paths of image beams thereof when micro-
mirrors of the DMD are in OFF state.

DETAILED DESCRIPTION

[0018] FIG. 1 is a schematic diagram of a projection
apparatus according to an embodiment of the disclosure.
FIG. 2A is an enlarged view illustrating a prism group, a
DMD, and transmission paths of illumination beams and
image beams therebetween when micro-mirrors of the DMD
are in ON state. FIG. 2B is an enlarged view illustrating a
prism group, a DMD, and transmission paths of illumination
beams and image beams therebetween when micro-mirrors
of the DMD are in Flat state.

[0019] Referring to FIG. 1 to FIG. 2B, a projection appa-
ratus 100 comprises an illumination system 110, a prism
group 120, a DMD 130, and a projection lens 140. The
illumination system 110 is applied for providing an illumi-
nation beam IL. FIG. 1 illustrates an implementation con-
figuration of the illumination system 110, but the present
embodiment is not limited thereto. As shown in FIG. 1, the
illumination system 110 may comprise a first light source
111, a second light source 112, a third light source 113, a
beam combination element 114, a condenser lens 115, an
integration rod 116, and a Relay lens 117. The first light
source 111 may include at least one first light emitting diode
(LED) adapted to emitting first illumination beams IL.1. The
second light source 112 may include at least one second
LED adapted to emitting second illumination beams I[.2.
The third light source 113 may include at least one third
LED adapted to emitting third illumination beams IL.3,
wherein colours of the first illumination beams IL1, the
second illumination beams 1L2, and the third illumination
beams 113 are red, blue, and green, respectively. However,
the disclosure is not limited thereto.

[0020] The beam combination element 114 is disposed on
transmission paths of the first illumination beams ILL the
second illumination beams 1L2, and the third illumination
beams IL3, so as to combine the first illumination beams ILL
the second illumination beams 112, and the third illumina-
tion beams IL.3. The beam combination element 114 may be
an X-cube, but the present embodiment is not limited
thereto.

[0021] The condenser lens 115 is disposed on a transmis-
sion path of the illumination beams IL (including the first
illumination beams ILL1, the second illumination beams 1.2,
and the third illumination beams 1.3) coming from the beam
combination element 114, so as to converge the illumination
beams IL. The integration rod 116 is disposed on a trans-
mission path of the illumination beams IL. coming from the
condenser lens 115, and the illumination beams IL are
converged into the integration rod 116. The Relay lens 117
is disposed on a transmission path of the illumination beams
1L coming from the integration rod 116, and the illumination
beams IL are transmitted to the prism group 120 through the
Relay lens 117. In the embodiment, the Relay lens 117
includes lenses 117A and 117B, wherein the lens 117A is
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located between the lens 117B and the integration rod 116,
but the composition of the Relay lens 117 is not limited
thereto.

[0022] The prism group 120 is disposed on a transmission
path of the illumination beams IL. coming from the illumi-
nation system 110 and comprises a first prism 122, a second
prism 124, and a third prism 126. In the embodiment, the
first prism 122, the second prism 124, and the third prism
126 are made of a same material, and a refractive index of
the material may be above 1.4 and below 2.

[0023] As shown in FIG. 2A, the first prism 122 has a first
light incidence surface SI1, a first light emitting surface SE1,
and a first connecting surface SC1 connecting the first light
incidence surface SI1 and the first light emitting surface
SE1. In the embodiment, the first prism 122 may further has
a first side surface SS1 connecting the first light incidence
surface SI1 and the first light emitting surface SE1. Besides,
the first light emitting surface SE1 may be perpendicular to
the first connecting surface SC1, wherein an inner angle 61
between the first light incidence surface SI1 and the first
light emitting surface SE1 is an acute angle, and an inner
angle 02 between the first light incidence surface SI1 and the
first connecting surface SC1 is an acute angle.

[0024] The second prism 124 is close to the first light
emitting surface SE1 and has a second light incidence
surface SI2, a second light emitting surface SE2, and a
second connecting surface SC2 connecting the second light
incidence surface SI2 and the second light emitting surface
SE2, wherein the second light incidence surface SI2 is
parallel to the first light emitting surface SE1 and located
between the first light emitting surface SE1 and the second
light emitting surface SE2, and a first air gap G1 is between
the second light incidence surface SI2 and the first light
emitting surface SE1. In the embodiment, the second prism
124 may further has a second side surface SS2 connecting
the second light incidence surface SI12 and the second light
emitting surface SE2. Besides, an inner angle 63 between
the second light incidence surface SI2 and the second side
surface SS2 is an acute angle, and an inner angle 04 between
the second light incidence surface SI2 and the second
connecting surface SC2 is an acute angle. For example, the
inner angles 63 and 64 are 45°, respectively.

[0025] The third prism 126 is close to the second light
emitting surface SE2 and has a third light incidence surface
SI3, a third light emitting surface SE3, and a third connect-
ing surface SC3 connecting the third light incidence surface
SI3 and the third light emitting surface SE3, wherein the
third light incidence surface SI3 is parallel to the second
light emitting surface SE2 and located between the second
light emitting surface SE2 and the third light emitting
surface SE3, and a second air gap G2 is between the third
light incidence surface SI3 and the second light emitting
surface SE2. In the embodiment, the third connecting sur-
face SC3 is perpendicular to the third light emitting surface
SE3, wherein an inner angle 05 between the third light
incidence surface SI3 and the third light emitting surface
SE3 is an acute angle, and an inner angle 66 between the
third light incidence surface SI3 and the third connecting
surface SC3 is an acute angle. For example, the inner angle
05 is above 29° and below 31°. Moreover, the second
connecting surface SC2 and the third connecting surface
SC3 are located on a first reference plane RF1 parallel to the
DMD 130, and the second side surface SS2 and the third
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light emitting surface SE3 are located on a second reference
plane RF2 perpendicular to the DMD 130.

[0026] The DMD 130 faces the second connecting surface
SC2 and converts the illumination beams IL into image
beams IM. The DMD 130 comprises a plurality of micro-
mirrors (not shown), wherein tilt angles (i.e. the angle
between the normal line N1 of the DMD 130 and the normal
line of the micro-mirror) of the micro-mirrors are 12°, 0°,
and -12° in ON, FLAT, and OFF states, respectively. In one
embodiment, the projection apparatus 100 may further com-
prises a cover glass (not shown) located between the DMD
130 and the second connecting surface SC2, so as to protect
the DMD 130.

[0027] Referring to FIG. 1, the projection lens 140 is
disposed on a transmission path of the image beams IM and
located next to the third light emitting surface SE3 (as shown
in FIG. 2A). FIG. 1 illustrates an implementation configu-
ration of the projection lens 140, but the present embodiment
is not limited thereto. As shown in FIG. 1, the projection lens
140 may comprise lenses 141, 142, 143, 144, 145, 146 and
147 sequentially arranged along the transmission path of the
image beams IM.

[0028] To explain how the prism group 120 works, FIG.
2A and FIG. 2B illustrate three illumination beams ILU,
ILO, and ILD and three corresponding image beams IMU,
IMO, and IMD, wherein the illumination beam ILU repre-
sents the upward marginal beam, the illumination beam ILO
represents the on-axis beam, and the illumination beam IL.D
represents the downward marginal beam.

[0029] Referring to FIG. 2A and FIG. 2B, after the illu-
mination beams ILU, ILO, and ILD enters the prism group
120 through the first light incidence surface SI1, the illumi-
nation beams ILU, ILO, and ILD pass through the first light
emitting surface SE1, the first air gap G1, the second light
incidence surface SI2 and the second connecting surface
SC2 sequentially and then transmitted to the DMD 130. The
DMD 130 converts the illumination beams ILU, ILO, and
ILD into image beams IMU, IMO, and IMD, and the image
beams IMU, IMO, and IMD are reflected by the micro-
mirrors of the DMD 130 and enter the prism group 120
through the second connecting surface SC2.

[0030] When the micro-mirrors of the DMD 130 are in On
state, as shown in FIG. 2 A, the image beams IMU, IMO, and
IMD pass through the second light incidence surface SI2 and
are reflected by the second light incidence surface SI2
through total inner reflection. The reflected image beams
IMU, IMO, and IMD then pass through the second light
emitting surface SE2, the second air gap G2, and the third
light incidence surface SI3 sequentially and exit the prism
group 120 from the third light emitting surface SE3.
[0031] To ensure the image beams IMU, IMO, and IMD
being reflected by the second light incidence surface SI12
through total inner reflection (TIR) Equation, the inner angle
01 should comply with equation (1) as shown below.

in g 1
sin 0 = n sin[45° —sin’l(M] —01] M
n

Among the symbols above, n is the refractive index of the
prisms (including the first prism 122, the second prism 124,
and the third prism 126) in the prism group 120. 9,,, is the
incident angle between the normal line N2 of the first light
incidence surface SI1 and the transmission direction of the
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illumination beam ILO at the first light incidence surface
SI1. 6,5 1s the incident angle between the normal line N1
of the DMD 130 and the illumination beam ILO before
impinging on the micro-mirror of the DMD 130.

[0032] Since the incident angle of the illumination beam
ILU is the highest at the first light emitting surface SF1, it
is certain that if the illumination beam ILU pass through the
first light emitting surface SE1 without being reflected, the
other illumination beams (e.g. illumination beams IL.D and
ILO) will be able to be pass through the first light emitting
surface SE1. Moreover, if the illumination beam ILU is
reflected by the second light incidence surface SI2 through
TIR, the other illumination beams (e.g. illumination beams
ILD and ILO) will be able to be reflected by the second light
incidence surface SI2 through TIR. The balance between the
incident angle 0,, and the inner angle 61 are shown in
equations (2) and (3), wherein F# is the f-number of the
illumination system, and 6t is the tilt angle of each of the
micro-mirrors. As stated above, the tilt angles 6t are 12°, 0°,
and -12° in ON, FLAT, and OFF states, respectively.

Ty ETAR! e 2)
tft: o o 2 o
sin {nln[an + sin (ZF#)]}+01 < sin (n]

[ *1( L ] 6, +20:] ®
1Isln s1n m — UpMD 1
n

sin~ —45° < sin’l(—)
n

[0033] From equations (2) and (3), the range of refractive
index n of the prisms is obtained, and the refractive index n
of the prisms is within the range of 1.4 to 2.

[0034] On the other hand, when the micro-mirrors of the
DMD 130 are in FLAT state, as shown in FIG. 2B, the image
beams IMU, IMO, and IMD after enter the prism group 120
are sequentially reflected by the second light incidence
surface SI2 and the second light emitting surface SE2
through TIR and then pass through the second light inci-
dence surface SI2, the first air gap G1, and the first light
emitting surface SE1 and exit the prism group 120 from the
first light incidence surface SI1.

[0035] To ensure the FLAT state image beams IM to be
reflected by the second light emitting surface SE2, while the
ON state image beams IM to pass through the second light
emitting surface SE2, the illumination beam ILU ought to
being reflected by the second light emitting surface SE2.
Moreover, to ensure the image beams IM all pass through
the second light incidence surface SI2 after being reflected
by the second light emitting surface SE2, the image beam
IMD ought to pass through the second light incidence
surface SI2 without being reflected by TIR. The critical
conditions stated above are formulated as in equations (4)
and (5).

| (6
a=L- T [k sin(45° + 65) —
- in~! —_
1 tan[ODMD + sin (ZF#
Al [ L 2d» tan|6) it L
;Sm[ DMD + SIN (m]] —2d; tan[ Dmp + $in (m]]
b = L — atan65 @)
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[0036] From equations (4) and (5), the range of the inner
angle 05 is obtained, and the inner angle 65 is above 29° and
below 31°.

[0037] The position of the third light incidence surface SI3
can be describe using an (X, y) coordinate as shown in FIG.
2B. If the original point O (i.e. (0,0) coordinate) is located
at the bottom of the second connecting surface SC2, posi-
tions of the points A and B with coordinates (L, a) and (b,
0) can be calculated, as shown in equations (6) and (7),
wherein L is the length of the third light emitting surface
SE3 along the direction y, k is the distance between the top
of'the first light incidence surface SI1 and the intersection of
the illumination beam ILD and the first light incidence
surface SI1, d, is the distance of which the illumination
beam ILD travels in the prism group 120 before transmitting
to the DMD 130, and d, is the distance between the second
connecting surface SC2 and the DMD 130.

1 1 1 4
05 + sin’l{ —sin[@DMD + sin’l(m]]} > sin’l(—) @
n n

1 1 1 s
205+ sin’l{; [ODMD + sin’l(mﬂ} _45° < sin’l(;) )

[0038] FIG. 3A to FIG. 3C are schematic diagrams illus-
trating transmission paths of illumination beams respec-
tively from light sources 111, 112 and 113 in FIG. 1 and
transmission paths of image beams thereof when micro-
mirrors of the DMD are in ON state. FIG. 4A to FIG. 4C are
schematic diagrams illustrating transmission paths of illu-
mination beams respectively from light sources 111, 112 and
113 in FIG. 1 and transmission paths of image beams thereof
when micro-mirrors of the DMD are in FLAT state. FIG. SA
to FIG. 5C are schematic diagrams illustrating transmission
paths of illumination beams respectively from light sources
111, 112 and 113 in FIG. 1 and transmission paths of image
beams thereof when micro-mirrors of the DMD are in OFF
state.

[0039] As shown in FIG. 3A to FIG. 5C, the image beams
IM1, IM2 and IM3 are deviated off the projection lens 140
by the prism group 120 through total inner reflection as the
micro-mirrors of the DMD 130 are in OFF or FLAT states.
Since the light leakage problem is ameliorated in OFF or
FLAT states, contrast ratio of the projection apparatus 100 in
FIG. 1 can be improved, thus the projection apparatus 100
may have good image quality. Moreover, since the OFF or
FLAT states image beams IM1, IM2 and IM3 can be kept
away from the projection lens 140 with only three prisms
(including the first prism 122, the second prism 124, and the
third prism 126), and an asymmetric stop is not needed in the
embodiment to block OFF and FLAT states image beams
IM1, IM2 and IM3, the volume and manufacturing costs of
the projection apparatus 100 can be minimized, and the
optical efficiency of the projection apparatus 100 can be
kept.

[0040] It will be apparent to those skilled in the art that
various modifications and variations can be made to the
structure of the invention without departing from the scope
or spirit of the invention. In view of the foregoing, it is
intended that the invention cover modifications and varia-
tions of this invention provided they fall within the scope of
the following claims and their equivalents.
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What is claimed is:

1. A prism group, which is applied to a projection appa-
ratus comprising a digital micro-mirror device and a pro-
jection lens, the prism group comprising:

a first prism, having a first light incidence surface, a first
light emitting surface, and a first connecting surface
connecting the first light incidence surface and the first
light emitting surface;

a second prism, close to the first light emitting surface and
having a second light incidence surface, a second light
emitting surface, and a second connecting surface con-
necting the second light incidence surface and the
second light emitting surface, wherein the second light
incidence surface is parallel to the first light emitting
surface and located between the first light emitting
surface and the second light emitting surface, and a first
air gap is between the second light incidence surface
and the first light emitting surface; and

a third prism, close to the second light emitting surface
and having a third light incidence surface, a third light
emitting surface, and a third connecting surface con-
necting the third light incidence surface and the third
light emitting surface, wherein the third light incidence
surface is parallel to the second light emitting surface
and located between the second light emitting surface
and the third light emitting surface, and a second air
gap is between the third light incidence surface and the
second light emitting surface,

wherein the digital micro-mirror device faces the second
connecting surface, and the projection lens is located
next to the third light emitting surface.

2. The prism group as claimed in claim 1, wherein the first
prism, the second prism and the third prism are made of a
material having a refractive index above 1.4 and below 2.

3. The prism group as claimed in claim 1, wherein the first
light emitting surface is perpendicular to the first connecting
surface, and an inner angle between the first light incidence
surface and the first light emitting surface is an acute angle.

4. The prism group as claimed in claim 1, wherein the
third connecting surface is perpendicular to the third light
emitting surface, and an inner angle between the third light
incidence surface and the third light emitting surface is
above 29° and below 31°.

5. The prism group as claimed in claim 1, wherein the
second connecting surface and the third connecting surface
are located on a first reference plane parallel to the digital
micro-mirror device.

6. The prism group as claimed in claim 1, wherein the
second prism further has a second side surface connecting
the second light incidence surface and the second light
emitting surface, and the second side surface and the third
light emitting surface are located on a second reference
plane perpendicular to the digital micro-mirror device.

7. The prism group as claimed in claim 6, wherein an
inner angle between the second light incidence surface and
the second side surface is 45°, and an inner angle between
the second light incidence surface and the second connecting
surface is 45°.

8. A projection apparatus, comprising:

an illumination system, providing an illumination beam;

a prism group, disposed on a transmission path of the
illumination beam and comprising:

a first prism, having a first light incidence surface, a
first light emitting surface, and a first connecting
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surface connecting the first light incidence surface
and the first light emitting surface;

a second prism, close to the first light emitting surface
and having a second light incidence surface, a sec-
ond light emitting surface, and a second connecting
surface connecting the second light incidence sur-
face and the second light emitting surface, wherein
the second light incidence surface is parallel to the
first light emitting surface and located between the
first light emitting surface and the second light
emitting surface, and a first air gap is between the
second light incidence surface and the first light
emitting surface; and

a third prism, close to the second light emitting surface
and having a third light incidence surface, a third
light emitting surface, and a third connecting surface
connecting the third light incidence surface and the
third light emitting surface, wherein the third light
incidence surface is parallel to the second light
emitting surface and located between the second
light emitting surface and the third light emitting
surface, and a second air gap is between the third
light incidence surface and the second light emitting
surface;

a digital micro-mirror device, facing the second connect-
ing surface and converting the illumination beam into
an image beam; and

a projection lens, disposed on a transmission path of the
image beam and located next to the third light emitting
surface.

9. The projection apparatus as claimed in claim 8, wherein
the illumination beam coming from the illumination system
enters the prism group through the first light incidence
surface.
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10. The projection apparatus as claimed in claim 8,
wherein the first prism, the second prism and the third prism
are made of a material having a refractive index above 1.4
and below 2.

11. The projection apparatus as claimed in claim 8,
wherein the first light emitting surface is perpendicular to
the first connecting surface, and an inner angle between the
first light incidence surface and the first light emitting
surface is an acute angle.

12. The projection apparatus as claimed in claim 8,
wherein the third connecting surface is perpendicular to the
third light emitting surface, and an inner angle between the
third light incidence surface and the third light emitting
surface is above 29° and below 31°.

13. The projection apparatus as claimed in claim 8,
wherein the second connecting surface and the third con-
necting surface are located on a first reference plane parallel
to the digital micro-mirror device.

14. The projection apparatus as claimed in claim 8,
wherein the second prism further has a second side surface
connecting the second light incidence surface and the second
light emitting surface, and the second side surface and the
third light emitting surface are located on a second reference
plane perpendicular to the digital micro-mirror device.

15. The projection apparatus as claimed in claim 14,
wherein an inner angle between the second light incidence
surface and the second side surface is 45°, and an inner angle
between the second light incidence surface and the second
connecting surface is 45°.

16. The projection apparatus as claimed in claim 8, further
comprising:

a cover glass, located between the digital micro-mirror

device and the second connecting surface.
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