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(54) Traffic signal light device

(57) A traffic signal light device (100) includes a
spread window (140), a Fresnel lens (130), and an LED
module (120) for emitting light. The light emitted by the
LED module passes through the Fresnel lens and to the
spread window. The LED module is disposed at a position
that is offset from an axis of the spread window that pass-

es through a center of, and is perpendicular to, the spread
window. The Fresnel lens can have a saw-toothed pat-
tern of teeth formed as concentric circles on one surface
of the Fresnel lens sharing a common center, where the
size or height of the teeth vary. The spread window can
have a plurality of protruding cells of varying size on a
surface of the spread window.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates in general to a
traffic signal light device, and more in particular to the
traffic signal light device using high power Light-Emitting
Diodes (LEDs).

Description of the Related Art

[0002] Light-Emitting Diodes (LEDs) have been used
in many applications to replace the conventional incan-
descent lamps, fluorescent lamps, Neon tube and fiber
optics light sources to reduce electrical cost, mainte-
nance cost and increase reliability. Due to the fact that
LEDs consume less electrical energy than conventional
light sources while exhibiting much longer lifetime, many
designs have been invented for various applications,
such as traffic signal lights, channel letters, conventional
illuminated commercial signs, street lights and street
signs.
[0003] Recent advancements of high power LED tech-
nology enable additional applications over the conven-
tional 5mm (T1-3/4) LEDs because of its higher light out-
put efficiency and lower cost. However, for certain appli-
cations, such as traffic signal lights, the use of high power
LEDs have been somewhat hampered because their light
distribution pattern is not readily compatible with the
asymmetric light distribution pattern required for traffic
signal lights.
[0004] When high power LEDs are used for traffic sig-
nal applications, a Fresnel lens, as well as a spreading
lens with a specific optical design, are used to distribute
the light to meet the required specifications, such as the
design by Keuperand Van Hees (U.S. Patent No.:
5,947,587) and by Wu, et al (U.S. Patent No.: 6,911,915).
Besides the fact that the light emission pattern from the
high power LEDs is symmetrical, the product designs in
almost all cases center the light engine around the phys-
ical center of the device. This presents some difficulties
in meeting the light distribution specifications which in
general are non-symmetrical. In addition, placing the light
engine around the center of the device in many cases
presents some physical constraints on placing other
components needed for the device.

SUMMARY OF THE INVENTION

[0005] Accordingly, one objective of the present inven-
tion is to provide an optical lens design that can efficiently
couple the light from the high power LED to the asym-
metrical Fresnel lens and then to the spreading lens for
the desired light distribution pattern. The improvements
of this new improved optical lens design for the high pow-
er LEDs represents a major advantage over the conven-

tional symmetric lens designs. Additionally, major sav-
ings can be realized in product maintenance costs.
[0006] According to one aspect of the present inven-
tion, a traffic signal light device is provided to comprise:
a spread window having an axis passing through the
center of, and is perpendicular to, the spread window; a
Fresnel lens; and a LED module for emitting light, wherein
the light emitted from the LED module passes through
the Fresnel lens to the spread window, and wherein the
LED module is offset from the axis of the spread window.
[0007] According to another aspect of the present in-
vention, a traffic signal light device is provided to com-
prise: a spread window having an axis passing through
the center of, and is perpendicular to, of the spread win-
dow; a Fresnel lens; and a LED module for emitting light,
wherein the light emitted from the LED module passes
through the Fresnel lens to the spread window, and
wherein the spread window has a plurality of protruding
cells forming a protruding cell pattern on the surface of
the spread window, wherein the protruding cells contain
at least two sizes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The invention will become apparent from the
following detailed description of the preferred but
non-limiting embodiments. The following description is
made with reference to the accompanying drawings.
[0009] FIG. 1 A shows a schematic cross section view
of a traffic signal light device according to an embodiment
of the present invention;
[0010] FIG. 1 B shows a schematic front view of the
traffic signal light device according to FIG. 1 A;
[0011] FIG. 2A shows a front view of a Fresnel lens
according to the present invention;
[0012] FIG. 2B shows a schematic cross section view
of one embodiment of the Fresnel lens along a line AA’;
[0013] FIG. 2C shows a schematic cross section view
of another embodiment of the Fresnel lens along a line
AA’;
[0014] FIG. 3A shows a schematic cross section view
of another embodiment of the traffic signal light device;
[0015] FIG. 3B shows a schematic cross section view
of the Fresnel lens and the LED module for the embod-
iment of Fig. 3A;
[0016] FIG. 4A and 4B show different designs of cell
patterns of the spread window according to an embodi-
ment of the present invention;
[0017] FIG. 5A shows a schematic view of a LED mod-
ule with single LED and single LED lens;
[0018] FIG. 5B shows a schematic view of a LED mod-
ule with multiple LEDs and multiple LED lenses;
[0019] FIG. 5C shows a schematic view of a LED mod-
ule with multiple LEDs and multiple LED lenses according
to another embodiment;
[0020] FIG. 6A shows a schematic view of a light emit-
ting profile of an LED without an LED lens;
[0021] FIG. 6B shows a schematic view of a light emit-
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ting profile of an LED with an LED lens according to a
first embodiment of an LED lens;
[0022] FIG. 6C shows a schematic view of a light emit-
ting profile of an LED with an LED lens according to a
second embodiment of an LED lens;
[0023] FIG. 7A shows a schematic view of an indicating
signal shape of the traffic signal; and
[0024] FIG. 7B shows a schematic view of an LED lens
having a shape related to the indicating signal shape ac-
cording to a third embodiment of an LED lens.

DETAILED DESCRIPTION OF THE INVENTION

[0025] FIG. 1 A shows a schematic cross section view
of a traffic signal light device 100 according to an em-
bodiment of the present invention. The traffic signal light
device 100 includes a housing 110, an LED module 120,
a Fresnel lens 130 and a spread window 140. Light emit-
ted from the LED module 120 passes through the Fresnel
lens 130 to the spread window 140, and then is emitted
from the spread window 140 to the outside.
[0026] According to the embodiment, the traffic signal
light device 100 has an optical axis OA which passes
through the center of, and is perpendicular to, the spread
window 140. The LED module 120 is disposed on the
bottom plate of the housing 110 and is disposed a radial
distance D from the optical axis OA. Moreover, the dis-
tance between the optical axis OA and the periphery of
the spread window 140 is defined as a radius R of the
spread window 140, wherein the value of D/R is between
0.02 to 0.5 (i.e. 0.02%D/R%0.5).
[0027] FIG. 1 B shows a schematic front view of the
traffic signal light device 100 according to FIG. 1 A. The
LED module 120 is disposed to have an offset from the
center of the spread window.
[0028] According to the embodiment, the traffic signal
light device 100 further comprises a power supply 150
which is disposed on the bottom plate of the housing 110
for providing power to the LED module 120.
[0029] FIG. 2A shows a front view of the Fresnel lens
130 according to the embodiment of the present inven-
tion, and FIG. 2B shows a schematic cross section view
of one embodiment of the Fresnel lens 130 along a line
AA’. FIG. 2C shows a schematic cross section view of
another embodiment of the Fresnel lens 130 along a line
AA’.
[0030] According to the embodiment, the Fresnel lens
130 has a saw-toothed pattern 131 formed on one sur-
face of the Fresnel lens 130. Each tooth of the
saw-toothed pattern 131 is formed as a concentric circle,
wherein the concentric circle has a center C. Further, the
Fresnel lens 130 has a center C’ itself, and the center C
of the concentric circles of the saw-toothed pattern 131
is offset from the center C’ of the Fresnel lens 130 as
shown in FIG. 2A.
[0031] In one embodiment of present invention, the
size of the tooth located at the inner concentric circle is
bigger than that of the tooth located at the outer concen-

tric circle as shown in FIG. 2B.
[0032] In another embodiment of the present invention,
the height of the tooth located at the inner concentric
circle is lower than that of the tooth located at the outer
concentric circle. Specifically, FIG. 2C shows a schemat-
ic cross section view of another embodiment of the Fres-
nel lens 130’ along the line AA’. In this embodiment, the
Fresnel lens 130’ has a saw-toothed pattern 131’ formed
on one surface of the Fresnel lens 130, and the height
of the tooth located at the inner concentric circle is lower
than that of the tooth located at the outer concentric circle.
[0033] FIG. 3A shows another schematic cross section
view of the traffic signal light device 100 according to the
embodiment of the present invention. According to the
embodiment, the center C of the saw-toothed pattern 131
is aligned to the position of the LED module 120 in the
axis direction, which is also shown in FIG. 1 B. The center
C’ of the Fresnel lens 130 is aligned to the center of the
spread window 140, and the center C of the concentric
circles of the saw-toothed pattern 131 has an offset from
the center of the spread window 140 and the center C’
of the Fresnel lens 130. Moreover, FIG. 3B shows a sche-
matic cross section view of the Fresnel lens 130 and the
LED module 120. The light emitted from the LED module
120 is transferred as parallel light (i.e. collimated) by the
Fresnel lens 130.
[0034] FIGs. 4A and 4B show different designs of a
cell pattern 141, 141’ of a spread window 140 according
to an embodiment of the present invention.
[0035] According to the embodiment, the spread win-
dow 140 has a protruding cell pattern 141, 141’ formed
on the surface of the spread window 140. FIG. 4A and
4B respectively show different cell pattern designs on
spread window 140. The protruding cells of the protruding
cell pattern 141, 141’ contain at least two sizes. In one
embodiment, as shown in FIG. 4A, the cells of the cell
pattern 141 contain three sizes, and all cells have the
same quadrangle shape. In another embodiment, as
shown in FIG. 4B, the cells of the cell pattern 141’ contain
two sizes, wherein the big size cells have an octagon
shape, and the small size cells have a quadrangle shape.
In the present invention, the shape of the protruding cells,
the number of the sizes of protruding cells, or the ar-
rangement of the protruding cell pattern is not limited.
[0036] FIG. 5A shows a schematic view of an LED
module 120 with a single LED and a second optical ele-
ment 122. In this embodiment, the second optical ele-
ment 122 is a lens.
[0037] According to one embodiment, the LED module
120 includes an LED 121 and an LED lens 122, wherein
the LED 121 is covered by the LED lens 122 as shown
in FIG. 6B and 6C. The LED lens 122 is formed as a
whole and is divided into a first portion 1221 and a second
portion 1222 of similar or different shape for controlling
the light emitting profile of the LED 121. Moreover, in
another embodiment, the LED module 120 includes a
plural of LEDs and a plural of LED lenses 122 as shown
in FIG. 5B. FIG. 5B shows a schematic view of an LED
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module with multiple LEDs and multiple LED lenses.
[0038] In a further embodiment of the LED module 120’
as shown in FIG. 5C, the second optical element is a
LED reflector 122’, and the LED is disposed on the bottom
the LED reflector 122’ (not shown). The LED reflector
122’ also can be divided into a first portion and a second
portion of similar or different shape for controlling the light
emitting profile of the LED.
[0039] The divided portions of LED lens 122 control
the light emitting profile of the LED. Specifically, FIG. 6A
shows a schematic view of a light emitting profile of LED
121 without any second optical element (i.e. without lens
122). FIG. 6B shows a schematic view of a light emitting
profile of LED 121 with LED lens 122 according to a first
embodiment of LED lens 122. FIG. 6C shows a schematic
view of a light emitting profile of LED 121 with LED lens
122 according to a second embodiment of LED lens 122.
[0040] As shown in FIG. 6A, the light emitting profile
of single LED 121 is like a circle, and the light intensity
near the center is stronger than that near the sides. Ac-
cording to the characteristic of LED, the light devise using
LED 121 as light source light fails to provide uniform il-
lumination on an illumination area without a special de-
sign. In order to change the light emitting profile for pro-
viding uniform illumination, the present invention pro-
vides embodiments of the LED lens.
[0041] According to first embodiment of LED lens 122
as shown in FIG. 6B, the LED lens 122 comprises a first
portion 1221 and a second portion 1222, wherein the first
portion 1221 and the second portion 1222 are asymmet-
ric for providing an asymmetric light emitting profile as
shown in FIG. 6B. In this embodiment, the light intensity
near the center is smaller than that near the sides, and
the light intensities at two sides are different.
[0042] The embodiment of LED lens 122 in FIG. 6B
can be used in the traffic signal light device provided in
the present invention, wherein the LED module is dis-
posed to be offset from the center of the spread window.
In FIG. 1A, the LED module 120 is disposed at upper
side of the optical axis OA. Therefore, in order to get
uniform illumination on the Fresnel lens 130, the light
emitting profile of the LED module 120 is asymmetric as
shown in FIG. 6B. More specifically, the light intensity at
the upper side of the LED module 120 is smaller than
that at the lower side of the LED module 120 to obtain a
uniform illumination on the Fresnel lens 130.
[0043] According to a second embodiment of LED lens
122 as shown in FIG. 6C, the LED lens 122 comprises
a first portion 1221 and a second portion 1222, wherein
the first portion 1221 and the second portion 1222 are
symmetric for providing symmetric light emitting profile
as shown in FIG. 6C. In this embodiment, the light inten-
sity near the center is smaller than that near the sides.
[0044] Both of the first and the second embodiments
of the LED lens in FIGS. 6B and 6C can provide uniform
illumination on the illumination area.
[0045] FIG. 7A shows a schematic view of an indicating
signal shape of the traffic signal (i.e. the traffic signal

includes a mask which is selectively light transmissive
only for those portions within the indicating signal shape).
FIG. 7B shows a schematic view of an LED lens 122
having a shape related to the indicating signal shape ac-
cording to a third embodiment of the LED lens.
[0046] The traffic signal may have a special indicating
shape, for example, an arrow shape for indicating direc-
tions as shown in FIG. 7A. In this case, the LED light still
illuminates on the whole signal area (the whole round
area). However, only the LED light illuminating on the
arrow shape can be emitted out, and the other LED light
is blocked from forming the arrow-shaped indication.
Therefore, the light energy of the LED light is wasted.
[0047] Accordingly, the present invention provide a
third embodiment of the LED lens as shown in FIG. 7B.
In this embodiment, the LED lens 122 has a shape related
to (i.e. matching) the indicating signal shape of the traffic
signal. For example, the indicating signal shape of the
traffic signal shown in FIG. 7A is an arrow, and the shape
of the LED lens 122 is designed to be similar to the arrow
as shown in FIG. 7B. As the LED lens 122 has a shape
related to the indicating signal shape, the light intensity
of light emitted from the LED lens can be focused on the
indicating signal shape for increasing the efficiency of
the traffic signal light device.
[0048] While the invention has been described by way
of example and in terms of a preferred embodiment, it is
to be understood that the invention is not limited thereto.
On the contrary, it is intended to cover various modifica-
tions and similar arrangements and procedures, and the
scope of the appended claims therefore should be ac-
corded the broadest interpretation so as to encompass
all such modifications and similar arrangements and pro-
cedures. Additionally, references to the present invention
herein are not intended to limit the scope of any claim or
claim term, but instead merely make reference to one or
more features that may be covered by one or more of
the claims.

Claims

1. A traffic signal light device, comprising:

a spread window;
a Fresnel lens; and
an LED module for emitting light, wherein the
light emitted by the LED module passes through
the Fresnel lens and to the spread window,
wherein the LED module is disposed at a posi-
tion that is offset from an axis of the spread win-
dow that passes through a center of, and is per-
pendicular to, the spread window.

2. The traffic signal light device according to claim 1,
wherein the disposed position of the LED module is
offset from the axis by a distance D, the spread win-
dow has a radius R, and the value of D/R is between
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0.02 to 0.5.

3. The traffic signal light device according to claim 1
further comprising:

a housing having a bottom plate, wherein the
LED module is disposed on the bottom plate;
and
a power supply disposed on the bottom plate for
providing power to the LED module.

4. The traffic signal light device according to claim 1,
wherein the Fresnel lens has a saw-toothed pattern
formed on one surface of the Fresnel lens, the saw-
toothed pattern is formed as a plurality of concentric
circles of teeth all sharing a common center that is
offset from a center of the Fresnel lens..

5. The traffic signal light device according to claim 4,
wherein a size of the tooth of the saw-toothed pattern
closest to the common center is larger than that of
the tooth of the saw-toothed pattern furthest from the
common center.

6. The traffic signal light device according to claim 4,
wherein a height of the tooth of the saw-toothed pat-
tern closest to the common center is lower than that
of the tooth of the saw-toothed pattern furthest from
the common center.

7. The traffic signal light device according to claim 4,
wherein the common center is disposed over and
aligned to the LED module, and the center of the
Fresnel lens is aligned to the axis.

8. The traffic signal light device according to claim 1,
wherein the spread window has a plurality of pro-
truding cells forming a protruding cell pattern on a
surface of the spread window, wherein some of the
protruding cells have a size different than that of oth-
ers of the protruding cells.

9. The traffic signal light device according to claim 1,
wherein the LED module includes an LED and a sec-
ond optical element over the LED, wherein the sec-
ond optical element is divided into a first portion and
a second portion for dictating a light emitting profile
of the LED,.

10. The traffic signal light device according to claim 9,
wherein the second optical element is a lens or a
reflector.

11. The traffic signal light device according to claim 1,
wherein the LED module includes an LED and a sec-
ond optical element over the LED, and wherein the
second optical element has a shape related to an
indicating signal shape of a mask of the traffic signal.

12. A traffic signal light device, comprising:

a spread window;
a Fresnel lens; and
an LED module for emitting light, wherein the
light emitted from the LED module passes
through the Fresnel lens to the spread window,
wherein the spread window has a plurality of pro-
truding cells forming a protruding cell pattern on
a surface of the spread window, wherein some
of the protruding cells have a size different than
that of others of the protruding cells.

13. The traffic signal light device according to claim 12,
wherein the LED module is disposed at a position
that is offset from an axis of the spread window that
passes through a center of, and is perpendicular to,
the spread window.

14. The traffic signal light device according to claim 12,
wherein:

the Fresnel lens has a saw-toothed pattern
formed on one surface of the Fresnel lens,
the saw-toothed pattern is formed as a plurality
of concentric circles of teeth all sharing a com-
mon center;
a size of the tooth of the saw-toothed pattern
closest to the common center is larger than that
of the tooth of the saw-toothed pattern furthest
from the common center.

15. The traffic signal light device according to claim 12,
wherein:

the Fresnel lens has a saw-toothed pattern
formed on one surface of the Fresnel lens,
the saw-toothed pattern is formed as a plurality
of concentric circles of teeth all sharing a com-
mon center;
a height of the tooth of the saw-toothed pattern
closest to the common center is lower than that
of the tooth of the saw-toothed pattern furthest
from the common center.
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