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(57) ABSTRACT 

A new light emitting device is disclosed. The device includes 
a reflector, a Surface layer, and a light emitting layer located 
there-between. The light emitting layer emits light at a wave 
length W. An optical thickness from the light emitting layer to 
the reflector is approximately m2/4, where m is a positive 
integer. Furthermore, the said device may, in addition, include 
an optical transform layer adjoining to the light emitting 
layer. Thus, the light emitted by the device can be not only 
collimated but also polarized. 
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LIGHT EMITTING DEVICES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based upon and claims the ben 
efit of priority from a prior Taiwanese Patent Application No. 
097146584, filed on Dec. 1, 2008, the entire contents of which 
are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The invention relates to display devices, and in par 

ticular to light emitting devices capable of emitting colli 
mated and polarized lights. 
0004 2. Description of the Related Art 
0005 Light emitting devices, such as display devices, 
have been extensively applied in business, entertainment, 
military, medical, engineering, and civil regimes. With the 
application of display devices gradually expanding and being 
more popular, the development trends of the display devices 
are intended to become lighter, thinner, and more compact for 
the purpose of lower power consumption and more environ 
mental friendliness to human beings. 
0006 Generally speaking, all of the display devices 
require light sources. For example, conventional projector 
adapts high efficient high-pressure mercury lamps (UHE) or 
(UHP) as light sources. Light emission of UHE or UHP, 
however, preferably has to be a collimated light beam, which 
is regulated by optical systems for the projector application. 
In reality, most of emitted light angles of the abovementioned 
lamps exceed 10 degrees, the light at these emission angles 
cannot be collimated completely resulting in waste of light 
energy. In addition, he UHE and UHP moreover, also emits 
infrared light, which also can not be used in projector appli 
cation and most of these infrared is transformed into heat, 
scattered light, and thermal noise. Therefore the more widely 
spread application of the projector is limited. Furthermore, 
for the flat panel display (FPD), lots of polarizer films and 
filters are required to implement in these devices. The mul 
tiple light absorption and reflection of these optical compo 
nents also results in inefficient consumption of light energy 
for the flat panel display application. 
0007 Accordingly, light emitting devices capable of emit 
ting collimated and polarized lights to reduce optical compo 
nents are indispensable in the industry to overcome the 
abovementioned problems. 

BRIEF SUMMARY OF THE INVENTION 

0008 According to techniques of the invention, light emit 
ting devices capable of emitting collimated and polarized 
lights are presented. 
0009. According to techniques of the invention, an 
embodiment of the light emitting device comprises: a Surface 
layer; a light emitting layer which the emitted light has a 
wavelength; and a reflective layer, wherein the light emitting 
layer is disposed between the reflective layer and the surface 
layer, and an optical thickness between the light emitting 
layer and the reflective layer is about a value of integer times 
of a quarter of the wavelength. 
0010. According to techniques of the invention, another 
embodiment of the light emitting device comprises: a Surface 
layer; a light emitting layer which the emitted light has a 
wavelength; a reflective layer, and a light transformation 
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layer, wherein the light emitting layer is disposed between the 
reflective layer and the Surface layer, and an optical thickness 
between the light emitting layer and the reflective layer is 
about a value of integer times of a quarter of the wavelength, 
wherein the light transformation layer is adjacent to the light 
emitting layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011. The invention can be more fully understood by read 
ing the Subsequent detailed description and examples with 
references made to the accompanying drawings, wherein: 
0012 FIG. 1A is a schematic diagram illustrating light 
emitting devices 100a and 100b according to the first or the 
second embodiment of the invention; 
0013 FIG. 1B is a schematic diagram illustrating a thin 
GaN LED structure 100b according to the first or the second 
embodiment of the invention; 
0014 FIG. 1C and FIG. 1D are cross section views sche 
matically illustrating the first embodiment of the light emit 
ting device according to the invention; 
(0015 FIG. 1E and FIG. 1F respectively show simulated 
diagrams of luminance and P/S ratio of the light emitting 
device according to the first embodiment of the invention; 
0016 FIG. 2 shows a reference diagram of the lambertian 
light distribution according to an embodiment of the inven 
tion; 
0017 FIGS. 2A and 3A are cross section views of the light 
emitting device according to the second embodiment of the 
invention; 
0018 FIG. 2B and FIG. 3B are cross section views of the 
light emitting device 100 (FIG. 1A) or the light emitting 
device 100b (FIG. 1B); 
(0019 FIGS. 2C, 3C, 2D and 3D are schematic diagrams 
illustrating openings 124 on the Surface of the conductive 
layer 104 in the light emitting device according to the second 
embodiment of the invention; and 
(0020 FIGS. 2E and 2F respectively show simulated dia 
grams of luminance and P/S ratio of the light emitting device 
according to the second embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0021. It is understood that the following disclosure pro 
vides many different embodiments, or examples, for imple 
menting different features of various embodiments. Specific 
examples of components and arrangements are described 
below to simplify the present disclosure. These are merely 
examples and are not intended to be limited. In addition, the 
present disclosure may repeat reference numerals and/or let 
ters in the various examples. This repetition is for the purpose 
of simplicity and clarity and does not in itself indicate a 
relationship between the various embodiments and/or con 
figurations discussed. Moreover, the formation of a first fea 
ture over or on a second feature in the description that follows 
may include embodiments in which the first and second fea 
tures are formed in direct contact or not in direct contact. 
0022. Accordingly, an embodiment of a light emitting 
device of the invention is disclosed. The light emitting device 
includes a plurality of layers of stacked structures. The stack 
structures include a reflective layer; a light emitting layer 
which emitted light has a wavelength; and a Surface layer, 
wherein the light emitting layer is interposed between the 
reflective layer and the Surface layer, and an optical thickness 
or on optical path between the light emitting layer and the 
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reflective layer is about a value of m times of a quarter of the 
wavelength (W), and the optical thickness is in a range which 
approximately satisfies nD mxW4. The optical thickness can 
alternatively satisfy (m-1)x /4<nD<(m+1)xW4, and can tol 
erate +15% variations. The light emitted by the device can be 
not only collimated but also polarized. The optical thickness 
equals to the real thickness between the light emitting layer 
and the reflective layer multiply refractive index of each cor 
responding layer. Parameters can be indicated as (nD n xd+ 
n2XD. . . . n. xd) and (D-d1+d2+ . . . +d), where nD is 
depicted as the optical thickness, D is real total thickness, in 
imeans refractive index, n, is refractive index of the i' layer 
material, d, is the thickness of the i' layer material, i=1,2,.. 
... m, where m is a positive integer, and 1sms 12. 
0023. According to another embodiment of the invention, 
the light emitting device includes a plurality of layers of 
stacked structures. The stack structures include a reflective 
layer; a light transformation layer, a light emitting layer 
which emitted light has a wavelength; and a surface layer, 
wherein the light transformation layer is interposed between 
the reflective layer and the light emitting layer, wherein the 
light emitting layer is interposed between the reflective layer 
and the Surface layer, wherein an optical thickness exists 
between the light emitting layer and the reflective layer, 
wherein the optical thickness is about a value of m times of a 
quarter of the wavelength (W), and the optical thickness is in a 
range which approximately satisfies nD-mx)/4. The optical 
thickness can alternatively satisfy (m-1)x /4<nl)<(m+1)x / 
4, and can tolerate +15% variations. The light transformation 
layer is an interface layer with a plurality of structures. These 
structures are distributed in patterned forms on an interface of 
the light transforming layer, and the dielectric function of the 
interface is a spatial function varied with the patterned forms 
such that the light emitted by the device can be not only 
collimated but also polarized. 
0024. In the following descriptions, an example of a light 
emitting diode (LED) is in conjunction as an implementation 
embodiment. However, it should be understood that in other 
embodiments other light emitting devices such as an organic 
light emitting diode (OLED), polymer light emitting diode 
(PLED), or semiconductor optic amplifier (SOA) etc., are 
also applicable thereto. 
0025. As shown in FIG. 1A and 1B, a schematic diagram 
oflight emitting devices 100a and 100b such as light emitting 
diodes are respectively provided. The light emitting diodes 
can comprise a plurality of deposition layers of stacked struc 
ture which can be disposed overlying a substrate (not shown) 
Such as a Sapphire or silicon. The aforementioned deposition 
layers can include a reflective layer 102, a conductive layer 
104, a first carrier conductive layer 106 such as a p-type 
carrier conductive layer, a light emitting layer 108, a second 
carrier conductive layer 110 such as an n-type carrier conduc 
tive layer, and a polarized layer 116 which is a thin film layer 
polarizing the transmission light. Furthermore, as shown in 
FIG. 1A, a conductive electrode 112 is disposed on the second 
carrier conductive layer 110 to serve as a contact pad on the 
n-type side, while another conductive electrode 114 is dis 
posed on the reflective layer 112 to serve as a contact pad on 
the p-type side, wherein, in contrast with the conductive elec 
trode 112 on the n-type side, the conductive electrode 114 on 
the p-type side is Sustained with a positive Voltage. In addi 
tion, in another embodiment, the first carrier conductive layer 
106 can be an n-type carrier conductive layer, while the sec 
ond carrier conductive layer 110 can be a p-type carrier con 
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ductive layer. Accordingly, in this embodiment, the conduc 
tive electrode 112 serves as a contact pad on the p-type side, 
while the conductive electrode 114 serves as a contact pad on 
the n-type side. In addition, according to embodiments of the 
light emitting device structure 100 and the thin LED structure 
100b of the invention, the bottom conductive electrode 114 is 
not necessarily made up of Cu. 
0026. A plurality of layers of stacked structure in the light 
emitting device 100 include a reflective layer 102, a light 
emitting layer 108 and a surface layer, wherein the light 
emitting layer is interposed between the reflective layer and 
the Surface layer, and an optical path exists between the light 
emitting layer and the reflective layer. Moreover, the equals to 
the real thickness between the light emitting layer and the 
reflective layer multiply refractive index of each correspond 
ing layer. 
0027. The light emitting layer emits a light with a wave 
length, wherein the optical thickness is about m times of a 
quarter of the wavelength, where m is a positive integer. The 
optical thickness can approximately satisfy nD-mx)/4, or 
satisfy (m-1)x /4<nD<(m+1)xW4, and can tolerate +15% 
variations such that the light emitted by the device can be not 
only collimated but also polarized. 
0028. In implementation, the surface layer can be a polar 
ized layer 116, a Surface layer with micro-structures, a near 
planar Surface layer, or any combinations of the abovemen 
tioned material layers. Moreover, the optical path (thickness) 
between the surface layer and the reflective layer is equal to or 
less than 5 times or 20 times of the wavelength, wherein the 
emitted light finally leaves the surface layer of the device. 
Most of the lights emitted from the light emitting device are 
concentrated on directions perpendicular to the Surface layer 
plane. Alternatively, most of the lights emitted from the light 
emitting device are concentrated on two lateral directions 
perpendicular to the surface layer plane if the optical thick 
ness is properly chosen. 
0029. The reflective layer 102 includes a metal, a mixture 
of multiple metals, a metal alloy, a multi-layered dielectric 
mirror layer, or any combinations of the abovementioned 
materials. Further, the reflective layer 102 can reflect the 
lights emitted from the light emitting layer 108 towards the 
reflective layer 102 which has at least 50% reflectance. 
0030 The conductive layer 104 can be a transparent con 
ductive layer such as an indium tin oxide (ITO) layer. The 
conductive layer 104 can improve conductivity between the 
first carrier conductive layer 106 and the reflective layer 102. 
The conductive layer 104 is not necessarily made up of the 
indium tin oxide (ITO) layer, but can be transparent conduc 
tive materials which refractive indices (n) are less than that of 
the first carrier conductive layer 106. Additionally, in one 
embodiment, if a preferred conductivity is generated between 
the first carrier conductive layer 106 and the reflective layer, 
the conductive layer 104 can be optionally omitted during 
implementation. 
0031. In an embodiment of the light emitting diode based 
on gallium nitride (GaN), the first carrier conductive layer 
106 can be a magnesium doped GaN deposition layer 
(p-doped), while the second carrier conductive layer 110 can 
be a silicon doped GaN deposition layer (n-doped). In this 
embodiment, the light emitting layer 108 can be InGaN/GaN 
quantum well deposition layers. The light emitting layer 
emits a light at a characteristic wavelength (W) with band 
width AW. The light emitting layer is preferably disposed a 
position departing from integral times of a quarter of the 
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wavelength. That is, the thickness of the first carrier conduc 
tive layer 106 and the conductive layer 104 is preferably 
integral times of a quarter of the wavelength. In addition, a 
total optical thickness of the stack layers of the second carrier 
conductive 110 and the conductive layer 104 can be less than 
5 times of the wavelength of the light emitting layer 108, 
wherein the emitted light finally leaves the surface layer. Most 
of the lights emitted from the light emitting device are con 
centrated on directions perpendicular to the Surface layer 
plane. Alternatively, most of the lights emitted from the light 
emitting device are concentrated on two lateral directions 
perpendicular to the light Surface layer plane if the optical 
thickness is properly chosen. In one embodiment, such as the 
light emitting diode based on gallium nitride (GaN), the 
thickness of the conductive layer 104 can be equal to or less 
than about 0.3 um. 
0032. Furthermore, the light emitting layer includes a 
quantum well structure, a quantum dot, a fluorescent inor 
ganic material, a phosphorescent inorganic material, a fluo 
rescent organic material, a phosphorescent organic material, 
or any combinations of the aforementioned materials. The 
wavelength emitted from the light emitting layer is approxi 
mately in a range including a visible light, a UV light, an 
infrared light, or other wavelength range. 
0033. In FIG. 1A and FIG. 1B, the polarized layer 116 can 
be a plurality of parallel interval of metal layers which con 
tains nano-wire gratings. The metal layers is periodically or 
non-periodically arranged on the Surface of the second carrier 
conductive layer 110 capable of polarizing the lights from the 
light emitting layer 108. The light emitting diode 100 and 
110b can thus generate polarized lights. In one embodiment, 
the thickness (H) of the metal layers of the light polarizing 
layer can be about 100 nm and each metal layer is periodically 
arranged with an interval about 120 nm. It should be under 
stood that the thickness of the metal layers and the arrange 
ment period of the metal layers are dependent on the wave 
length of the light emitting layer. Therefore, the thickness and 
the arrangement period of the metal layers are not limited to 
embodiment of the invention. 
0034 Additionally, the light polarizing layer 116 in FIGS. 
1A and 1B can be a structure with partial reflection, such as a 
multi-layered stack of dielectric layers, an extremely thin 
metal layer, a planar layer with multiple parallel arranged 
strips of metal layers, an organic light polarizing material 
layered, a light polarizing thin film with multiple dielectric 
stacked structures, or any combinations of the abovemen 
tioned materials. In one embodiment of the invention, the 
metal layers arranged with multiple intervals can also be 
periodically or non-periodically parallel interval arranged. 
0035. The stack layers of the light emitting diodes 100 
(FIG. 1A) and 100b (FIG. 1B) can be formed by several 
different fabrication processes. For example, a deposition 
process, a laser process, lithography and etching processes 
are adapted to form each of the aforementioned deposition 
layers. However, for the embodiment of the light polarizing 
layer 116 with nano-metal grating structures, a metal layer 
can be first deposited, and nano-imprint lithography and etch 
ing processes can be subsequently implemented. 
0036. The materials of the light emitting device include a 
III-V group semiconductor material, an organic material, a 
polymer material, or any combinations of the aforementioned 
materials. The III-V group semiconductor material includes a 
nitrided base material, or an eptiaxial GaAs or InP base grown 
material. The nitrided base material includes a non-polar 
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material or a semi-polar material. In another embodiment, the 
light emitting device further includes a Surface layer plane 
which most of the emitted light with an included angle is 
equal to or less than 30 degrees to the normal lint of the 
Surface layerplane. The normal line is perpendicular to the 
surface layer plane (indicated as angles between 90-60 
degrees in FIG. 1E). 
0037 FIG. 1C and FIG. 1D are cross section views sche 
matically illustrating a first embodiment of the light emitting 
device according to the invention. As shown in FIG. 1C and 
FIG. 1D, the light emitting layer is departed from the reflec 
tive layer 102 short enough Such as a quarter or other integral 
times of the wavelength of the light emitting layer 108 with 
15% tolerances such that the lobes of the radiation patterns of 
the light emission from the light emitting layer can be pref 
erably determined. The lights which is emitted from the light 
emitting layer 108 towards the surface layer plane 122 has a 
preferable emission angle, thus further collimating light emit 
ted form the light emitting layer 108. Besides, since the dis 
tance between the light emitting layer 108 and the reflective 
layer 102 is short enough, emitted light patterns and angles of 
the escape cones can thus be controlled Such that the light 
emitting device can provide lights with a preferable colli 
mated light distribution instead of a lambertian light distribu 
tion. The lambertian light distribution of the conventional 
LED is shown in FIG. 2. FIG. 1C and FIG. 1D are local cross 
sections of the light emitting device 100 (FIG. 1A) or the light 
emitting device 100b (FIG. 1B). In FIGS. 1C and 1D, the 
polarized layer 116 is depicted as a continuous deposition 
layer for simplicity. As shown in FIGS. 1C and 1D, the dis 
tance between the light emitting layer 108 and the reflective 
layer 102, i.e., the thickness of the first carrier conductive 
layer 106 (p-type carrier conductive layer) and the conductive 
layer 104 is depicted as thickness D1. The distance between 
the light polarizing layer 116 and the light emitting layer 108, 
i.e., the thickness of the second carrier conductive layer 110 
and the light emitting layer 108 is depicted as thickness D2. 
The distance between the polarized layer 116 and the reflec 
tive layer 102, i.e., the thickness of the second carrier con 
ductive layer 110 (n-type carrier conductive layer), the light 
emitting layer 108, the first carrier conductive layer 106, and 
the conductive layer 104 is depicted as total thickness D. 
0038. In one embodiment, the thickness D2 (micrometers) 
of the second carrier conductive layer 110 (such as n-type 
carrier conductive layer) and the light emitting layer 108 can 
be greater than or equal to 0.164 times of the mean value of 
refractive indices of the light polarizing layer 116, the second 
carrier conductive layer 110 and the light emitting layer 108 
in FIG. 1A or FIG. 1B (i.e., 0.164xnum, where n is the 
mean value of refractive indices of the light polarizing layer, 
the second carrier conductive layer and the light emitting 
layer). However, the total thickness D from the second carrier 
conductive layer 110 to the conductive layer 104 can be less 
than or equal to 0.82 times of the mean value of refractive 
indices of the light polarizing layer 116, the second carrier 
conductive layer 110, the light emitting layer 108, the first 
carrier conductive layer 106, and the conductive layer 104 in 
FIG. 1A or FIG. 1B (i.e., 0.82xnum, where n is the mean 
value of refractive indices of the light polarizing layer, the 
second carrier conductive layer, the light emitting layer, the 
first carrier conductive layer, and the conductive layer). In a 
specific embodiment, for example a gallium nitride based 
light emitting diode with an emission wavelength of 475 nm, 
the value of n can be about 2.45, and D2 can be equal to or 
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less than 0.4 um. In the same embodiment, the value of n can 
be about 2.45, and D can be equal to or less than 2 Jum. 
0039. Furthermore as shown in FIG. 1C and FIG. 1D, 
when the light emitting layer 108 emits lights, the emitted 
light is towards the Surface layer plane (the light polarizing 
layer 116), such as indicated as arrows A and B in FIG. 1D, 
and towards the reflective layer 102, such as indicated as 
arrow C in FIG. 1D. Since the polarized layer 116 in FIG. 1A 
or polarized layer 116 in FIG. 1b of the first embodiment of 
light emitting device of the invention are designed Such that 
part of the emitted light is directly transmitted trough Such as 
B, part of the emitted light is refracted such as A, and the light 
emitted from the light emitting layer 108 is polarized. The 
light refracted by the light polarizing layer 116 passes 
through the first carrier conductive layer 106 and the conduc 
tive layer 104 to the reflective layer 102, and then reflects by 
the reflective layer 102 and passes through the conductive 
layer 104, the first carrier conductive layer 106, the light 
emitting layer 108, the second carrier conductive layer 110 to 
the light polarizing layer 116 (as indicated in arrows 1-5 in 
FIG. 1D). The emission lights are cycling forwards and back 
wards between the light polarizing layer 116 and the reflec 
tive layer 102 until the directions of the emitted lights almost 
is toward a specific direction (i.e., falling within the cone 0 of 
FIG. 1C), thereby passing through the light polarizing layer 
116. On the contrary, the emitted lights towards the reflective 
layer 102, such as arrow C in FIGS. 1C and 1D, can be 
transmitted in the same manner until passing through the light 
polarizing layer 116. 
0040. In FIGS. 1C and 1D, since the emitted lights from 
the light emitting layer 108 has preferable collimated effects, 
an included angle 0 (a light emission angle) between the light 
vector 120 of the surface layer plane on the light emitting 
device and the normal line 118 perpendicular to the surface 
layer plane is mostly equal to or less than a maximum emitted 
light angle 0 (where 0.s30 degrees relative to the GaN based 
LED 100 or 100b). The normal line is perpendicular to the 
Surface layer plane. 
004.1 FIG. 1E and FIG. 1F respectively shows simulated 
diagrams of luminance and P/S ratio of the light emitting 
device 100 (FIG. 1A) or 100b (FIG. 1B) according to one 
embodiment (FIG.1D) of the invention. As shown in FIG. 1E 
and FIG. 1F, in the radiation pattern diagram of the lights 
emitted from the light emitting device 100 or 100b of this 
embodiment, the emitted angles are converged within +30 
degrees. In FIGS. 1E and 1F, it is observed that when the light 
wavelength of the light emitting device 100 or 100b is about 
460 nm, the P/S ratio can reach at least 75. 
0042. Since the emitted light from the light emitting layer 
108 in the aforementioned embodiment is preferably colli 
mated, an included angle 0 (a emitted light angle) between the 
light vector 120 of the light emitting device and the normal 
line 118 perpendicular to the surface layer plane is mostly 
equal to or less than a maximum emitted lightangle 0 (where 
0-30 degrees relative to the GaN based LED 100 or 100b), 
where the normal line is perpendicular to the light emission 
plane. 
0043. The 0 value corresponding to FIGS. 1C, 1D and 1E 
can be between 10 degrees and 30 degrees, which is depen 
dent from design parameters. 
0044 According to a second embodiment of the invention, 
the light emitting device further includes a first carrier con 
ductive layer 106 interposed between the light emitting layer 
108 and the reflective layer 102, and a second carrier conduc 
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tive layer 110 interposed between the surface layer and the 
light emitting layer 108. A light transformation layer is inter 
posed between the first carrier conductive layer 106 and 
reflective layer 102 (indicated as 105 in FIGS. 2A and 2B) or 
interposed between the second carrier conductive layer 110 
and the surface layer (indicated as 109 in FIGS. 3A and 3B). 
The light transformation layer can be made of a transparent 
conductive material or a carrier conductive material. In one 
embodiment, the total thickness of the second carrier conduc 
tive layer and the light emitting layer is equal to or greater 
than 0.164 times of the mean value of refractive indices of the 
polarized layer 116, the second carrier conductive layer, and 
the light emitting layer. In another embodiment, the total 
thickness from the second carrier conductive layer to the 
conductive layer is equal to or greater than 0.82 times or 2 
times of the mean value of refractive indices of the polarized 
layer, the second carrier conductive layer, the light emitting 
layer, the first carrier conductive layer, and the transparent 
conductive layer. 
0045. In the aforementioned second embodiment, the 
optical thickness between the light emitting layer and the 
reflective layer is about m times of a quarter of the wave 
length, wherein m is a positive integer and is satisfied 
1sms40. 
0046. In addition, in one embodiment, the aforementioned 
conductive layer 104 can be optionally adapted or omitted 
according to whether a preferable conductivity is existed 
between the first carrier conductive layer 106 and the reflec 
tive layer. 
0047. In another embodiment, the light transformation 
layer can be an interface layer with a plurality of structures, 
wherein the dielectric function of the interface is a spatial 
function of pattern distributions as shown in FIGS. 2C, 2D, 
3C, and 3D. The plurality of structures includes an opening 
124, a pillar, a pore 126, a stripe grating 128, or any combi 
nations thereof. Further, the pattern distributions include a 
periodic repeating pattern, a non-periodic pattern, or any 
combinations thereof. Moreover, the periodic pattern 
includes a honeycomb, a non-equilateral parallelogram, an 
equilateral parallelogram, an annular, a 1D grating, a quasi 
photonic crystal, or any combinations thereof. 
0048. In implementation, the surface layer can be a light 
polarizing layer 116, a Surface layer with micro-structures, a 
near planar Surface layer, or any combinations of the above 
mentioned material layers. Moreover, the optical path (thick 
ness) between the surface layer and the reflective layer is 
equal to or less than 5 times or 20 times of the wavelength, 
wherein the emitted light leaves the surface layer plane. Most 
of the light emitted from the light emitting device is concen 
trated on directions perpendicular to the Surface layer plane. 
Alternatively, most of the light is emitted from the light emit 
ting device are concentrated on two lateral directions perpen 
dicular to the Surface layer plane. 
0049 According to the structural embodiment of the light 
emitting device 100 or LED 100b, the first and the second 
carrier conductive layers 106 and 110 can correspond to a 
p-type and an n-type carrier conductive layers, but Switching 
thereof can also be applicable. The bottom conductive elec 
trode 114 can be not necessarily made up of Cu. 
0050. As shown in FIGS. 2A and 3A, a light emitting 
device structure 100 or 100b is provided which includes a 
stacked structure of multiple deposition layers. The stacked 
structure can include a reflective layer 102, a conductive layer 
104, a first carrier conductive layer 106, a light emitting layer 
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108, a second carrier conductive layer 110, and a light polar 
izing layer 116. Compared with the aforementioned embodi 
ments, several openings are formed on the Surface of the 
conductive layer 104 in this embodiment. The dielectric func 
tion of the surface of the conductive layer 104 varies with the 
composed patterns of the openings which are disclosed in 
detail in the following description. Accordingly, in the second 
embodiment, similar elements are depicted as the same ref 
erences. Fabrication methods and materials can also refer to 
the aforementioned embodiments, and for simplicity detail 
description is omitted. 
0051. In the light emitting device of the second embodi 
ment, the light transformation is made of a transparent con 
ductive material or a carrier conductive material. 
0052. In FIGS. 2A and 3A, the light emitting layer 108 is 
disposed away from the reflective layer 102 with a quarter of 
the emission wavelength or man integral times of a quarter of 
the emission wavelength. A tolerance of +15% is acceptable. 
The optical thickness of the second carrier conductive layer 
110, the light emitting layer 108, the first carrier conductive 
layer 106 and the conductive layer 104 (the light polarizing 
layer may also be included) is equal to or less than 20 times of 
the emission wavelength of the light emitting layer 108. As 
shown in FIGS. 1A and 1B of the first embodiment, the light 
emitting layer 108 is disposed away from the reflective layer 
with a short enough distance; therefore, emitted lights from 
the light emitting layer 108 is collimated. 
0053 Referring to FIG. 3A, in one embodiment, the light 
polarizing layer 116 can be metal layers with multiple parallel 
stripe intervals therebetween and the metal layers are periodi 
cally or non-periodically arranged on the Surface of the sec 
ond carrier conductive layer 110. In the second embodiment, 
the thickness and arrangement period of the metal layers of 
the polarized layer 116 are similar to those of the first embodi 
ment. In addition, in the first embodiment, such as a GaN 
based LED, the thickness of the first carrier conductive layer 
106 and the conductive layer 104 is preferably equal to or less 
than 0.3 um. The depth of the openings on the surface of the 
conductive layer 104, such as pores 126 or trenches 128 can 
be about 0.2 Lum. Moreover, the surface of the openings can be 
as close to the light emitting layer 108 as possible, as indi 
cated h in FIGS. 2A and 3A, to enhance collimation effects. 
0054 FIG. 2B and FIG. 3B are cross section views of the 
light emitting device 100 (FIG. 1A) or the light emitting 
device 100b (FIG. 1B). As shown in FIG. 2B, the distance 
between the light emitting layer 108 and the reflective layer 
102, i.e., the thickness of the first carrier conductive layer 106 
and the conductive layer 104 is depicted as thickness D1. The 
distance between the light polarizing layer 116 and the light 
emitting layer 108, i.e., the thickness of the second carrier 
conductive layer 110 and the light emitting layer 108 is 
depicted as thickness D2. The distance between the light 
polarizing layer 116 and the reflective layer 102, i.e., the 
thickness of the second carrier conductive layer 110, the light 
emitting layer 108, the first carrier conductive layer 106, and 
the conductive layer 104 is depicted as total thickness D. 
0055. In one embodiment, the thickness D2 (micrometers) 
of the second carrier conductive layer 110 and the light emit 
ting layer 108 can be greater than or equal to 0.164 times of 
the mean value of refractive indices of the light polarizing 
layer 116 (FIG. 1a) or 116b (FIG. 1B), the second carrier 
conductive layer 110 and the light emitting layer 108 in FIG. 
1A or FIG. 1B (i.e., 0.164xnum, where n is the mean value 
of refractive indices of the light polarizing layer, the carrier 
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conductive layer and the light emitting layer). However, the 
total thickness D from the second carrier conductive layer 110 
to the conductive layer 104 can be less than or equal to 0.82 
times of the mean value of refractive indices of the polarized 
layer 116 (FIG. 1a) or 116b (FIG. 1B), the second carrier 
conductive layer 110, the light emitting layer 108, the first 
carrier conductive layer 106, and the conductive layer 104 in 
FIG. 1A or FIG. 1B (i.e., 0.82xnum, where n is the mean 
value of refractive indices of the light polarizing layer, the 
carrier conductive layer, the light emitting layer, the carrier 
conductive layer, and the conductive layer). In a specific 
embodiment, for example a gallium nitride based light emit 
ting diode with an emitted wavelength of 475 nm, the value of 
n can be about 2.45, and D2 can be equal to or less than 0.4 
um. In the same embodiment, the value of n can be about 
2.45, and D can be equal to or less than 4.5um. 
0056 Further as shown in FIG. 2B and FIG. 3B, when the 
light emitting layer 108 emits lights, the emitted light 
isowards the Surface layer plane, indicated as arrows A and B 
in FIGS. 1C and 1D, and towards the reflective layer 102. 
Since the surface layer plane of the light emitting device is 
designed with a light polarizing layer in the second embodi 
ment of the invention such that part of the emitted light is 
directly transmitted through Such as arrow A, part of the 
emitted light is refracted such as arrow B, and the light emit 
ted from the light emitting layer 108 is polarized. The light 
refracted by the light polarizing layer 116 passes through the 
first carrier conductive layer 106 and the conductive layer 104 
to the reflective layer 102, and then reflects by the reflective 
layer 102 and passes through the conductive layer 104, the 
first carrier conductive layer 106, the light emitting layer 108, 
the second carrier conductive layer 110 to the light polarizing 
layer 116 (as indicated in arrows 1-3 in FIGS. 2B and 3B). 
The emitted lights are cycling forwards and backwards 
between the light polarizing layer 116 and the reflective layer 
102 until the directions of the emitted light is are toward a 
specific direction thereby passing through the polarized layer 
116. 

0057 The patterns of the opening on the surface of the 
conductive layer 104 are composed of a photonic lattice 
which can enhance collimation of the emitted lights from the 
light emitting layer 108 and can further transform the cycling 
lights forwards and backwards between the polarized layer 
116 and the reflective layer 102 into a polarized state. For 
example, referring to FIG. 3B, the reflected lights from the 
polarized layer 116 pass through the surface of the photonic 
lattice and transformed into a polarized State which can 
directly pass through the polarized layer 116. The openings of 
the photonic lattice formed on the surface of the conductive 
layer 104 not only can enhance light collimation effects, but 
also the emitted polarized light efficiency. 
0058 Referring to FIGS. 2B and 3B, since the emitted 
lights from the light emitting layer 108 is preferably colli 
mated, an included angle 0 (a light emission angle) between 
the light vector 120 of the light emitting device and the normal 
line 118 perpendicular to the light emission plane is mostly 
equal to or less than 15 degrees (as indicated between 90-75 
degrees in FIG. 2E). The normal line 118 is perpendicular to 
the Surface layer plane. 
0059 FIGS. 2C, 3C, 2D and 3D are schematic diagrams 
illustrating openings 124 on the Surface of the conductive 
layer 104 in the light emitting device according to the second 
embodiment of the invention. As shown in FIG. 3C, the open 
ings 124 can be pores 126 entirely or locally formed on the 
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surface of the conductive layer 104. The pores 126 can be 
arranged with a specific interval therebetween or can be ran 
domly arranged. Furthermore, the pores 126 can also be 
arranged in Sub-pattern forms with several pores aggregated 
together and each sub-pattern are spaced with a specific inter 
Val therebetween. For example, the opening pattern com 
posed of the pores 126 can be periodic or non-periodic. 
0060. The periodic pattern includes a honeycomb, a non 
equilateral parallelogram, an equilateral parallelogram, an 
annular, a ID grating, a quasiphotonic crystal, or any combi 
nations thereof. 
0061 Referring to FIG. 3D, the openings 124 on the sur 
face of the conductive layer 104 can alternatively be grooves 
128 which can be periodically or non-periodically arranged. 
By doing so, lights passed through the Surface of the conduc 
tive layer are transformed into the polarized state. In one 
embodiment, the openings 124 on the Surface of the conduc 
tive layer 104 can be formed before formation of the first 
carrier conductive layer 106. For example, the openings 124 
can be formed by a nano-imprint lithography and etching 
processes to create pores 126 or grooves 128. In addition, the 
depth of the pores 126 or grooves 128 can reach with the 
conductive layer 104, or on the interface between the conduc 
tive layer 104 and reflective layer 102, or even extending into 
the reflective layer 102. 
0062 FIGS. 2E-2F respectively show simulated diagrams 
ofluminance and P/S ratio of the light emitting device accord 
ing to the second embodiment of the invention. Since the 
emission lights from the light emitting layer 108 of the second 
embodiment has preferable collimated effects, an included 
angle 0 (a light emission angle) between the light vector 120 
oflight emitting device and the normal line 118 perpendicular 
to the Surface layer plane is mostly equal to or less than 15 
degrees (as indicated between 90-75 degrees in FIG. 2E). 
0063. According to the first and the second embodiments 
of the light emitting devices, the collimated and polymerized 
elements are fabricated in a conventional LED structure 100 
as shown in FIG. 1A. Alternatively, the collimated and poly 
merized elements can also be fabricated in a thinned LED 
Structure 100b in FIG. 1B. The first and the Second carrier 
conductive layers 106 and 110 can correspond to a p-type and 
an n-type carrier conductive layers, but Switching thereof can 
also be applicable. The bottom conductive electrode 114 can 
be not necessarily made up of Cu. 
0064. In Summary, according to the light emitting devices 
of embodiments of the invention, the light emitting layer 
emits lights with specific wavelengths. The lights with spe 
cific wavelengths have a peak wavelength w and abandwidth 
AW. The light emitting layer can be disposed away from the 
reflective layer with a quarter of the emitted wavelength or m 
an integral times of a quarter of the emitted wavelength. A 
light polarizing layer can be disposed on the light emission 
plane of the light emitting device Such that the light emitting 
device can emit both collimated and polarized light. More 
over, a photonic lattice of opening patterns can be optionally 
formed on an interface between any two adjacent deposition 
layers such as between the carrier conductive layer and the 
conductive layer. The photonic lattice of opening patterns can 
transform polarity of lights inside the light emitting devices 
and can further enhance collimation effects and P/S ratio of 
the emitted light from the light emitting devices. 
0065. While the invention has been described by way of 
example and in terms of the preferred embodiments, it is to be 
understood that the invention is not limited to the disclosed 
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embodiments. To the contrary, it is intended to cover various 
modifications and similar arrangements (as would be appar 
ent to those skilled in the art). Therefore, the scope of the 
appended claims should be accorded to the broadest interpre 
tation so as to encompass all Such modifications and similar 
arrangements. 
What is claimed is: 
1. A light emitting device, at least comprising: 
a surface layer, 
a light emitting layer which the emitted light has a wave 

length; and 
a reflective layer, 
wherein the light emitting layer is disposed between the 

reflective layer and the Surface layer, and an optical 
thickness between the light emitting layer and the reflec 
tive layer is about a value of integer times of a quarter of 
the wavelength. 

2. The light emitting device as claimed in claim 1, wherein 
the optical thickness between the light emitting layer and the 
reflective layer is about a value between integerm-1 and m+1 
times of a quarter of the wavelength. 

3. The light emitting device as claimed in claim 1, wherein 
the optical thickness between the light emitting layer and the 
reflective layer is about a value of m times of a quarter of the 
wavelength, where m is a positive integer, and is satisfied 
1sms 12. 

4. The light emitting device as claimed in claim 1, wherein 
the Surface layer is a light polarizing layer. 

5. The light emitting device as claimed in claim 1, wherein 
the structure of the light emitting layer is a quantum well 
structure or a quantum dot structure. 

6. The light emitting device as claimed in claim 1, wherein 
the material of the light emitting layer is a fluorescent inor 
ganic material, a phosphorescent inorganic material, a fluo 
rescent organic material, or a phosphorescent organic mate 
rial. 

7. The light emitting device as claimed in claim 1, wherein 
the reflective layer at least comprises a metallic layer. 

8. The light emitting device as claimed in claim 4, wherein 
the light polarizing layer is a metal layer, a periodic parallel 
stripe interval arranged metal layer, a plurality of dielectric 
stack of light polarizing thin films or an organic light polar 
izing layer. 

9. The light emitting device as claimed in claim 1, wherein 
a material of the light emitting layer comprises a III-V group 
semiconductor material. 

10. The light emitting device as claimed in claim 9. 
wherein the III-V group semiconductor material is a nitrided 
base material, an eptiaxial GaAs or InP base grown material. 

11. The light emitting device as claimed in claim 1, 
wherein the optical thickness between the surface layer and 
the reflective layer is about equal to or less than 20 times of the 
wavelength, but greater than or equal to a half of the wave 
length. 

12. The light emitting device as claimed in claim 1, further 
comprising a conductive layer interposed between the light 
emitting layer and the reflective layer. 

13. The light emitting device as claimed in claim 1, further 
at least comprising: 

a light transformation layer, wherein the light transforma 
tion layer is adjacent to the light emitting layer. 

14. The light emitting device as claimed in claim 13, 
wherein the light transformation layer is an interface layer 
with a plurality of structures, the structures is distributed on 
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an interface of the transformation in patterned forms, and a 
dielectric function of the interface is a spatial function of 
pattern variations such that the emitted light of the light 
emitting device is collimated. 

15. The light emitting device as claimed in claim 1, 
wherein the optical thickness between the light emitting layer 
and the reflective layer is about a value of m times of a quarter 
of the wavelength, where m is a positive integer, and is satis 
fied 1sms40. 

16. The light emitting device as claimed in claim 13, 
wherein the light transformation layer is interposed between 
the light emitting layer and the reflective layer. 

17. The light emitting device as claimed in claim 13, 
wherein the transformation layer is interposed between the 
light emitting layer and the Surface layer. 

18. The light emitting device as claimed in claim 13, 
wherein the optical thickness between the surface layer and 
the reflective layer is about equal to or less than 20 times of the 
wavelength. 
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19. The light emitting device as claimed in claim 14, 
wherein the plurality of structures at least comprise an open 
ing, a pillar, a pore, or a stripe grating. 

20. The light emitting device as claimed in claim 14, 
wherein the plurality of structures have a periodic or a non 
periodic pattern. 

21. The light emitting device as claimed in claim 20, 
wherein the periodic pattern is a honeycomb, a non-equilat 
eral parallelogram, an equilateral parallelogram, an annular, a 
ID grating or a quasi photonic crystal. 

22. The light emitting device as claimed in claim 13, 
wherein a material of the light transformation layer at least 
comprises a transparent conductive material or a carrier con 
ductive layer. 


