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(57) ABSTRACT 

A light emitting device includes an active layer, having a 
multiple quantum Well structure, sandwiched betWeen an 
n-type semiconductor layer and a p-type semiconductor 
layer. The active layer includes ?rst and second Well layers 
made of a nitride compound semiconductor containing In, 
Where the second Well layer emits light having a main peak 
Wavelength Which is longer than that of the ?rst Well layer. 
The active layer also includes an intervening barrier layer 
disposed betWeen the ?rst and second Well layers, and ?rst 

21, 1999_ and second barrier layers. The ?rst Well layer isg sand 
Wiched betWeen the ?rst barrier layer and the intervening 

(30) Foreign Application Priority Data barrier layer, and the second Well layer is sandwiched 
betWeen the second barrier layer and the intervening barrier 

Sep. 21, 1998 (JP) ..................................... .. P 10-267028 layer. A thickness of said ?rst barrier layer is different than 
May 7, 1999 (JP) ..................................... .. P 11-127178 a thickness of said second barrier layer. 
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LIGHT EMITTING DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a divisional of and claims priority to US. 
patent application Ser. No. 09/400,432, ?led Sep. 21, 1999, 
the contents of Which are incorporated herein by reference. 
Also, a claim of priority is made to Japanese patent appli 
cation No. 10-267028, ?led Sep. 21, 1998, and to Japanese 
patent application No. 11-127178, ?led May 7, 1999. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates to a light emitting device 
made of nitride compound semiconductor of III-V group (in 
general, expressed in a formula of InXAlYGa1_X_YN, 
Wherein 0<X, 0§Y, X+Y§ 1). And especially it relates to a 
light emitting device including an active layer depositing at 
least tWo kind of Well layers emitting different colors of light 
and mixing colors thereby emitting light of another color 
such as White With a desired color rendering property. 

[0004] 2. Description of Related Art 

[0005] Since light emitting devices Which emit light of 
red, green, and blue color (so-called RGB) With quite strong 
intensity have been developed so far, RGB light emitting 
devices of high luminous intensity type are noW manufac 
tured and available. It is noted that the color of light emitted 
by the nitride compound semiconductor device can be varied 
from ultraviolet region through red region, by adjusting the 
composition ratio thereof. 

[0006] MeanWhile, because of excellent characteristics of 
the light emitting devices such as high luminous intensity, 
doWnsiZing, and high credibility, applications thereof have 
been rapidly expanding in the technical ?elds, for example, 
for light sources for indicators mounted on automobiles, 
light sources for backlights of liquid crystal displays, and 
other luminaires. 

[0007] In those applications, especially since White light 
emitting devices are easiest and most comfortable to human 
eyes, such White light emitting devices are highly desired. 
There are basically tWo approaches to obtain such White 
light. Three of RGB or tWo of blue and yelloW (that is 
complementary color of blue) color light emitting diode 
chips are mounted on a same stem to mix them to produce 
the White light. Alternatively ?uorescer emitting ?uorescent 
yelloW light When absorbing blue light are applied on the 
blue color emitting diode chips to produce White light. 

[0008] HoWever those approaches to achieve White light 
have some problems. When mounting a plurality of light 
emitting diode chips on the same stem to produce White 
light, those chips have to be disposed as closely as possible 
each other in order to improve a color mixing property. (The 
color mixing property is referred herein denote the extent to 
Which the light from the device can be evenly seen as single 
White light.) But the ?nite siZes of the chips limit the 
improvement. Further When utiliZing chips of different semi 
conductor based materials, they have different forWard volt 
ages and distinct characteristics dependent upon the tem 
perature. 
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[0009] Also When utiliZing ?uorescer to produce the White 
light, a step for applying ?uorescer on the chip is required, 
Which is a complicated step. Further When combining the 
blue light emitting chip and ?uorescer emitting ?uorescent 
yelloW light by absorbing the blue light to obtain White light, 
the luminous ef?ciency is theoretically reduced, in compari 
son With the combination of a plurality of different color 
chips. 
[0010] Therefore those conventional approaches are not 
yet satisfactory to replace the current light sources With the 
semiconductor light emitting devices, and it is desired to 
provide the light emitting devices With higher luminous 
ef?ciency and higher luminous intensity that are capable of 
emitting White light. This invention is directed to providing 
such a light emitting device Which can emit White light by 
itself. 

SUMMARY OF THE INVENTION 

[0011] The ?rst object of the present invention is to 
provide a light emitting device including at least tWo Well 
layers made of nitride compound semiconductor emitting 
different color light due to different In composition ratios to 
so that White light can be obtained by mixing the different 
color light. 

[0012] The second object of the present invention is to 
provide a light emitting device including at least one of ?rst 
and second Well layers Where the second Well layer has 
rougher surface than that of the ?rst Well layer to improve a 
luminous efficiency. 

[0013] The third object of the present invention is to 
provide a light emitting device further including a ?rst 
barrier layer containing Al and second barrier layer substan 
tially not containing Al, Which are formed on each Well layer 
to reduce the forWard voltage thereby improve the luminous 
ef?ciency. 

[0014] The light emitting device according to an aspect of 
the present invention, comprises an active layer of a multiple 
quantum Well structure, sandWiched betWeen an n-type 
semiconductor layer and a p-type semiconductor layer; the 
active layer including, at least one of ?rst Well layers made 
of nitride compound semiconductor containing In, and at 
least one of second Well layers made of nitride compound 
semiconductor containing In, the second Well layer emitting 
light having a main peak Wavelength longer than that of the 
?rst Well layer. 

[0015] When the main peak Wavelength of the ?rst and 
second Well layers are selected such that they are comple 
mentary colors each other, and thus a White color light can 
be obtained by mixing the tWo color lights. 

[0016] The light emitting device according to another 
aspect of the present invention, is characteriZed in that the 
second Well layer is disposed betWeen the ?rst Well layer and 
the p-type semiconductor layer. 

[0017] In general, it is very dif?cult to groW the nitride 
compound semiconductor containing In. As the In compo 
sition ratio Within the Well layer is higher, the light emitted 
by the Well layer has a longer Wavelength and its crystal 
linity is Worse so that the luminous ef?ciency is also 
reduced. This property is remarkable When the In compo 
sition ratio is not less than 0.05. In fact, the diffusion length 
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of the hole is very short Within the nitride compound 
semiconductor of quantum Well structure. Therefore it is 
preferable to deposit the second Well layer adjacent to the 
p-type semiconductor layer that provide hole because the 
second Well layer has less the luminous ef?ciency due to the 
more In composition ratio and Worse crystallinity. In other 
Words, this is because the hole-electron recombination pos 
sibility near the p-type semiconductor layer is higher than 
that far from the p-type semiconductor layer. Thus the 
luminous efficiency of the device can be improved by 
depositing the second Well layer betWeen the ?rst Well layer 
and the p-type semiconductor layer. 

[0018] The light emitting device according to another 
aspect of the present invention, is characteriZed in that 
groWth numbers of the ?rst and second Well layers are 
adjusted to control the luminous intensity ratio of light 
emitted by the ?rst Well layer over light emitted by the 
second Well layer. Thus a desired color rendering property 
can be obtained. (The color rendering property is referred 
herein as to one of the effects of a light source under Which 

an object can be seen.) 

[0019] So far, most of light sources rather than light 
emitting semiconductor devices have been also developed to 
realiZe many kinds of color rendering property. For instance 
there are many types of ?uorescent lamps illuminating With 
White light of different nuance. Therefore the light emitting 
device according to the present invention is desired to easily 
adjust its color rendering property to replace the conven 
tional light sources. 

[0020] According to the present invention, its color ren 
dering property, in other Words, the ratio of luminous 
intensity emitted by each Well layer is adjusted by control 
ling the ratio of the groWth numbers of the ?rst and second 
Well layers. Rather than this approach, as shoWn in Japanese 
Laid-Open publication 10-22525, the ratio of luminous 
intensity emitted by each Well layer can be adjusted by 
controlling thickness of each Well layer. HoWever it has a 
problem. When its active layer is made of quantum Well 
structure, as the Well layer is thinner, although the luminous 
intensity is stronger to some eXtent, the peak Wavelength 
shifts to shorter side due to the quantum siZe effect. Mean 
While as the Well layer is thicker, although the luminous 
intensity is Weaker to some eXtent, the peak Wavelength 
shifts to longer side. That is to say, it is dif?cult to achieve 
light having the just desired peak Wavelength. 

[0021] The light emitting device according to another 
aspect of the present invention, is characteriZed in that the 
device further comprising a plurality of barrier layers sand 
Wiching said ?rst and second Well layers; Wherein thickness 
of said ?rst and second Well layers are adjusted to control a 
luminous intensity ratio of light emitted by said ?rst Well 
layer over light emitted by said second Well layer thereby 
obtaining the device having a desired color rendering prop 
erty. 

[0022] As mentioned above, its color rendering property 
(nuance of the light source), in other Words, the ratio of 
luminous intensity emitted by each Well layer can be 
adjusted by controlling not only the ratio of the groWth 
numbers but also the thickness of the ?rst and second Well 
layers. 
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[0023] The light emitting device according to another 
aspect of the present invention, is characteriZed in that the 
groWth number of the ?rst Well layer is more than that of the 
second Well layer. 

[0024] Especially When the second Well layer is disposed 
betWeen the ?rst Well layer and the p-type semiconductor 
layer, light emitted by the ?rst Well layer is absorbed in the 
second Well layer so that its luminous intensity of the ?rst 
Well layer is reduced. Therefore the light emitting device 
With desired color rendering property can be easily obtained 
by depositing the ?rst Well layers more times than the second 
Well layer. 

[0025] The light emitting device according to another 
aspect of the present invention, is characteriZed in that a 
light spectrum emitted by the ?rst Well layer has a half-Width 
narroWer than that emitted by the second Well layer. 

[0026] When the device includes the ?rst Well layer emit 
ting light having main Wavelength in the blue region and the 
second Well layer emitting light having main Wavelength in 
the yelloW region, the mixed light doesn’t often shoW a good 
color rendering property because it includes no or little light 
in the green and red region. Therefore it is preferable that the 
beam spectrum emitted by the second Well layer is broader 
than that of the ?rst Well layer. Thus the general color 
rendering indeX Ra of light emitted by the device can be 
improved Without reducing the luminous ef?ciency, that is, 
the light emitting device With high luminous intensity and 
high color rendering property can be obtained. It Would be 
understood by the persons skilled in the art that the half 
Width of the light spectrum can be controlled, for instance, 
by adjusting the crystallinity of the Well layers or adding 
impurity therein. 

[0027] The light emitting device according to another 
aspect of the present invention, is characteriZed in that the 
groWth number of the ?rst Well layer falls Within the range 
of 2 through 10, and the groWth number of the second Well 
layer falls Within the range of 1 through 3. 

[0028] The light emitting device according to another 
aspect of the present invention, is characteriZed in that the 
main peak Wavelength of the ?rst Well layer falls Within the 
range of 450 through 500 nm, and the main peak Wavelength 
of the second Well layer falls Within the range of 5 60 through 
670 nm. 

[0029] The light emitting device according to another 
aspect of the present invention, is characteriZed in that each 
of groWth surfaces of said ?rst Well layers is rougher than 
that of each of said second Well layer. 

[0030] In general, it has been understood that Where the 
light emitting device has the Well layer of the multiple 
quantum Well structure, Which has smoother groWth surfaces 
(?atter composition face With barrier layer) and better crys 
tallinity, then its luminous efficiency is improved. HoWever 
the inventor of the present invention found that it is not 
alWays true, especially in case Where there may be a certain 
interactive effect betWeen the ?rst and second Well layers 
adjoining over the barrier layer. Thus the present inventor 
has ?rstly recogniZed that in the case of that the degree of 
asperity of the second Well layer emitting the longer Wave 
length light is greater than that of the ?rst Well layer emitting 
the shorter Wavelength light, the shorter Wavelength light 
from the ?rst Well layer is less absorbed in the second Well 
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layer. Moreover the inventor has found that under this 
condition, the degree of asperity of the second Well layer can 
be optimiZed as explained beloW to improve the luminous 
ef?ciency of the second Well layer also, thereby improving 
the luminous ef?ciency of the light emitting device in total. 

[0031] NoW an example hoW to compare the degree of the 
asperity of the ?rst and second Well layers is described 
hereinafter. 

[0032] Cutting doWn the light emitting device in the 
direction perpendicular to the layer thickness, the degree of 
asperity of the composition faces betWeen the Well layers 
and barrier layer can be observed and compared in the cross 
section through a scanning electron microscope. The differ 
ence of degree of asperity or roughness of the ?rst and 
second Well layers is often distinguished by observing 
through the microscope. But in the case Where such differ 
ence is not clear, the degrees of asperity may be compared 
by measuring the index R Which Will be described herein 
after. Alternatively in the manufacturing process of the 
device, the degree of asperity may be measured by using a 
GIXR (Grazing Incidence X-Ray Re?ection) method for at 
least one of the upper and loWer surfaces. Where there are 
plural of the ?rst and/or second Well layers, at least one of 
the second Well layer has greater degree of asperity than that 
of at least one of the ?rst Well layer. But preferably all of the 
second Well layers have a greater degree of asperity than that 
of all of the ?rst Well layers. It is noted that even in the case 
Where there are plural of the ?rst and/or second Well layers, 
since the crystallinity and the groWth con?guration of the 
Well layers depends mainly upon the In composition ratio, 
each of the ?rst and second Well layers has the almost same 
degree of asperity. 
[0033] Further forming the second Well layer having 
greater degree of asperity than that of the ?rst Well layer is 
preferable in the vieW point of the crystallinity of the second 
Well layer. That is to say, in the case Where the second Well 
layer has greater degree of asperity than that of the ?rst Well 
layer (including the case Where only the second Well layer 
has asperity), the crystallinity of the second Well layer is 
much Worse than that in the case Where the ?rst Well layer 
has greater degree of asperity than that of the second Well 
layer. In the later case, it is dif?cult to groW the second Well 
layer Which has even thickness in some particular portions 
across the Wafer, and to be Worse, the second Well layer may 
not be groWn in some region at all. On the contrary, Where 
the second Well layer has greater degree of asperity than that 
of the ?rst Well layer, the second Well layer can be groWn 
having comparatively even thickness. Therefore it is under 
stood that the characteristics of the light emitting device is 
improved by making the degree of asperity of the second 
Well layer greater than that of the ?rst Well layer. Such groWn 
device, as indicated above, has the ?rst and second Well 
layers both having good crystallinity and even thickness. 
Consequently, the ratio of the luminous intensity emitted by 
the ?rst and second Well layers is kept constant, that leads an 
improvement in minimiZing diversity of the luminous inten 
sity and luminous nuance betWeen each device. 

[0034] As it is clearly understood by the persons skilled in 
the art that such degree of asperity of the ?rst and second 
Well layers can be adjusted by controlling the groWth 
condition such as the groWth speed and the groWth tempera 
ture. The degree of asperity may be controlled by any other 
groWth condition than the above-mentioned. 
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[0035] Where the second Well layer has a greater degree of 
asperity than that of the ?rst Well layer, the luminous 
ef?ciency is improved. It is not clear for the exact relation 
hoW each degree of asperity of the ?rst and second Well 
layers in?uences the luminous efficiency. But it is under 
stood that such in?uence to the luminous ef?ciency by the 
?rst Well layer emitting shorter Wavelength light is different 
from that by the second Well layer emitting longer Wave 
length light. In other Words, the device characteristics is 
in?uenced by the In composition ratio, the groWth number, 
the groWth order of the ?rst and second Well layers of the 
quantum Well structure in conjunction With the degree of 
asperity of each Well layer. Since the degrees of asperity of 
the ?rst and second Well layers give different in?uence to the 
luminous ef?ciency, the optimum degree of asperity of ?rst 
Well layer is different from that of the second Well layer. 

[0036] In addition, Where the degree of asperity of the 
second Well layer is greater than that of the ?rst Well layer, 
since the luminous intensity emitted by each Well layer is 
kept constant, the light source having desired color render 
ing property is easily obtained. This comes principally from 
the good crystallinity as described above. Further Where the 
second Well layer has some degree of asperity, more light 
emitted by the ?rst Well layer can come through the second 
Well layer, and the ?rst Well layer produces more light 
(stronger luminous intensity). The second Well layer also 
shoWs the similar tendency even to less extent though. As 
explained above, the degree of asperity and the relation 
thereof cooperatively improve the total luminous ef?ciency 
of the device so that the light source having desired color 
rendering property is easily obtained. 

[0037] The light emitting device according to another 
aspect of the present invention, is characteriZed in that each 
of the second Well layers has dished portions having thick 
ness less than a half of an average thickness thereof, and an 
area of the dished portions is not less than 10% thereof. 

[0038] NoW referring to FIG. 6, an example of steps for 
the measuring the ratio of the area of the dished portions 
over the total surface of the Well layer 108, 109. A ?rst step 
is cutting doWn the light emitting device in the direction 
perpendicular to the layer thickness, and observing the cross 
section of the Well layer through a scanning electron micro 
scope or the like. The Well layer includes dished portions D 
having thickness less than a half of an average thickness 
thereof. The total length S of the dished portions D are 
counted over a certain region (length L). Then the degree R 
of the area S of the dished portions over the total surface L 
is calculated by the expression of R=S/L. Thus the degree R 
is de?ned as a ratio of the dished portions occupied in the 
total surface. Although it is suf?cient that the total surface L 
to be measured is about 1 pm, preferably it is more than 
about 10 pm, then the degree R can be measured repeatedly 
correctly. The average thickness of the Well layer across the 
total surface may be measured by measuring the average 
thickness over the certain region L of the Well layer. Further 
since the degree R of the Well layer across the total surface 
is, in general, to be constant Within the device, the R can be 
measured at any cross section. 

[0039] In other Words, the light emitting device according 
to this aspect of the present invention is characteriZed in that 
the second Well layers has the degree R not less than 0.1. 
Where the degree R of the second Well layer is less than 0.1, 
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that is to say, Where the second Well layer has a relatively ?at 
surface, then light emitted by the ?rst Well layer is reduced 
in comparison With light emitted by the second Well layer, 
and the total luminous ef?ciency of the light emitting device 
is also reduced. 

[0040] Where a plurality of the second Well layers are 
deposited, at least one of the second Well layers satisfying 
the above condition R201 leads the improvement of the 
luminous efficiency of the ?rst Well layer, but preferably all 
of the second Well layers satisfy the above condition. 

[0041] Where the degree R of the second Well layer is over 
than 05, the p-type semiconductor layer formed on the 
second Well layer loses the ?atness so that the luminous 
ef?ciency is reduced. Therefore if the degree R of the dished 
portions occupied in the surface of the second Well layer has 
an upper limit of 05, light emitted by the ?rst Well layer 
ef?ciently comes through the device so that the luminous 
characteristics of the light emitting device is maintained 
satisfactory. 

[0042] The light emitting device according to another 
aspect of the present invention, is characteriZed in that the 
second Well layer having the degree of asperity greater than 
that of the ?rst Well layer, or having the degree R not less 
than 0.1 is disposed betWeen the ?rst Well layer and the 
p-type semiconductor layer. 

[0043] As described above, in case of that the second Well 
layer having a higher In composition ratio and relatively 
Worse crystallinity is disposed more adjacent to the p-type 
semiconductor layer (Where the hole-electron recombination 
possibility is higher), advantageously the luminous ef? 
ciency can be improved. 

[0044] Where the ?rst Well layer 108 has the degree of 
asperity greater than that of the second Well layer, the light 
emitted by each device in a Wafer shoWs a great diversity in 
Wavelength. Such great diversity in Wavelength among 
devices makes dif?cult to repeatedly and reliably manufac 
turing the light emitting devices having a desired color 
rendering property. Thus it is preferable also in vieW of this 
point to deposit the second Well layer betWeen the ?rst Well 
layer and the p-type semiconductor layer. 

[0045] The light emitting device according to another 
aspect of the present invention, is characteriZed in that the 
groWth number of said ?rst Well layer is more than that of 
said second Well layer. 

[0046] Especially Where the second Well layer is disposed 
betWeen the ?rst Well layer and the p-type semiconductor 
layer, light emitted by the ?rst Well layer is absorbed in the 
second Well layer so that its luminous intensity of the ?rst 
Well layer is reduced. Therefore the light emitting device 
With desired color rendering property can be easily obtained 
by depositing the ?rst Well layers more times than the second 
Well layer. Also Where the groWth number of the second Well 
layers that has relatively Worse crystallinity is feWer, advan 
tageously the p-type semiconductor layer can be formed 
subsequently on the second Well layer. 

[0047] The light emitting device according to another 
aspect of the present invention, is characteriZed in that the 
active layer further including, a ?rst barrier layer made of 
nitride compound semiconductor containing Al, the second 
barrier layer groWn on each of the ?rst and second Well 
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layers, a second barrier layer made of nitride compound 
semiconductor substantially not containing Al, the second 
barrier layer groWn on said ?rst barrier layer. 

[0048] The active layer further comprises the ?rst and 
second barrier layer so that the light emitting device has the 
forWard voltage Which is dramatically reduced in compari 
son With the conventional one. That is to say, the Vf is 
reduced from 3.5V to 3.0V according to the present inven 
tion. In conjunction With the reduced Vf, the light emitting 
device is also improved in the luminous intensity and the 
luminous efficiency. 

[0049] Further scope of applicability of the present inven 
tion Will become apparent from the detailed description 
given hereinafter. HoWever it should be understood that the 
detailed description and speci?c examples, While indicating 
preferred embodiments of the invention, are given by Way of 
illustration only, since various changes and modi?cations 
Within the sprit and scope of the invention Will become 
apparent to those skilled in the art from this detailed descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0050] The present invention become more fully under 
stood from the detailed description given hereinafter and 
accompanying draWings Which are given by Way of illus 
tration only, and thus are not limitative of the present 
invention and Wherein, 

[0051] FIG. 1 is a schematic sectional vieW of the light 
emitting device according to Example 1 of Embodiment 1. 

[0052] FIG. 2 is a schematic sectional vieW of the light 
emitting device according to Example 2 of Embodiment 1. 

[0053] FIG. 3 is a CIE chromaticity diagram shoWing the 
coordinates of light emitted by the light emitting devices 
according to Example 1 and Example 2. 

[0054] FIG. 4 is a spectrum distribution diagram of light 
emitted by the light emitting device according to Example 1 
of Embodiment 1. 

[0055] FIG. 5 is a spectrum distribution diagram of light 
emitted by the light emitting device according to Example 5 
of Embodiment 1. 

[0056] FIG. 6 is a schematic sectional vieW of the light 
emitting device according to Embodiment 2 of the present 
invention. 

[0057] FIG. 7 is a schematic sectional vieW of the light 
emitting device according to Example 8 of Embodiment 2. 

[0058] FIG. 8 is a schematic sectional vieW of the light 
emitting device according to Example 11 of Embodiment 3. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0059] (Embodiment 1) 
[0060] The light emitting device of Embodiment 1 is 
designed to emit White light by mixing light emitted by at 
least tWo Well layers made of nitride compound semicon 
ductor having different In composition ratio. Especially the 
light emitting device With the desired color rendering prop 
erty and the high luminous ef?ciency can be provided by 
depositing the second Well layer emitting longer Wavelength 
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light between the p-type semiconductor layer and the ?rst 
Well layer emitting shorter Wavelength light. 

[0061] The Well layer made of nitride compound semi 
conductor containing In emits light having shorter Wave 
length approximately proportional to bandgap dependent 
upon the In composition ratio. HoWever as the In compo 
sition ratio is greater, then its crystallinity is deteriorated and 
also its luminous ef?ciency is reduced. Therefore the second 
Well layer has Worse luminous ef?ciency than the ?rst Well 
layer. And in the active layer of the multiple quantum Well 
structure, the Well layer adjacent to the p-type semiconduc 
tor layer has the hole-electron recombination possibility 
greater than that of the Well layer adjacent to the n-type 
semiconductor layer. 

[0062] According to Embodiment 1 of the present inven 
tion, the second Well layer having the greater In composition 
ratio and Worse crystallinity is deposited closer to the p-type 
semiconductor layer than the ?rst Well layer having the less 
In composition ratio and better crystallinity. That is, the 
second Well layer is deposited betWeen the p-type semicon 
ductor layer and the ?rst Well layer. Thus the light emitting 
device having higher luminous intensity and higher lumi 
nous ef?ciency can be formed. 

EXAMPLE 1 

[0063] With reference to FIG. 1, the light emitting device 
of the present invention is explained hereinafter. 

[0064] FIG. 1 is a schematic cross sectional vieW of the 
light emitting device 100 of the present invention. The light 
emitting device 100 comprises a substrate 101 of sapphire, 
a buffer layer 102 of GaN, an undoped GaN layer 103, an 
n-contact or n-cladding layer 104 of GaN doped With Si, a 
super lattice layer 105, an active layer 106 of multiple 
quantum Well structure, a p-cladding layer 110 of AlGaN 
doped With Mg, and a p-contact layer 111 of GaN doped With 
Mg, those layers are subsequently groWn. The active layer 
106 includes barrier layers 107, a ?rst Well layer 108 of 
GaN, and a second Well layer 109 closer to the p-type 
semiconductor layer. The second Well layer 109 has the In 
composition ratio greater than that of the ?rst Well layer 108. 
A p-electrode 113 and an n-electrode contact layer 104, 
respectively to complete the light emitting device 100 
capable of emitting the mixed light. 

[0065] Next a process for producing the light emitting 
device 100 is described hereinafter. 

[0066] The light emitting device 100 is groWn by 
MOCVD method. Firstly a Washed substrate of sapphire 
(C-face) having a diameter of tWo inches is set Within a 
reactor. Then the reactor is vacuated With H2 ?oW until the 
reactor is suf?ciently substituted With H2 gas. And the 
temperature of the substrate is set to 1050° C., the substrate 
101 is cleaned. The substrate 101 may be employed in the 
form of an insulative substrate such as sapphire having its 
principal surface represented by a C-, R- or A-face or spinel 
(MgAl2O4), or semiconductor of SiC (including 6H, 4H or 
3C), Si, ZnO, GaAs, GaN, or the like. 

[0067] Subsequently, the groWth temperature is decreased 
to 510° C. and a buffer layer 102 made of GaN Which has 
thickness of about 150 angstroms is groWn on the substrate 
101 ?oWing H2 as a carrier gas, and NH3 and TMG (trim 

Aug. 14, 2003 

ethylgallium) as material gases into the reactor. The buffer 
layer 102 may be formed With material such as AlN and 
GaAlN besieds GaN. 

[0068] Next, such material gas is held, but the carrier gas 
is kept ?oWn, and the substrate temperature is set to 1050° 
C. After the temperature is stable, again the material gas of 
TMG and NH3 and the carrier gas of H2 are ?oWn into the 
reactor to groW the undoped GaN layer having thickness of 
1.5 pm on the buffer layer 102. 

[0069] While the groWth temperature is kept to 1050° C., 
the material gas of TMG and NH3, the carrier gas of H2, an 
impurity gas of SiH4 are ?oWn into the reactor to groW the 
n-contact layer 104 of GaN doped With Si having the Si 
impurity concentration of 5><1018/cm3 and thickness of 2.25 
pm on the undoped GaN layer 103. 

[0070] And the super lattice layer 105 is preferably groWn 
on the n-contact layer 104 to improve the crystallinity of the 
active layer 106 and to make the active layer 106 emitting 
light evenly from the total surface. Maintaining the groWth 
temperature of 1050° C., an undoped GaN layer (not shoWn) 
having thickness of 75 angstroms and a Si-doped GaN layer 
(not shoWn) having 25 angstroms by controlling the How of 
the impurity gas of SiH4. Such undoped GaN layer and 
Si-doped GaN layer are alternately groWn tWenty-?ve cycles 
to form the super lattice layer 105 having thickness of 2500 
angstroms on the n-contact layer 104. It is noted that the 
Si-doped GaN layers has different Si-impurity concentra 
tions from each other, that means, the super lattice layer 105 
is, so-called, modulation-doped. 
[0071] Next the active layer 106 of multiple quantum Well 
structure Will be described hereinafter. 

[0072] In order to groW the active layer 106 of multiple 
quantum Well structure, the barrier layer 107 of GaN having 
thickness of 250 angstroms and the ?rst Well layer 108 of 
InGaN having thickness of 30 angstroms are alternately 
laminated three cycles. And an another barrier layer 107 of 
GaN having thickness of 250 angstroms and the second Well 
layer 108 of InGaN having thickness of 30 angstroms are 
formed thereon. The ?rst Well layer 108 adjacent to the 
n-cladding layer 105 emits blue light and the second Well 
layer 109 adjacent to the p-cladding layer 110 emits yelloW 
light. And preferably the both of Well layers have outermost 
layers are made of GaN. 

[0073] The groWth steps for the active layer 106 of mul 
tiple quantum Well structure Will be further explained herein. 

[0074] The barrier layer 107 having thickness of 250 
angstroms is groWn on the super lattice layer 105 by 
MOCVD method, With ?oWing H2 as a carrier gas, and NH3 
and TMG as material gases into the reactor at the groWth 
temperature of 1050° C. 

[0075] After the material gas is held and the groWth 
temperature is set to 800° C., the material gas of TMG, TMI 
(trimethylinndium) and NH3, the carrier gas of N2, are ?oWn 
into the reactor to laminate the ?rst Well layer of In0_5GaO_5N 
having thickness of 30 angstroms. 

[0076] Then the groWth temperature is set to 1050° C., the 
material gas of TMG and NH3, the carrier gas of H2, are 
?oWn into the reactor to laminate the barrier layer 107 of 
GaN on the ?rst Well layer 108. The ?rst Well layer 107 and 
the barrier layer 108 are alternately laminated three cycles. 
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[0077] Next the material gas is held and the growth 
temperature is set to 800° C., the material gas of TMG, TMI 
and NH3, the carrier gas of N2, are ?own into the reactor to 
laminate the second Well layer of In0_8GaO_2N having thick 
ness of 30 angstroms. The How rate of TMI is increased in 
the case that the second Well layer 109 is laminated, in 
comparison With the case that the ?rst Well layer 108 is 
laminated. 

[0078] It is noted that the Well layers 108 and 109 may be 
undoped or doped With the acceptor impurity such as Mg 
and Zn, or With the donor impurity such as Si. Further the 
Well layers 108 and 109 may be doped With both of the 
acceptor and donor impurity. 

[0079] After groWing the active layer 106, the p-cladding 
layer 110 having super lattice structure is formed on the 
active layer 106. An AlGaN layer doped With Mg having 
thickness of 40 angstroms and an InGaN layer doped With 
Mg having thickness of 25 angstroms are laminated ?ve 
cycles to form the p-cladding layer 110. The groWth tem 
perature is set to 1050° C., the material gas of TMG, TMA 
(trimethylaluminum) and NH3, the impurity gas of CpZMg 
(cyclopentadienyl magnesium), the carrier gas of H2, are 
?oWn into the reactor to laminate the AlGaN layer having 
thickness of 40 angstroms. After the material gas is held, the 
groWth temperature is set to 850° C., again the material gas 
of TMG, TMI and NH3, the impurity gas of CpZMg, the 
carrier gas of N2, are ?oWn into the reactor to laminate the 
InGaN layer having thickness of 25 angstroms. The AlGaN 
layer and InGaN layer are alternately laminated ?ve cycles 
to form the p-cladding layer 110 of super lattice structure 
having total thickness of 325 angstroms. It is noted that this 
example adapts the super lattice structure for the p-cladding 
layer 110, but a single layered structure may be also utiliZed. 

[0080] Next the groWth temperature is set to 1050° C., the 
material gas of TMG and NH3, the impurity gas of CpZMg, 
the carrier gas of H2, are ?oWn into the reactor to groW the 
p-contact layer 111 having thickness of 0.25 pm on the 
p-cladding layer 110. After groWing the p-contact layer 111, 
the temperature is cooled doWn to the room temperature, 
then the Wafer is annealed at 700° C. Within the N2 atmo 
sphere to make the p-type layers have less resistivity. 

[0081] After annealing, the resultant Wafer is taken out of 
the reactor, a desired mask is formed on the top surface of 
the p-contact layer 111, and the Wafer is etched from a side 
of the p-contact layer 111 to expose surfaces of the n-type 
and p-type semiconductor layer. 

[0082] After being etched, a transparent p-electrode 112 
containing Ni and Au having thickness of 200 angstroms are 
formed by spattering on the approximately complete surface 
of the p-contact layer 111, and a p-electrode pad 113 of Au 
having thickness of 0.5 pm is formed on the p-electrode 112 
capable of being bonded. MeanWhile an n-electrode 114 
containing W and Al is formed on the exposed surface by the 
etching step. Lastly an insulating layer of SiO2 (not shoWn) 
is formed as an overcoat ?lm on the p-electrode 112 to 
protect the surface. Such formed nitride semiconductor 
device are scribed and broken by force into each LED chip 
having area of 350 pm square to complete the light emitting 
device. 

[0083] As explained above, the light emitting device of the 
present invention comprises, in general, an active layer 106 
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of multiple quantum Well structure, the active layer 106 
includes a ?rst and second Well layers 108 and 109, both 
containing In. The second Well layer 109 is formed to emit 
light having the main Wavelength longer than that emitted by 
the ?rst Well layer 108. The active layer 106 of the present 
invention are made of the nitride semiconductor containing 
In, such as InXAlYGa1_X_Y, Wherein 0<X, OéY, X+Y§ 1), 
and more preferably InXGa1_XN, Wherein 0<X<1) This is 
because the active layer of InGaN can be formed With better 
crystallinity in comparison With the InGaAlN layer, even 
Where they have dished portions or asperity on their sur 
faces. The active layer 106 of the light emitting device 100 
further comprises barrier layers 107 of nitride semiconduc 
tor having bandgap greater than that of the ?rst and second 
Well layers 108, 109. And the active layer 106 are formed by 
laminating the ?rst and second Well layers 108, 109 and the 
barrier layer 107 interposed therein. 

[0084] Although not speci?cally limited thereto, the bar 
rier layer is formed of GaN, InGaN, AlGaN, or the like, With 
thickness thicker than the ?rst and second Well layers 108, 
109, that is, for instance, of several hundred angstroms. And 
the ?rst and second Well layers 108, 109 is adjusted, not 
speci?cally limited thereto but preferably, to have thickness 
not greater than 100 angstroms, more preferably not greater 
than 70 angstroms, and most preferably not greater than 50 
angstroms. Where the thickness of the Well layers is thicker 
than 100 angstroms, such thickness is more than a critical 
elastic thickness that often causes minor cracks and crystal 
defects Within the Well layers. 

[0085] The p-type and n-type semiconductor layers are 
used, not speci?cally limited thereto, With material such as 
nitride semiconductor having a p-type and n-type conduc 
tivity. The material composition of the present invention is 
expressed as InXAlYGa1_X_YN, Wherein 0<X, OEY, 
X+Y§ 1, and such material are doped With p-type or n-type 
impurity to have the p-type or n-type conductivity. 

[0086] LED (Light Emitting Diode) lamps (not shoWn) are 
produced by incorporating the resultant light emitting 
device. The leads made of copper containing iron are silver 
coated thereon, and include a mount-lead having a cup 
receiving the LED chip and an inner-lead electrically con 
necting to one of the electrode of the LED chip through an 
Au Wire. The LED chip is die-bonded on the cup of the 
mount-lead With epoxy resign, then tWo Au Wires having 
diameter of 35 pm are ball-bonded on the p-electrode 113 
and the n-electrode 114 at one end, and stich-bonded on each 
lead. Thus both electrodes 113, 114 of the LED chip are 
electrically connected to the mount-lead and the inner-lead. 

[0087] A forWard current of 20 mA is applied to the LED 
lamp (Vf=3.5V), then White light With spectrum Which has 
a coordinate in the CIE chromaticity diagram as (X, 
Y)=(0.333, 0.314) as shoWn in FIG. 3 and its color tem 
perature of 6000K. Light emitted by the ?rst and second Well 
layers are observed to have main Wavelength of about 470 
nm and about 575 nm, respectively. The spectrum distribu 
tion of light emitted by the second Well layer 109 has 
broader half-Width than that by the ?rst Well layer 108, 
Which contributes the lamp in improving the color rendering 
property. It is noted that more than tWo kinds of Well layers 
(the ?rst and second Well layers) that emit different Wave 
length light can be also utiliZed so that the spectrum of the 
LED lamp is much broader to further improve the color 
rendering property. 
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[0088] In order to con?rm the effect of the present inven 
tion, an another light emitting device 100 is formed as the 
same Way of Example 1 except that the second Well layer 
109 is laminated adjacent to the n-cladding layer 105 ?rstly 
and then ?rst Well layer 108 is disposed over the second Well 
layer 109. Such formed LED lamp emits light having 
luminous intensity much less than that of Example 1 and 
bluish White color. This is understood because light emitted 
by the second Well layer 109 is reduced and light emitted by 
the ?rst Well layer 108 is also reduced due to the crystallinity 
deteriorated by the Worse crystallinty of the second Well 
layer 109 that has the higher In composition ratio. 

EXAMPLE 2 

[0089] An another light emitting device 200 of this 
Example 2 is formed as the same Way of Example 1 except 
that an another ?rst Well layer is added, that is, the device 
200 has four ?rst Well layers instead of three. Such formed 
light emitting device 200 emits light having the color 
temperature higher than that of the device of Example 1 and 
bluish White color. Similarly an another light emitting device 
is formed as the same Way of Example 1 except tWo another 
?rst Well layers are added, that is, the device has ?ve ?rst 
Well layers. Such formed light emitting device emits light 
having more bluish White color. FIG. 3 shoWs the coordi 
nates in the CIE chromaticity diagram of light emitted by the 
light emitting device 100 (including three ?rst Well layers 
and one second Well layer) of Example 1, and by the light 
emitting device 200 (including four ?rst Well layers and one 
second Well layer) of Example 2. Thus the ratio of the 
groWth numbers of the ?rst and second Well layers can be 
adjusted to obtain the mixed light having the desired coor 
dinate in the CIE chromaticity diagram and the color tem 
perature. 

EXAMPLE 3 

[0090] An another light emitting device of this Example 3 
is formed as the same Way of Example 1 except that the 
barrier layer 107 sandWiching the ?rst Well layer 108 is 
formed such that they have thickness of approximately 300 
angstroms instead of 250 angstroms. When the forWard 
current is applied to the light emitting device 100, light 
emitted by the ?rst Well layer 108 alone becomes stronger 
While light emitted by the second Well layer 109 has the 
almost same luminous intensity. 

EXAMPLE 4 

[0091] An another light emitting device of this Example 4 
is formed as the same Way of Example 1 except that the 
barrier layer 107 sandWiching the second Well layer 109 is 
formed such that they have thickness of approximately 200 
angstroms instead of 250 angstroms. When the forWard 
current is applied to the light emitting device 100, light 
emitted by the second Well layer 109 becomes Weaker While 
light emitted by the ?rst Well layer 108 alone has the almost 
same luminous intensity. 

[0092] Therefore according to Example 3 and 4, the light 
source can be easily completed With the desired color 
rendering property by adjusting thickness of the barrier 
layers 107 to control the ratio of luminous intensity emitted 
by each Well layers. 

EXAMPLE 5 

[0093] An another light emitting device of this Example 5 
is formed as the same Way of Example 1 except that the 
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second Well layer 109 is formed such that its light spectrum 
has a half-Width Wider than that of the ?rst Well layer 108. 
In the manufacturing process, the second Well layer 109 is 
groWn at the groWth temperature of 810° C. instead of 800° 
C., and with How of TMI (material gas) more than that used 
in Example 1. In general, in case Where the groWth tem 
perature is higher then its main peak Wavelength shifts to 
shorter side, on the contrary, in case Where the How of In 
material gas is increased more then its main peak Wave 
length shifts to longer side. And in both cases, light emitted 
by the second Well layer 109 has broader spectrum, that is, 
the half-Width of the second Well layer 109 is Wider. As 
indicated, if the How of TMI can be decreased to keep the 
main peak Wavelength shifted by the higher groWth tem 
perature (800° C. to 810° C.), light emitted by the second 
Well layer 109 has the Wider half-Width Without changing its 
main Wavelength. FIGS. 4 and 5 shoW the spectrum distri 
bution diagram of light emitted by the second Well layer 109 
according to Example 1 and Example 2, respectively. 

[0094] Therefore the light spectrum can be Widen by the 
higher groWth temperature, as explained above, or by alter 
native Ways such as, having the active layer thicker, adding 
impurity therein, or combining the above-mentioned Ways. 

[0095] (Embodiment 2) 
[0096] According to Embodiment 2, the second Well layer 
109 is formed such that its degree of asperity is greater than 
that of the ?rst Well layer 108, or such that an area of the 
dished portions having thickness less than a half of an 
average thickness thereof is not less than 10%, so that the 
light emitting device having the high luminous ef?ciency 
and desired color rendering property can be obtained. 

[0097] One example method for evaluating the degree of 
asperity Will be discussed hereinafter. 

[0098] As shoWn in FIG. 6, ?rstly the light emitting 
device 100 formed in Embodiment 1 is cut doWn in the 
direction perpendicular to the layer thickness, and the cross 
section of the ?rst and second Well layers 108, 109 are 
observed through a scanning electron microscope or the like. 
The ?rst and second Well layers 108, 109 include dished 
portions D having thickness less than a half of an average 
thickness thereof. The total length S of the dished portions 
D is counted over a certain region (length L). Then the 
degree R of the area S of the dished portions over the total 
surface L is calculated by the expression of R=S/L. Thus the 
degree R is de?ned as a ratio of the dished portions occupied 
in the total surface. Although it is suf?cient that the total 
surface L to be measured is 10 pm, preferably it is more than 
about 10 pm, the degree R can be 

[0099] Then the groWth temperature is set to 1050° C., the 
material gas of TMG and NH3, the carrier gas of H2, are 
?oWn into the reactor to laminate the barrier layer 107 of 
GaN on the ?rst Well layer 108. The ?rst Well layer 107 and 
the barrier layer 108 are alternately laminated three cycles. 

[0100] Next the material gas is held and the groWth 
temperature is set to 800° C., the material gas of TMG, TMI 
and NH3, the carrier gas of N2, are ?oWn into the reactor to 
laminate the second Well layer of In0_8GaO_2N having thick 
ness of 30 angstroms. The How rate of TMI is increased in 
the case that the second Well layer 109 is laminated, in 
comparison With the case that the ?rst Well layer 108 is 
laminated. 
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[0101] It is noted that the Well layers 108 and 109 may be 
undoped or doped With the acceptor impurity such as Mg 
and Zn, or With the donor impurity such as Si. Further the 
Well layers 108 and 109 may be doped With both of the 
acceptor and donor impurity. 

[0102] After growing the active layer 106, the p-cladding 
layer 110 having super lattice structure is formed on the 
active layer 106. An AlGaN layer doped With Mg having 
thickness of 40 angstroms and an InGaN layer doped With 
Mg having thickness of 25 angstroms are laminated ?ve 
cycles to form the p-cladding layer 110. The groWth tem 
perature is set to 1050° C., the material gas of TMG, TMA 
(trimethylaluminum) and NH3, the impurity gas of CpZMg 
(cyclopentadienyl magnesium), the carrier gas of H2, are 
?oWn into the reactor to laminate the AlGaN layer having 
thickness of 40 angstroms. After the material gas is held, the 
groWth temperature is set to 850° C., again the material gas 
of TMG, TMI and NH3, the impurity gas of CpZMg, the 
carrier gas of N2, are ?oWn into the reactor to laminate the 
InGaN layer having thickness of 25 angstroms. The AlGaN 
layer and InGaN layer are alternately laminated ?ve cycles 
to form the p-cladding layer 110 of super lattice structure 
having total thickness of 325 angstroms. It is noted that this 
example adapts the super lattice structure for the p-cladding 
layer 110, but a single layered structure may be also utiliZed. 

[0103] Next the groWth temperature is set to 1050° C., the 
material gas of TMG and NH3, the impurity gas of CpZMg, 
the carrier gas of H2, are ?oWn into the reactor to groW the 
p-contact layer 111 having thickness of 0.25 pm on the 
p-cladding layer 110. After groWing the p-contact layer 111, 
the temperature is cooled doWn to the room temperature, 
then the Wafer is annealed at 700° C. Within the N2 atmo 
sphere to make the p-type layers have less resistivity. 

[0104] After annealing, the resultant Wafer is taken out of 
the reactor, a desired mask is formed on the top surface of 
the p-contact layer 111, and the Wafer is etched from a side 
of the p-contact layer 111 to expose surfaces of the n-type 
and p-type semiconductor layer. 

[0105] After being etched, a transparent p-electrode 112 
containing Ni and Au having thickness of 200 angstroms are 
formed by spattering on the approximately complete surface 
of the p-contact layer 111, and a p-electrode pad 113 of Au 
having thickness of 0.5 pm is formed on the p-electrode 112 
capable of being bonded. MeanWhile an n-electrode 114 
containing W and Al is formed on the exposed surface by the 
etching step. Lastly an insulating layer of SiO2 (not shoWn) 
is formed as an overcoat ?lm on the p-electrode 112 to 
protect the surface. Such formed nitride semiconductor 
device are scribed and broken by force into each LED chip 
having area of 350 pm square to complete the light emitting 
device. 

[0106] As explained above, the light emitting device of the 
present invention comprises, in general, an active layer 106 
of multiple quantum Well structure, the active layer 106 
includes a ?rst and second Well layers 108 and 109, both 
containing In. The second Well layer 109 is formed to emit 
light having the main Wavelength longer than that emitted by 
the ?rst Well layer 108. The active layer 106 of the present 
invention are made of the nitride semiconductor containing 
In, such as InXAlYGa1_X_YN, Wherein 0<X, 0§Y, X+Y§ 1), 
and more preferably InXGa1_XN, Wherein 0<X<1). This is 
because the active layer of InGaN can be formed With better 
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crystallinity in comparison With the InGaAlN layer, even 
Where they have dished portions or asperity on their sur 
faces. The active layer 106 of the light emitting device 100 
further comprises barrier layers 107 of nitride semiconduc 
tor having bandgap greater than that of the ?rst and second 
Well layers 108, 109. And the active layer 106 are formed by 
laminating the ?rst and second Well layers 108, 109 and the 
barrier layer 107 interposed therein. 

[0107] Although not speci?cally limited thereto, the bar 
rier layer is formed of GaN, InGaN, AlGaN, or the like, With 
thickness thicker than the ?rst and second Well layers 108, 
109, that is, for instance, of several hundred angstroms. And 
the ?rst and second Well layers 108, 109 is adjusted, not 
speci?cally limited thereto but preferably, to have thickness 
not greater than 100 angstroms, more preferably not greater 
than 70 angstroms, and most preferably not greater than 50 
angstroms. Where the thickness of the Well layers is thicker 
than 100 angstroms, such thickness is more than a critical 
elastic thickness that often causes minor cracks and crystal 
defects Within the Well layers. 

[0108] The p-type and n-type semiconductor layers are 
used, not speci?cally limited thereto, With material such as 
nitride semiconductor having a p-type and n-type conduc 
tivity. The material composition of the present invention is 
expressed as InXAlYGa1_X_YN, Wherein 0<X, 0§Y, 
X+Y§ 1, and such material are doped With p-type or n-type 
impurity to have the p-type or n-type conductivity. 

[0109] LED (Light Emitting Diode) lamps (not shoWn) are 
produced by incorporating the resultant light emitting 
device. The leads made of copper containing iron are silver 
coated thereon, and include a mount-lead having a cup 
receiving the LED chip and an inner-lead electrically con 
necting to one of the electrode of the LED chip through an 
Au Wire. The LED chip is die-bonded on the cup of the 
mount-lead With epoxy resign, then tWo Au Wires having 
diameter of 35 pm are ball-bonded on the p-electrode 113 
and the n-electrode 114 at one end, and stich-bonded on each 
lead. Thus both electrodes 113, 114 of the LED chip are 
electrically connected to the mount-lead and the inner-lead. 

[0110] A forWard current of 20 mA is applied to the LED 
lamp (Vf=3.5V), then White light With spectrum Which has 
a coordinate in the CIE chromaticity diagram as (X, 
Y)=(0.333, 0.314) as shoWn in FIG. 3 and its color tem 
perature of 6000K. Light emitted by the ?rst and second Well 
layers are observed to have main Wavelength of about 470 
nm and about 575 nm, respectively. The spectrum distribu 
tion of light emitted by the second Well layer 109 has 
broader half-Width than that by the ?rst Well layer 108, 
Which contributes the lamp in improving the color rendering 
property. It is noted that more than tWo kinds of Well layers 
(the ?rst and second Well layers) that emit different Wave 
length light can be also utiliZed so that the spectrum of the 
LED lamp is much broader to further improve the color 
rendering property. 

[0111] In order to con?rm the effect of the present inven 
tion, an another light emitting device 100 is formed as the 
same Way of Example 1 except that the second Well layer 
109 is laminated adjacent to the n-cladding layer 105 ?rstly 
and then ?rst Well layer 108 is disposed over the second Well 
layer 109. Such formed LED lamp emits light having 
luminous intensity much less than that of Example 1 and 
bluish White color. This is understood because light emitted 
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by the second Well layer 109 is reduced and light emitted by 
the ?rst Well layer 108 is also reduced due to the crystallinity 
deteriorated by the Worse crystallinty of the second Well 
layer 109 that has the higher In composition ratio. 

EXAMPLE 2 

[0112] An another light emitting device 200 of this 
Example 2 is formed as the same Way of Example 1 except 
that an another ?rst Well layer is added, that is, the device 
200 has four ?rst Well layers instead of three. Such formed 
light emitting device 200 emits light having the color 
temperature higher than that of the device of Example 1 and 
bluish White color. Similarly an another light emitting device 
is formed as the same Way of Example 1 except tWo another 
?rst Well layers are added, that is, the device has ?ve ?rst 
Well layers. Such formed light emitting device emits light 
having more bluish White color. FIG. 3 shoWs the coordi 
nates in the CIE chromaticity diagram of light emitted by the 
light emitting device 100 (including three ?rst Well layers 
and one second Well layer) of Example 1, and by the light 
emitting device 200 (including four ?rst Well layers and one 
second Well layer) of Example 2. Thus the ratio of the 
groWth numbers of the ?rst and second Well layers can be 
adjusted to obtain the mixed light having the desired coor 
dinate in the CIE chromaticity diagram and the color tem 
perature. 

EXAMPLE 3 

[0113] An another light emitting device of this Example 3 
is formed as the same Way of Example 1 except that the 
barrier layer 107 sandWiching the ?rst Well layer 108 is 
formed such that they have thickness of approximately 300 
angstroms instead of 250 angstroms. When the forWard 
current is applied to the light emitting device 100, light 
emitted by the ?rst Well layer 108 alone becomes stronger 
While light emitted by the second Well layer 109 has the 
almost same luminous intensity. 

EXAMPLE 4 

[0114] An another light emitting device of this Example 4 
is formed as the same Way of Example 1 except that the 
barrier layer 107 sandWiching the second Well layer 109 is 
formed such that they have thickness of approximately 200 
angstroms instead of 250 angstroms. When the forWard 
current is applied to the light emitting device 100, light 
emitted by the second Well layer 109 becomes Weaker While 
light emitted by the ?rst Well layer 108 alone has the almost 
same luminous intensity. 

[0115] Therefore according to Example 3 and 4, the light 
source can be easily completed With the desired color 
rendering property by adjusting thickness of the barrier 
layers 107 to control the ratio of luminous intensity emitted 
by each Well layers. 

EXAMPLE 5 

[0116] An another light emitting device of this Example 5 
is formed as the same Way of Example 1 except that the 
second Well layer 109 is formed such that its light spectrum 
has a half-Width Wider than that of the ?rst Well layer 108. 
In the manufacturing process, the second Well layer 109 is 
groWn at the groWth temperature of 810° C. instead of 800° 
C., and with How of TMI (material gas) more than that used 
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in Example 1. In general, in case Where the groWth tem 
perature is higher then its main peak Wavelength shifts to 
shorter side, on the contrary, in case Where the How of In 
material gas is increased more then its main peak Wave 
length shifts to longer side. And in both cases, light emitted 
by the second Well layer 109 has broader spectrum, that is, 
the half-Width of the second Well layer 109 is Wider. As 
indicated, if the How of TMI can be decreased to keep the 
main peak Wavelength shifted by the higher groWth tem 
perature (800° C. to 810° C.), light emitted by the second 
Well layer 109 has the Wider half-Width Without changing its 
main Wavelength. FIGS. 4 and 5 shoW the spectrum distri 
bution diagram of light emitted by the second Well layer 109 
according to Example 1 and Example 2, respectively. 

[0117] Therefore the light spectrum can be Widen by the 
higher groWth temperature, as explained above, or by alter 
native Ways such as, having the active layer thicker, adding 
impurity therein, or combining the above-mentioned Ways. 

[0118] (Embodiment 2) 
[0119] According to Embodiment 2, the second Well layer 
109 is formed such that its degree of asperity is greater than 
that of the ?rst Well layer 108, or such that an area of the 
dished portions having thickness less than a half of an 
average thickness thereof is not less than 10%, so that the 
light emitting device having the high luminous ef?ciency 
and desired color rendering property can be obtained. 

[0120] One example method for evaluating the degree of 
asperity Will be discussed hereinafter. 

[0121] As shoWn in FIG. 6, ?rstly the light emitting 
device 100 formed in Embodiment 1 is cut doWn in the 
direction perpendicular to the layer thickness, and the cross 
section of the ?rst and second Well layers 108, 109 are 
observed through a scanning electron microscope or the like. 
The ?rst and second Well layers 108, 109 include dished 
portions D having thickness less than a half of an average 
thickness thereof. The total length S of the dished portions 
D is counted over a certain region (length L). Then the 
degree R of the area S of the dished portions over the total 
surface L is calculated by the expression of R=S/L. Thus the 
degree R is de?ned as a ratio of the dished portions occupied 
in the total surface. Although it is suf?cient that the total 
surface L to be measured is 1 pm, preferably it is more than 
about 10 pm, the degree R can be measured repeatedly 
correctly. The average thickness of the Well layer across the 
total surface may be measured by measuring the average 
thickness over the certain region L of the Well layer. Further 
since the degree R of the Well layer across the total surface 
is, in general, to be constant Within the device, the degree R 
can be measured at any cross section. 

[0122] In fact, the degree R of the second Well layer 109 
of the Embodiment 1 is measured as 0.15. 

EXAMPLE 6 

[0123] When the groWth temperature is a little increased 
and the second Well layer 108 is formed, the second Well 
layer 109 is obtained such that its degree R of asperity is 0.2. 
In other Words, an another light emitting device of this 
Example 6 is formed as the same Way of Example 1 except 
that the second Well layer 109 is formed such that its degree 
R of asperity is 0.2. The light emitting device of Example 6 
has a luminous ratio of the blue light emitted by the ?rst Well 
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layer 108 over the yellow light emitted by the second Well 
layer 109, Which is a little greater than that of Example 1. 
And the luminous ef?ciency of the light emitting device 100 
is almost same as one of Example 1. 

EXAMPLE 7 

[0124] The groWth temperature of the ?rst Well layer 108 
emitting blue light is changed, then another light emitting 
device is formed as the same Way of Example 1. In general, 
the Well layers have tendency to have the degree R of 
asperity greater as the groWth temperature is higher. After 
the groWth temperature is set to 830° C., the material gas of 
TMG, TMI, and NH3, and the carrier gas of N2, are ?oWn 
at a groWth speed of 2 angstroms per second to form a layer 
of In0_5GaO_5N having thickness of 30 angstroms. The ?rst 
Well layer 109 is totally laminated three times as Example 1. 

[0125] Such formed ?rst Well layer 108 has some asperity 
as Well as the second Well layer 109 does, and the degree R 
of asperity of the ?rst Well layer 108 is 0.1. This light 
emitting device 100 shoWs a good luminous ef?ciency 
almost same as one of Example 1. More preferably, there is 
very little diversity in the luminous ratio of the ?rst and 
second Well layer 108, 109 among the devices (chips) from 
a Wafer. Therefore the light emitting devices 100 emitting 
White light With the desired color rendering property can be 
manufactured repeatedly. 

EXAMPLE 8 

[0126] An another light emitting device 300 of this 
Example 8 is formed as the same Way of Example 7 except 
that tWo more ?rst Well layers 308 are added to the device 
100 (?ve ?rst Well layers in total). The the ?rst Well layers 
308. The light emitting device 300 emits light more bluish 
than that of the device 200 according to Example 2, Which 
has four ?rst Well layers 208. The light emitting device 300 
of this Example 8 has the luminous ef?ciency greater than 
that of the device of Example 2. Light emitted by each Well 
layer, especially by the ?rst Well layer 308 is also increased. 
In addition, the luminous intensity ratio of the ?rst and 
second Well layers 308, 309 are kept constant and stable so 
that the light emitting device 300 emitting White light With 
the desired color rendering property can be produced repeat 
edly. 

EXAMPLE 9 

[0127] In contrast With Example 8, an another light emit 
ting device 300 of this Example 9 is formed such that the 
degree R of asperity of its ?rst Well layer 308 is greater than 
that of the second Well layer 309. Thus the light emitting 
device 300 has the active layer 306, in Which the degree R 
of asperity of the ?rst and second Well layers 308, 309 is 0.2 
and 0.4, respectively. 

[0128] The light emitting device 300 has the luminous 
ef?ciency much less than that of the device of Example 8 
and less than that of the device of even Example 1. To be less 
preferably, the luminous intensity ratio of the ?rst and 
second Well layers 308, 309 has greater diversity among the 
devices so that it is almost impossible to repeatedly manu 
facture the light emitting devices emitting White light With 
the desired color rendering property. 

EXAMPLE 10 

[0129] As similar to Example 8, an another light emitting 
device is formed such that the ?rst and second Well layers 
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308, 309 have the degree R of dished portions occupying 
over the total area of 0.05, 0.08, respectively. Measuring 
each thickness of the ?rst Well layers 308 shoWs that the 
degree R of each ?rst Well layers 308 is almost identical to 
about 0.05. In practical, the degree R is not alWays precisely 
measured since the asperity of the ?rst Well layers can be 
easily distinguished as less than that of the second Well 
layers 309 by just observing the cross section of the active 
layer 306. 

[0130] Such formed light emitting device 300 emits light 
having the luminous ef?ciency that is good but a little less 
than that of Example 8, and the color rendering property that 
is satisfactory. Therefore it is understood that the relation of 
the degree of the ?rst and second Well layer 308, 309 gives 
more impact to the characteristics of the light emitting 
device 300, rather than the degree itself of the ?rst and 
second Well layer 308, 309. 

[0131] (Embodiment 3) 
[0132] According to Embodiment 3, the light emitting 
device further comprises a ?rst barrier layer made of mate 
rial as expressed in the formula of AlZGa1_ZN (0<Z<1) and 
a second barrier layer made of GaN so that the forWard 
voltage Vf is reduced and the luminous intensity is 
improved. 

EXAMPLE 11 

[0133] With reference to FIG. 8, Example 11 Will be 
described hereinafter. 

[0134] Using the same reactor, another light emitting 
device 400 according to Embodiment 3 of the present 
invention is formed. The light emitting device 400 com 
prises, in general, an active layer 401, a p-type and n-type 
semiconductor layers 402, 403 sandWiching the active layer 
401. 

[0135] The n-type semiconductor layers 402 comprises a 
substrate 411 of sapphire, a buffer layer 412 of GaN, an 
n-contact layer 413 formed by being alternately laminated 
?ve times With an undoped GaN layer 413a and a Si-doped 
layer 413b, and an n-cladding layer 414 of InGaN doped 
With Si. And an n-electrode 436 is formed on the uppermost 
Si-doped layer 413b of the n-contact layer 413. 

[0136] The p-type semiconductor layers 403 comprises a 
?rst p-cladding layer 431 of InGaN doped With Mg, a second 
p-cladding layer 432 of AlGaN doped With Mg, and a 
p-contact layer 433 of GaN doped With Mg, those layers are 
subsequently groWn on the active layer 401. 

[0137] The active layer 401 is formed of multiple quantum 
Well structure laminating at least one of ?rst Well layers 416 
of InGaN adjacent to the n-contact layer 414, and at least one 
of second Well layers 420 of InGaN adjacent to the p-contact 
layer 433. The second Well layer 420 has the In composition 
ratio greater than that of the ?rst Well layer 416. And the 
light emitting device 400 according to Embodiment 3, in 
particular, includes a ?rst barrier layer 417 of AlGaN on 
each of the ?rst Well layers 416 and a second barrier layer 
418 of GaN formed on each of the ?rst barrier layer 417. 
Similarly the ?rst and second barrier layer 421, 422 are 
formed on the second Well layer 420. The ?rst barrier layer 
417, 421 acts as mostly to stop the electrons and the second 
barrier layer 418, 422 function mostly as a bed layer for the 
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subsequent formed Well layer. Thus a plurality of barrier 
layers having different composition are formed on the Well 
layer so that the crystallinity of the active layer 401 is 
improved and the forWard voltage of the device 400 is 
reduced. Such ?rst and second barrier layers 417, 418, 421, 
422 are effective Where the active layer is made of single 
quantum Well structure, or of multiple quantum Well struc 
ture including Well layers having substantially same In 
composition ratio. Thus the light emitting device can be 
provided, Which has improved crystallinity, the loW forWard 
voltage, and the high luminous intensity. 

[0138] As Well knoWn, the Well layer emitting light having 
the main peak Wavelength longer than the yelloW region can 
be hardly laminated With good crystallinity. Therefore espe 
cially Where the light emitting device is formed to emit White 
light by mixing the blue and yelloW colors of light emitted 
by the ?rst Well layer 416 and by the second Well layer 420, 
those ?rst and second barrier layers provide substantial 
effects With the device. It is noted that more particularly 
Where the ?rst barrier layer 417, 421 has the Al composition 
ratio not less than 0.3, its crystallinity is much improved. In 
this Example 11, the Al composition ratio of the ?rst barrier 
layer 417, 421 is set to 0.5. 

[0139] The active layer of Example 11 comprises the ?rst 
Well layer 416, the ?rst barrier layer 417, and the second 
barrier layer 418, those layers laminated subsequently and 
four cycles, and further comprises the second Well layer 420, 
the ?rst barrier layer 421, and the second barrier layer 422, 
those layers laminated subsequently. The ?rst and second 
Well layers 416, 420 are made of InGaN, Which emits light 
With desirable Wavelength by adjusting the In composition 
ratio. For example, the In composition ratio may be adjusted 
such that the ?rst Well layer 416 emits blue light having main 
peak Wavelength of 480 nm and the second Well layer 420 
emits yelloW light having main peak Wavelength of 580 nm. 
The ?rst and second Well layers 416, 420 and the ?rst barrier 
layers 417, 421 may have thickness of about 30 angstroms, 
and the second barrier layers 418, 422 may have thickness 
of about 300 angstroms. 

[0140] Next a process for producing the light emitting 
device 400 is described hereinafter. 

[0141] The light emitting device 400 is groWn by 
MOCVD method. Firstly a Washed substrate of sapphire 
(C-face) having a diameter of tWo inches is set Within a 
reactor. Then the reactor is vacuated With H2 ?oW until the 
reactor is suf?ciently substituted With H2 gas. And the 
temperature of the substrate is set to 1050° C., the substrate 
411 is cleaned. The substrate 411 may be employed in the 
form of an insulative substrate such as a sapphire substrate 
having its principal surface represented by a C-, R- or A-face 
or spinel (MgAl2O4) or a semiconductor substrate made of 
such as SiC (including 6H, 4H or 3C), Si, ZnO, GaAs, and 
GaN. 

[0142] Subsequently, the groWth temperature is decreased 
to 510° C. and a buffer layer 412 made of GaN Which has 
a thickness of about 150 angstroms is groWn on the substrate 
411 ?oWing H2 as a carrier gas, and NH3 and TMG as 
material gases into the reactor. The buffer layer 412 may be 
formed With material such as AlN and GaAlN desides GaN. 

[0143] Next, such material gas is held, but the carrier gas 
is kept ?oWn, and the substrate temperature is set to 1050° 
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C. After the temperature is stable, again the material gas of 
TMG and NH3 and the carrier gas of H2 are ?oWn into the 
reactor to groW an undoped GaN layer 413a on the buffer 
layer 412. And maintaining the groWth temperature, the 
material gas of TMG and NH3, the carrier gas of H2, and an 
impurity gas of SiH4 are ?oWn into the reactor to groW a 
Si-doped GaN layer 413b on the undoped GaN layer 413a. 
The Si-doped GaN layer 413a and the undoped GaN layer 
413b are formed alternately ?ve cycles to form an n-contact 
layer 413 having thickness of 4 pm. 

[0144] Next the material gas is held, and the groWth 
temperature is set to 800° C. After the temperature is stable, 
the material gas of TMG, TMI, and NH3, the carrier gas of 
H2, and an impurity gas of SiH4 are ?oWn into the reactor to 
groW an n-cladding layer 414 of Si-doped InGaN on the 
Si-doped GaN layer 413b. 

[0145] Next the active layer 401 of multiple quantum Well 
structure is groWn by MOCVD method on the n-cladding 
layer 414 of Si-doped InGaN. While the groWth temperature 
is set to 1050° C., the material gas of TMG and NH3, the 
carrier gas of H2, the impurity gas of SiH4 are ?oWn into the 
reactor to groW an n-type GaN layer 415 having thickness of 
200 angstroms on the n-cladding layer 414. 

[0146] Then the material gas is held, and the groWth 
temperature is set to 750° C. Again the material gas of TMG, 
TMI, and NH3, and the carrier gas of N2 are ?oWn into the 
reactor to laminate a ?rst Well layer 416 of InGaN having 
thickness of 30 angstroms. 

[0147] Next the material gas of TMG, TMA, and NH3, and 
the carrier gas of H2 are ?oWn into the reactor to laminate a 
?rst barrier layer 417 of AlGaN having thickness of 30 
angstroms. 

[0148] Then the material gas is held, While the carrier gas 
is ?oWn, and the groWth temperature is set to 1000° C. The 
material gas of TMG and NH3 and the carrier gas of H2 are 
?oWn into the reactor to laminate a second barrier layer 418 
of GaN having thickness of 300 angstroms. 

[0149] Similarly the ?rst Well layer 416, the ?rst barrier 
layer 417, and the second barrier layer 418 are subsequently 
groWn four cycles. 

[0150] Next similarly a second Well layer 420 is laminated 
thereon one time only, While the ?rst Well layer 416 are 
laminated four times in total. The same layer structure of the 
?rst and second Well layer 416, 422 are formed on the 
second Well layer 420 except the In composition ratio Within 
each Well layer. 

[0151] After forming the active layer 401, a ?rst p-clad 
ding layer 431 of InGaN is groWn thereon by the MOCVD 
method. The ?rst p-cladding layer 431 is made of Mg-doped 
InGaN having thickness of 200 angstroms. The groWth 
temperature is set to 1050° C., the material gas of TMG, 
TMI, and NH3, the carrier gas of H2, and the impurity gas 
of CpZMg are ?oWn into the reactor to groW the ?rst 
p-cladding layer 431 of InGaN. 

[0152] After forming the ?rst p-cladding layer 431, a 
second p-cladding layer 432 of AlGaN is groWn thereon. 
The second p-cladding layer 432 is made of Mg-doped 
AlGaN having thickness of 200 angstroms. The groWth 
temperature is set to 1050° C., the material gas of TMG, 
TMA, and NH3, the carrier gas of H2, and the impurity gas 
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of CpZMg are ?own into the reactor to grow the second 
p-cladding layer 432 of AlGaN. 

[0153] Next the groWth temperature is maintained to 
1050° C., the material gas of TMG and NH3, the carrier gas 
of H2, and the impurity gas of CpZMg are ?oWn into the 
reactor to groW the p-contact layer 433 of GaN having 
thickness of 3000 angstroms on the second p-cladding layer 
432. After forming the p-contact layer 433, the temperature 
is cooled doWn to the room temperature, then the Wafer is 
annealed at 700° C. Within the N2 atmosphere to make the 
p-type layers have less resistivity. 

[0154] After annealing, the resultant Wafer is taken out of 
the reactor, a desired mask is formed on the top surface of 
the p-contact layer 433, and the Wafer is etched from a side 
of the p-contact layer 433 to expose the n-type and p-type 
semiconductor surfaces. 

[0155] After being etched, a transparent p-electrode 434 
containing Ni and Au having thickness of 200 angstroms are 
formed by spattering on the approximately Whole surface of 
the p-contact layer 433, and a p-electrode pad 435 of Au 
having thickness of 0.5 pm is formed on the p-electrode 434 
capable of being bonded. MeanWhile an n-electrode 436 
containing W and Al is formed on the etched surface of the 
n-contact layer 413a. Lastly an insulating layer of SiO2 (not 
shoWn) is formed as an overcoat ?lm on the p-electrode 435 
to protect the surface. Such formed nitride semiconductor 
device are scribed and broken by force into each LED chip 
having 350 pm square to complete the light emitting device. 

[0156] LED (Light Emitting Diode) lamps (not shoWn) are 
produced by incorporating the resultant light emitting 
device. The leads made of copper containing iron are silver 
coated thereon, and include a mount-lead having a cup 
receiving the LED chip and an inner-lead electrically con 
necting to one of the electrode of the LED chip through an 
Au Wire. The LED chip is die-bonded on the cup of the 
mount-lead With epoxy resign, then tWo Au Wires having 
diameter of 35 pm are ball-bonded on the p-electrode 113 
and the n-electrode 114 at one end, and stich-bonded on each 
lead. Thus both electrodes 113, 114 of the LED chip are 
electrically connected to the mount-lead and the inner-lead. 

[0157] When a forWard current of 20 mA is applied to the 
LED lamp, the forWard voltage is 3.0V, While the Vf of the 
conventional LED lamp is 3.5V, that is dramatically 
reduced. Also such formed LED lamp emits White light 
much brighter. 

[0158] As explained above, the light emitting device 
according to the present invention has a great number of 
advantages and effects, such as: 

[0159] The light emitting device comprises a ?rst and 
second Well layer emitting light of different peak Wavelength 
so that the device can produce a mixed light by itself, such 
as White light having high luminous intensity and high 
luminous ef?ciency. More advantageously, its color render 
ing property can be desirably and easily controlled by 
adjusting the ratio of the groWth numbers of the ?rst and 
second Well layers, and/or the thickness of the barrier layers 
sandWiching the Well layers. 

[0160] Further its color rendering property can be desir 
ably and easily controlled by forming the second Well layer 
having the degree of asperity greater than that of the ?rst 
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Well layer, or having the degree R of area occupied by the 
dished portions of thickness less than a half of an average 
thickness over the total surface to be not less than 10%. 

[0161] Further the forWard voltage can be dramatically 
reduced by substituting the barrier layer of Example 1 by the 
?rst and second barrier layer of Example 11. In conjunction 
With the reduced Vf, the light emitting device is also 
improved in the luminous intensity and the luminous ef? 
ciency. 

What is claimed is: 
1. A light emitting device, comprising: 

an active layer, having a multiple quantum Well structure, 
sandWiched betWeen an n-type semiconductor layer 
and a p-type semiconductor layer; 

said active layer including, 

?rst and second Well layers made of a nitride compound 
semiconductor containing In, said second Well layer 
emitting light having a main peak Wavelength Which 
is longer than that of said ?rst Well layer, 

an intervening barrier layer disposed betWeen said ?rst 
and second Well layers, and 

?rst and second barrier layers, said ?rst Well layer being 
sandWiched betWeen said ?rst barrier layer and said 
intervening barrier layer, and said second Well layer 
being sandWiched betWeen said second barrier layer 
and said intervening barrier layer, 

Wherein a thickness of said ?rst barrier layer is different 
than a thickness of said second barrier layer. 

2. The light emitting device according to claim 1, Wherein 
a thickness of said intervening barrier layer is the same as 
the thickness of said ?rst barrier layer. 

3. The light emitting device according to claim 1, Wherein 
a thickness of the intervening barrier layer is the same as the 
thickness of said second barrier layer. 

4. The light emitting device according to claim 1, Wherein 
the thickness of said ?rst barrier layer is greater than the 
thickness of said second barrier layer. 

5. The light emitting device according to claim 1, Wherein 
said second Well layer is disposed betWeen said ?rst Well 
layer and said p-type semiconductor layer. 

6. The light emitting device according to claim 1, Wherein 
the thickness of each of the ?rst and second Well layers is not 
greater than 100 angstroms. 

7. The light emitting device according to claim 1, Wherein 
the thickness of each of said ?rst and second barrier layers 
is greater than a thickness of each of said ?rst and second 
Well layers. 

8. The light emitting device according to claim 1, Wherein 
said active layer further includes a plurality of said ?rst Well 
layers, and a plurality of said ?rst barrier layers, and Wherein 
at least one of said ?rst Well layers is sandWiched betWeen 
said ?rst barrier layers. 

9. The light emitting device according to claim 1, Wherein 
said active layer further includes a plurality of said second 
Well layers, and a plurality of said second barrier layers, and 
Wherein at least one of said second Well layers is sandWiched 
betWeen said second barrier layers. 




