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(57) ABSTRACT 

An electrode of a metal, Which is one of Group IV and VI 
elements, is deposited on an n-type InXAlyGa1_X_yN layer. 
Alternatively, after an electrode material of carbon, germa 
nium), selenium, rhodium, tellurium, iridium, Zirconium, 
hafnium, copper, titanium nitride, tungsten nitride, molyb 
denum or titanium silicide, is deposited on an n-type InXA 
lyGa1_X_yN layer or a p-type InXAlyGa1_X_yN layer, an impu 
rity for increasing the carrier concentration of the 
semiconductor layer is ion-implanted, and the annealing is 
carried out. Thus, it is possible to provide a light emitting 
semiconductor device, Which has a loW contact resistance 
and a suf?cient bond strength to the InXAlyGa1_X_yN layer 
While maintaining the crystallinity of the InXAlyGa1_X_yN 
layer. 
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LIGHT EMITTING SEMICONDUCTOR DEVICE 
AND METHOD FOR FABRICATING SAME 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to a light 
emitting semiconductor device and a method for fabricating 
the same. More speci?cally, the invention relates to a light 
emitting compound semiconductor device, Which has an 
electrode having good adhesion and a loW contact resis 
tance, and a method for fabricating the same. 

[0002] Semiconductors With the composition InXAlyGa1_ 
X-yN (Oéxél, Oéyél, X+y§1), Which are Group III-V 
nitride compound semiconductors, are direct gap semicon 
ductors, and have a band gap varying in the range of from 
1.89 to 6.2 eV by controlling X and y of the composition, so 
that these semiconductors are promising materials for LEDs 
(light emitting diodes) and semiconductor laser diodes. In 
particular, if the semiconductors can emit light at a high 
luminance in a Wavelength region of blue, it is possible to or 
increase the storage capacity of various optical memory 
disks, and it is possible to realiZe a full color display. 
Therefore, blue light emitting semiconductor devices With 
the composition InXAlyGa1_X_yN have been rapidly devel 
oped to stabiliZe their characteristics and to improve their 
reliability. Throughout the speci?cation, it is assumed that 
the compositions “InXAlyGa1_X_yN” include all the compo 
sitions Wherein the composition ratios X and y vary in the 
range of from 0 to 1. For eXample, it is assumed that the 
compositions “InXAlyGa1_X_yN” also include GaN (X=0, 
y=0). 
[0003] References disclosing the structures of conven 
tional blue light emitting device of nitride semiconductors 
include: Jpn. J. Appl. Phys., 28(1989)p. L2112; Jpn. J. Appl. 
Phys., 32(1993)p. L8; and Japanese Patent Laid-Open No. 
5-291621. 

[0004] In light emitting devices, an electrode section for 
supplying driving current has a very important role for the 
characteristics of the light emitting devices. In nitride com 
pound semiconductors, it is particularly important to select 
the structure and material of an electrode for the nitride 
compound semiconductors, since it is generally dif?cult to 
obtain a good ohmic contact. 

[0005] For eXample, in the aforementioned Jpn. J. Appl. 
Phys., 28(1989)p. L2112, aluminum (Al) is used as an 
electrode material for an n-type InXAlyGa1_X_yN layer. In the 
aforementioned Jpn. J. Appl. Phys., 32(1993)p. L8, gold 
(Au) is used as the electrode material. In the aforementioned 
Japanese Patent Laid-Open No. 5-291621, any one of chro 
mium (Cr), titanium (Ti) and indium (In) is used as the 
electrode material. 

[0006] HoWever, if aluminum, chromium, titanium or 
indium is used as the electrode material for the n-type 
InXAlyGa1_X_yN layer, there is a problem in that the contact 
resistance is relatively high in all cases. That is, if an 
electrode of aluminum is used to prepare a LED to evaluate 
its current/voltage characteristics, the differential resistance 
thereof is as high as hundreds Q at a current of 20 mA. The 
current density of a semiconductor laser diode must be 
higher than that of a LED, so that it is required to further 
decrease the contact area of the electrode. Therefore, in the 
case of the semiconductor laser, the differential resistance in 
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the current/voltage characteristics is further increased. As a 
result, there is a problem in that the operating voltage of the 
laser rises to increase its threshold current due to heat 
generation and to saturate an optical output poWer. This 
problem is not caused only in the case of the electrode of 
aluminum, but it is also caused in the case of an electrode of 
chromium, titanium or indium. 

[0007] There is also a problem in that the crystallinity of 
a semiconductor layer deteriorates if the carrier concentra 
tion in the semiconductor layer is increased to decrease the 
contact resistance. For eXample, in order to increase the 
carrier concentration in an n-type InXAlyGa1_X_yN layer, if 
impurities are doped higher than or equal to 1><109 cm_3, the 
crystallinity of the layer deteriorates and the surface mor 
phology thereof also deteriorates. In a typical blue nitride 
semiconductor device, an n-type semiconductor layer is 
used as an underlayer, and p-type semiconductor layers are 
sequentially epitaXial-groWn thereon. Therefore, if the crys 
tallinity of the n-type semiconductor layer serving as the 
underlayer deteriorates, the surface morphology thereof 
deteriorates, and the crystallinity of the semiconductor lay 
ers, such as an active layer, formed thereon also deteriorates, 
so that there is a serious problem in that it is not possible to 
obtain good emission characteristic. 

[0008] On the other hand, there is a problem in that the 
above described conventional electrode structure has a rela 
tively high contact resistance. In particular, it is not easy to 
provide a good ohmic contact for the p-type InXAlyGa1_X_yN 
layer,. Therefore, the same problems as the above problems 
are caused by the high contact resistance in a n-side elec 
trode as Well as in a p-side electrode. 

[0009] Moreover, since the conventional electrode does 
not have a suf?cient bond strength to the InXAlyGa1_X_yN 
layer, there are problems in that the device resistance is easy 
to increase and the electrode is easy to be peeled off. 
Therefore, there is a problem in that the initial characteristics 
of the light emitting device is not only deteriorated, but the 
reliability thereof is also deteriorated. Moreover, if the bond 
strength of the electrode is not suf?cient, it is dif?cult to 
achieve a so-called ?ip-chip mounting. Therefore, there is a 
problem in that it is not possible to achieve the improvement 
of electrical and optical characteristics and the reduction of 
packaging dimension, Which are able to obtained by the 
?ip-chip mounting. 

SUMMARY OF THE INVENTION 

[0010] All the above described problems of the prior art 
are caused by the fact that the electrodes of the conventional 
light emitting nitride device can not meet the requirements 
for the improvement of the bond strength and the reduction 
of the contact resistance While maintaining the crystallinity 
of the semiconductor layers. 

[0011] It is therefore an object of the present invention to 
eliminate the aforementioned problems and to provide a 
light emitting semiconductor device having an electrode 
structure, Which has a loW contact resistance and a suf?cient 
bond strength to an InXAlyGa1_X_yN layer While maintaining 
the crystallinity of the InXAlyGa1_X_yN layer, and a method 
for producing the same. 

[0012] In order to accomplish the aforementioned and 
other objects, in the ?rst preferred embodiment of the 
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present invention, an electrode of a metal including a Group 
IV or VI element is deposited on an n-type InXAlyGa1_X_yN 
layer to reduce the contact resistance thereto and improve 
the bond strength of the electrode While maintaining the 
crystallinity of the semiconductor layer. 

[0013] In the second preferred embodiment of the present 
invention, after an electrode material of carbon, germanium, 
selenium, rhodium, tellurium, iridium, Zirconium, hafnium, 
copper, titanium nitride, tungsten nitride, molybdenum or 
titanium silicide is deposited on an n-type or p-type InXA 
lyGa1_X_yN layer, impurities for increasing the carrier con 
centration in the semiconductor layer thus obtained are 
ion-implanted and annealed. Thus, it is possible to reduce 
the contact resistance and improve the bond strength of the 
electrode While maintaining the crystallinity of the semicon 
ductor layer. 

[0014] That is, according to one aspect of the present 
invention, a ?rst light emitting semiconductor device is 
characteriZed in that a ?rst metal layer containing at least 
one element component of Group IV and VI elements is 
deposited on a contact region of a stacked structure of n-type 
InXAlyGa1_X_yN layer, Which comprises a plurality of stacked 
semiconductor layers, and the element component of at least 
one of Group IV and VI elements contained in the ?rst metal 
layer is diffused to penetrate into the semiconductor layers, 
so that the carrier density in the contact region increases and 
the contact resistance to the ?rst metal layer decreases. 

[0015] The ?rst metal layer preferably contains, as a major 
component, at least one metallic element selected from the 
group consisting of gold, nickel, silver, titanium and alumi 
num. 

[0016] The element component is preferably at least one 
element selected from the group consisting of carbon, sili 
con, oXygen, sulfur and selenium. 

[0017] According to another aspect of the present inven 
tion, a second light emitting semiconductor device is char 
acteriZed in that a ?rst metal layer of at least one element 
selected from the group consisting of carbon, germanium, 
selenium, rhodium, tellurium, iridium, Zirconium, hafnium, 
copper, titanium nitride, tungsten nitride, molybdenum and 
titanium silicide, is deposited on a contact region of a 
stacked structure of InXAlyGa1_X_yN layer comprising a 
plurality of stacked semiconductor layers. 

[0018] The contact region is preferably formed so that the 
ion implantation of impurities is carried out via the ?rst 
metal layer to increase the carrier concentration and 
decrease the contact resistance to the ?rst metal layer. 

[0019] The conductive type of the contact region is pref 
erably n type, and the impurity is preferably a Group IV or 
IV element. 

[0020] The impurity is preferably at lease one element 
selected from the group consisting of carbon (C), silicon 
(Si), tin (Sn), sulfur (S), selenium (Se) and tellurium (Te). 

[0021] Alternatively, the conductive type of the contact 
region may be p type, and the impurity may be a Group II 
element. 

[0022] The Group II element is preferably any one of 
beryllium (Be), magnesium (Mg), Zinc (Zn), calcium (Ca), 
strontium (Sr), cadmium (Cd) and mercury 
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[0023] According to a further aspect of the present inven 
tion, there is provided a method for fabricating the ?rst light 
emitting semiconductor, Which comprises the steps of: form 
ing a stacked structure by stacking a plurality of compound 
semiconductor layers containing at least an n-type InXA 
lyGa1_X_yN (Oéxé 1, 0§y§ 1, X+y§ 1) layer; depositing a 
?rst metal layer containing at least one element component 
of Group IV and VI elements on at least a part of the n-type 
InXAlyGa1_X_yN layer; and raising temperature to diffuse the 
element component, Which is contained in the ?rst metal 
layer, in the n-type InXAlyGa1_X_yN layer to increase a 
surface carrier concentration to decrease a contact resistance 
to the ?rst metal layer. 

[0024] The ?rst metal layer is preferably deposited by the 
sputtering method. 

[0025] According to a still further object of the present 
invention, there is provided a method for fabricating the 
second light emitting semiconductor, Which comprises: a 
step of forming a stacked structure by stacking a plurality of 
compound semiconductor layers containing at least an InXA 
lyGa1_X_yN (Oéxé 1, 0§y§ 1, X+y§ 1) layer; a deposition 
step of depositing a ?rst metal layer on at least a part of the 
InXAlyGa1_X_yN layer; an ion implantation step of injecting 
an impurity into the InXAlyGa1_X_yN layer via the ?rst metal 
layer; and a heat treatment step of raising temperature to 
activate the impurity injected into the contact region to 
increase a surface carrier concentration in the InXAlyGa1_X_ 
yN layer to decrease a contact resistance to the ?rst metal 
layer. 

[0026] In the deposition step, the thickness of the ?rst 
metal layer is preferably in the range of from 1 nm to 500 
nm. In the ion implantation step, the acceleration voltage is 
preferably in the range of from 10 keV to 1000 keV, and the 
dose 1i7s preferably in the range of from 1><1013 ion/cm2 to 
1x10 ion/cm2. In the heat treatment step, the heat treatment 
temperature is preferably in the range of from 400° C. to 
1200° C. 

[0027] With this construction, the present invention has 
the folloWing advantageous effects. 

[0028] First, according to the present invention, it is 
possible to reduce the contact resistance of the electrode of 
the light emitting semiconductor device. Therefore, it is 
possible to decrease the operating voltage of the light 
emitting semiconductor device, and it is possible to improve 
the emission characteristics by decreasing the optical output 
poWer caused by heat generation and suppressing the thresh 
old current rise. 

[0029] According to the present invention, it is also pos 
sible to improve the bond strength of the electrode of the 
light emitting semiconductor device. Therefore, it is possible 
to inhibit the deterioration of the reliability, such as the 
increase of the device resistance and the contact failure due 
to the peeling of the electrode. In addition, it is possible to 
improve the physical durability to oscillation and so forth, so 
that the reliability of a digital versatile disc (DVD), an 
optical disk regeneration unit, an optical communication 
system, a display and so forth, on Which the light emitting 
semiconductor device is mounted, can be considerably 
improved so as to be easily handled. As a result of the 
improvement of the bond strength of the electrode, it is 
possible to easily achieve the so-called ?ip chip packaging. 
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Therefore, it is possible to simplify a packaging process to 
improve the electrical and optical performances of the light 
emitting semiconductor device in the packaging state, and it 
is possible to reduce the dimension thereof. 

[0030] According to the present invention, since the calo 
ri?c value of the light emitting semiconductor device 
decreases, it is possible to inhibit the diffusion and penetra 
tion of the impurity of the electrode material and so forth, 
Which cause crystal defects in the semiconductor layer of the 
light emitting semiconductor device. Therefore, it is possible 
to prevent the deterioration of emission characteristics due 
to DLD and so forth caused by the crystal defects, so that it 
is possible to eXtend the life time of the emission charac 
teristics of the light emitting semiconductor device to 
improve the reliability thereof. 

[0031] It is also possible to improve a surge voltage 
resistance. Therefore, it is possible to improve the reliability 
of the light emitting semiconductor device, and it is not 
required to provide any protecting means and protecting 
circuits, Which are conventionally required for surge. 

[0032] In addition, it is possible to obtain various con 
spicuous advantages as described above, by using a con 
ventional fabrication equipment as it is Without the need of 
the preparation of special raW materials. 

[0033] Thus, according to the present invention, it is 
possible to produce a light emitting semiconductor device 
having a high performance and high reliability in a high 
yield by using a simple process, so that the present invention 
has considerable industrial merits. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] The present invention Will be understood more 
fully from the detailed description given herebeloW and 
from the accompanying draWings of the preferred embodi 
ments of the invention. HoWever, the draWings are not 
intended to imply limitation of the invention to a speci?c 
embodiment, but are for explanation and understanding 
only. 

[0035] 
[0036] FIG. 1A is a schematic plan vieW of the ?rst 
preferred embodiment of a light emitting semiconductor 
device according to the present invention, and FIG. 1B is a 
schematic sectional vieW thereof; 

[0037] FIGS. 2A through 2D are schematic sectional 
vieWs schematically illustrating a part of a process for 
fabricating the ?rst preferred embodiment of a light emitting 
semiconductor device according to the present invention; 

[0038] FIGS. 3A through 3D are schematic sectional 
vieWs schematically illustrating a part of a process for 
fabricating the ?rst preferred embodiment of a light emitting 
semiconductor device according to the present invention; 

[0039] FIGS. 4A through 4C are schematic sectional 
vieWs schematically illustrating a part of a process for 
fabricating the ?rst preferred embodiment of a light emitting 
semiconductor device according to the present invention; 

[0040] FIG. 5A is a schematic plan vieW of the second 
preferred embodiment of a light emitting semiconductor 
device according to the present invention, and FIG. 5B is a 
schematic sectional vieW thereof; 

In the draWings: 
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[0041] FIGS. 6A through 6D are schematic sectional 
vieWs schematically illustrating a part of a process for 
fabricating the second preferred embodiment of a light 
emitting semiconductor device according to the present 
invention; 
[0042] FIGS. 7A through 7E are schematic sectional 
vieWs schematically illustrating a part of a process for 
fabricating the second preferred embodiment of a light 
emitting semiconductor device according to the present 
invention; 
[0043] FIGS. 8A through 8D are schematic sectional 
vieWs schematically illustrating a part of a process for 
fabricating the second preferred embodiment of a light 
emitting semiconductor device according to the present 
invention; 
[0044] FIG. 9 is a graph shoWing the results obtained 
When the thickness of an electrode and the ion implantation 
conditions are changed according to the present invention; 

[0045] FIGS. 10A through 10C are characteristic dia 
grams of a light emitting semiconductor device according to 
the present invention; and 

[0046] FIG. 11 is a schematic sectional vieW of the third 
preferred embodiment of a light emitting semiconductor 
device according to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0047] Referring noW to the accompanying draWings, the 
preferred embodiments of a light emitting semiconductor 
device according to the present invention Will be described 
beloW. 

[0048] FIG. 1A is a schematic plan vieW of the ?rst 
preferred embodiment of a light emitting semiconductor 
device according to the present invention, and FIG. 1B is a 
schematic sectional vieW taken along line A-A of FIG. 1A. 
In these ?gures, a light emitting device 10 is a light emitting 
gallium nitride device for emitting a light having a Wave 
band of ultraviolet to green. 

[0049] First of all, the schematic construction of the light 
emitting device 10 Will be described beloW. 

[0050] The light emitting device 10 has a multilayered 
structure of semiconductor layers groWn on a sapphire 
substrate 12. On the sapphire substrate 12, a buffer layer 14, 
an n-type contact layer 16, an n-type cladding layer 18, an 
active layer 20, a p-type cladding layer 22 and a p-type 
contact layer 24 are formed in this order. 

[0051] The material of the buffer layer 14 may be an 
n-type or undoped InXAlyGa1_X_yN. The n-type contact layer 
16 is an n-type semiconductor layer having a high carrier 
concentration so as to ensure an ohmic contact to an n-side 

electrode 34, and the material thereof may be an InXAlyGa1_ 
X-yN. The n-type cladding layer 18 and the p-type cladding 
layer 22 serve to con?ne light in the active layer 20, and 
must have a loWer refractive indeX than that of the active 
layer 20. The materials of the n-type cladding layer 18 and 
the p-type cladding layer 22 may be an InXAlyGa1_X_yN 
having a Wider band gap than that of the active layer 20. The 
active layer 20 is a semiconductor layer, Which is designed 
to emit light When carriers injected into the light device are 
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recombined. The material of the active layer 20 may be an 
undoped InXAlyGa1_X_yN. The p-type contact layer 24 is a 
p-type semiconductor layer having a high carrier concen 
tration so as to ensure an ohmic contact to a p-side electrode, 

and the material thereof may be an InXAlyGa1_X_yN. On the 
p-type contact layer 24, a p-side electrode layer 26 is 
deposited, and on the n-type contact layer 16, an n-side 
electrode layer 34 is deposited. 

[0052] On a part of the p-type contact layer 24, a current 
blocking layer 30 is formed. On the current blocking layer 
30, an Au electrode 32 is deposited. A part of the Au 
electrode 32 contacts the p-side electrode layer 26 serving as 
a second electrode. The Au electrode 32A serves as a 

bonding pad, to Which a Wire for supplying driving current 
to the light emitting device is bonded. 

[0053] The current blocking layer 30 serves to prevent 
light from being emitted beloW the Au electrode 32A having 
a shading characteristic. 

[0054] That is, in the light emitting device shoWn in FIGS. 
1A and 1B, the light emitted from the active layer 20 is 
designed to penetrate the electrode layer 26 to be extracted 
from the top surface. HoWever, the bonding pad portion 32A 
does not alloW light to penetrate since the layer is thick. 
Therefore, the light generated beloW the electrode 32A can 
not be extracted to the outside to be useless. Accordingly, the 
current blocking layer 30 is provided for preventing driving 
current from being injected into a portion beloW the elec 
trode 32A, so as to improve the external quantum ef?ciency. 

[0055] Also on the n-side electrode layer 34, a bonding 
pad 32B is stacked. The bonding pad 32B can be formed by 
thickly depositing Au on the n-side electrode layer 34. The 
surface portion other than the bonding pads 32A, 32B are 
covered With a silicon oxide layer 45. 

[0056] In the ?rst preferred embodiment of the present 
invention, the n-type electrode layer 34 is formed by depos 
iting a metal containing at least one of Group IV and VI 
elements. The Group IV or VI element serves as a dopant for 
raising the carrier concentration in the n-type contact layer 
16. HoWever, it Was found by the inventors’ experiments 
that, if the Group IV or VI element Was deposited directly on 
the n-type contact layer 24, it Was very easily peeled off. As 
a result of various trial manufactures, it Was found that, if a 
metal, such as gold, Was alloyed With the Group IV or VI 
element to be deposited, it Was possible to obtain very good 
results. That is, it Was possible to suf?ciently decrease the 
contact resistance of the electrode While maintaining the 
sufficient bond strength to the n-type contact layer 16. It is 
assumed that the bond strength of the electrode is main 
tained by the function of the metal, such as gold, serving as 
a host metal. It is also assumed that the reason Why the 
contact resistance decreases is that the Group IV or VI 
element penetrates into the surface region of the n-type 
contact layer 16 to be diffused therein to increase the carrier 
concentration thereof. 

[0057] According to the present invention, the Group IV 
or VI element is preferably an element, Which is easily 
alloyed With the host metal and Which is easily diffused in 
the n-type contact layer 16 to form a donor. 

[0058] It Was found by the inventors’ experiments that 
good results Were obtained When any one of carbon (C), 
silicon (Si), germanium (Ge), tin (Sn) and lead (Pb) Was 
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used as the Group IV element. In particular, carbon and 
silicon of these elements signi?cantly decreased the contact 
resistance. 

[0059] On the other hand, it Was found that good results 
Were obtained When any one of oxygen (O), sulfur (S), 
selenium (Se), tellurium (Te) and polonium (P0) was used as 
the Group VI element. In particular, oxygen, sulfur and 
selenium of these elements signi?cantly decreased the con 
tact resistance. 

[0060] The host metal alloyed With any one of these 
additional elements is preferably a metal, Which is easily 
alloyed With the additional element and Which has an 
excellent bond strength to the n-type contact layer 16. In 
particular, the host metal is preferably a metal, Which forms 
a solid solution With the additional element to obtain a 
uniform alloy. 

[0061] It Was found by the inventors’ experiments that 
good results Were obtained When any one of nickel (Ni), 
silver (Ag), titanium (Ti), aluminum and platinum (Pt), 
in addition to gold, Was used as the host metal. 

[0062] A method for fabricating the light emitting device 
10 in the ?rst preferred embodiment according to the present 
invention Will be described beloW. 

[0063] FIGS. 2A through 2D, 3A through 3D and 4A 
through 4C are schematic sectional vieWs illustrating a 
process for fabricating the light emitting device 10 in the 
?rst preferred embodiment according to the present inven 
tion. 

[0064] First, as shoWn in FIG. 2A, semiconductor layers 
14, 16, 18, 20, 22 and 24 are sequentially epitaxial-groWn on 
a sapphire substrate 12. This groWth method may be the 
molecular beam epitaxy (MBE) or the metal organic chemi 
cal vapor deposition (MOCVD). 

[0065] Then, as shoWn in FIG. 2B, a silicon oxide ?lm 40 
serving as a mask for the dry etching is deposited on the 
surface of the uppermost layer 24. 

[0066] Then, as shoWn in FIG. 2C, the silicon oxide ?lm 
40 is patterned using a resist 41. 

[0067] Subsequently, as shoWn in FIG. 2D, the silicon 
oxide ?lm 40 and the resist 41 are used as a mask, and a part 
of the semiconductor layer is dry-etched into the n-type 
contact layer 16. 

[0068] Then, as shoWn in FIG. 3A, the silicon oxide ?lm 
40 and the resist 41 are removed. 

[0069] Subsequently, as shoWn in FIG. 3B, a silicon oxide 
?lm 30 is deposited, and patterned using a resist 43 to form 
a mask for patterning a n-side electrode. 

[0070] Then, as shoWn in FIG. 3C, an n-side electrode 34 
of, e.g., Au-2% Si, is deposited. This deposition method may 
be the sputtering method. The deposited electrode ?lm is 
patterned by the lift off technique using the resist 43. 
Moreover, the ohmic contact of the n-side electrode 34 is 
formed by the heat treatment. 

[0071] In the inventors’ experiments, there Were some 
cases Where the electrode Was peeled off if the electrode Was 
formed by a vacuum evaporation method using the resis 
tance heating evaporation furnace and an alloy of a host 
metal, such as gold, With a Group IV or VI element Was 
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employed as a source material. It is assumed that this is 
caused by the difference in a vapor pressure betWeen these 
metal elements. That is, the equilibrium vapor pressure of 
the host metal, such as gold, used for the present invention 
is often much loWer than those of the Group IV and VI 
elements serving as additional elements. For example, 
although the equilibrium vapor pressure of gold is about 
5x10 Torr at 1000° C., the equilibrium vapor pressure of 
selenium is higher than or equal to 103 Torr at 1000° C., so 
that the latter is higher than 1013 times as high as the former. 
In such a case, if an alloy of these elements is used as a 
source material to carry out vacuum evaporation using the 
resistance heating evaporation furnace, selenium having a 
high vapor pressure is preferentially vaporiZed to be depos 
ited on the surface of the n-type contact layer 16. As a result, 
the electrode may be easily peeled off. 

[0072] Therefore, the deposition method of the n-side 
electrode 34 using an alloy as a source material is preferably 
the sputtering deposition method. That is, if the sputtering 
deposition method is used, there is an advantage in that an 
electrode having a uniform composition distribution can be 
deposited even if the equilibrium vapor pressures of the 
respective elements of the alloy are signi?cantly different. 

[0073] HoWever, When the equilibrium vapor pressures of 
the respective elements of the alloy are not so different, the 
deposition may be carried out by the resistance heating 
method. For example, When gold is selected as the host 
metal and silicon is selected as the Group IV element, both 
have substantially the same equilibrium vapor pressures. 
Therefore, even if the alloy of gold With silicon is deposited 
by the resistance heating evaporation furnace, the electrode 
is not peeled off by extreme segregation as described above. 
According to the resistance heating method, there is an 
advantage in that the deposition can be carried out Without 
the need of an expensive target, Which is required for the 
sputtering deposition method. 

[0074] Alternatively, the n-side electrode 34 may be 
deposited by a so-called multi-source vacuum vapor depo 
sition. That is, an alloy ?lm may be deposited by separately 
vaporiZing a host metal, such as gold, and a Group IV or VI 
element by means of separate evaporation sources. Accord 
ing to this method, the deposition rates of the host metal and 
the additional element can be separately controlled, so that 
there is an advantage in that it is possible to prevent the 
electrode from being peeled off by segregation to deposit an 
alloy electrode ?lm having a predetermined composition. 
There is also an advantage in that it is not required to 
previously prepare an alloy serving as a raW material, so that 
it is possible to easily fabricate the light emitting device. 

[0075] Thus, after the alloy ?lm is deposited, the pattern 
ing is carried out, and the heat treatment is carried out. By 
this heat treatment, the Group IV or VI element contained in 
the n-side electrode 34 is diffused to penetrate into the 
surface layer of the n-type contact layer 16 to increase the 
carrier concentration, so that the contact resistance of the 
electrode 34 can be decreased. Moreover, the host metal 
forming the electrode 34 is alloyed With the n-type contact 
layer 16, so that the bond strength of the electrode is 
enhanced. The conditions for this heat treatment can be 
suitably set in accordance With the types of the host metal 
and additional element of the n-type electrode 34 and the 
composition and thickness thereof. If the heat treatment is 
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not suf?ciently carried out, the contact resistance is not 
suf?ciently decreased, and the bond strength of the electrode 
is not enhanced. In addition, if the heat treatment Was 
excessively carried out, the hose metal Was excessively 
alloyed With the semiconductor layer to make the surface 
irregular, so that there Was not a tendency for good charac 
teristics to be obtained. For example, When Au-2% Si is 
used, the heat treatment conditions are preferably the ?ash 
annealing for about 40 seconds at a temperature of 800° C. 
to 900° C. 

[0076] Thereafter, as shoWn in FIG. 3D, 21 resist 44 is 
deposited again and patterned to form a mask for patterning 
a p-side electrode. 

[0077] Then, as shoWn in FIG. 4A, a p-side electrode 26 
is deposited, and patterned by the lift-off technique using the 
resist 44. 

[0078] Then, as shoWn in FIG. 4B, a silicon oxide ?lm 45 
is deposited, and patterned by means of the a resist 46 to 
form a mask for a bonding metal. 

[0079] Subsequently, as shoWn in FIG. 4C, Au is evapo 
rated, and the patterning is carried out by the lift-off tech 
nique using the resist 46. By this patterning, Au layers 32A, 
32B for bonding are formed on the p-side electrode and the 
n-side electrode, respectively. 

[0080] Thereafter, the light emitting device formed on the 
sapphire substrate 12 by the above described process is 
divided by cleavage or scribing, and each of the divided 
chips is mounted on a stem, a chip carrier or a packaging 
substrate by a predetermined method. Then, Wires are 
bonded to the p-side electrode and the n-side electrode, so 
that the fabrication of a light emitting device is completed. 

[0081] It Was found that the blue light emitting device thus 
obtained had a loWer operating voltage and a loWer differ 
ential resistance than those of conventional light emitting 
devices because the contact resistance of the n-side electrode 
Was signi?cantly decreased. That is, While a carrier concen 
tration as loW as 1><1017 to 1><1019 cm'3 Was set during the 
crystal groWth so as to prevent the deterioration of the 
surface morphology of the n-type contact layer 16, it Was 
possible to increase the carrier concentration after the crystal 
groWth. 

[0082] The blue light emitting device according to the 
present invention had a higher saturated level of optical 
output poWer and better temperature characteristics than 
those of conventional light emitting devices, and could be 
operated at a higher temperature than those of conventional 
light emitting devices. It Was also found that the light 
emitting device according to the present invention had a 
longer lifetime than those of conventional light emitting 
devices. It is considered that the reason for this is that the 
calori?c amount is smaller than those of conventional light 
emitting devices since the operating voltage is loW, so that 
a decrease in the optical output poWer due to heat generation 
and a decrease of the lifetime of the light emitting device are 
prevented. 

[0083] Moreover, it Was found that the blue light emitting 
device according to the present invention did not cause the 
peeling of the electrode and had substantially the same yield 
in the Wire bonding step as those of conventional light 
emitting device. 
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[0084] That is, according to the present invention, it is 
possible to decrease the contact resistance While inhibiting 
the peeling of the electrode, so that it is possible to improve 
the emission characteristics and lifetime of the light emitting 
device. 

[0085] The second preferred embodiment of a light emit 
ting semiconductor device according to the present inven 
tion Will be described beloW. 

[0086] FIG. 5A is a schematic plan vieW of the second 
preferred embodiment of a light emitting semiconductor 
device according to the present invention, and FIG. 5B is a 
schematic sectional vieW taken along line A-A of FIG. 5A. 
In these ?gures, a light emitting device 10‘ is a light emitting 
gallium nitride device for emitting a light having a Wave 
band of ultraviolet to green. 

[0087] The schematic construction of the light emitting 
device in this preferred embodiment is substantially the 
same as that of the light emitting device 10 shoWn in FIGS. 
1A and 1B, so that the same reference numbers are used for 
the same or corresponding portions to omit the detailed 
descriptions thereof. 

[0088] In this preferred embodiment, the light emitting 
device 10‘ is characteriZed by a p-side electrode 26‘ and an 
n-side electrode 34‘. That is, in this preferred embodiment, 
a conductive electrode 26‘ is deposited on a p-type contact 
layer 24, and a conductive electrode layer 34‘ is deposited on 
a n-type contact layer 16. Thereafter, impurities are injected 
into the respective contact layers 24, 16 by the ion implan 
tation, and the heat treatment is carried out. 

[0089] According to this preferred embodiment, the ion 
implantation of dopant can be carried out from the top of 
each of the electrode layers, so that it is possible to inhibit 
the crystal of the semiconductor layer from being damaged 
by the ion implantation. In addition, the penetration depth of 
the injected dopant is decreased due to the presence of the 
electrode layer, so that it is possible to form a region having 
a high carrier concentration near the surface layers of the 
respective contact layers 24, 16 to effectively decrease the 
contact resistance. Moreover, since the ion implantation is 
carried out from the top of each of the electrode layers 26‘ 
and 34‘, the miXing of the electrode layers 26‘, 34‘ With the 
respective contact layers 24, 16 occurs, so that it is possible 
to improve the bond strength of the electrodes. 

[0090] Preferably, the materials of the electrode layers 26‘, 
34‘ have a high bond strength to the contact layers 24, 16. 
Such materials may include carbon (C), germanium (Ge), 
selenium (Se), rhodium (Rh), tellurium (Te), iridium (Ir), 
Zirconium (Zr), hafnium (Hf), copper (Cu), titanium nitride 
(TiN), tungsten nitride (WN), molybdenum (Mo) and tita 
nium silicide (TiSi). 

[0091] Among these elements and compounds, rhodium 
and iridium can tightly contact a semiconductor layer to 
inhibit the electrode peeling. 

[0092] Since carbon, germanium, selenium and tellurium 
are dopant materials of a semiconductor layer, these ele 
ments are conformable With the semiconductor layer, and 
have good ohmic characteristics since the amount of the 
oXide ?lm formed in the interface of the electrode and so 
forth is very small. 
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[0093] Since an electrode of copper can be formed Without 
penetrating into a nitride semiconductor layer, copper has 
excellent heat sink effects and can further improve the 
temperature characteristics of the device. When Zirconium 
or hafnium is used, there is an advantage in that it is possible 
to inhibit the penetration of a Group I element, Which forms 
a non-radiative center in the semiconductor. 

[0094] When molybdenum is used, there are advantages in 
that it is possible to provide an electrode having eXcellent 
adhesion and capable of resist to the heat treatment at a high 
temperature and it is possible to inhibit the dissociative 
evaporation of nitrogen from occurring from the underlayer 
semiconductor. 

[0095] When titanium nitride or tungsten nitride is used, 
there are advantages in that it is possible to carry out the heat 
treatment at a high temperature to inhibit the dissociative 
evaporation of nitrogen from occurring from the underlayer 
semiconductor due to the heat treatment, and it is possible to 
further increase the carrier concentration of the contact layer 
to reduce the contact resistance. 

[0096] When titanium silicide is used, there are advan 
tages in that it is possible to inhibit a metal material, such as 
Au, of a bonding pad from being diffused to penetrate into 
the semiconductor layer and it is possible to improve the 
surge voltage resistance of the light emitting device. 

[0097] The impurity for the ion implantation is preferably 
a dopant for increasing the carrier concentration in the 
respective contact layers 24, 16. 

[0098] Such impurities may include Group II elements for 
the p-type contact layer 24. In the inventors’ experiments, 
good results Were obtained When any one of beryllium (Be), 
magnesium (Mg) and Zinc (Zn) Was used. Because these 
elements tend to form an acceptor in a Group III-V semi 
conductor, and the deterioration of the crystallinity of the 
contact layer is small. In addition to the above elements, any 
one of calcium (Ca), strontium (Sr), cadmium (Cd) and 
mercury (Hg) may be used. 

[0099] Impurities for the n-type contact layer 16 may 
include Group IV and VI elements. In the inventors experi 
ments, good results Were obtained When any one of carbon 
(C), silicon (Si), tin (Sn), sulfur (S), selenium (Se) and 
tellurium (Te) Was used. 

[0100] A method for producing the light emitting device 
10‘ in the second preferred embodiment of the present 
invention Will be described beloW. 

[0101] FIGS. 6A through 6D, 7A through 7E and 8A 
through 8D are schematic sectional vieWs illustrating a 
process for fabricating the light emitting device 10‘ in the 
second preferred embodiment of the present invention. 

[0102] First, as shoWn in FIG. 6A, semiconductor layers 
14, 16, 18, 20, 22 and 24 are sequentially epitaXial-groWn on 
a sapphire substrate 12. For eXample, the metal organic 
chemical vapor deposition (MOCVD) may be used as this 
groWth method. 

[0103] A series of subsequent steps shoWn in FIGS. 6B 
through 6D, 7A and 7B are substantially the same as those 
shoWn in FIGS. 2B through 2D, 3A and 3B. Therefore, the 
same reference numbers are used for the same portions, and 
the descriptions thereof are omitted. 
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[0104] One of the features of this preferred embodiment is 
a step of forming a p-side electrode shown in FIG. 7C. That 
is, as shoWn in FIG. 7C, an n-side electrode 34‘ is deposited. 
This deposition method may be any one of the electron beam 
deposition method, the resistance heating method and the 
sputtering method. The deposited electrode ?lm is patterned 
by the lift-off technique using a resist 43. Then, impurities 
of, e.g., silicon, are implanted by the ion implantation. At 
this time, the implanted impurities pass through the elec 
trode 34‘ to penetrate into the surface region of the n-type 
contact layer 16. Since a silicon oxide ?lm 30 serves as a 
mask for other portions, the implanted impurities do not 
penetrate into the semiconductor layer 24. 

[0105] Then, as shoWn in FIG. 7D, 21 resist 44 is deposited 
again, and the patterning is carried out to form a mask for the 
lift-off of a p-side electrode. 

[0106] Then, as shoWn in FIG. 7E, 21 p-side electrode 26‘ 
is deposited, and the patterning is carried out by the lift-off 
technique using the resist 44. The deposition method of the 
p-side electrode 26‘ may be any one of the electron beam 
deposition method, the resistance heating method and the 
sputtering method. 

[0107] Thereafter, as shoWn in FIG. 8A, a silicon oxide 48 
is deposited, and the patterning is carried out to form a mask 
for the ion implantation. Then, impurities of, e.g., magne 
sium, are implanted by the ion implantation. At this time, the 
implanted impurities pass through the electrode 26‘ to pen 
etrate into the surface layer of the p-type contact layer 24. 
Since a silicon oxide ?lm 48 serves as a mask for other 
portions, the implanted impurities do not penetrate into the 
n-side electrode 34‘ and the semiconductor layer 16. 

[0108] Moreover, the heat treatment is carried out to 
restore the crystallinity of the contact layers 16 and 24, to 
Which the impurities have been implanted, and to activate 
the implanted impurity portion. By this heat treatment, the 
injected impurities contained in the electrodes 26‘and 34‘ can 
be diffused to penetrate into the contact layers 24, 16, 
respectively, to increase the carrier concentration. It is 
required to suitably determine the optimum conditions for 
the heat treatment on the basis of the kind of the impurity 
and the conditions of the ion implantation. It Was found by 
the inventors’ experiments that, When the heat treatment Was 
carried out for 5 seconds (the ?ash annealing may be used) 
to 60 minutes at a temperature of 400° C. to 1200° C., the 
crystallinity of the n-type contact layer 16 and p-type contact 
layer 24 Was restored and the implanted impurities Were 
sufficiently activated. 

[0109] Subsequently, as shoWn in FIG. 8B, the silicon 
oxide layer 48 is removed. 

[0110] Then, as shoWn in FIG. 8C, a silicon oxide layer 
45 is neWly deposited, and patterned by means of a resist 46 
to form a mask for a bonding metal. 

[0111] Then, as shoWn in FIG. 8D, Au is deposited, and 
the patterning is carried out by the lift-off technique using 
the resist 46. By this patterning, bonding pads 32A, 32B are 
formed on the p-side electrode 26‘ and the n-side electrode 
34‘. 

[0112] Thereafter, the light emitting device formed on the 
sapphire substrate 12 by the above described process is 
divided by cleavage or scribing, and each of the divided 
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device is mounted on a stem, a chip carrier or a packaging 
substrate by a predetermined method. Then, Wires are 
bonded to bonding metals deposited on the p-side electrode 
and the n-side electrode, so that the fabrication of the light 
emitting device 10‘ is completed. 

[0113] The inventors carried out various experiments by 
changing the thickness of the electrode and the conditions 
for the ion implantation When the p-side electrode 26‘ and 
the n-side electrode 34‘ are formed in this preferred embodi 
ment. 

[0114] The results of these experiments are shoWn in the 
graph of FIG. 9. In this graph, the horiZontal axis shoWs the 
acceleration voltage during the ion implantation, and the 
vertical axis shoWs the thickness of the electrode. The region 
shoWn by the hatched lines in the graph shoWs conditions 
Wherein both of the contact resistance and bond strength of 
the electrode are good. On the left side of the hatched-line 
region in FIG. 9, the implanted impurities did not reach the 
contact layer, and the contact resistance Was not suf?ciently 
decreased. On the right side of the hatched-line region in 
FIG. 9, the acceleration voltage Was too high, so that the 
crystallinity of the contact layer Was excessively damaged 
and the contact resistance Was not suf?ciently decreased 
even if the heat treatment Was carried out. That is, it Was 
found that good results Were obtained When the acceleration 
voltage Was in the range of from 10 to 1000 keV and the 
thickness of the electrode Was in the range of from 1 to 50 
nm, and that both depended on each other. 

[0115] The optimum dose during the ion implantation 
depends on the thickness of the electrode and the accelera 
tion voltage. In the inventors’ experiments, good results 
Were obtained in a dose of 1><1013 to 1><1017 ions/cm2 in 
accordance With the aforementioned ranges of the thickness 
of the electrode and the acceleration voltage. 

[0116] The inventors manufactured a blue light emitting 
GaN device by Way of experiment in this preferred embodi 
ment, and the characteristics of the manufactured element 
Were compared With those of conventional light emitting 
devices. 

[0117] FIGS. 10A through 10C are characteristic dia 
grams of a light emitting semiconductor device according to 
the present invention in comparison With those of a conven 
tional light emitting device. That is, FIG. 10A is a current/ 
voltage characteristic diagram, FIG. 10B is a current/optical 
output poWer characteristic diagram, and FIG. 10C is a 
reliability characteristic diagram. 

[0118] The manufactured, light emitting device corre 
sponds to the light emitting device in the second preferred 
embodiment. The stacked structure of the light emitting 
device Was the same as that shoWn in FIGS. 5A and 5B. A 
p-side electrode of molybdenum having a thickness of 10 
nm Was deposited, and magnesium Was injected into the 
p-side electrode by the ion implantation. The acceleration 
voltage for the ion implantation Was 200 keV, and the dose 
Was 1><1016 ions/cm2. After the ion implantation, the heat 
treatment Was carried out for 5 minutes at 800° C. 

[0119] In addition, an n-side electrode of titanium silicide 
having a thickness of 10 nm Was deposited, and silicon Was 
injected into the n-side electrode by the ion implantation. 
That acceleration voltage for the ion implantation Was 200 
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keV, and the dose Was 1><1016 ions/cm2. After the ion 
implantation, the heat treatment Was carried out for 30 
seconds at 1100° C. 

[0120] In the case of the conventional light emitting 
device manufactured to be compared With the light emitting 
device of the present invention, the p-side electrode is 
formed of Au, and the structure and fabricating process of 
the light emitting device Were the same as those of the light 
emitting device according to the present invention. 

[0121] As shoWn in FIG. 10A, both of the operating 
voltage and differential resistance of the light emitting 
device Were loWer than those of the conventional light 
emitting device. For example, When the current value Was 20 
mA, although the operating voltage of the conventional light 
emitting device Was 5 V, the operating voltage of the light 
emitting device according to the present invention Was 3.3 
V, Which Was loWer than that of the conventional light 
emitting device. In addition, the inclination after rise of the 
operating voltage of the light emitting device according to 
the present invention Was greater than that of the conven 
tional light emitting device, so that the differential resistance 
of the light emitting device according to the present inven 
tion Was loWer than that of the conventional light emitting 
device. 

[0122] According to the present invention, since the oper 
ating voltage is loW, the emission characteristics can be 
considerably improved. That is, as shoWn in FIG. 10B, the 
optical output poWer of the conventional light emitting 
device Was saturated at an operating current of about 30 mA, 
so that it Was not possible to obtain an optical output poWer 
of higher than or equal to 2 mW. On the other hand, 
according to the present invention, the optical output poWer 
Was not saturated at an operating current of up to 100 mA, 
so that it Was possible to obtain an optical output poWer of 
higher than or equal to 8 mW. The improvement of the 
optical output poWer according to the present invention 
results from the loW operating voltage. That is, according to 
the present invention, since the operating voltage is loWer 
than that of the conventional light emitting device, the heat 
generated by the operating current is loW, so that the 
emission characteristics are dif?cult to deteriorate due to the 
generated heat. 

[0123] According to the present invention, it is also pos 
sible to considerably improve the lifetime of the light 
emitting device. That is, as shoWn in FIG. 10C, the optical 
output poWer of the conventional light emitting device 
continuously deteriorated immediately after the light emit 
ting operation Was started. This initial deterioration occurred 
in the non-radiative center. That is, in the case of the 
conventional light emitting device, since the contact resis 
tance of the electrode is high, the calori?c amount is large, 
so that the impurity element, such as the material of the 
electrode, is diffused to penetrate into the semiconductor 
layer during operation. Such diffusion and penetration of the 
impurity element are thermally activated to be accelerated if 
the calori?c amount of the light emitting device is large. The 
impurity element diffused to penetrate into the semiconduc 
tor layer forms a non-radiative recombination center as a 
deep level to decrease the emission ef?ciency. Thus, the 
initial deterioration occurs. 

[0124] Moreover, in the case of the conventional light 
emitting device, the optical output poWer rapidly deterio 
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rates after a continuous operating time of about 1000 hours. 
Because crystal defects are gradually formed by the recom 
bination energy, Which is generated in the non-radiative 
center, to be groWn to reach the active layer of the light 
emitting device. Such groWth of crystal defects is also 
promoted if the calori?c amount of the light emitting device 
is large. 

[0125] On the other hand, in the case of the light emitting 
device of the present invention, the optical output poWer is 
very stable for an operating time of 10000 hours or more. 
That is, even after 10000 hours, the optical output is about 
95% of the initial value. The reason Why the light emitting 
device of the present invention has such eXcellent reliability 
is that the contact resistance is loW. That is, because the 
calori?c value of the light emitting device is very loW, so that 
the diffusion and penetration of the impurity element serving 
as the non-radiative center and the crystal defects are dif? 
cult to occur. 

[0126] According to the present invention, it is also pos 
sible to signi?cantly improve the adhesion of the p-side 
electrode. That is, in the case of the conventional light 
emitting device using the Au electrode, there are some cases 
Where about 80% of the electrode is peeled off in the Wire 
bonding step. On the other hand, in the case of the light 
emitting device according to the present invention, the 
percentage of the peeled electrode in the Wire bonding step 
is less than or equal to 1%, so that the fabrication yield can 
be considerably improved. 

[0127] According to the present invention, it is also pos 
sible to improve the surge voltage resistance. That is, in the 
case of the conventional light emitting device, since the 
contact resistance of the electrode is high and the bond 
strength of the electrode is insufficient, the surge voltage 
resistance decreases, so that the measured value based on 
EIAJ Standard is only about 50 V. On the other hand, in the 
case of the light emitting device according to the present 
invention, since both of the contact resistance and bond 
strength of the electrode are improved, the measured value 
based on EIAJ Standard is considerably improved to a value 
of not less than 300 V. 

[0128] According to the present invention, there is also an 
advantage in that it is possible to reduce the contact resis 
tance Without deteriorating the crystallinity of the semicon 
ductor layer and the surface morphology. That is, in the case 
of the conventional structure, it is required to dope a high 
density of dopant into the contact layer to rise the carrier 
concentration in order to decrease the contact resistance of 
the electrode. HoWever, if such a high density of dopant is 
doped, there are problems in that the crystallinity of the 
contact layer deteriorates and the surface morphology dete 
riorates. According to the present invention, it is possible to 
increase the carrier concentration of the contact layer to 
decrease the contact resistance of the electrode Without 
causing the above problems. 

[0129] While each of the p-side electrode 26 (26‘) and the 
n-side electrode 34 (34‘) has been formed as a monolayer in 
FIGS. 1 and 5, the present invention should not be limited 
thereto. For eXample, at least one of the p-side electrode 26 
(26‘) and the n-side electrode 34 (34‘) may be formed so as 
to have a stacked structure. That is, after depositing a thin 
layer of molybdenum or the like having excellent adhesion 
on a contact layer, a metal layer of titanium or the like 








