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(57) ABSTRACT 

A nitride semiconductor light emitting device includes a 
Worked substrate including grooves and lands formed on a 
main surface of a nitride semiconductor substrate, a nitride 
semiconductor underlayer covering the grooves and the 
lands of the Worked substrate and a nitride semiconductor 
multilayer emission structure including an emission layer (21) Appl. No.: 09/952,845 _ _ 
including a quantum Well layer or both a quantum Well layer 

(22) Filed; Sep_ 11, 2001 and a barrier layer in contact With the quantum Well layer 
betWeen an n-type layer and a p-type layer over the nitride 

(30) Foreign Application Priority Data semiconductor underlayer, While the Width of the grooves is 
Within the range of 11 to 30 pm and the Width of the lands 

Nov. 13, 2000 (JP) .................................... .. 2000-344847 is Within the range of 1 to 20 pm. 
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NITRIDE SEMICONDUCTOR LIGHT EMITTING 
DEVICE AND APPARATUS INCLUDING THE 

SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a nitride semicon 
ductor light emitting device having an improved emission 
life and an apparatus including the same. 

[0003] 2. Description of the Prior Art 

[0004] Japanese Patent Laying-Open No. 2000-124500 
discloses a technique of forming convex portions on a GaN 
layer stacked on a sapphire substrate, ?atly covering the 
convex portions With a GaN underlayer and forming a 
gallium nitride semiconductor laser device on the GaN 
covering layer for improving the emission characteristics of 
a nitride semiconductor light emitting device. According this 
gaZette, the distance betWeen adjacent ones of the convex 
portions is preferably Within the range of 1 to 10 pm, the 
Width of the upper surfaces of the convex portions is 
preferably at least 1 pm, and the height of the convex 
portions is preferably Within the range of 0.1 to 2 pm. This 
gaZette also describes that the sapphire substrate may be 
replaced With a GaN substrate. 

[0005] Even if the sapphire substrate is replaced With a 
GaN substrate in the nitride semiconductor laser device 
according to the prior art, hoWever, the oscillation life is still 
insuf?cient. 

SUMMARY OF THE INVENTION 

[0006] Accordingly, a principal object of the present 
invention is to provide a nitride semiconductor light emitting 
device having a long oscillation life. 

[0007] According to the present invention, the nitride 
semiconductor light emitting device includes a Worked 
substrate including grooves and lands formed on a main 
surface of a nitride semiconductor substrate, a nitride semi 
conductor underlayer covering the grooves and the lands of 
the Worked substrate and a nitride semiconductor multilayer 
emission structure including an emission layer including a 
quantum Well layer or both a quantum Well layer and a 
barrier layer in contact With the quantum Well layer betWeen 
an n-type layer and a p-type layer over the nitride semicon 
ductor underlayer, While Width of the grooves is Within the 
range of 11 to 30 pm and Width of the lands is Within the 
range of 1 to 20 pm. 

[0008] The Width of the grooves is preferably larger than 
the Width of the lands, and the depth of the grooves is 
preferably Within the range of 1 to 10 pm. 

[0009] The longitudinal direction of the grooves or the 
longitudinal direction of the lands is preferably substantially 
parallel to the <1-100> direction or the <11-20> direction of 
a crystal of the substrate. 

[0010] The nitride semiconductor underlayer preferably 
contains Al. Further, the nitride semiconductor underlayer 
preferably contains InXGa1. XN(0.01§x§0.18). 

[0011] The quantum Well layer preferably contains at least 
any of As, P and Sb. 
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[0012] The aforementioned nitride semiconductor light 
emitting device can be either a laser device or a diode 
device. Further, such a light emitting device can be prefer 
ably employed in an optical apparatus or a semiconductor 
light emitting apparatus. 

[0013] The foregoing and other objects, features, aspects 
and advantages of the present invention Will become more 
apparent from the folloWing detailed description of the 
present invention When taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a schematic sectional vieW shoWing an 
exemplary nitride semiconductor laser device formed on a 
covered Worked substrate according to the present invention; 

[0015] FIG. 2A is a schematic sectional vieW shoWing an 
exemplary nitride semiconductor Worked substrate employ 
able in the present invention, and FIG. 2B is a top plan vieW 
thereof; 
[0016] FIG. 3 is a schematic sectional vieW shoWing an 
exemplary covered Worked substrate employable in the 
present invention; 

[0017] FIG. 4A illustrates grooves having tWo types of 
directions perpendicular to each other in relation to modes of 
grooves (concave portions) and lands (convex portions) 
formed on the Worked substrate employable in the present 
invention, FIG. 4B illustrates grooves having tWo types of 
directions intersecting With each other at an angle of 60°, 
and FIG. 4C illustrates grooves having three types of 
directions intersecting With each other at an angle of 60°; 

[0018] FIG. 5 is a graph shoWing a groove-land Width 
range A required in the Worked substrate employed in the 
present invention; 

[0019] FIG. 6 is a graph shoWing the relation betWeen a 
groove depth in the Worked substrate employed in the 
present invention and the oscillation life of a laser device 
obtained through the Worked substrate; 

[0020] FIG. 7 illustrates the relation betWeen a position 
for forming a ridge stripe portion of a nitride semiconductor 
laser device formed on the covered Worked substrate 
employable in the present invention and the laser oscillation 
life; 
[0021] FIG. 8 is a schematic sectional vieW shoWing 
preferable areas for forming a light emitting device structure 
on the covered Worked substrate employable in the present 
invention; 
[0022] FIG. 9 is a schematic sectional vieW shoWing 
another exemplary covered Worked substrate employable in 
the present invention; 

[0023] FIG. 10 is a schematic sectional vieW shoWing still 
another exemplary covered Worked substrate employable in 
the present invention; 

[0024] FIG. 11 is a schematic sectional vieW shoWing a 
further exemplary covered Worked substrate employable in 
the present invention; 

[0025] FIG. 12A is a schematic sectional vieW shoWing an 
exemplary nitride semiconductor laser device having a ridge 
stripe structure, and FIG. 12B is a schematic sectional vieW 
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showing an exemplary nitride semiconductor laser device 
having a current blocking layer structure; and 

[0026] FIG. 13 is a schematic block diagram shoWing an 
exemplary optical apparatus including an optical pickup 
device utiliZing the nitride semiconductor laser device 
according to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0027] Before describing various embodiments according 
to the present invention, the meanings of some terms are 
noW clari?ed. 

[0028] First, the term “grooves” stands for striped concave 
portions formed on a main surface of a nitride semiconduc 
tor substrate, and the term “lands” similarly stands for 
striped convex portions (see FIGS. 2A and 2B, for 
example). The grooves and the lands may not necessarily 
have rectangular sectional shapes as shoWn in FIG. 2A, but 
may simply de?ne steps of unevenness. In the accompany 
ing draWings, lengths, Widths, thicknesses and depths are 
arbitrarily changed for simplifying and clarifying the draW 
ings, and do not shoW actual dimensional relation. 

[0029] The term “nitride semiconductor substrate” stands 
for a substrate containing AlXGayInZN(0§x§ 1; Oéyé 1; 
0222 1; and x+y+Z=1). Not more than about 10% of the 
nitrogen element contained in this nitride semiconductor 
substrate may be replaced With at least one of As, P and Sb 
(on the premise that the hexagonal crystal system of the 
substrate is maintained). At least any of impurities Si, O, Cl, 
S, C, Ge, Zn, Cd, Mg and Be may be added to the nitride 
semiconductor substrate. In order to provide the nitride 
semiconductor substrate With n-type conductivity, Si, O and 
Cl are particularly preferable among these impurities. 

[0030] The term “nitride semiconductor underlayer” 
stands for a nitride semiconductor ?lm covering a Worked 
substrate, Which contains AlXGayInZN (12x21; Oéyé 1; 
0222 1; and x+y+Z=1). Similarly to the case of the nitride 
semiconductor substrate, not more than about 10% of the 
nitrogen element contained in this nitride semiconductor 
underlayer may be replaced With at least one of As, P and Sb, 
and at least any of impurities Si, O, Cl, S, C, Ge, Zn, Cd, Mg 
and Be may be added to the nitride semiconductor under 
layer. 
[0031] The term “Worked substrate” stands for a nitride 
semiconductor substrate having a main surface formed With 
grooves and lands. The Widths of the grooves and the lands 
may have a constant periodicity or may be different from 
each other. All grooves may have a constant depth, or the 
grooves may have different depths. 

[0032] The term “emission layer” stands for a layer 
including at least one quantum Well layer or a plurality of 
barrier layers alternately stacked With such a quantum Well 
layer. An emission layer of a single quantum Well structure 
is formed by only a single Well layer or a barrier layer, a Well 
layer and a barrier layer stacked With one another. An 
emission layer of a multilayer quantum Well structure 
includes a plurality of Well layers and a plurality of barrier 
layers alternately stacked With one another, as a matter of 
course. 

[0033] The term “light emitting device structure” stands 
for a structure including the emission layer as Well as an 
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n-type layer and a p-type layer holding the same therebe 
tWeen. The term “covered Worked substrate” stands for an 
improved substrate including the Worked substrate and the 
underlayer consisting of a nitride semiconductor ?lm cov 
ering the same (see FIG. 3). 

[0034] [First Embodiment] 
[0035] The Worked substrate of a nitride semiconductor 
employed in the present invention includes grooves and 
lands formed on a main surface thereof. The Width G of the 
grooves formed on the Worked substrate must be Within the 
range of 11 to 30 pm, and the Width L of the lands must be 
Within the range of 1 to 20 pm. The restrictive range of such 
Widths of the grooves and the lands is hereinafter referred to 
as a groove-land Width range A. According to the present 
invention, the characteristics of the nitride semiconductor 
light emitting device are improved by employing a nitride 
Worked substrate having the groove-land Width range A, so 
that the life of a nitride semiconductor laser device can be 
increased or the emission intensity of a nitride semiconduc 
tor light emitting diode device can be improved, for 
example. 

[0036] The groove-land Width range A is effective only in 
a Worked substrate consisting of a nitride semiconductor. 
This is because a nitride semiconductor underlayer groWn on 
a Worked substrate consisting of a material other than the 
nitride semiconductor (hereinafter referred to as a hetero 
Worked substrate) is subjected to stress strain stronger than 
that applied to a nitride semiconductor underlayer groWn on 
the Worked substrate of the nitride semiconductor. Even if a 
hetero Worked substrate having the groove-land Width range 
A is prepared, crystal strain in a nitride semiconductor 
underlayer covering the hetero Worked substrate is not 
relaxed dissimilarly to the case of employing the Worked 
substrate of the nitride semiconductor. 

[0037] (As to Groove-land Width Range A) 

[0038] The inventors have investigated in?uences exerted 
by the groove Width G and the land Width L on the laser 
oscillation life. FIG. 5 shoWs the results. Referring to FIG. 
5, the horiZontal axis shoWs the land Width L and the 
vertical axis shoWs the groove Width G Black circles 
shoW laser oscillation lives of at least 10000 hours, black 
squares shoW laser oscillation lives of at least 5000 hours 
and less than 10000 hours, White circles shoW laser oscil 
lation lives of at least 1000 hours and less than 5000 hours, 
White squares shoW laser oscillation lives of at least 500 
hours and less than 1000 hours, and crosses shoW laser 
oscillation lives of less than 500 hours. The structure of 
nitride semiconductor laser devices subjected to this mea 
surement and a method of manufacturing the same Were 
similar to those of nitride semiconductor laser devices 
according to a sixth embodiment of the present invention 
described later. 

[0039] As understood from FIG. 5, the groove Width G 
and the land Width L substantially satisfying laser oscillation 
lives of at least 5000 hours (black circles and black squares) 
of the nitride semiconductor laser device Were at least about 
11 pm and not more than 30 pm and at least about 1 pm and 
not more than 20 pm (Within the groove-land Width range A 
in FIG. 5) respectively. More strictly, it Was possible to 
prepare a nitride semiconductor laser device having a laser 
oscillation life of at least 5000 hours even When the groove 
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Width G Was larger than 30 pm. If the groove Width G 
exceeds 30 pm, however, the grooves are hardly completely 
?lled up With the nitride semiconductor underlayer. When 
the grooves are hardly covered With the nitride semiconduc 
tor underlayer, the area alloWing formation of the nitride 
semiconductor laser device is narroWed unpreferably in 
consideration of an acquisition ratio of nitride semiconduc 
tor laser devices per Wafer. 

[0040] When the Widths of the grooves and the lands 
formed on the Worked substrate Were Within the groove-land 
Width range A and belonged to the upper left area of FIG. 
5 divided by a straight line A, the acquisition ratio of nitride 
semiconductor laser device chips having laser oscillation 
lives of at least 5000 hours (black circles and black squares) 
Was increased. This proves that it is important to increase the 
groove Width G beyond the land Width L for improving the 
laser oscillation life. 

[0041] When the Widths of the grooves and the lands 
formed on the Worked substrate Were Within the groove-land 
Width range A and the land Width L Was not more than 10 
pm, the acquisition ratio of nitride semiconductor laser 
device chips having laser oscillation lives of at least 10000 
hours (black circles) Was increased much. 

[0042] The inventors have further discovered that a crack 
ing ratio in the laser device chip can also be suppressed 
When the Widths of the grooves and the lands formed on the 
Worked substrate belong to the groove-land Width range A. 
In general, it has been regarded that a nitride semiconductor 
laser device formed on a GaN substrate is hardly cracked. In 
practice, hoWever, a conventional GaN substrate is remark 
ably cracked after formation of a nitride semiconductor laser 
device thereon. This is conceivably because the nitride 
semiconductor laser device is formed by a multilayer struc 
ture of various layers (for example, an AlGaN layer has a 
smaller lattice constant than a GaN layer, and an InGaN 
layer has a larger lattice constant than the GaN layer). It is 
also conceivable that such cracking is in?uenced by latency 
of residual strain in the GaN substrate obtained by the 
current technique itself. 

[0043] When a nitride semiconductor laser device Was 
formed on a covered Worked substrate (see FIG. 3) struc 
tured by the Worked substrate and the nitride semiconductor 
underlayer according to the present invention, hoWever, 
crack density Was Within the range of 0 to 3/cm2. When a 
nitride semiconductor laser device Was formed on a con 

ventional GaN substrate, crack density Was Within the range 
of about 5 to 8/cm2. 

[0044] Thus, not only the laser oscillation life Was 
improved but also the crack density Was suppressed accord 
ing to the present invention, and hence the long life of the 
nitride semiconductor laser device has probably been 
obtained by an effect of relaxing crystal strain in the nitride 
semiconductor crystal. Further, the life of the nitride semi 
conductor laser device Was remarkably increased When the 
groove Width G Was increased beyond the land Width L, and 
hence the effect of relaxing crystal strain is conceivably 
attained mainly by the grooves. 

[0045] The aforementioned effects of increasing the life 
and reducing the crack density according to the present 
invention are not restricted to a nitride semiconductor laser 
device but similarly attained also in a nitride semiconductor 
light emitting diode device, as a matter of course. 

May 16, 2002 

[0046] (As to Groove Depth) 

[0047] FIG. 6 shoWs the relation betWeen groove depths 
H and laser oscillation lives. The structure of nitride semi 
conductor laser devices subjected to measurement in FIG. 6 
and a method of manufacturing the same Were similar to 
those of the sixth embodiment described later, and the 
groove Width G and the land Width L Were 18 pm and 7 pm 
respectively, i.e., Within the groove-land Width range A. 

[0048] As understood from FIG. 6, the laser oscillation 
life started to increase as the groove depth H exceeded about 
1 pm. When the groove depth H exceeded 2 pm, the laser 
oscillation life further increased and thereafter reached a 
substantially constant saturation value. While the upper limit 
of the groove depth H related to improvement of the laser 
oscillation life is not particularly restricted, the grooves are 
hardly covered With the nitride semiconductor underlayer if 
the groove depth H exceeds about 10 pm. If the grooves are 
hardly covered With the nitride semiconductor underlayer, 
the area alloWing formation of the nitride semiconductor 
laser device is reduced unpreferably in consideration of the 
acquisition ratio of nitride semiconductor laser device chips 
per Wafer. In the present invention, therefore, the groove 
depth H is preferably at least 1 pm and not more than 10 pm, 
and more preferably at least 2 pm and not more than 10 pm. 

[0049] The relation betWeen the groove depth H and the 
laser oscillation life exhibited a tendency similar to that in 
FIG. 6 so far as the groove-land Width range AWas satis?ed. 
The aforementioned relation betWeen the groove depth H 
and the emission life is not restricted to the nitride semi 
conductor laser device but is also applicable to a nitride 
semiconductor light emitting diode device. 

[0050] (Position for Forming Emission Part) 
[0051] The inventors have made deep study to discover 
that the laser oscillation life varies With the position of an 
emission part (beloW a ridge stripe portion) of the nitride 
semiconductor laser device formed on the covered Worked 
substrate. 

[0052] Referring to a graph shoWn in FIG. 7, the hori 
Zontal axis shoWs the distance along the Width direction 
betWeen a ridge stripe edge a and a groove center c of the 
covered Worked substrate, and the vertical axis shoWs the 
laser oscillation life. The distance (hereinafter referred to as 
a c-to-a distance) betWeen the groove center c and the ridge 
stripe edge a is positive on the right side of the groove center 
c and negative on the left side of the groove center c along 
the Width direction. The structure of nitride semiconductor 
laser devices subjected to measurement in FIG. 7 and a 
method of manufacturing the same Were similar to those of 
the sixth embodiment described later. The ridge stripe Width, 
the groove Width G, the land Width L and the groove depth 
H Were 2 pm, 18 pm, 8 pm and 2.5 pm, respectively. 

[0053] As shoWn in FIG. 7, the laser oscillation life of a 
nitride semiconductor laser device having a ridge stripe 
portion formed above the groove exhibited a tendency 
exceeding that of a nitride semiconductor laser device 
having a ridge stripe portion formed above the land. As a 
result of more detailed investigation, it has been proven that 
the laser oscillation life is remarkably reduced When the 
ridge stripe portion is formed in an area having a c-to-a 
distance larger than —3 pm and smaller than 1 pm above the 
groove. Considering that the Width of the ridge stripe portion 



US 2002/0056846 A1 

is 2 pm, a c-to-a distance of —3 pm corresponds to —1 pm in 
terms of the distance betWeen the groove center c and 
another ridge stripe edge b (hereinafter referred to as a c-to-b 
distance). In other Words, it has been proven that the laser 
oscillation life is remarkably reduced When the ridge stripe 
portion of the nitride semiconductor laser device is formed 
to be at least partially included in an area of less than 1 pm 
on the right and the left of the groove center c along the 
Width direction. 

[0054] The area (in the range of less than 1 pm on the right 
and the left of the groove center c along the Width direction) 
Where the laser oscillation life is remarkably reduced is 
referred to as an area III. Therefore, the ridge stripe portion 
of the nitride semiconductor laser device is preferably 
formed to be entirely (a-b Width) included in a range 
excluding the area III. In the range of the groove Width G, 
the range of at least 1 pm on the right and the left of the 
groove center c along the Width direction is referred to as an 
area I. This area I alloWs formation of a nitride semicon 
ductor laser device having a longer laser oscillation life as 
compared With an area II described beloW. 

[0055] Description similar to that for the areas above the 
groove is applicable to areas above the land. When the ridge 
stripe portion of the nitride semiconductor laser device Was 
formed on an area presenting a c-to-a distance larger than 10 
pm and smaller than 14 pm, the laser oscillation life Was 
remarkably reduced. Considering that the Width of the ridge 
stripe portion is 2 pm, a c-to-a distance of —10 pm corre 
sponds to —1 pm in terms of the distance (hereinafter 
referred to as a d-to-b distance) betWeen the land center d 
and the ridge stripe edge b. Similarly, a d-to-a distance of 14 
pm corresponds to —1 pm in terms of the distance (herein 
after referred to as a d-to-a distance) betWeen the land center 
d and the ridge stripe edge a. In other Words, it has been 
proven that the laser oscillation life is remarkably reduced 
When the ridge stripe portion of the nitride semiconductor 
laser device is formed to be at least partially included in an 
area of less than 1 pm on the right and the left of the land 
center d along the Width direction. 

[0056] The area (in the range of less than 1 pm on the right 
and the left of the land center d along the Width direction) 
Where the laser oscillation life is remarkably reduced is 
referred to as an area IV. Therefore, the ridge stripe portion 
of the nitride semiconductor laser device is preferably 
formed to be entirely (a-b Width) included in a range 
excluding the area IV. In the range of the land Width L, a 
range of at least 1 pm on the right and the left of the land 
center d along the Width direction is referred to as the area 
II. Anitride semiconductor laser device having a ridge stripe 
portion formed on this area II exhibited a sufficient laser 
oscillation life of several 1000 hours, although this life Was 
shorter than that in the aforementioned case of the area I. 

[0057] FIG. 8 is a schematic diagram shoWing the afore 
mentioned results, i.e., the aforementioned areas I to IV on 
the covered Worked substrate according to the present inven 
tion. In the covered Worked substrate according to the 
present invention, the ridge stripe portion of the nitride 
semiconductor laser device is preferably formed at least on 
an area (the area I or II) excluding the areas III and IV, most 
preferably formed on the area I and next-preferably formed 
on the area II. 

[0058] It is inferred from the above results that, When the 
Worked substrate having the groove Width G and the land 
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Width L according to the present invention is covered With 
the underlayer of the nitride semiconductor ?lm (i.e., on the 
covered Worked substrate), areas of the nitride semiconduc 
tor underlayer located on the grooves of the Worked sub 
strate have a larger effect of relaxing crystal strain as 
compared With areas of the underlayer located on the lands. 

[0059] A nitride semiconductor laser device formed on a 
covered Worked substrate having a groove Width G and a 
land Width L belonging to the groove-land Width range A 
according to the present invention can obtain the aforemen 
tioned relation betWeen the position for forming the ridge 
stripe portion and the laser oscillation life. Also When the 
Width of the ridge stripe portion is other than 2 pm, a 
tendency similar to the relation shoWn in FIG. 7 is attained. 

[0060] The aforementioned relation betWeen the position 
for forming the ridge stripe portion and the laser oscillation 
life is not restricted to a nitride semiconductor laser device 
having a ridge stripe structure shoWn in a schematics sec 
tional vieW of FIG. 12A, for example. In a nitride semi 
conductor laser device having a current blocking structure 
shoWn in a schematic sectional vieW of FIG. 12B, for 
example, the aforementioned ridge stripe portion corre 
sponds to a current narroWing part of the laser device, and 
the ridge stripe Width corresponds to the Width of the current 
narroWing part. In more general expression, the effects 
according to the present invention are attained When an 
emission part (substantial current injection part of an emis 
sion layer) contributing to laser oscillation of the nitride 
semiconductor laser device is present on the area I and/or the 
area II shoWn in FIG. 8. 

[0061] In practice, hoWever, the laser oscillation life of the 
nitride semiconductor laser device having a current blocking 
structure Was loWer by about 20 to 30% as compared With 
the nitride semiconductor laser device having the aforemen 
tioned ridge stripe structure. In the nitride semiconductor 
laser device having a current blocking structure, further, the 
yield Was remarkably reduced by cracking as compared With 
the nitride semiconductor laser device having a ridge stripe 
structure. While the causes therefor are uncertain, a step of 
groWing a nitride semiconductor crystal on a current block 
ing layer formed With a current narroWing part is conceiv 
ably problematic. In the step of groWing the nitride semi 
conductor crystal on the current blocking layer, the Wafer is 
temporarily taken out from a crystal groWth apparatus (to 
normal temperature) to prepare the current narroWing part 
thereon in the process of preparing a light emitting device 
structure and thereafter the Wafer is introduced into the 
crystal groWth apparatus again to groW the remaining emis 
sion structure at about 1000° C., for example. When a heat 
history including abrupt temperature change is applied in an 
intermediate stage of forming the light emitting device 
structure, it is conceivable that crystal strain in the light 
emitting device structure is not sufficiently relaxed but 
cracking takes place even in the nitride semiconductor laser 
device according to the present invention. 

[0062] (As to Longitudinal Direction of Groove) 
[0063] The longitudinal direction of grooves formed on a 
nitride semiconductor substrate having a main surface of a 
{0001} C-plane is most preferably parallel to a <1-100>di 
rection, and next-preferably parallel to a <11-20>direction. 
The longitudinal direction of the grooves related to such 
speci?c directions is not substantially in?uenced by a devia 
tion angle of about 15° in the {0001} C-plane. 
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[0064] The preference of formation of the grooves along 
the <1-100>direction of the nitride semiconductor substrate 
resides in extremely large effects of relaxing crystal strain 
and suppressing cracking. When a nitride semiconductor 
?lm is groWn in grooves formed along this direction, a 
{11-20} plane mainly groWs on the side Wall surfaces of the 
grooves, Which in turn are covered With the nitride semi 
conductor ?lm. The {11-20} plane is perpendicular to the 
main surface of the substrate, and hence the grooves are 
covered With the nitride semiconductor ?lm While present 
ing substantially rectangular cross sections. In other Words, 
the nitride semiconductor ?lm hardly groWs on the bottom 
surfaces of the grooves, Which in turn are covered from the 
side Walls thereof. The nitride semiconductor ?lm attains 
sufficient groWth in a direction parallel to the main surface 
of the substrate (hereinafter referred to as lateral groWth), to 
conceivably bring the very large effects of relaxing crystal 
strain and suppressing cracking. When the nitride semicon 
ductor ?lm hardly groWs on the bottom surfaces of the 
grooves, the lateral groWth is promoted keeping a large 
depth of the grooves (close to the depth of grooves formed 
on a Worked substrate), While the grooves being covered 
With the lateral groWth, to preferably increase the crystal 
area having the effects of relaxing crystal strain and sup 
pressing cracking. 
[0065] Further, the aforementioned speci?c longitudinal 
direction of the grooves can increase the lateral groWth in 
combination With the groove Width G Within the groove-land 
Width range A, thereby more ef?ciently attaining the effects 
of relaxing crystal strain and suppressing cracking. 

[0066] On the other hand, the preference of formation of 
grooves along the <11-20>direction of the nitride semicon 
ductor device resides in that the nitride semiconductor ?lm 
?lling up the grooves exhibits good surface morphology on 
areas located on the grooves. When the nitride semiconduc 
tor ?lm groWs in the grooves formed along this direction, a 
{1-101} plane mainly groWs on the side Wall surfaces of the 
grooves, Which in turn are covered With the nitride semi 
conductor ?lm. The {1-101} side Wall surfaces are 
extremely ?at, and edge portions Where the side Wall sur 
faces are in contact With upper surfaces of lands are very 
sharp. Therefore, the grooves formed along the <11-20>di 
rection are covered With the nitride semiconductor ?lm in a 
hardly meandering state as vieWed from above, as shoWn in 
FIG. 2B. The nitride semiconductor ?lm exhibits excellent 
surface morphology on the areas located on the grooves 
covered in such a manner. When an underlayer consisting of 
the nitride semiconductor ?lm has excellent surface mor 
phology, the defective ratio of nitride semiconductor light 
emitting devices formed on the underlayer is preferably 
reduced. 

[0067] While all of the aforementioned grooves or lands 
are striped, the striped shape is preferable in the folloWing 
point. When a part (beloW a ridge stripe portion) contribut 
ing to oscillation of a nitride semiconductor laser device is 
striped and the aforementioned preferable area (the area I or 
II) for forming the ridge stripe portion is also striped, the part 
contributing to oscillation can be readily formed on the 
preferable area I or II. Alternatively, cross-striped grooves 
may be formed as shoWn in FIGS. 4A to 4C, in place of the 
striped grooves or lands. 

[0068] FIG. 4A is a top plan vieW of a Worked substrate, 
formed With tWo different types of grooves perpendicular to 
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each other, having concave and convex portions. FIG. 4B is 
a top plan vieW of a Worked substrate, formed With tWo 
different types of grooves intersecting With each other at an 
angle of 60°, having concave and convex portions. FIG. 4C 
is a top plan vieW of a Worked substrate, formed With three 
different types of grooves intersecting With each other at an 
angle of 60°, having concave and convex portions. 

[0069] (As to Nitride Semiconductor Underlayer) 

[0070] The underlayer consisting of a nitride semiconduc 
tor ?lm for covering the Worked substrate can be formed by 
a GaN ?lm, an AlGaN ?lm or an InGaN ?lm, for example. 

[0071] A nitride semiconductor underlayer of a GaN ?lm 
is preferable in the folloWing points: The GaN ?lm of a 
binary mixed crystal has excellent controllability for crystal 
groWth. Further, the surface migration length of the GaN 
?lm is larger than that of an AlGaN ?lm and smaller than 
that of an InGaN, and hence proper lateral groWth can be 
attained to completely and ?atly cover grooves and lands. 

[0072] A nitride semiconductor underlayer of an AlGaN 
?lm is preferable in the folloWing points: The AlGaN ?lm 
containing Al has a smaller surface migration length as 
compared With a GaN ?lm and an InGaN ?lm. The nitride 
semiconductor ?lm having a small surface migration length 
is hardly deposited on the bottom portions of the grooves 
While laterally covering the grooves. In other Words, crystal 
groWth of the AlGaN ?lm is promoted from the side Walls 
of the grooves to remarkably present lateral groWth, to be 
capable of further relaxing crystal strain. The composition 
ratio x of Al contained in an AlXGa1_XN ?lm is preferably at 
least 0.01 and not more than 0.15, and more preferably at 
least 0.01 and not more than 0.07. If the composition ratio 
x of Al is smaller than 0.01, the aforementioned surface 
migration length may be undesirably increased. If the com 
position ratio x of Al exceeds 0.15, the surface migration 
length may be so excessively reduced that the grooves are 
hardly ?atly ?lled up With the underlayer. An effect similar 
to that of the AlGaN ?lm can be attained so far as the nitride 
semiconductor underlayer contains A1. 

[0073] A nitride semiconductor underlayer of an InGaN 
?lm is preferable in the folloWing points. The InGaN ?lm 
containing In is more elastic as compared With a GaN ?lm 
and an AlGaN ?lm. Therefore, the InGaN ?lm ?lls up the 
grooves of the Worked substrate to diffuse crystal strain from 
the nitride semiconductor substrate over the nitride semi 
conductor ?lm and relax difference in strain betWeen the 
areas located on the grooves and the lands. The In compo 
sition ratio x in an InXGa1_XN ?lm is preferably at least 0.01 
and not more than 0.18, and more preferably at least 0.01 
and not more than 0.1. If the In composition ratio x is smaller 
than 0.01, the effect of elasticity due to In may be hardly 
attained. If the In composition ratio x exceeds 0.18, crys 
tallinity of the InGaN ?lm may be reduced. An effect similar 
to that of the InGaN ?lm can be attained so far as the nitride 
semiconductor underlayer contains In. 

[0074] (As to Thickness of Nitride Semiconductor Under 
layer) 
[0075] In order to completely cover the Worked substrate, 
the nitride semiconductor ?lm forming the underlayer must 
have a sufficient thickness. In order not to completely cover 
the Worked substrate, the nitride semiconductor ?lm forming 
the underlayer must have a small thickness. In order to solve 
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problems related to the present invention, the Worked sub 
strate need not necessarily be covered completely With the 
nitride semiconductor ?lm. In consideration of the acquisi 
tion ratio of a light emitting device chip, hoWever, the 
Worked substrate is preferably covered completely With the 
nitride semiconductor underlayer. Therefore, the thickness 
of the nitride semiconductor ?lm is preferably about at least 
2 pm and not more than 20 pm. If the thickness of the nitride 
semiconductor ?lm is smaller than 2 pm, it starts to be 
dif?cult to completely and ?atly ?ll up the grooves With the 
nitride semiconductor ?lm, depending on the Width and the 
depth of the grooves formed on the Worked substrate. If the 
thickness of the nitride semiconductor ?lm is larger than 20 
pm, vertical groWth (perpendicular to the main surface of the 
substrate) on the Worked substrate may gradually become 
remarkable as compared With lateral groWth, leading to a 
possibility of insufficient effects of relaxing crystal strain 
and suppressing cracking. 

[0076] (As to Method of Verifying Worked substrate) 

[0077] In order to con?rm Whether or not a covered 
Worked substrate includes a Worked substrate having the 
groove Width G and the land Width L according to the 
present invention in a nitride semiconductor light emitting 
device including a light emitting device structure groWn on 
the covered Worked substrate, the light emitting device 
structure may be partially or entirely ground With an appa 
ratus such as a grinder and the device may be observed With 
a cathode luminescence (CL) device. According to a result 
of CL measurement made by the inventors, grooves formed 
on a nitride semiconductor substrate (Worked substrate) 
Were observed as a pattern of bright and dark stripes. The 
bright and dark stripes corresponded to grooves and lands 
formed on the Worked substrate, and it Was possible to 
measure the Widths of the grooves and the lands formed on 
the Worked substrate by measuring the Widths of the stripes. 
According to a result of deep study made by the inventors, 
the bright stripes corresponded to the grooves, and the dark 
stripes corresponded to the lands. 

[0078] In place of partially or entirely grinding the light 
emitting device structure With an apparatus such as a grinder, 
the substrate of the nitride semiconductor light emitting 
device may be partially ground With an apparatus such as a 
grinder. When the ground surface of the device is observed 
With a CL device, a result of observation similar to the above 
can be obtained. 

[0079] [Second Embodiment] 
[0080] A method of preparing a covered Worked substrate 
according to a second embodiment of the present invention 
is described With reference to FIG. 3. Items not particularly 
mentioned in relation to this embodiment are similar to those 
of the ?rst embodiment. 

[0081] FIG. 3 is a schematic sectional vieW shoWing a 
covered Worked substrate covered With an underlayer of a 
nitride semiconductor ?lm, Which can be prepared as fol 
loWs. A dielectric ?lm of SiO2 or SiNX is ?rst deposited on 
the main surface, oriented along the (0001) plane, of an 
n-type GaN substrate. A general resist material is applied 
onto this dielectric ?lm for forming a striped mask pattern by 
lithography. Along this mask pattern, grooves are formed on 
the n-type GaN substrate through the dielectric ?lm by dry 
etching. Thereafter the resist material and the dielectric ?lm 
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are removed for preparing a Worked substrate. The grooves 
and lands formed in the aforementioned manner along the 
<1-100>direction of the n-type GaN substrate present a 
groove Width of 17 pm, a groove depth of 3 pm and a land 
Width of 8 pm. Alternatively, a loW-temperature GaN buffer 
layer may be formed on the n-type GaN substrate having the 
main surface oriented along the (0001) plane at a relatively 
loW temperature of about 450 to 600° C., in order to form an 
n-type GaN layer on the loW-temperature GaN buffer layer 
and thereafter prepare a Worked substrate by the aforemen 
tioned method. 

[0082] The prepared Worked substrate is subjected to 
suf?cient organic cleaning and thereafter introduced into an 
MOCVD (metal-organic chemical vapor deposition) appa 
ratus for stacking an underlayer consisting of a GaN ?lm 
having a thickness of 6 pm thereon. In order to form the GaN 
underlayer, NH3 (ammonia) as a source for a group V 
element and TMGa (trimethyl gallium) or TEGa (triethyl 
gallium) as a source for a group III element are supplied onto 
the Worked substrate set in the MOCVD apparatus, and SiH4 
(Si impurity concentration: ><1018/cm3) is added to the 
source materials at crystal groWth temperature of 1050° C. 
Under such groWth conditions, portions located on the 
grooves and the lands are ?atly covered With the underlayer 
of the GaN ?lm, as shoWn in FIG. 3. 

[0083] In order to form the grooves and the lands on the 
nitride semiconductor substrate, a general resist material 
may be directly applied to the surface of the nitride semi 
conductor substrate Without through the aforementioned 
dielectric ?lm, folloWed by a process similar to the above. 
According to an experiment made by the inventors, hoW 
ever, damage (particularly on the surfaces of the lands) on 
the substrate Was preferably reduced during formation of the 
grooves in the case that the resist material Was applied 
through the dielectric ?lm. 

[0084] In this embodiment, the loW-temperature GaN 
buffer layer may be a loW-temperature AlXGa1_XN buffer 
layer (Oéxé 1), or the loW-temperature buffer layer may be 
omitted. HoWever, a currently supplied GaN substrate is not 
suf?ciently preferable in surface morphology, and hence the 
loW-temperature AL;Ga1_XN buffer layer is preferably 
inserted in consideration of improvement of the surface 
morphology. The term “loW-temperature buffer layer” 
stands for a buffer layer formed at a groWth temperature of 
about 450 to 600° C., as hereinabove described. A buffer 
layer formed in such a relatively loW groWth temperature 
range is polycrystalline or amorphous. 

[0085] The grooves, formed by dry etching in this embodi 
ment, may alternatively be formed by another method. For 
eXample, Wet etching, scribing, Wire saWing, electric dis 
charge machining, sputtering, laser beam machining, sand 
blasting, focus ion beam machining or the like is employ 
able. 

[0086] The grooves, formed along the <1-100>direction of 
the n-type GaN substrate in this embodiment, may alterna 
tively be formed along the <11-20>direction. 

[0087] While the GaN substrate has the main surface 
along the (0001) plane in this embodiment, another surface 
orientation or another nitride semiconductor substrate may 
alternatively be employed. As to the surface orientation of 
the nitride semiconductor substrate, the C-plane {0001}, the 



US 2002/0056846 A1 

A-plane {11-20}, the R-plane {1-102}, the M-plane {1-100} 
or the {1-101} plane is preferably employable. A substrate 
having a main surface at an off angle Within 2° from such 
surface orientation has good surface morphology. 

[0088] As to the Width and the depth of the grooves 
formed on the Worked substrate and the Width of the lands 
in this embodiment, other numerical values may be 
employed so far as the same satisfy the conditions for the 
numerical ranges described above With reference to the ?rst 
embodiment. This also applies to the remaining embodi 
ments. 

[0089] [Third Embodiment] 
[0090] A third embodiment of the present invention is 
similar to the ?rst and second embodiments eXcept that the 
Widths of lands formed on a Worked substrate are set not to 
a constant value but to various different values. 

[0091] FIG. 9 is a schematic sectional vieW shoWing a 
covered Worked substrate according to this embodiment, 
Which has a groove Width G1 of 15 pm, a groove depth H1 
of 2.5 pm and land Widths L1 and L2 of 5 pm and 10 pm 
respectively. An AlGaN ?lm having a thickness of 5 pm is 
stacked on this Worked substrate, to prepare the covered 
Worked substrate according to the third embodiment. 

[0092] While the Worked substrate according to this 
embodiment has tWo types of different land Widths, the 
Worked substrate may alternatively have more different land 
Widths. 

[0093] [Fourth Embodiment] 
[0094] A fourth embodiment of the present invention is 
similar to the ?rst and second embodiments eXcept that the 
Widths of grooves formed on a Worked substrate are set not 
to a constant value but to various different values. 

[0095] FIG. 10 is a schematic sectional vieW shoWing a 
covered Worked substrate according to this embodiment, 
Which has a land Width L1 of 5 pm, a groove depth Hi of 1 
pm and groove Widths G1 and G2 of 11 pm and 20 pm 
respectively. An InGaN ?lm having a thickness of 3.5 pm is 
stacked on this Worked substrate, to prepare the covered 
Worked substrate according to the fourth embodiment. 

[0096] While the Worked substrate according to this 
embodiment has tWo types of different groove Widths, the 
Worked substrate may alternatively have more different 
groove Widths. Further, the fourth embodiment may be 
combined With the third embodiment. 

[0097] [Fifth Embodiment] 
[0098] A ?fth embodiment of the present invention is 
similar to the ?rst and second embodiments eXcept that the 
depths of grooves formed on a Worked substrate are set not 
to a constant value but to various different values. 

[0099] FIG. 11 is a schematic sectional vieW shoWing a 
covered Worked substrate according to this embodiment, 
Which has a groove Width G1 of 18 pm, a land Width L1 of 
7 pm and groove depths H1 and H2 of 1.5 pm and 5 pm 
respectively. A GaN ?lm having a thickness of 6 pm is 
stacked on this Worked substrate, to prepare the covered 
Worked substrate according to the ?fth embodiment. 

[0100] While the Worked substrate according to this 
embodiment has tWo types of different groove depths, the 
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Worked substrate may alternatively have more different 
groove depths. Further, the ?fth embodiment may be com 
bined With the third or fourth embodiment. 

[0101] [Sixth Embodiment] 
[0102] According to a siXth embodiment of the present 
invention, a nitride semiconductor laser device is formed on 
the covered Worked substrate of any of the ?rst to ?fth 
embodiments. 

[0103] (Crystal GroWth) 
[0104] FIG. 1 illustrates a nitride semiconductor laser 
device groWn on a covered Worked substrate. The nitride 
semiconductor laser device shoWn in FIG. 1 includes a 
covered Worked substrate 100 consisting of a Worked sub 
strate (n-type GaN substrate) 101 and an n-type 
AlO_O5Ga0_95N underlayer 102, an n-type InO_O7GaO_93N anti 
cracking layer 103, an n-type AlO_1Ga0_9N cladding layer 
104, an n-type GaN light guide layer 105, an emission layer 
106, a p-type AlO_2GaO_8N carrier blocking layer 107, a 
p-type GaN light guide layer 108, a p-type AlO_1GaO_9N 
cladding layer 109, a p-type GaN contact layer 110, an n 
electrode 111, a p electrode 112 and an SiO2 dielectric ?lm 
113. 

[0105] In order to prepare this nitride semiconductor laser 
device, the covered Worked substrate 100 according to any 
of the ?rst to ?fth embodiments is ?rst formed. In the siXth 
embodiment, grooves are formed along the <1-100>direc 
tion of the GaN substrate. 

[0106] Then, TMIn (trimethyl indium) as a source for a 
group III element and SiH4 (silane) as an impurity are added 
to NH3 (ammonia) as a source for a group V element and 
TMGa (trimethyl gallium) or TEGa (triethyl gallium) as a 
source for a group III element over the covered Worked 
substrate 100 in an MOCVD apparatus, and the n-type 
InO_O7GaO_93N anti-cracking layer 103 is groWn in a thickness 
of 40 nm at a crystal groWth temperature of 800° C. Then, 
the substrate temperature is increased to 1050° C., for 
groWing the n-type AlO_1GaO_9N cladding layer 104 (Si 
impurity concentration: 1><1018/cm3) of 0.8 pm thickness by 
using TMAl (trimethyl aluminum) or TEAl (triethyl alumi 
num) as a source for a group III element and then groWing 
the n-type GaN light guide layer 105 (Si impurity concen 
tration: 1><1018/cm3) of 0.1 pm thickness. 

[0107] Thereafter the substrate temperature is reduced to 
800° C. for forming the emission layer (multiple quantum 
Well structure) 106 by alternately stacking InO_O1GaO_99N 
barrier layers of 8 nm thickness and InO_15GaO_85N Well 
layers of 4 nm thickness. According to this embodiment, the 
emission layer 106 has a multiple quantum Well structure 
starting and ending With barrier layers, and includes three 
(three cycles of) quantum Well layers. An Si impurity is 
added to both of the barrier layers and the Well layers in a 
concentration of 1><1018/cm3. A crystal groWth interruption 
interval of at least 1 second and not more than 180 seconds 
may be inserted betWeen any barrier layer groWth and the 
neXt Well layer groWth or betWeen any Well layer groWth and 
the neXt barrier layer groWth. In this case, the layers are 
preferably improved in ?atness to reduce the half-Width of 
an emission spectrum. 

[0108] AsH3 or TBAs (tertiary butyl arsine) may be 
employed When As is added to the emission layer 106, PH3 
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or TBP (tertiary butyl phosphine) may be employed When P 
is added to the emission layer 106, and TMSb (trimethyl 
antimony) or TESb (triethyl antimony) may be employed 
When Sb is added to the emission layer 106. Alternatively, 
NZH4 (dimethyl hydraZine) may be employed in place of 
NH3 as a source for N When the emission layer 106 is 
formed. 

[0109] Then, the substrate temperature is increased to 
1050° C. again, for successively growing the p-type 
AlO_2GaO_8N carrier blocking layer 107 of 20 nm thickness, 
the p-type GaN light guide layer 108 of 0.1 pm thickness, the 
p-type AlO_1Ga0_9N cladding layer 109 of 0.5 pm thickness 
and the p-type GaN contact layer 110 of 0.1 pm thickness. 
As a p-type impurity, Mg (EtCPZMg: bisethyl cyclopenta; 
dienyl magnesium) is added in a concentration of 5x10 / 
cm3 to 2x102°/cm3. The p-type impurity concentration in the 
p-type GaN contact layer 110 is preferably increased toWard 
the interface betWeen the same and the p electrode 112. 
Thus, contact resistance is reduced at the interface betWeen 
the p-type GaN contact layer 110 and the p electrode 112. 
Further, a small amount of oxygen may be introduced during 
groWth of the p-type layers, in order to remove residual 
hydrogen that inactivates Mg not to serve as the p-type 
impurity. 
[0110] After the aforementioned groWth of the p-type GaN 
contact layer 110, gas in a reactor of the MOCVD apparatus 
is entirely replaced With nitrogen carrier gas and NH3, and 
the substrate is cooled at a rate of 60° C./min. When the 
substrate temperature reaches 800° C., supply of NH3 is 
stopped and the substrate is held at this temperature for ?ve 
minutes and thereafter cooled to the room temperature. The 
substrate is preferably held at a temperature betWeen 650° C. 
and 900° C. for at least 3 minutes and not more than 10 
minutes. The rate of cooling the substrate to the room 
temperature is preferably at least 30° C./min. In actual 
evaluation by Raman measurement, a crystal-groWn ?lm 
formed in the aforementioned manner already exhibited 
p-type characteristics (i.e., Mg Was activated) in a state not 
subjected to conventional annealing for attaining p-type 
conductivity. Further, contact resistance Was also reduced in 
formation of the p electrode 112. When the conventional 
annealing for attaining p-type conductivity Was additionally 
introduced, the activation ratio of Mg Was further preferably 
improved. 
[0111] In this embodiment, the layers needed to be formed 
from the Worked substrate 101 up to the nitride semicon 
ductor laser device may be continuously crystal-groWn, or 
groWth process from the Worked substrate 101 to the cov 
ered Worked substrate 100 may be carried out in advance so 
that re-groWth is thereafter performed to form the nitride 
semiconductor laser device. 

[0112] In this embodiment, the InO_O7GaO_93N anti-crack 
ing layer 103 may alternatively have an In composition ratio 
other than 0.07, or may be omitted. When lattice mismatch 
betWeen the cladding layer 104 and the GaN substrate 101 
is increased, the InGaN anti-cracking layer 103 is preferably 
inserted. 

[0113] The emission layer 106, starting and ending With 
the barrier layers in this embodiment, may alternatively start 
and end With Well layers. The number of the Well layers 
included in the emission layer 106 is not restricted to three. 
So far as the number of the Well layers is not more than 10, 
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the value of the threshold current is loW alloWing continuous 
oscillation at the room temperature. The value of the thresh 
old current is preferably reduced particularly When the 
number of the Well layers is at least 2 and not more than 6. 

[0114] Si, added to both of the Well layers and the barrier 
layers in the concentration of 1><1018/cm3 in the emission 
layer 106 according to this embodiment, is not necessarily to 
be added. HoWever, emission intensity is increased When Si 
is added to the emission layer 106. The impurity added to the 
emission layer 106 is not restricted to Si but at least any of 
O, C, Ge, Zn and Mg may alternatively be employed. The 
total amount of the impurity is preferably about 1><1017/cm3 
to 1><1019/cm3. Further, the impurity may not be added to 
both of the Well layers and the barrier layers but may 
alternatively be added to only either the Well layers or the 
barrier layers. 

[0115] According to this embodiment, the p-type 
AlO_2Ga0_8N carrier blocking layer 107 may alternatively 
have an Al composition ratio other than 0.2, or may be 
omitted. HoWever, the value of the threshold current is 
reduced When the carrier blocking layer 107 is provided. 
This is because the carrier blocking layer 107 con?nes 
carriers in the emission layer 106. The Al composition ratio 
of the carrier blocking layer 107 may preferably be 
increased in order to strengthen con?nement of the carriers. 
Further, the Al composition ratio may preferably be reduced 
Within a range for maintaining con?nement of the carriers, 
in order to increase carrier mobility in the carrier blocking 
layer 107 and reduce electrical resistance. 

[0116] The Al composition ratio of AlO_1Ga0_9N employed 
for the p-type cladding layer 109 and the n-type cladding 
layer 104 in this embodiment may be other than 0.1. If the 
Al ratio in the miXed crystal is increased, energy gap 
difference and refractive indeX difference betWeen the clad 
ding layers 109 and 104 and the emission layer 106 are 
increased so that the carriers and light are efficiently con 
?ned in the emission layer 106 and the value of the laser 
oscillation threshold current can be reduced. If the Al 
composition ratio is reduced in a range for maintaining 
con?nement of the carriers and light, carrier mobility in the 
cladding layers 109 and 104 is so increased that an operating 
voltage of the device can be reduced. 

[0117] The thickness of each of the AlGaN cladding layers 
109 and 104 is preferably Within the range of 0.7 pm to 1.0 
pm, in order to attain a unimodal vertical lateral mode, 
increase light con?nement ef?ciency, improve optical char 
acteristics of the laser device and reduce the value of the 
laser threshold current. 

[0118] The cladding layers 109 and 104 are not restricted 
to ternary miXed crystals of AlGaN but may be quaternary 
miXed crystals of AlInGaN, AlGaNP or AlGaNAs. Further, 
the p-type cladding layer 109 may have a superlattice 
structure including a p-type AlGaN layer and a p-type GaN 
layer or including a p-type AlGaN layer and a p-type InGaN 
layer, in order to reduce electrical resistance. 

[0119] While an MOCVD apparatus is employed for crys 
tal groWth in this embodiment, it may alternatively be 
performed by molecular beam epitaXy (MBE), hydride 
vapor phase epitaXy (HVPE) or the like. 
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[0120] (Chip Step) 

[0121] An epi-Wafer (a Wafer including nitride semicon 
ductor layers epitaXially grown on a covered Worked sub 
strate) formed by the aforementioned crystal groWth is taken 
out from the MOCVD apparatus and processed into a laser 
device. The epi-Wafer formed With a nitride semiconductor 
laser layer has a ?at surface, i.e., grooves and lands formed 
on the Worked substrate 101 are completely ?lled up With a 
nitride semiconductor underlayer and a light emitting device 
structure layer. 

[0122] Hf and A1 are successively stacked to form the n 
electrode 111 on the rear surface the covered Worked sub 
strate 100 consisting of an n-type nitride semiconductor (see 
FIG. 1). Alternatively, Ti and Al, Ti and M0, or Hf and Au 
may be stacked to form the n electrode 111. Hf is preferably 
employed for the n electrode 111, to reduce the contact 
resistance thereof The p electrode is etched in a striped 
manner along the grooves of the Worked substrate 101, 
thereby forming a ridge stripe portion (see FIG. 1). When 
cross-striped grooves are formed on the Worked substrate 
101, the <1-100>and <11-20>directions of the nitride semi 
conductor substrate may be selected as the longitudinal 
directions of these grooves. The ridge stripe portion, having 
a stripe Width W of 2.0 pm, is formed to be included in the 
aforementioned area I. Thereafter the SiO2 dielectric ?lm 
113 is deposited and the upper surface of the p-type GaN 
contact layer 110 is exposed from the SiO2 dielectric ?lm 
113 so that Pd, Mo and Au are deposited thereon for forming 
the p electrode 112. Alternatively, Pd, Pt and Au, Pd and Au, 
or Ni and Au may be stacked to form the p electrode 112. 

[0123] Finally, the epi-Wafer is cloven perpendicularly to 
the longitudinal direction of the ridge stripe portion, to 
prepare a Fabry-Pérot resonator having a resonator length of 
500 pm. The resonator length is preferably Within the range 
of 300 pm to 1000 pm in general. The resonator formed 
along the grooves in the <1-100>direction has a mirror end 
surface de?ned by the M plane {1-100} of a nitride semi 
conductor crystal. In order to form this mirror end surface, 
cleavage and division for a laser chip are carried out from 
the rear surface of the covered Worked substrate 100 With a 
scriber. HoWever, cleavage is performed not after scribing 
the Wafer across the overall rear surface thereof but after 
partially scribing the Wafer only on both ends thereof. Thus, 
no shavings resulting from the scribing and the sharp edge 
of the end surface adhere to the surface of the epi-Wafer, 
Whereby the yield of the device is improved. 

[0124] The laser resonator may also adopt a feed-back 
system generally knoWn as DFB (distribution feedback) or 
DBR (distribution Bragg re?ection) or the like. 

[0125] Dielectric ?lms of SiO2 and TiO2 are alternately 
deposited on the mirror end surface of the Fabry-Pérot 
resonator to form a dielectric multilayer re?ection ?lm 
having re?ectance of 70%. Alternatively, a multilayer ?lm of 
SiO2/Al2O3 or the like may be employed for the dielectric 
multilayer re?ection ?lm. 

[0126] While the n electrode 111 is formed on the rear 
surface of the covered Worked substrate 100, the n-type 
AlO_O5Ga0_95N ?lm 102 may be partially exposed from the 
front side of the epi-Wafer so that the n electrode is formed 
on the eXposed area. 
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[0127] (Packaging) 
[0128] The semiconductor laser device chip obtained in 
the aforementioned manner is packaged. When a nitride 
semiconductor laser device having a high output (at least 30 
mW) is employed, attention must be draWn to measures for 
heat radiation. While the high-output nitride semiconductor 
laser device can be connected to the body of a package by 
an In solder material With its semiconductor junction being 
upWard or doWnWard, it is preferably connected to the body 
of the package With its semiconductor junction being doWn 
Ward. While the high-output nitride semiconductor laser 
device can be directly mounted on the body of the package 
or a heat sink part, it may be connected through a submount 
of Si, AlN, diamond, Mo, CuW, BN, Fe, Cu, SiC or Au. 

[0129] The nitride semiconductor laser device according 
to this embodiment is prepared in the aforementioned man 
ner. 

[0130] While the Worked substrate 100 of GaN is 
employed in this embodiment, a Worked substrate of another 
nitride semiconductor may alternatively be employed. In the 
case of a nitride semiconductor laser device, for eXample, a 
layer having a loWer refractive indeX than a cladding layer 
must be in contact With the outer side of the cladding layer 
in order to attain a unimodal vertical lateral mode, and thus 
an AlGaN substrate can be preferably employed. 

[0131] According to this embodiment, the nitride semi 
conductor laser device is formed on the covered Worked 
substrate 100, thereby to relaX crystal strain, suppress crack 
ing, obtain a laser oscillation life of about 15500 hours and 
improve a device yield due to the effect of suppressing 
cracking. 

[0132] [Seventh Embodiment] 
[0133] In a seventh embodiment of the present invention, 
a nitride semiconductor light emitting diode device is 
formed on any covered Worked substrate obtained in the ?rst 
to ?fth embodiments. At this time, a nitride semiconductor 
light emitting diode device layer is formed by a method 
similar to the prior art. 

[0134] In the nitride semiconductor light emitting diode 
device according to this embodiment, emission intensity is 
improved as compared With the prior art. In particular, a light 
emitting diode device made of nitride semiconductor mate 
rial to have a short emission Wavelength (not more than 440 
nm) or a long emission Wavelength (at least 600 nm) can 
attain emission intensity of at least about 1.6 times as 
compared With the prior art by forming the same on any 
covered Worked substrate obtained in the ?rst to ?fth 
embodiment. 

[0135] [Eighth Embodiment] 
[0136] An eighth embodiment of the present invention is 
similar to the siXth and seventh embodiments, eXcept that an 
emission layer contains a substitutional element of at least 
one of As, P and Sb for substituting for part of N. More 
speci?cally, the substitutional element of at least one of As, 
P and Sb is contained in the emission layer of a nitride 
semiconductor light emitting device in substitution for part 
of N contained at least in Well layers. Assuming that X 
represents the total composition ratio of As, P and/or Sb 
contained in the Well layers and y represents the composition 
ratio of N, the composition ratio X is smaller than the 






