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(57) ABSTRACT 
A098 pm semiconductor laser of a ridge Waveguide (RWG) 
structure includes: to be lengthen the durability of a semi 
conductor laser by increasing a catastrophic optical damage 
(COD) level, a ridge having a ?xed Width and length so that 
the strip may stop in the position of 30 pm on the basic of 
end portion of an output facet along length direction of a 
resonator; and a non-Waveguide region in the end portion of 
both sides of a resonator. 
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FIG. 1 
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FIG. 2 
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FIG. 3 
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FIG. 11 
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HIGH POWER SEMICONDUCTOR LASERS WITH 
RIDGE WAVEGUIDE STRUCTURE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a high power 
semiconductor laser, and more particularly to a high poWer 
semiconductor laser of a ridge Waveguide (RWG) structure 
having an increased catastrophic optical damage (COD) 
level, and to method of fabricating a semiconductor laser 
device of a ridge Waveguide structure. 

[0003] 2. Description of the Prior Art 

[0004] Asemiconductor laser having a Wavelength of 0.98 
pm has been used to amplify signal through an optical ?ber 
as a source of light of the erbium doped ?ber ampli?er 
(EDFA). The larger the optical poWer of 0.98 pm semicon 
ductor laser, the more the optical ampli?cation rate of the 
EDFA is increased. Accordingly, the fabrication of 0.98 pm 
semiconductor laser having a high optical poWer has been 
interested. 

[0005] But, When the optical poWer of a semiconductor 
laser increases, the durability of a semiconductor laser is 
limited, the main cause being local heating due to optical 
absorption in the output facets that can result in catastrophic 
optical damage (COD). 
[0006] To solve the above-mention problems, a bent 
Waveguide nonabsorbing mirror (NAM) structure, an expo 
nential-shaped ?ared strip structure, or an ion-implantation 
into the output facets are proposed. 

[0007] The conventional method of fabricating a semicon 
ductor laser of a ridge Waveguide (RWG) structure having a 
Wavelength of 0.98 pm Will be explained With reference of 
FIG. 7 to 11. 

[0008] FIG. 7 is a cross-sectional vieW of RWG semicon 
ductor laser of RWG structure according to a conventional 
method. 

[0009] One of the conventional methods Will noW be 
described With FIG. 7. 

[0010] First, as shoWn in FIG. 7, a GaInAsP graded layer 
102, a GaInP cladding layer 103, a GaInAsP graded layer 
104, a GaInAs/GaInAsP active layer 105, a GaInAsP graded 
layer 106, a GaInP cladding layer 107, a GaInAsP graded 
layer 108, and a GaAs ohm contact layer 109 are groWn by 
metal organic vapor phase epitaxy (MOVPE), in this order, 
on the GaAs substrate 101. 

[0011] Next, a silicon nitride ?lm and a photoresist are 
successively deposited on the groWn substrate, and a pho 
toresist is patterned to form a ridge composed of 2 to 3 pm 
Width and 20 pm channel Width by conventional photolitho 
graphic and selective etching steps. After removing the 
photoresist, a GaAs ohm contact layer 109, a GaInAsP 
graded layer 108, and a GaInP cladding layer 107 are 
selectively removed by Wet etching using the silicon nitride 
?lm as a mask. 

[0012] After removing the silicon nitride ?lm used as a 
mask, a silicon nitride ?lm 110 is deposited on the entire 
surface, and open the contact WindoWs using photo 
lithograpy and etching technique of the top surface of the 

Sep. 13, 2001 

ridge. Sequentially, the ?rst p side electrode and the second 
p side electrode 111 of approximately 2 to 3 pm thickness by 
using Au platting process are successively formed. The 
GaAs substrate grinds to be remain a thickness of approxi 
mately 100 pm, and a n side electrode 112 is formed on the 
rear surface of the GaAs substrate 101. 

[0013] In operation, When a forWard bias voltage is 
applied across the substrate and the ohmic contact layer, 
current ?oWs into the active layer through the ridge and 
carriers are con?ned in the active layer, resulting in carrier 
recombinations that produce laser light. The laser light by 
optical gain is generated in the active layer having 2 to 3 pm 
Width and 600 to 1000 pm length in the loWer portion of the 
ridge. The laser light generated by optical gain like this is 
injected in the vicinity of the active layer by a difference in 
refractive index of each layer along in the longitudinal 
direction of the active layer and a difference in effective 
refractive index of the loWer portion and its expected portion 
of the ridge along in the horiZontal direction of the active 
layer. 

[0014] Accordingly, the active layer shape composed of 
the resonator of RWG semiconductor laser is combined by 
mixing gain-guiding Wave and refractive index-duiding. The 
active layer of a stick shape of a rectangle has some enlarged 
shape along in the horiZontal direction, that is, the length 
come under a resonator length of RWG semiconductor laser, 
and the Width of a rectangle is some larger than the ridge 
Width. 

[0015] In case of operating a conventional RWG semicon 
ductor laser like this in accordance With high injection 
current, the higher optical poWer density is formed at the 
output facets, and the active layer absorbe a part of the 
optical poWer. Accordingly, the output facet that can result 
in catastrophic optical damage (COD) is abruptly destructed 
by the local heating due to optical absorption. 

[0016] Another conventional method illustrated in FIGS. 
8 and 9 is adapted to solve the destruction problem of the 
output facet due to COD. FIGS. 8 and 9 are cross-sectional 
vieW shoWing a RWG semiconductor laser of the bent 
Waveguide nonabsorbing mirror (NAM) structure proposed 
to rise the COD level. 

[0017] As shoWn in FIG. 8, ?rst, a GaAs substrate 113 
With exact [100] orientation is formed a 1 pm-deep channel 
for laser stripe parallel to [01-1] by Wet etching. And a n type 
AlGaAs cladding layer 114, a single-quantum-Well graded 
refractive-index separae-con?nement heterostructure 
(SQW-GRINSCH) layer 115, and a p type AlGaAs cladding 
layer 116 are then groWn on the nonplanar substrate by 
molecular beam epitaxy (MBE). Next, after depositing a 
silicon nitride ?lm and a photoresist on the groWn substrate, 
the ridge of 3.5 pm Width and 1.25 pm depth by dry etching 
using the silicon nitride ?lm as a mask is formed. 

[0018] Subsequently, after removing the a silicon nitride 
?lm used as a mask, a silicon nitride ?lm 117 is deposited 
on the entire of the ridge, and a p side electrode 118 is then 
formed. The output facet trench of 6 pm depth is formed by 
chemical assisted ion-beam etching (CAIBE). After coating 
With A1203 layers in the output facets, a n side electrode 
119 is then formed. This structure restrains the optical 
absorption so that the laser optical poWer is seceded from 
active layer of the output facet region, since the laser 
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resonator is moved to the longitudinal direction at the output 
facet region. In case NAM region of this structure, the laser 
light generated from the active layer is coupled With AlGaAs 
cladding layer that has a high band gap and is not generated 
an optical absorption. Accordingly, a siZe of the beam 
patterns is getting bigger, and the temperature of the output 
facets is getting loWer. 

[0019] Other conventional method illustrated in FIG. 10 is 
adapted to reduce the COD generating in the output facets of 
the RWG structure due to the high optical poWer density. 
Generally, When the active layer is narroW, the kink is 
decreased. But, the degradation characteristics of the output 
facets is increased by increasing the optical poWer density. 

[0020] FIG. 10 is a stripe structure for semiconductor 
laser With exponential-shaped ?ared stripe. 

[0021] As shoWn in FIG. 10, the stripe Width is Wider at 
the front to reduce the optical poWer density. It is narroWer 
at the rear facet to achieve stable lateral-mode operation. 
These tWo regions are connected by an exponential-shaped 
?ared stripe 120 that produces a smooth mode-transition due 
to the electrical ?eld along the cavity taking an exponential 
form. The optical poWer density is decreased by enlarging an 
optical poWer distribution proceeding along the resonator 
since the end portion of the active layer makes an exponen 
tial-shaped ?ared stripe. In case of this structure, the optical 
poWer level 121 caused by a COD is enlarged at the front 
facet 

[0022] A still conventional method illustrated in FIG. 11 
is adapted to rise the COD level by ion-implanting a dopant 
impurity in vicinity of the optical poWer facets. 

[0023] FIG. 11 is a cross-sectional vieW shoWing a con 
ventional semiconductor laser of a WindoW structure. 

[0024] First, as shoWn in FIG. 7, a n type AlGaAs 
cladding layer 123, a AlGaAs/ AiGaAs quantum Well layer 
124, a p type AlGaAs ?rst cladding layer 125, a p type 
AlGaAs etching stop layer 126, a p type AlGaAs second 
cladding layer 127, and a p type AlGaAs ?rst ohm contact 
layer 128 are epitaXially groWn successively in this order on 
the n type GaAs substrate 122. 

[0025] Next, an insulating ?lm and a photoresist are 
successively deposited on the entire surface of the Wafer, and 
an insulating ?lm is patterned to form a Si implant region by 
conventional photolithography. The facet region of a p type 
AlGaAs ?rst ohm contact layer 128, a p type AlGaAs second 
cladding layer 127, and a p type AlGaAs etching stop layer 
are selectively removed by Wet etching using the insulating 
?lm as a mask, and then Si implantation is processed. 

[0026] Here, the quantum Well layer structure is not dis 
torered by ion-implantatiom and it is for the ?rst time 
disordered When silicon atoms are diffused in crystals by 
some thermal process. 

[0027] After removing the photoresist and insulating ?lm 
for blocking the Si implantation. Sequentially, a n type 
AlGaAs current blocking layer 130 and a p type AlGaAs 
second contact layer 131 are selectively groWn on the 
surface of the Wafer. Then, a n side electrode is formed on 
the rear surface of the n type GaAs semiconductor substrate 
122, and a p side electrode is formed on the p type GaAs 
second contact layer 131. HoWever, this method also can not 
be solve the kink in spite of tWice crystalline groWth and 
ion-implantation. 

Sep. 13, 2001 

[0028] As described above, the semiconductor lasers of 
RWG structure are dif?cult to system application because of 
a loW COD level or the kink generated by a spatial hole 
burning in condition of a high current injection. 

SUMMARY OF THE INVENTION 

[0029] It is an object of the present invention to provide an 
improved semiconductor laser Which does not suffer from 
the disadvantages of prior laser devices. 

[0030] It is a further object of the present invention to 
provide a semiconductor laser having a high COD level as 
compared to prior lasers. 

[0031] It is a still further object of the present invention to 
provide a semiconductor laser capable of increasing a cur 
rent level due to the kink occurrence as compared to prior 
lasers. 

[0032] Another object of the present invention is to pro 
vide a method for fabricating a semiconductor laser device 
having a high COD and current levels. 

[0033] In accordance With one aspect of the present inven 
tion, a semiconductor laser device of RWG structure 
includes: a ridge having a ?Xed Width and a ?Xed length so 
that a strip may stop in the position of 30 pm from an end 
part of an output facet along length direction of a resonator; 
and a non-Waveguide region in end portion of a taper both 
sides of a resonator. 

[0034] In accordance With another aspect of the present 
invention, a method of fabricating a semiconductor laser 
device includes: epitaXially groWing a n type GaInAsP 
graded layer, a n type GaInP cladding layer, a GaInAsP 
graded layer, a GaInAs/GaInAsP active layer, a GaInAsP 
graded layer, a p type GaInP cladding layer, a p type 
GaInAsP graded layer, and a p+ type GaAs ohm contact 
layer successively in this order on the n type GaAs substrate; 
depositing an silicon nitride ?lm and a photoresist on the 
groWn semiconductor substrate, sequentially etching a pho 
toresist to form patterns of a ridge, and forming a ridge using 
a reactive ion etching (RIE); forming a current injection 
WindoW at the top of a ridge using photolithography and 
etching steps, and forming a ?rst p side electrode using 
lift-off process; depositing a Ti/Au on the entire of a Wafer, 
forming a second p side electrode pattern using photolithog 
raphy, and sequentially forming a second p side electrode 
using Au platting process; grinding a n type GaAs substrate, 
and forming a n side electrode, after. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] These and other objects, and features and advan 
tages of the invention, as Well as the invention itself, Will 
become better understood by reference to the folloWing 
detailed description of the presently preferred embodiments 
When considered in conjunction With the accompanying 
draWings, Wherein: 

[0036] FIG. 1 is a cross-sectional vieW shoWing a process 
step of a crystalline groWth in a fabrication method of a 
semiconductor laser according to the present invention. 

[0037] FIG. 2 is a plain vieW shoWing a process step of a 
photolithography in a fabrication method of a semiconductor 
laser according to the present invention. 
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[0038] FIG. 3 is a cross-sectional vieW taken along the 
line A-A‘ of FIG. 2 after forming a ridge in a fabrication 
method of a semiconductor laser according to a ?rst embodi 
ment of the present invention. 

[0039] FIG. 4 is a plain vieW shoWing a process step of an 
ohmic contact metal formation on the ridge of a linear shape 
in a fabrication method of a semiconductor laser according 
to the present invention. 

[0040] FIG. 5 is a plain vieW shoWing a process step of an 
ohmic contact metal formation on the ridge of a tapered 
shape in a fabrication method of a semiconductor laser 
according to the present invention. 

[0041] FIG. 6 is a cross-sectional taken along the line B-B‘ 
of FIG. 4. 

[0042] FIG. 7 is a cross-sectional vieW shoWing a con 
ventional semiconductor laser of RWG structure. 

[0043] FIG. 8 is a cross-sectional vieW shoWing a con 
ventional semiconductor laser of a bent-Waveguide nonab 
sorbing mirror structure. 

[0044] FIG. 9 is a cross-sectional vieW taken along the 
line C-C‘ of FIG. 8. 

[0045] FIG. 10 is a plain vieW shoWing a conventional 
semiconductor laser of an exponential-shaped ?ared stripe 
structure. 

[0046] FIG. 11 is a cross-sectional vieW shoWing a con 
ventional semiconductor laser carrying out an ion-implan 
tation. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0047] Embodiments of the invention Will be explained 
With reference to the draWings. FIG. 1 to 6 are cross 
sectional vieW shoWing a process steps in a method of 
fabricating a semiconductor laser according to the present 
invention. 

[0048] First, as shoWn in FIG. 1, a n type GaInAsP graded 
layer 2, a n type GaInP cladding layer 3, a GaInAsP graded 
layer 4, a GaInAs/GaInAsP active layer 5, a GaInAsP graded 
layer 6, a p type GaInP cladding layer 7, a p type GaInAsP 
graded layer 8, and a p+ type GaAs ohmic contact layer 9 are 
successively groWn by metal organic vapor phase 
(MOVPE), in this order, on the n type GaAs substrate 1. A 
GaAs etching stop layer is formed before a p type GaInP 
cladding layer 7. 

[0049] Next, as shoWn in FIG. 2, a silicon nitride ?lm 10 
and a photoresist 11 are successively deposited on the groWn 
substrate. Aphotoresist 11 is developed to form a tWin stripe 
pattern 12 along the cavity of 3 to 4 pm Width and the length 
of the stripe is stopped from the facet about 30 pm by 
conventional photolithography step. 

[0050] Sequentially, as shoWn in FIG. 3, after etching the 
silicon nitride ?lm 11, a photoresist 11 is removed. a p+ type 
GaAs ohm contact layer 9, a p type GaInAsP graded layer 
8, and a p type GaInP cladding layer 7 is etched to about 1 
pm thickness by reactive ion etching (RIE) and the rest 
thickness by selective Wet etching using the silicon nitride 
?lm as a mask. 
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[0051] After removing the silicon nitride ?lm 11, a silicon 
nitride ?lm and a photoresist are successively deposited on 
the entire surface of the etched ridge, and a silicon nitride 
?lm is patterned to form a current injection WindoW at the 
top of the ridge. After removing the photoresist, the ?rst p 
side electrode Ti/Pt/Au 14 is formed using lift-off process. In 
the FIG. 4, reference numerical 13 designates a region 
Without a ridge and a Waveguide at the both sides of a 
resonator. Reference numerical 15 designates an etched part. 
Here, a region Without a ridge and a Waveguide in vicinity 
of the both sides of a resonator is not formed the ohmic 
contact metal 14. The resonator made up a liner shape. 

[0052] FIG. 5 shoWs a resonator formed by taper shape 
differently a Width according to resonator shape. An shoWn 
in FIG. 5, Reference numerical 16 designates a ridge of the 
taper shape. Here, the Wide ridge Width 16a and the narroW 
ridge Width 16b are formed by 5 to 6 pm and 1.5 to 3 pm, 
respectively. 

[0053] After this, as shoWn in FIG. 6, Ti/Au is formed on 
the entire surface of the Wafer for Au plating. Sequently, The 
second p side electrode 18 of a thickness of approximately 
2 to 3 pm is formed by Au plating process on the patterned 
electrode. The n type GaAs substrate grinds to be remain a 
thickness of approximately 100 pm. Also, a region Without 
a ridge and a Waveguide is not formed any electrode. A n 
side electrode 19 is formed on the rear surface of the n type 
GaAs substrate 1. Reference numerical 17 designates an 
insulating ?lm formed in a region Without a Waveguide of 
the end portion of the ridge. 

[0054] Additional advantages and modi?cations Will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the speci?c 
details, and illustrated examples shoWn and described 
herein. Accordingly, various modi?cations may be made 
Without departing from the spirit or scope of the general 
inventive concept as de?ned by the appended claims and 
their equivalents. 

What is claimed is: 
1. A semiconductor laser device of a ridge Waveguide 

(RWG) structure comprising: 

a ridge having a ?xed Width and a ?xed length so that a 
strip may stop in the position of 30 pm from an end 
portion of an output facet along length direction of a 
resonator; and 

a non-Waveguide region in the end portion of both sides 
of a resonator. 

2. A semiconductor laser device as de?ned in claim 1, 
Wherein said non Waveguide region is formed by Au plating 
process so as to emit heat, but not for the ohmic contact 
metal. 

3. A semiconductor laser device as de?ned in claim 1, 
Wherein said ridge is formed to a taper shape differently a 
Width of a side and another side end along length direction. 

4. A semiconductor laser device as de?ned in claim 3, 
Wherein said Wide and said narroW Width ridges of the taper 
shape are formed by 5 to 6 pm and 1.5 to 3 pm, respectively. 

5. A method of fabricating a semiconductor laser device 
of a ridge Waveguide (RWG) structure comprising the steps 
of: 

epitaxially groWing a n type GaInAsP graded layer, a n 
type GaInP cladding layer, a GaInAsP graded layer, a 



US 2001/0021213 A1 

GaInAs/GaInksP active layer, a GaInAsP graded layer, 
a p type GaInP cladding layer, a p type GaInAsP graded 
layer, and a p+ type GaAs ohrn contact layer are 
successively grown by metal organic vapor phase 
(MOVPE), in this order, on the n type GaAs substrate; 

depositing an silicon nitride ?lm and a photoresist on said 
groWn semiconductor substrate, sequentially etching a 
photoresist so as to form a strip until 30 urn position on 
the basis of the output facet end along a cavity length 
direction having a Width of 3 to 4 urn, and forming a 
ridge using reactive ion etching (RIE) and selective 
chemical etching; 

forming a current injection WindoW at the top of a ridge 
using photolithography step, and forming a ?rst p side 
electrode using lift-off process; 

depositing a Ti/Au on the entire of a Wafer and forming a 
Au plating pattern using photolithography, and sequen 
tially forming a second p side electrode of 2 to 3 urn 
thickness by using Au platting process; and 
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grinding said n type GaAs substrate until about 100 urn 
thickness, and forming a n side electrode. 

6. A method of fabricating a semiconductor laser device 
as de?ned in claim 5, Wherein the GaAs etching stop layer 
is formed before groWing said p type GaInP cladding layer. 

7. A method of fabricating a semiconductor laser device 
as de?ned in claim 5, Wherein said ridge formation is etched 
until said GaAs etching stop layer by Wet selective etching 
after etching about 1 urn thickness using reactive ion etching 
(RIE). 

8. A method of fabricating a semiconductor laser device 
as de?ned in claim 5, Wherein said ridge is formed to a taper 
shape differently a Width of an end and an another end 
portions along length direction of a resonator. 

9. A method of fabricating a semiconductor laser device 
as de?ned in claim 5, Wherein the narroW and the Wide Width 
portions of said active layer are formed a loW and a high 
re?ection ?lrns on the facets, respectively. 

* * * * * 


