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SPECIFICATION 

TITLE OF THE INVENTION 

METHOD OF FABRICATING SEMICONDUCTOR LASER 

BACKGROUND OF THE INVENTION 

I. F:Leld of the Invent:Lon 

The present invention relates to a method of fabricating 

a semiconductor laser capable of operating at a high output power, 

which is preferably used in the fields of commun:Lcat:Lon, laser 

medical treatment, laser beam mach:Lning, laser printers and the 

1:1..ke. 

2. Descript:Lon of the Related Art 

F:Lg. 6 is a view show:Lng the confi~at:l.on of an example 

of a self-aligned struc::=ture semi.conductor laser with a separate 

confinement heterostructure (hereinafter, such a laser is 

.referred to as an SCH-SAS LD)~ The 1aser is reported in IEEE 

Journal Quantum. Electronics., Vol. 29, No. 6, (1993) pl889-

1993. 

Referring to Fig. 6, a cladding layer 2 of n-AlGaAs, a 
i 

quantum well active layer 5 of GaAs/AlGaAs, a cladd:Lng layer 9 

of p-AlGaAs, and a contact layer 10 of p-GaAs are sequent:l.ally 

formed on an n-GaAs substrate 1. A current blocking layer 7 of 

n-AlGaAs is embedded in the cladd:Lng layer 9. 
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In the self-aligned structure semiconductor laser shown in 

Fig. 6, the current blocking layer 7 having a stripe-like window 

and a bandgap wider than that of the cladding layer 9, i.e., a 

refractive index lower than that of the cladding layer is 

embedded. Therefore, ·a refract! ve index difference is formed 

also in a direction (lateral direction) parallel to the quantum 

well active layer 5, so that laser light can be confined also 

in the lateral direction of the stripe. As a result, two 

dimensional real index structure is realized. 

Japanese Unexamined Patent Publication JP-A 62-73687 ( 1987) 

discloses a self-aligned structure semiconductor laser in which 

upper and lower cladding layers are respectively formed on both 

faces of an active layer, a current blocking layer is formed on 

the upper cladding layer, a center ·portion of the current 

blocking layer is then removed away to form a stripe-like groove, 

and a third cladding layer is embededly grown. 

Japanese Unexamined Patent Publication JP-A 4-370993( 1992) 

discloses a self-aligned structure semiconductor laser in which 

a refractive index difference is formed also in the lateral 

direction of a stripe by a current blocking layer having a 

refractive index lower than that of a cladding layer, and, in 

order to facilitate the regrowth of a stripe-like window of the 

current blocking layer, an optical guide layer is disposed 

between an active layer and the current blocking layer. 

A thesis (Applied Physics Letters., Vol. 37, No. 3, (1980), 
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p262-263) reports a self-aligned structure semiconductor laser 

in which a current blocking layer is made of a material having 

a bandgap narrower than that of an active layer, and laser light 

is laterally confined by optical absorption of the current. 

blocking layer. 

Fig. 7 is a view showing the configuration of an example 

of a self-aligned structure semiconductor laser with a perfect 

SCH (hereinafter, such a laser is referred to as a PSCH-SAS LD). 

This laser is disclosed in International Patent Publication 

W096/12328 in the name of the assignee of the present 

application. 

Referring to Fig. 7, a cladding layer 2 of n-AlGaAs, an 

optical guide layer 3 of n-AlGaAs, a carrier blocking layer 4 

of n-AlGaAs, a quantum well active layer 5 of GaAs/AlGaAs, a 

carrier blocking layer 6 of p-AlGaAs, an optical guide layer 8 

of p-AlGaAs, a cladding layer 9 of p-AlGaAs, and a contact layer 

10 of p-GaAs are sequentially formed on an n-GaAs substrate 1 • 
. 

A current blocking layer 7 of n-AlGaAs is embedded in the optical 

guide layer 8. 

In such a PSCH-SAS LD also, a refractive index difference 

is formed also in the lateral direction by the existence of the 
.•' 

current blocking layer 7; and hence two dimensional real index 

structure is realized. 

Figs. SA, SB and SC are views illustrating an example of 

a conventional method of fabricating the SCH-SAS LD. First, as 

- 3 -

This Sheet Has Been Replaced 

· I 1\\1\111\11111 



shown in Fig. SA, the cladding layer 2 of n-AlGaAs, the quantum 

well ac~i ve layer 5 of GaAs I AlGaAs, and a part of the cladding 

layer 9 of p-AlGaAs are sequentially crystal-grown on the n-

GaAs substrate 1. An n-AlGaAs layer 7a to be the current blocking 

layer 7 is then uniformly crystal-grown. 

Next, as shown in Fig. SB, a mask is formed in the lateral 

sides of a region where the center stripe-like window is to be 

formed, and the stripe-like window is opened in the n-AlGaAs 

layer 7a by wet etching by which crystals are not damaged, thereby 

forming the current blocking layer 7. Thereafter, the mask is 

removed away. 

Next, as shown in Fig. SC, the remaining part of the cladding 

layer 9 is crystal-grown, and the contact layer 10 of p-GaAs is 

t~en crystal-grown. 

Figs. 9A, 9B and 9C are views illustrating an example of 

a conventional method of fabricating the PSCH-SAS LO. First, 

as shown in Fig. 9A, the cladding layer 2 of n-AlGaAs, the optical 

guide layer 3 of n-AlGaAs, the carrier blocking layer 4 of 

n-AlGaAs. the quantum wel.l active l.ayer 5 of GaAs/Al.GaAs, the 

carrier bl.ocking layer 6 of p-AlGaAs, and a part of the optical 

guide layer S of p-AlGaAs are sequentially crystal-grown on the 
.• 

n-GaAs substrate 1. An n-AlGaAs layer 7a to be the current 

blocking layer 7 is then uniformly crystal-grown. 

Next, as shown in Fig. 9B, a mask is formed in the lateral 

sides of a region where the center stripe-like window is to be 
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formed, and the stripe-like window is opened in the n-AlGaAs 

layer 7a by wet etching by which crystals are not damaged, thereby 

forming the current blocking layer 7. Thereafter, the mask is 

removed away. 

Next, as shown in Fig. 9C, the remaining part of the optical 

guide layer 8 is crystal-grown, and the cladding layer 9 of 

p-AlGaAs and the contact layer 10 of p-GaAs are then sequentially 

crystal-grown. 

In such a SCH-SAS LD and a PSCH-SAS LD, in order to realize 

lateral light confinement and suppression of current spread so 

as to attain excellent single lateral mode oscillation, the 

current blocking layer must be located at a position close to 

the active layer as much as possible, and the width of the window 

through which a current passes must be formed so as to accurately 

coincide with the designed value. 

In the conventional fabrication method, in the etching step 

of forming the stripe-like window in the current blocking layer, 

overetching in which even the active layer is etched away 

frequently occurs. the;reby fabricating a problem in that a high 

yield cannot be attained. 

As a technique that etching is controlled to a desired depth 

while preventing such overetching from occurring. known is a 

method in which an etching stop layer for automatically 

chemically stopping etching is formed below the current blocking 

layer. In the method. however. only the etching controllability 
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in the depth direction is improved and the controllability in 

the lateral direction, i.e. , the controllability of the window 

width of the current bl.ocking layer is not improved. Since the 

window width of the current blocking layer affects the 

oscillation.threshold and the stabil.ity of the lateral mode. the 

method using an etching stop l.ayer is not sufficient for solving 

the problem. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide a method of 

fabricating a semiconductor laser in which a window of a current 

blocking layer in a self-aligned structure semiconductor laser 

can be accurately formed and the fabrication yield and the · 

reliability can be increased while maleffects on other layers 

are avoided. 

The invention provides a method of fabricating a self-

aligned structure semiconductor laser comprising: 

providing a pair of claddin~ layers respectively on both 

faces of an active layer. the cladding layers having a bandgap 

wider than that of the active layer; and 

embedding a current blocking layer having a stripe-like 
... 

window in at least one of the cladding layers. 

wherein the blocking layer is formed by selective growth. 

According to the invention. the formation of the current 

blocking layer by selective growth can exclude an etching step 
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in which the process accuracy is low. Therefore, overetching 

of other layers such as the active layer can be surely eliminated, 

and the dimensions of the stripe-like window in the height and 

width directions can be accurately controlled with high 

reproducibility. Consequently, a semiconductor laser which is 

excellent in oscillatio:i;i threshold and stability of the lateral 

mode can be fabricated with a high yield. 

Further the invention provides a method of fabricating a 

self-aligned structure semiconductor laser comprising: 

providing an optical guide layer formed on one face or a 

pair of optical gtiide layers on both faces of an active layer, 

respect! vely, the optical guide layer ( s} having a bandgap wider 

than that of the active layer; 

providing a pair ·of cladding layers so as to sandwich the active 

layer and the optical guide layer( s} therebetween, the cladd1 ng layers 

having a bandgap wider than that of the optical guide layer; and 

embedding a current blocking layer having a stripe-like 

window between at least one of the cladding layers and the optical 

guide layer(s), 

wherein the current blocking layer is formed by selective 

growth. 

According to the invention, the formation of the current 

blocking layer by selective growth can exclude an etching step 

in which the process accuracy is low. Therefore, overetching 

to the other layers such as the active layer can be surely 
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eliminated, and the dimensions of the stripe-like window in the 

height and width directions can be accurately controlled with 

high reproducibility. Consequently, a semiconductor laser 

which is excellent in oscillation threshold and stability of the 

lateral mode can be fabricated with a high yield. 

Further the invention provides a·method of fabricating a 

self-aligned structure semiconductor laser comprising: 

providing an optical guide layer qn one face or both faces 

of the active layer, the optical guide layers having a bandgap 

wider than that of the active layer: 

providing a pair of cladding layers so as to sandwich the 

active layer and the optical guide layer therebetween, the 

cladding layers having a bandgap wider than that of the optical 

guide layer; and 

embedding a current blocking layer having a stripe-like 

window in at least one of the optical guide layer, 

wherein the current blocking layer is formed by selective 

growth. 

According to the invention, the formation of the current 

blocking layer by selective growth can exclude an etching step 

in which the process accuracy is low. Therefore, overetching 
,· 

to the other layers·such as the active layer can be surely 

eliminated, and the dimensions of the stripe-like window in the 

height and width directions can be accurately controlled with 

high reproducibility. Consequently, a semiconductor laser 
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which is excellent in oscillation threshold and stability of the 

lateral mode can be fabricated with a high yield. 

Further the invention provides a method of fabricating a 

self-aligned structure semiconductor laser with perfect 

separated confinement hetero structure comprising: 

providing a pair of optical guide layers respectively on 

both faces of an active layer, the optical guide layers having 

a bandgap wider than that of the active layer; 

providing a pair of cladding layers so as to sandwich the 
. 

active layer and the optical guide layers therebetween, the 

cladding layers having a bandgap wider than that of the optical 

guide layers; 

providing carrier blocking layers respect! vely between the 

active layer and the optical guide layers, the carrier blocking 

layers having a bandgap wider than those of the active layer and 

the optical guide layers; and 

. embedding a current blocking layer having a stripe-like 

window embedded in at· least one of the optical guide layers, 

wherein the current blocking layer is formed by selective 

growth. 

According to the invention, the formation of the current 

blocking layer by selective growth can exclude an etching step 

in which the process accuracy is low. Therefore, overetching 

to the other layers such as the active layer I optical guide layer 

or carrier blocking layer can be surely eliminated, and the 

- 9 - ii ii UT 



dimensions of the stripe-like window in the height and width 

directions can be accurately controlled with high 

reproducibility. Consequently, a semiconductor laser which is 

excellent in oscillation threshold and stability of the lateral 

mode can be fabricated with a high yield. 

In the invention it is preferable that the current blocking 

layer is formed of AlxGa1-xAs having an Al composition x of O 

~ x ~ 0.35 or a semiconductor material free of aluminum. 

In the selective growth, it is very important to control 

the Al composition as low as possible. In the case of high Al 

composition, since Al is chemically active, growth occurs also 

on the selective growth mask, which makes the ·selective growth 

very hard to occur. Particularly, in the select! ve growth of 

AlxGa1.xAs, an Al composition x of more than O. 35 causes the growth 

on the selective growth mask, and as a consequence the select! ve 

growth hardly occurs. 

According to the invention, since the current blocking 

layer is formed of AlxGa1-xAs having an Al compos:L t:Lon x of O 

.~ x~ 0.35, or a semiconductor material free of al.uminum, the 

selective growth of the current.blocking is easy to occur. 

Consequentl.y, the current blocking layer is formed by such a 

simple sel.ective growth,' and a semiconductor laser which is 

excellent in oscillation threshold and stability of the lateral 

mode can be easily fabricated with a high yield. 

Incidentally, the semiconductor material free of aluminum 
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is preferably GaAs, InGaP, InGaAsP or the like in view of 

simplicity of the selective growth. 

In the invention it is preferable that the optical guide 

layers are formed of AlxGa1-xAs having an Al composition x of o 

< x :s.: 0.3. 

The self-aligned structure semiconductor laser of a real 

refractive index waveguide type requires a refractive index 

difference between inner and outer sides of a stripe in a 

direction parallel to the active layer. In the case of 

fabricating the self-aligned structure semiconductor laser from 

-AlxGa1-xAs in which crystal growth easily occurs, for the 

automatic lattice-matching with the GaAs substrate, real 

refractive index structure can be caused by making the Al 

composition of the current blocking layer higher than that of 

the optical guide layer. Incidentally, in AlxGa1-xAs, the higher 

the Al composition, the lower the refractive index is. 

On the contrary, in the case where the optical guide layer 

is formed of Al.xGa1-xAs having a 1.ow Al composition, 1t is possibl.e 

to control the Al composition of the current blocking layer 

formed of AlxGa1-xAs low. Reducing of the Al composition of the 

current blocking layer is very important in the selective growth 

of the current blocking layer. In the case of high Al composition. 

since aluminum is chemically active, growth also occurs on the 

mask for selective growth and as a consequence the selective 

growth is hard to occur. For example, in the select! ve growth 
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of AlxGa1-xAs, since growth occurs also on the mask when the Al 

composition x exceeds 0.35, the selective growth is hard to occur. 

According to the invention, it is preferable that the 

optical guide layer has· an Al composition x of O < x -S: O. 3, whereby 

the aluminum composition of the current blocking layer can be 

reduced. Consequently, the current blocking layer is formed by 

such a simple select! ve growth, and a semiconductor laser which 

is excellent in oscillation threshold and stability of the 

lateral mode can be fabricated with a high yield. 

In a perfect separate confinement hetero structure, providing 

the carrier blocking layer offers further flexibility in design 

of the optical guide layer, so that various semiconductor materials 

can be used. In the case where AlxGai-xAs is used, it is possible 

to form the optical guide layer or current blocking layer having 

a lower Al composition, since carrier blocking layers effectively 

confine the carrier in the active layer. 

Furthermore, in the case where the optical guide layer of 

the perfect separate confinement hetero sructure is formed to have 

an Al composition x of O ( x -S: o. 3, a sufficient refractive index 

difference can be caused in the lateral direction even in the 

current blocking layer having an Al composition x of x ~ 0.35 

where the selective growth would easily occur. Accordingly the 

current blocking layer can be formed by such a simple selective 

growth, and a semiconductor laser which is excellent in 

oscillation threshold and stability of the lateral mode can be 
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fabricated with a high yield. 

Further in the invention, it is preferable that the optical 

guide layers are formed of a semiconductor material free of 

aluminum. 

In the self-aligned structure semiconductor laser, if the 

crystal properties of the current blocking layer crystal-grown 

on the optical guide layer and subsequent layers formed thereon 

are reduced, the reliability of a semiconductor laser device thus 

fabricated is impaired. Furthermore, it. is necessary to 

suppress the reduction in crystal property of each layer to be 

grown later at the current injection stripe-like window and 

prevent the formation of a barrier at the growth interface so 

as to facilitate the injection of current. 

According to the invention, since the optical guide layer 

is formed of a semiconductor material free of aluminum, 

deterioration of the surf ace of the optical guide layer due to 

oxidation during the fabricating process can be suppressed. 

Therefore, in addition it is possible to ~prove the crystal 

properties of the current blocking layer and each layer 

subsequently formed. Furthermore, formation of the barrier at 

the current injection stripe-like window is avoided. 
_ .. 

Consequently, a semiconductor laser which is easy to 

crystal-grow, excellent in reliability, oscillation threshold 

and stability of the lateral mode can be fabricated with a high 

yield. 
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Further in the invention it is preferable that the 

semiconductor material free of aluminum for forming the optical 

guide layers is GaAs. 

According to the invention, since-the optical guide layer 

is formed of GaAs, deterioration of the surface of the optical 

guide layer due to oxidation during the fabricating process can 

be suppressed. Therefore, in addition it is possible to improve 

the crystal properties of the current blocking layer and each 

layer subsequently formed. Furthermore, formation of the 

barrier at the current injection stripe-like window is avoided. 

Moreover, as described above, the selective growth of the current 

blocking layer is facilitated. Consequently, a semiconductor 

laser which is easy to crystal-grow, excellent in reliability, 

oscillation threshold and stability of the lateral mode can be_ 

fabricated with a high yield. 

Further ~n the invention it is preferable that the method 

further comprises providing a substrate of GaAs, and the 

semiconductor material free of aluminum for forming the optical 

guide layers is InGaP or InGaAsP which can lattice-match with 

GaAs. 

According to the invention, since the optical guide layer 
_ .. 

is formed of InGaP or InGaAsP, the deterioration due to oxidation 

during the process can be avoided as in the case of GaAs. As 

a result of this, it is possible to avoid formation of the barrier 

which will maleffect on the current injection at the regrowth 
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interface of the stripe-like window. Furthermore, crystal 

properties of layers such as the current blocking layer grown 

on the optical guide layer are improved. Furthermore, the 

optical guide layer lattice-matches with the substrate of GaAs 

desirably, and the crystal stability of the whole device is 

improved. Consequently, a semiconductor laser which is 

excellent in reliability, oscillation threshold and stability 

of the lateral mode can be fabricated with a high yield. 

Further in the invention it is preferable that the method 

further comprises forming a protect! ve layer of a semiconductor 

material free of aluminum between the optical guide layer and 

the current blocking layer. 

According to the invention, since the protective layer of 

a semiconductor layer free of Al is formed between the optical 

guide layer and the current blocking layer, deterioration due 

to the oxidation during the process can be avoided. As a result, 

it is possible to avoid formation of the barrier which will 

maleffect on the current injection at the regrowth interface of 

the stripe-like window. Furthermore, crystal properties of 

layers grown on the optical guide layer, such as the current 

blocking layer is improved. Consequently, a semiconductor 

laser which is excellent in reliability, oscillation threshold 

and stability of the lateral mode can be fabricated with a high 

yield. 

Further in the invention it is preferable that the 
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semiconductor material free of aluminum for forming the 

protective layer is GaAs. 

According to the invention, since the protective layer 

formed of GaAs is formed between the optical ·guide layer and the 

current blocking layer, in addition to affording an excellent 

growth property of GaAs, the above-mentioned problems of the 

deterioration due to the oxidation during the process and the 

barrier formation at the stripe-like window can be surely avoided. 

Furthermore, crystal properties of layers grown on the optical 

guide layer, such as the current blocking layer is improved. 

Consequently, a semiconductor laser which is excellent in 

reliability, oscillation threshold and stability of the lateral 

mode can be fabricated with a high yield. 

Further in.the invention it is preferable that the method 

further comprises providing a substrate of GaAs, and the 

semiconductor material free of aluminum for forming the 

protective layer is InGaP or InGaAsP which can lattice-match with 

GaAs. 

According to the invention, since the protective layer is 

formed of InGaP or InGaAsP capable of lattice-matching with GaAs. 

deterioration due to the oxidation during the process can be 

avoided. As a result, it'.is possible to avoid formation of the 

barrier which will maleffect on the current injection at the 

regrowth interface of the stripe-like window. Furthermore, 

crystal properties of layers grown on the optical guide layer, 
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such as the cur.rent blocking layer is improved. Furthermore, the 

optical guide layer lattice-aligns with the substrate of GaAs 

desirably, and the crystal stability of the whole device is 

improved. Consequently, a semiconductor laser which is 

excellent in reliability, oscillation threshold and stability 

of the lateral mode can be fabricated with a high yield. 

In the invention it is preferable that the active layer is 

formed of a GaAs quantum well. 

According to the invention, a high-efficiency quantum well 

having a oscilating wavelength at which light absorption would 

not occur in the optical guide layer made of AlxGa1-xAs with an 

Al composition between O to O. 3 can be formed. Consequently, 

a semiconductor laser which is excellent in oscillation 

threshold and stability of the lateral mode can be fabricated 

in high yield. 

Further in the invention it is preferable that the active 

layer is formed of an InGaAs quantum well. 

According to the invention, a high-efficiency quantum well 

having such a oscilating wavelength that would not cause_ light 

absorption in the optical guide layer of GaAs can be formed. 

Consequently, a semiQonductor laser which is excellent in 

oscillation threshold and stability of the lateral mode can be 

fabricated in high yie·ld. 

Further in the invention it is preferable that for the 

selective growth, one of MOCVD (metalorganic chemical vapor 
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deposition method), MOMBE (metalorganic molecular beam epitaxy 

method), and MBE (molecular beam epitaxy method) is used. 

According to the invention, a technique is employed in which 

a mask is previously formed in a region where the stripe-like 

window is to be formed, the current blocking layer is formed by 

using an MOCVD, an MOMBE, or an MBE, and the mask is then removed 

away. Because of this technique_, the dimensions of the 

stripe-like window in the height and width directions can be 

accurately controlled with high reproducibility • 

. Further in the invention it is preferable that the selective 

growth comprises the steps of: forming a mask for selective 

growth on a layer on which the current blocking layer is to be 

formed; removing the mask for selective growth excluding a 

portion where the stripe-like window is to be formed: forming 

the current blocking layer through crystal growth all over the 

layer excluding the portion for the stripe-like window: and 

removing the mask for selective growth on the portion for the 

stripe-like window. 

According to the inventiQn, an etching step can be omitted, 

and the dimensions of the stripe-like window can be accurately 

controlled with high reproducibility. 

BRIEF. DESCRIPTION OF THE DRAWINGS 

Other and further objects, features, and advantages of the 

invention will be more explicit from the following detailed. 
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description taken with reference to the drawings wherein: 

Figs. lA, lB and lC are section views showing fabrication 

steps of a first embodiment of the invention: 

Figs. 2A, 2B and 2C are section views showing fabrication 

steps of a second embodiment of the invention: 

Figs. 3A, 3B and 3C are section views showing fabrication 

steps of a third embodiment of the invention; 

Figs. 4A, 4B and 4C are section views showing fabrication 

steps of fourth and fifth embodiments of the invention; 

Figs. SA, SB and SC are section views showi.ng fabrication 

steps of a sixth embodiment of the invention; 

Fig. 6 is a view showing the configuration of an example 

of an SCH-SAS LO; 

Fig. 7 is a view showing the configuration of an example 

of a PSCH~SAS LO; 

Figs. 8A, 8B and 8C are views illustrating an example of 

a conventional method of fabricating the SCH-SAS LO; and 
. 

Figs. 9A, 9B and 9C are views illustrating an example of 

a conventional method of fabricating the PSCH-SAS LO. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
_, .. 

Now ref erring to the drawings, preferred embodiments of the 

invention are described below. 

Figs. lA, lB and lC are section views showing fabrication 

steps of a first embodiment of the invention. As shown in Fig. 
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lA. first, a cladding layer 22 of n-Alo.s5Gao.4sAs (thickness: 1.5 

J.Lm), a GaAs/Alo.4sGao.ssAs quantum well active layer 25 

{oscillation wavelength: 780 nm), and a part of a cladding layer 

29 of p-Alo.ssGao.4sAs (thickness: 0. 20 J.L m) are sequentially 

crystal-grown on an n-GaAs substrate 21 by using an MOCVD or the 

like. 

In an AlGaAs material, as the Al composition is higher. the 

bandgap tends to become wider. In the embodiment, the bandgap 

of the cladding layers 22 and 29 is wider than that of the quantum 

well active layer 25. 

The substrate on which the crystal growth has been performed 

as described above is taken out from a crystal growth apparatus 

and then loaded into an electron beam evaporation apparatus or 

the like so that, as shown in Fig. lB, a mask 31 of, for example. 

Si02 is formed on the whole surface at a thickness of 0.1 J.Lm. 

Thereafter, the mask is removed away except a center portion 

where a stripe-like window is to be formed, by using the 

photoli thography technique, thereby forming the mask 31 into a 

stripe-like shape. Since the mask 31 is very thin, the 

stripe-like mask can be accurately formed with high 

reproducibility. even by the conventional photolithography 
_,. 

technique. 

Next, the substrate on which the mask 31 is formed is 

returned to the crystal. growth. apparatus, and a current blocking 

layer 27 of n-GaAs (thickness: 0.80 J.Lm) is selectively grown 
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on the cladding layer 2 9. As a result, as shown in Fig. lB, a 

layer structure in which crystal growth is not performed in the 

region where the mask·31 is formed is obtained. 

Thereafter, the mask 31 is removed away by a hydro£ luoric 

acid aqueous solution or the like. As shown in Fig. lC, then, 

the remaining part (thickness: 1.5 µm) of the cladding layer 

29 and a contact layer 30 of p-GaAs (thickness: 2.0 Um) are 

sequentially crystal-grown. 

In this way, by using the technique in which the mask 31 

is formed in the portion where the stripe-like window is to be 

formed. the current blocking layer 27 is then formed by selective 

growth, and the mask 31 is thereafter removed away. the 

dimensions of the stripe-like window of the current blocking 

layer 27 in the height and width directions can be accurately 

controlled with high reproducibility while suppressing 

maleffects on the layers such as the active layer 25. As a result 

of this selective growth of the current blocking layer 27, a 

self-aligned structure semiconductor laser which is excellent 

in oscillation thresh~ld and stabiiity of the lateral mode can 

be fabricated with a nigh yield. 

The material of the mask 31 is not restricted to Si02. Any 

material such as SiN may be used as far as it can be selectively 

grown .. 

Figs. 2A. 2B and 2C are section views showing fabrication 

steps of a second embodiment of the invention. As shown in Fig. 
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2A, first, a cladding layer 22 of n-Al0.45Ga0.5sAs (thickness: 1.5 

ttm), a GaAs/Alo.20Gao.aoAs quantum well active layer 25 

(oscillation wavelength: 860 nm), and an optical guide layer 28 

of p-Alo.30Gao.70As (thickness: 0.10 ttm) are sequentially 

crystal-grown on an n-GaAs substrate 21 by using an MOCVD or the 

like. 

In an AlGaAs material, as the Al composition is higher, the 

bandgap tends to become wider. In the embodiment, the bandgap 

of the cladding layers 22 and 29 is wider than that of the quantum 

well active layer 25. 

The substrate on which the crystal growth has been performed 

as described above is taken out from a crystal growth. apparatus 

and then loaded into an electron beam evaporation apparatus or 

the like so that ,as shown in Fig. 2B, a mask 31 of, for example,· 

Si02 is formed on the whole surface at a thickness of O .1 ttm. 

Thereafter, the mask is removed away except a center portion 

where a stripe-like window is to be formed, by using the 

photoli thography technique, thereby forming the mask 31 into a 

stripe-like shape. Since the mask 31 is very thin, the 

stripe-like mask can be accurately formed with high 

reproducibility, even.by the conventional photolithography 

technique. 

Next, the substrate on which the mask 31 is formed is 

returned to the crystal growth apparatus, and a current blocking 

layer 27 of n-GaAs (thickness: 0.80 ttm) is selectively grown 
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on the cladding layer 2 9. As a result, as shown in Fig. 28, a 

layer structure in which crystal growth is not performed in the 

region where the mask 31 is formed is obtained. 

Thereafter. the mask 31 is removed away by a hydrofluoric 

acid aqueous solution or the like. As shown in Fig. 2C. then. 

the cladding layer 29 ·(thickness: 1.5 ,t.t.m) and a contact layer 

30 of p-GaAs (thickness: 2 .o ,t.t.m) are sequentially crystal-grown. 

In this way. by using the technique in which the mask 31 

is formed in the portion where the stripe-like window is to be 

formed, the current blocking layer 27 is then formed by selective 

growth, and.the mask 31 is thereafter removed away. the 

dimensions of the stripe-like window of the current blocking 

layer 27 in the height and width directions can be accurately 

controlled with high reproducibility while suppressing 

maleffects on the layers such as the active layer 25. As a result 

of this selective growth of the current blocking layer 27, a 

self-aligned structure semiconductor laser which is excellent 

in oscillation threshold and stability of the lateral mode can 

be fabricated with a high yield. 

The material of the mask 31 is not restricted to Si02. Any 

material such as SiN may be used as far as it can be selectively 

grown. 

Figs. 3A, 38 and 3C are section views showing fabrication 

steps of a third embodiment of the invention. As shown in Fig. 

3A. first, a cladding layer 22 of n-Alo.24Gao. 1&As (thickness: 1.1 
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J.Lm), an optical guide layer 23 of n-Alo.20Gao.a0As (thickness: O. 88 

.Um), an Ino.20Gao.aoAs/GaAs quantum well active layer 25 

(oscillation wavelength: 980 nm), and a part of an optical guide 

layer 28 of p-Alo.20Gao.a0As (thickness: O .10 .Um) are sequentially 

crystal-grown on an n-GaAs substrate 21 by using an MOCVD or the 

like. 

In an AlGaAs material, as the Al composition is higher, the 

bandgap tends to become wider. In the embodJ.ment, the bandgap 

of the optical guide layers 23, 28 is wider than that of the 

quantum well active layer 25, and the bandgap of the cladding 

layer 22 and a later-mentioned cladding layer 29 is wider than 

that of the optical guide layers 23, 28. 

In this embodiment, the optical guide layer 23 is formed 

to be thicker than that in the conventional SCH-SAS semiconductor 

laser. Furthermore, the bandgap of the optical guide layer 23 

is set to be sufficiently wider than that of the quantum well 

active layer 25, thereby preventing the carrier from overflowing 

to the optical guide layers 23, 28 from the active layer 25. 

The substrate on which the crystal growth has been performed 

as described above is taken out from a crystal growth apparatus 

and then loaded into an electron beam evaporation apparatus or 

the like so that ,as showri in Fig. 3B, a mask 31 of, for example, 

Si02 is formed on the whole surface at a thickness of 0.1 µm. 

Thereafter, the mask is removed away except a center portion 

where a stripe-like window is to be formed, by using the 
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photolithography technique, thereby forming the mask 31 into a 

stripe-like shape. Since the mask 31 is very thin. the 

stripe-like mask can be accurately formed with high 

reproducibility. even by the conventional photolithography 

technique. 

. Next, the substrate on which the mask 31 is formed is 

returned to the crystal growth apparatus, and a current blocking 

layer 27 of n-Alo.33Gao.67As (thickness: O .1 .Um) is selectively 

grown on the optical guide layer 28. As a result, as shown in 

Fig. 38, a layer structure in which crystal growth is not 

performed in the region where the mask 31 is formed is obtained. 

Thereafter, the mask 31 is removed away by a hydrofluoric 

acid aqueous solution or the like. As shown in Fig.. 3C, then, 

the remaining part (thickness: 0.78 .Um) of the optical guide 

layer 28 is crystal-grown, and further the cladding layer 29 

of p-Alo.24Gao.75As (thickness: 1.1 .Um) and a contact layer 30 of 

p-GaAs (thickness: 2·. O J.Lm) are sequentially crystal-grown. The 

thickness of the optical guide layer at the stripe-like window 

is preferably O. 2 J.L m or more which is thicker than that of the 

conventional SCH-SAS LD. 

In this way, by using the technique in which the mask 31 

is formed in the portion where the stripe-like window is to be 

formed, the current blocking layer 27 is then formed by selective 

growth, and the mask 31 is thereafter removed away, the 

dimensions of the stripe-like window of the current blocking 
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layer 27 in the height and width directions can be accurately 

controlled with high reproducibility while suppressing 

maleffects on the other layers such as the active layer 25. As 

a result of this selective growth of the current blocking layer 

27, an SCH-SAS LD which is excellen~ in oscillation threshold 

and stability of the lateral mode can be fabricated with a high 

yield. 

The material of the mask 31 is not restricted to S102. Any 

material such as SiN may be used as far as it can be selectively 

grown. 

Figs. 4A, 4B and 4C are section views showing fabrication 

steps of a fourth embodiment of the invention. As shown in Fig. 

4A, first, a cladding layer 22 of n-Al0 •24Gao. 7&As (thickness: 1.1 

J.Lm), an optical guide layer 23 of n-Alo.20Gao.aoAs (thickness: 0.88 

J.Lm), a carrier blocking layer 24 of an n-Alo.soGao.soAs.(thickness: 

O. 025 J.Lm), a GaAs/Alo.20Gao.aoA~ quantum well active layer 25 

(oscillation wavel.ength: 860 nm) , a carrier bl.ocking layer 26 

of p-Alo.soGao.soAs (thickness: 0.025 J.Lm) and a part of an optical 

guide layer 28 of p-Alo.20Gao.a0As (thickness: 0 .10 J.Lm) are 

sequentially crystal-grown on an n-GaAs substrate 21 by using 

an MOCVD or the like. 
i 

In an AlGaAs material., as the Al composition is higher, the 

bandgap tends to become wider. In the embodiment, the bandgap 

of the optical guide layers 23, 28 is wider than that of the 

quantum well. active layer 25, and the bandgaps of the cladding 
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layers 22. 29 and the carrier blocking layers 24. 26 are wider 

than that of the optical guide layers 23. 28. 

The substrate on which the crystal growth has been performed 

as described above is taken out from a crystal growth apparatus 

and then loaded into an electron beam evaporation apparatus or 

the like so that .as shown in Fig. 4B. a mask 31 of. for example; 

Si02 is formed on the whole surface at a thickness of 0.1 µm. 

Thereafter. the mask is removed away except a center portion 

where a stripe-like window. is to be formed. by using the 

photolithography technique. thereby forming the mask 31 into a 

stripe-like shape. Since the mask 31 is very thin. the 

stripe-like mask can be accurately formed with high 

reproducibilit~. even by the conventional photolithography 

technique. 

Next. the substrate on which the mask 31 is formed is 

returned to the crystal growth apparatus. and a current blocking 

layer 27 of n-Alo.33Gao.61As (thickness: 0.1 t.t.m) is selectively 

grown on the optical guide layer 28. As a result. as shown in· 

Fig. 4B. a layer structure in which crystal growth is not 

performed in the region where the mask 31 is formed is obtained. 

Thereafter. the mask 31 is removed away by a hydrofluoric 

acid aqueous solution or <the like. As shown in Fig. 4C. then. 

the remaining part (thickness: 0.78 t.£.m) of the optical guide 

layer 28 is crystal-grown. and further the cladding layer 29 of 

p-Al0 • 24Gao.16As (thickness: 1.1 t.t.m) and a contact layer 30 of 
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p-GaAs (thickness: 2.0 .Um) are sequentially crystal-grown. 

In this way, by using the technique in which the mask 31 

is formed in the portion where the stripe-like window is to be 

formed, the current blocking layer 27 is then formed by selective 

growth, and the mask 31 is thereafter removed away, the 

dimensions of the stripe-like window of the current blocking 

layer 27 in the height and width directions can be accurately 

controlled with high reproducibility while suppressing 

maleffects on the other layers such as the active layer 25 or 

the carrier blocking layer 26. As a result of this selective 

growth of the current blocking layer 2 7, an SCH-SAS LO which is 

excellent in oscillation threshold and stability of the lateral 

mode can be fabricated with a high yield. 

The material of the mask 31 is not restricted to Si02. Any 

material such as SiN may be used as far as it can be selectively 

grown. 

Fig. SA, SB and 5C are section views showing fabrication 

steps of a fifth embodiment of the invention. In the present 

embodiment, the explanation will made also by referring Figs. 

4A, 4B and 4C. As shown in Fig. 4A, first, a cladding layer 22 

of n-Alo.17Gao.83As (thickness: 1. 7 .Um), an optical guide layer 

23 of n-GaAs (thickness: O. 55 .Um), a carrier blocking layer 24 

of n-Alo.30Gao.1oAs (thickness: 0.030 .Um), an Ino.2Gao.aAs/GaAs · 

quantum well active layer 25 (oscillation wavelength: 980 nm), 

a carrier blocking layer 26 of p-Al0.30Gao.1oAs (thickness: 0.030 
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t.tm) and a part of an optical guide layer 28 of p-GaAs (thickness: 

O .10 .Um) are sequentially crystal-grown on an n-GaAs substrate 

21 by using an MOCVD or the like. 

In an AlGaAs material, as the Al composition is higher, the 

bandgap tends to become wider. In the embodiment, the bandgap 

of the optical guide layers 23, 28 is wider than that of the 

quantum well act! ve layer 25, and the bandgaps of the cladding 

layers 22, 29 and the carrier blocking layers 24, 26 are wider 

than that of the optical guide layers 23, 28. 

The substrate on which the crystal growth has been performed 

as described above is taken out from a crystal growth apparatus 

and then l.oaded into an electron beam evaporation apparatus or 

the like so that, as shown in Fig. 4B, a mask 31 of, for example, 

Si02 is formed on the whole surface at a thickness of 0. l µm. 

Thereafter, the mask-is removed away except a center portion 

where a stripe-like window is to be formed, by using the 

photolithography technique, thereby forming the mask 31 into a 

stripe-like shape. Since the mask 31 is very thin, the 

stripe-like mask can be accuratel.y formed with high 

reproducibil.ity, even by the conventional photolithography 

technique. 

Next, the substrate on which the mask 31 is formed is 

returned to the crystal growth apparatus, and a current blocking 

layer 27 of n-Al.o.oaGao.92As (thickness: O .15 .Um) is sel.ectively 

grown on the optical guide layer 28. As a resul.t, as shown in 
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Fig. 4B, a layer structure in which crystal growth is not 

performed in the region where the mask 31 is formed is obtained. 

Thereafter. the mask 31 is removed away by a hydrofluoric 

acid aqueous solution or the like. As shown in Fig. 4C, then. 

the remaining part (thickness: 0.45 .Um) of the optical guide 

layer 28 is crystal-grown, and further the cladding layer 29 of 

p-Alo.nGao.83As (thickness: 1. 7 .Um) and a contact layer 30 of 

p-GaAs (thickness: 2.0 Um) are sequentially crystal-grown. 

In this way, by using the technique in which the mask 31 

is formed in the portion where the stripe-like window is to be 

formed, the current blocking layer 27 is then formed by selective 

growth, and the mask 31 is thereafter removed away. the 

dimensions of the stripe-li~e window of the current blocking 

layer 27 in the height and width directions can be accurately 

controlled with high reproducibility while suppressing 

maleffects on the other layers such as the active layer 25 or 

the carrier blocking layer 26. As a result of this selective 

growth of the current blocking layer 27. an SCH-SAS LD which is 

excellent in oscillation threshold and stabil.ity of the lateral 

mode can be fabricated with a high yield. In addition. owing 

to the GaAs guide layers. it is possible to avoid the effect of 
.· 

the deterioration due to the oxidation. As a result. a 

semiconductor laser of high reliability in which a barrier is 

not formed can be fabricated and realized. 

The material of the mask 31 is not restricted to Si02. Any 
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material such as S1N may be used as far as it can be selectively 

grown. 

Figs. SA, SB and SC are section views showing fabrication 

steps of a sixth embodiment of the invention. As shown in Fig. 

SA, first, a cladding layer 22 of n-Alo. 24Gao. 1&As (thickness: 1.1 

JJ.m), an optical guide layer 23 of n-Alo.2oGao.soAs (thickness: 0. 88 

t.tm), a carrier blocking layer 24 of n-Alo.soGao.soAs (thickness: 

O. 02S t.tm), a GaAs/Alo.20Ga0.8oAs quantum well active layer· 25 

(oscillation wavelength: 860 run}, a carrier blocking layer 26 

of p-Alo.soGao.soAs (thickness: 0. 025 t.tm), an optical guide layer 

28 of p-Alo.20Gao.s0As (thickness: O .10 J.Lm), and a protective layer 

32 of p-Ino.49Gao.s1P (thickness: 0.02 .Um) are sequentially 

crystal-grown on an n-GaAs substrate 21 by using an MOCVD or the 

like. 

In an AlGaAs material, as the Al composition is higher, the 

bandgap tends to become wider. In the embodiment, the bandgap 

of the optical guide layers 23, 28 is wider than that of the 

quantum well active layer 25, and the bandgaps of the ~ladding 

layers 22, 29 and the carrier blocking layers 24, 26 are wider 

than that of the optical guide layers 23, 28. 

Since the protective layer 32 is formed of a material free 
' 

of alumin~, it is possible to suppress the deterioration due 

to the oxidation. 

The substrate on which the crystal growth has been performed 

as described above is taken out from a crystal growth apparatus 
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and then loaded into an electron beam evaporation apparatus or 

the like so that, as shown in Fig. SB, a mask 31 of, for example, 

Si02 is formed on the whole surface at a thickness of O.l µm. 

Thereafter, the mask is removed away except a center portion 

where a stripe-like window is to be formed, by using the 

photolithography technique, thereby forming the mask 31 into a 

stripe-like shape. Since the mask 31 is very thin, the 

stripe-like mask can be accurately formed with high 

reproducibility, even by the conventional photolithography 

technique. 

Next, the substrate on which the mask 31 is formed is 

returned to the crystal growth apparatus, and a current blocking 

layer 27 of n-Alo.33Gao.57As (thickness: 0.1 .Um) is selectively 

grown on the optical guide layer 28. As a result, as shown in 

Fig. SB, a layer structure in which crystal growth is not 

performed in the region where the mask 31 is formed is obtained. 

Thereafter, the mask 31 is removed away by a hydrofluoric 
. 

acid aqueous sol.ution or the like. As shown in Fig. SC, then, 

the remaining part {thickness: 0.78 .Um) of the optical guide 

layer 28 is crystal-grown, and further the cl.adding layer 29 of 

p-Al0 •24Ga0 • ,,As (thickness: 1.1 .Um) and a contact layer 30 of 

p-GaAs (thickness: 2.0 ~m) are sequentially crystal-grown. 

In this way, by using the technique in which the mask 31 

is formed in the portion where the stripe-like window is to be 

formed, the current blocking layer 27 is then formed by selective 
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growth, and the mask 31 is thereafter removed away, the 

dimensions of the stripe-like window of the current blocking 

layer 27 in the height and width directions can be accurately 

controlled with high reproducibility while suppressing 

maleffects on the active layer 25 or the carrier blocking layer 

26. As a result of this se.lective growth of the current b.locking 

layer 27, an SCH-SAS LD which is excellent in oscillation 

threshold and stability of the lateral mode can be fabricated 

with a high yield. 

In addition, by providing the protective layer 32 formed 

of Ino.0Gao.s1P, it is possible to avoid the effect of the 

deterioration due to the oxidation. As a result, a semiconductor 

laser of high reliability in which a barrier is not formed can 

be fabricated and realized. 

The material of the mask 31 is not restricted to Si02 • Any 

material such as SiN may be used as far as it can be select! vely 

grown. 

The invention may be embodied in other specific forms 

without departing from the spirit or essential characteristics 

thereof. The present embodiments are therefore to be considered 

in all respects as illustrative and not restrictive, the scope 
.,,·· 

of the invention being indicated by the appended claims rather 

than by the foregoing description and all changes· which come 

within the meaning and the range of equivalency of the claims 

are therefore intended to be embraced therein. 
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WHAT IS CLAIMED IS: 

1. A method of fabricating a self-aligned structure 

semiconductor laser comprising: 

providing a pair of cladding layers respectively on both 

faces of an active layer, the cladding layers having a bandgap 

wider than that of an active layer: and 

embedding a current blocking layer having a stripe-like 

window. in at least one of the cladding layers. 

wherein the current blocking layer is formed by selective 

growth. 

2. A method of fabricating a self-aligned structure 

semiconductor laser comprising: 

providing an optical guide layer on one face or a pair of 

optical guide ·1ayers on both faces of an active layer, 

respectively. the optical guide layer ( s} having a bandgap wider 

than that of the active layer: 

providing a pair of cladding layers so as to sandwich the 

active layer and the optical guide layer(s) therebetween, the 

cladding layers having a bandgap wider than that of the optical 

guide layer: and 

embedding a current blocking layer having a stripe-like .. · 
.·· 

window between at least one of the cladding layers and the optical 

guide layer(s), 

wherein the current blocking layer is formed by selective 

growth. 
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3. A method of fabricating a self-aligned structure 

semiconductor laser comprising: 

providing an optical guide layer on one face or both faces 

of an active layer,· the optical guide layer having a bandgap wider 

than that of the active layer; 

providing a pair of cladding layers so as to sandwich the 

active layer and the optical guide layer therebetween, the 

cladding layers having a bandgap wider than that of the optical 

guide layer: and 

embedding a current blocking layer having a stripe-like 

window in at least one of the optical guide layer, 

wherein the current blocking layer is formed by selective 

growth. 

4. A method of fabricating a self-aligned structure 

semiconductor laser of perfect confinement structure 

comprising: 

providing a pair of optical guide layers respectively on 

both faces of an active layer, the optical guide layers having 

a bandgap wider than that of the active layer: 
.~ .. 

providing a pair of cladding layers so as to sandwich the 

active layer and the optical guide layers therebetween, the 

cladding layers having a bandgap wider than that of the optical 

guide layers; 
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providing carrier blocking layers respecti vel.y between the 

active layer and the optical. guide layers. the carrier blocking 

layers having a bandgap wider than those of the active layer and 

the optical guide layers: and 

embedding a current blocking layer having a stripe-like 

window in at ·least one of the optical guide layers. 

wherein the current blocking layer is formed by select! ve 

growth. 

5. The method of fabricating a semiconductor laser of any one 

of claims 1 to 4, wherein the current blocking layer is formed 

of AlxGa1.xAs having an Al composition x of O ~ x ~ 0. 35 or a 

semiconductor material free of aluminum. 

6. The method of fabricating a semiconductor laser of any one 

of claims 2 to s. wherein the optical guide layers are formed 

of AlxGa1-xAs having an Al composition x of O < x ~ O. 3. 

7. The method of fabricating a semiconductor laser of any one 

of claims 2 to s. wherein the optical. guide l.ayers are formed 

of a semiconductor material free of aluminum. 

8. The method of fabricating a semiconductor laser of claim 

1. wherein the semiconductor material free of aluminum for 

forming the optical guide layers is GaAs. 
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9. The method of fabricating a semiconductor laser of claim 

1, further comprising: 

providing a substrate formed of GaAs. 

wherein the semiconductor material free of aluminum for 

forming the optical guide layers is InGaP or InGaAsP which can 

lattice-match with GaAs. 

10. The method of fabricating a semiconductor laser of any one 

of claims 2 to 5, further comprising: 

forming a protective ].ayer of a semiconductor material free 

of aluminum between the optical guide layer and the current 

blocking layer. 

·11. The method of fabricating a semiconductor laser of claim 

10, wherein the semiconductor material free of aluminum for 

forming the protective layer is GaAs. 

12. The method of fabricating a semiconductor laser of claim 

10, further ~omprising: 

providing a substrate of GaAs, 

wherein the semiconductor material free of aluminum for 

forming the protective layer is InGaP or InGaAsP which can 

lattice-match with GaAs. 
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13. The method of fabricating a semiconductor laser of any one 

of claims 6, 7 and 10, wherein the active layer is formed of GaAs. 

14. The method of fabricating a semiconductor laser of any one 

of claims 6. 7 and 10. wherein the active layer is formed of 

InGaAs. 

15. The method of fabricating a semiconductor laser of any one 

of claims 1 to 4, wherein any one of MOCVD (metalorganic chemical 

vapor deposition method), MOMBE (metalorganic molecular beam 

epitaxy method}, and MBE (molecular beam epitaxy method} is used 

for the selective growth. 

16. The method of fabricating a semiconductor laser of any one 

of claims 1 to 4. wherein the select! ve growth comprises the steps 

of: 

forming a mask for select! ve growth on a layer on which the 

current blocking layer is to be formed; 

removing the mask for selective growth formed on the layer 

excluding a portion where the stripe-like window is to be formed; 

forming the current blocking layer through crystal growth 
_,. 

all over the layer excluding the portion for the stripe-like 

window: and 

removing the mask for selective growth on the portion for 

the stripe-like window. 
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