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[57] ABSTRACT

A method for the production of semiconductor lasers
comprising: (a) forming a substrate having a striped
portion on its face, said striped portion being formed
into a mesa, (b) forming a current blocking layer on
each of said striped portion and the remaining face of
said substrate, (c) eliminating said current blocking
layer only on said striped portion thereby allowing
electric current to flow through the substrate and form
said striped portion into a terrace or a groove, as a
whole, and (d) successively laminating crystal growth
layers for laser operation on the whole face of the sub-
strate in strict conformity with said terrace or groove
on the face of said substrate, thereby attaining stabiliza-
tion of the transverse mode of laser oscillation.

6 Claims, 7 Drawing Figures
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METHOD FOR THE PRODUCTION OF
SEMICONDUCTOR LASERS

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a method for the production
of semiconductor lasers having a structure, which is
effective to control a transverse mode of laser oscilla-
tion, by the use of a crystal growth technique for the
formation of thin films such as molecular beam epitaxy
or metal-organic chemical vapor deposition.

2. Description of the Prior Art

Recently, a single crystal growth technique for the
formation of thin films such as molecular beam epitaxy
(MBE), metal-organic chemical vapor deposition (MO-
CVD), etc. has been developed which enables the for-
mation of thin film growth layers having a thickness of
as thin as approximately 10 A. The development of such
a technique, although these significantly thin films have
not yet been produced by liquid phase epitaxy (LPE),
allowed the thin films to be applied to lasers, resulting in
laser devices exhibiting new laser effects and/or supe-
rior laser characteristics. A typical example of these
new laser devices is a quantum well (QW) laser, which
is produced based on the fact that quantization levels
are established in its active layer by reducing the thick-
ness of the active layer from several hundred A to ap-
proximately 100 A or less and which is advantageous
over conventional double heterostructure lasers in that
the threshold current level is low and the temperature
and transient characteristics are superior. Such a quan-
tum well laser is described in detail in the following
papers:

(1) W. T. Tsang, Applied Physics Letters, vol. 39, No.

10 pp. 786 (1981).

(2) N. K. Dutta, Journal of Applied Physics, vol. 53,

No. 11, pp. 7211 (1982), and
(3) H. Iwamura, T. Saku, T. Ishibashi, K. Otuka, Y.

Horikoshi, Electronics Letters, vol. 19, No. 5, pp. 780

(1983).

As mentioned above, the single crystal growth tech-
nique, such as molecular beam epitaxy or metal-organic
chemical vapor deposition, has resulted in the practical
use of high quality semiconductor lasers having a new
multiple-layered structure. However, the semiconduc-
tor laser is deficient in that a stabilized transverse mode
of laser oscillation cannot be attained due to its multiple-
layered structure.

One of the most important points requiring improve-
ment in other conventional semiconductor lasers which
are in practical use, is stabilization of the transverse
mode of the laser oscillation. A contact stripe geometric
laser, which was developed in the early stage of laser
development, has a striped electrode to prevent electric
current injected from transversely expanding, and at-
tains a laser oscillation in a zero order mode (.., a
fundamental transverse mode) upon exceeding the
threshold current level, due to gains required for the
laser oscilation are greater than losses within the active
region underneath the stripe region, while the said
contact stripe geometric laser produces a laser oscilla-
tion in an expanded transverse mode or a higher-order
transverse mode with an increase in the injection of
current beyond the threshold current level, because
carriers which are injected into the active layer spread
to the outside of the striped region resulting in expand-
ing the high gain region. Due to such an unstable trans-
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2

verse mode and dependency of the transverse mode
upon the amount of injected electric current, the linear
relationship between the injected electric current and
the laser output decreases. Moreover, the laser output
resulting from pulse modulation is unstable so that the
signal-noise ratio is reduced and its directivity becomes
too unstable to be used in an optical system such as
optical fibers, etc. In order to overcome the above-men-
tioned practical drawbacks of contact stripe geometric
lasers, a variety of structures for semiconductor lasers
of GaAlAs and/or InGaAsP systems have been already
produced by liquid phase epitaxy, which prevent not
only electric current but also a light from transversely
expanding thereby attaining stabilization in the trans-
verse mode. However, most of these semiconductor
lasers can only be produced by the growth of thin film
layers on a grooved substrate, a mesa substrate or a
terraced substrate based on a peculiarity of the liquid
phase epitaxy, typical examples of which are channel-
substrate planar structure injection lasers (CSP lasers)
(K. Aiki, M. Nakamura, T. Kuroda and J. Umeda, Ap-
plied Physics Letters, vol. 30, No. 12, pp. 649 1977)),
constricted double heterojunction lasers (CDH lasers)
(D. Botez, Applied Physics Letters, vol. 33, pp. 872
(1978)) and terraced substrate lasers (TS lasers) (T.
Sugino, M. Wada, H. Shimizu, K. Itoh, and L
Teramoto, Applied Physics Letters, vol. 34, No. 4,
(1979)). All of these lasers can be only produced utiliz-
ing anisotrophy of the crystal growth rate, but not pro-
duced by the use of a crystal growth technique such as
molecular beam epitaxy (MBE) or metal-organic chem-
ical vapor deposition (MO-CVD).

SUMMARY OF THE INVENTION

The method of this invention which overcomes the
above-discussed disadvantages and numerous other
drawbacks and deficiencies of the prior art, relates to a
method for the production of semiconductor lasers
comprising:

(a) forming a substrate having a striped portion on its
face, said striped portion being formed into a mesa,
(b) forming a current blocking layer on each of said
striped portion and the remaining face of said sub-

strate,

(c) eliminating said current blocking layer only on said
striped portion thereby allowing electric current to
flow through the substrate and form said striped por-
tion into a terrace or a groove, as a whole, and

(d) successively laminating crystal growth layers for
laser operation on the whole face of the substrate in
strict conformity with said terrace or groove on the
face of said substrate.

The semiconductor layers consist, in a preferred em-
bodiment, of one selected from GaAlAs, InGaP, In-
GaAlP, InAlAs, InGaAs and InGaAsP systems.

The semicondactor layers are, in a preferred embodi-
ment, grown by molecular beam epitaxy or metal-
organic chemical vapor deposition.

Thus, the invention described herein makes possible
the objects of (1) providing a method for the production
of semiconductor lasers having a stabilized transverse
mode and (2) providing a method for the production of
the above-mentioned semiconductor lasers by molecu-
lar beam epitaxy or metal-organic chemical vapor depo-
sition. :
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BRIEF DESCRIPTION OF THE DRAWINGS

This invention may be better understood and its nu-
merous objects and advantages will become apparent to
those skilled in the art by reference to the accompany-
ing drawings as follows:

FIGS. 1 to 5, respectively, are diagrammatical sec-
tional views showing the production process of a semi-
conductor laser according to this invention.

FIG. 6 is a sectional view showing an active layer
having a quantum-well heterostructure of another semi-
conductor laser according to this invention.

FIG. 7 is a sectional view showing another semicon-
ductor laser according to this invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The semiconductor laser of this invention is produced
as follows:

As show in FIG. 1, a striped SizNg film 20 is formed
on a p-GaAs substrate 10 by a photolithography
method. Then, the remaining portion of the substrate 10
which has not been masked by the striped Si3Ny film 20
is mesa-etched by a well known etching technique, as
shown in FIG. 2, resulting in a substrate 1 having a
striped portion formed into a mesa 11, on the top of
which the striped Si3Ns film 20 remains. On the mesa
substrate 1 having the Si3Nj film 20 thereon, n-GaAs
current blocking layers 2 and 21 are grown by molecu-
lar beam epitaxy, as shown in FIG. 3, in such a2 manner
that the thickness t; of the n-GaAs layer 2 is smaller
than the height t; of the mesa portion 11. The thickness
of the said layers can be easily controlled using a molec-
ular beam epitaxy method. The n-GaAs layer 21, which
is grown on the SizN4 film 20 concurrently with the
n-GaAs layer 2 on the substrate 1, except the mesa
portion 11, does not crystallize in a single crystal struc-
ture but crystallizes in a polycrystal structure.

Then, using an etchant such as hydrochloric acid, the
Si3Ny film 20 is removed together with the n-GaAs
layer 21 thereon resulting in the n-GaAs layer 2 alone
remaining on the substrate 1 as shown in FIG. 4. In this
etching process, selective etching can be carried out if a
proper etchant is employed. Since t; is greater than ta,
the mesa portion 11 of the substrate 1 forms in a terrace
110 structure even though the n-GaAs layer 2 remains
on the substrate 1.

Then, on the substrate 1 shown in FIG. 4, a p-Gaop.-
7Alp 3As cladding layer 3 (the thickness thereof being 1
pm), a non-doped GaAs active layer 4 (the thickness
thereof being 0.08 um), a n-Gag.7Alg.3As cladding layer
5 (the thickness thereof being 1 pm) and a n-GaAs cap
layer 6 (the thickness thereof being 0.5 pm) are succes-
sively formed by a molecular beam epitaxy, followed by
the formation of a n-type electrode 31 and a p-type
electrode 32 on the surface of the n-GaAs cap layer 6
and the back face of the substrate 1 by an evaporation
process, respectively, resulting in a semiconductor laser
as shown in FIG. 5.

Using molecular beam epitaxy, as described above,
each of the growth layers successively formed on the
substrate 1 having a terrace 110 shown in FIG. 4 conse-
quently conforms to the terraced form of the substrate 1
as seen from FIG. 5. The resulting active layer 4, which
is constricted at both sides of the region therein corre-
sponding to the terrace 110 of the substrate 1, forms a
striped region 40, serving as a light waveguide to stabi-
lize the transverse mode of the laser oscillation. The
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4

light waveguide in the active layer 4 is adjusted in posi-
tion to the stripe into which an electric current is in-
jected, while the injected electric current is blocked by
the n-GaAs current blocking layer 2 and flows through
the mesa portion 11 alone of the substrate 1. Thus, the
semiconductor laser results in a structure which is supe-
rior to the stabilization of the transverse mode.

As shown in FIG. 6, as an active layer, a quantum-
well heterostructure consisting of, for example, a com-
bination of plural non-doped GaAs well layers 41 (the
thickness of each layer being 100 A) and plural non-
doped Gag.gAlp2As barrier layers 42 (the thickness of
each layer being 30 A) can be used, instead of the non-
doped GaAs active layer 4 shown in FIG. 5, thereby
obtaining a semiconductor laser exhibiting a quantum-
well effect and a stabilized transverse mode.

Alternatively, as shown in FIG. 7, an n-GaAs current
blocking layer 22 can be grown on the substrate 1 in
such a manner that a thickness t; of the n-GaAs layer 22
is greater than a height t; of the mesa portion 11 of the
substrate 1, in contrast to the afore-mentioned example,
resulting in the formation of a groove 111 on the face of
the substrate 1. By the use of molecular beam epitaxy in
the same manner as in the afore-mentioned, growth
layers such as a p-Gag7Alp3As cladding layer 30, a
non-doped GaAs active layer 44, a non-Gag7Alp3As
cladding layer 50 and a n-GaAs cap layer 60 can be
successively formed on the whole face of the substrate
1 in strict conformity with the grooved form of the
substrate 1, producing a light waveguide in the active
layer 44. Then, an n-type electrode 33 and a p-type
electrode 34 are likewise formed on the n-GaAs cap
layer 6 and the back face of the substrate 1, respectively.

Although GaAlAs-semiconductor lasers produced
using molecular beam epitaxy were only described in
the afore-mentioned examples, they can be also pro-
duced using metal-organic chemical vapor deposition
or other crystal growth techniques in such a manner
that the growth layers conform to a terraced or
grooved form of the face of the substrate. This inven-
tion is also applicable to other semiconductor lasers of
InGaP, InGaAlP, InAlAs, InGaAs or InGaAsP sys-
tems, or the like, in addition to the GaAlAs system.

It is understood that various other modifications will
be apparent to and can be readily made by those skilled
in the art without departing from the scope and spirit of
this invention. Accordingly, it is not intended that the
scope of the claims appended hereto be limijted to the
description as set forth herein, but rather that the claims
be construed as encompassing all the features of patent-
able novelty which reside in the present invention, in-
cluding all features which would be treated as equiva-
lents thereof by those skilled in the art to which this
invention pertains.

What is claimed is:

1. A method for the production of semiconductor
lasers comprising:

(a) forming a substrate having a striped portion on its

face, said striped portion being formed into a mesa,

(b) forming a current blocking layer on each of said
striped portion and the remaining face of said sub-
strate,

(c) eliminating said current blocking layer only on
said striped portion thereby allowing electric cur-
rent to flow through the substrate and form said
striped portion into a terrace or a groove, as a
whole, and
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(d) successively laminating crystal growth semicon-
ductor layers for laser operation on the whole face
of the substrate in strict conformity with said ter-
race or groove on the face of said substrate.

2. A method according to claim 1, wherein said semi-
conductor layers consist of one selected from the
GaAlAs, InGaP, InGaAlP, InAlAs, InGaAs and In-
GaAsP systems.
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3. A method according to claim 1, wherein said semi-
conductor layers are grown by molecular beam epitaxy
deposition.

4. A method according to claim 2, wherein said semi-
conductor layers are grown by molecular beam epitaxy
deposition.

5. A method according to claim 1, wherein said semi-
conductor layers are grown by metal-organic chemical
vapor deposition.

6. A method according to claim 2, wherein said semi-
conductor layers are grown by metal-organic chemical

vapor deposition.
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