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[57] ABSTRACT 
A semiconductor laser device includes a narrow elon 
gated semiconductor region of the same conductivity 
type as another semiconductor region lying in the vicin 
ity of the active region of the laser device. The elon 
gated region extends in depth from the surface of the 
device to the vicinity of the active region. A surface 
semiconductor layer of an opposite conductivity type 
covers the entire surface of the device except for the 
elongated region. 

1Claim,4DrawlngFigures 
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DOUBLE HE'I'EROSTRUCI'URE STRIPE 
GEOIVIETRY SEMICONDUCTOR LASER DEVICE 

Matterenclosedlnheavyhraekets [ ] appearsinthe 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

This is a divisional of application Ser. No. 492,262 
filed July 26, 1974 which was a continuation of Ser. No. 
413,923 ?led Nov. 8, 1973, now abandoned, which was 
a continuation of Ser. No. 267,068, filed June 28, 1972, 
now abandoned. 

The present invention relates generally to lasers, and 
more particularly to semiconductor lasers. 

In recent years, semiconductor lasers capable of con 
tinuous oscillation at room temperature have been de 
veloped. This has created a problem of adapting these 
lasers to practical use. One of the solutions to this prob 
lem that has been heretofore proposed is the so-called 
stripe construction type device which has a surface 
covered with an SiO; film that serves an an electrical 
and thermal insulator, and a stripe-shaped opening for 
forming an electrode to permit electrical current amd 
heat to pass therethrough. 

In general, the active region of this prior art semicon 
ductor device lies at a depth of at least 2 microns from 
the surface of the device. This tends to cause the current 
at the active region to spread beyond 10 microns, par 
ticularly when the width of the stripe electrode is made 
smaller than 10 microns. As a result, the laser oscillation 
is dif?cult to maintain and the heat radiation is deterio 
rated due to the SiO; film covering the substrate. A 
more serious disadvantage in this prior art device is that 
the current ?ow at the active region becomes larger in 
width than the strip electrode making it difficult to 
achieve adequate oscillation mode control of the laser. 

It is an object of the present invention to provide a 
semiconductor laser device adapted to maintain the 
width of the active region at a value approximately 
equal to or less than that of a stripe electrode, and 
thereby to facilitate heat radiation and oscillation mode 
control. 

It is a further object of the present invention to pro 
vide a semiconductor laser device in which a narrow 
current ?owing active region can be realized. 
According to the present invention, there is provided 

a semiconductor laser device which comprises a nar 
row, elongated region of a conducitivity type identical 
to that of another region lying in the vicinity of the 
active region of the laser device. The elongated region 
extends in depth from the surface of the device to the 
vicinity of the active region and lying perpendicular to 
a pair of re?ective surfaces extending therebetween. A 
surface layer having a conductivity type opposite to 
that of the elongated region covers the entire surface of 
the device except for the narrow, elongated region. A 
metal electrode covers at least the narrow, elongated 
region. 
The semiconductor device of the present invention is 

based on the fact that the reverse biasing of a pm junc 
tion is utilized for producing electrical oscillation, with 
a limited part thereof let‘: forward biased to permit laser 
oscillation. Heat generated at the limited part is allowed 
to be radiated from the entire area of the p-n junction 
and the substrate. To take a GaAs - Ga,Al1_xAs double 
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2 
hetero-junction laser as an example, the GaAs active 
region of approximately 0.5 micron in thickness is sand 
wiched between p-type and n-type layers of Ga,Al1 
xAs. Assuming that the layer closer to the surface is of 
p-type, it is approximately 1 micron thick, and a p-type 
GaAs layer of approximately i to 2 microns in thickness 
is further formed on the surface of the p-type laser so as 
to facilitate the provision of an ohmic contact layer 
forming an electrode. This is a typical layer construc 
tion of the well-known double hetero‘junction laser. 

In accordance with the present invention, the surface 
layer of the p-type GaAs is not of p-type but of n-type, 
with a part thereof converted into a narrow elongated 
p-type region down at least to the second layer. An 
ohmic electrode is then formed over the entire surface 
of the layer irrespective of its conductivity type. The 
current is allowed to flow, with the ohmic electrode as 
the positive electrode, through the narrow elongated 
p-type region, the p-type GaAs layer, the p-type Gax. 
Al1_xAs layer, the GaAs layer (the active region), the 
n-type (lax-All- As layer, and the n-type GaAs sub 
strate, to the electrode on the opposite side. irrespective 
of whether the active region is of the p-type or n-type, 
the current ?ows from the p-type to the n-type regions 
as a result of the forward biasing. In the surface layer, 
however, almost the entire area of the n-type region of 
the surface GaAs layer is reverse biased except for the 
narrow, elongated p-type region. This serves to limit 
the current within the p-type region, because the imme 
diately underlying layer is the p-type Ga,,Al1.,,As layer. 
The current ?owing from the ohmic electrode is thus 
permitted to flow only through the area defined by the 
narrow, elongated p-type region. As a result, the width 
of the active region is kept comparable to the width of 
the p-type region, leaving the possibility of the spread of 
the current only at the p-type GaxAl1_,As layer having 
a thickness of about 1 micron. 

In the conventional device of the stripe-type con 
struction, the ohmic electrode may be narrow, so as to 
limit the width of the current ?owing at the active 
region. Between the ohmic electrode and the active 
region, however, there are the Z-micron-thick p-type 
GaAs layer and the l-micron-thick p-type GaxAl|_xAs 
layer. These layers of 3 microns in total thickness per 
mit the current flow to spread before it reaches the 
active region. The spread becomes far more than negli 
gible, particularly when the stripe electrode is made less 
‘than 10 microns. 

In contrast, with the structure of the present inven 
tion, the current is not allowed to spread at the active 
region even when the stripe electrode is narrowed 
down to about 2 to 3 microns. This makes it possible to 
realize an extremely narrow, elongated current ?owing 
region, which facilitates efficient oscillation and strict 
mode locking. Moreover, since the n-type surface layer 
need not be covered with a SiO; ?lm, which is indis 
pensable to the conventional device and deteriorates 
heat conduction and radiation, higher heat radiation 
efficiency can be achieved by bringing the surface re 
gion in direct contact with a radiator plate such as one 
made of diamond or copper. More specifically, the‘ 
thermal resistance at the surface of the n-type surface 
layer of this structure is 40 percent lower than that of 
the Si01-covered conventional structure. This facili 
tates the maintenance of continuous laser oscillation at 
room temperature. 
To the accomplishment of the above and to such 

further objects as may hereinafter appear, the present 
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invention relates to a semiconductor laser device, sub 
stantially as de?ned in the appended claims and as de 
scribed in the following speci?cation taken together 
with the accompanying drawings in which: 
FIG. 1 is a partial vertical cross-sectional view of a 

semiconductor laser device according to one embodi 
ment of the invention. 
FIG. 2 is a perspective view of the semiconductor 

laser device of FIG. 1; 
FIG. 3 is a perspective view of a laser device accord 

ing to a modi?cation of the embodiment of FIGS. 1 and 
2; and 
FIG. 4 is a partial cross-sectional view of a semicon 

ductor laser device according to an alternate embodi 
ment of the invention. 

In the embodiment of the invention illustrated in 
FIGS. 1 and 2, double-hetero-junctions are formed on 
an n-type GaAs substrate 10 by the use of liquid growth 
and selective diffusion techniques. A p-type GaAs ac 
tive region 12 of approximately 0.5 micron in thickness 
is formed between a 3 micron thick n-type GHOJAIOJAS 
layer 11 and a 1 micron thick p-type GamAlmAs layer 
13. 
A 2 micron thick n-type GaAs surface layer 14 is then 

formed on the surface of layer 13. A stripe-shaped open 
ing 16 of a width of 5 microns is formed by a known 
photoetching process in an SiO; ?lm 15 covering layer 
14. Zn is selectively diffused through opening 16 to a 
depth of approximately 2.2 microns, to wit, to a level 
slightly deeper than the boundary 17 between p-type 
GIOJAIOJAS layer 13 and n-type GaAs layer 14. As a 
result, a narrow, elongated p-type GaAs layer 18 of a 
width of approximately 5 microns is formed from open 
ing 16 to boundary 17. 
FIG. 3 is a similar perspective view of the embodi 

ment of FIGS. 1 and 2 in which an ohmic electode ?lm 
19 is formed covering the entire surface of SiO; ?lm l5 
and p-type elongated region 13 An ohmic electrode 20 
is formed on the lower surface of substrate 10. 

In the embodiment of the invention of FIG. 4, in 
which corresponding portions are designated by corre 
sponding reference numerals, the SiO; ?lm of the previ 
ously described embodiment is removed with ?uoric 
acid, and an ohmic electrode 21 is provided over the 
entire surface of layer 14 and GaAs layer 18. Ohmic 
electrode 21 is kept in ?rm contact with a heat sink 22 
which serves also an electrode. When heat sink elec 
trode 22 is connected to the positive terminal of a power 
supply (not shown), and an ohmic electrode 20 on the 
lower surface of substrate 10 is coupled to a negative 
power supply terminal, current is caused to flow 
through the ohmic electrode 21, the narrow and elon 
gated p-type GaAs layer 18, p-type Gao_7Al0_3As layer 
13, p-type GaAs active region 12, n-type GaQ-IAlOJAs 
layer 11, n-type GaAs substrate 10, and electrode 20, 
since the boundary 23, between p-type GaAs active 
region 12 and n-type Ga0_-;Al0_3As layer 11 is forward 
biased. The applied voltage is about 1.5V. 
Under this state, boundary 17 between n-type GaAs 

layer 14 and p-type Ga0_7Al0_3As layer 13 is reverse 
biased over the entire area except at the portion where 
p-type GaAs layer 18 is formed, thereby preventing the 
current flow. In the case of a carrier concentration of 5 
X l0l7cm“3, in both layers 13 and 14, the current pre 
vention function is not affected even when the applied 
voltage is 50 volts. The current might tend to spread 
between p-type Gaa-lAlqgAs layer 13 a?er passing 
through p-type GaAs layer 18 of a width of approxi 
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mately 5 microns. Since, however, p-type GamAlmAs 
layer 13 is as thin as 1 micron, about 90 percent of the 
current is limited in its flow within the S-micron-wide 
active region 12. This is in clear contrast to the case of 
the conventional stripe-elwtrodc type device, wherein 
90 percent of the current ?ow spreads to a width of 
approximately 12 microns at the active region even if 
the current flow is only 5 micron wide at the surface. 
Heat generated at the 5 micron wide area of active 
region 12 is permitted to radiate through the whole area 
of the ohmic electrode 21 by the heat sink 22. This keeps 
the temperature rise of the active region within 10' C 
when the current is 30 mA. In contrast, the temperature 
rise is as high as 16' C in a conventional stripe-electrode 
type device. 

Experimental results show that the number of oscilla 
tion modm for the ocillation starting current density of 
approximately 2 kA/cm2 is decreased at about one half 
of that for the conventional stripe-type device of a 12.5 
micron wide electrode. Needless to say, the narrow and 
elongated p-type region 18 should be perpendicular to a 
pair of re?ective surfaces and extend across the re?ec 
tive surfaces. In the embodiment of the invention herein 
specifically shown, the distance between the reflection 
surfaces is approximately 300 microns. 
Although a description of the present invention has 

been herein given referring to the embodiments shown, 
it will be clearly understood that these embodiments are 
given merely by way of example. The conductivity 
types of the layers 14 and region 18 are not limited to 
those herein described, so long as reverse biasing is 
achieved at the narrow and elongated portion. Also so 
far as the laser oscillation is not affected, the region 18 
need not extend to the end surfaces of the region 13. 
Needless to say, the impurity concentration at the 
abovementioned portion should not be so high as to 
form a junction having the tunnel effect. The width of 
this portion extending from the surface toward the ac 
tive region 12 need not be 5 microns and the selective 
diffusion method employed for the manufacture of the 
present device may be replaced with a selective crystal 
growing method. The crystal materials are not re 
stricted to the above mentioned ones. The construction 
need not be the double hetero-junction, but may be a 
non-hetero-junction structure in which a high concen 
tration, p-type GaAs active region lies between low 
concentration n-type and p-type GaAs layers. Also, the 
principle of the invention may be applied to a single 
hetero-junction laser. As a modi?cation of the embodi 
ment of FIG. 4, another thin layer of the same conduc 
tivity type as the narrow elongated area may be formed 
over the entire area of layer 14 and region 18 to reduce 
the resistance of the device as a whole. 

Thus, whereas the invention has been described with 
respect to preferred embodiments thereof, it will be 
apparent that variations may be made therein, all with 
out departing from the spirit and scope of the invention. 

I claim: 
1. A GaAs-AlxGaLxAs double heterostructure injec 

tion laser comprising an N-type GaAs substrate, a ?rst 
layer made of N-type AlxGa1_ As epitaxially grown on 
one major surface of said substrate, a second layer made 
of GaAs epitaxially grown on said first layer, a third 
layer made of P-type Al1Ga1_,As epitaxially grown on 
said second layer, a fourth layer made of N-type GaAs 
epitaxially grown on said third layer, a silicon dioxide 
?lm formed on said fourth layer and having a stripe 
shaped opening formed therein, and a thin elongated 
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P'Wl” "Biol! formed on ‘he of?“ [form] major surface of said substrate; wherein excitation cur 
[W'E 15W" W511?‘ ‘91mm m9? of P-QYW rent suppiied through said ?rst electrode is allowed to 
zgugmthlgzrghmsgdeimmfgt ?ow substantially only through the deepest portion of 
tween said third and fourth layers and into a portion of said elonsauid ‘Hype region thc, “sun of a re' 
said third layer, a 5m electrode covering said silicon "I" b1" “WM”! between "*4 third and fmmh 

dioxide ?lm and said [elongnged] elongated region, 18y"! 
and a second electrode in ohmic contact with the other ’ * " ' ' 

45 


