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upper portion cladding layer and a cap layer are laminated on the GaAs
substrate with the impur- The present invention relates to a semiconductor
itles being evaporated. laser having a multi-layer construction for
lowering   In this method, although the first upper portion the forward
voltage.                           s   cladding layercomes Into contactwith
the second up- The Japanese Journal of Applied Physics, Vol.     per
portion cladding layer in the strip groove, there is 24, No. 2, February,
1985, pages L89-90, Patent Ab-  a problem that a boundary level is formed
in the stracts of Japan, Vol. 10, No. 306 (E-446), 17 October  boundary,
that is, the current contraction portion and 1986 and JP-A-61 1 19090
describe the production of  the forward voltage [err] becomes higher.
multi-layer semiconductor lasers using a two-step  10  This problem can be
overcome by an increase in molecular beam epitaxial technique.
the carrier concentration of the first upper portion In Figure 8 of the
accompanying drawings a sem-  cladding layer. However, when the carrier
concentra- iconductor laser2l, produced by such a technique, is  tion of
the first upper portion cladding layer is in- shown and which has a lower
portion cladding layer  creased, there is a problem that the other
character- 23 composed of N type [err], an active layer  15  istics such as
threshold current I th and so on are re- 24 composed of  [err], a first
upper portion  duced. cladding layer 25 composed of P type   [err],
Accordingly, the present invention has been de- a light absorption layer 26
composed of N type GaAs,  veloped to substantially eliminate the above dis-
and an evaporation preventing layer 27 composed of  cussed drawbacks
inherent In the prior art semloon- N type  [err]  which are laminated on,
for ex-  20  ductor laser and method of manufacture. ample, an N type GaAs
type substrate 22. These re-    In one aspect, the present invention
provides a spective layers 23 through 27 are formed by the use
semiconductor laser having a multi-layer construc- of conventional
apparatus in a known manner.       tion, which comprises a lower portion
cladding layer, A strip groove 29 is formed by means of photo   an active
layer, a f irst upper portion cladding layer, a etching from the
evaporation preventing layer 27 to  25  light absorption layer and an
evaporation preventing the light absorption layer 26. Furthermore, a second
layer which are laminated on a semiconductor sub- upper portion cladding
layer 30 composed of P type  strate, a strip groove which reaches to the
first upper [err] and a cap layer 31 composed of P+ type      portion
cladding layer through the evaporation pre- Ga As are laminated as a
regrowth by means of a con-  venting layer, a second upper portion cladding
layer ventional method. The first upper portion cladding   30  and a cap
layer which cover the strip groove, and layer 25 and the second upper
portion cladding layer  electrodes which are provided on the semiconductor
30 come Into contact with each other In the strip  substrate and the cap
layer, characterised in that the groove 29. Electrodes 32a and 32b are
formed re-   first upper portion cladding layer is of a double con-
spectively on the substrate 22 and the cap layer 31.  struction of which
the upper layer portion Is higher In In the above-described conventional
semicon-  35  carrier concentration than the lower layer portion. ductor
laser 21, In the regrowth boundary A, that is,  Thus, since the carrier
concentration near the re- the boundary between the first upper portion
clad-  growth boundary is higher, the series resistance por- ding layer 25
and the second upper portion cladding  tion may be reduced, the forward
voltage [err] may be layer 30, a boundary level is formed. Thus, there is a
lowered. Also, since the carder concentration is high- problem that the
series resistance component is in-  40  er In the first upper portion
cladding layer in the upper creased and the forward voltage VF becomes
higher.  layer portion only, the danger of damaging the other A known
method of manufacturing such a GaAs     characteristics such as the
threshold current I th, and semiconductor laser comprises:
so on is restricted. i) a f irst growth process, wherein a lower portion
In a second aspect, the invention provides a sem- cladding layer, an active
layer, a first upper por-  45  iconductor laser having a multi-layer
construction, tion cladding layer, a light absorption layer and an  which
comprises a lower portion cladding layer, an ac- evaporation preventing
layer are laminated on  tive layer, a first upper portion cladding layer, a
light the surface of a GaAs substrate introduced into  absorption layer and
an evaporation preventing layer the growth chamber of a conventional
apparatus  which are laminated on a semiconductor substrate, a for use in a
molecular beam epitaxy method.  50  strip groove which reaches to the first
upper portion ii) a photo-etching process, wherein the laminat-  cladding
layer through the evaporation preventing ed GaAs substrate is taken out of
the growth   layer, a second upper portion cladding layer and a cap
chamber, and a strip deep enough to reach down  layer which cover the strip
groove, and electrodes to the light absorption layer is formed.
which are provided on the semiconductor substrate iii) a re-evaporation
process, wherein the GaAs   55  and the cap layer, characterised in that
the carrier substrate with the strip groove is heated to selec-
concentration of the second upper portion cladding tively evaporate the
light absorption layer.   layer is higher than the carrier concentration of
the iv) a second growth process, wherein the second  first upper portion
cladding layer, and the first upper 2    
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layer has an upper boundary portion  tration than the rest of the first
upper portion cladding with a higher carrierconcentration than the rest of
the  layer. first upper portion cladding layer.                    Since
the carrier concentration of the second up- In a third aspect the invention
provides a method   5   per portion cladding layer is made higher, dopant
dif- of manufacturing semiconductor lasers comprising: a  fuses from the
second upper portion cladding layerto first growth process, wherein a lower
portion cladding  the first upper portion cladding layer when heating is
layer, an active layer, a first upper portion cladding  effected forthe
given time. Therefore, the carrier con- layer, a light absorption layer and
an evaporation pre-  centration is increased only In the boundary portion
venting layer are laminated on a semiconductor sub-  10  of the first upper
portion cladding layer and the series strate introduced into the growth
chamber of an ap-  resistance component Is reduced to lower the forward
paratus;                                           voltage VF. Since the
carrier concentration is in- a photo-etching process, wherein the laminat-
creased in the first upper portion cladding layer on ed semiconductor
substrate is taken outof the growth  the boundary portion only, the danger
of damaging chamber, and a strip groove deep enough to reach   15  the
other characteristics such as the threshold cur- down to the light
absorption layer is formed;      rent I th and so on Is reduced. a
re-evaporation process, wherein the semi-      Although molecular beam
epitaxy is considered conductor substrate with the strip groove is intro-
appropriate, Metal-organics Chemical Vapor Deposi- duced into the growth
chamber of the apparatus to  tion (MOCVD), Chemical Beam Epitaxy (CBE),
Metal- heat the semiconductor substrate so as to selectively  20  organic
Molecular Beam Epitaxy (MOMBE) and the evaporate the light absorption
layer; and          like are also applicable. a second growth process,
wherein a second        In the accompanying drawings; upper portion
cladding layer and a cap layer are lam-  Figures 1 to 3 are respectively
cross-sectional inated on the semiconductor substrate with the im-
views illustrating one method of manufacturing a purities being evaporated;
25       semiconductor laser according to the invention; characterised in
that In the first growth proc-  and ess, the first upper portion cladding
layer is formed as  Figures 4 to 7 are respectively cross-sectional a
two-layer construction of which the upper layer por-  views Illustrating
another method of manufactur- tion is higher In carrier concentration than
the lower  Ing a semiconductor laser layer portion.
30       Figure 8 Is a cross-sectional view showing a con- In a fourth
aspect, the present invention provides  ventional semiconductor laser as
already descri- a method of manufacturing semiconductor laser com-    bed
above. prising: a first growth process, wherein a lower por-  Uke parts are
designated by like reference nu- tion cladding layer, an active layer, a
first upper por-  merals throughout the accompanying drawings. tion
cladding layer, a light absorption layer, and an   35  Figure 3 illustrates
a multi-layer semiconductor evaporation preventing layer are laminated on a
sem-  laser 1 which comprises a substrate 2, a lower portion iconductor
substrate Introduced into the growth    cladding layer 3, an active layer
4, a first upper portion chamber of an apparatus; a photo-etching process,
cladding layer 5 with a lower layer portion 5a and an wherein the laminated
semiconductor substrate Is   upper layer portion 5b, a light absorption
layer 6, an taken out of growth chamber, and a strip groove deep   40
evaporation preventing layer 7, a strip groove 9, a enough to reach down to
the light absorption layer is  second upper portion cladding layer 10, a
cap layer formed; a re-evaporation process, wherein the semi-  11, and
electrodes 12a and 12b. conductor substrate with the strip groove is Intro-
Figures 1 and 2 Illustrate views during the manu- duced into the growth
chamber of the apparatus to  facturing process of the semiconductor laser
1. heat the semiconductor substrate so as to selectively  45  First the N
type GaAs substrate 2 Is prepared, Is evaporate the light absorption layer;
and a second  engaged with a molybdenum stand of an apparatus growth
process, wherein a second upperportion clad-  for use in a molecular beam
epitaxy process (not ding layer and a cap layer are laminated on the sem-
shown), and is heated. Within the apparatus, raw ma- iconductor substrate
with the Impurities being evapo-  terials and impurities, that is dopant
put into the evap- rated; characterised in that in the second growth  50
orationsource are evaporated in theshape of molec- process, the carrier
concentration of the second up-  ular beams. The shutter of the evaporation
source Is per portion cladding layer is made higher than the
controlled, and the respective layers 3 to 7 are carrier concentration of
the first upper portion clad-  formed. Namely, the lower portion cladding
layer 3 ding layer in which, after the growth of the second up-  composed
of N type  [err](X = 0.8), the active per portion cladding layer, the
semiconductor sub-  55  layer 4 composed of  [err]  (X =0.15), the first
strate Is heated for a given time in the growth cham-  upper portion
cladding layer 5, the light absorption ber within the apparatus before the
cap layer growth  layer 6 composed of N type GaAs, the evaporation so that
the first upper portion cladding layer has an  preventing layer 7 composed
of N type  [err] upper boundary portion with a higher carrier concen-  (X =
0.15) are laminated in order, as shown in Figure 3    



5                   EP 0 380 322 B1                6 1. The first upper
portion cladding layer 5 is of a dou-  a. First growth process: ble layer
construction comprising the upper layer 5b and the lower layer 5a. The
lower layer 5a Is P type  First an N type GaAs substrate 2 engaged with a
[err] (X = 0.6) and the upper layer 5b is as-   5   molybdenum block is
introduced into a growth cham- sumed to be P+ type of  [err] (X = 0.6). The
ber of an apparatus for use in a molecular beam epi- upper layer 5b is
assumed to be higher in the carrier  taxy process. Within the apparatus
growth chamber, concentration than the lower layer 5a. The value of X  raw
materials and impurities, that is dopant put Into for At is not restricted
to the above-described numer-  the evaporation source are evaporated In the
shape ical value, but is variable.                 10  of molecular beams.
The shutter of the evaporation Then, the substrate 2 is taken out of the
appara-  source is restrained, and the respective layers 3 to 7 tus and the
evaporation preventing layer 7, except for  given hereinafter are
sequentially grown, as shown In the portion where the strip groove is to be
formed, Is  Figure 4. covered with a photo resist 8, as shown in Figure 2.
Namely, a lower portion cladding layer 3 com- With the photoresist 8 as a
mask, the evaporation   15  posed of N type   [err] (X = 0.6), an active
layer preventing layer 7 and the light absorption layer 6 are  4 composed
of  [err]  (X = 0.15), a first upper respectively etched selectively to
form the strip  portion cladding layer 5 composed of P type  [err] groove
9. At this time, a thin strip of the light absorp-  As (X = 0.6), a light
absorption layer 6 composed of tion layer 6 remains at the base of the
groove 9.  N type GaAs, an evaporation preventing layer 7 com- The
photoresist 8 is removed from the substrate  20  posed of N type  [err] (X
= 0.15) are laminated 2 and the substrate 2 is placed within the apparatus
In order. The value of X in [err] shown hereinbefore is again and is heated
to a temperature of between 650  only an example and is variable. to [err],
preferably approximately 760C, with the As molecular beams being directed
upon it. The thin  b. Photo-etching process: strip of the light absorption
layer 6 left is evaporated,  25 and the upper layer portion 5b of the first
upper por-  The laminated GaAs substrate 2 is taken out from tion cladding
layer 5 is exposed within the strip groove  within the apparatus growth
chamber, thereafter the 9.
evaporation preventing layer 7, except for the portion After completion of
the re-evaporation, the sec-  to be formed with a groove in it, is covered
with a pho- ond upper portion cladding layer 10 composed of P   30
toresist 8, as shown in Figure 5. The evaporation pre- type   [err]  is
formed so as to cover the evap-  venting layer 7 and the light absorption
layer 6 are re- oration preventing layer 7 and the strip groove 9. The
spectively etched to form a strip groove 9 so that a value of the Y is
assumed to be, for example, 0.6. Fur-  thin layer of the light absorption
layer 6 may be left, thermore, the cap layer 11 composed of [err] type
at the base of the groove for example, approximately GaAs is formed on the
second upper portion cladding   35  1000 [err](1 x [err]m, 10[err]). layer
10. Finally, the electrodes 12a and 12b are re- spectively provided on the
underface of the substrate  c. Re-evaporation process: 2 and the cap layer
11 surface to complete the sem- iconductor laser 1 (see Figure 3).
After the photoresist 8 has been removed, the As the [err] type of the
upperlayer portion 5b of the   40   GaAs substrate 2 is Introduced again
into the appa- first upper portion cladding layer5 is higher in the car-
ratus growth chamber to heat the GaAs substrate 2 rier concentration and is
positioned on the regrowth  to a temperature of between approximately [err]
to interface A lower side in the semiconductor laser 1,  8500C with the As
molecular beams being directed the series resistance component becomes
lower.     upon it. The Impurities attached onto the GaAs sub- Therefore,
the sequential direction voltage [err] may be   45  strate are evaporated
during this period, also the re- restrained lower, for Instance, less than
2V. Also,  mainder of the light absorption layer 6 is also evapo- since the
carrier concentration of the first upper por-  rated to expose the first
upper portion cladding layer tion cladding layer 5 as a whole is not high,
the other  5 at the base of the strip groove 9. characteristics such as the
threshold current I th and so on are not damaged, either.                50
d. Second growth process: In Figures 4 to 7, the reference numerals are the
same as those of Figures 1 to 3 except for a boundary     The second upper
cladding layer 10 is grown on portion 5c of the first upper portion
cladding layer 5.  the GaAs substrate 2, as shown In Figure 6. The sec-
Figures 4 to 7 illustrate another process of man-  ond upper portion
cladding layer 10 is composed of ufacturing a semiconductor laser which
comprises  55   [err] type [err], (for example, [err] component Y the
following four processes a to d.               = 0.6) with the carrier
concentration being higher by one unit than the first upper portion
cladding layer 5. For example, if the carrier concentration of the first
upper portion cladding layer 5 is 3 X [err] , the 4    
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concentration of the second upper portion       ding layer(3), an active
layer (4), afirstupperpor- cladding layer is assumed to be approximately 3
x       tion cladding layer (5), a light absorption layer(6), [err].
and an evaporation preventing layer (7) which are When the growth of the
second upper portion   5      laminated on a semiconductor substrate (2), a
cladding layer 10 is finished, in an annealing opera-   strip groove (9)
which reaches to the first upper tion the temperature of the GaAs substrate
2 Is raised  portion cladding layer (5) through the evapora- again to
between [err] to [err], preferably approx-       tion preventing layer (7),
a second upper portion imately [err], and is retained at that temperature
for  cladding layer (10) and a cap layer (11) which between several minutes
to several tens of minutes,  10  cover the strip groove (9), and electrodes
for Instance, about 20 minutes. During this period, the  (12a,12b) which
are provided on the semiconduo- dopant diffuses from the second upper
portion clad-     tor substrate (2) and the cap layer (11), charac- ding
layer 10 to the first upper portion cladding layer  terised in that the
carrier concentration of the 5 to increase the carrier concentration of the
upper    secondupperportion cladding layer(10) is higher portion cladding
layer boundary portion 5c to, for ex-  15  than the carrier concentration
of the first upper ample, a value of about 8 x [err] to 1 x [err] .
portion cladding layer (5) and the first upper por- After the annealing
operation has been complet-     tion cladding layer (5) has an upper
boundary ed, a cap layer 11 composed of the [err] type GaAs is      portion
(5c) with a higher carrier concentration grown on the second upper portion
cladding layer 10     than the rest of the first upper portion cladding and
electrodes 12a and 12b are provided, as shown   20  layer (5). In Figure 7.
Since the semiconductor laser 1 provided has a   3. Amethod of
manufacturing semiconductor lasers higher carrier concentration in the
first upper portion  comprising; afirstgrowth process, wherein a low-
cladding layer boundary portion 5c, the series resis-   er portion cladding
layer (3), an active layer (4), tance component may be restrained, and the
forward   25  a first upper portion cladding layer (5), a light ab- voltage
[err] is lowered. On one hand, since the carrier   sorption layer (6) and
an evaporation preventing concentration of a portion except for the
boundary      layer (7) are laminated on a semiconductor sub- portion 5c of
the first upper portion cladding layer 5  strate (2) introduced into the
growth chamber of remains as it was conventionally, the othercharacter-
an apparatus; istics such as threshold current I th, and so on are not  30
a photo-etching process, wherein the lam- damaged. Also, there is an
advantage in that the dif-   inated semiconductorsubstrate (2) is taken out
of fusion of the dopant from the second upper portion      the growth
chamber, and a strip groove (9) deep cladding layer 10 to the first upper
portion cladding   enough to reach down to the light absorption lay- layer
5 may be effected within the apparatus growth     er (6) Is formed;
chamber.                                        35            a
re-evaporation process, wherein the semiconductorsubstrate (2) with the
strip groove (9) is introduced into the growth chamber of the Claims
apparatus to heat the semiconductor substrate (2) so asto selectively
evaporate the lightabsorp- 1. A semiconductor laser having a multi-layer
con-  40  tion layer (6); and struction, which comprises a lower portion
clad-          a second growth process, wherein a sec- ding layer (3), an
active layer(4), a firstupper por-  ond upper portion cladding layer (10)
and a cap tion cladding layer(5), a light absorption layer (6)  layer (11)
are laminated on the semiconductor and an evaporation preventing layer (7)
which are   substrate (2) with the impurities being evaporat- laminated on
a semiconductor substrate (2), a   45   ed; strip groove (9) which reaches
to the first upper         characterised in that, in the first growth
portion cladding layer (5) through the evapora-      process, the first
upper portion cladding layer (5) tion preventing layer (7), a second upper
portion   is formed as a two-layer construction (5a, 5b) of cladding layer
(10) and a cap layer (11) which
whichtheupperlayerportion(5b)ishigherincar- cover the strip groove (9), and
electrodes (12a,  50  rier concentration than the lower layer portion 12b)
which are provided on the semiconductor         (5a). substrate (2) and the
cap layer (11), character- ised in that the first upper portion cladding
layer      4. Amethod of manufacturing semiconductor lasers (5) is of a
double construction (5a, 5b) of which    comprising: a first growth
process, wherein a low- the upper layer portion (5b) is higher in carrier
55  er portion cladding layer (3), an active layer (4), concentration than
the lower layer portion (5a).     a first upper portion cladding layer (5),
a light ab- sorption layer (6) and an evaporation preventing 2. A
semiconductor laser having a multi-layer con-      layer (7) are laminated
on a semiconductor sub- struction, which comprises a lower portion clad-
strate (2) introduced into the growth chamber of 5    
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concentration of the second upper portion      ding layer (3), an active
layer(4), afirstupperpor- cladding layer is assumed to be approximately 3 x
tion cladding layer (5), a light absorption layer (8), [err].
and an evaporation preventing layer (7) which are When the growth of the
second upper portion   5     laminated on a semiconductor substrate (2), a
cladding layer 10 is finished, in an annealing opera-  strip groove (9)
which reaches to the first upper tion the temperature of the GaAs substrate
2 is raised  portion cladding layer (5) through the evapora- again to
between [err] to [err], preferably approx-    tion preventing layer (7), a
second upper portion imately [err], and Is retained at that temperature for
cladding layer (10) and a cap layer (11) which between several minutes to
several tens of minutes,  10  cover the strip groove (9), and electrodes
for instance, about 20 minutes. During this period, the  (12a,12b) which
are provided on the semiconduc- dopant diffuses from the second upper
portion clad-    tor substrate (2) and the cap layer (11), charac- ding
layer 10 to the first upper portion cladding layer  terised in that the
carrier concentration of the 5 to increase the carrier concentration of the
upper   second upper portion cladding layer (10) is higher portion cladding
layer boundary portion 5c to, for ex-  15  than the carrier concentration
of the first upper ample, a value of about 8 x [err] to 1 x [err].
portion cladding layer (5) and the first upper por- After the annealing
operation has been complet-    tion cladding layer (5) has an upper
boundary ed, a cap layer 11 composed of the P+ type GaAs is     portion
(5c) with a higher carrier concentration grown on the second upper portion
cladding layer 10    than the rest of the first upper portion cladding and
electrodes 12a and 12b are provided, as shown   20  layer (5). in Figure 7.
Since the semiconductor laser 1 provided has a  3. A method of
manufacturing semiconductor lasers higher carrier concentration in the
first upper portion  comprising: a first growth process, wherein a low-
cladding layer boundary portion 5c, the series resis-  er portion cladding
layer (3), an active layer (4), tance component may be restrained, and the
forward  25  a first upper portion cladding layer (5), a light ab- voltage
[err] is lowered. On one hand, since the carrier  sorption layer (6) and an
evaporation preventing concentration of a portion except for the boundary
layer (7) are laminated on a semiconductor sub- portion 5c of the first
upper portion cladding layer 5  strate (2) introduced into the growth
chamber of remains as it was conventionally, the othercharacter-  an
apparatus; Istics such as threshold current I th, and so on are not  30  a
photo-etching process, wherein the lam- damaged. Also, there is an
advantage in that the dif-  inated semiconductor substrate (2) is taken out
of fusion of the dopant from the second upper portion     the growth
chamber, and a strip groove (9) deep cladding layer 10 to the first upper
portion cladding  enough to reach down to the light absorption lay- layer 5
may be effected within the apparatus growth    er (6) Is formed; chamber.
35            a re-evaporation process, wherein the semiconductor substrate
(2) with the strip groove (9) is introduced into the growth chamber of the
Claims                                                 apparatus to heat
the semiconductor substrate (2) so as to selectively evaporate the light
absorp- 1. A semiconductor laser having a multi-layer con-  40  tion layer
(6); and struction, which comprises a lower portion clad-          a second
growth process, wherein a sec- ding layer (3), an active layer(4), a first
upper por-  ond upper portion cladding layer (10) and a cap tion cladding
layer(5), a light absorption layer (6)  layer (11) are laminated on the
semiconductor and an evaporation preventing layer (7) which are   substrate
(2) with the impurities being evaporat- laminated on a semiconductor
substrate (2), a   45  ed; strip groove (9) which reaches to the first
upper        characterised in that, in the first growth portion cladding
layer (5) through the evapora-     process, the first upper portion
cladding layer (5) tion preventing layer (7), a second upper portion   is
formed as a two-layer construction (5a, 5b) of cladding layer (10) and a
cap layer (11) which      which the upper layer portion (5b) is higher in
car- cover the strip groove (9), and electrodes (12a,  50  rier
concentration than the lower layer portion 12b) which are provided on the
semiconductor        (5a). substrate (2) and the cap layer (11), character-
ised in that the first upper portion cladding layer  4. A method of
manufacturing semiconductor lasers (5) is of a double construction (5a, 5b)
of which   comprising: a first growth process, wherein a low- the upper
layer portion (5b) is higher in carrier  55  er portion cladding layer (3),
an active layer (4), concentration than the lower layer portion (5a).    a
first upper portion cladding layer (5), a light ab- sorption layer (6) and
an evaporation preventing 2. A semiconductor laser having a multi-layer
con-     layer (7) are laminated on a semiconductor sub- struction, which
comprises a lower portion clad-    strate (2) introduced into the growth
chamber of 5    
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leitersubstrat (2) auflaminiert sind, elner strelfen- a photo-etching
process, wherein the lam-     formilgen Nut (9), die durch die
Aufdampfschutz- inated semiconductor substrate (2) Is taken out of  schicht
(7) bis zur ersten oberen Oberzugs- the growth chamber, and a strip groove
(9) deep   5  schicht (5) reicht, einer zweiten oberen (Ober- enough to
reach down to the light absorption lay-  zugsschicht (10) und einer
Deckschicht (11), die er (6) is formed;
die streifenformige Nut (9) Oberdecken, und mit a re-evaporation process,
wherein the         Elektroden (12a, 12b), die auf dern Halbleitersub-
semiconductor substrate (2) with the strip groove  strat (2) und der
Deckschicht (11) vorgesehen (9) is introduced into the growth chamber of
the   lo  sind, dadurch gekennzelchnet, daS die Trager- apparatus to heat
the semi-conductor substrate     konzentration der zwelten oberen Oberzugs-
(2) so as to selectively evaporate the light absorp-  schicht (10) hoher
Ist als die Tragerkonzentration tion layer (6);
der ersten oberen Oberzugsschfcht (5) und daB and a second growth process,
wherein a        die erste obere Oberzugsschicht (5) elnen obe- second
upper portion cladding layer (10) and a   15  ren Grenzabschnitt (5c)
aufwelst dessen Trager- cap layer (11) are laminated on the semiconduc-
konzentration hoher lst als Im Rest der ersten tor substrate (2) with the
Impurities being evapo-  oberen Oberzugsschicht (5). rated; characterised
In that in the second growth  3. Verfahren zum Herstellen von
Halbleiterlasern process, the carrier concentration of the second   20  mit
folgenden Verfahrensschritten: upper portion cladding layer (10) Is made
higher   elnem ersten Wachstumsschritt bel dem eine un- than the carrier
concentration of the first upper  tere Oberzugsschicht (3), elne aktfve
SchIcht (4), portion cladding layer (5) In which, after the     elne erste
obere Oberzugsschicht (5), elne Licht- growth of the second upper portion
cladding lay-   absorbtionsschicht (6) und eineAufdampfschutz- er, the
semiconductor substrate Is heated for a   25  schicht (7) aufeinem
Halbleltersubstrat (2) aufla- given time in the growth chamber within the
ap-    minlert werden, das In eine Wachstumskammer paratus before the cap
layer growth so that the    elner Vorrichtung eingefflhrt wird; first upper
portion cladding layer(5) has an upper  einem Fotogtzschritt, bei dem das
laminierte boundary portion (5c) with a higher carrier con-
Halbleitersubstrat (2) aus der Wachatumskam- centration than the rest of
the first upper portion   30  mer herausgenommen wird und elne streifenfor-
cladding layer (5).                                mige Nut (9), die so
tlef Ist daB sle bis zur ilcht- absorbtionsschicht (6) hinunterrelcht,
ausgebil- det wird; Patentansprflche
elnem Wlederaufdampfschritt bel dern des Halb- 35     leitersubstrat (2)
mit der strelfenformigen Nut (9) 1. Halblelterlaser mit Mehrschichtaufbau
mit einer    In die Wachstumskammer der Vorrichtung elnge- unteren
Oberzugsschicht (3), elner aktiven         fihrt wird, um das
Halbleitersubstrat (2) zu er- Schicht (4), elner ersten oberen
Oberzugsschicht   warmen, um die Uchtabsorbtionsschicht (6) se- (5), elner
Llchtabsorbtlonsschicht (6) und elner   lektIv aufzudampfen; und
Aufdampfschutzschicht (7), die auf elnem Halb-  40  einem zwelten
Wachstumsschritt, bei dem elne leltersubstrat (2) auflaminlert sind, elner
strelfen-  zwelte obere Oberzugsschicht (10) und elne formigen Nut (9), die
durch die Aufdampfschutz-    Deckschicht (11) aui das Halbleitersubstrat
(2) schicht (7) bis zur ersten oberen (iberzugs-       auflaminlert werden,
wobel die Verunreinigun- schicht (5) reicht, elner zweiten oberen Ober-
gen aufgedampft werden; zugsschicht (10) und einer Deckschicht (11), die
45  dadurch gekennzelchnet daB  beim  ersten die streifenformige Nut (9)
riberdecken, und mit   Wachstumsschritt die erste obere Oberzugs-
Elektroden (12a, 12b), die auf dem Halbleitersub-  schicht (5) als
Doppelschichtaufbau (Sa, 5b) aus- strat (2) und der Deckschicht (11)
vorgesehen      gebildet wird, von denen die obere Schicht (5b) sind,
dadurch gekennzeichnet, daB die erste obe-   sine hWhere
Trlgerkonzentration aufwelst als die re Oberzugsschicht (5) in
Doppelstruktur (5a, 5b)  50  untere Schicht (5a). ausgebildet ist, von
denen die obere Schicht (5b) eine h8here Trigerkonzentration als die untere
4. Verfahren zum Herstellen von Halblelterlasern Schicht (5a) aufweist.
mit den folgenden Verfahrensschritten: einem ersten Wachstumsschritt, bei
dem elne un- 2. Halbleiterlaser mit Mehrschichtaufbau mit einer  55  tere
Oberzugsschicht (3), esne aktive Schicht (4), unteren Lberzugsschbcht (3),
elner aktiven          ine erste obere Oberzugsschicht (5), elne Lcht-
Schicht (4), einer ersten oberen Oberzugsschicht   absorbtionsschicht (6)
und eIneAufdampfschutz- (5), elner Lichtabsorbtionsschicht (6) und einer
schicht (7) auf sin Halbleltersubstrat (2) auflami- Aufdampfschutzschicht
(7), die auf einem Halb-    nMert werden, das in die Wachstumskammereiner 6
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liii II I!I * C   L   M   S* Vorrichtung eingefuhrt wird;
2. Laser A semiconducteur poss6dant une structure einem Fotoitzschritt, bei
dom das laminierte       multicouche, qui comprend une couche de reve-
Halbleltersubstrat (2) aus der Wachstumakam-       tement de partle
inferleure (3), une couche active mer herausgenommen und sine
strelfenformige   5    (4), une premlire couche de revetementde partle Nut
(9) so tief ausgebidet wird, daB ale bis hinun-  sup6rieure (5), une couche
d'absorption de lu- tbr zur Lichtabsorbtionsschicht (6) reicht;
miere (6) et une couche (7) destinee a empecher einem
Wiederaufdampfschritt, bel dem das Halb-    I'evaporation, ou couche
antH-6vaporation, lea- leitersubstrat (2) mit der strelfenformigen Nut (9)
quelles couches sont plac6es de maniere strati- in die Wachatumskammer der
Vorrichtung einge-  10  flee sur un substrat semiconducteur (2), une ral-
fflhrt wird, um des Halbleitersubstrat (2) zu er-  nure de mise A nu (9)
qui atteint la premiere cou- warmen, um die Uchtabsorbtionsschicht (6) se-
che de revetement de partie sup6rieure (5) au tra- lektiv aufzudampfen; und
vers de Ia couche anti-evaporatlon (7), une einem zwelten Wachstumaschritt,
bel dem elne       deuxilme couche do revAtement de partle supe- zweite
obere Oberzugsschicht (10) und elne   15   rioure (10) et une couche de
couverture (11) qui Deckschicht (11) auf des Halbleltersubstrat (2)
couvrent la rainure de miss A nu (9), et des 6leo- auflaminiert werden,
wobei die Verunreinigun-     trodes (12a, 12b) qui sont placees sur le
substrat gen verdampft werden;                              semiconducteur
(2) et sur la couche de couvertu- dadurch gekennzelchnet, daB beim zweiten
re (11), caract6rise en ce quo la concentration en Wachstumsschritt die
TrAgerkonzentration der  20   porteurs de la deuxibme couche de rev6tement
zwelten oberen Oberzugsschicht (10) hoher ge-      de partle sup6rioure
(10) eat plus elev6e quo cel- macht wird als die Tragerkonzentration der
er-    le de la premiere couche de revitement de partie sten oberen
Oiberzugsschicht (5), wobei nach       sup6rieure (5), et la premiere
couche de revOte- dem Wachstum der zweiten oberen Uberzugs-          ment
de partie superioure (5) possede une partie schichtdas
Halbleltersubstratwahrend sines vor-  25  frontiere superleure (5c) ayant
une concentration gegebenen Zeitraums in der Wachstumskammer         en
porteurs plus 6lev6e quo le reste de la premie- innerhaib der Vorrichtung
vor dom Deckschicht-    re couche de revOtement de partse sup6rieure (5).
wachatum erwarmt wird, so dae die erste obere
I Oberzugsschicht (5) olnen oberen Grenzab-      3. Proc6d6 de fabrication
de lasers A semiconduc- schnitt (5c) aufwelst, dessen Trfgerkonzentrati-
30  tour, comprenant un premier processus de crols- on h8her ist ala die
des Restes der erstbn oberen  sance, ob on formo de manlbre stratifiee, sur
un Oberzugsschicht (5).                              substrat
semiconductour (2) qui a 6te Introdult dans la chambre de croissance d'un
apparell, une couche de rev~tement de partle Infrileure (3), Revendications
35      une couche active (4), une premibre couche de revAtoment de partie
sup6rieure (5), une couche 1. Laser a somiconducteur poss6dant une
structure     d'absorption de lumlere (8) et une couche (7) des-
multicouche, qui comprend uns couche de reve-     tin6e A empecher
l'evaporation, ou couche anti- tement de partis inferieure (3), une couche
active  evaporation; (4), une premiere couche de revltementde parte   40
un processus de photogravure, ob on sort sup6rieure (5), une couche
d'absorptlon de Iu-    le substrat semiconducteur (2) alnsl stratilf16 hors
mibre (6) et une couche (7) destinee A empecher    de la chambre de
croissance et on form. une ral- Ievaporation, ou couche anti-6vaporation,
les-     nure de miss a nu (9) suffisamment profonde quelles couches sont
piacees de manibre strati-    pour atteindre la couche d'absorption de
lumlbre fiee sur un substrat semiconducteur (2), une ral-  45  (6); nure de
mis. A nu (9) qul atteint la premlere cou-      un processus de
re-evaporation, ob on in- che de revetement de partie superieure (5) au
tra-  troduit le substrat semiconducteur (2) dote de la vers de la couche
anti-evaporation (7), une        rainure de miss A nu (9) dans Ia chambre
de crols- deuxilme couche de rev~tement de partie supe-      sance de
l'appareil pour chauffer le substrat se- rieure (10) et une couche de
couverture (11) qul  50  mboonducteur (2) de facon A faire selectivement
couvrent la rainure de mis. A nu (9), at des 6lebc-  vaporer la couche
d'absorptlon de lumlere (6); et trodes (12a, 12b) qui sont placees sur le
substrat      un deuxieme processus de croissance, ob semiconducteur (2) et
sur la couche de couvertu-   on fait deposer de manibre stratif ie une
deuxib- re (11), caracterise en ce quo la premibre couche  me couche de
revOtement de partie supbrieure de revAtement de partie supeneure (5)
presente  55  (10) et une couche de couverture (11) surle subs- une double
structure (5a, 5b) dans laquelle la    trat semiconducteur (2) dans lequel
les impuretbs partie de couche superleure (5b) a une plus forte  se sont
evaporbes; concentration en portours qus la partie de cou-
caracteris6 en co quo, dans le premier pro- che inferieure (5a).
cessus de croissance, on forms la premlere cou- 7   
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!  * che de revitement de partle superieure (5) sui- vant une structure A
deux couches (5a, 5b) dans laquelle la partie de couche superieure (5b) a
une concentration en porteurs plus elevee quo la par-   5 tie de couche
infbrieure (5a). 4. Procedb de fabrication de lasers a semiconduc- teur,
comprenant: un premier processus de crols- sance, ob on forme de manibre
stratifleo, sur un   10 substrat semiconducteur (2) qui a btb introduit
dans la chambre de croissance d'un apparell, une couche de revetement de
partie infrileure (3), une couche active (4), une premiere couche de
revitement de partie supdrioure (5), une couche   15 d'absorption de
lumiere (6) etune couche (7) des- tinee A empicher I'vaporation, ou couche
anti- evaporation; un procossus de photogravure, ob on sort le substrat
semiconductbur (2) alnsi stratifib hors  20 de la chambre do croissance et
on forms une ral- nure de miss A nu (9) suffisamment profonde pour
atteindre la couche d'absorption de lumlbre (6); un processus de
re-evaporation, oO on in-  25 troduit le substrat semiconducteur (2) dote
de la ralnure de miso a nu (9) dans la chambre de crols- sancoe de l
apparell pour chauffer Is substrat so- miconducteur (2) de fagon A faire
selectivement evaporerla couche d'absorption de lumlire (6); et  30 un
deuxieme processus de crolssance, ou on fait dbposer de maniere stratWidfe
une deuxie- me couche de rev~tement de partie superieure (10) et une couche
de couverture (11) sur le subs- tratsemiconducteur (2) dans loquel les
impuretbs   3S ss sont 6vapordes; caractdrtsd en ce quo, dans le deuxidme
processus de croissance, la concentration on porteurs de la deuxieme couche
de revbtomont de parte supdrleure (10) est etablie A une valeur  40 plus
blevee quo la concentration en porteurs de la premlire couche de revdtement
de partle su- pdrieure (5), ob, apres la croissance de la deuxie- me couche
de revetement de partle supbrieure, on chauffe le substrat semiconducteur
pendant  45 une duree donnee dans la chambre de crolssan- ce A l'intdrieur
de I'appareil avant qu'on alt fait croltre la couche de couverture, si blen
quo la premibre couche de revitement de partie sup6- rieure (5) possede une
partle frontilre supbrleure  so (5c) ayant une concentration en porteurs
supb- rioure au reste de Ia premibre couche de revete- ment de partle
superieure (5). 55 8    


