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(54)  Semiconductor  laser  element. 

(57)  A  semiconductor  laser  element  comprising  a 
first  cladding  layer,  an  optical  guiding  layer,  an 
active  layer  and  a  second  cladding  layer  dis- 
posed  in  this  order,  or  in  reverse  order  on  a 
semiconductor  substrate,  wherein  (a)  the  ref- 
ractive  index  of  the  optical  guiding  layer  is 
larger  than  both  refractive  indexes  of  the  first 
and  second  cladding  layers,  and 
(b)  the  refractive  index  of  the  optical  guiding 
layer  is  smaller  than  that  of  the  active  layer  but 
larger  than  that  of  the  first  cladding  layer 
which  element  also  comprises  a  burying  layer 
having  a  refractive  index  smaller  than  that  of  at 
least  one  of  the  first  and  second  cladding 
layers,  said  burying  layer  being  disposed  on 
side  faces  other  than  the  laser-emitting  faces  of 

^   the  optical  guiding  layer  and  the  active  layer. 
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The  present  invention  relates  to  a  semiconductor 
laser  element  used  for  optical  information  processing, 
optical  communication,  etc. 

It  is  known  that  the  semiconductor  laser  perfor- 
mance  can  be  enhanced  by  efficiently  confining  light 
in  the  active  region.  In  the  semiconductor  laser  ele- 
ments  of  a  multilayer  structure,  therefore,  there  have 
been  employed  the  specific  laminated  structures 
such  as  double  heterostructure  (DH),  separate  con- 
finement  structure  (SCH)  and  large  optical  cavity 
(LOC)  for  confining  light  in  the  direction  vertical  to  the 
layers. 

With  the  conventional  crystal  growing  techniques 
such  as  LPEand  MOCVD,  however,  it  is  difficult  to  se- 
lectively  grow  as  a  burying  layer,  a  layer  having  a  re- 
fractive  index  relatively  small  in  comparison  with  the 
laminated  layers  for  efficiently  confining  light  in  the 
direction  parallel  to  the  layers.  Especially,  in  the  case 
of  AIGaAs-based  semiconductor  laser,  although  a 
semiconductor  layer  having  a  relatively  small  refrac- 
tive  index  in  comparison  with  an  active  layer  could  be 
formed  as  the  burying  layer,  it  was  impossible  to  form 
as  the  burying  layer,  a  semiconductor  layer  having  a 
refractive  index  smaller  than  that  of  a  cladding  layer. 
It  is  therefore,  for  example,  infeasible  to  confine  light 
in  the  direction  parallel  to  the  laminations  in  the  por- 
tion  of  the  cladding  layer,  whereby  there  are  disad- 
vantages  that  a  loss  in  the  cavity  is  large  and  an  in- 
ternal  quantum  efficiency  is  low. 

From  studies  by  the  present  inventors  on  the  sub- 
ject  matter,  it  has  been  found  a  technique  for  forming 
a  burying  layer  in  an  LOC  structure  which  is  one  of  the 
lamination  structures  capable  of  efficiently  confining 
light  in  the  direction  vertical  to  the  layers  and  which 
comprises  a  first  cladding  layer,  an  optical  guiding  lay- 
er,  an  active  layerand  a  second  cladding  layer  formed 
on  a  substrate  in  this  order  or  in  reverse  order,  the 
burying  layer  being  a  semiconductor  layer  having  a 
smaller  refractive  index  than  that  of  the  cladding  lay- 
er,  and  being  disposed  to  side  faces  other  than  laser- 
emitting  faces  of  the  active  layer  and  the  optical  guid- 
ing  layer.  The  present  invention  was  attained  on  the 
basis  of  this  finding. 

In  a  first  aspect  of  the  present  invention,  there  is 
provided  a  semiconductor  laser  element  comprising  a 
first  cladding  layer,  an  optical  guiding  layer,  an  active 
layerand  a  second  cladding  layer  disposed  in  this  or- 
der  or  in  reverse  order  on  a  semiconductor  substrate, 
a  refractive  index  of  the  optical  guiding  layer  being 
larger  than  both  refractive  indexes  of  the  first  and 
second  cladding  layers,  and  a  refractive  index  of  the 
optical  guiding  layer  is  smaller  than  that  of  the  active 
layer  but  larger  than  that  of  the  first  cladding  layer, 
and  a  burying  layer  having  a  refractive  index  smaller 
than  that  of  at  least  one  of  the  first  and  second  clad- 
ding  layers  being  disposed  on  side  faces  other  than 
laser-emitting  faces  of  the  optical  guiding  layer  and 
the  active  layer. 

In  a  second  aspect  of  the  present  invention,  there 
is  provided  a  process  for  producing  a  semiconductor 
laser  element  as  defined  in  the  first  aspect,  which 
comprises  laminating  a  first  cladding  layer,  an  optical 

5  guiding  layer,  an  active  layer  and  a  second  cladding 
layer  in  this  order  or  in  reverse  order  on  a  semicon- 
ductor  substrate,  providing  a  mask  on  the  laminated 
layers,  carrying  out  etching,  and  forming  a  burying 
layer  in  the  etched  out  portion,  a  small  amount  of  an 

10  etching  gas  being  flowed  together  with  a  layer-form- 
ing  material  gas  continuously  or  intermittently  during 
the  forming  of  the  burying  layer. 

Fig  1  is  a  schematic  illustration  of  a  typical  laser 
element  structure  according  to  the  present  invention. 

15  Fig.  2  is  a  schematic  sectional  view  of  a  laser  ele- 
ment  accordino  to  the  Example  1  of  the  present  inven- 
tion. 

Fig.  3  is  a  schematic  sectional  view  of  another 
laser  element  according  to  the  Example  2  of  the  pres- 

20  ent  invention. 
Fig.  4  is  a  graph  showing  a  relation  of  the  temper- 

ature  change  to  current-output  power  characteristics. 
Fig.  5  is  a  graph  showing  cavity  length  depend- 

ency  of  external  differential  quantum  efficiency. 
25  In  the  semiconductor  laser  element  according  to 

the  present  invention,  a  first  cladding  layer,  an  optical 
guiding  layer,  an  active  layer  and  a  second  cladding 
layer  are  laminated  in  this  order  or  in  reverse  order  on 
a  semiconductor  substrate,  and  further  a  burying  lay- 

30  er  is  disposed  to  the  side  faces  other  than  laser-emit- 
ting  faces  of  the  optical  guiding  layerand  active  layer. 
The  refractive  index  of  the  active  layer  is  smallerthan 
both  refractive  indexes  of  the  first  and  second  clad- 
ding  layers,  and  the  refractive  index  of  the  optical 

35  guiding  layer  is  smaller  than  that  of  the  active  layer 
but  larger  than  that  of  the  first  cladding  layer  The 
above  structure  is  a  so-called  buried-stripe  hetero- 
structure  in  which  LOC  structure  is  used. 

According  to  the  present  invention,  the  refractive 
40  index  of  the  burying  layer  is  smaller  than  that  of  at 

least  one  of  the  first  and  second  cladding  layers.  This 
relation  of  refractive  indexes  is  conducive  to  efficient 
confinement  of  laser  light  in  both  the  direction  vertical 
to  the  laminations  and  the  direction  parallel  thereto. 

45  Preferably,  the  refractive  index  of  the  burying  layer  is 
smaller  than  that  of  the  first  cladding  layer,  i.e.,  the 
cladding  layer  contacting  to  the  optical  guiding  layer, 
and  more  preferably  smaller  than  both  refractive  in- 
dexes  of  the  first  and  second  cladding  layers. 

so  The  above-described  basic  structure  of  the  pres- 
ent  invention  and  a  typical  example  of  refractive  index 
distribution  are  schematically  illustrated  in  Fig.  1. 

Referring  to  the  structure  shown  in  Fig.  1  ,  the  re- 
fractive  index  of  the  burying  layer  is  smallerthan  that 

55  of  the  first  or  second  cladding  layer.  Preferably  it  is 
smallerthan  that  of  the  first  cladding  layer,  more  pre- 
ferably  smaller  than  both  refractive  indexes  of  the 
first  and  second  cladding  layers. 
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Preferably,  the  burying  layer  is  disposed  to  side 
faces  of  the  optical  guiding  layer,  the  active  layerand 
at  least  one  of  the  cladding  layers.  In  this  case,  the 
refractive  index  of  the  buried  cladding  layer  is  prefer- 
ably  smaller  than  that  of  the  burying  layer. 

More  preferably,  the  burying  layer  is  disposed  to 
side  faces  of  the  optical  guiding  layer,  the  active  layer 
and  both  of  the  cladding  layers 

The  burying  layer  ordinarily  has  an  energy  gap 
larger  than  that  of  the  active  layer. 

As  variations  the  structure  of  the  semiconductor 
laser  element  of  the  present  invention,  the  semicon- 
ductor  substrate  may  be  constituted  by  a  plural  num- 
ber  of  semiconductor  layers,  or  a  semiconductor  layer 
may  be  additionally  disposed  to  the  side  opposite  to 
the  optical  guiding  layer,  of  the  first  cladding  layer  or 
the  side  opposite  to  the  active  layer,  of  the  second 
cladding  layer.  Further,  the  active  layer  may  be  com- 
posed  of  a  plural  number  of  semiconductor  layers  to 
constitute,  for  instance,  a  quantum  well  structure. 
Also,  the  burying  layer  may  have  a  multilayer  struc- 
ture.  In  this  case,  maximum  of  refractive  indexes  of 
the  layers  is  smaller  than  that  of  at  least  one  of  the 
cladding  layers. 

Preferably,  the  refractive  index  of  the  optical 
guiding  layer  is  larger  than  that  of  the  second  clad- 
ding  layer. 

In  case  that  the  first  cladding  layer,  the  optical 
guiding  layer,  the  active  layer  and  the  second  clad- 
ding  layer  are  laminated  in  this  order  on  a  semicon- 
ductor  substrate,  the  first  cladding  layer  and  the  opt- 
ical  guiding  layer  are  of  the  same  electroconductive 
type  as  the  semiconductor  substrate,  and  the  second 
cladding  layer  is  of  the  other  electroconductive  type. 
On  the  other  hand,  in  case  that  these  layers  are  lam- 
inated  in  reverse  order  on  a  semiconductor  substrate, 
the  second  cladding  layer  is  of  the  same  electrocon- 
ductive  type  as  the  substrate,  and  the  first  cladding 
layer  and  the  optical  guiding  layer  are  of  the  other 
electroconductive  type. 

Refractive  index  is  usually  controlled  by  crystal 
mixing  of  each  layer.  The  semiconductors  used  forthe 
first  cladding  layer,  the  optical  guiding  layer,  the  ac- 
tive  layer  and  the  second  cladding  layer  in  the  semi- 
conductor  laser  element  of  the  present  invention  are 
not  specified,  but  usually  AIGaAs-based  semiconduc- 
tors  or  AIGalnP-based  semiconductors  are  used.  The 
former  is  preferred. 

As  the  material  of  the  semiconductor  substrate, 
GaAs,  GaP  and  the  like  are  usually  used. 

In  the  following,  the  present  invention  is  descri- 
bed  in  detail  by  taking  the  case  of  its  application  to  an 
AIGaAs-based  semiconductor  laser  element  which  is 
widely  used  at  present.  The  respective  semiconductor 
layers  are  constituted  as  described  below. 

A  schematic  sectional  view  of  an  AIGaAs-based 
semiconductor  laser  element  is  shown  in  Fig.  2.  This 
is  identical  with  the  semiconductor  laser  element  pro- 

duced  in  the  Example  1  of  the  present  invention. 
Hereinafter,  the  present  invention  is  described  in  ac- 
cordance  with  the  element  shown  in  Fig.  2. 

On  an  n-GaAs  substrate  10  are  laminated  a  clad- 
5  dinglayerl  composed  of  n-ALGa^As  (0.2  <x<  0.7), 

an  optical  guiding  layer  2  composed  or  n-ALGa^yAs 
(0.  1  <  y  <  0.5),  an  active  layer  3  composed  of  A^Ga^  wAs 
(0   ̂ w  <  0.3)  and  a  cladding  layer  4  composed  of  p- 
AlyGai-vAS  (0.2  <  v  <  0.8)  .  A  burying  layer  5  is  com- 

10  posed  of  A^Ga^As  (0.2  <  u  <  1.0). 
There  is  further  provided  a  semiconductor  layer 

6  which  is  a  GaAs  contact  layer  for  facilitating  ohmic 
contact  with  the  electrode.  Numerals  11  and  12  refer 
to  the  electrodes.  The  material  of  these  electrodes  is 

15  not  specified  in  the  present  invention,  but  for  in- 
stance,  11  may  be  an  AuGeNi/Au  electrode  and  12 
may  be  a  Cr/Pt/Au  electrode.  The  active  layer  3,  the 
optical  guiding  layer  2  and  the  cladding  layers  1  and 
4  may  be  of  the  known  LOC  structure.  The  thickness 

20  of  these  layers  is  not  critical,  but  usually  it  is  selected 
from  within  the  range  of  about  0.02  to  0.2  urn  for  the 
active  layer  3,  about  0.03  to  1.0  urn  for  the  optical 
guiding  layer  2  and  about  0.2  to  3.0  urn  for  each  of  the 
cladding  layers  1  and  4.  The  stripe  width  is  usually  1 

25  to  7  urn. 
The  conduction  type  of  each  of  the  active  layer 

and  the  burying  layer  may  be  n-type  or  p-type,  but  it 
is  preferably  i-type  which  is  not  doped  with  an  impur- 
ity  for  conduction  type.  If  necessary,  a  contact  layer 

30  may  be  provided  between  any  adjoining  ones  of  said 
layers. 

Also,  in  the  semiconductor  layer  element  of  this 
example,  an  active  layer  made  of  GalnP  may  be  used. 

The  burying  layer  5  is  not  defined  in  its  thickness 
35  as  far  as  it  allows  efficient  light-confinement  of  the 

stripe  region.  In  the  area  near  the  stripe  region,  how- 
ever,  this  layer  is  preferably  formed  to  such  a  thick- 
ness  that  it  becomes  flush  with  the  top  surface  of  the 
second  cladding  layer.  The  burying  layer  preferably 

40  reaches  to  part  of  the  first  cladding  layer  (Fig.  3). 
It  is  preferable  that  the  burying  layer  5  has  a  cur- 

rent  blocking  function  for  concentrating  the  applied 
current  in  the  stripe  region,  and  for  this  purpose  a 
high-resistance  semiconductor  layer  may  be  used  as 

45  the  burying  layer  5. 
In  order  to  satisfy  the  above-defined  relations  of 

refractive  index  between  the  respective  layers,  there 
should  exist  a  relation  of  w  <  y  <  x,  and  y  <  v  regarding 
the  crystal  mixing  ratios  (ratio  of  Al  to  Al  and  Ga)  of 

so  the  cladding  layers,  the  active  layer  and  optical  guid- 
ing  layer,  and  a  relation  of  x  <  u,  or  v  <  u  regarding  the 
crystal  mixing  ratios  of  the  burying  layerand  the  clad- 
ding  layers. 

In  case  AIGalnP-based  semiconductors  are 
55  used,  there  are  laminated  on  an  n-GaAs  substrate  10 

a  cladding  layer  1  composed  of  n-ALGa^lnP  (0.2  < 
x  <  0.7),  a  optical  guiding  layer  2  composed  of  n-Aly. 
Ga^ylnP  (0.1  <  y  <  0.5),  an  active  layer  3  composed 

3 
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of  AIGalnP  and  a  cladding  layer  4  composed  of  F-AIU. 
Ga^lnP  (0.2  <  u  <  1.0).  Other  conditions  are  the 
same  as  in  the  AIGaAs-based  semiconductor  laser 
element  described  above. 

The  semiconductor  laser  element  of  the  present 
invention  can  be  produced  according  to  the  following 
process. 

Afirst  cladding  layer,  an  optical  guiding,  an  active 
layerand  a  second  cladding  layer  are  grown  in  this  or- 
der  or  in  reverse  order  on  a  semiconductor  substrate 
by,  for  example,  MOCVD  method.  Then  afilm  such  as 
a  SiN4  film  is  deposited  on  the  cladding  layer  by,  for 
example,  plasma  CVD  method.  A  photoresist  is  ap- 
plied  on  this  film  and  a  striped  resist  pattern  is  formed 
by  photolithography.  With  this  resist  serving  as  mask, 
plasma  etching  is  carried  out  with,  for  example,  SF6, 
and  the  resist  is  removed  to  form  a  SiN4  mask. 

By  using  this  mask,  etching  is  carried  out  until  the 
cladding  layer  closer  to  the  semiconductor  substrate 
or  the  semiconductor  substrate  itself  is  bared  out. 
Then  a  semiconductor  which  constitutes  a  burying 
layer  is  formed  in  the  etched  away  portion  by,  for  ex- 
ample,  the  MOVCD  method  in  such  amannerthatthe 
surface  of  the  burying  layer  portion  becomes  sub- 
stantially  flush  with  the  stripe  portion. 

In  case  of  the  crystal  mixing  ratio  and  the  type  of 
the  semiconductor  used  for  the  burying  layer  accord- 
ing  to  the  present  invention,  it  may  become  difficult  to 
carry  out  selective  growth  of  the  burying  layer  5  due 
to  a  polycrystallization  tendency  of  the  layer  or  a  ten- 
dency  to  form  a  deposit  on  the  mask.  Such  a  problem 
can  be  overcome  by  flowing  a  small  amount  (ordinar- 
ily  0.1  to  10  seem,  preferably  0.5  to  1  seem)  of  an  etch- 
ing  gas  such  as  HCI  with  the  layer-forming  material 
gas  (ordinarily  30  to  100  seem). 

Thereafter,  the  mask  is  removed  by  wet  etching 
with,  for  example,  fluoric  acid,  and  if  necessary  an- 
other  semiconductor  layer  such  as  a  GaAs  layer  is 
provided  thereon  to  obtain  a  desired  semiconductor 
laser  element. 

According  to  the  present  invention,  it  is  possible 
to  efficiently  confine  light  even  in  the  direction  parallel 
to  the  layers.  It  is  also  possible  to  recluse  the  loss  in 
the  cavity  and  to  enhance  internal  quantum  efficien- 
cy.  This  enables  a  reduction  of  threshold  current  or 
driving  current  and  high-output  operation  of  laser. 

Further,  since  light  can  be  efficiently  confined 
even  in  the  direction  parallel  to  the  layers,  it  is  possi- 
ble  to  independently  design  the  distribution  of  light  in 
the  direction  vertical  to  the  layers  of  the  laminated 
structure  and  the  distribution  of  light  in  the  direction 
parallel  to  the  layers,  so  that  the  shape  of  laser 
beams  can  be  easily  controlled  and  it  is  possible  to 
make  a  laser  having  a  circular  near  or  far  field  pattern. 

Proper  design  of  cavity  length  and  stripe  width 
enables  multispectral  resonance  oscillation  in  the 
longitudinal  mode  even  at  a  high  output  over  30  mW, 
so  that  it  is  possible  to  make  a  laser  with  minimized 

variation  of  noise  level  for  the  return  light. 

EXAMPLES 

5  The  present  invention  is  described  in  more  detail 
below  in  accordance  with  examples  thereof.  The  fol- 
lowing  examples  are  merely  intended  to  be  illustrative 
and  should  not  be  construed  as  limiting  the  scope  of 
the  invention. 

10  The  values  of  the  refractive  index  shown  in  the 
examples  are  those  at  900  nm  of  wavelength. 

Example  1 

15  A  1  .0  nm  thick  n-type  AI0.4Ga0.6As  cladding  layer 
1  (doped  with  Si;  n  =  1  x  1018  cm-3;  refractive  index: 
3.34),  a  0.1  nm  thick  n-type  Alo.3Gao.7As  optical  guid- 
ing  layer  2  (doped  with  Si;  n  =  5  x  1  017  cm-3;  refractive 
index:  3.40),  a  0.05  nm  thick  undoped  GaAs  active 

20  layer  3  (refractive  index:  3.60)  and  a  1.0  nm  thick  p- 
type  Alo.5Gao.5As  cladding  layer  4  (doped  with  Zn;  p 
=  1  x  1018  cm-3;  refractive  index:  3.28)  were  grown  in 
this  order  on  an  n-type  GaAs  substrate  10  (doped 
with  Si;  n  =  1  x  1018  cm-3)  by  the  MOCVD  method. 

25  On  the  resultant  wafer,  a  SiN4  film  was  deposited 
by  plasma  CVD,  and  a  photoresist  was  applied  on  this 
SiN4  film.  A  resist  pattern  was  formed  on  the  SiN4  film 
by  photolithography  for  forming  a  striped  pattern. 
With  this  resist  serving  as  mask,  SF6  plasma  etching 

30  was  carried  out  and  then  the  resist  was  removed  to 
form  a  SiN4  mask  with  a  width  of  5  nm. 

By  using  this  mask,  etching  was  carried  out  to  the 
extent  that  the  cladding  layer  1  was  bared  out,  there- 
by  forming  a  ridge  stripe.  Then,  an  undoped 

35  Alo^Gao^s  layer  5  (refractive  index:  3.22)  was 
formed  in  the  etched  out  portion  by  the  MOCVD 
method  so  as  to  substantially  make  up  for  the  loss  by 
etching,  in  a  manner  that  the  surface  of  this  burying 
layer  would  become  substantially  flat.  During  this  op- 

40  eration,  a  small  amount  (0.5  seem)  of  HCI  was  flowed 
continuously  together  with  the  layer-forming  material 
gas  (50  seem)  so  as  to  prevent  polycrystallization  on 
the  mask. 

Thereafter,  the  SiN4  mask  was  removed  by  wet 
45  etching  with  fluoric  acid,  and  a  2  nm  thick  p-type 

GaAs  layer  6  (doped  with  Zn;  p  =  2  x  1  019  crrr3)  was 
grown  by  the  OCVD  method. 

Then,  electrodes  were  provided  to  obtain  a  sem- 
iconductor  laser  element. 

50  Similarly,  semiconductor  elements  having  vari- 
ous  cavity  lengths  were  produced. 

Fig.  4  is  a  graph  showing  a  relation  of  temperature 
change  to  the  current-output  power  characteristics  of 
the  laser  with  a  stripe  width  of  5  nm  and  a  cavity 

55  length  of  300  nm.  At  20  °C,  the  threshold  current  was 
12  mAand  the  driving  current  at  30  mWwas  68  mA, 
and  at  80°C,  the  threshold  current  was  18  mA,  with 
the  driving  current  at  30  mW  was  85  mA.  Fig.  5  is  a 

4 
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graph  showing  cavity  length  dependency  of  external 
differential  quantum  efficiency.  The  internal  differen- 
tial  quantum  efficiency  (r|i)  and  the  cavity  loss  (ai)  as 
calculated  from  the  intercepts  and  inclination  of  the 
straight  line  in  the  graph  were  93%  and  5  cm-1,  re-  5 
spectively,  which  represented  an  improvement  over 
the  conventional  AIGaAs  laser  elements  in  which  r|i 
and  ai  are  in  the  order  of  60-90%  and  20-30  cm-1,  re- 
spectively. 

10 
Example  2 

Semiconductor  laser  elements  are  produced  in 
the  same  way  as  in  Example  1  except  that  the  etching 
is  carried  out  to  the  extent  that  part  (0.2  nm  in  thick- 
ness)  of  the  first  cladding  layer  1  is  removed. 

At  20  °C,  the  threshold  current  is  10  mAand  the 
driving  current  at  30  mw  is  65  mA,  and  at  80°C,  the 
threshold  current  is  16  mA,  with  the  driving  current  at 
30  mW  is  80  mA. 

The  internal  differential  quantum  efficiency  (r|i) 
and  the  cavity  loss  (ai)  are  95%  and  4  cm-1,  respec- 
tively. 

1  .  A  semiconductor  laser  element  comprising  a  first 
cladding  layer,  an  optical  guiding  layer,  an  active 
layerand  a  second  cladding  layerdisposed  in  this 
order,  or  in  reverse  orderon  a  semiconductorsub- 
strate,  wherein 

(a)  the  refractive  index  of  the  optical  guiding 
layer  is  larger  than  both  refractive  indexes  of 

the  first  and  second  cladding  layers,  and 
(b)  the  refractive  index  of  the  optical  guiding 
layer  is  smaller  than  that  of  the  active  layer 
but  larger  than  that  of  the  first  cladding  layer; 

5  which  element  also  comprises  a  burying  layer 
having  a  refractive  index  smaller  than  that  of  at 
least  one  of  the  first  and  second  cladding  layers, 
said  burying  layer  being  disposed  on  side  faces 
other  than  the  laser-emitting  faces  of  the  optical 

10  guiding  layer  and  the  active  layer. 

2.  An  element  according  to  claim  1  wherein  the 
semiconductors  used  for  the  first  cladding  layer, 
the  optical  guiding  layer,  the  active  layerand  the 

15  second  cladding  layer  are  AIGaAs-based  semi- 
conductors. 

3.  An  element  according  to  claim  1  wherein  the 
semiconductors  used  for  the  first  cladding  layer, 

20  the  optical  guiding  layer,  the  active  layer  and  the 
second  cladding  layer  are  AIGalnP-based  semi- 
conductors. 

4.  An  element  according  to  claim  2  wherein  the 
25  semiconductor  substrate  is  composed  of  n-GaAs, 

t  he  first  cladding  layer  is  composed  of  n-AlxGâ   xAs 
(0.2<  x  <  0.7),  the  optical  guiding  layer  is  com- 
posed  of  n-ALGa^yAs  (0.1  <  y  <  0.5),  the  active 
layer  is  composed  of  A^Ga^wAs  (0   ̂ w  <  0.3), 

30  the  second  cladding  layer  is  composed  of  p-Alv. 
Ga^As  (0.2  <  v  <  0.8)  and  the  burying  layer  is 
composed  of  AlyGa^As  (0.2  <  u  <  1.0). 

5.  An  element  according  to  claim  1  wherein  the 
35  semiconductor  substrate  is  composed  of  n-GaAs, 

t  he  first  cladding  layer  is  composed  of  n-AlxGâ   xAs 
(0.2  <  x  <  0.7),  the  optical  guiding  layer  is  com- 
posed  of  n-ALGa^yAs  (0.1  <  y  <  0.5),  the  active 
layer  is  composed  of  Galnp,  the  second  cladding 

40  layer  is  composed  of  p-AlyGa  ̂ vAs  (0.2  <  v  <  0.8) 
and  the  burying  layer  is  composed  of  A^Ga^  uAs 
(0.2<u<1.0). 

6.  An  element  according  to  claim  3  wherein  the 
45  semiconductor  substrate  is  composed  of  n-GaAs, 

the  first  cladding  layer  is  composed  of  n-AlxGâ   xlnP 
(0.2  <  x  <  0.7),  the  optical  guiding  layer  is  com- 
posed  of  n-ALGa^ylnP  (0.1  <  y  <  0.5),  the  active 
layer  is  composed  of  Galnp,  the  second  cladding 

so  layer  is  composed  of  p-AlyGal̂ ylnP  (0.2  <  v  <  0.8) 
and  the  burying  layer  is  composed  of  A^Ga^  ulnP 
(0.2<u<1.0). 

7.  An  element  according  to  any  one  of  claims  4  to  6 
55  wherein  w  <  y  <  x,  and  y  <  v;  and  x  <  u  or  v  <  u. 

8.  An  element  according  to  any  one  of  the  preceding 
claims  wherein  the  refractive  index  of  the  burying 

Comparative  Example  1  25 

Semiconductor  laser  elements  are  produced  in 
the  same  way  as  in  Example  1  except  that  an  undop- 
ed  Alo.3Gao.7As  layer  (refractive  index:  3.40)  is  used 
as  the  burying  layer.  30 

At  20  °C,  the  threshold  current  is  20  mA  and  the 
driving  current  at  30  mW  is  80  mA,  and  at  80°C,  the 
threshold  current  is  40  mA,  with  the  driving  current  at 
30  mW  is  1  50  mA. 

The  internal  differential  quantum  efficiency  (r|i)  35 
and  the  cavity  loss  (ai)  are  90%  and  9  cm-1,  respec- 
tively. 

Comparative  Example  2 
40 

A  ridge  stripe  was  formed  in  the  same  way  as  in 
Example  1.  Then,  an  undoped  AI0.6Ga0.4As  layer  5 
was  formed  in  the  etched  out  portion  by  the  MOCVD 
method  without  using  HCI. 

Since  polycrystalline  was  deposited  on  the  mask  45 
during  the  operation,  no  semiconductor  laser  element 
could  not  be  obtained. 

Claims  50 

5 
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layer  is  smallerthan  that  of  the  first  cladding  lay- 
er. 

9.  An  element  according  to  any  one  of  the  preceding 
claims  wherein  the  thickness  of  the  active  layer  5 
is  0.02  to  0,2  nm,  the  thickness  of  the  optical 
guiding  layer  is  0.03  to  1  .0  nm,  and  the  thickness- 
es  of  the  cladding  layers  are  each  independently 
0.2  to  3.0  nm. 

10 
1  0.  A  process  for  producing  an  element  as  defined  in 

any  one  of  the  preceding  claims  which  comprises 
laminating  the  first  cladding  layer,  the  optical 
guiding  layer,  the  active  layer  and  the  second 
cladding  layer  in  this  order  or  in  reverse  order  on  15 
the  semiconductor  substrate,  providing  a  mask 
on  the  laminated  layers,  carrying  out  etching,  and 
forming  the  burying  layer  in  the  etched  out  por- 
tion,  wherein  a  small  amount  of  an  etching  gas  is 
flowed  together  with  the  layer-forming  material  20 
gas  continuously  or  intermittently  during  the 
forming  of  the  burying  layer. 

11.  A  semiconductor  laser  comprising  an  element  as 
defined  in  any  one  of  claims  1  to  9.  25 

6 
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