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(54)  Method  for  optically  and  thermally  isolating  surface  emitting  laser  diodes 

(57)  A  surface-emitting  laser  ("SEL")  array 
(100,200,300,400)  having  improved  optical  isolation  and 
heat  conduction  is  constructed  from  a  light  generation 
layer  (130,430)  and  first  and  second  mirror  layers 
(115,415,114,414)  that  sandwich  the  light  generation 
layer  (130,430).  The  first  mirror  (115,415)  and  second 
mirror  (1  14,414)  reflect  light  generated  in  the  light  gen- 
eration  layer  (130,430)  back  toward  the  light  generation 
layer  (1  30,430).  The  first  mirror  (1  1  5,41  5)  includes  a  plu- 
rality  of  light  isolation  regions  (125- 
128,202,301,302,440),  each  light  isolation  region  (125- 
128,202,301  ,302,440)  extending  through  the  first  mirror. 
The  light  isolation  regions  (125-128,202,301,302,440) 
divide  the  light  generation  layer  (130,430)  into  a  plurality 
of  light  generation  regions.  Each  light  generation  region 
corresponds  to  one  of  the  SELs.  Each  light  isolation 

region  (125-128,202,301,302,440)  is  positioned  to  pre- 
vent  light  generated  in  one  of  the  light  generation  regions 
from  propagating  into  a  neighbouring  light  generation 
region.  In  one  embodiment  of  the  present  invention,  the 
light  isolation  regions  are  constructed  by  providing 
trenches  (125-128)  that  extend  from  the  surface  of  the 
SEL  array  through  the  first  mirror  (115,415).  The 
trenches  may  be  filled  with  a  light  absorbing  material. 
The  trenches  may  also  be  filled  with  a  heat  conducting 
material  thereby  providing  an  improved  heat  dissipation 
path  for  heat  generated  by  the  SELs.  The  light  isolation 
regions  (1  25-1  28,202,301  ,302,440)  may  also  be  gener- 
ated  by  ion-implanting  regions  between  the  SELs  or  by 
disordering  (440)  one  of  the  mirrors  in  the  regions 
between  the  SELs. 
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Description 

The  present  invention  relates  to  lasers,  and  more 
particularly,  to  an  improved  method  for  isolating  individ- 
ual  surface  emitting  laser  diodes  in  an  array  of  such  s 
diodes. 

Semiconductor  laser  diodes  were  originally  fabri- 
cated  in  a  manner  that  led  to  a  diode  structure  that  was 
parallel  to  the  surface  of  the  semiconductor  wafer.  In  this 
structure,  light  is  emitted  from  the  edge  of  the  structure  10 
such  that  the  light  was  also  emitted  parallel  to  the  surface 
of  the  semiconductor  wafer.  Unfortunately,  this  structure 
does  not  lend  itself  to  the  cost-effective  fabrication  of  two- 
dimensional  arrays  of  laser  diodes. 

A  second  class  of  laser  diodes  is  fabricated  such  that  15 
the  laser  structure  is  perpendicular  to  the  surface  of  the 
semiconductor  wafer  and  the  light  is  emitted  perpendic- 
ular  to  the  surface.  These  laser  diodes  are  commonly 
known  as  surface  emitting  lasers  (SELs).  These  lasers 
are  better  suited  for  the  fabrication  of  arrays  of  laser  for  20 
displays,  light  sources,  optical  scanners,  and  data  links 
for  optical  scanners. 

In  closely  packed  arrays  of  laser  diodes,  thermal  and 
optical  isolation  can  be  significant  problems.  An  SEL  is 
typically  fabricated  by  sandwiching  a  light  emitting  layer  25 
between  two  mirror  regions.  Each  mirror  region  is  con- 
structed  by  depositing  alternating  layers  of  different 
refractive  indices  to  form  a  Bragg  mirror.  In  an  array  of 
such  SELs,  the  individual  SELs  are  constructed  from 
common  light  generation  and  mirror  layers.  The  locations  30 
of  the  individual  SELs  are  determined  by  various  elec- 
trodes  and  implant  regions  introduced  after  the  fabrica- 
tion  of  the  common  layers.  The  layers  in  the  Bragg  mirror 
adjacent  to  the  light  generation  layer  can  act  as  a  light 
pipe  for  transporting  light  generated  in  one  SEL  to  an  35 
adjacent  SEL.  This  coupling  is  particularly  troublesome 
in  arrays  of  cells  having  one  SEL  and  a  corresponding 
photodiode  that  monitors  the  light  output  of  the  SEL  in 
its  cell.  In  this  case,  the  photodiode  cannot  distinguish 
light  from  an  SEL  in  an  adjacent  cell  from  light  generated  40 
by  the  SEL  in  its  cell.  Hence,  an  erroneous  monitoring 
signal  may  be  generated  by  the  light  leaking  from  the 
adjacent  cell.  The  coupling  of  light  from  one  SEL  to 
another  can  also  degrade  the  performance  of  the  receiv- 
ing  SEL.  45 

The  power  generated  in  individual  SELs  may  be  suf- 
ficient  to  raise  the  temperature  of  an  adjacent  SEL.  Since 
the  characteristics  of  the  individual  SELs  vary  with  tem- 
perature,  it  would  be  advantageous  to  isolate  the  SELs 
thermally  as  well  as  optically  as  much  as  possible.  In  so 
addition,  it  would  be  advantageous  to  provide  a  means 
for  removing  heat  from  the  individual  SELs  to  prevent  the 
temperature  of  the  entire  array  from  reaching  unaccept- 
able  levels. 

Broadly,  it  is  the  object  of  the  present  invention  to  55 
provide  an  improved  SEL  array. 

It  is  a  further  object  of  the  present  invention  to  pro- 
vide  an  SEL  array  in  which  the  individual  SELs  are  iso- 
lated  optically. 

It  is  a  still  further  object  of  the  present  invention  to 
provide  an  SEL  array  in  which  the  individual  SELs  are 
isolated  thermally. 

It  is  yet  another  object  of  the  present  invention  to  pro- 
vide  an  SEL  array  in  which  heat  generated  by  the  indi- 
vidual  SELs  is  removed  from  the  array. 

These  and  other  objects  of  the  present  invention  will 
become  apparent  to  those  skilled  in  the  art  from  the  fol- 
lowing  detailed  description  of  the  invention  and  the 
accompanying  drawings. 

The  present  invention  is  an  SEL  array  constructed 
from  a  light  generation  layer  and  first  and  second  mirror 
layers  that  sandwich  the  light  generation  layer.  The  first 
mirror  and  second  mirrors  reflect  light  generated  in  the 
light  generation  layer  back  toward  the  light  generation 
layer.  The  first  mirror  includes  a  plurality  of  light  isolation 
regions,  each  light  isolation  region  extending  through  the 
first  mirror.  The  light  isolation  regions  divide  the  light  gen- 
eration  layer  into  a  plurality  of  regions.  Each  such  region 
corresponds  to  one  of  the  SELs.  Each  light  isolation 
region  is  positioned  to  prevent  light  generated  in  one  of 
the  light  generation  regions  from  propagating  into  a 
neighboring  light  generation  region.  In  one  embodiment 
of  the  present  invention,  the  light  isolation  regions  are 
constructed  by  providing  trenches  that  extend  from  the 
surface  of  the  SEL  array  through  the  first  mirror.  The 
trenches  may  be  filled  with  a  light  absorbing  material. 
The  trenches  may  also  be  filled  with  a  heat  conducting 
material  thereby  providing  an  improved  heat  dissipation 
path  for  heat  generated  by  the  SELs.  The  light  isolation 
regions  may  also  be  generated  by  ion-implanting  regions 
between  the  SELs  or  by  dis-ordering  one  of  the  mirrors 
in  the  regions  between  the  SELs. 

Figure  1  is  cross-sectional  view  of  a  conventional 
SEL. 
Figure  2  is  a  prospective  view  of  one  embodiment 
of  an  SEL  array  according  to  the  present  invention. 
Figure  3  is  a  cross-sectional  view  of  the  array  shown 
in  Figure  2. 
Figure  4  is  a  cross-section  of  a  trench  used  to  con- 
struct  an  optical  isolation  region  according  to  the 
present  invention. 
Figure  5  is  a  cross-sectional  view  of  an  embodiment 
of  the  present  invention  utilizing  a  heat  conducting 
layer  to  transfer  heat  from  the  SEL  array  to  a  heat 
sink. 
Figure  6  is  a  cross-sectional  view  of  another  embod- 
iment  of  the  present  invention. 

The  present  invention  may  be  more  easily  under- 
stood  with  reference  to  Figure  1  which  is  a  cross-sec- 
tional  view  of  a  conventional  SEL  10.  Since  construction 
of  SELs  is  well  known  to  those  skilled  in  the  laser  arts,  it 
will  not  be  described  in  detail  here.  For  the  purposes  of 
this  discussion,  it  is  sufficient  to  note  that  SEL  10  may 
be  viewed  as  a  p-i-n  diode  having  a  top  mirror  region  1  8, 
a  light  generation  region  14,  and  bottom  mirror  region 
19.  These  regions  are  constructed  on  a  substrate  12. 
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Electrical  power  is  applied  between  electrodes  22  and 
27.  The  various  layers  are  constructed  by  epitaxial 
growth. 

The  active  region  is  typically  constructed  from  one 
or  more  quantum  wells  of  InGaAs,  GaAs,  AIGaAs,  or 
InAIGaAs  which  is  separated  from  mirror  regions  1  8  and 
19  by  spacers  15  and  16  respectively.  The  choice  of 
material  depends  on  the  desired  wavelength  of  the  light 
emitted  by  the  SEL  In  addition,  devices  based  on  bulk 
active  regions  are  known  to  the  art.  This  layer  1  4  may  be 
viewed  as  a  light  generation  layer  which  generates  light 
due  to  spontaneous  and  stimulated  emission  via  the 
recombination  of  electrons  and  holes  generated  by  for- 
ward  biasing  the  p-i-n  diode. 

The  mirror  regions  are  constructed  from  alternating 
layers  of  which  layers  20  and  21  are  typical.  These  layers 
have  different  indices  of  refraction.  The  thickness  of  each 
layer  is  chosen  to  be  one  quarter  of  the  wavelength  of 
the  light.  The  stacks  form  Bragg  mirrors.  The  stacks  are 
typically  constructed  from  alternating  layers  of  AlAs  and 
GaAs  or  AIGaAs.  To  obtain  the  desired  reflectivity,  20  to 
30  pairs  of  layers  are  typically  required.  The  layers  in  the 
upper  mirror  region  18  are  typically  doped  to  be  p-type 
semiconductors  and  those  in  the  lower  mirror  region  1  9 
are  doped  to  be  n-type  semiconductors.  Substrate  1  2  is 
preferably  n-type  contact.  Bottom  electrode  27  is  prefer- 
ably  an  n-ohmic  contact.  However,  n-i-p  diode  structures 
may  also  be  constructed  by  growing  the  structures  on  a 
p-substrate  or  a  semi-insulating  substrate  with  a  p-layer 
deposited  thereon. 

The  current  flow  between  electrodes  22  and  27  is 
confined  to  region  24  by  implanting  regions  25  and  26  to 
convert  the  regions  to  regions  of  high  resistivity.  This  is 
typically  accomplished  by  implanting  with  hydrogen  ions. 

It  should  be  noted  that  SEL  1  0  is  not  shown  to  scale 
in  Figure  1.  In  particular,  the  mirror  regions  and  active 
regions  have  been  expanded  to  provide  clarity  in  the 
drawing.  In  practice,  the  thickness  of  region  12  is  typically 
150  urn  compared  to  about  10  urn  for  the  mirror  and 
active  regions.  Window  30  in  top  electrode  22  is  approx- 
imately  1  0  urn  in  diameter  while  bottom  electrode  27  cov- 
ers  the  bottom  of  the  substrate. 

An  array  of  SELs  according  to  the  present  invention 
can  be  constructed  by  first  depositing  the  layers  making 
up  the  bottom  mirror  region,  active  region,  and  top  mirror 
region  on  a  substrate  and  then  dividing  the  layers  into 
individual  SELs.  Figure  2  is  a  perspective  view  of  an  array 
of  SELs  created  in  this  manner.  The  array  is  constructed 
on  a  substrate  1  12  and  then  divided  into  individual  SELs 
of  which  SEL  104  is  typical. 

Refer  now  to  Figure  3  which  is  cross-sectional  view 
of  array  100  through  line  101-102  shown  in  Figure  2. 
Array  1  00  is  constructed  from  a  bottom  mirror  region  1  1  4, 
an  active  region  1  30  and  a  top  mirror  region  1  1  5.  These 
regions  are  deposited  on  substrate  1  12  prior  to  implant- 
ing  top  mirror  region  115  with  implant  regions  such  as 
implant  region  124.  The  top  electrodes  123  are  then 
deposited  on  the  surface  of  the  top  mirror  region  1  15.  A 

continuous  bottom  electrode  122  is  used  in  conjunction 
with  the  top  electrodes  to  power  the  device. 

While  the  implant  regions  and  positioning  of  the  top 
electrodes  123  are  sufficient  to  channel  the  currents, 

5  these  are  not  sufficient  to  provide  electrical  isolation.  In 
conventional  SEL  arrays,  an  additional  implant  region  is 
used  to  isolate  the  various  SELs  from  one  another  elec- 
trically.  However,  even  with  this  additional  implant  region 
light  generated  in  the  active  region  of  one  SEL  can  prop- 

10  agate  into  a  neighboring  SEL.  Photons  leaving  active 
region  130  in  a  direction  sufficiently  oblique  to  the  mirror 
regions  can  be  trapped  between  mirror  regions  1  1  4  and 
1  15,  and  hence,  propagate  into  a  neighboring  region.  In 
effect,  the  top  and  bottom  mirror  regions  form  the  walls 

15  of  a  light  pipe  which  trap  photons  generated  in  the  light 
generation  region  at  oblique  angles.  Such  a  photon  is 
shown  at  135  in  Figure  3.  To  prevent  this  type  of  light 
propagation,  trenches  are  etched  between  the  SELs. 
Exemplary  trenches  are  shown  at  125-128  in  Figure  3. 

20  These  trenches  intercept  any  light  trapped  between  the 
mirror  regions,  and  thus,  prevent  the  propagation  of  light 
between  SELs  in  the  array.  As  will  be  discussed  in  more 
detail  below,  these  trenches  may  also  be  used  to  conduct 
heat  out  of  the  array. 

25  If  the  walls  of  the  trench  are  sufficiently  rough,  an 
empty  trench  may  be  sufficient  for  the  purposes  of  optical 
isolation  of  the  SELs.  However,  in  the  preferred  embod- 
iment  of  the  present  invention,  the  trenches  aref  illed  with 
an  opaque  material  such  as  an  opaque  material  com- 

30  prising  a  polyimide  mixed  with  a  dye  that  absorbs  light 
at  the  wavelength  generated  by  the  active  region.  In  the 
visible  range,  rhodamine  6G  may  be  used.  Photoresist 
may  also  be  used  to  fill  the  trenches.  The  preferred  mate- 
rial  for  filling  the  trenches  is  spin-on  glass  because  it  pro- 

35  vides  passivation.  The  glass  may  be  doped  with  dyes.  In 
many  cases,  the  change  in  indices  of  refraction  is  suffi- 
cient  to  impede  the  transmission  of  the  light. 

The  trenches  can  be  filled  with  heat  conducting 
material  to  form  heat  pipe  for  removing  heat  from  the 

40  array.  For  example,  the  trenches  can  be  coated  with  sil- 
icon  carbide  which  is  a  dielectric  material  with  good  heat 
conducting  properties.  If  an  electrically  conducting  mate- 
rial  such  as  gold  or  aluminum  is  used  as  the  heat  con- 
ducting  material,  the  walls  of  the  trenches  must  be 

45  coated  with  an  insulator  such  as  silicon  carbide.  A  cross- 
sectional  view  of  a  filled  trench  is  shown  in  Figure  4  at 
200.  A  dielectric  layer  201  is  deposited  on  the  walls  of 
trench  200  prior  to  filling  trench  200  with  a  heat  conduct- 
ing  material  202. 

so  While  the  trenches  shown  in  Figure  3  extend  through 
both  mirror  regions  into  the  substrate  112,  for  the  pur- 
poses  of  optical  isolation,  the  trenches  need  only  extend 
to  the  active  region  so  as  to  prevent  the  propagation  of 
light  trapped  in  the  active  region  between  the  top  and 

55  bottom  mirror  regions.  The  deeper  trenches  have  the 
advantage  of  providing  both  electrical  and  optical  isola- 
tion. 

The  various  trenches  may  be  connected  via  a  heat 
conducting  layer  or  trace  to  an  off-chip  heat  sink  as  illus- 
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trated  in  Figure  5.  Figure  5  is  a  cross-sectional  view  of  a 
portion  of  an  array  300  of  SELs  showing  two  filled 
trenches  301  and  302.  The  trenches  are  connected  to  a 
heat  conducting  layer  303  which  conducts  the  heat  from 
the  trenches,  and  from  the  surface  of  the  chip,  to  a  heat  5 
sink  304.  A  thin  dielectric  layer  305  such  as  silicon  car- 
bide  may  be  used  to  electrically  isolate  the  heat  conduct- 
ing  layer  303  from  other  electrically  conducting 
structures  on  the  surface  of  array  300  such  as  the  top 
electrodes  of  the  SELs.  It  will  be  apparent  to  those  skilled  w 
in  the  art  that  windows  must  be  opened  in  layer  303  over 
the  windows  in  the  SELs  to  allow  the  light  to  exit  the 
SELs. 

If  a  sufficient  portion  of  the  top  surface  of  the  SEL 
array  is  in  contact  with  layer  303,  the  trenches  do  not  15 
need  to  be  filled  with  heat  conducting  material.  In  this 
case,  a  thin  layer  of  dielectric  is  deposited  on  the  surface 
of  the  SEL  array  and  covered  with  a  second  heat  con- 
ducting  layer.  Vias  are  opened  over  the  top  electrodes 
and  windows  in  both  layers.  A  second  dielectric  layer  20 
may  be  used  to  provide  electrical  isolation  between  the 
heat  conducting  layer  and  metalization  layers  used  to 
make  connections  to  the  top  electrodes. 

In  those  cases  in  which  heat  conducting  trenches 
are  not  needed,  the  optical  isolation  may  be  accom-  25 
plished  by  providing  a  region  that  either  absorbs  light  or 
captures  light  and  directs  the  captured  light  out  of  the 
SEL  array  in  place  of  the  trenches  discussed  above. 
Refer  now  to  Figure  6  which  is  a  cross-sectional  view  of 
a  portion  of  an  SEL  array  400  through  two  SELs  401  and  30 
402.  A  region  440  in  the  top  Bragg  mirror  415  has  been 
disordered  to  destroy  the  boundaries  between  the  layers 
of  the  mirror.  When  light  generated  in  active  region  430 
that  is  trapped  between  the  mirror  layers  enters  region 
440,  the  light  is  no  longer  reflected  by  the  top  mirror,  35 
since  that  mirror  has  been  destroyed  by  the  disordering. 
The  light  so  entering  region  440  is  reflected  from  the 
sides  of  region  440  and  eventually  exits  the  SEL  array 
as  shown  at  408. 

Methods  for  disordering  regions  are  known  to  the  40 
art,  and  hence,  will  not  be  discussed  in  detail  here.  For 
the  purposes  of  the  present  discussion,  it  is  sufficient  to 
note  that  a  disordered  region  may  be  provided  by  local- 
ized  heating  or  diffusion  or  implantation  of  ions  into  the 
region.  In  addition,  combinations  of  heating  and  ion  45 
implantation  or  diffusion  may  be  used. 

The  light  isolation  function  may  also  be  provided  by 
ion-implanting  a  region  between  adjacent  SELs  to  create 
a  light  absorbing  region  that  extends  from  the  surface 
through  the  top  mirror  region.  Such  a  region  absorbs  the  so 
stray  light  rather  than  conducting  the  light  out  of  the  SEL 
array.  The  ion  implantation  may  be  accomplished  by 
implanting  with  a  very  heavy  dose  of  hydrogen,  typically 
in  excess  of  1015  ions/cm2. 

55 
Claims 

1.  An  SEL  array  (100,200,300,400)  comprising  a  plu- 
rality  of  SELs,  said  SEL  array  (100,200,300,400) 

comprising: 
a  light  generation  layer  (130,430)  for  gener- 

ating  light  in  response  to  light  passing  therethrough; 
first  mirror  means  (115,415)  for  reflecting 

light  generated  in  said  light  generation  layer 
(130,430)  toward  said  light  generation  layer 
(130,430); 

second  mirror  means  (1  14,414)  for  reflecting 
light  generated  in  said  light  generation  layer 
(130,430)  toward  said  light  generation  layer 
(130,430),  said  first  and  second  mirror  means 
(114.414)  being  located  on  opposite  sides  of  said 
light  generation  layer  (130,430);  and 

a  plurality  of  light  isolation  regions  (125- 
128,202,301,302,440),  each  said  light  isolation 
region  (125-128,202,301,302,440)  extending 
through  said  first  mirror  means  (1  15,415),  said  light 
isolation  regions  (125-128,202,301,302,440)  divid- 
ing  said  light  generation  layer  (130,430)  into  a  plu- 
rality  of  light  generation  regions,  each  light 
generation  region  corresponding  to  one  of  said 
SELs,  each  said  light  isolation  region  (125- 
128,202,301,302,440)  being  positioned  to  prevent 
light  generated  in  one  of  said  light  generation 
regions  from  propagating  into  a  neighbouring  said 
light  generation  region. 

2.  An  SEL  array  (100,200,300,400)  according  to  Claim 
1  wherein  one  of  said  light  isolation  regions  com- 
prises  a  trench  (125-128)  extending  through  said 
light  generation  layer  (130,430). 

3.  An  SEL  array  (100,200,300,400)  according  to  Claim 
2  wherein  said  trench  is  filled  with  a  light  absorbing 
material. 

4.  An  SEL  array  (100,200,300,400)  according  to  Claim 
2  or  3  wherein  said  trench  is  filled  with  a  heat  con- 
ducting  material. 

5.  An  SEL  array  (100,200,300,400)  according  to  any 
preceding  claim  wherein  said  first  mirror  comprises 
a  Bragg  mirror  having  a  plurality  of  layers  in  which 
adjacent  layers  have  different  indices  of  refraction 
and  wherein  one  of  said  light  isolation  regions  com- 
prises  a  region  of  said  first  mirror  in  which  said  layers 
have  the  same  index  of  refraction. 

6.  An  SEL  array  (100,200,300,400)  according  to  any 
preceding  claim  wherein  one  of  said  isolation 
regions  comprises  a  region  of  said  first  mirror  means 
(1  15.415)  which  absorbs  light  incident  thereon. 

7.  An  SEL  array  (100,200,300,400)  according  to  any 
preceding  claim  further  comprising  a  dielectric  layer 
(305)  in  contact  with  a  surface  of  said  SEL  array  and 
a  heat  conducting  layer  (303)  in  contact  with  said 
dielectric  layer  (305). 
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8.  An  SEL  array  (1  00,200,300,400)  according  to  Claim 
7  further  comprising  a  heat  sink  (304),  said  heat  con- 
ducting  layer  (303)  being  thermally  connected  to 
said  heat  sink  (304). 
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