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ABS TRACT 

Two A l G a A s  t r a n s v e r s e  j u n c t i o n  s t r i p e  lasers ,  one w i t h  d i s t r i b u t e d  feedback 
and one w i t h  a d i s t r i b u t e d  Bragg r e f l e c t o r ,  have been f a b r i c a t e d .  S t a b i l i z e d  s i n g l e  
l o n g i t u d i n a l  mode o p e r a t i o n  was o b t a i n e d  from b o t h  laser s t r u c t u r e s ;  t empera ture  
dependence of t h e  l a s i n g  wavelength w a s  0.58/OK f o r  t h e  TJS/DBK l a s e r  and 0.632/?K 
f o r  t h e  TJS/DFB l a s e r .  

INTRODUCTION 

The t r a n s v e r s e  j u n c t i o n  s t r i p e  (TJS) l a s e r  i n  t h e  A l G a A s / G a A s  m a t e r i a l  system 
combined w i t h  a p e r i o d i c  feedback s t r u c t u r e  such  a s  a d i s t r i b u t e d  Bragg r e f l e c t o r  
(DBR) h a s  t h e  p o t e n t i a l  of b e i n g  a s t a b l e ,  s i n g l e  mode o p t i c a l  s o u r c e  f o r  G a A s  
i n t e g r a t e d  o p t o - e l e c t r o n i c s  and o p t i c a l  communications. P e r i o d i c  feedback  e l i m i n a t e s  
t h e  l o n g i t u d i n a l  mode hopping a s s o c i a t e d  w i t h  c o n v e n t i o n a l  T J S  lasers and p r o v i d e s  
c o n t r o l  of t h e  laser  o s c i l l a t i o n  wavelength w i t h  v e r y  l i t t l e  d e v i c e  t o  d e v i c e  vari- 
a t i o n .  The TJS  laser c o n f i g u r a t i o n  ( s e e  F i g u r e  1:) h a s  b o t h  o p t i c a l  and e l ec t r i ca l  
advantages :  very  low t h r e s h o l d  c u r r e n t s  ( a s  low a s  15mA h a s  been r e p o r t e d  f o r  

1 f a c e t e d  TJS lasers ) a n d  s i n g l e  t r a n s v e r s e  mode o p t i c a l  f i e l d s  s t a b l e  over  a wide 
range  of c u r r e n t s  and tempera ture .  2 , 3  

T J S  lasers w i t h  p e r i o d i c  feedback have been f a b r i c a t e d  i n  two geometr ies  ( s e e  
4 F i g u r e  2 . )  . An i n t e r f e r o m e t r i c  and w e t  chemical  e t c h i n g  technique  was u s e d t o  create 

a feedback  g r a t i n g  a c r o s s  t h e  e n t i r e  pumping r e g i o n  f o r  t h e  d i s t r i b u t e d  feedback(DFB) 
T J S  l aser  and t o  c r e a t e  t h e  s e p a r a t e  d i s t r i b u t e d  Bragg r e f l e c t o r s  f o r  t h e  T J S I D B R  
laser .  The TJS/DFB laser w a s  a double  h e t e r o s t r u c t u r e  d e v i c e  grown by l i q u i d  phase 

As l a y e r .  e p i t a x y  (LPE) and had a t h i r d  o r d e r  g r a t i n g  e t c h e d  i n  t h e  top  A 1  
The g r a t i n g  was b u r i e d  by growing an  A10.35Ga0.65A~ l a y e r  on t h e  i r a t i h g  by m e t a l  
o r g a n i c  chemica l  vapor  d e p o s i t i o n  (MO-CVU) , The T J S / D B R  laser w a s  a l s o  f a b r i c a t e d  i n  
an LPE double  h e t e r o s t r u c t u r e .  The t o p  A l G a A s  l a y e r  w a s  th inned  t o  O. l i . lm o v e r  more 
t h a n  h a l f  of t h e  laser  so t h a t  t h e  g r a t i n g  would b e  c l o s e  t o  t h e  G a A s  act ive l a y e r  
and o p t i c a l  f i e l d .  S i n g l e  mode o p e r a t i o n  i n  b o t h  c o n f i g u r a t i o n s  w a s  o b t a i n e d .  The 
t h e r m a l  s h i f t  of t h e  laser wavelength i n  b o t h  c a s e s  w a s  less t h a n  l B / O K ,  compared t o  
t h e  3 8 / O K  s h i f t  of t h e  spontaneous emiss ion  peak.  
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DEVICE PROCESSING 

The p r o c e s s i n g  f o r  t h e  TJS/DFB and t h e  TJSJDBR combines conventionalAlGaAs/GaAs 
p r o c e s s i n g  techniques  w i t h  several s p e c i a l  p r o c e s s e s .  The major s t e p s  are shown i n  
F i g u r e  3.  For b o t h  t y p e s  of lasers t h e  g r a t i n g s  were i n  t h e  A l G a A s  l a y e r  d i r e c t l y  
above and w i t h i n  O . l U m  of t h e  act ive l a y e r .  This  a v o i d s  i n t r o d u c i n g  n o n r a d i a t i v e  
recombinat ion of t h e  i n j e c t e d  c a r r i e r s .  
p r o v i d e s  some o p t i c a l  confinement wi thout  s i g n i f i c a n t l y  adding l e a k a g e  c u r r e n t s  
around t h e  a c t i v e  GaAs j u n c t i o n .  
NO-CVD t o  i n c r e a s e  t h e  o p t i c a l  f i e l d  i n t e r a c t i o n  f o r  o p t i c a l  feedback.  The G a A s  
homojunction w a s  formed by a two s t e p  Zn d i f f u s i o n  and ohmic c o n t a c t s  w e r e  evapora ted  
on b o t h  s i d e s  of t h e  l aser  c r y s t a l .  I n d i v i d u a l  d e v i c e s  w e r e  c leaved  from t h e  w a f e r  
w i t h  Fabry P e r o t  c a v i t y  l e n g t h s  on t h e  o r d e r  of 5 0 0 ~ m .  The i n c l u s i o n  of f a c e t s  f o r  
t h e  Fabry P e r o t  c a v i t y  s i m p l i f i e s  t e s t i n g  s i n c e  t h e  s t r u c t u r e  would o s c i l l a t e  even 
a t  a tempera ture  where t h e r e  w a s  n o t  s u f f i c i e n t  g a i n  f o r  t h e  d i s t r i b u t e d  feedback  
mode t o  o s c i l l a t e .  

The A1.20Gaa80As l a y e r  of t h e  TJS/DFB l a s e r  

A f i n a l  l a y e r  of A10.35Ga0.65A~ w a s  grown by 

EPITAXIAL GROWTH 

The TJS/DBR double  he izeros t ruc ture  w a s  grown e n t i r e l y  by LPE. The t h r e e  l a y e r  
s t r u c t u r e  c o n s i s t e d  of a'4Um, n-A10,?5Ga0.65As l a y e r ;  a 0.4Um, n-GaAs a c t i v e  l a y e r ;  
and a 7 v m ,  n-A10.35Ga0.65As t o p  c o n f i n i n g  I n  e r ,  
carrier c o n c e n t r a t i o n  of approximately 2 ~ 1 0 ~ ' c i i i - ~ .  
w a s  s imi l a r  except  t h a t  t h e  t o p  c o n f i n i n g  l a y e r  of t h e  double  h e t e r o s t r u c t u r e  w a s  
formed u s i n g  a h y b r i d  LPEIMO-CVD p r o c e s s .  F i r s t ,  an undoped, 0.2Um, n-A10 20Ga0. BOAS 
l a y e r  w a s  grown d u r i n g  t h e  LPE p r o c e s s .  A f t e r  t h e  DFB g r a t i n g  w a s  e tched  i n t o  t h i s  
l a y e r ,  an  n-Al 0 . 3 j G n 0 , 6 5 A ~  l a y e r  w a s  grown on t h e  g r a t i n g  s u r f a c e  by t h e  MO-CVD tech-  
n i q u e .  Using MU-CVD i n s u r e d  t h e  s u c c e s s f u l  regrowth of A l G a A s  t h a t  could n o t  b e  
o b t a i n e d  w i t h  LPE. 

The n-GaAs l a y e r  w a s  Te-doped t o  a 
The s t r u c t u r e  of t h e  TJSfDFB laser 

G U T  I N G  FABRI CATION 

The p e r i o d i c  s t r u c t u r e s  f o r  t h e  TJS/DFB and t h e  TJS/DBR lasers  were formed by 
e t c h i n g  c o r r u g a t i o n s  i n t o  t h e  t o p  c o n f i n i n g  l a y e r s  of t h e  double h e t e r o s t r u c t u r e  u s i n g  
an  i n t e r f e r o m e t r i c a l l y  genera ted  p h o t o r e s i s t  p a t t e r n  as t h e  e t c h a n t  mask ( F i g .  4 ) .  A 
HeCd laser (X=442nm) w a s  used as a l i g h t  s o u r c e  f o r  t h e  i n t e r f e r o m e t e r .  T h i r d  o r d e r  
g r a t i n g s  w i t h  p e r i o d s  between 350 and 400 nm were produced. Very t h i n  p h o t o r e s i s t ,  
%O.lpm, was used t o  o b t a i n  t h e  r e s o l u t i o n  needed t o  form t h e  g r a t i n g .  S p e c i a l  care 
w a s  t aken  t o  a l i g n  t h e  p h o t o r e s i s t  g r a t i n g s  p a r a l l e l  t o  t h e  (011) d i r e c t i o n  of t h e  
laser c r y s t a l .  A f t e r  a p h o t o r e s i s t  g r a t i n g  had been formed on t h e  A l G a A s  s u r f a c e ,  
a p r e f e r e n t i a l  e t c h a n t ,  3:1:1H2S04:H202:H20, w a s  used t o  e t c h  t h e  g r a t i n g  i n t o  t h e  
c o n f i n i n g  l a y e r .  I n  t h e  TJS/DBR laser ,  t h e  pumping r e g i o n  of t h e  l a s e r  w a s  p r o t e c t e d  
from t h e  g r a t i n g  e t c h  by a p r e v i o u s l y  a p p l i e d  s t r i p e  of p h o t o r e s i s t .  In b o t h  con- 
f i g u r a t i o n s ,  t h e  p r o c e s s  g o a l  w a s  t o  p l a c e  t h e  g r a t i n g s  as c l o s e  as p o s s i b l e  t o  t h e  
G a A s  a c t i v e  l a y e r  wi thout  d i m i n i s h i n g  t h e  g a i n  of t h e  act ive r e g i o n  by mechanical  
damage. For t h e  TJS/DFB l a s e r ,  t h e  p h o t o r e s i s t  w a s  c leaned  a f t e r  t h e  g r a t i n g  f a b r i c -  
a t i o n  and a l a y e r  Of A10.35Ga0.65As w a s  grown by MO-CVD on t h e  g r a t i n g  s u r f a c e .  
n e x t  s t e p  i n  t h e  TJS/DBR process  w a s  t o  s p u t t e r  Si3N4 on t h e  c leaned  wafer  f o r  a Zn 
d i f f u s i o n  mask. 

The 
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Z I N C  DIFFUSION 

The Zn d i f f u s i o n  t h a t  forms t h e  p+-p r e g i o n  of t h e  T J S  laser d iode  w a s  per-  
formed i n  a semi-open ampoule i n  a two s t e p  p r o c e s s .  170nm of low oxygen c o n t e n t  
s i l i c o n  n i t r i d e  w a s  s p u t t e r e d  over  t h e  e n t i r e  wafer  and a window f o r  Zn d i f f u s i o n  
w a s  opened by Freon plasma e t c h i n g .  The i n i t i a l  p+ d i f f u s i o n  w a s  made a t  700°C i n  a 
f lowing  H atmosphere w i t h  a ZnAs s o u r c e .  D i f f u s i o n  t i m e s  up t o  two h o u r s  were re- 
q u i r e d  t o  have t h e  p+ r e g i o n  penegra te  t o  a p o i n t  j u s t  above t h e  G a A s  a c t i v e  l a y e r .  
T o  form t h e  p-region,  t h e  sample w a s  annea led  at  900°C i n  f lowing  hydrogen w i t h  t h e  
e p i l a y e r s  l y i n g  f a c e  down a g a i n s t  t h e  q u a r t z  b o a t  t o  minimize material l o s s .  
F i g u r e  5 i s  a scanning  e l e c t r o n  microphotograph showing t h e  Zn d i f f u s i o n  p r o f i l e  
th rough t h e  double  h e t e r o s t r u c t u r e .  Because t h e  energy  bandgap of t h e  l i g h t l y  doped 
n-GaAs r e g i o n  w a s  s l i g h t l y  wider  t h a n  t h a t  of t h e  h e a v i l y  doped p-GaAs active r e g i o n ,  
t h e  low doped n-GaAs l a y e r  i n  t h e  g r a t i n g  r e g i o n  of t h e  TJSjDBR laser  acts  as a low 
loss  o p t i c a l  p a s s i v e  waveguide f o r  laser l i g h t  e m i t t e d  i n  t h e  h e a v i l y  doped p-region. 

and p r e g i o n s  of t h e  lasers .  Evaporated AuGe and Cr/AuZn were used as t h e  n and 
p ohmic c o n t a c t s .  Both c o n t a c t s  were annea led  s i m u l t a n e o u s l y  a t  460°C. Each w a f e r  
w a s  c leaved  i n t o  s e p a r a t e  d e v i c e s  w i t h  l e n g t h s  of  300 t o  600 pm. For h e a t  s i n k i n g  
d u r i n g  t e s t i n g ,  t h e  lasers w e r e  mounted w i t h  I n  s o l d e r  p-side down on t h e  A u p l a t e d  
copper  h e a t  s i n k s .  

2 

The f i n a l  s t e p  of t h e  f a b r i c a t i o n  p r o c e s s  w a s  t o  make ohmic c o n t a c t s  t o  t h e  n 

RESULTS 

A scanning  e l e c t r o n  micrograph of a f i n i s h e d  TJS/DBR laser w i t h o u t  ohmic contac ts  
i s  shown i n  F igure  6.  F i g u r e  7 shows t h e  l a s i n g  s p e c t r a  of a TJS/DBR laser f o r  h e a t  
s i n k  tempera tures  from 133°K t o  153°K. I n  t h i s  sample,  approximately 9% A 1  w a s  in-  
c luded  i n  t h e  act ive l a y e r  making t h e  l a s i n g  wavelength s h o r t e r  t h a n  t h a t  f o r  G a A s .  
The laser  w a s  pumped by a p p l y i n g  c u r r e n t  p u l s e s  w i t h  a d u r a t i o n  of 20011s and r e p e t i -  
t i o n  ra te  of 3Kbits .  The laser had a 140ym pumping r e g i o n  w i t h  a 220pm l o n g  d i s t r i b -  
u t e d  Bragg r e f l e c t o r  on one end and a c leaved  f a c e t  on t h e  o t h e r  end of t h e  c a v i t y  
(See F i g u r e  6 ) .  L a s i n g  o u t p u t  w a s  measured a t  t h e  c leaved  f a c e t .  A t  133"K, t h e  
wavelength f o r  t h e  DBR mode w a s  l o n g e r  t h a n  t h e  peak wavelength of t h e  spontaneous 
emiss ion  ( a  few f.p.modes appear )  
n o t  maximum because  mismatching occurred  between t h e  DBR mode and t h e  spontaneous 
peak.  A t  147'K, t h e  matching w a s  o b t a i n e d  and t h e  i n t e n s i t y  of t h e  DBR mode i n -  
c r e a s e d  s u b s t a n t i a l l y .  The t h r e s h o l d  c u r r e n t  was 1 . 3  A a t  147°K. Mismatch between 
t h e  two wavelengths  began t o  appear  a g a i n  as t h e  h e a t  s i n k  tempera ture  was f u r t h e r  
i n c r e a s e d ,  and t h e  DBR mode wavelength became s h o r t e r  t h a n  t h a t  of t h e  spontaneous 
peak a t  153°K. I n  t h i s  tempera ture  range ,  t h e  DBR mode s h i f t s  c o n t i n u o u s l y  from 
80088 w i t h o u t  l o n g i t u d i n a l  mode hopping. 

s i n k  tempera tures  v a r y i n g  from 289°K t o  307°K i s  shown i n  F i g u r e  8.  The experimenial  
p rocedure  w a s  s i m i l a r  t o  t h a t  used f o r  t h e  TJS/DBR laser .  The thermal  b e h a v i o r  of 
t h e  DFB mode was v e r y  s i m i l a r  t o  t h a t  of t h e  DBR mode. The DFB mode was c o i n c i d e n t a l  
w i t h  t h e  peak of t h e  spontaneous emiss ion  a t  299°K. The DFB mode o s c i l l a t e d  a t  room 
t e m p e r a t u r e s  because  of a n  a c c u r a t e  c a l c u l a t i o n  of t h e  e q u i v a l e n t  r e f r a c t i v e  i n d e x  
of t h e  act ive waveguide.  and t h e  g r a t i n g  p e r i o d .  

a f u n c t i o n  of t h e  h e a t  s i n k  t e m p e r a t u r e  f o r  t h e  TJS/DFB laser .  A t  289"K, where t h e r e  
w a s  a l a r g e  mismatch between t h e  DFB-mode and t h e  spontaneous emiss ion  peak,  t h e  I-L 

by about  288, and t h e  i n t e n s i t y  of t h i s  mode w a s  

The p u l s e d  l a s i n g  spectra  of a TJS/DFB l a s e r  ( c a v i t y  l e n g t h  of 550ym) f o r  h e a t  

F i g u r e  9 shows t h e  l i g h t  ou tput  v s .  i n j e c t i o n  c u r r e n t  (I-L) c h a r a c t e r i s t i c s  as 
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c h a r a c t e r i s t i c  w a s  s o f t  due t o  t h e  r e l a t i v e l y  l a r g e  amount of spontaneous emiss ion .  
A s  t h e  t e m p e r a t u r e  w a s  i n c r e a s e d  t o  299"K, t h e  i n t e n s i t y  of t h e  spontaneous e m i s s i o n  
decreased  and a much s h a r p e r  I-L c h a r a c t e r i s t i c  w a s  o b t a i n e d .  A t  307'K, t h e  I-L 
curve  w a s  s i m i l a r  t o  t h a t  of 299 K; however t h e  l i g h t  ou tput  began t o  s a t u r a t e  w i t h  
t h e  i n c r e a s e  of i n j e c t i o n  c u r r e n t  due t o  t h e  h e a t i n g  of t h e  active r e g i o n .  T h i s  
d a t a  shows t h a t  t h e  d i f f e r e n t i a l  quantum e f f i c i e n c y  w a s  n e a r l y  independent  of t h e  
h e a t  s i n k  t e m p e r a t u r e .  

TJS/DBR lasers. F i r s t ,  t h e  peak of t h e  spontaneous emiss ion  s h i f t s  w i t h  t e m p e r a t u r e  
c a u s i n g  t h e  ampl i tude  of t h e  DBR o r  DFB mode t o  v a r y  as w a s  shown i n  t h e  d a t a  of 
F i g u r e s  7 and 8. The s h i f t  i n  t h e  spontaneous emiss ion  peak w a s  measured t o  b e  
38/OK which w a s  i n  c l o s e  agreement w i t h  t h e  s h i f t  of t h e  energy gap i n  G a A s .  
Secondly,  t h e  DFB and DBR modes s h i f t  w i t h  tempera ture .  The DBR t h e r m a l  mode s h i f t  
w a s  measured t o  b e  0.58/OK, and t h e  DFB thermal  mode s h i f t  was measured t o  b e  
0.638/OK. The s t a b i l i t y  of t h e  modes of t h e . p e r i o d i c  feedback lasers depends l a r g e l y  
on t h e  l a s e r  waveguide 's  r e f r a c t i v e  index  v a r i a t i o n  w i t h  tempera ture .  C a l c u l a t i o n s  
of t h e  d i f f e r e n c e  i n  t h e  waveguide e f f e c t i v e  r e f r a c t i v e  i n d e x  at d i f f e r e n t  temper- 
a t u r e s  w e r e  i n  c l o s e  agreement w i t h  t h e  e x p e r i m e n t a l  d a t a ,  assuming an index  change 
of 4 ~ 1 0 - ~ / " C  i n  a s imple  s l a b  waveguide produces a thermal  t e m p e r a t u r e  mode s h i f t  of 
l A / " C .  Because of t h e  dependence of t h e  r e f r a c t i v e  index  t h e  t h e r m a l  s h i f t i n g  of 
t h e  DFB o r  DBR modes cannot be t o t a l l y  e l i m i n a t e d ;  however, u n l i k e  t h e  mode hopping 
of t h e  Fabry P e r o t  c a v i t y ,  t h e  DFB o r  DBR mode s h i f t  w a s  s m a l l  and cont inuous .  

0 

Temperature changes have two e f f e c t s  on t h e  o p t i c a l  o u t p u t  of TJS/DFB and 

CON CLU S I ON 

Two new l a s e r  s t r u c t u r e s  have been f a b r i c a t e d :  an A l G a A s / G a A s  TJS/DFB l a s e r  
and a n  A l G a A s / G a A s  TJS/DBR laser .  Both d e v i c e s  o p e r a t e d  i n  a s i n g l e  l o n g i t u d i n a l  
mode; maximum power w a s  o b t a i n e d  a t  147°K ( t h r e s h o l d  c u r r e n t  1.38) from t h e  TJS/DBR 
and a t  298°K ( t h r e s h o l d  c u r r e n t  0.788) f o r  t h e  TJS/DFB laser .  No mode hopping w a s  
observed f o r  t h e  t e m p e r a t u r e  ranges  used .  The t e m p e r a t u r e  dependence of t h e  l a s i n g  
wavelengths  w a s  0.58/OK and 0.6A/OK f o r  t h e  TJS/DBR and t h e  TJS/DFB lasers, r e s p e c t -  
i v e l y .  
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Figure 2.- Structure of the T J S / D F B  and T J S / D B R  laser diodes. 
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GROW EPILAYERS BY LPE 
THIN DBR TOP AlGaAs TO 
WITHIN 0.1 TO 0.2pM OF 
ACTIVE LAYER. 

- 

USE INTERFEROMETRY AND 
WET CHEMICAL ETCH TO 
FAB Rl CATE G RAT1 NG. 

GROW DFB TOP AlGaAs LAYER 
ON GRATING BY MO-CVD. 

FORM P+-P REGIONS WITH 
ZN DIFFUSION. EVAPORATE 
METAL OHMIC CONTACTS. 
CLEAVE OUTPUT FACETS. 

F i g u r e  3. -  Major p r o c e s s i n g  s t e p s  f o r  TJS/DFB and TJS/DBR laser d i o d e s .  

SPIN COAT LASER WAFER 
WITH - O.1pM OF PHOTORESIST 
1:1, AZ1350B: AZ THINNER I 

EXPOSE RESIST IN HeCd 
INTERFEROMETER, X = 442NM, FOR 
THIRD ORDER GRATING PERIODS 
OF 350NM TO 400NM 

ETCH GRATING INTO AlGaAs 
LAYER ALONG (017) PLANES. USE 
3:1:1, H,SO,:H,O,:H,O ETCHANT. 

F i g u r e  4.- G r a t i n g  f a b r i c a t i o n  p r o c e s s .  
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Figure 5.- Scanning electron micrograph of the Zn diffusion in 
an AlGaAs/GaAs double heterostructure, 

Figure 6.- Scanning election micrograph and schematic of the 
completed TJS/DBR laser. 
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Figure 7.- Mode spectra of the AlGaAs/GaAs TJS/DBR laser 
between 133'K and 157'K. 
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Figure 8.- Mode spectra of the AlGaAs/GaAs TJS/DFB laser 
near room temperature. 
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Figure  9.- L ight  ou tput  as a f u n c t i o n  of i n j e c t i o n  c u r r e n t  (I-L) 
c h a r a c t e r i s t i c s  of the TJS/DFB laser. 
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