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SUMMARY 

W e  d i s c u s s  c o n s i d e r a t i o n s  r e l e v a n t  t o  t h e  m o n o l i t h i c  i n t e g r a t i o n  of o p t i c a l  
d e t e c t o r s ,  lasers ,  and modulators  w i t h  high-speed a m p l i f i e r s .  Some d e s i g n  
c o n s i d e r a t i o n s  f o r  r e p r e s e n t a t i v e  subsystems i n  t h e  GaAs-AlGaAs and GaInAs-InP 
materials sys tems are d e s c r i b e d .  R e s u l t s  of a d e t a i l e d  numer ica l  d e s i g n  of an 
e l e c t r o - o p t i c a l  b i r e f r i n g e n t  f i l t e r  f o r  m o n o l i t h i c  i n t e g r a t i o n  w i t h  a laser d iode  i s  
d e s c r i b e d ,  and e a r l y  e x p e r i m e n t a l  r e s u l t s  on m o n o l i t h i c  i n t e g r a t i o n  of broadband 
MESFET a m p l i f i e r s  w i t h  photoconduct ive  d e t e c t o r s  are r e p o r t e d .  

INTRODUCTION 

1 A number of workers  have been i n v o l v e d  i n  t h e  m o n o l i t h i c  i n t e g r a t i o n  of 
d e t e c t o r s  and lasers w i t h  a m p l i f i e r s  f o r  a p p l i c a t i o n s  i n  o p t i c a l  communication. 
The work r e p o r t e d  h e r e  i s  s p e c i f i c a l l y  aimed a t  c i r c u i t s  and subsystems s u i t a b l e  
f o r  u s e  i n  very-high d a t a  ra te  a p p l i c a t i o n s .  The OPFET class of photoconduct ive  
d e t e c t o r s  i n  1 1 1 - V  compounds shows picosecond response  t i m e  coupled w i t h  i n t e r n a l  
g a i n  and low n o i s e .  I n  o r d e r  t o  r e a l i z e  t h e  p o t e n t i a l  of t h e s e  d e t e c t o r s  i n  a 
p r a c t i c a l  system, m o n o l i t h i c  i n t e g r a t i o n  w i t h  high-speed,  low-noise p r e a m p l i f i e r s  i s  
probably  a n e c e s s i t y .  I n  a d d i t i o n ,  t h e r e  i s  a need f o r  i n t e g r a t i o n  of l aser  d i o d e s  
w i t h  high-speed a m p l i f i e r s  i n  o r d e r  t h a t  complete o p t o - e l e c t r o n i c  systems can be 
c o n s t r u c t e d .  

Frequency t u n a b l e  lasers are u s e f u l  f o r  FM communication, f o r  f requency  
m u l t i p l e x e d  s s t e m s ,  and o f f e r  o u t s t a n d i n g  p o t e n t i a l  f o r  very-high d a t a  ra te  
t ransmiss ion . ’  These may b e  c o n s t r u c t e d  by s u i t a b l e  combinat ions of g a i n ,  
b i r e f r i n g e n t  and e l e c t r o - o p t i c a l  components i n  t h e  laser c a v i t y .  3 , 4  

Two materials systems seem e s p e c i a l l y  a t t r ac t ive  f o r  m o n o l i t h i c  i n t e g r a t i o n  of 
o p t o - e l e c t r o n i c  subsystems.  They are t h e  GaAs-AlGaAs and GaInAs-InP h e t e r o -  
s t r u c t u r e  systems.  The f i r s t  system i s  u s e f u l  because w e l l - c h a r a c t e r i z e d  opto-  
e l e c t r o n i c  components and a m p l i f i e r s  have been c o n s t r u c t e d  i n  t h i s  sys tem,  and much 
i s  known a b o u t  t h e  materials problems which must be overcome t o  c o n s t r u c t  
s u c c e s s f u l  subsystems.  The GaInAs-InP h e t e r o s t r u c t u r e  system, l a t t i c e - m a t c h e d  t o  
InP s u b s t r a t e s ,  i s  i n t e r e s t i n g  because of i t s  p o t e n t i a l  a p p l i c a t i o n  f o r  l o n g e r  
wavelength communications,  where o p t i c a l  f i b e r s  show minimum d i s p e r s i o n .  A 
f u r t h e r  r e a s o n  f o r  i n t e r e s t  i n  t h i s  system i s  t h e  v e r y  h i g h  e l e c t r o n  s a t u r a t i o n  

ikPortions of t h i s  work w e r e  suppor ted  by NASA Langley Research C e n t e r ,  The 
N a t i o n a l  S c i e n c e  Foundat ion,  and t h e  J o i n t  S e r v i c e s  E l e c t r o n i c s  Program a t  C o r n e l l  
U n i v e r s i t y .  F a c i l i t i e s  of t h e  N a t i o n a l  Research and Resource F a c i l i t y  f o r  Sub- 
micron s t r u c t u r e s  and t h e  Materials Sc ience  Center  a t  C o r n e l l  U n i v e r s i t y  were 
employed i n  t h i s  work. 
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v e l o c i t y ,  which was shown t o  b e  t h e  g r e a t e s t  f o r  any of t h e  GaInAsP q u a t e r n a r i e s  
grown l a t t i c e - m a t c h e d  t o  InP.  I n  p r e v i o u s  work w e  showed t h a t  t h e  e l e c t r o n  
s a t u r a t i o n  v e l o c i t y  i n  GaInAs i s  n e a r l y  double  t h a t  of G a A s  f o r  comparable car r ie r  
d e n s i t i e s  a t  room tempera ture .  This  e n a b l e s  one t o  c o n s t r u c t  photoconduct ive  
d e t e c t o r s  w i t h  h i g h e r  i n t e r n a l  g a i n ,  and t r a n s i s t o r s  w i t h  h i g h e r  G and speed i n  t h e  
GaInAs system than  i n  t h e  c o n v e n t i o n a l  GaAs system. A drawback t o  t h e  GaLnAs-InP 
system i s  t h a t  unsolved m a t e r i a l s  problems must b e  overcome t o  c o n s t r u c t  s u c c e s s f u l  
m o n o l i t h i c  o p t o - e l e c t r o n i c  c i r c u i t s ,  and t h e  i n d i v i d u a l  d e v i c e s  are much less 
developed i n  t h i s  materials sys tem,  p a r t i c u l a r l y  t h e  t r a n s i s t o r  technology.  

m 

SOME DESIGN CONSIDERATIONS FOR M O N O L I T H I C  OPTO-ELECTRONIC SUBSYSTEMS 

Monol i th ic  i n t e g r a t i o n  of o p t i c a l  and ampl i fy ing  d e v i c e s  r e q u i r e s  s e m i -  
i n s u l a t i n g  s u b s t r a t e s  i f  t h e  well-developed MESFET technology i s  t o  b e  u t i l i z e d  f o r  
a m p l i f i e r s .  Such s u b s t r a t e s  are r e a d i l y  a v a i l a b l e  i n  b o t h  G a A s  and I n P ;  however, 
problems immediately ar ise  f o r  MESFET type  t r a n s i s t o r s  on InP s u b s t r a t e s .  From 
i n i t i a l  c o n s i d e r a t i o n s ,  i t  might s e e m  t h a t  a s i m p l e  GaInAs, InP h e t e r o s t r u c t u r e  
i n t e r f a c e  would b e  u s e f u l  f o r  bo th  o p t i c a l  and e l e c t r i c a l  confinement ,  and would be 
s u i t a b l e  f o r  c o n s t r u c t i o n  of MESFETs. One of t h e  problems w i t h  such i n t e r f a c e s  
grown by MBE i s  shown i n  F i g .  lY6 where i t  i s  seen  t h a t  i n  an a b r u p t  GaInAs-InP 
i n t e r f a c e  s u b s t a n t i a l  l eakage  c u r r e n t s  can f low which p r e v e n t  c o n s t r u c t i o n  of 
good t r a n s i s t o r s .  I n  t h e s e  MBE grown l a y e r s  t h e  i n t e r f a c i a l  c u r r e n t s  w e r e  l i n k e d  
w i t h  t h e  growth p r o c e s s  f o r  t h e  i n t e r f a c e ,  which may r e s u l t  i n  an InAsP i n t e r -  
f a c i a l  l a y e r  w i t h  poor  e l e c t r i c a l  c h a r a c t e r i s t i c s .  These problems w e r e  i n i t i a l l y  
s o l v e d  by i n c o r p o r a t i n g  A 1  i n t o  t h e  system t o  p r o v i d e  an AlInAs i n t e r f a c i a l  l a y e r  
between t h e  GaInAs act ive r e g i o n  and t h e  InP s u b s t r a t e .  

While t h i s  approach s o l v e d  problems w i t h  l e a k a g e  c u r r e n t  i n  t r a n s i s t o r s ,  i t  
ra ises  f u r t h e r  problems f o r  laser d i o d e s .  A schemat ic  diagram of a proposed 
h e t e r o s t r u c t u r e  system f o r  m o n o l i t h i c a l l y  i n t e g r a t e d  o p t o - e l e c t r o n i c  c i r c u i t s  on 
indium phosphide s u b s t r a t e s  i s  shown i n  F i g .  2 .  The s t r u c t u r e  i n d i c a t e d  
s c h e m a t i c a l l y  t h e r e  h a s  t h e  p o t e n t i a l  f o r  producing good t r a n s i s t o r s  f o r  a m p l i f i e r s ,  
good o p t i c a l  d e t e c t o r s ,  and good lasers .  The r e q u i r e m e n t s  f o r  OPFET t y p e  d e t e c t o r s  
are s i m i l a r  t o  t h o s e  of t h e  MESFETs, which a r e  t h a t  one b e  a b l e  t o  c o n s t r u c t  low- 
l e a k a g e  Schot tky  b a r r i e r  g a t e s  on a c t i v e  l a y e r s  which a r e  t h i n  enough t o  b e  pinched 
o f f  a t  a reasonable  v o l t a g e ,  and t h a t  t h e  s t r u c t u r e  show no excessive l e a k a g e  
c u r r e n t s  through i n t e r f a c e s .  The s t r u c t u r e  shown i n  F i g u r e  2 meets t h e s e  r e q u i r e -  
ments.  The AlInAs l a y e r  under t h e  g a t e  s e r v e s  t o  make a good Schot tky bar r ie r  as 
was p r e v i o u s l y  d e m ~ n s t r a t e d . ~  
t h e  ohmic c o n t a c t s  and Schot tky  b a r r i e r s  are n o t  shown. Under t h e  c o n t a c t s ,  t h e  
undoped upper l a y e r s  must e i t h e r  be removed, doped, o r  consumed i n  t h e  c o n t a c t  
a l l o y i n g  process .  There are v a r i o u s  approaches f o r  doing t h e s e  s t e p s ,  t h e  d e t a i l s  
of which a r e  n o t  d i s c u s s e d  h e r e ,  The requirement  f o r  p inching  o f f  t h e  act ive FET 
l a y e r  a t  a r e a s o n a b l e  g a t e  v o l t a g e  means t h a t  t h e  t h i c k n e s s  of t h e  l a y e r  must b e  
0 .2  microns o r  below f o r  a doping of 1017cm-~, o r  t h a t  t h e  doping must be reduced 
f o r  t h i c k e r  act ive l a y e r s .  

F i g .  2 i s  schemat ic  i n  t h e  s e n s e  t h a t  d e t a i l s  of 

The AlInAs l a y e r  between t h e  s u b s t r a t e  and a c t i v e  l a y e r  s e r v e s  t o  r e d u c e  t h e  
l e a k a g e  c u r r e n t s  i n  t h e  t r a n s i s t o r  t o  r e a s o n a b l e  v a l u e s .  It a l s o  serves t o  
p r o v i d e  e x c e l l e n t  c a r r i e r  and o p t i c a l  mode confinement f o r  t h e  laser s t r u c t u r e .  
One advantage of t h i s  m a t e r i a l  system f o r  t h e  T J S  laser s t r u c t u r e  shown i s  t h a t  
t h e  c l a d d i n g  l a y e r s  can be e a s i l y  made s e m i - i n s u l a t i n g ,  p r o v i d i n g  e x c e l l e n t  
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c u r r e n t  confinement i n  t h e  TJS laser  d i o d e .  Another advantage of t h e  s t r u c t u r e  
shown f o r  t h e  T J S  laser i s  t h a t  i t  i n c o r p o r a t e s  two-dimensional i n d e x  g u i d i n g ,  
which should  g i v e  ex t remely  good mode confinement .  The p a r a l l e l  m e t a l  s t r i p e s  
on t h e  s u r f a c e  serve as a s l o t  waveguide t o  c o n f i n e  t h e  l a s i n g  mode i n  t h e  d i r e c t i o n  
pa ra l l e l  t o  t h e  s u r f a c e .  W e  have done e x t e n s i v e  c a l c u l a t i o n s  and modeling on 
v a r i o u s  geometr ies  of t h e s e  s l o t  waveguides,  some of t h e  r e s u l t s  of which are  
i n c l u d e d  i n  t h e  f o l l o w i n g  s e c t i o n .  

The problem w i t h  t h e  AlInAs i n t e r l a y e r  i s  t h a t  i n  cases s t u d i e d  t o  d a t e ,  i t  
reduces  t h e  q u a l i t y  ( i n  terms of luminescence l i n e w i d t h  and e f f i c i e n c y ) o f  t h e  GaInAs 
active l a y e r . 8  
l i m i t a t i o o ?  

However o t h e r  workers  have shown t h a t  t h i s  i s  n o t  a f a t a l  
S u b s t a n t i a l  materials work remains t o  be done t o  s o l v e  t h i s  problem. 

SLOT WAVEGUIDES FOR M O N O L I T H I C  INTEGRATION 

The s l o t  waveguide c o n f i g u r a t i o n  shown s c h e m a t i c a l l y  i n  F i g .  2 appears  t o  be 
ex t remely  promising f o r  m o n o l i t h i c  i n t e g r a t i o n  i n  1 1 1 - V  compounds. The r e a s o n s  f o r  
t h i s  are t h e  e x p e r i m e n t a l  demonst ra t ion  of s t a b l e  g u i d i n g  w i t h  v e r y  low t h r e s h o l d  
i n j e c t i o n  lasers  i n  t h e  A l G a A s  h e t e r o s t r u c t u r e  sys temlo  , t h e  c o m p a t i b i l i t y  w i t h  T J S  
lasers as shown i n  F i g .  2 ,  and t h e  obvious c o m p a t i b i l i t y  w i t h  e l e c t r o - o p t i c  
d e v i c e s  employing p l a n a r  s u r f a c e  e l e c t r o d e s .  

We have done e x t e n s i v e  numer ica l  c a l c u l a t i o n s  on t h e  p r o p e r t i e s  of s l o t  wave- 
guides  i n  v a r i o u s  g e o m e t r i e s ,  and confirm t h a t  e x c e l l e n t  low-loss  waveguides can b e  
made i n  v a r i o u s  1 1 1 - V  compound h e t e r o s t r u c t u r e  systems.  These waveguides c o n t a i n  
a s  an i n h e r e n t  component t h e  e l e c t r o d e  s t r u c t u r e s  n e c e s s a r y  f o r  inducing  e l e c t r o -  
o p t i c  e f f e c t s ,  o r  pumping T J S  lasers. A f u r t h e r  advantage of t h i s  waveguide 
geometry i s  t h a t  i t  i s  compatible  w i t h  o p t i c a l  pumping, which i s  convenient  f o r  
fundamental  i n v e s t i g a t i o n s .  The b a s i c  geometry of t h e  s l o t  waveguide system w e  
ana lyzed  i s  shown i n  F ig .  3 .  The long  d i r e c t i o n  of t h e  s l o t  i s  o r i e n t e d  a l o n g  a 
<110> d i r e c t i o n  s o  t h a t  e l ec t r i c  f i e l d s  a p p l i e d  by t h e  e l e c t r o d e s  are a l o n g  a long  
<110> d i r e c t i o n s  as r e q u i r e d  f o r  u s a b l e  e l e c t r o - o p t i c  d e v i c e s .  The v a r i o u s  guide  
geometr ies  w e  ana lyzed  are shown i n  F ig .  4 .  These waveguides are n o t  o n l y  u s e f u l  
t o  p r o v i d e  a passive guide  f o r  a l a s e r  s t r u c t u r e ,  b u t  are a l s o  s u i t a b l e  f o r  ccmbining 
an e l e c t r o - o p t i c a l l y  active d e v i c e  w i t h i n  a l a s e r  c a v i t y ,  such as a Q-switch 
o r  a t u n a b l e  b i r e f r i n g e n t  f i l t e r  (which w i l l  p rovide  a frequency t u n a b l e  d i o d e  
l a s e r ) .  

We p r e v i o u s l y  demonstrated t h e  f e a s i b i l i t y  f o r  r a p i d  e l e c t r o - o p t i c  f requency  
t u n i n g  of d iode  lasers ,  and are now c o n s t r u c t i n g  a m o n o l i t h i c a l l y  i n t e g r a t e d  
v e r s i o n  of t h i s  system. While t h e  s imple  s l o t  waveguide geometry shown as Type I 
can p r o v i d e  good g u i d i n g  and low enough l o s s  f o r  a laser c a v i t y ,  a d d i t i o n a l  
c o n s i d e r a t i o n s  a r i se  when one c o n s i d e r s  e l e c t r o - o p t i c  d e v i c e s .  (See  F i g .  5 f o r  t h e  
r e s u l t s  i n  t h e  s imple  sys tem) .  Two a d d i t i o n a l  c o n s i d e r a t i o n s  of importance f o r  
e l e c t r o - o p t i c  d e v i c e s  are achievement of phase matching between TE and TM modes s o  
t h a t  good convers ion  e f f i c i e n c y  can be o b t a i n e d  on a p p l i c a t i o n  of an e l e c t r i c  
f i e l d ,  and t h e  requirement  f o r  some e l e c t r o - o p t i c  s t r u c t u r e s  t h a t  b o t h  TE and TM 
modes e x h i b i t  low loss. These requi rements  l e d  t o  t h e  i n v e s t i g a t i o n  of t h e  o t h e r  
waveguide geometr ies  shown as Types I1 through V I .  
b o t h  of  t h e s e  r e q u i r e m e n t s ,  of good phase matching and low l o s s  f o r  TE and TM modes, 
a r e  Types V and V I ,  w i t h  Type V I  be ing  t h e  p r e f e r r e d  guide .  
and 7 ,  b o t h  of t h e s e  systems can provide  good phase  matching;  however, t h e  Type V I  

The only  geometr ies  which m e e t  

A s  shown i n  F i g s .  6 
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guide  a p p e a r s  t o  have r e l a x e d  f a b r i c a t i o n  t o l e r a n c e s  as compared t o  Type V .  The 
f a b r i c a t i o n  t o l e r a n c e s  are v e r y  s e n s i t i v e  f u n c t i o n s  of t h e  Aluminum c o n t e n t  i n  t h e  
c ladding  l a y e r s .  Decreas ing  A 1  c o n t e n t  relaxes t h e s e  t o l e r a n c e s .  The mode con- 
f inement  f o r  a r e p r e s e n t a t i v e  Type V I  gu ide  i s  shown i n  F i g .  8 and t h e  e l e c t r o -  
o p t i c  coupl ing  e f f i c i e n c y  f o r  TE t o  TM modes i s  shown i n  F i g .  9 .  A s  shown i n  F i g .  5, 
t h e  s i m p l e r  waveguide t y p e s  I - I V  show a g r e a t  d i f f e r e n c e  between loss f o r  TE and 
TM modes. Such a s t r u c t u r e  would be p a r t i c u l a r l y  u s e f u l  f o r  Q-switching a d i o d e  
laser  i n  a m o n o l i t h i c a l l y  i n t e g r a t e d  c o n f i g u r a t i o n .  

INTEGRATED SUBSYSTEMS 

I n  F i g s .  10 and 11 we show t h e  c i r c u i t  diagram and photograph of a f i n i s h e d  
c i r c u i t  of a m o n o l i t h i c a l l y  i n t e g r a t e d  OPFET d e t e c t o r  and t h r e e  s t a g e  wide band- 
wid th  a m p l i f i e r .  T h i s  system h a s  been des igned  t o  g i v e  a v o l t a g e  g a i n  of 7 ,  a 
power g a i n  of 250 (over  23 dB),  and a f requency  response  exceeding 5 GHz. One 
unique f e a t u r e  of t h i s  c h i p  i s  t h e  i n c l u s i o n  of a new t y p e  of i n t e r d i g i t a t e d  OPFET 
d e t e c t o r  shown i n  F i g .  1 2 .  The areal  r e s p o n s e  of t h i s  d e t e c t o r  i s  shown i n  F i g .  13 
which i s  t h e  p h o t o c u r r e n t  due t o  a H e N e  laser s p o t ,  raster scanned over  t h e  
d e t e c t o r .  The low f requency  g a i n  measured i n  t h i s  experiment  w a s  1 4 ,  which i s  most 
l i k e l y  a f a c t o r  of 2 l a r g e r  t h a n  would be measured a t  h i g h  speeds .  Such h i g h  speed 
measurements are now i n  p r o g r e s s .  I n  F i g s .  14 and 1 5  we show t h e  c i r c u i t  diagram 
and l a y o u t  f o r  an i n t e g r a t e d  l a s e r l d r i v e r - t r a n s i s t o r  c i r c u i t  b e i n g  f a b r i c a t e d  i n  
t h e  mater ia ls  s t r u c t u r e  shown i n  F i g .  2. The two s m a l l  FETs connected i n  series on 
t h e  g a t e  of t h e  d r i v e r  t r a n s i s t o r  p r o v i d e  a convenient ,  area-and-power-eff ic ient  
method f o r  s e t t i n g  t h e  b i a s  l eve l  on t h e  laser d iode .  

CONCLUSIONS 

In t h i s  paper  we have i d e n t i f i e d  what w e  c o n s i d e r  t o  be v i a b l e  approaches f o r  
t h e  m o n o l i t h i c  i n t e g r a t i o n  of d e t e c t o r s ,  lasers ,  a m p l i f i e r s ,  and e l e c t r o - o p t i c  
components i n  two material  systems which o p e r a t e  i n  q u i t e  d i f f e r e n t  wavelength 
r e g i o n s .  For  t h e  f i r s t  t i m e ,  we  have c a r r i e d  o u t  e x t e n s i v e  numer ica l  c a l c u l a . t i o n s  
on s l o t  waveguide s t r u c t u r e s  i n  1 1 1 - V  compounds, and have computed parameters  
which are u s e f u l  f o r  t h e  d e s i g n  of gu ides  f o r  e l e c t r o - o p t i c  components i n  t h e  
systems.  The r e s u l t s  of t h e s e  computat ions g i v e  i n f o r m a t i o n  on t h e  confinement of 
v a r i o u s  geometry g u i d e s ,  t h e  a t t e n u a t i o n  and t h e  e l e c t r o - o p t i c  coupl ing  parameters  
of t h e s e  g u i d e s .  F i n a l l y ,  we  have f a b r i c a t e d  t h e  most complex m o n o l i t h i c  i n t e g r a t e d  
o p t o - e l e c t r o n i c  c i r c u i t s  s o  f a r  r e p o r t e d  i n  1 1 1 - V  compounds, and have v e r i f i e d  
t h e i r  performance a t  low f requency .  W e  expec t  t h e s e  c i r c u i t s  t o  g i v e  good o p e r a t i o n  
a t  g i g a h e r t z  speeds .  
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F i g .  1 
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I ( V )  curve  of a GaInAs OPFET grown on an I n P  s u b s t r a t e  by MBE . R i s e  
i n  c u r r e n t  a t  end of trace i s  due t o  leakage  through t h e  s u b s t r a t e -  
e p i l a y e r  i n t e r f a c e .  
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F i g .  2 

280 

Schematic diagram of proposed h e t e r o s t r u c t u r e  system f o r  m o n o l i t h i c a l l y  
i n t e g r a t e d  o p t o - e l e c t r o n i c  c i r c u i t s  on InP s u b s t r a t e s .  
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Basic geometry of a s lot-waveguide s t r u c t u r e  compa t ib l e  w i t h  mono- 
l i t h i c  e l e c t r o - o p t i c  d e v i c e s  i n  1 1 1 - V  compounds. 
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AlGaAs 

Eq. I GaAs I Eq. 
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Theoretical Model 
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Slot-waveguide geometries f o r  which analysis was carried o u t ,  along 
with basic models used f o r  two classes of guides. 
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b) Mode confinement ,  

F ig .  5 R e s u l t s  f o r  modes i n  Type I waveguide. 
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F i g .  7 .  Phase d i f f e r e n c e ,  A B ,  between TE and TM modes i n  Type V I  waveguide: 
Oxide and A 1  G a  A s  t h i c k n e s s  are d and b r e s p e c t i v e l y .  Case 
i l l u s t r a t e d  &i $;$ x = .05. 
a l l o w  AB t o  be n e a r l y  z e r o .  

Note l a r g e  t o l e r a n c e s  i n  d ,  b ,  and wid th  t o  
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F i g .  8 .  Mode confinement f o r  a r e p r e s e n t a t i v e  Type V I  waveguide. Amplitudes 
are normal ized .  

Applied Field ( V l j ~ r n )  

F i g .  9 .  E f f i c i e n c y  f o r  coupl ing  TE t o  TM modes i n  Type V I  gu ides  v i a  t h e  
e l e c t r o - o p t i c  e f f e c t .  
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Fig. 11 Photograph of receiver of Fig. 10. Gates are missing in this 
photograph. 
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Fig .  1 2  I n t e r d i g i t a t e d  OPFET with grooves between f inge r s  (a), 
and I ( V )  curve of de tec tor  (b) . 
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Fig .  13 S p a t i a l  response  of d e t e c t o r  i n  F i g .  1 2 .  I n c r e a s i n g  r e s p o n s e  i s  
downward. Response i n  lower l e f t  is  an  art ifact  due t o  l i g h t  
r e f l e c t i n g  from bonding wire. 

F i g ,  1 4  

GATE BIAS( - ANODE BIAS t) 

C i r c u i t  diagram f o r  an i n t e g r a t e d  l a s e r - d r i v e r  c i r c u i t  b e i n g  
c o n s t r u c t e d  i n  materials systems of F ig .  2.  
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LASER-MESFET INTEGRATED CIRCUIT 
3 5 0 ~  x 3 5 0 ~ ~  

GATE BIAS LASER CATHODE 
FOR MESFET ACCESS PAD 

LASER ANODE/ 
HEAT SINK 

F i g .  15 Layout  of c i r c u i t  of F i g .  1 4 .  
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