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Description 

Technical  Field 

This  invention  relates  to  optical  processing  devic- 
es,  including  optical  logic  devices  and  optically  or 
electronically  controlled  optical  switching  devices, 
and  more  particularly  to  such  optical  devices  which 
have  a  semiconductor  mesa  structure. 

Background  of  the  Invention 

Semiconductor  optical  logic  devices  (logic  gates) 
and  optically  or  electronically  controlled  optical 
switching  devices  (optical  switches)  are  useful  in  a 
variety  of  contexts,  such  as  telecommunications. 
These  devices  typically  operate  with  inputs  consist- 
ing  of  a  (binary  digitally)  pulsed  control  signal  (A)  and 
a  controlled  optical  beam  (B)  which  may  or  may  not 
be  pulsed  depending  upon  whether  the  desired  de- 
vice  is  an  optical  logic  gate  or  an  optical  switch.  By 
"pulsed"  it  is  meant  that  the  control  signal  at  any  mo- 
ment  of  time  can  have  either  of  two  intensities—typi- 
cally  labeled  "zero"  and  "one"  or  labeled  "low 
and  "high".  In  prior  art,  one  form  of  such  an  optical 
switch  utilizes  an  optically  active  element  having  the 
property  of  delivering  the  controlled  beam  B  as  output 
to  a  utilization  means  when  the  control  signal  A 
is  "high"  (hereinafter  "1";  A=1),  and  of  not  delivering 
the  controlled  beam  B  when  the  control  signal  A 
is  "low"  (hereinafter  "0";  A=0)  i.e.,  a  positive  switch  or 
a  logic  gate  AB  or  AND,-or,  in  the  alternative,  of  de- 
livering  B  when  A  is  low  (A=0),  and  not  delivering  B 
when  A  is  "high"  (A=1),  i.e.,  a  negative  or  inverting 
optical  switch,  a  logic  A  B. 

In  a  paper  authored  by  K.  Tai  et  al,  published  in 
Applied  Physics  Letters,  vol  50,  pp.  795-797,  entitled 
"1  .55-  urn  Optical  Logic  Etalon  With  Picojoule  Switch- 
ing  Energy  Made  of  InGaAs/lnP  Multiple  Quantum 
Wells,"  an  optical  switch  including  an  indium  phos- 
phide  based  multiple  quantum  well  structure  located 
in  a  Fabry-Perot  etalon  (multiple  reflection  interfer- 
ometer)  was  disclosed  in  which  the  control  signal  was 
an  optical  beam  A  with  a  wavelength  of  ahout  1  .06nm 
and  the  controlled  beam  B  had  a  wavelength  of  ahout 
1  .55nm  The  pulse  of  the  etalon  is  to  enhance  the  con- 
trast  ratio  of  the  output  when  the  control  beam  A  is 
present  vs.  absent,  as  known  in  the  art.  Another  paper 
by  K.  Tai  et  al,  published  in  Applied  Physics  Letters, 
vol.  53,  pp.  302-303,  discloses  a  semiconductor  opt- 
ical  processing  device  including  a  multiple  Quantum- 
well  Ill-V  semiconductor  mesa  structure. 

It  would  be  desirable,  however,  to  increase  the 
switching  speed  of  such  devices,  in  order  that  they 
may  be  more  practical  for  use  in  fast  operating  envir- 
onments,  such  as  high  speed  digital  optical  telecom- 
munications  and  optical  logic. 

Summary  of  the  Invention 

The  optical  switching  speed  of  an  optical  proc- 
essing  device  comprising  a  semiconductor  multiple 

5  quantum  well  mesa  structure  is  increased  by  its  hav- 
ing  a  side  surface  into  which  impurities  have  been  in- 
troduced  so  as  to  increase  the  surface  recombination 
velocity  of  charge  carriers. 

In  a  specific  embodiment  of  the  invention,  an  in- 
w  dium  phosphide  substrate  supports  a  plurality  of  mul- 

tiple  quantum  well  mesa  structures  each  comprising 
alternating  layers  of  indium  gallium  arsenide  and  in- 
dium  phosphide.  The  side  surfaces  of  each  mesa  are 
implanted  with  an  impurity  such  as  arsenic,  to  in- 

15  crease  the  surface  recombination  velocity  of  charge 
carriers-whereby,  when  the  mesa  structures  are 
used  for  optical  logic  or  switching,  the  speed  of  oper- 
ation  is  increased. 

20  Brief  Description  of  the  Drawing 

This  invention  together  with  its  features,  advan- 
tages,  and  characteristics  can  be  better  understood 
from  the  following  detailed  description  when  read  in 

25  conjunction  with  the  drawings  in  which: 
FIG.  1  is  an  end  view  of  an  optical  processing  de- 

vice  in  accordance  with  a  specific  embodiment  of  the 
invention. 

FIG.  2  is  a  schematic  diagram  showing  an  optical 
30  logic  arrangement  using  the  device  shown  in  FIG.  1. 

Detailed  Description 

An  optical  processing  device  1000  (FIG.  1)  in- 
35  eludes  a  semi-insulating  indium  phosphide  body  10 

("substrate")  upon  which  has  been  deposited  an  opt- 
ical  reflector  (mirror)  201  -202,  multiple  quantum  wells 
11,  12,  13,...  199,  and  200,  and  another  mirror  301. 
Each  of  the  mirrors  201-202  and  203  is  itself  a  multi- 

40  layered  structure,  such  as  multiple  alternating  layers 
(not  shown)  of  indium  phosphide  and  indium  gallium 
arsenide  or  indium  aluminum  gallium  arsenide,  de- 
posited  by  chemical  beam  epitaxy,  as  known  in  the 
art.  Each  of  these  layers  has  a  thickness  of  ahout  0.1 

45  micrometers,  so  that  each  of  the  mirrors  is  ahout 
92.5%  reflecting  at  a  wavelength  of  1.55  microme- 
ters,  as  known  in  the  art. 

Between  these  mirrors  is  located  a  plurality  of 
multiple  quantum  well  mesa  structures  101, 

50  102,...  composed  of  alternating  layers  of  indium  galli- 
um  arsenide  11,  13,...199  and  indium  phosphide 
12  200,  for  a  total  of  two  hundred  layers.  Each  of 
these  quantum  well  layers  is  also  formed  by  chemical 
beam  epitaxy,  as  known  in  the  art.  Aknown  anisotrop- 

55  ic  plasma  etching  technique  is  applied  to  the  mirror 
301,  the  multiple  quantum  wells  11,  12,...199,  200, 
and  the  mirror  202,  whereby  mesas  101,  102,...are 
formed.  Each  of  these  mesas  thus  contains  a  multiple 
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quantum  well  mesa  structure  formed  by  layers  11, 
12,...  199,  200. 

Advantageously,  for  lattice  matching,  the  indium 
to  gallium  molar  ratio  in  the  indium  gallium  arsenide 
layers  11,  13,...199  is  0.53  to  0.47.  Each  of  these  in-  5 
dium  gallium  arsenide  layers  11  ,...1  99  is  undoped  and 
has  a  thickness  of  10  nanometers;  each  of  the  indium 
phosphide  layers  12,  ...200  is  also  undoped  but  has  a 
thickness  of  15  nanometer. 

The  mirrors  201-202  and  301  supply  a  Fabry-  10 
Perot  interferometer  (etalon)  in  which  the  multiple 
quantum  well  mesa  structures  are  located. 

After  formation  of  the  mesas,  the  side  surfaces  of 
the  mesas  101,  102,...-i.e.,  the  cylindrical  columnar 
surfaces  running  from  the  top  of  the  mirror  202  to  the  15 
bottom  of  the  mirror  301  --are  subjected  to  a  process- 
ing  step  which  introduces  surface  recombination  cen- 
ters  into  the  multiple  quantum  well  mesa  structures 
11,  12,  13,...199,  200,  to  increase  the  recombination 
velocity  of  charge  carriers.  For  example,  a  dose  of  20 
1  012  to  1  013  arsenic  ions  per  square  centimeter  is  im- 
planted  at  about  20  keV  into  these  side  surfaces.  Al- 
ternatively,  other  ions  can  be  used  such  as  oxygen; 
or  any  metal  in  such  as  gold,  titanium,  and  the  like  can 
be  implanted  to  a  dose  of  about  1012  to  1014  per  25 
square  centimeter,  which  transforms  a  neighborhood 
of  the  side  surface  into  essentially  a  zero-bandgap 
semiconductor  material  or  a  metal,  to  speed  up  the  re- 
combination  of  charge  carriers  near  the  surface. 

Typically  the  diameter  of  the  mesas  is  about  5nm  30 
for  switching  speeds  of  1  nanosecond.  Mesa  diame- 
ters  as  small  as  1  .0  or  0.8  micrometer  can  be  expect- 
ed  to  increase  the  speed  further,  by  a  factor  of  about 
twenty-five  or  more. 

As  shown  in  FIG.  2,  the  optical  processing  device  35 
1000  is  used  in  its  reflection  mode  in  an  optical 
switching  arrangement  wherein  essentially  mono- 
chromatic  optical  beams  A  and  B  are  the  inputs  and 
essentially  monochromatic  optical  beam  X  is  the  out- 
put.  The  wavelengths  of  A  and  B  are  about  0.9  and  40 
1  .55  micrometer,  respectively.  An  optical  source  1  001 
supplies  the  beam  A  and  an  optical  source  1002  sup- 
plies  the  beam  B.  The  beam  A  is  pulsed;  the  beam  B 
is  continuous  wave.  A  first  optical  mirror  element  501 
is  designed  so  as  to  reflect  the  beam  A  but  to  transmit  45 
the  beam  B.  A  second  optical  mirror  element  502  is 
designed  as  a  beam-splitting  mirror  i.e.,  is  designed 
to  reflect  about  one-half  of  the  intensity  of  beam  Band 
to  transmit  the  other  half.  In  this  way,  both  beams  A 
and  B  are  incident  normally  upon  the  top  surface  of  50 
the  mesas  101,  102,...of  the  device  1000,  and  thereby 
propagate  down  and  up  in  these  mesas  in  an  electro- 
magnetic  waveguide  mode  such  that  the  electric  field 
intensity  at  the  side  surfaces  of  the  mesas  advanta- 
geously  is  zero.  It  is  advantageous  that  the  electro-  55 
magnetic  field  vanish  at  these  side  surfaces  where 
the  recombination  centers  are  located,  for  otherwise 
the  absorption  edge  of  the  semiconductor  would  be 

broadened  and  hence  the  sensitivity  of  the  device 
would  undesirably  be  reduced:  It  is  desirable  that  a 
small  increment  in  the  intensity  of  beam  A  should  re- 
sult  in  a  large  increment  in  the  intensity  of  output  X. 

The  output  beam  X  (wavelength  =  1  .55  microme- 
ter)  emanates  from  the  device  1000,  passes  through 
the  mirror  element  501  ,  is  partially  reflected  by  the 
beam  splitting  mirror  502,  and  is  incident  upon  an  opt- 
ical  detection  and  utilization  means  for  detecting  and 
utilizing  the  optical  radiation  of  beam  X  at  the  1.55  mi- 
crometer  wavelength.  The  parameters  of  the  device 
1000  are  designed,  by  trial  and  error  if  need  be,  so 
that,  when  B  is  incident  on  the  device,  in  the  absence 
of  the  beam  A  there  is  essentially  no  reflected  beam 
B  from  the  Fabry-Perot  interferometer  formed  in  the 
device  1000.  Accordingly,  with  a  predetermined  rela- 
tively  small  intensity  of  the  beam  A  incident  upon  the 
device  1000,  the  nonlinear  effects  of  A  upon  refrac- 
tive  index  and  absorption  edge  will  result  in  a  relative- 
ly  large  fraction  of  B  being  reflected  from  the  Fabry- 
Perot  to  form  the  beam  X.  In  terms  of  logic,  therefore, 
X=AB,  or  X  equals  A  AND  B,  i.e.,  in  the  presence  of 
B,  X  is  appreciable  only  in  the  presence  of  A,  as  is  de- 
sired  for  optical  switching  of  the  beam  B  by  the  beam 
A. 

For  better  immunity  against  noise  in  the  beam  A, 
at  some  sacrifice  of  sensitivity  to  A,  a  slight  offset  in 
the  parameters  of  the  device  can  be  incorporated 
such  that  the  absolute  minimum  of  the  intensity  of  B 
occurs  when  A  is  not  quite  equal  to  zero  but  is  equal 
to  a  fraction  (e.g.,  about  0.3)  of  the  above-mentioned 
predetermined  relatively  small  intensity. 

Although  the  invention  has  been  described  in  de- 
tail  in  terms  of  a  specific  embodiment,  various  modi- 
fication  can  be  made  without  departing  from  the 
scope  of  the  invention.  For  example,  instead  of  the  re- 
flection  mode,  the  transmission  mode  of  the  etalon 
can  be  used,  in  which  case  the  detection  means  1003 
is  located  on  the  other  side  of  the  device  1000  and  the 
output  X=  A  B,  with  B=1.  Also,  both  beams  A  and  B 
can  be  pulsed,  so  that  both  A  and  B  are  logic  vari- 
ables,  with  X=AB  for  the  case  of  detection  of  X  after 
reflection  by  the  etalon  and  with  X=  AB  for  the  case 
of  detection  of  X  after  transmission  through  the  eta- 
lon. 

Moreover,  by  doping  the  mirrors  with  impurities  or 
by  otherwise  making  them  electrically  conductive, 
and  attaching  electrodes  to  these  mirrors,  the  beam 
B  can  be  electronically  controlled  by  an  electrical  sig- 
nal  A  applied  to  the  electrodes,  whereby  an  electron- 
ically  controlled  optical  modulator,  switch,  or  logic  de- 
vice  can  be  formed. 

Claims 

1.  A  semiconductor  optical  processing  device 
(1000)  including  a  multiple  quantum-well  Ill-V 
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semiconductor  mesa  structure  (11,  12,...  200) 
CHARACTERIZED  BY  said  mesa  structure  com- 
prising  a  side  surface  into  which  have  been  intro- 
duced  impurities  that  increase  the  surface  re- 
combination  velocity  of  charge  carriers,  whereby 
the  optical  switching  speed  of  the  device  is  in- 
creased. 

2.  The  device  of  claim  1  in  which  the  multiple  quan- 
tum  well  structure  contains  indium. 

3.  The  device  of  claim  2  in  which  the  multiple  quan- 
tum  well  structure  includes  layers  of  indium  gal- 
lium  arsenide. 

4.  The  device  of  claim  2  or  claim  3  in  which  the  im- 
purity  ions  include  arsenic. 

5.  The  device  of  any  of  the  preceding  claims  further 
comprising  an  optical  interferometer  in  which  the 
multiple  quantum  well  mesa  structure  is  located. 

6.  An  optical  processing  arrangement  including  the 
device  of  any  of  the  preceding  claims  and  further 
comprising 

first  and  second  optical  source  means 
(1001,  1002)  for  respectively  supplying  first  and 
second  optical  beams  incident  upon  the  device 
(1000),  and 

optical  detection  and  utilization  means 
(1003)  for  detecting  and  utilizing  optical  radiation 
emitted  by  the  device  in  response  to  the  first  and 
second  beams. 

fassen. 

5.  Einrichtung  nach  einem  der  vorstehenden  An- 
spruche,  ferner  umfassend  ein  optisches  Interfe- 
rometer,  in  welchem  die  Mehrfach-Quantentrog- 
Mesaanordnung  angeordnet  ist. 

6.  Optische  Prozessoranordnung,  umfassend  die 
Einrichtung  nach  einem  der  vorstehenden  An- 
spruche  und  ferner  umfassend  eine  erste  und  ei- 
ne  zweite  optische  Quelleneinrichtung  (1001, 
1  002),  urn  jeweils  einen  ersten  und  einen  zweiten 
optischen  Strahl,  die  auf  die  Einrichtung  (1000) 
auftreffen,  zur  Verfugung  zu  stellen,  und 
eine  optische  Erfassungs-  und  Verwendungsein- 
richtung  (1003)  zum  Erfassen  und  Verwenden 
optischer  Strahlung,  welche  durch  die  Einrich- 
tung  in  Antwort  auf  den  ersten  und  den  zweiten 
Strahl  emittiert  wird. 

10 

15 

20 

Revendications 

1.  Un  dispositif  de  traitement  optique  a  semicon- 
25  ducteurs  (1000),  comprenant  une  structure  de 

mesa  a  semiconducteurs  Ill-V  a  puits  quantiques 
multiples  (11,  12,  ...  200)  CARACTERISE  PARIe 
fait  que  cette  structure  de  mesa  comprend  une 
surface  dans  laquelle  on  a  introduit  des  impure- 

30  tes  qui  augmentent  la  vitesse  de  recombinaison 
de  surface  de  porteurs  de  charge,  ce  qui  a  pour 
effet  d'augmenter  la  vitesse  de  commutation  op- 
tique  du  dispositif. 

35  2.  Le  dispositif  de  la  revendication  1,  dans  lequel  la 
structure  a  puits  quantiques  multiples  contient 
de  I'indium. 

3.  Le  dispositif  de  la  revendication  2,  dans  lequel  la 
40  structure  a  puits  quantiques  multiples  contient 

des  couches  d'arseniure  d'indium-gallium. 

4.  Le  dispositif  de  la  revendication  2  ou  la  revendi- 
cation  3,  dans  lequel  les  ions  d'impuretes 

45  comprennent  de  I'arsenic. 

5.  Le  dispositif  de  I'une  quelconque  des  revendica- 
tions  precedentes,  comprenant  en  outre  un  inter- 
ferometre  optique  a  I'interieur  duquel  se  trouve  la 

50  structure  de  mesa  a  puits  quantiques  multiples. 

Patentanspriiche 

1.  Optischer  Halbleiterprozessor  (1000)  mit  einer 
Mehrfach-Quantentrog-lll-V-Halbleiter-Mesaan 
ordnung(11,12,  ...200), 
dadurch  gekennzeichnet, 
dali  die  Mesaanordnung  eine  Seitenoberflache 
hat,  in  welche  Verunreinigungen  eingebracht 
wurden,  die  die  Oberflachenrekombinationsge- 
schwindigkeitderLadungstragererhohen,wobei 
die  optische  Schaltgeschwindigkeit  der  Einrich- 
tung  erhoht  wird. 

Einrichtung  nach  Anspruch  1, 
in  welcher  die  Mehrfach-Quantentroganordnung 
Indium  enthalt. 

2. 

6.  Une  structure  de  traitement  optique  comprenant 
le  dispositif  de  I'une  quelconque  des  revendica- 
tions  precedentes  et  comportant  en  outre 

des  premiere  et  seconde  sources  optiques 
(1001,  1002)  pour  fournir  respectivement  des 
premier  et  second  faisceaux  optiques  qui  torn- 
bent  sur  le  dispositif  (1000),  et 

Einrichtung  nach  Anspruch  2, 
in  welcher  die  Mehrfach-Quantentroganordnung 
Schichten  von  Indiumgalliumarsenid  enthalt.  55 

Einrichtung  nach  Anspruch  2  oder  3, 
in  welcher  die  Verunreinigungsionen  Arsen  um- 

3. 

4. 
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des  moyens  optiques  de  detection  et  d'uti- 
lisation  (1003)  qui  sont  destines  a  detecter  et  a 
utiliser  un  rayonnement  optique  qui  est  em  is  par 
le  dispositif  sous  I'effet  des  premier  et  second 
faisceaux. 
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