
. Description                                         Summary of the
invention Technical Field                                         The
optical switching speed of an optical proc- essing device comprising a
semiconductor multiple This Invention relates to optical processing device
5    quantum well mess structure is increase by its hav- es, including
optical logic devices and optically or       ing a side surface into which
impurities have  been in- electronically controlled optical switching
devices,       troduced so as to increase the surface recombination and
more particularly to such optical devices which             velocity of
charge carriers. have a semiconductor mess structure.
in a specific ambodiment of the invention an in- 10  dium phosphide
substrate supports a pluralityofmul- Background of the Invention
tiple quantum structures each comprising alternating layers of indium
gallium arsenide and in- Semiconductor optical logic devices(logic gates)
dium phosphide.The sidr surface of each mess are and optically or
electronically    controlled              optial     implanted with
impurity such as arsenic, to In- switching devices(optical switches) are
useful in a     15   crease the surface recombination velocity of charge
variety of contexts,such as telecommunications       carrers whereby when
the mess structure  are These devices typically operate with  inputs
consist-             used for optical logic or switching,the speed   of
oper- ing of a (binary digitally) pulsed control signal(A) and     ation is
increased. a controlled optical beam (B)  may not be pulsed depending upon
whether the desired de-              20   Brief Description Of the Drawing.
vice is an optical logic gate or an optical switch "pulsed"( it is meant
that the control signal any mor-             This Invention together with
its features, advan- ment of time can have  either can be better understood
and "high". In prior art,one from of such an optical   25 conjuction with
the drawings in which: switch  utilizes an optically active  element having
the          FIG.1 is an end view of optical processing de- property of
delivering the controlled beam B as output       vice in accordance with a
specific embodiment of the to a utilization means when the  control signal
A is "high"(hereinafter "1",A=1) and of not delivering
FIG.2 is a schematic diagram showing an optical the controlled   beam B
when the control  signal A   30                                     logic
arrangement using the device shown in FIG. 1. is "low" (hereinafter
"O",A=O) i.e a positive switch or a logic gate AB or and,or,in the
alternative,of de-                                   Detailed Description
livering B when A is low (A=0) and not delivering B when A  is "high' (A=l)
i.e.a negative or inverting                   An  optical processing device
1000 (FIG. 1) In- optical switch, a logic AB.                         35
cludes a semi-insulating indium phosphide body 10 in a paper authored by K.
Tai at al, published in    ("substrate") upon which has been deposited an
opt- Applied Physics Letters,  vol 50, pp 795-797,entitled             ical
reflector(mirror)201- 202,multiple quantum wells 11,12,13....199, and 200,
and another mirror 301. ing Energy  Made of InGaAs/InP Multiple  Quantum
Each of the mirrors 201-202 and 203 Is itself a multi- Wells, an optical
switch including an indiuim phos-       layered structure,such as multiple
alternating layers phide based multiple quantum well structure located
(not shown)of indium phosphide and indium gallium In a Fabry-Perot etalon
(multiple reflection interfer-      arsenide or indium aluminum gallium
arsenide, de- ometer)was disclosed in which the control signal was
posited by chemical beam epitaxy, as known in the an optical beam A with a
wavelength of about 1.06[err]      art.Each of these layers has a thickness
of a about 0.1 and the controlled beam B had a wavelength of about
micrometers, so that each of the mirrors is about 1,55[err] The pulse of
the etalon is to enhance the con-    92.5% reflecting at a wavelength of
1.55 microme- treet ratio of the output when the control beam A is
ters as known in the art. present vs. absent,as known in the art.Another
paper                Between these mirrors is located a plurality of by K.
Tai et al. published in Applied Physics Letters,      multiple quantum well
mesa structures 101, vol.53, pp. 302-303,discloses a semiconducter opt-
50 102...composed of alternating layers of indium galli- ical processing
device including a multiple Quantum-        um arsenide 11,13,..199 and
Indium phosphide 



well III-V semiconductor mesa structure.                     12...200, for
a total of two hundred layers. Each of It would be desirable, however,to
increase the                        these quantum wall layers is also
formed by chemical switching speed of such devices, in order that they
beam epitaxy,as known  in the art.A known anisotrop- may be more practical
for use in fast operating envi-           ic plasms etching technique is
applied to the mirror onments,such as high speed digital optical telecom
301, the multiple quantum wells 11,12,...199,200 munications and optical
logic.                                  and the mirror 202, whereby  mesas
101, 102..are formed.Each of these mesas thus contains a multiple    3
EP 0 409  478 B1                4 quantum well mesa structure formed by
layers 11,     broadened and hence the sensitivity of the device 12,...
199, 200.                                            would undesirably be
reduced: It Is desirable that a Advantageously, for lattice matching,the
indium         small increment in the intensity of beam Ashould re- to
gallium molar ratio in the indium gallium arsenide      sult in a large
increment in the intensity of output X. layers 11, 13... 199 is 0.53 to
0.47. Each of these in-   5      The output beam X(wavelength=  1.55
microme- dium gallium arsenide layers 11...199 is undoped and          ter)
emanates from the device 1000, passes through has a thickness of 10
nanometers;each of the indium            the mirror element 501, is
partially reflected by the phosphide layers 12...200 is also undoped but
has a            beam splitting mirror 502 and is incident upon an opt-
thickness of 15 nanometer.                                  ical detection
and utilization means for detecting and The mirrors 201-202 and 301 supply
a Fabry-   10         utilizing the optical radiation of beam X at the 1.55
mi- Perot interferometer (etalon) in which the multiple         crometer
wavelenght. The parameters of the device quantum well mesa structures are
located.                    1000 are designed, by trial and error if need
be,so After formation of the mesas, the side surfaces of       that when B
is incident on the device, in the absence the mesas 101,  102,...i.e, the
cylindrical columner         of the beam A there is essentially no
reflected beam surfaces running from the top of the mirror 202 to the    15
B from the Fabry-Perot interferometer  formed in the bottom of the mirror
301-are subjected to a process            device 1000.Accordingly,with a
predetermined rela- Ing step which introduces surface recombination cen-
tively small intensity of the beam A incident upon the ters into the
multiple quantum well mesa structures            device 1000,the nonlinear
effects of A upon refrac- 11, 12, 13....199,200,to increase the
recombination            tive index and absorption edge will result in a
relative- velocity of charge carriers.For example,a dose of              ly
large fraction of B being reflected from the Fabry- [err] arsenic ions per
square centimeter is im-                Perot to form the beam X. In terms
of logic, therefore, planted at about 20 keV into these side surfaces.Al-
X=AB, or X equals A AND B i.e., in the presence of ternatively, other ions
can be used such as  oxygen;           B,X is appreciable only in the
presence of A, as is de- or any metal in such  as gold,titanium,and the
like can        sired for optical switching of the beam B by the beam be
implanted to a dose of about [err]per                       A. square
centimeter, which transforms a neighborhood         For better immunity
against noise in the beam A, of the side surface into essentially a
zero-bandgap        at some sacrifice of sensitivity to A, a slight offset
In semiconductor material or a metal, to speed up the re-     the
parameters of the device can be incorporated combination of charge carriers
near the surface.           such that the absolute minimum of the intensity
of B Typically the diameter of the mesas is about [err]     occurs when A
is not quite equal to zero but is equal for switching  speeds of 1
nanosecond. Mesa diame-             to a fraction(e.g,. about0.3)of the
above-mentioned ters as small as 1.0 or O.6 micrometer can be expect-
predetermined relatively small intensity. ed to increase the speed further
by a factor of about         Although the invention has been described in
de- twenty-five or more.                                      tail in terms
of a specific embodiment,various modi- As shown in FIG>2.the optical
processing device       fication can be made without departing from the
1000 is used In its reflection made in an optical       scope of the
invention. For example,instead of the re- switching arrangement wherein
essetially mono-          flection mode,the transmission mode of the etalon
chromatic optical beams A and B are the inputs and      can be used,in
which case the detection means 1003 essentially monochromatic optical beam
X is the out-    is located on the other side of the device 1000 and the 



put.The wavelengths of A and B are about 0.9 and  40    output X=A B,with
B=1. Also,both beams A and B 1.55 micrometer,respectively.An optical source
1001     can be pulsed,so that both A and B are logic vari- supplies the
beam A and an optical source 1002 sup-     ables. with X=AB for the case of
detection of X after plies the beam B. The beam A is pulsed; the beam B
reflection by the etaion and with X=AB for the case is continuous wave.A
first optical minor element 501    of detection of X after transmission
through the eta- is designed so as to reflect the beam A but to transmit
ion. the beam B. A second optical mirror element 502 is
Moreover,by doping the mirrors with impurities or designed as a
beam-splitting mirror i.e.is designed        by otherwise making them
electrically conductive, to reflect about one-half of the intenalty of beam
B and   and attaching electrodes to these mirrors, the beam to transmit the
other half. In this way,both beams A       B can be electronically
controlled by an electrical sig- and B are incident normally upon the top
surface of        nal A applied to the electrodes,whereby an electron- the
mesas 101, 1O2...of the device 1000,and thereby        ically controlled
optical modulator,switch,or logic de- propagate  down and up in these mesas
in an electro-       vice can be formed. intensity at the side surfaces of
the mesas advanta- geously is zero. It Is advantageous that the electro-
55     Claims                                                        `
magnetic field vanish at these side surfaces where the recombination
centers are located,for otherwise                1.  A semiconductor
optical processing device the absorption edge of the semiconductor would be
(1000) including a multiple multiple quantum-well III-V    3
EP 0 409 478 B1                   4     *  C  L  M  S  * quantum well mesa
structure formed by layers 11,  broadened and hence the sensitivity of the
device 12,...199,200.                                   would undesirably
be reduced: It is desirable that a Advantageously, for lattice matching,
the indium  small Increment in the intensity of beam A should re- to
gallium molar ratio In the indium gallium arsenide  suit in a large
Increment in the Intensity of output X. layers 11, 13,... 199 is 0.53 to
0.47. Each of these in-  5   The output beam X(wavelength = 1.55 microme-
dlum gallium arsenide layers 11,..199 is undoped and          ter) emanates
from the device 1000, passes through has a thickness of 10 nanometers; each
of the indium         the mirror element 501, is partially reflected by the
phosphide layers 12,...200 Is also undoped but has a         beam splitting
mirror 502, and Is Incident upon an opt- thickness of 15 nanometer.
ical detection and utilization means for detecting and The mirrors 201-202
and 301 supply a Fabry-  10  utilizing the optical radiation of beam X at
the 1.55 ml- Perot interferometer (etalon) in which the multiple  crometer
wavelength. The parameters of the device quantum well mesa structures are
located.         1000 are designed, by trial and error if need be, so After
formation of the mesas, the side surfaces of  that when B Is Incident on
the device, In the absence the mesas 101, 102 ......i.e..  the cylindrical
columnar  of the beam A there Is essentially no reflected beam surfaces
running from the top of the mirror 202 to the  15   B from the Fabry-Perot
Interferometer formed In the bottom of the mirror 301-are subjected to a
process-   device 1000. Accordingly, with a predetermined rela- ing step
which introduces surface recombination cen-  tively  small intensity of the
beam A Incident upon the ters into the multiple quantum well mesa
structures  device  1000, the nonlinear effects of A upon refrao- 11, 12,
13,..199, 200, to increase the recombination   tive index and absorption
edge will result in a relative- velocity of charge carriers. For example, a
dose of  20   ly large fraction of B being reflected from the Fabry- [err]
arsenic ions per square centimeter is im             Perot to form the beam
X. In terms of logic, therefore, planted at about 20 keV Into these side
surfaces.Al-     X=AB, or X equals A AND B, i.e., In the presence of
ternatively, other ions can be used such as oxygen;      B, X is
appreciable only In the presence of A. as Is de- or any metal in such as
gold, titanium,and the like can  sired for optical switching of the beam B
by the beam be implanted to a dose of about [err]    25  A. square
centimeter, which transforms a neighborhood            For better immunity
against noise in the beam A, of the side surface into essentially a
zero-bandgap  at some sacrifice of sensitivity to A, a slight offset In
semiconductor material or a metal, to speed up the re-  the parameters of
the device can be incorporated 



combination of charge carriers near the surface.           such that the
absolute minimum of the intensity of B Typically the diameter of the mesas
is about 5[err]   30   occurs when A is not quite equal to zero but is
equal for switching speeds of 1 nanosecond. Mesa diame-,  to a fraction
(e.g.. about 0.3) of the above-mentioned ters as small as 1.0 or 0.8
micrometer can be expect-  predetermined relatively small intensity. ed to
Increase the speed further, by a factor of about  Although the Invention
has been described in de- twenty-five or more.
tell In terms of a specific embodiment various modi- As shown in  FIG. 2,
the optical processing device  35  fication can be made without departing
from the 10OO is used In its reflection mode in an optical   scope of the
invention. For example. Instead of the re- switching arrangement wherein
essentially mono-      flection mode, the transmission mode of the etalon
chromatic optical beams  A and B are the inputs and       can be used,in
which case the detection means 1003 essentially monochromatic optical beam
X is the out-   is located on the other side of the device 1000 and the
put. The wavelengths of A and B are about 0.9 and   40  output X= A B, with
B=1. Also, both beams A and B 1.55 micrometer, respectively. An optial
source 1001    can be pulsed, so that both A and B are logic vari- supplies
the beam A and an optical source 1002 sup-     ables, with X=AB for the
case of detection of X after plies the beam B. The beam A is pulsed; the
beam B     reflection by the etalon and with X= AB for the case is
continuous wave. A first optical mirror element  501    of detection of X
after transmission through the eta- is designed so as to reflect the beam A
but to transmit  45  lon. the beam B. A second optical mirror element 502
is       Moreover, by doping the mirrors with impurities or designed as a
beam-splitting mirror i.e., is designed    by otherwise making them
electrically conductive, to reflect about one-half of the intensity of beam
B     and attaching electrodes to these mirrors, the beam to transmit the
other half. In this way, both beams A    B can be electronically controlled
by an electrical sig- and B are incident normally upon the top  surface of
50   nal A applied to the electrodes, whereby an electron- the mesas 101,
102 .... of the device 1000, and thereby  ically controlled optical
modulator, switch, or logic de- propagate down and up In these mesas in an
electro-  vice can be formed. 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  Claims magnetic field
vanish at these side surface where the recombination centers are located,
for otherwise     1. A semiconductor optical processing device the
absorption edge of the semiconductor would be         (1000) including a
multiple quantum-well III-V    *  I Il1I5 111111J"  111 11111 liilliII till
* C   L   M   S * semiconductor mesa structure (11, 12... 200)
tn. CHARACTERIZED BY sald  mesa structure com- prising a side surface into
which have been intro-                 , .rqht         h Wlnm  vr
vortwhenden An- duced impurities that increase the surface re-
ftgr*  - 69n~r ymfplngj eln opt8 I snt fe- combination velocity  of charge
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