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in nature, specific logic power levels need not be de- fined and operation
of the device is possible over a This Invention relates to logical optical
appara-  power range spanning several decades. Thus, the S- tus.
SEED satisfies the most basic requirement in that It Many types of logic
devices have been proposed   5   is easy to use. It also has flexible logic
functionality for optical computing and photonic switching. All of  in that
it can act either as an optical set-reset latch or these must have the gain
required to cascade devices  as a differential logic gate capable of NOR,
OR, and at least a minimum functionality to perform gen-  NAND, and AND
functions as disclosed in the A. L. eral Boolean logic functions by
optically interconnect-  Lentine et al., paper "Photonic Ring Counter and
Dif- ing the devices. (It is always possible to implement a   10  ferential
Logic Gate using the Symmetric Self- Boolean logic function using, for
example, a cascad-  Electroptic Effect Device", Conference on Lasers and ed
arrangement of NOR gates.) It is clearly prefer-  Electro-Optics (Optical
Society of America), April, able, from an implementation standpoint, that
the de-  1988. Additional functionality is obtained by extend- vices are
physically, sufficiently functional to be easy  ing the S-SEED concept to
more than two diodes in to use. For example, a "three-terminal" device is
15  series as in the multistate self electro-optic effect de- clearly
preferable to a "two-terminal" device because  vices disclosed in U. S.
Patent 4,800,262 of A. L. Len- the input/output isolation afforded by
three-terminal  tine, January 24,1985. M-SEEDS may operate as devices
removes the problem of critical biasing asso-  optically enabled S-SEEDs,
image thresholding de- ciated with two-terminal devices. It is also
desirable  vices, or multi-input selection devices. to provide devices that
allow some choice of logical  20  The P. Wheatley et al. paper, "Hard
Limiting Opto- functionality. Although it is possible to construct an
electronic Logic Devices", Photonic Switching: Pro- arbitrary optical
computer from two input NOR gates  ceedings of the First Topical Meeting,
March 1987, alone, an improved architecture may be used when   discloses
two opto-electronic devices suitable for opt- more complex gates are
available. Finally, it is impor-  ical logic. Both devices have a
phototransistor in ser- tant that the devices operate at high speeds with
low   25  les with an electro-absorption modulator between a power
requirements. The self electro-optic effect de-  constant supply voltage
and ground. A beam of con- vices (SEEDs) disclosed in U. S. Patent
4,546,244 of  stant optical power, the pump power, Is incident on the D. A.
B. Miller, October 8, 1985, satisfy all of these re-  modulator; part of
this is absorbed by the modulator quirements. SEEDs rely on changes in
optical ab-   to give rise to photocurrent and part is transmitted to
sorption that are induced by changes in an electric  30  give the optical
output of the device. Thus the device field applied perpendicular the thin
semiconductor  is an optical three terminal device since the output layers
in multiple quantum well material. Typically the  power is derived from a
constant optical supply which quantum wells are contained in the intrinsic
region of  does not follow the same path as the input signal. The a reverse
biased p-i-n diode. When combined with an  first device disclosed in the
Wheatley paper is an in- appropriate load, the resultant device has opto-
35  verting device where the wavelength of the pump electronic feedback and
bistability. Since the first  beam is such that the modulator photocurrent
in- demonstration of a simple resistor-biased SEED,    creases with the
applied reverse bias voltage. In the much of the subsequent effort has
concentrated on  second, non-inverting device, the modulator absorp-
enhancing the functionality of the devices. More func-  tion decreases with
applied reverse bias voltage. As tionality Is achieved in SEEDs by having
more than   40  disclosed, multiple-input logic gates are made by em- one
light beam Incident on several p-i-n diodes. For  ploying several
phototransistors. Using the wave- example, by replacing the resistive load
with a photo-  length of the first, inverting device, a NOR gate may diode
illuminated by a visible [err] = 633nm) beam, a di-  be made if two
phototransistors are connected in par- ode biased SEED (D-SEED) is operable
over many     allel, and a NAND gate if they are connected in series.
decades in power by adjusting the light input on the   45  The second,
noninverting device may be made into photodiode. The beam incident on the
photodiode    an OR or AND gate with the transistors in parallel or may,
for example. control the light output from the  series respectively.
However, unlike the known S- quantum well diode; such a device serves as a
mem-  SEED differential logic arrangements referenced ory, holding its
state for up to thirty seconds when  above, the disclosed Wheatley devices
implement both the visible and infrared beams are removed. A   50
single-ended logic. In many applications, differential second example. the
symmetric SEED (S-SEED) dis-   logic is preferable. A problem with the
referenced S- closed in U. S. Patent 4,754,132 of H. S. Hinton et al.,
SEED differential logic arrangements is that optical June 28,1988, consists
of two quantum well p-i-n di-  cascading is required to implement more
complex odes electrically connected in series. It has time-  logic
functions, for example, E = AB + CD, and corre- sequential gain, provides
for signal timing regenera   55  sponding increased optical delays and
losses result tion, is insensitive to optical power supply fluctu-  because
of the cascading. ations and provides effective Input-output isolation.  In
view of the foregoing, a need exists in the art Because the signal inputs
and outputs are differential  for a differential, optical logic arrangement
that is 2    



3                   EP 0 415 617 B1                 4 usable to implement
complex logic functions without  i-n diodes of the S-SEED to read the state
of the ap- cascading.                                          paratus in
time sequential fashion. According to this invention there is provided log-
ical optical apparatus as claimed In claim 1.        Drawing Description In
exemplary apparatus embodying the invention   5 a first electrical circuit,
comprising a plurality of pho-  FIG. 1 is a general circuit diagram for
differential todetectors Interconnected such that the first circuit
optical logic arrangements illustrative of the corresponds to
significantly, any given logic func-   present invention; and tion, Is
connected in series with a second circuit com-  FIGS. 2-7 are circuit
diagrams for specific em- prising a plurality of photodetectors
Interconnected   10  bodiments of arrangements of the type shown in
advantageously as the conduction complementof the      FIG. 1. connections
of the first circuit. The apparatus per- forms optical logic without
optical cascading since the  Detailed Description first and second circuits
control the generation of an optical output beam based on the value that
the given   15  FIG.  Is a general circuit diagram for differential logic
function assumes in response to a plurality of  optical logic arrangements
Illustrative of the present optical signal beams incident on the
photodetectors of  invention. The differential logic arrangements avoid the
first circuit and a plurality of complementary  critical biasing, have time
sequential gain, good in- beams incident on the photodetectors of the
second  put/output isolation and signal re-timing. In addition, circuit.
illustratively, a complementary optical output  20  the arrangements do not
require a reference signal. Is obtained and time-sequential operation Is
effected  Although in many cases the same quantum well p-i- when two,
serially connected quantum well p-i-n dl-  n diodes are used for the
detection and modulation odes comprising a S-SEED are used to generate opt-
processes, for simplicity, the circuits described here- ical output beams
in response to the voltage devel-  in have separate diodes on which the
input signals are oped by the first circuit.                    25
incident and separate diodes on which the clock Illustratively, any AND and
NAND operations of  beams that generate the output dams are incident. the
logic function correspond to series connections  Also, the diodes that do
not generate output beams do within the first circuit and parallel
connections within  not need quantum wells, although improved switch- the
second circuit, and any OR and NOR operations  ing performance results if
they do. The improved of the logic function correspond to parallel connec-
30  switching performance results from the increase In tions within the
first circuit and series connections  absorption of the quantum well diode
with reducing within the second circuit. An output device is electri-
voltage; this change in absorption tends to further en- cally controlled by
the first and second circuits to gen-  hance the difference in
photocurrents between the erate an optical output beam at a first logic
value  diodes, hence switching them faster. Each logical in- when the logic
function of the plurality of optical sig-  35  put uses two complementary
beams to represent the nal beams is a first value, and at a second logic
value  logic state. If the power of the uncomplemented beam when the logic
function is a second value. The power  is greater than the complemented
beam, this inputwill of the optical signal beams and the complementary  be
defined as a logic "one"; a logic "zero" is the re- beams may be
controlled, for example using optical  verse case. Two sets of p-i-n diodes
accept the inci- attenuators, such that an initial photocurrentgenerat-  40
dent input signals, circuit 110 including diodes ed by the second circuit
is greater than an initial pho-  111,112, 113, etc., with uncomplemented
input sig- tocurrent generated by the first circuit when the logic  nals,
and circuit 110' including diodes 111', 112' 113', function is the first
value and an initial photocurrent  etc., with complemented Input signals.
The diodes in generated by the second circuit is less than an initial
circuit 110' are electrically interconnected in a manner photocurrent
generated by the first circuit when the   45  known as the conduction
complement of the connec- logic function is the second value.
tions of the diodes In circuit 110. Forexample, if circuit In the exemplary
embodiments disclosed herein,  110 consists of serially connected diodes,
then circuit the photodetectors of the first and second circuits are  110'
consists of parallel-connected diodes. The vol- implemented as quantum well
p-i-n diodes. Although  tage at the interconnecting node between circuit
110 not needed for optical modulation, the quantum wells  50  and circuit
110' Is connected to the center node of an result in Improved switching
performance of the di-  output S-SEED having two series-connected quan-
odes.                                              tum well p-i-n diodes
130 and 140. This node voltage The first and second circuits control the
genera-  determines the state of the apparatus. Fornon-invert- tion of an
optical output beam and a complementary  ing functions (i.e. ANDs and ORs),
output C Is the un- beam by a pair of series-connected quantum well p-  55
complemented output, and output C is the comple- I-n diodes comprising a
S-SEED. The optical signal  mented output For inverting functions (i.e.
NANDs beams are first applied to set the state of the appara-  and NORs),
the outputs are reversed. That is, the out- tus and optical clock beams are
then applied to the p-  put labeled C becomes the complemented output, the
3    



5                   EP 0 415 617 B1                     6 output labeled C
becomes the uncomplemented out-    "zero" because output beam C is "low"
and output put. In either case  the output state is defined to be a  beam C
is "high". If input beams A and B are both logic "one" when the power of
the uncomplemented    "high", input beams A and B are both "low" because
output beam is greater than that of the complemented  they are
complementary to input beams A and B. As- output beam.
5   suming that the sum of optical powers of the two "low" In operation,
first the signal beams are applied to  beams is less than that of one
"high" beam, the cur- the respective diodes. The voltage that is present on
rent generated by serially connected diodes 211 and the node between the
two sets of "signal" diodes is a  212 is initially greater than that
generated by the par- function of the currents generated by the diodes. The
allel connected diodes 211' and 212'. In this case, the voltage across
circuit 110' in FIG. 1 is essentially zero  10  voltage at the center node
of the output S-SEED is es- when the logic function is not satisfied, and
the output  sentially equal to zero. When the clock beams are ap- is a
logic "zero" (output C greater than C). This occurs  plied, output C is
"high" and output C low, and thus the if the photocurrent generated by
circuit 110 is initially  output state is a logic "one". Therefore, this
logic ar- less than that generated by circuit 110'. Conversely,  rangement
performs an AND function. Conversely, if the voltage across circuit 110' Is
essentially equal to  15  the output state is defined as being a logic
"one" when the supply voltage [err] when the logic function is sat-  the
power in output beam C is greater than that of isfied and the output is a
logic one" (output C greater  beam C, then the arrangement performs a NAND
than C). This occurs if the photocurrent generated by  function. circuit
110 is initially greater than that generated by  The arrangement of FIG. 3
implements a differ- circuit 110'. These two cases are satisfied provided
20  ential OR/NOR gate. This arrangement, comprising that the input signals
have sufficient contrast ratios.  diodes 311, 312, 311', 312', 330 and 340,
is identical Optical attenuators may be inserted in the paths of  to the
AND/NAND arrangement of FIG. 2 with the in- certain input signals. to
operate the apparatus opti-  puts and outputs reversed. If a logic "one" is
defined mally for low contrast ratios. If quantum well p-i-n di-  by the
power of output beam C being greaterthan that odes are used for the
detector diodes, there is a range   25  of output beam C, then this
arrangement performs an of input power levels where bistability exists;
this  OR function. Similarly, if the output is a logic "one" places a lower
limit on the contrast ratio of the input  when the power of output beam C
is greater than that signals. However, if the supply voltage [err] is
ramped  of output beam C, then the arrangement performs a up from zero
during the application of the input sig-  NOR function. nals, effectively
removing any bistable characteris-  30  An N input logic gate can be
realized in a similar tics, the apparatus works with any input contrast
manner. Instead of two serially connected diodes, N greater than one. The
node between the two groups  (uncomplemented) input signals are incident on
N of input diodes is electrically connected to the node  serially connected
diodes, and N complemented sig- between the two diodes 130 and 140 of the
output S-  nals are incident on N parallel-connected diodes. As SEED.
Therefore, once the voltage at this point has  35  an example, an N input
AND gate has the desired out- been determined (i.e. after the switching
time of the  put a logic "one" if all inputs are logic ones, and a log-
circuit), the signal beams are removed and clock   ic zero if at least one
Input isa logic "zero". These two beams of higher power subsequently
applied, thereby  conditions are satisfied if [err] and achieving
time-sequential gain.                          [err]. The first condition
is The arrangement of FIG. 2 implements a differ-  40  only satisfied for
input contrast ratios greater than ential AND gate. The two complementary
input sig-       N:1, and the second condition is always satisfied. An nals
are represented by light beams A and A and light  attenuator added in the
path of the input beams Inci- beams B and B. A pair of clock beams,
incident on the  dent on the parallel-connected diodes that transmits
output S-SEED comprising diodes 230 and 240, gen-   1 /N of the incident
power enables this arrangement to erate output beams C and C. The two
uncomplement-  45   be used for any contrast ratio (assuming the bistable
ed signals, A and B, are incident on two serially con-  characteristics are
removed). nected diodes 211 and 212, and the complemented        An
important advantage of differential optical signals, A and B. are incident
on two parallel-connect-  logic arrangements of the type shown In FIG. 1
re- ed diodes 211' and 212'. If either or both of the beams  lates to the
implementation of arbitrary functions with A and B are low, one or both of
the beams A and B   50  such arrangements. For the uncomplemented sig- must
be high, because the input signals are comple-  nals, the OR (FIG. 4) and
AND (FIG. 5) of two sub- mentary. Therefore, the current generated by the
ser-  functions is achieved by electrically connecting their ially
connected diodes 211 and 212 is initially less  respective circuits of
p-i-n diodes in parallel and ser- than that generated by the
parallel-connected diodes  ies respectively. However, the circuits of
diodes with 211' and 212' (for any contrast). Accordingly, the vol-  55
incident complemented signals, are connected in ser- tage at the center
node of the output S-SEED is es-  ies and parallel for OR and AND functions
respective- sentially equal to the supply voltage V0. Thus, when  ly. The
diodes with the uncomplemented inputs are the clock beams are applied, the
output is a logic  connected in series with the diodes with the comple- 4



7                   EP 0 415 617 B1                      8 mented inputs.
The center node between these two.       sponds to a logic function of said
plurality of opt- groups of diodes is connected to the center node of
ical signal beams, and in that said second circuit the output S-SEED, and
the voltage on this node de-     comprises a plurality of photodetector
means termines the relative outputs of the S-SEED.            (111' -113 )
each having at least one of said com- As an example, consider a function
given by   5     plementary beams incident thereon and being in- E=AB+CD.
The differential logic arrangement of FIG.     terconnected as a conduction
complement of the 6 implements this function. Circuit 610' consists of
connections of said first circuit. two diodes 611' and 612'  with incident
input beams A and B connected electrically in series. Circuit 610  2.
Apparatus as claimed in claim 1 wherein any consists of two diodes 611 and
612 with incident input  10  AND and NAND operations of said logic function
beams A and B connected electrically in parallel. Cir-  correspond to
series connections within said first cuit 610 and 610 implement an AND
function ofAand       circuit and parallel connections within said sec- B.
Similarly, circuit 620' consists of two diodes 621'  ond circuit, and any
OR and NOR operations of and 622' with incident input beams C and D
connect-    said logic function correspond to parallel connec- ed
electrically in series, and circuit 620 consists of  15  tions within said
first circuit and series connec- two diodes 621 and 622 with incident Input
beams C      tions within said second circuit. and D connected electrically
in parallel. Circuits 620' and 620 implement the AND function of C and D.
To   3. Apparatus as claimed in claim 1 or 2 wherein implement the OR of AB
and CD, circuits 610' and        each of said photodetector means of said
first 620' are connected in parallel and circuits 610 and   20  and second
circuits comprises a p-i-n diode. 620 in series. A general logic
arrangement is made as follows.  4. Apparatus as claimed in claim 1, 2 or 3
wherein Referring to FIG. 1, circuit 110 consists of p parallel-  each of
said photodetector means of said first connected groups of [err]serially
connected diodes. Cir-   and second circuits comprises a semiconductor cult
110' consists of p serially connected groups of sp  25  quantum well
region. parallel-connected diodes. In this arrangement, no at- tenuators
are needed to ensure operation of the logic  5. Apparatus as  claimed in
any preceding claim function at any contrast ratio greater than one, as-
comprising means (130), connectable to said vol- suming no bistability
while the input signals are ap-   tage source and electrically controlled
by said plied and provided that sp = p.                30      first and
second circuits, for generating an optical Next consider another arbitrary
function given by   output beam (C) at a first logic value when said
E=(AB+C)D. The arrangement for implementing this       logic function of
said plurality of optical signal function in differential logic is shown in
FIG. 7. The  beams is a first value, and at a second logic value contrast
ratio of the input signals must be greater than  when said logic function
of said plurality of optical 3:1 for the arrangement to operate properly,
because   35  signal beams is a second value. a logic "one" for input D
must generate more current than the sum of the currents generated by logic
6. Apparatus as claimed in claim 5 wherein said "zeros" for inputs A, B,
and D. To operate at any con-  generating means comprises optical modulator
trast ratio greater than one, signals A and B must be   means (130)
responsive to an optical clock beam attenuated by 75%. signals A, B, C, C,
and D need to  40  for generating said optical output beam. be attenuated
by 50%. and signal D is unattenuated. 7. Apparatus as claimed in claim 6
wherein said opt- ical modulator means comprises a semiconduc- Claims
tor quantum well region. 45 1. Logical optical apparatus comprising first
and   8. Apparatus as claimed in claim 6 or 7 wherein said second
electrical circuits (110,110') connected in  optical modulatormeans
comprises a p-i-n diode. series for connection across a voltage source
[err]. said first circuit (110) being responsive to a  9. Apparatus as
claimed in any one of claims 5 to B plurality of optical signal beams and
said second   50  comprising means (140), connectable to said vol- circuit
(110') being responsive to another plurality  tage source and electrically
controlled by said of beams each with an intensity level comple-      first
and second circuits, for generating a beam mentary to the intensity level
of one of said opti-  (C) that is complementary to said optical output cal
signal beams, characterized in that said first  beam. circuit comprises a
plurality of photodetector  55 means (111-113) each having at least one of
said  10. Apparatus as claimed in claim 9 wherein said optical signal beams
incident thereon and being     means for generating a beam that is
complemen- interconnected such that said first circuit corre-  tary to said
optical output beam comprises a sem- 5    



7                   EP 0 415 617 B1                 8 mented inputs. The
center node between these two       sponds to a logic function of said
plurality of opt- groups of diodes is connected to the center node of
ical signal beams, and in that said second circuit the output S-SEED, and
the voltage on this node de-    comprises a plurality of photodetector
means termines the relative outputs of the S-SEED.           (111'-113')
each having at least one of said com- As an example, consider a function
given by   5    plementary beams incident thereon and being in- E=AB+CD.
The differential logic arrangement of FIG.    terconnected as a conduction
complement of the 6 implements this function. Circuit 610' consists of
connections of said first circuit. two diodes 611' and 612' with incident
input beams A and B connected electrically in series. Circuit 610  2.
Apparatus as claimed in claim 1 wherein any consistsof two diodes 611 and
612with Incidentinput  10  AND and NAND operations of said logic function
beams A and B connected electrically In parallel. Cir-  correspond to
series connections within said first cuit 610' and 610 implement an AND
function ofA and    circuit and parallel connections within said sec- B.
Similarly, circuit 620' consists of two diodes 621'  ond circuit, and any
OR and NOR operations of and 622' with incident input beams C and D
connect-    said logic function correspond to parallel connec- ed
electrically in series, and circuit 620 consists of  15  tions within said
first circuit and series connec- two diodes 621 and 622 with incident input
beams C     tions within said second circuit. and D connected electrically
In parallel. Circuits 620' and 620 implement the AND function of C and D.
To  3. Apparatus as claimed in claim 1 or 2 wherein implement the OR of AB
and CD, circuits 610' and       each of said photodetector means of said
first 620' are connected in parallel and circuits 610 and   20  and second
circuits comprises a p-i-n diode. 620 in series. A general logic
arrangement is made as follows.  4. Apparatus as claimed in claim 1, 2 or 3
wherein Referring to FIG. 1, circuit 110 consists of p parallel-  each of
said photodetector means of said first connected groups of [err] connected
diodes. Cir-  and second circuits comprises a semiconductor cult 110'
consists of p serially connected groups of sp  25  quantum well region.
parallel-connected diodes. In this arrangement, no at- tenuators are needed
to ensure operation of the logic  5. Apparatus as claimed in any preceding
claim function at any contrast ratio greater than one, as-   comprising
means (130), connectable to said vol- suming no bpstability while the input
signals are ap-  tage source and electrically controlled by said plied and
provided that sp = p.                30      first and second circuits, for
generating an optical Next consider another arbitrary function given by
output beam (C) at a first logic value when said E=(AB+C)D. The arrangement
for implementing this      logic function of said plurality of optical
signal function in differential logic is shown in FIG. 7. The  beams is
afirstvalue, and at a second logic value contrast ratio of the input
signals must be greater than  when said logic function of said plurality of
optical 3:1 for the arrangement to operate properly, because   35  signal
beams is a second value. a logic "one" for input D must generate more
current than the sum of the currents generated by logic    6. Apparatus as
claimed in claim 5 wherein said "zeros' for inputs A, B, and D. To operate
at any con-  generating means comprises optical modulator trast ratio
greater than one, signals A and B must be  means (130) responsive to an
optical clock beam attenuated by 75%. signals A, B, C, C, and D need to  40
for generating said optical output beam. be attenuated by 50%, and signal D
is unattenuated. 7. Apparatus as claimed in claim 6 wherein said opt- ical
modulator means comprises a semiconduc- Claims
tor quantum well region. 45 1. Logical optical apparatus comprising first
and   8. Apparatus as claimed in claim 6 or 7 wherein said second
electrical circuits (110, 110 ) connected in  optical modulatormeans
comprises a p-i-n diode. series for connection across a voltage source
(Vo), said first circuit (110) being responsive to a  9. Apparatus as
claimed in any one of claims 5 to 8 plurality of optical signal beams and
said second   50  comprising means (140), connectable to said vol- circuit
(110') being responsive to another plurality  tage source and electrically
controlled by said of beams each with an intensity level comple-      first
and second circuits, for generating a beam mentary to the intensity level
of one of said opti-  (C) that is complementary to said optical output cal
signal beams, characterized in that said first  beam. circuit comprises a
plurality of photodetector  55 means (111-113) each having at least one of
said  10. Apparatus as claimed in claim 9 wherein said optical signal beams
incident thereon and being    means for generating a beam that is
complemen- interconnected such that said first circuit corre-  tary to said
optical output beam comprises asem-    9                   EP 0 415 617 B1
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iconductor quantum well region.                    zweiten Schaltung elne
p-i-n-Diode umfalat. 11. Apparatus as claimed in claim 9 or 10 wherein  4.
Vorrichtung nach Anspruch 1, 2 odor 3, said means for generating a beam
that is comple-   be! der jeder Photodetektor der ersten und der mentary to
said optical output beam comprises a   5  zwelten Schaltung eine
Halbleiter-Quantenmul- p-i-n diode.
denzone umfaSt. 12. Apparatus as claimed in any preceding claim    5.
Vorrichtung nach einem dervorhergehenden An- wherein the powers of said
optical signal beams    sprflche mit einer Einrichtung (130), die an die
and said complementary beams are such that an   10  Spannungsquelle
anschaltbar und elektrisch initial photocurrent generated by said second
cir-  durch die erste und die zweite Schaltung gesteu- cult is greater than
an initial photocurrent gener-  ert wird und elnen optischen Ausgangsstrahl
(C) ated by said first circuit when said logic function  mit einem ersten
Loglkwert erzeugt, wenn die Lo- of said optical signal beams is said first
value,  gikfunktion der ersten Vielzahl von optischen Si- and an initial
photocurrent generated by said sec-  15  gnalstrahlen einen ersten Wert
hat, und mit e- ond circuit is less than an initial photocurrent gen-  nem
zweiten Logikwert, wenn die Logikfunktion erated by said first circuit when
said logic func-  der Vielzahl von optischen Signalstrahlen elnen tion of
said optical signal beams is said second   zweiten Wert hat. value. 20  6.
Vorrichtung nach Anspruch 5, bei der die Einrichtung zur Erzeugung eines
op- PatentansprUche                                       tischen
Ausgangastrahis elne optische Modula- toreinrichtung (130) aufwelst, die
unter Anspre- 1. Optische Loglkvorrichtung mit einer ersten und      chen
auf einen optischen Taktstrahl den optl- einer zweiten elektrischen
Schaltung (110, 110),  25  schen Ausgangsstrahl erzeugt. die zur
Anschaltung an eine Spannungsquelle (VO) in Relhe geschaltet sind, wobel
die erste  7. Vorrichtung nach Anspruch 6, Schaltung (110) auf elne
Vieizahl optischer Si-    be! der die optische Modulatoreinrlchtung elne
gnalstrahlen und die zweite Schaltung (110') auf
Halbleiter-Quantenmuldenzone aufweist. eine weitere Vielzahl von Strahlen
anspricht, die  30 je einen Intensitatspegel komplementar zum In-  8.
Vorrichtung nach Anspruch 6 oder 7, tensltgtspegel eaner der optischen
Signalstrahlen  bel der die optische Modulatoreinrichtung eine p- besitzen,
i-n-Diode aufweist. dadurch gekennzeichnet, daB die erste Schaltung eine
Vielzahl von Photo-  35  9. Vorrichtung nach einem derAnsprflche 5 bis 8
mit detektoren (111-113) aufweist, auf die je wenig-   einer Einrichtung
(140), die an die Spannungs- stens einer der optischen Signalstrahlen
auffillit  quelle anschaltbar und elektrisch durch die erste und die so
verbunden sind, daB die erste Schal-    und die zweite Schaltung gesteuert
wird und el- tung einer Logikfunktion der Vielzahl optischer    nen Strahl
(C) erzeugt, der komplementar zu Signalstrahlen entsprIcht, und
40      dem optischen Ausgangsstrahil st. daB die zwelte Schaltung eine
Vielzahl von Pho- todetektoren (111 '-113') aufwelst, auf die je we-  10.
Vorrichtung nach Anspruch 9, nigstens einer der komplementaren Strahlen
auf-    bei der die Einrlchtung zur Erzeugung eines flilt, und die so
verbunden sind, dal sie sin      Strahis, der komplementir zu dem optischen
Stromleitungskomplement fMr die Verbindungen   45  Ausgangsstrahl ist, eine
Halbleiter-Quantenmul- der ersten Schaltung darstellen.
denzone aufweist. 2. Vorrichtung nach Anspruch 1,                     11.
Vorrichtung nach Anspruch 9 oder 10, bei der jede UND- und NAND-Operation
der Lo-       bei der die Einrichtung zur Erzeugung eines gikfunktion
Reihenschaltungen In der ersten   50   Strahls, der komplementar zu dem
optischen Schaltung und Parallelschaltungen In der zwei-     Ausgangsstrahl
ist, eine p-I-n-Diode aufwelst. ten Schaltung entsprechen und jede ODER-
und NOR-Operation der Loglkfunktion Parallelschal-  12. Vorrichtung nach
elnem der vorhergehenden An- tungen in der ersten Schaltung und
Reihenschal-    spriche, bei der die Leistung der optischen Si- tungen in
der zweiten Schaltung entsprechen.    55  gnalstrahlen und der
komplementiren Strahlen so gewihit ist, daB ein von der zweiten Schaltung
3. Vorrichtung nach Anspruch I oder 2,                 erzeugter,
anfinglicher Photostrom graler als bei der jeder Photodetektor der ersten
und der     ein von der ersten Schaltung erzeugber, anfang- 6    11
EP0415617B1                     12 licher Photostrom ist, wenn die
Logikfunktion der  tension et qui sont commandes 6lectriquement optischen
Signalstrahlen den ersten Wert hat,      par les premier et second
circuits, pour g6nerer und en von der zwelten Schaltung erzeugter, an-
un faisceau de sortie optique (C) & une premiere 



Afanglicher Photostrom kWeiner als sin von der er-  valeur logique lorsque
la fonction logique de l'en- sten Schaltung erzeugter, anfanglicher Photo-
5  semble de faisceaux de signaux optiques a une strom Ist, wenn die
Loglkfunktion der optischen    premiere valeur, et A une seconds valeur
logique Signalstrahlen den zweiten Wert hat.               Iorsque la
fonction logique pr6cit6e de l'ensemble de faisceaux de signaux optiques a
une seconds valeur. Revondleatlons                                 10 6.
Dispositif selon la revendication 5, dans lequel 1. Dispositif optique
loglque comprenant des pre-     les moyens de g6n6ratlon comprennent des
mier et second circuits electriques (110, 110')    moyens modulateurs
optiques (130) qui rbagis- connectes en serie pour Mtre branches aux bor-
sent a un faisceau d'horloge optique en generant nes d'une source de
tension (/O), le premier cir-  15  le faisceau de sortie optique. cult
(110) reagissant a un ensemble de faisceaux de signaux optiques et le
second circuit (110')  7. Dispositif selon la revendication 6, dans lequel
reagissant a un autre ensemble de faisceaux        les moyens modulateurs
optiques comprennent ayant chacun un niveau d'intensite complemen-      une
region de puits quantique A semiconduc- taire du niveau d'intensite de Ilun
des faisceaux   20  teurs. '.i    de signaux optiques, caract6ris6 en ce
que le pre- mier circuit comprend un ensemble de moyens     8. Dispositif
selon la revendication 6 ou 7, dans le- photodetecteurs (111-113) sur
chacun desquels      quel les moyens modulateurs optiques compren- tombs
lun au moins des faisceauxdesignaux op-      nent une diode p-4n. tiques.
et qui sont interconnectes de facon que le  2s premier circuit corresponds
a une fonction logl-  9. Dispositif selon Pune quelconque des revendica-
que de l'ensemble de faisceaux de signaux opti-    tions 5 a 8, comprenant
des moyens (140) qui ques, et en ce que le second circuit comprend un
peuvent Atre connectes a la source de tension et ensemble de moyens
photod~tecteurs (111'-          qui sont commandes electriquement par les
pre- 113') sur chacun desquels tombs l'un au moins  30  mier et second
circuits, pour generer un faisceau des faisceaux complementaires, et qui
sont inter-  (C) qui est complementaire du faisceau de sortie connectes
sous la forms d'un complement, au        optique. point de vue de la
conduction, des connexions du premier circuit.
10. Dispositif selon la revendication 9, dans lequel 35     les moyens de
generation d'un falsceau comple- 2. Dispositif selon la revendication 1,
dans lequel    mentaire du faisceau de sortie optique compren- des
operations ET et NON-ET quelconques de la      nent une reglon de puits
quantique a semicon- fonction loglque precitee correspondent A des
ducteurs. connexions en serie dans le premier circuit et des connexions en
parallele dons le second circuit et  40  11. Dispositif selon la
revendication 9 ou 10, dans l- des operations OU et NON-OU quelconques de
quel les moyens de genbration d'un faisceau qui la fonction logique prclt~e
correspondent A des    est complementaire du faisceau de sortie optique
connexions en parallele dans le premier circuit et  comprennent une diode
p-i-n. des connexions en serie dans le second circuit. 45  12. Dispositif
selon l'une quelconque des revendica- 3. Dispositllf selon ia revendication
1 ou 2, dans le-  tions precedentes, dans lequel les pulssances quel chacun
des moyens photodetecteurs des         des faisceaux de signaux optiques et
des fals- premieret second circuits comprendune diode p-     ceaux
complementaires sont telles qu'un photo- i-n.
courant initial g6nere par le second circuit est su- so      perieur A un
photocourant initial genere par le 4. Dispositif selon la revendication 1,
2 ou 3, dans   premier circuit lorsque la fonction loglque des lequel
chacun des moyens photodetecteurs des       faisceaux de signaux optiques a
la premiere va- premier et second circuits comprend une region     leur, et
un photocourant initial gen~re par le se- de puits quantique A
semiconducteurs.              cond circuit est inferieur a un photocourant
initial 55      g~nerA par le premier circuit lorsque la fonction 5.
Dispositif selon l'une quelconque des revendica-   logique des faisceaux de
signaux optiques a la tlions precedentes, comprenant des moyens
seconds valeur. (130) qui peuvent etre connectes a la source de 7 t
111111111 IIUI DilIII111    


