
EP0393876B1                     2 Description
switch must be biased significantly beyond its thresh- old turn-on voltage.
Relays such as this are also vul- Field of the Invention
nerable to transient propagation between the control and switched circuits.
This invention relates generally to a high-power   5 solid state switch,
and, more particularly, to an opti-  Summary of the Invention cally coupled
relay for switching high voltages, con- trollable by a low-voltage control
circuit and having  The present invention provides a solid state relay
enhanced turn-on and turn-off capabilities.        with improved turn-on
and turn-off characteristics io  and transient immunity as specified in
claim 1 here- Background of the Invention                        inafter.
In a preferred embodiment, the relay has an LED connectable to a control
circuit and a primary A solid state relay provides Isolation between a
photodiode array optically coupled to the LED. A pair control circuit and a
switched circuit and may replace  of outputs FETs, which are connectable to
a load cir- an electromechanical device such as a reed relay. A   15  cuit,
are coupled to the primary photodiode array via typical solid state relay
consists of a light-emitting di-  optically activated isolating
phototransistors. Optical- ode (LED) optically coupled across an
electrically iso-  ly-controlled shunt switches are connected to the pair
lating gap to a photovoltaic array. The photodiode ar-  of output FETs to
accelerate the discharge of the out- ray is electrically connected to an
output device such  put FETs inherentcapacitance.Anopticallycontrolled as a
field effect transistor (FET). Light from the LED   20  charging network is
connected between the output creates a voltage across the photovoltaic
array and  FETs and the load circuit to increase the turn-on time activates
the output FET. Alternatively, when light  of the relay. Phototransistors
are used to couple and from the LED ceases, the voltage across the photo-
decouple the primary photodiode array from the out- voltaic array collapses
and the output FET is deacti-  put FETs at turn-on and turn-off. A shunt
FET and a vated.                                        25  shunt
semiconductor-controlled rectifier (SCR) cre- One of the critical
limitations of solid state relays  ate discharge paths for the output FET
gate to source Is the speed of the switching action. This Is the result
capacitance at turn-off. An array of phototransistors of a capacitance
inherent in the output FET. Each time  are connected in series to the gate
terminal on the the photovoltaic array Is actuated, this capacitance
output FETs and to the output terminals through must be charged before the
output FET can turn on.  30  blocking diodes. When the relay is turned on,
the Similarly, each time the photovoltaic array is deacti-  switched
voltage is coupled to the output FETs vated, this capacitance must
discharge before the  through the phototransistors, thus providing
addition- output FET can turn off. The charging and discharg-  al powerto
charge the output FETs gate-to-source ca- ing of this inherent capacitance
inhibits the speed of  pacitance. When the FET switch is "closed", there is
the switching function. This problem is magnified   35  no voltage drop
across the switch and no added vol- when high-power circuits must be
switched since    tage applied by the photo-transistor array. The switch
larger FETs must be used. Accordingly, a larger ca-  is kept closed by the
primary photodiode array in a pacitance must be charged and discharged.
conventional manner. Presently available solid state relays often have
EP-A-0 226 395 describes an optically-coupled relatively slow turn-on and
turn-off characteristics  40  solid state relay which has a pair of (first
and second) and are susceptible to electrical transients. For ex-
complementary output FETs connected in series and ample, the relay
disclosed in U.S. Patent 4,390,790 to  controlled by a common photodiode
array. An SCR is Rodriguez includes a photodiode array directly con-
connected as a shunt between the common sources nected to an output FET.
Rodriguez's use of a turn-  and the common gates of the output FETs. off
transistor to discharge the output FET gate-to-  45 source capacitance
provides some improvement in     Brief Description of the Drawings turn-off
speed, but provides no transient protection to the relay. In a second
embodiment disclosed In the     These and other features and advantages of
the Rodriguez patent, an optically coupled JFET switch is  present
invention will be better understood by refer- used to couple the switched
voltage to the gate of the   50  ence to the following detailed description
when con- output FET. In so doing, the output FET charges at a  sidered in
conjunction with the accompanying draw- faster rate than it normally would.
In this set-up, how-  ing which is a schematic representation of the
prefer- ever, the switching JFET suffers from the same draw-  red
embodiment of the present invention. backs as the output FET. That is, the
JFET has asso- ciated with it a charging capacitance which must be   55
Detailed Description of the Preferred overcome. Further, in order for the
JFET to switch the  Embodiment 



current necessary to quickly charge the gate-to- source capacitance of the
output FET, the JFET         The relay has two inputterminals 11 and 12
which 2    3                   EP 0 393 876 B1                 4 are
connectable to a low-voltage control circuit and  from the control LED 21,
each of the photodiodes in two output terminals 13 and 14 which are
connectable  the array generates approximately a 0.5 volt potential to a
switched load circuit. One output terminal 13 is  across its terminals,
thus creating approximately a connected to the drain terminal of an output
field ef-  five-volt potential across the entire diode array. This fect
transistor (FET) 16, and the other output terminal   5   potential is
coupled to the output FETs through the 14 is connected to the drain
terminal of a second out-  isolation phototransistors 19 and 20.
Illumination of put FET 17. Thesource terminals of each output FET  the
phototransistors causes the transistors to con- are connected together, as
are the gate terminals of  duct. The five volts coupled to the output FETs,
drives each output FET.                                   the FETs well
into the "on" state once their gate-to- In an exemplary embodiment the
output FETs 16   10  source capacitance is charged. and 17 are vertical
double-diffused MOS (DMOS) de-     The turn-on speed of the output FETs is
en- vices. These FETs are controlled by varying the vol-  hanced by the
charging network 22. The charging tage potential between the gates and
sources. Forex-  network comprises an array of charging phototransis-
ample, the output FETs are turned "on" when the    tors 26 and a pair of
blocking diodes 23 and 24. The gate-to-source potential is approximately
one to two   15  phototransistor array Is made up of a number of volts or
greater. The output FETs are turned "off"  charging phototransistors
connected together serial- when the gate-to-source potential falls below
this val-  ly, the collectorelectrodes of each phototransistorbe- ue. To
turn on and off the output FETs, it is necessary  ing connected to the
emitterelectrodes of an adjacent to charge and discharge their inherent
gate-to-source   phototransistor. One end of the phototransistor array
capacitance 15. When these transistors are "off,"  20  is connected to the
gates of the output FETs 16 and they have a very high impedance, and thus
act as an  17. The other end of the phototransistor array is con- open
switch in the load circuit However, when the  nected to the anodes of the
two blocking diodes 23 transistors are "on," a low-impedance path of
approx-  and 24. The cathode of one blocking diode 23 is con- imately 200
ohms is provided between the output ter-  nected to one output terminal 14,
and the cathode of minals.                                       25  the
other blocking diode 24 is connected to the other The output FETs are
implemented with DMOS       output terminal 13. devices because of their
ability to block high voltages  The array of charging phototransistors 26
acts while in an high impedance state. In operation, the  like a high
current source when coupled to a voltage output FETs can block voltage in
one direction, but  potential between the output terminals 13 and 14. can
withstand only about one volt in the reverse direc-  30  When the charging
phototransistors are activated by tion. By connecting the sources of the
output FETs 16  light from the LED 21, current is generated by the and 17
together, one of the FETs is always in the full  charging phototransistors
In their base-collectorjunc- blocking mode (when they are "off"), and they
are  tion. This alone provides a small amount of current to able to achieve
the desired high, 230 volt bilateral  the relay. However, when the charging
phototransis- breakdown voltage despite the existence of parasitic  35
tors are properly biased, this light generated current diodes between the
sources and drains.             is amplified by "transistor action" by
approximately a A primary photodiode array 18 is made up often  factorof
the current gain of the phototransistor (beta). individual photodiodes
connected together serially     Biasing of the charging phototransistor
array 26 anode to cathode. One end of the diode array 18 is  is achieved by
the coupling of one end of the array of coupled to the gates of the output
FETs 16 and 17   40  charging phototransistors to the switched voltage in
through an isolation phototransistor 19. The otherend  the load circuit.
When the relay is open (the output of the primary photodlode array is
coupled to the  FETs are "off"), a voltage potential appears across sources
of the output FETs through a second isolation  the output terminals 13 and
14. Several phototransis- phototransistor 20. The isolation
phototransistors in a  tors are used to ensure that the bias voltage is
ade- preferred embodiment are pnp transistors. It should  45  quately
divided across each transistor when the relay be understood that npn
transistors may also be used  is used in conjunction with high voltage load
circuits. to couple the photodiode array to the output FETs. Ad-  The
blocking diodes 23 and 24 act like a full wave ditionally, since the
phototransistors are essentially  rectifier by coupling the output terminal
at the highest symmetric and can conduct equally well in the for-
potential to the phototransistor array. The voltage at ward and reverse
modes, their emitter/collector orien-  50  the other output terminal
provides a reference voltage 



tation is not critical. The base electrodes of these de-  for the opposite
end of the phototransistor array. It vices do not need to be connected
since a          should be understood that regardless of the relative
base/collector current is generated by their photovol-  potential between
the output terminals, one of the taic activity when Illuminated by the
control LED.  output FETs 16 or 17 Is always reverse biased. The Turning on
the relay is achieved by causing cur-  55   voltage on the output terminal
corresponding to the rent to flow In a control circuit which, in turn,
causes  reverse biased output FET provides a reference vol- a light
emitting diode (LED) 21 to emit light. When the  tage to the gate
electrodes ofthe output FETs through primary photodiode array 15 is
Illuminated by light  the parasitic diode between the source and drain of 3
5                   EP 0 393 876 B1                6 that output FET. It
should also be understood that the  voltage across the primary photodiode
array collaps- above described biasing will occur when the switch is  es to
zero volts, the SCR is triggered and is caused used with either AC or DC
switched load circuits.  to close. The gates of the output FETs 16 and 17
are Once the output FETs gate-to-source capaci-    also connected to the
drain of a discharge junction tance is adequately charged, the output FETs
turn on.   5   FET (JFET) 31, while the source of the low current When this
occurs, the voltage potential across the  JFET is connected to the sources
of the output FETs. output drops due to the low impedance path created  The
gate of the discharge JFET is connected to one by the output FETs. In turn,
this removes the bias  end of a secondary photodiode array 32. The other
from the phototransistor array, and the charging pho-  end of the secondary
photodiode array is connected totransistors cease current amplification.
io  to the sources of the output FETs. The secondary The charging
phototransistors continue to gener-  photodiode array comprises two
photodiodes con- ate photocurrent since the LED remains lit, however,
nected togetherserially. When illuminated by the con- their effect on the
relay is negligible. Once the output  trol LED, the secondary photodiode
array generates FETs are turned on, they are held on by the bias vol-
approximately onevolt across its ends, which reverse tage created by the
primary photodiode array 18.  15  biases the discharge JFET to turn it off.
When the vol- This particular architecture provides for a fast  tage across
the secondary photodiode array collaps- turn-on without wasting power from
the load circuit.  es to zero volts, the discharge JFET becomes biased,
When the LED 21 is turned on, the phototransistorar-  causing it to turn on
and conduct current. ray supplies a relatively large amount of current to
the  The absence of light also turns off the isolation relay for a short
period of time. Once the output FETs   20  phototransistors 19 and 20
which, in turn, decouples are turned on, no more power is drained from the
load  the primary photodiode array 18 from the output FETs circuit.
16 and 17. This step is important as it isolates the pri- Turn-on rise
times of 200 microseconds can be  mary photodiode array from the output
FETs. If this achieved with the invention. Without this enhance-  were not
the case, the output FETs would try to dis- ment, turn-on rise times could
be as slow as 100 to  25  charge theirgate-to-source capacitance through a
re- 200 milliseconds, depending on the size of the output  verse biased
diode array. This would result in a very FETs. Switching speed is important
for two reasons.  slow discharge. Instead, when the diode array is iso-
First, the particular application for which the relay is  lated from the
output FETs, the SCR 27 is triggered used may require fast switching.
Second, slow turn-  and provides a discharge path between the gate and on,
regardless of the application requirement, stress-  30  source. es the FETs
by causing them to draw currentand thus   Two shunt switches are used to
discharge the may cause the FET to overheat                      output FET
gate-to-source capacitance because In order to open the relay switch, the
output FETs  each of the switches react differently. The SCR trig- 16 and
17 must be turned off. This is accomplished  gers very quickly and it can
switch a large level of cur- by shutting off the LED 21, which causes the
voltage   35  rent in a short time; however, it can only discharge the
potential across the primary photodiode array 18 to  output FET capacitance
to about 0.8 volts due to the collapse towards zero volts. It should be
observed,  bipolar transistor functions in the switch. Discharge to
however, that the output FETs will not turn off until  zero volts, or near
zero volts is important because their gate-to-source capacitance 15
discharges. In  even when the output FETs are biased below their the
absence of shunts between the gate and source   40  turn-on threshold
voltage, the drain-to-source impe- of the output FETs, this capacitance
would have to  dance remains dependent upon the gate-to-source discharge
through stray leakage paths. Since several  voltage. The discharge JFET 31
is used to bring down seconds could be required for discharge in this man-
the gate-to-source potential on the output FETs to ner, alternate means for
faster turn-off are normally  near zero volts. The discharge JFET has a
slow turn- 



required.                                     45  on time and low current
conduction capability relative An exemplary embodiment has two optically
trig-  to the SCR. gered solid state switches that are open when the out-
The relay also provides protection from tran- put FETs are "on", and that
shunt the gate and source  sients in the control circuit. The pnp isolation
photo- terminals of the output FETs when they are turned off.  transistors
19 and 20 are symmetric and conduct These switches provide a path through
which the   50  equally well in the forward and reverse modes so that
gate-to-source capacitance of the output FETs can  they continue to hold
the SCR off, even in the pres- discharge. One of the switches is a silicon
controlled  ence of input transients. rectifier (SCR) 27 comprising
transistors 28 and 29.  The entire circuit, except for the LED 21, is
fabri- The SCR is connected between the gates and the     cated as one
integrated circuiton a single silicon chip. sources of the output FETs and
is controlled by the  55   Known dielectric isolation techniques, described
in voltage potential across the primary photodiode array  U.S. Patent
4,390,790 to Rodriguez are used to pro- 18. When the primary photodiode
array is illuminated,  vide necessary electrical isolation between various
the SCR is held In an open state; however, when the  components of the
circuit. The LED can be placed 4    7                   EP 0 393 876 B1
8 face-to-face with the silicon chip across an isolating  3. A solid state
relay as recited in claim 2 wherein gap, or alternatively the LED can be
placed in the     the current generator means (22) comprises a same plane
as the chip. With the latter placement a    plurality of phototransistors
(26), the phototran- curved refractive film is positioned over the LED and
sistors being biased by an output voltage across the silicon chip
containing the solid state relay circuity   5  the output (13,14) of the
solid state switch as disclosed by Rodriguez. The face-to-face align-
(16,17). ment allows maximum optical coupling between the LED and the relay
while providing minimum LED drive  4. A solid state relay as recited in
claim 1 wherein current However, it also increases the undesirable     the
solid state switch comprises a field effect effect of capacitive coupling
between the LED and   10    transistor (FET) (16,17). the solid state
devices in the relay, thereby increasing the relay's susceptibility to
false turn-off due to tran-  5. a solid state relay as recited in claim 4
wherein sients in the control circuit.                         the current
generator means (22) comprises a The preceding description has been
presented        plurality of phototransistors (28) connected be- with
reference to the presently preferred embodiment  15  tween the gate and
drain of the output FET to the invention shown in the drawings. Workers
skil-  (16,17). led in the art and technology to which this invention
pertains will appreciate that alterations and changes  6. A solid state
relay as recited in claim 1 wherein in the described structures can be
practiced.          the solid state switch comprises first and second For
example, it is apparent that other means for  20  output field effect
transistors (FETs) (16,17) con- implementing the coupling and discharge
network        nected gate to gate and source to source, the can be used.
Means to shunt the gates and sources      drains of each FET being
connectable to an out- of the output FETs upon switch turn-off can be
imple-  put voltage. mented with resistive shunts or bipolar transistors.
It is also apparent that other photovoltaic devices can   25  7. A solid
state relay as recited in claim 6 wherein be used in place of the diode
arrays described herein.  the current generator means (22) comprises an
Accordingly, the foregoing description should not   array of
phototransistors (26) connected be- be read as pertaining only to the
precise structure de-  tween the gates and the drains of the output FETs
scribed, but rather should be read consistent with,    (16,17). and as
support for, the following claims.      30 8. A solid state relay as
recited in claim 7 wherein the current generator means (22) further com-
Claims                                                 prises rectifying
means (23,24) coupling the pho- totransistor array to the drains of the
output FETs 1. A solid state relay responsive to light comprising:  35
(16,17). a photodiode array (18) for generating a voltage when illuminated;
a solid state switch (16,17) responsive to  Patentanspruiche 



the photodiode array voltage for switching an out- put voltage, the solid
state switch (16,17) having   40  1. Ein Festk8rperrelais, das auf Licht
reagiert, mit an inherent input capacitance (15);                folgenden
Merkmalen: photoresponsive series switch means           einem
Photodiodenarray (18) zum Erzeugen si- (19,20) for coupling and decoupling
the solid       ner Spannung, wenn dieses beleuchtet wird; state switch
(16,17) to the photodiode array (18)   einem Festkorperschalter (16, 17),
der auf die in response to light; and                  45
Photodiodenarrayspannung reagiert, urn esine current generator means (22)
coupled to       Ausgangsapannung zu schalten, wobei der Fest- the input
capacitance (15) of the solid state switch  k6rperschalter (16, 17) eine
ihm elgene Emn- (16,17), the current generator means producing a
gangskapazitAt (15) aufweist, photocurrent in response to light for
charging the  einer photoreagierende Serienschaltereinrich- inherent
capacitance (15), the current generator  so  tung (19, 20) zum Koppeln und
Entkoppeln des means (22) further comprising amplification
Festkorperschalters (16, 17) mit und von dem means (26) for amplifying the
photocurrent.         Photodiodenarray (18) als Reaktion auf Licht; und 2.
A solid state relay as recited in claim 1 wherein   elner
Stromgeneratorelnrichtung (22), die mitder the amplification means (26)
amplifies the pho-  55  Eingangskapazitit (15) des Festkarperschalters
tocurrent only while the solid state switch (16,17)  (18, 17) gekoppelt
ist, wobel die Stromgenerator- is in an off-state.
einrichtung einen Photostrom als Reaktion auf Lichtzum Laden
derEigenkapazitit (1 5) erzeugt, 5    face-to-face with the silicon chip
across an isolating  3. A solid state relay as recited in claim 2 wherein
gap, or alternatively the LED can be placed in the     the current
generator means (22) comprises a same plane as the chip. With the latter
placement a    plurality of phototransistors (26), the phototran- curved
refractive film is positioned over the LED and  sistors being biased by an
output voltage across the silicon chip containing the solid state relay
circuity   5  the output (13,14) of the solid state switch as disclosed by
Rodriguez. The face-to-face align-    (16,17). ment allows maximum optical
coupling between the LED and the relay while providing minimum LED drive
4. A solid state relay as recited in claim 1 wherein current However, it
also increases the undesirable    the solid state switch comprises a field
effect effect of capacitive coupling between the LED and   10  transistor
(FET) (16,17). the solid state devices in the relay, thereby Increasing the
relay's susceptibility to false turn-off due to tran-  5. a solid state
relay as recited in claim 4 wherein sients in the control circuit.
the current generator means (22) comprises a The preceding description has
been presented       plurality of phototransistors (26) connected be- with
reference to the presently preferred embodiment  15  tween the gate and
drain of the output FET to the invention shown in the drawings. Workers
skil-  (16,17). led in the art and technology to which this invention
pertains will appreciate that alterations and changes  6. A solid state
relay as recited in claim 1 wherein in the described structures can be
practiced.          the solid state switch comprises first and second For
example, it is apparent that other means for  20  output field effect
transistors (FETs) (16,17) con- Implementing the coupling and discharge
network        nected gate to gate and source to source, the can be used.
Means to shunt the gates and sources      drains of each FET being
connectable to an out- of the output FETs upon switch turn-off can be
imple-  put voltage. mented with resistive shunts or bipolar transistors.
It is also apparent that other photovoltaic devices can   25  7. A solid
state relay as recited in claim 6 wherein be used in place of the diode
arrays described herein.  the current generator means (22) comprises an
Accordingly, the foregoing description should not  array of
phototransistors (26) connected be- be read as pertaining only to the
precise structure de-  tween the gates and the drains of the output FETs
scribed, but rather should be read consistent with,   (16,17). and as
support for, the following claims.     30 8. A solid state relay as recited
in claim 7 wherein the current generator means (22) further com- Claims
prises rectifying means (23,24) coupling the pho- 



totransistor array to the drains of the output FETS 1. Asolid state relay
responsive to lightcomprising:  35  (16,17). a photodiode array (18) for
generating a voltage when Illuminated; a solid state switch (16,17)
responsive to  PatentansprOche the photodiode array voltage for switching
an out- put voltage, the solid state switch (16,17) having   40  1. Ein
Festkorperrelals, das auf Licht reagiert, mit an inherent input capacitance
(15);                folgenden Merkmalen: photoresponsive series switch
means          einem Photodlodenarray (18) zum Erzeugen el- (19,20) for
coupling and decoupling the solid      ner Spannung, wenn dieses beleuchtet
wird; state switch (16,17) to the photodiode array (18)  einem
FestkOrperschalter (16, 17), der auf die in response to light and
45      Photodiodenarrayspannung reagiert, um sine current generator means
(22) coupled to      Ausgangsspannung zu schalten, wobei der Feast- the
input capacitance (15)of the solid state switch  korperschalter (16, 17)
eine ihm elgene Emn- (16,17), the current generatormeans producing a
gangskapazitlt (15) aufweist; photocurrent in response to light for
charging the  einer photoreaglerende Serienschaltereinrich- inherent
capacitance (15), the current generator  so  tung (19, 20) zum Koppeln und
Entkoppeln des means (22) further comprising amplification
Festkorperschafters (16, 17) mit und von dem means (26) for amplifying the
photocurrent.        Photodiodenarray (18) als Reaktion auf Licht; und 2. A
solid state relay as recited In claim 1 wherein
einerStromgeneratoreinrichtung (22), die mitder the amplification means
(26) amplifies the pho-  55  Eingangskapazitat (15) des Festkorperschalters
tocurrent only while the solid state switch (16,17)  (16, 17) gekoppelt
ist, wobei die Stromgenerator- is in an off-state.
eindichtung elnen Photostrom als Reaktion auf Licht zum Laden der
Elgenkapazitit (15) erzeugt,    wobel die Stromgeneratorelnrichtung (22)
ferner    pacit6 d'entr6e Intrinseque (15); esne Verstarkungseinrichtung
(26) zum Verstar-           des moyens de commutation s6rie photo- ken des
Photostroms umfa~t.                        sensibles (19,20) pour coupler
le commutateur A N'Wtat solids (16, 17) au r6seau de photodiodes 2. Ein
Festk8rperrelais nach Anspruch 1, bel dem    5  (18) et pourl'en decoupler,
en reponse Ala lumie- die Verstarkungseinrichtung (26) den Photo-
re; et strom nur verstarkt, wahrend der Festkorper-             des moyens
de generation de courant (22) schalter (16, 17) in einem ausgeschalteten
Zu-     coupl6ea Ala capacite d'entree (15) du commuta- stand ist.
teur a l'etat solids (16,17), lea moyens de gene- 10     ration de courant
produisant un courant photo6- 3. Ein Festkorperrelals nach Anspruch 2, bel
dem      lectrique en reponse A la lumiere pour charger la die
Stromgeneratorsinrichtung (22) eine Mehr-      capacite intrinseque (15),
les moyens de g6n6ra- zahl von Phototransistoren (26) UmfaSt, wobel
tion de courant (22) comprenant en outre des die Phototransistoren durch
eineAusgangsspan-      moyens d'amplification (26) pour amplifier le nung
Ober den Ausgang (13, 14) des Festk8rper-  15  courant photoelectrique.
schaltbrs (18, 17) vorgespannt sind. 2. Relals A l'etat solids selon la
revendication 1, 4. Ein Festk8rperrelab nach Anspruch 1, bei dem
dans lequol les moyens d'amplification (26) am- der Festkorperschalter
einen Feldeffekttransi-     plifient le courant photo6lectrique seulement
stor (FET) (18, 17) umrfat.                20      lorsque le commutateurA
l'etatsolide (18,17) est dans un etat desactive. 5. Ein Festk8rperrelais
nach Anspruch 4, bel dem die Stromgeneratoreinrichtung (22) sine Mehr-   3.
Relais A l'etat solide selon la revendication 2, zahl von Phototransistoren
(26) umfal&t, die zwi-  dans Isquel les moyens de generation de courant
schen dem Gats- und Drain-Anschlul der Aus-  25    (22) comprennent une
pluralite de phototransis- gangs-FETs (16, 17) geschaltet sind.
tors (26), les phototransistors 6tant polarises par une tension de sortie
par l'intbrm6diaire de la sor- 6. Ein Festkorperrelais nach Anspruch 1, bei
dem      tie (13, 14) du commutatbur A l'tMat solids (16, der
Festk8rperachalter eonen ersten und einen      17). 



zwelten Ausgangs-Feldeffekttransistor (FETs)  30 (16, 17) umfalt, die
Gatb-zu-Gate und Source-   4. Relais A l'etat solids selon la revendication
1, zu-Source verschaltet sind, wobel die Drain-       dans lequel le
commutatbur A l'etat solids Anschlflsse jedes FET mit einer Ausgangsspan-
comprend un transistor A effet de champ (FET) nung verbindbar sind.
(16,17). 35 7. Ein Festk6rperrelais nach Anspruch 6, bei dem   5. Relals A
l'etat solids selon la revendication 4, die Stromgeneratoreinrichtung (22)
sin Array von   dans lequel les moyens de g6n6ration de courant
Phototransistoren (26) umfaSt, die zwischen die    (22) comprennent une
pluralite de phototransis- Gate- und Drain-AnschlflssederAusgangs-FETs
tors (26) connectes entre la grille et Is drain du (16, 17) geschaltet
sind.                  40      FET de sortie (16, 17). 8. Ein
Festk8rperrelals nach Anspruch 7, bei dem   6. Relais A l'etat solids selon
la revendication 1, die Stromgeneratoreinrichtung (22) ferner sine     dans
lequel le commutateur A l'etat solids Glsichrichtbrsinribhtung (23, 24)
umfalt, die das  comprend des premier et second transistors A ef-
Phototransistorarray mit den Drain-Anschlissen   45  fot de champ de sortie
(FET) (16, 17) connectes derAusgangs-FETs (16,17) koppelt.
grilletgrille etsourceasource, les drains decha- que FET pouvantetre
connect6s A unetension de sortie. Revendlcatlons 50  7. Relais A I'etat
solids selon la revendication 6, 1. Relals A l'etat solids sensible A la
lumilre        dans esquel les moyens de gen6ration de courant comprenant:
(22) comprennent un reseau de phototransistors un reseau de photodiodes
(18) pour gene-     (26) connecte entre les grilles et les drains des rer
une tension lorsqu'il est eclair6;             FET de sortie (18, 17). un
commutateur A l'etat solids (16, 17)  56 sensible A la tension de reseau de
photodiodes  8. Relais A l'etat solids solon la revendication 7, pour
commuter une tension de sortie, le commu-     dans loquel les moyens de
g6n6ration de courant tateur A l'etat solide (16, 17) comportant une ca-
(22) comprennent en outre des moyens de re- 6    11                   EP 0
393 876 B1                    12    l11111 ||              Ji!I * C   L   M
S * dressement (23, 24) oouplant la rMseau de pho- totransistors aux drains
des FET de sortie (16, 17). 5 10 15 20 25 30 35 40 45 50 55 7.    


