"Solid State Relay"” This invention relates to solid state relay and, nore
particularly, to a solid state relay in which a light emtting diode
converts an input signal to a light 5 signal, a photovoltaic diode array
optisal ly coupled to the light emtting dio?e_converts the light signal to
an el ectri cal si gnal which is wused” “for driving a

met al - oxi de- sem conduct or field effect transi stor (hereinafter
reffered to sinply as "MOSFET") as $eldfitPtatadRelapans to obtain a contact
signal-as an output. For the solid state relay of the kind referred to,

t here has been disclosed in U S. Patent No. 4,390,790 to Edward T.

Rotlri guez a solid state relay in which a photovoltaic diode array optically
coupled to a light 15 emtting diode is connected in series with a
MSSFET, across which gat d, or mal_l t : JqU Lan i
connected and an additioﬁ%ﬁgpﬁg?%ggﬁfalg F3§3Cg9ré§i%§ gg%%%cfgglgcgggé
the gate and seuee plrdferddiflies FET tL0OHINsRakeSIGly sACGMINTa! O

this solid state relaay odr I guez, any I nstantaneous m striggering

apt to be occuniighg ighithapldsbad Asnvetey 8h 1heuki Bdohah! deda 1 95ghEOT |

to Rodriguez can’be prevented by the provision of the additional diodé
array which cari@nal§ tdepRetsRbivaidl divae | anedy OBpkktalipWdiplddeto
i ncrease of the chip size 25 due to the necessity of the additional
phot ovol t ai ¢ ditd@e light?2-emitfiyhg adiilodé héonvecessthy laghtt s gnadinbtdedn
circuit arrangenent of the junction FET wth the additional diode
electrical signal which is used for driving a

~ metal-oxide-semiconductor field effect transistor
(hereinafter reffered to simply as "MOSFET") as an output

10 means to obtain a contact signal as an output.

For the solid state relay of the kind referred

to, there has been disclosed in U.S. Patent No. 4,390,790

to Edward T. Rodriguez a solid state relay in which a
photovoltaic diode array optically coupled to a 1light

15 emitting diode is connected in series with a MOSFET,

o across which gate and base a normally ON type junction FET
is connected and an additional photovoltaic diode array is

connected across the gate and source of this junction fET

- through a resistbr. According to this solid state relay

20 of Rodriguez, any instantaneous mistriggering apt to be

v - occurring in the solid state relay of the kind réffergd to

prior to Rodriguez can be prevented by the provision of

&3

the additional diode array which can drive the normally ON.
type junction FET. However, the increase of the chip size

25 due to the necessity of the additional photovoltaic diode



array has rendered a high speed relay operation to be hardly realizable. 5
As a solid state relay which renders the high speed. operation realizable,
there has been disclosed in U S. Patent No. 4,804,866 to Sigeo Akiyama such
solid state relay that a photovoltai ¢ & ode array is optically coupled tza
light emtting diode, an output MOSFET is 10 connected in series to thls
photovol taic diode array, a normally ON type driving transistor is

connect ed aR¥FRY t BBdgatheindnesessétys t9fi s sheputcontsmed awd rguddnt r ol
elestrode of this dri vicgfg transistor is_connected to a connecting point

between t he PHRATRITGIX ditie) BT EPANEET swithakhei addasionaleddmsin,  so
that, upon__occurrence - of hqt.ovol tai c _output at the photovoltaic .
di ode array?tohse ﬁgntr%’bé)eﬁe‘?nguﬁ‘ r BRFeto Y BﬁFréﬁE?’(‘i rﬁ;dPGde, t he.
driving tra,g;'! r. W44 iased into a high inpedance state y a _
vol t age gener%f[}gdré%alclrzo%g'&t he 20 | npedance el enent . According to 4

t hi 2| ay of Akiya the OV, | C Ul 2 OGR U t phoetovol taic
di ogerﬁrréy by thg '%%tgsisgﬁg}d f%oén% hxég#%gh%’hg%qﬁt tl{e%ge%}sodéﬁels%gg%pl i ed

across the gded aBfefQHI6R 2balliaIbPUltHIXT BlagdNthded, NGHSciPsdd OWnas a

phot oel ectric current through the 25 driving transistor conprising a
depletion wisle phtehd afd.eci,B80anBi65t Ofo ([SiGeo | AkPamN EHudELB 1l RE

out put MOSFET is of N-type enhancenent node in the U S. Patent to Akiyans,

t he - 3- gtmiteo\vélay ctbat pat phateeslaatar dridel carrdiar g6 ngpeigalay
-coupled to a light emitting diode, an output MOSFET is

10 connected in series to this photovoltaic diode arroy,.a o/
'~ normally ON type driving-transistof is connected across
the gate and source of this output MOSFET. and a control
electrode of this driving transistor is connected to a
oonnecting point between the photovoltaic diode array and
15 an impedance element, so that, upon occurrence of a
photovoltaic output at the photovoltaic diode array
consequent to an input ‘current to the light emitting
diode, the driving transistor will be biased into a high

impedance state by a voltage generated across the ;)
20 impedance element. According to this relay of Aki&ama,
the photovoltaic output occurred at the_photovoltaic diode
array by the light signal from the light emitting diode is
supplied across the gate and source of the. output MOSFET
and is made to flow as a photoelectric ogrrentlfhrough the
25 driving transistor comprising a depletion mode field

effect transistor (FET).

In an event where the output MOSFET is of N-type

enhancement mode in the U.S. Patent to Akiyama, the



el ectrostatic capacity of t he out put MOSFET as well as a current flow ng
through the driving transistor to flow through a bias resistor as the

| npeetance el enent, the gate 5 of the driving transistor

is biased to a

negéhfbe vol tage by a voltage across the_bjas resistor, the driving

transistor turns instantaneously to the high i npedance stat

e so as to have

ut MOSFET charged efficiently

h t | ect tati i t f the out
and, “acconpanyi TIPSl 4l it cofecs, & guraray (ot

ng var gates

: : ' . oo t
ohen the. i mput St BAEEEL P CEhe hOLBNk? MORFRAE, wal) s &

there occurs n%mkaﬁ'a{&?ﬁ?%&q}he{znﬁi ;ngkﬁ.\éig t@kgnsg

the current flow ng 15 stor

v,

gate electrostatic capacity: of the output MOSFET is discharged throu

dri ving transi siffoudt W 65 de ridil OS5 Ghe? iRHAIEHRRC idedked thi gEﬁEe

5008 & Pow

| Sappears, t he

h the

driving tsansi ssPreheardt ivindOr diisilst ors 1L Ba£l a€H08S nngtQUépUbltage

termnals of the 20 relay. In the solid state relay of

i yama, however

it is inherent byhata t voltisgjeng agnradisentthef Gilgsut reisysalor,,esghasi dgivenghe

rise of the input signal to the relay is relatively steep,

and the falling

gradi ent of therangistas turpsgnitstaspamsdwsly o tohethal [high dhpetihace

i nput signal becones extrenely steep. This is due to that,

while the *

charge of the ¢hate|setasodcatiave: fhgcigareofelegsrogtadicVMC8paATiEY ofir thed

out through the bias resistor and is - 4-

o

\/.-

10

15

20

25

output MOSFET charged efficiently and, accompanying this,
the solid state felay is céused to vary its state across
both output terminals from OFF state to ON state. 1In an
event when the input current to the solid state relay is
interrupted, further, there occurs no photovoltaic output
at the photovoltaic diode array, the current flowing
through the bias resistor disappears, the driving
transistor returns to the ON state, a charge accumulated
in the gate electrostatic capacity of the output MOSFET is
discharged through the driving transistor, and the OFF
state is restored across the output terminals of the
relay. | o

In the solid state relay of Akiyama, however, it

~is inherent that the rising gradient of output signal

responsive to the rise of the input signal to the relay is
relatively steep, and the falling gradient of.fhe output
signal responsive to the falling of the input signal
becomes extremely steep. This is due to that, while the
charge of the gate electrostatic capacity of the output

MOSFET is carried out through the bias resistor and is



thus relatively time-consum ng, the discharge of the charge accunul ated in
the gate electrostatic capacity is perforned quickly through the driving
transi stor made to be at the | ow i npedance state. For this reason, the:5
known relay has involved a problemthat, in the event that a capacitiveiy#
| oad or an inductive load is connected to the relay, there arises a risk
that a large current or a high voltagegis caused to occur upon sw tching
operation of the relay, which nay becone a cause of 10 electrical noise
generation that may result in an erroneous operation of other associated
circuits. l¢hwéldidelatively). BimBatensufiing,fithei discharges1662 they. | daka

et al, therg has b ef a, S0l J t ' \R4 hggovol tai c»

di ode arr ay&ﬁrg%pﬁg%‘élﬁ#ggg%% pfq’ég‘t_ﬁ% gghé %%Q%ﬁ%#%gfﬁy\% eg?gtgoﬁ%ect ed in

series wit hpenfomnedt qwiSKEY, throvghr thednhving transister BadestPhe gate

-and source 9% H]Ee e PYbwMiReRatSstLde atrer htalisi medssine thate upon
e pho

-

atate UporkneVBaBBaTaRAs  SRVOLHRd, Ao R teH (BAEpULD AP AVBBF ot or i s
i nserted i neR&Ei §Scuphbitevaetoalioos ant inductivevdoadaishaopgnectiedent from
LD DTt 0Y oLkl Al FadH € 2Ry SRARES 2 LRSI
across the gata ahdghowaktagfe t ie ozawsed MtOFETCCRY t MPQibnEWdLChings .
According tg Lhis;bgl ayr HHE GAPRR}!YwRAIERS mdPe édche?'d cause of
10 electrical noise generation that may result in an '
erroneous operation of other assqciated_circuits. (W,
In addition, in U.S. Patent Specification No.
5151602 of Y. Idaka et al, there has been suggested a
solid state relay in which a photqvoltaic.diode_array
15 optically coupled to a light_emitting_diode is connected
in series with ari: output MOSFET, a control means is
connected across the gate and source of the output
MOSFET so as . to be at a high impedance state upon:
occurrence of the photovoltaic output but to be at a
20 low impedance state upon disappearance of the
photovoltaic output, and a resistor is inserted in
series with respect to a path for_ flowing a charge
current from the photovoltaic diode array to the gate -
and.source of'the'output MbSFET and a further path for o/
25 flowing a discharge current from a capacitance across
the gate and source of the output MOSFET to the control
means.



source of the output ‘NDSFET Is charged through the inserted
resi st.or upon turned ON, so that a response tinme fromthe rising of the

i nput. signal to the rising of the 5 out put signal will be caused to be
rel"atively long to render the gradient of the rising of the output signal
to be gentle. Upon turning OFF, on TRe~other hand, the accumul ated N

charge at the,capacity acrass th ate_and _source of the o ut FET.is/
di scharged t h}?%‘ﬁu‘gﬁu&:frh% o) £hi’s c%%ﬁ%’l ﬁ@%ngagﬁﬁlﬁxeagﬂ’?gs%%(%nﬁea%[%c?nd
resi ster, so he.ge se. .t frt%"% I nbut Sl f ' t e
out put~ si gnal é%?él ng°€vi !St[gp%e %%ésed to %ﬁon{g}g)en%% or @élré | ng:t%eﬂe
gradient of t{yesout ity &d B fdldd NGutedColSNEbe that W lespttige time
arrangenment, any electrical noise 15 occurrence is prevented, and it

s made possipémtensetibifigh bt Rhe iipUPSidAEl te6NtRE Phs@figWBlel tafe t he
falling time upon the turning OFF respectively independently by neans of
the resgstor owssit edigatleasi ihebeonddwdededns bnd relativelge Dénd heo

out put MOSFET as well as a di ode 20 connected in parallel to the said
resistor. |In témdebottee retadienit lafikichetrisingonfyvehe blepuesisiigmall dro
regulating the rising tinme acts as an elenment for determ ning the | owest
requi red i npuee cgengde.f or Uponni trrrdng h@FEo| | dnstthe oshey whanda the

t hreshol d vol tage 25 of a controlling FET, _i.e., working current,_and
thi s worki ng a¢cpumptated sgbprgee Rt other 2R3 F N ABYOREari®f Ipke and

regulation of the rising tine. Further, .the connection of the
di ode i n par a¥PRFC o Ofheth@siodtput; (MOSFETg 1s discharged through the

— 10

control means a'xid ‘the series connected resistor, so that

the response time from the input _si_gnal fallihg to the

- output signal falling will be caused to be long enough for

rendering the gradient of the output Signal falling to be

gentle. With éﬁch arrangement, any electrical noise

15 occurrence is prevented, and it is made possible to set

the risirig time upon the turning ON as well as the falling

time upon the turning OFF respéctively_ independently by

‘means of the resistor inserted between the control means

\_ and thé __sohrce of the output MOSFET as well as a diode
20 connected in parallel to the said :eéistor.

In the above relay of Idaka et al, however, the

‘resistor for régulating the rising time acts as an element

for determining. i:he 1owes£ required input current for

» turning ON the'solid state relay with a_._thfesl';oid voltage

25 of a controllihg fET, i.e.,; wbrking c;ﬁrrent, and .this

working current is suf:j-ected to a restriction by means of

the regulation of the rising time. Further, the

connection of the diode in parallel to the resistor for



regulating the falling tinme, the voltage across the gate and source of the
out put MOSFET upon the turning ONis caused to be |ower by a forward

vol tage of this diode, and it becones necessary to increase by one cell thq
5 nunber of cells form ng the photovoltaic diode array. Further, the (Y
di scharge of the accunul ated charge in the gate and source capacitance of

t he out put MOSFET upon di sappearance ef 6t hRe photovoltaic output is to be
carried out not only through the control neans but also 10 through the
photovoltaic diode array.in the initial stage of the discharge, that is, so
|l ong as the gate voltage of the output MOSFET is higher than the forward

vol tage of tpeqnatong! tAkCrd12dRgaEinY, £ﬁet961£§§éeéc2539ttﬁé yateh there
ari ses a probl émthat "the discharge 15 current throug? h hot ovol,t ai c

t
di ode array PRIy 8ource &Ff hhe HRUtPRS; MPSFET  ypop, &h ;ﬂqﬁﬁi§2iﬂg is
r egul 3tionbaa|du§éd teﬁmfﬁov:émpfat gerwgtaymeag@" 'G:r:um:bstdﬁ.oaeg OFF is 7
caused to be_| gnger an_that required., 20,. r .
primary aim SPat %gt p#%ggﬁ?si RFET-G1 4] st%olﬁf:gﬁFg? éwsoﬁﬁg g‘%%ﬂey}:ggay :
whi ch has5el huinberedf heeldseformyng cthenphatovaitaic dixdmbarray.
preventing t?‘ﬁrgfa‘éi” r %ﬁ%e-d‘]fsch'%g%' 8?,:% %éﬁn@aﬁé}? dél?%mﬁé‘giﬂr gent of

t he out put signal ufen turning to be gentle and the’response tine

of the rel aygafer andbnsepere t Faragitangeoat  Bhee ovtPute MOSFEL nPRPPhout
affecting thaisuppearohicepesat itie PaGVGVIDLL et ruPpagenisi keenpeon, the
above ai M CalaResed ol AC Al B it N hdle B Tmaght ‘ol 2036 "

10 through the photovoltaic diode array in the initial ;;J
stage of the discharge, that is, so long as the gate
voltage of thé'output MOSFET is higher than the forward
voltage of the photovoltaic diode array, in the latter
event of which there arises a problem that the discharge

15 current through the photovoltaic diode array is
restricted by the resistor for the falling time
regulation and the response time of the relay operation
upon turning OFF is caused to be longer than that
required. | - - '

20 Accordingly, a primary aim of the present
invention is to provide a solid state relay.which,has
eliminated'thg foregoing problems and which is capable -
of preventing the occurrence of the electric noise by o/
the falling gradient of the output signal upon turning

25 OFF to be gentle and the response time of the relay
operation upon the turning OFF to be of the minimum
without affecting the turning ON operation.

' According to the present invention, the above
aim can be realized by providing a normally open solid

30 state relay with minimized response time of relay action




-7- upon turning OFF, conprising a light emtting el enent which emts a

| i ght signal upon receipt of an input current, a photovoltaic diode array
optd~cal |y coupled to said light emtting el ement for generating a 5
phétpvoltaic out put upon receipt of said light signal fromthe |ight
emtting elenent, an inpedance el enent. connected in series wth said

phot ovol tai ¢ di ode array, an output MOSFET=of nornally OFF type connected
to said photovoltaic diode array for being varied fromfirst 10 inpedance
state to second i npedance state with said photovoltaic output applied

across the galPoBndWRARE OFFeqitPmRrising sanddeht yeritting elepent
t'ransi stor coghgeheterPE®sa t DEgHB! SiYNAISOUPER Fedaipt OVEPUAn MITpak t 0 be
bi ased into a_high_inpeda cg Stq%%ig¥d@§%§ voltagivgfn r.at ed a§%$€§§§ald
Lmpedance. ol ofERESHYen 3aBRCTEYE 8 gy, Petically; Soue the
date 3_nd sour said saighdut pemil'limlalﬁ‘g_l' befl ementzd lf(l;im ageneriatpiugnca stat e
upon di sappea Qggg 55%? s i ansi r

havi ng a c%nt ?gp@gﬁ&?g&ro eﬂggnhg%@eﬁo %oﬁ%ecétal’ir% j['])g?ir* be g’n sai d
phot ovol t ai c freme the a}ight smittinedehenentendn  impedangeoelementposed

In said connegphpectleds i supie Wit 4408 Phb¥bie1taiBsiaibae Hrhss said
gate and source of said outbut MOSFET and |ocated on the other side of 25

the driving tPRnOUSRWE MPSEET of, RAXally LOFH tYRe conpgrtednto, faidye

el ement connephetovoltaid | @iodet axxriyd fori Being Thariedentronm Bidstnow be

described,jgn (:juentp%hlahce state to second impedance state with said

U photovoltaic output applied across the gate and source
| of said MOSFET, a normally ON type driving transistor
connected across the gate and source of said output
MOSFET to be Biased into a high impedance state 'by a
15 voltage generated across said impedance element upon
application of said photovoli:aic output across the gate
and source of said output MOSFET but turned into a low
impedance state upon disappearance of the photovoltaic
| output, said driving transistor having a control
20 electrode connected to a connecting point between said
photovoltaic diode array and said impedance element, a
resistor interposed in said connection of said normally
ON type driving transistor across said gate and source
of said output MOSFET and located on the other side of
25 the driving transistor to the impedance element, and a
constant voltage element connected in parallel with said
resistor. _

The invention will now be described-in detail,
by way of example, with reference to the drawings, in

. 30 which:- "



by way of exanple, with reference to the drawings, in 30 which:- - 8-
FFIGURE 1 shows in a circuit diagram an enbodi nent of the solid state
relay according to the present invention; FIG 2 shows in a circui
di agram another 5 enbodinent of the solid state relay according to a4

the present invention; FIG 3 shows in g circuit diagramstill another
enbodi nent of the solid state . relay according to the present invention;
10 FIGS. 4a to 4d show in wave-form di agrans the operation of

the solid state relay shown in FIGS. 1 to 3; FIG 5 shows graphically

the -relationship between the voltage and current of the photovoltaic diode
array enployed in the_solid state relay according to the 15 present :
invention; and FIG BIGERBusl grehfitali’y Bhe SHTOW ondhREF#Bt Wwé@n t he

vol tage and current -of the gﬁfket'on'nnde FET ?nBYo ed ig,the'soli state /
rel ay accor 8PR§AtBeRke e PAYLA iHhRteprelay accordigg| &9 KNS esent

I nvention shall bg_degga?bgg.mﬁth reference to the preferred enbodi nents
shown in thgrafﬁﬂﬁnbg, O 11 be readily appreciated that the-

o Lo % | P oL 2, EELLER, O bttt o
arrangengnt émﬂgaﬂnghﬁ Wt Nithe solid state ‘relay according to the
-presenﬁ-invention:

FIG. 3 shows in a ciréuit diagram still another
embodiment of_.ﬁhe sélid ﬁtate: relay accprdin§ to the
.present invention; |

10 FIGS. 4a to '4a show in wave-form diagrams the
operation of thé .._so_]_..id state relay s_hgwn in :fIGS_. 1 to 3;

FIG. 5 . shows graphically the ' relationship
between the voltage and cuﬁ:ent of the photovoltaic diode
array emplbyed in'the solid state reiaylacéording to the

15 present invention; and

| éIG; 6 shows Qraphically the relationship

between the vqitaﬁe and cur:eﬁt of the dépletibn mode FET Q;
employed in the solid state relay according to the present
inventidn. |

20 While.the present invention shall be.described
with reference to the-preferred-embodiments shown in the
drawings, it will be readily appreg§ated that thé x
intention is not to iimit the invention only to thesé
embodiments but rather to include all alterations,

25 modifications and equivaient arrangements possible within

the scope of appended claims.



t he scope of appended cl ai ns. Referring to FIG 1, there is shown
an enbodi nent of the solid state relay according to the present invention,
in<$2ich such light emtting elenent 12 as a light emtting diode is
conwécted across input 5 termnals 41_and 11A of the solid state
relay, and a photovoltaic diode array 13 is optically coupled to the Iight
emtting diode 12. The nunber of diodes connected in series in the

phot ovol taic diode array 13 is so set that the array generates a voltage

hi gher~ than a threshol Ref@rringol ttge FIGan dut puth@ISFELSLS showrect ed at
Its gate G and source S in series to the photovoltaic diode array 13

tthr ough such emhesimend epénekhe 18ad4d FEatst oFelay TRecoding MoSFEhels s
of an N-channel type enhancenent node, and its drain D and source S forma
fair of out plRFEEFNt nyeRtiQny ig 3¥hdohe gush @H§h§oFWBt§ﬂ§8eeF§P§Ft A@r oss

the gate G and sour of the, out FET 15, there js inserted a
nor mal |y ON aﬁpeaﬁriesﬁa EE I 4 e PR R P B e

Phedri i ng GSafemeis 11 i Rkl ddéﬁg.et%g%%% #%tahrougﬁigi'fseg?%q N
Lo the gate Gual. b Oau}co iy %@Fﬁ;fr% 13 5pgRia 87 EANIRR 100 AR

bet ween t he alc array resis and at qts
38325. E)(I’)l E)P t%%éo%qui: a%e re asﬂ?nl\/l[:)l%ggrﬁﬁall fe % g??e 0{182%2)?{3
g'g‘é" 1?2 g][‘ ' Wts&'{é§”in' THAUSKSESPo1 L&Y DAL ¥EEN ariay NPyt ikerde gkt 11
— that the array generates a voltage higher than a threshold
10 voltage of an output MOSFET 15 connected at its gate G and
source S in series to the photovoltaic diode array 13
through such impedance element 14 as a resistor. This
output MOSFET 15 is of an N~channel type enhancement mode,
and its drain D and source S form a pair of output
15 terminals 16 and 16A of the solid state relay.
Across the gate G and source S of the output
MOSFET 15, therelis inserted e nprmaliy ON type driving
i_z transistor i7 of N-channel depletion mode, in pareliel
relation to the photovoltaic diode array 13. In this
26 case, the driving transistor 17 is connected at its drain
through a resistor 18 to the gate G of the output MOSFET
15, at its gate to a connectlng point between the
photovoltaic diode array 13 and the re51stor 14, and at
its source to the source S of the output MOSFET 15.
25 The operation of the solid state relay in FIG. 1_

shall be referred to next. Now, as an input current is

caused to flow between the input terminals 11 and 1llA of



- 10 - the relay, the light emtting diode 12 generates a |ight signal,

whi ch signal is received by the photovoltaic diode array 13, and a

phot ovol tai ¢ output is generated at both ends of the diode array 13. This~
photovol taic output is 5 appl i ed across the gate G and source S of thgs
out put MOSFET 15, and is al so suppl i~ed0t kr ough the nornmally ON type driving
transistor 17 and the resistor 18. At this tine, a current for charging an
el ect rost at tbec agdeity the tHahfatemidbing ndiede pl? weBrEztes & hightas a
current 10  flowi ng through_the driving.transistor 17 and resistor 18
are caused E&9PRdw WRASHgRiORe1, 48 Ee6riyadsBY nthg PhRtPYREtRIT eIl ¥ nent .

A vol t 3ted the resjstor, 14 the gat lectrod
of the drPYFAY trandidl i AITRVREERIBHRYE bie ndBReFTESY e BTing 15

transistor _17 is Jnstant Ly ot Ge ;state,
ano, i r88H8neE RSB ey 357" DBsa Brofovgh R TRUHIIAC 18 7 °
termnals 1 6 | | at eepkh istor 18
o ot to SpRTigh QAT orhe Har IEIREELRICy E Do otesiet !

el ectrostat ppceRRacidy #Mathe @Al G@piids OuhPYhgHOBRET nbzmand, iénis not

possible that the relay I1s affected in’its turning ON operation by the

presence of tipe IRSWENY thandiktdr EVENdndhele t hesispot L18Lr ernt tehide
i nput 25 termnals 11 and 11A of ‘the relay is interrupted, the

phot ovol t ai @ iméi,0de cuzireay fb¥ charginre amerkratmsstatiic plapavity aat
out put, consequent to which the current : _
the gate G of the output MOSFET 15 as well as a current
10 flowing through the driving transistor 17 and resistor 18
are caused to flow through'thé resistor 14 forming the
impedance elément.i . A voltage generated across the
resistor 14 causes the gate eélectrode of the driving
transistor 17 to be biased to be negative, the driving
15 transistor 17 is instantaneously turned to a high
impedance state, and, in .réspohéé thereto, a high
ihpedance state'across'the outpuf terminals 16 and 16A
varies to a low impédancé sfaté; Here,'the resistor 18 is
nbt to be effective to limit the charge of the \J
20 electrostatic capécity at the gate G of';he output MOSFET
15, and it is not possible that the relay is affected in
its turning ON operation by the presence of the resistor
18. |
'In an event when the input current to.the input
25 terminals 11 and 11A -of- the relay is interrupted, the
photovoltaic diode array 13 no more generates the.

photovoltaic output, consequént to ~which the <current

flowing througthhé resistor 14 disappéars,'the biasing -



flow ng through the resistor 14 di sappears, the biasing Wi th respect to
the gate of the driving transistor 17 is released, and the driving
transistor 17 returns to ON state. In response to this, a charge

accuwdl ated in the gate electrostatic capacity of the output MOSFET 15 is 5
di scharged gradually through the resistor- 18 and the driving
transistor 17, and a high inpedance state is restored across the output
terminals 16 awiltHhcrespechetoethy. gater ofi dewe tdmivimge transistor 13 7wds
absent-—~ the discharge of the accunulated charge at the gate 10

el ectrostati c xekeased, opndhethat Gl VNINGFEFranshptPy ble/ | ASERANENHRSIGN

conpl et ed. Wth the insertion of the resistor 18 of sucﬂ qg%inunl al ue
as several meg¥¥RkethelBi SEARPRECCHO dtisyf 3 HEhYETR RFERPRLRE i&ncdéﬁiity
of. t he out put MOSFET S

15 is limted by th i st 18 h QFF

ti'me of the sV ﬁéef’?ﬁﬁﬁkgﬁﬁgfﬁﬁqﬁrgii isttg?r SHFB?J? \J/'\‘nge“%%r%gofls[ he

I i d | . f ' hficall . tj.on,
mpat of Ssuch PRSI Sastat i EhYRREr | Sheo FRBLbREE, T AR Ay

d 11A of th | LS esid t 20 b [ 8,3
such out put o ray i, Senteeeh (7. Fana IRIGR Timbadadle RIS ot
shown in FIG 4o ig 44 gbrbbe fdtld Alefde wR¥Rihal® UPNahlr Nigl OEF e the
relay's switching operation Is very steep, so as to render the noise to be

readily generat@flay Wtheddigi daa thhRSefiéd ORedfistbe rEHi sae’ dBsene) tdme
ot her hand, the output signal across the output termnals 16 and 16A is of

such wave fornapscidey® | B£Fl GheélC aBcthiutatede Giatde™ at the gate
~ 10 - - electrostatic capacity of the output MOSFET 15 would be
- instantaneously completed. With the insertion of the
resistor 18 of such optimum value as several megohm, the
discharge current of the gate electrostatic capacity of
the output MOSFET 15 is limited by the resistor 18, so
15 that OFF time of the switching is érolonged and the fall
of output wave form of the relay is made gradual.
- Referring more specifically to the 6peration, an
input of'éuch pulse signal as shown in FIG. 4a to the
o input terminals 11 and 11A of the relay results, in éhé
20 - absence of the resistor 18, in such output signal across
the output terminals 16 and 16A of the relay as shown in
FIG. 4b in which the fall of the wave form upon turning
OFF of the relay's switching operation is very steep, so
as to render the noise to be readily generated. With the
25 insertion of the resistor 18, on the other hand, the
output signal across the output terminals 16 and 16A is of-

such wave form as shown in FIG. 4c in which the OFF time

of the relay's switching operation is prolonged and the



of the relay's switching operation is prolonged and the - 12 - fall of
the wave formis nmade gradual, so as to restrict the noise generation. I n
the wave formof FIG 4c, t denotes the tine fromthe interruption of the.

i nput current to a starting point of tB%'turning OFF, and tf 5 denot s/
the time fromthe starting point to & c¢6npl eting point of the turning OFF.
That is, the tine [err] is the one for which the voltage across the gate
and. sourcé€adfl tofe the praveVOSFET 15 nedecgreduplemschaspikn ovestuictvol t age
of fhe diode array 13 to a required across-gate-and-source 10 vol t age
[err] for theninwgachedeneptimpsFEANSthe wAVSt fioam o FRE-ti4fy tFgis the
one for which the voltage across the gate and sqource _of the  output -
MOSFET 1549gaetessethef rbimet Heromw o|theye interrpptign (A€  EReeshBPHtvoI t age
Vt h of the output MOSFET 15. 15 ) Further, provided fhat the y
resi stor wWEOTEBEENtY N2t FEATEIRFaRF Pat #f oFPER YRS 8§Froﬁ i gf !

| f.th NOSFEJ. 15, . i | cul 10 the di . h of
The Bate @eabdolte SUR 17E0 obPRuPEREEFES BELhRNdR (eSPRALSELDY | on
' ted, 1 pal - [
vol tage octPEngtsan tRenals, SR, EREF. 18, end HEUEBG FLUERPIORE' '°

clamped t0 e Qo (HLAUIPRGUOLL2E 0 re oL PubaMIFuirbel HANEngOU! d

exceed a | 6ad voltage, and It S requir o provide a protective circuit.

Wth the i RRRLLUitOMOYFETE 25decrégsest @romd the tPRoEbPSTE4 e RaLBagh the
gate G and source S of the output MOSFET 15, as 1 n the enbodi nent of FIG

1, of the diode array 13 to a required across-gate-and-source

GS(on)
state, and the tim_e_tf is the one for which the voltage

10 voltage V _for.turning the output MOSFET 15 to ON SJ'

across- the gate and source of the output. MOSFET 15
decreases from the  voltage V

GS(on)
voltage V., of the output MOSFET 15.

to the threshold

15 Further, provided that the reéistor was absent

in the discharge path of the gate electrostatic capacity

of the output MOSFET 15, in particular, in the discharge

path of the gate G and source S of the output MOSFET 15,

when the inductive 1oad.is connected across the output - ;;
20 terminals, a reverse electromotive voltage occurring upon

the switching operation of the relay would be clamped to

be over a breakdown voltage of the output MOSFET 15 and

would exceed a load voltage, and it was required to

provide a protective circuit. With the. .insertion of the 3
25 resistor 18 in the discharge path of the gate G and source

S of the output MOSFET 15, as in the embodiment of FIG. 1,-

the reverse electromotive- voltage  generated upon the

relay's switching operation is made to be below the load



the reverse el ectronotive vol tage generated upon the relay's sw tching

operation is nade to be bel ow the | oad -13 - voltage of the output
MOSFET 15, and no protective circuit is required. In FIG 2, there is shown
anofsser enbodinent of the solid state rel according to the present

I nventi on, in which a constant-voltage el enent 29 is addltlonally

connected in al | el o t he resi st erted in serie

driving trans?‘gitb?g?f a8PG PREIRRE lﬁéﬁ@%ﬂ oo aﬁ‘%(PWEehcs‘i fcd]rrecdb]l%g
enbodiaent of, i1 &1 & ; r this constant-voltage el enent 29, a Zener di ode
is 10 - nploye qpre erably, as connected to render a direction fromthe

source S to the gate G gf §fe. OﬂtpEQSPEBEETs%EWBOé%%ﬂﬂ@?mﬂﬁﬁod&ﬁgﬂgybf

voltage [err] of this Zener. diode set to be of a balance of a

subtraction ofnhyOLbPHE & Lke UPeﬂa&uaebega@Ngoftot havedidrdditht! oAl it iUn 27
ffomthe 15 across-gate-and-source voltage [err of the output

MOSFET 35, aniint hidhs Caalcgnstlanithecltadell elafertharge i tddighicnally

el ectrostatic capacity of the output MOSFET 25 is to be carried out as wll
be descri bed ¢onhidetéd! [iowi pgrahaeli stowtdre t lresdstoss- 3at einsekesadir cim
vol t age 20 of the output MOSFET 25 is above [err] a voltage across the
ends of the Zeeriesli width2Ehes dmieinganraneiZbnsr 2ol tagewiblir be ckeathat
the discharge of the accumulated charge at the gate electrostatic
capacity of twWeenurpmPaNESFWitls the Bergarirpy sghoddmend taf ofifh-t Re Zener

di ode 25 29 and driving transistor 27. Further, in the initial
For this constant-voltage element 29, a Zener diode is

— 10 employed, preferably, as connected to render a direction
from the source S to the gate G of the output MOSFET 25 to
be forward. A Zener voltage Vz of this Zener diode 29 is
set to be of a balance of a subtraction of voltage drop
upon turning ON of the driving transistor 27 from the

15 " across~gate—and-source voltage V of the output

GS{on)
MOSFET 25, and the discharge of the accumulated charge in
the gate electrostatic capacity of the output MOSFET 25 is
to be carried out as will be described in the following .

&J, - That is, when the acros5fgate-5nd—source voltage
20 of the output MOSFET 25 is above vGS(on)' a voltage across

‘the ends Qf the Zener diode 29 is more than the Zener

voltage Vz. so that the discharge of the accumulated

charge at the gate electrostatic capacity of the output

v MOSFET 25 can be quickly performed through the-zéner diode

25 29 and driving transistor 27. -Further. in the initial.
stage of the discharge; a sufficiently large voltage is.

applied across the photovoltaic diode array 23 to keep the

array in the ON state, and the discharge current is caused



stage of the discharge, a sufficiently |large voltage'is épplied across the
phot ovol tai c diode array 23 to keep the array in the ON state, and the

di scharge current is caused -14- to flow al so through the photovoltai c-
di ode array 23 and resistor 24. At this time, the gate el ectrode of thg s
driving transistor 27 is positively bitaddd,~ t he driving transistor 27 is
turned to a further | ower inpedance state 5 wth, &n enhancenent

effect of tehELOWOBREP, thirah &) RRALATR! $31G ALPLT afEHAYWSh 3

vol tage across the gate G and source .S of the output ET.25 hecames

bel ow [ er r] T€R&SEOFt ac%ssg't‘hﬁ FHS d{:lb‘aegff}eoe% REET BT ol th@“’Zener
vol tage 10 .lerr] the Zener dipde_29 is.t.herepy, | d OFE_ s , and
t he di schar Gﬁlgf'nghérﬁ&sé'sg:lo&?irgsf’%t ip(?sé'g'ﬁ'g'%ls}; %#g%%g' otlf?'gutgﬂ%ﬁﬁ 25 is
gradually p hyqu L Lesistor L4 NGnb & LSt - In

t he enboding%%géggg?%i52,gguéﬁggéﬁsgésggﬁéftﬁgp ﬂaaéfs%% &€ﬁéFl%§a4a is

appl i ad aCf@riﬁﬂt' hﬁn' NBHhahEERLAR! Sefteald FA WpdaWRdrier, | Hia S eke!
generated by the light emtting el enment 22, and the output signal across
the out put hecphhahe 28 aBdeZEfatédas shown in FIG 4d. That is, the
di scharge of the aCcunul ated charge at the gate 20 el ectrostatic
capacity of the out puwh&hSthd #bltageéaaciessothequiatlel G fard asquercdeds [ err]
and then gradually for a period [err], so that what is called the del ay
time [err] off the output MaSPETORM becomescbelowi Vi Sggf)ofthﬂevcbtages

I ng

swi tchi ng operation can be shortened while.the fal
across the Zener diode 29 becomes below the Zener voltage

10 Vz; the Zener diode 29 is thereby. turned to OFF state, and o/

the discharge of the gate electrostatic capacity of the
output MOSFET 25 is gradually performed through the
resistor 28 and driving transistor 27.
In the embodiment of  FIG. 2,.such.pulse signal
15 as shown in FIG. 4a is applied across the input_terminals 
21 ‘and 21A to have the light signal generated by the light
emitting element 22, and the oﬁtput signal across the

output-terminals'ZG and 26A is as shown in FIG. 4d. That

is, the .discharge of the accumulated charge at the gate ;J

20 electrostatic capacity of the output MOSFET 25 is carried

| out quickly for a period.To—Ti and then gradually for a

period TI-TZ"SO that what is called the delay time_td in

the output wave form upon the "turning OFF of .the relay's

switching -operation -can be shortened @:hile t;.ﬁe falling

25 time tf can be prolonged to render the falling gradient to
‘be gentle.

While in the -above the. disposition of the

resistor 28 has been referred to as being connected to the

L]

i



25 time [err] can be prolonged to render the falling gradient to be
gentle. Wile in the above the disposition of the resistor 28 has been
referm™ed to as being connected to the -15 - drain of the driving
transstor 27, the resistor 28 may be conne ed to the source of the
driving transistor 27. However, in an event When the resistor is connected
in series wth the inpedance- eI enment resistor 24 to be 5 bet ween t he
connecti ng poidfaigs qrfrﬁéh@lﬂréé'i@fg ttirangriistiory 27r-artdles resistoro 28haaye dest or
24 and— he source S of_ the output MOSFET 25, that is, in the same nanner as
in t he -f or egoiGRPNETHAT r'EP afhBf SOWNES cPf althennd@hi viRg ditransdsteans2 Bt or 27
beconmes ON Stﬁité:w‘ otential difference 10 bet ween the gate G and .the
source S of t &Yteﬁgt NbsRRT &Y8hits %ﬁ!‘l e or%%’cﬁt%désofc‘fﬂﬂ%c‘iﬂl dfor

caonnected in ssrles Wlt thq_' resi,stor ntlal at the

connecting poiit :5r t e Lourls of"nﬁ?«ga&"e\/l pf&"ﬁ’%nsf?? FESF { G4t h&Or ebPst or
24 th 5 t

therI Zszchar Se% téa'@ehroug%arcg:"?"rrf(\e'érthoto r]'tn% (?f é%g %?"?]%/é ‘g% laé %elyéglgstor_
24 cannot be fouRd stMy ©FRRSI Engakby; YibP Haf Gh@Nthel Qsd(?lr%e X &P

flows a discharge current in accordance wth a potenti al fference

bet ween a cur i %nﬁ:uerSP@'If PPONeh¥€ 18,2Qn tHICEEMENhahReth@s/ Ol agRel N
t he absence of t i nput si gnal to the' i nput termnals 21 and 21A of the

relay and t he feiregoitigr Netdwic UrgBai ofS pDdska € elt0 ANLT RABAL dHe t Aeive@hgage
in the presence of the input signal, as shown in
_. transistor 27 becomes ON state, a potential difference
— ' '

10 between the gate G and the source S of the output MOSFET
25 is applied to both ends of this resistor connected in
series with the resistor 24, that is, a potential at the
connecting point of the source of the driving transistor
27 to the resistor 24 rises, then the discharge current at
15 the initial stage of the discharge through the
photovoltaic diode array 23 and the resistor 24 cannot be
flowed. More specifically with reference to FIG. 5, there
flows a diécharge current in accordance with a potential
W, difference DDC between a current curve O responsive to
20 increment in the voltage in the absence of the input
signal to the input terminals 21 and 21A of the relay and
the other current curve N responsive to increment in the
voltage in the presence of the input signal, as shown in
e the IV characteristics of the photovolta?c diodé array 23
25 of FIG. 5, however, the potential difference between the
gate G of the output MOSFET 25 and the connecting point of.

the source of the driving resistor 27 and the resistor 24

is made smaller due to the potential rise at the



the IV characteristics of the photovoltaic di ode arfay 23 25 of FIG 5,
however, the potential difference between the gate G of the output MOSFET
25 and the connecting point of the source of the driving resistor 27 and. ..
the resistor 24 is made snmaller due to the potential rise at the -16-_s
connecting point of the source of the ¥iving resistor 27 and the resistor
24, consequent to which the discharge of the gate electrostatic capacity of
t he out put cbhbeEtidg psintdefnbhet sofirow Difir dgh drhievipeg hredistide 27

photovoltaic 5 diode array 23 and resistor 24, and the relay's del ay
time i s nadedl thgereahstene2fel gpnseguenthitag whickaddhwl disqharge @ki vel y
ti me-consum ng. In the enbodinent of FIG 2 on the other hand,_ the .

di scharge hergater ebastrasbathct FRPAFLEYVOf (Bhe anbRet 1MOSFET 23 A4S 23 and
the resistor 24 and the gate e] ectrode of the dri inﬂFtr nsistoy. 27 is
0]

posi ti vel yPBAgs &Pty tPhd 1R cFBFGRIR uIE  PRFR W PRI St or 24, 7
that the.driving. t i 27 | d b h . i mped

statd by AECHRNaRERKeRD BRReEeoLrtoR T Roarey Sle tEelay | d el @i and P once

referred {g %@e.loﬁ:?g‘r fa u@dr%l h&ﬁ&b@éﬂfnﬁa@sbeaa cal gatsd by an

I ncrement in e dischtarge current ow ng through the path of the

gates of tQgcggg@yglyC§Eﬁg_génsgﬁﬂﬁé_diode_29, driving transistor 27 and
t he sources of the out put MOSFET 257 As 20 t he voltage across the gate

G and source S of thenodhguembbBkdneSofleFIEasas  lon [arciodlast |hawek), the
di scharge is to be carried out through the resistor 28 and driving

the discharge current flows through the photovoltaic diode

10 array 23 and the resistor 24 and the gate electrode of the o
driving - transistor 27 is . positively biased by the
discharge current flowing through the resistor 24, so that
the driving transistor 27 is rendered to be further lower
impedance state by the enhancement effect of the MOSFET as

15 has been pértly referred to (see FIG. 6), and the -
discharge can be accelerated by an increment in the
discharge current which flowing through the 'path of the
gates of the output MOSFET 25, Zener diode 29, driving
transistor 27 and the sources of the output MOSFET 25. As ;_}

20 - the voltage across the gate G and source S of the output
MOSFET 25 decreases to reach VGS(on)' next, the discharge
is to be carried out through the resistor 28 and driving
transistor 27 in gradually as has Eéen referred to.

Other constituents and their_ifunctioﬁ in the A

25 embodiment of FIG. 2 are the same  as those in. the
embodiment of FIG. 1.

Now, in still another embodiment of the present

invention as shown in FIG. 3, the constant voltage element



transistor 27 in gradually as has been referred to. Qther constituents and

thelr function in the 25 enbodi nent of FIG 2 are the sane as those
“the enbodi ment of FIG 1. Now, in still another enbodi nent of the
pré%ént i nvention as shown in FIG 3, _t constant vol tage el enent -17-

in the foregoing enmbodi ment of FIG 27is replaced by an enhancerment type
MOSFET 39 connected to be in parallel with the resistor 38 in series
connection wﬂ@hﬁﬂﬁaﬂﬂﬁQﬂQﬂ?Qr%ﬂh@@&%ﬁn37°§nﬁlﬁo be iforerdiaced thtl ar t he
gate ‘and 5 dr ai n. resent instance, the enhancenent t

MOSFET 39 |seR‘§ﬁPCSF‘ePﬁe Wﬁﬁ i ﬁﬁﬁﬁ%’ﬁ‘c&%tﬁ?@nﬁﬁ#fi 1 98l t’é’gepﬁf?xglt he

resi stor 38 dr. ete5 ned value, so t g Q e.of the
eoumil at o BigRoshe, PeRASEEECoH) 6, phies, soeaﬁsﬁ%?v githy ﬁh (SR ResreT
5 10 38
grops to ggnﬁgﬁngg é%@’?%’g‘? gﬁ%e A%éln?. a%%g%rg?\t% he Sgea{%%ﬁ#r

turns t9 the g1 Thefangse Siales ’eﬁndlﬁggagbécr‘aﬁg@ %fnht'\a/%ge oYL ghed

charge at the gateé el ectrostatic capacity o he out put

car ried out gioagual 135 L% ouERe! i 1A S18k Yhpeddncdiostdele WHHANeCLA e
that, simlar to the enbodinent of FIG 2, the delay tinme [err] in the

output wave RI1FagBOadritss Ukl NgeSEELEE (3B debpy' €oS\d t pheagtepmriAédon
can be shortened while prolonging the falling time [err] so as to render

the 20 falvlalmg gsadt.hat thebdigehiarge lof tHe acodmsaesd clodrgdl & 3,
all other

o

the gate electrostatlc capac1ty of the output MOSFET 35

10 ° can be gquickly performed. As the voltage across the

resistor 38 drops to be below the prédetermined value, the

'enhanceﬁent.tyﬁe'MQSFET 39 turns to the high impedance

state, and thé:discharge of the accumulated charge at the

gate electrostatic qapacity of the output MOSFET 35 is

15 carried ouﬁ gtadually through the resistor 38. It should

be appreciated thaii_similar to the embbdiment of FIG. 2,

the delay time ts in the output wave form upon the turning

OFF of the -rélay's switching operation can be shortened

N\ while prolonging the falling time tf SO as‘to render the
20 falling gradient to be gentle.

In .the__embodiment of FIG. 3, all othér
constituents and theirifunctién are the same aé those in
the embodiment of FIG. 1, and the same consti;uents in
FIG. 3 as thosé in the embodiment of FIG.. 1l are denoted by

; 25 the same reference numerals as those uSed in FIG. 1 but

with "20" added thereto.



4

constituents and their function are the sanme as those i n the enbodi nent of

FIG 1, and the sane constituents in FIG 3 as th i i ment of
FIG 1 are denoted by 25 the same reference nummllumumt"ﬁmmksed ™
FIG 1 but with "20" added thereto. - 18 - CLAIMS k. t M normally opens
solid state relay with m nim zed respgnig time of relay action upon turning
OFF, conprising a light emtting el enmen whi ch enmits a |ight signal upon
recei pt of an input current, a photovoltaic diode array optically coupled

to said light emtting el enent for ge ng a photovol tai c out put upon
recei pt of said light signal fromthe -emtting el enent, an inpedance
el ement connected in series with said photovoltaic diode array, an output .

MOSFET of nojmal |y gFReiHRE1GORRN ¥b1iA AL X! ith diadaizeaay for
being varied fromfirst | npedance state to second I npedance,state wth said .,

phot ovol t ai cFSFRANSApFIBY LFoskelY (aFELON URARe BIXRIPG \PEFET, a -
nornmal |y ON tppprdeingn@ it swoittoion) alanserite rvlsich hemybseaaldghtur ce of

Gener ated acPagEal, Mok FRAE, 'IE urf Hholy GREFERET 8 Bnrdvgdeddd G0°
phot ovol t ai cddudeutaxcaysoptiicajdye coupledr & osaddi dlightuemitsing but
oltput, sai deRSHEREPEN CGeneife¥RG &' pHRYGLERIE alieplt KON s
receipt of said light signal from the 1light emitting
element, an impedance element connected in series with
said photovoltaic ‘diode array, an output MOSFET of \J
normally OFF type connected to said photovoltaic diode
array for being varied from first impedance state to
second impédance state with said photovoltaic 'output
applied across the gate and source of said MOSFET, a
normally ON type driving transistor connected across the
gate and source of said output MOSFET to be biased into
a high impedance state by a vdl_tage geherated across
said impedance element upon application of said
photovoltaic output across the gate and source of said
output MOSFET but turned into a low impedance state upon
disappearance of the photovoltaic output, said driving
transistor having a control electrode connected to a L
connecting point between said photovoltaic diode array \uor/
and said impedance element, a resistor interposed in
said connection of said normally ON type driving
transistor across said gate and source of said output
MOSFET and located on the other side of the driving
transistor to the impedance_ element, and a constant
voltage element connected in parallel with saia
resistor. ' '




connecting point between said photovoltaic diode array and said i npedance
el ement, a resistor interposed in said connectionofSard nornally ON type

drivisng transistor across said gate and source of :sgj and
| ocxted on the other side of the driving transistor?“ Iﬂ““f"g“
r el

el enent, and a constant voltage elenment connected +nc pe *Wi.t h
said resistor. - 19 - 2. Arelay X ccording to claim1, wherein said
constant voltage elenment is a Zener diode rendering a direction fromthe
source to the gate of said output MOSFET to be forward. 3. A rel ay

according to @-aim , #herelaysaecerdinginta orlads clendiherein, said
enhancenent t \{hdddritElvePbagéet edefent! Sirai Zened PiideE 2ehaseing &

i st d t-Gircuited at its gate and drain. 4. A, 50l i g stat
[ o1 8y Subet anEHIGFIRN GEERR; b8 EREreE ufbn THA cPikEe of PALISHERS.

MOSFET to be forward.

3. A relay according to claim , wherein said
constant voltage element is an enhancement type MOSFET
connected at its drain and source across said resistor
and short-circuited at its gate and drain.

o 4. A solid state relay substantially as described
herein with reference to the drawings.



