LOAD CONTROL DEVICE Field of the Invention 5The present invention relates to a two-wire load
control device connected in series between an AC power source and a load such as an illumination
device or the like. Background of the Invention 10 Conventionally, load control devices for use in
illumination devices employing a non-contact switch element such as triac, thyrister or the like, have
been used practically. Such a load control device is generally of a 15 two-wire type for the sake of
simple wire connection and is connected in series between an AC power source and a load. In such a
load control device coupled in series between an AC power source and a load, securing its own circuit
power becomes an important issue to be $¢I¥éd. ST Rl ddhtrbtdevice 50 in accordance with a first
conventional example shown in Fig. 44 is connected in series between an AC power source 2 and a
load 3, and includes a main opening/closing unit 51, a rectifying circuit 52, a control unit 53, a first
power source p4dorsupplying ardhstable~glectric power to the control unit 53, a second power source
55 for supplying an electric power to the first power

5 The present invention relates to a two-wire load
control device connected 1in series between an AC power

source and a load such as an illumination device or the like.

Background of the Invention

10

Conventionally, load control devices for use in
illumination devices employing a non-contact switch element
such as triac, thyrister or the 1like, have been used
practically. Such a load control device is generally of a

15 two-wire type for the sake of simple wire connection and is
connected in series between an AC power source and a load.
In such a load control device coupled in series between an
AC power source and a load, securing its own circuit power
becomes an important issue to be solved.

20 A load control device 50 in accordance with a first
conventional example shown in Fig. 44 is connected in series
between an AC power source 2 and a load 3, and includes a
main opening/closing unit 51, a rectifying circuit 52, a
control unit 53, a first power source 54 for supplying a

25 stable electric power to the control unit 53, a second power

gsource 55 for supplying an electric power to the first power



source 54 when the load 3 is not powered, a third power source 56 for supplying an electric power to
the first power source 54 when the load 3 is powered, an auxiliary opening/closing unit 57 for
conducting a minute current to 5the load 3. The main opening/closing unit 51 includes a triac as a
switch element 51a. In an OFF state of the load control device 50 where the load 3 is not
powered, a voltage applied from the AC power source 2 to the load control device 50 is supplied to 10
the second power source 55 through the rectifying circuit 52. The second power source 55 is a
constant voltage circuit including a resistor and a zener diode. In the OFF state, a current flowing

through the load 3 is such a mjnute current that there js no possibility for the load 3 to malfunction. 15
A current constRigd i the' cof r%?un%’% itSL%% togerﬁg’ln gr%%ll,I?/v%“l%eraenéi‘rnpaedgtn%lercggfn tfe Second

power source 3gis-se! todemain Bighp 114 the etherhand, ibaON-glate,ef thedgad sentel
device 50 where the load 3 is powered, the third power 20 source 56 is turned on by a control signal
from the contrelmitcs3 and anwnpadarideeof thedshd éontict deviewS0sid lowéied stiechihapaiy

amount of currenéflgwin ctElcr)oui h therlloe}:d ?g|7s i%%rgasc%d‘ﬁ?} tlgilsr{)oiné, a ci%rr%rét flg&v}r}%i to tthcga third
power source 56 310 fiows ito firet power 2550urce ,?here%y starrl%lnguto charge & buffer

capacitos 54a.the WH8R a gharaed vollage ofdhe buifey eapaciter S4a becomes highaidban a
predetermined threshold, a zener diode 56a included in the third power source 56 breaks down.
Accordingly, a'‘cair@at Begins v Horhinlawantobie-

In an OFF state of the load control device 50 where
the load 3 i1s not powered, a voltage applied from the AC
power source 2 to the load control device 50 is supplied to

10 the second power source 55 through the rectifying circuit 52.
The second power source 55 is a constant voltage circuit
including a resistor and a zener diode. 1In the OFF state, a
current flowing through the load 3 is such a minute current
that there is no possibility for the load 3 to malfunction.

15 A current consumed in the control unit 53 is set to remain
small, while an impedance of the second power source 55 1is
set to remain high.

On the other hand, in an ON gtate of the load control
device 50 where the load 3 ig powered, the third power

20 source 56 is turned on by a control signal from the control
| unit 53 and an impedance of the load control device 50 1is
lowered such that an amount of current flowing through the

load 3 is increased. At this point, a current flowing into

the third power source 56 also flows into the first power

25 source 54, thereby starting to charge a buffer capacitor 54a.



5 auxiliary opening/closing unit 57, so that the auxiliary opening/closing unit 57 becomes a conduction
state (closed state). As a result, a current through the rectifying circuit 52 is transferred to the auxiliary
opening/closing unit 57 instead of flowing to the third power source 56 and 10 also flows to a gate of
the switch element Sla of the main opening/closing unit 51, so that the main opening/closing unit 51
becomes a conduction state (closed state). Thus, almost all of power is supplied to the load 3. Once
the main opening/closing unit 51 becomes a 15 conduction state, the current continues to flow.
However, when an alternating current (AC) reaches a zero-cross point, the switch element 51a is

self-grounded or extinguished (i.e., turned off by itself) apd the main opening/closing unit 51 becomes
non-conductive (ope‘ﬂ eE&te)‘?L %ﬁ?ﬁgawai‘ﬁog%a@peeniﬂ /clglgl g%)hlifgi%e%oarﬁgsc 1r'(ljtc)(rDﬁ"doSSnléﬁlctive, a

current againflows framythejestifying circuih 22 to- e firsteower-saiHse &4 \da she, thirdipeiger source
56 and the load control device 50 performs an operation to secure its own circuit power. That is, an
operation of thesloatircohtded5devicet5@ to Beturk ito@var ciregtpower>andpeadtionsleymake the

auxiliary opening/closing unit 57 and the main_opening/closipg unit 51 conductive are repeated every
half period of ACOTAL d co?\tr&%@@?&téir&gﬁgal&%rd%%ceg\%ﬁw a58c3nd* co%?/%ﬁtio%gl (%?é?nple

shown in Fig 45 isigennectegddn sares 2 Between anACspowes soureR 2 antha loaghd andpcludes a
main opening/closing unit 61, a rectifying circuit 62, a control unit 63, a first power source 64 for
supplying a staisie pogues 1o tiagonyol tnik 63 kesenwrl powePRBUiELEB fop SapElyingaekkctric
power to the firstgo er source 1064 w en the load 3 is n%t p%\p{ered a th{rﬁj power g%rc&% for
supplying an B powe%‘tso the firs Sp%we’r sGurc8'64Wwhen t e]f(?éldjg is poﬁ\?verg (,:a 7ef0 Cross

detector 67 foridetagting=s zere-crasspaint ol load cuments hhe maiRppepiegiciesing nitel
includes MOSFETSs as a switch element
unit 57 instead of flowing to the third power source 56 and
10 also flows to a gate of the switch element 5la of the main
opening/closing unit 51, so that the main opening/closing
unit 51 becomes a conduction state (closed state). Thus,
almost all of power is supplied to the load 3.
Once the main opening/closing unit 51 becomes a
15 conduction state, the current continues to flow. However,
when an alternating current (AC) reaches a zero-cross point,
the switch element 5la 1s self-grounded or extinguished
(i.e., turned off by itself) and the main opening/closing
unit 51 becomes non-conductive (open state). When the main
20 opening/closing unit 51 becomes non-conductive, a current
again flows from the rectifying circuit 52 to the first
power source 54 via the third power source 56 and the load
control device 50 performs an operation to secure its own
circuit power. That 1is, an operation of the load control
25 device 50 to secure its own circuit power, and operations to

make the auxiliary opening/closing unit 57 and the main



1561a thereof and an incandescent lamp is employed as a load to be controlled. When the load 3
is powered, the switch element 61a of the main opening/closing unit 61 becomes conductive for a
period of time determined based on a dimming level inputted 20 from the outside. To be specific, the
switch element 61a becomes a conduction state (closed state) at the moment when the zero-cross
detector 67 detects a zero-cross point of a voltage, and, after a lapse of the above-described period of
time, the switch element 61a becomes a non-conduction state 25(opened state). While the main
opening/closing unit 61 is non-conductive (opened state), the load control device 60 secures its own

cireuit power 3.1y ine st canyentignal example Yifien ihe.mainopeainalelosing yait 61 hecemes
nonconductive;, the zero-cross detector 67 again detects a zero cross point and an opération to make
the switch elepeant&id ads canductive (closed state) is perfolmed. That is, an operation of the load
control device 60 to secure its own circuit power while the main opening/closing unit 61 is in the

non-conductive statePanPatheRREFRAIn SpBAMY/ RSNt uritterBECSIRBS HaritoRduREFEh
operation of the zerg: 10 crogs éj%%‘éggre(aéﬁ%%?ﬁe%t.hﬁ ro,G105%; Poiry, 50 that{he, switch glement
a

61a becomes conductive are repeated every perlodl fAC. In the load control devices 50 and
60 in agcordapee watkariheabave genventieral examplesntl issnetessary 1o dhdraovidel thréesecand
power sources 55, 65 to continue to feed powers to the respective first power sources 54, 64, so that
the control unftd 53, 6ZPEAY BEérate BBl wheh thefdad Fis Rt powerdd TReretoet a Edrrent though

minute, keepsclg)%vt\{iggﬂntgﬁg%logg,3 aarald’ﬂg:cé%di%etpergcﬁf?ce 64 for supplying a

stable power to the control unit 63, a second power source

65 for supplying an electric power to the first power source

10 64 when the load 3 is not powered, a third power source 66

for supplying an electric power to the first power source 64

when the load 3 is powered, a zero cross detector 67 for

detecting a zero-cross point of a load current. The main

opening/closing unit 61 includes MOSFETs as a switch element

15 6la thereof and an incandescent lamp is employed as a load
to be controlled.

When the load 3 is powered, the switch element 6la of

the main opening/closing unit 61 becomes conductive for a

period of time determined based on a dimming level inputted

20 from the outsgside. To be specific, the switch element 6la

becomes a conduction state (closed state) at the moment when

the zero-cross detector 67 detects a zero-cross point of a

voltage, and, after a lapse of the above-described period of

time, the switch element 6la becomes a non-conduction state

25 (opened state). While the main opening/closing unit 61 is

non-conductive (opened state), the load control device 60



20restrictions on specification of the connectable load thereto. Meanwhile, in case where the
switch element of the main opening/closing unit 51 is a triac or thyrister as in the load control device 50
in accordance with the first 25conventional example, a filter is required to reduce noise that is
generated when a power is supplied to the load 3 and to avoid a malfunction due to the noise that
propagates from the power source 2 when the supply of the power to the load 3 is stopped. However,
because of a size of a coil 58 included in the filter and heat generated by the coil 58, it 5is difficult to
achieve scaling down of the load control device. There is disclosed a load control device (referred

to as a "third gayertional exagple ereipaften sefyengnqige casertygthe doa canifofflavice
without using a 10tilter in, e.g., Japanese Paternt Application Publication No. 2006-92859. The load

control devicegbthelthird corventarahexampie i adgittorcioi agwital elesne Meaf@mamaimon -
opening/closing unit, includes a second switching unit having a turn-on resistance larger than that of

the switch conductive, the zero-cross detector 67 again detects a zero

cross point and an operation to make the switch element 61la

5 conductive (closed state) 1s performed. That 1s, an

operation of the load control device 60 to secure 1its own

circuit power while the main opening/closing unit 61 is in

the non-conductive state, and, when the main opening/closing

unit 61 becomes non-conductive, an operation of the zero-

10 cross detector 67 to detect the zero-cross point so that the

switch element 6la becomes conductive are repeated every

half period of AC.

In the load control devices 50 and 60 in accordance

with the above conventional examples, 1t 1s necessary to

15 provide the second power sources 55, 65 to continue to feed
powers to the respective first power socurces 54, 64, so that

the control units 53, 63 can operate even when the load 3 is

not powered. Therefore, a current, though minute, keeps
flowing into the load 3 and, accordingly, there are

20 restrictions on specification of the connectable load

thereto.

Meanwhile, in case where the switch element of the
main opening/closing unit 51 is a triac or thyrister as in
the load control device 50 in accordance with the first

25 conventional example, a filter is required to reduce noise

that i1s generated when a power is supplied to the load 3 and



15 element (first switching unit), wherein the first switching unit is turned on after the second switching
unit is turned on. However, in such third conventional example, control of switch-on timings of the
switch elements and a circuit configuration become complicated due to the increased number 200f
switch elements. In recent years, electric bulb type fluorescent lamps are widely employed to
achieve energy-saving. However, when the switch element 61a of the main opening/closing unit 61 is
a transistor as in the load control device 60 in 25accordance with the first conventional example, there
is a restriction that a load, e.g., an incandescent lamp, in which a load current is in phase with a load
voltage (power factor =.1) needs_to be used. Thereforehtwo-wire lo g}control devicets adafotable
regardless of & ty%\éoolf% Bal s betorh Icl:te%fesuct:ﬁ as aeflﬁl(?r:égger%t 3&1&? aniAcandescent glamp, or
the like, are neededower INsadditian Jt isicomman thatihe Jriagrortransisine usechas the swiieh
element of the main opening/closing unit is made of Si and is of a vertical type in which a current flows
in a vertical direction ettiersidmentHembeawase Peotunetriad aPp-nguhctionexists #Pa Lorffiction

path, and thus,a lpss oceu i overcaming a.barier of the g ungton during an electigal copduction
In the case o € transistor, sifice two eléments need to be connectedh an inverse direction to each

other agd resisiange ©f adaw:15carresensity lavansenyingaaa Wihstanding yaliagedialding layer is
high, a loss occurs in the electrical conduction. Such loss causes large heat dissipation by the switch
element itselfd@mictein turn requires a large sized heat sink. As a result, it is difficult to achieve large

ZOCapacity and Sca”%gg\é\m:%Ioggs%)ﬂg@ége\gc%sdad control device (referred to

as a “third conventional example’ hereinafter) reducing
noise caused by the load control device without using a
10 filter in, e.g., Japanese Patent Application Publication No.
2006-92859. The load control device of the third
conventional example, in addition to a switch element of a
main opening/closing unit, includes a second switching unit
having a turn-on resistance larger than that of the switch
15 element (first switching unit), wherein the first switching
unit is turned on after the second switching unit is turned
on. However, in such third conventional example, control of
switch-on timings of the switch elements and a circuit
configuration become complicated due to the increased number

20 of switch elements.
In recent years, electric bulb type fluorescent lamps
are widely employed to achieve energy-saving. However, when
the switch element 6la of the main opening/closing unit 61
is a transistor as in the load control device 60 in
25 accordance with the first conventional example, there is a

restriction that a load, e.g., an incandescent lamp, in



Further, such load control devices are generally accommodated in a metallic box or the like provided
on a wall to be then used. Since conventional load control devices have a limitation in its scaling down,
it is 25difficult to install the load control devices in combination with other sensors, switches and the
like in a box generally used. Accordingly, there is a need for more scaled down load control device in
order to use the load control device in combination with other sensors, switches and the like, in a
general-sized box. Summary of the Invention In view of the above, the present invention provides
a load control device capable of realizing a scaling down and 10 a large capacity of the load control

device by redyging,p %uairg%ofcﬁ%%teq{%siR%tGQQUpﬂggéeqyica{ 08“(1%%@948%8%9' Vrggb%% .
limitation on the power factor for a load such as a fluorescent lamp, an incandescent lamb or the like.
Further, the pfesentinvention provides atoadzontal<kd. devitaadeteinswitcvelements camabe

accurately controlled in opening and closing timings while reducing a number of components of the

switch elemeftetrOAddRIGhARF tREPR VerEioh prefide£a IGadaBifirdP Hedicd @apalie of
preventing a pinufeghirentdrom 2Q figwing info a{opd while the leag is no powgred, by omiting a
constituent corresponding to the second power source in the conventional example.

5 lamp, or the like, are needed.

In addition, it is common that the triac or transistor
used as the switch element of the main opening/closing unit
is made of Si and is of a vertical type in which a current
flows in a vertical direction of the element. In the case

10 of the triac, a p-n junction exists in a conduction path,
and thus a loss occurs in overcoming a barrier of the p-n
junction during an electrical conduction. In the case of
the transistor, since two elements need to be connected in
an inverse direction to each other and resistance of a low

15 carrier density layer serving as a withstanding voltage
holding layer is high, a 1loss occurs in the electrical

conduction. Such loss causes large heat digsipation by the

switch element itself, which in turn requires a large sized

heat sink. As a result, it is difficult to achieve large
20 capacity and scaling down of load control devices.
Further, such load control devices are generally

accommodated in a metallic box or the like provided on a
wall to be then used. Since conventional load control
devices have a limitation in its scaling down, it 1is
25 difficult to install the load control devices in combination

with other sensors, switches and the like in a box generally



In accordance with a first aspect of the present invention, there is provided a load control device
connected 25in series between an AC power source and a load, including a main opening/closing unit
connected in series between the power source and the load for controlling supply of power to the load
and including a switch element, wherein the switch element has a lateral dual gate transistor structure
having a withstanding voltage portion and having a dual gate to R which a control voltage is applied;
an auxiliary opening/closing unit having an auxiliary switch device of a thyristor structure for controlling
a supply of power to the load when the main opening/closing unit is in a non-conduction state; and a
control unit fag cotroling aneping, j0and,closing.ofhe Juain openingielosig 1oj g hequgary
opening/closing unit. The load control device further includes a first power source unit for receiving
an electric powet from batsvends of theomaropeningseosing uribea ageetifyiny citewit ¢5 and
supplying a stable power to the control unit; a second power source unit for receiving an electric power
from both endLBHBGhaiffopehiiy/Qb8RY LFRRAR Hive re%‘ti%ﬁléi%lﬁﬁlgn&]%ﬁpﬁwg@'a pOWer to the
first power sogéggeggj&wgggetgeg%@ is not powered; a drive circuit for 20 driving the main
opening/closing unit; a third power source unit for supplying a power to the first power source unit
when tl%e load is powered while the main opening/closing unit or the auxiliary opening/closing unit is in

a conduction §£ﬁﬁﬁ;a¥{fi a yoltage getectar. for detecting a voltage 25inputted to the third power source
unit.

In view of the above, the present invention provides a
load control device capable of realizing a scaling down and
10 a large capacity of the load control device by reducing a
quantity of heat dissipated during electrical conducting to
a load, without a limitation on the power factor for a load
such as a fluorescent lamp, an incandescent lamp or the like.
Further, the present invention provides a load control
15 device wherein switch elements can be accurately controlled
in opening and closing timings while reducing a number of
components of the switch elements.
Additionally, the present invention provides a load
control device capable of preventing a minute current £rom
20 flowing into a load while the load is not powered, by
omitting a constituent corresponding to the second power
source 1in the conventional example.
In accordance with a first aspect of the present
invention, there is provided a load control device connected
25 in series between an AC power source and a load, including a

main opening/closing unit connected in series between the



While the load is powered, the control unit makes the main opening/closing unitconductivefor afirst
predetermined period of time when the voltage detector detects that the voltage inputted to the third
power source unit reaches a predetermined threshold and makes the 5 auxiliary opening/closing unit
conductive for a second predetermined period of time when the main opening/closing unit is in
non-conductive state., With the above configuration, the main opening/closing unit includes a
dual-gate transistor as a switch element, 10 which is one of semiconductor chips with a high efficiency
from a viewpoint of a low loss (low resistance), thereby achieving a large capacity and a scaling down

of the load contret devisar ieacgoidanee Wihd seqonckaspest of the present, 15inyesion, there is
provided a load control device connected in series between an AC power source and a load, including

a main openifigfelostrfurinoritkstinga 3 pply of Power &0 geciohd anasRiny & 3RiteH 2iethent of a

ransistor strucjures ap auxiiary qpsning/rloging nit iaving g swich. 20 device of  thyriser structure
and controlling & Supply ‘6t power to the 1oad When1he main opening/closing URitis m a

non-conductign sfate; angha coptrolymit fef.coptioling.opeming and clasing olthgimain epening/closing
unit and the auxiliary opening/closing unit.

5 which a control voltage is applied; an auxiliary
opening/closing unit having an auxiliary switch device of a
thyristor structure for controlling a supply of power to the
load when the main opening/closing unit is 4in a non-
conduction state; and a control unit for controlling opening

10 and closing of the main opening/closing unit and the
auxiliary opening/closing unit.

The load control device further includes a first power
source unit for receiving an electric power from both ends
of the main opening/closing unit via a rectifying circuit

15 and supplying a stable power to the control unit; a second
power source unit for receiving an electric power from both
ends of the main opening/closing unit via the rectifying
circuit, and supplying a power to the first power source
unit when the load 1s not powered; a drive circuit for

20 driving the main opening/closing unit; a third power source
unit for supplying a power to the first power source unit
when the load is powered while the main opening/closing unit
or the auxiliary opening/closing unit 1is in a conduction
state; and a voltage detector for detecting a voltage

25 inputted to the third power source unit.

While the load is powered, the control unit makes the



25The load control device further includes a first power source unit receiving an electric power from
both ends of the main opening/closing unit via a rectifying circuit and supplying a stable power to the
control unit; a second power source unit receiving an electric power from both ends of the main
opening/closing unit via the rectifying circuit and 5 supplying a power to the first power source unit
when the load is not powered; and a third power source unit supplying a power to the first power
source unit when the load is powered while the main opening/closing unit or the auxiliary
opening/closing unit is in a conduction state. 10In the load control device, the third power source unit
includes a voitaige detectenforgietéctingna voltage mputtednteetd,vand aeto crass deféasE for
detecting a zero cross point of a load current, and, when the load !:'%51 powered, the cgrét‘{%lc%nit makes

the main opetFGIEIbSHTE: 18 Unitednditive hife L first BrEHeteriined B&HEd of timte-couted from
when the voliage detgctoy, detecis thag the, valtagg inputied t@othféﬂ@ir%%@:jgew&ﬁ ugitreaches a

predetermined threshold falls on a third predetermined period of time counted from when the zero
cross detectam20 detesisAgero arosspeit of the toad curtent sthelttird aredetermiined pelied of time
being shorter than a half cycle of the load current. With this configuration, since the control unit

makeshe maHSPEmAG/ clORRRTGHE COAATIRG (cIUREH statey U5 first pRdetérmiREd Priod of
t"ne“”mnthS%@ﬁ%@%PﬁE%?&”BQ¥f%%¢Q§¥h%E%go%%éamE%EFQ&QJQeHﬂgking/closing
unit is in non-conductive state.,
With the above configuration, the main opening/closing
unit includes a dual-gate transistor as a switch element,
10 which is one of semiconductor chips with a high efficiency
from a viewpoint of a low loss (low resistance), thereby
achieving a large capacity and a scaling down of the Iload
control device.
In accordance with a second aspect of the present
15 invention, there is provided a load control device connected
in series between an AC power source and a load, including a
main opening/closing unit controlling a supply of power to
the load and having a switch element of a transistor
structure; an auxiliary opening/closing unit having a switch
20 device of a thyrister structure and controlling a supply of
power to the load when the main opening/closing unit is in a
non-conduction state; and a control unit for controlling
opening and closing of the main opening/closing unit and the
auxiliary opening/closing unit.
25 The load control device further includes a first power

source unit receiving an electric power from both ends of

-10-~



power source reaches a predetermined threshold, the power is supplied from the main opening/closing
unit to the load for most of the time of a half cycle of a bower source. Further, the control unit makes
the main opening/closing unit non- 5 conductive when the third predetermined period of time is lapsed
even while in the first predetermined period of time, it can be secured that the main opening/closing
unit becomes non-conductive before a load current reaches a zero-cross point, even when there is a
delay in the timing at which the 10first predetermined period of time begins, e.g., for a low load. In
accordance with a third aspect of the present invention, there is provided a load control device

connected in spEesbeveepaii AG/ROWeriseHretand aleads inghusing & iomaihapeningielasing unit
controlling a supply of power to the load and having a switch element of a transistor structure; an
auxiliary operingielosimg upit Haginbca BRTER dBvicE et adhyfister sttiéture and EATBIIAGESUpply of

power to the load when the main opening/closing unit is in a 20 non-cof[nductl%rgggteéggg aoctontrol

unit for controgIﬁDrlljng Sﬁenﬂﬁgnd: &lo ﬁw@lo hé'thair gﬁ&nﬁﬁﬁ/clggm%rum Hnd the auxiliary

opening/closipgainite 1 n Jhedoad contrekdeyvies, further includes a fikstRpwer soUree;uRit seeeiving an
electric power from both ends of 25the main opening/closing unit via a rectifying circuit and supplying a
stable power taufheloontml anip@wiird powehe first power source unit when the
load is not powered; and a third power source unit supplying
a power to the first power source unit when the load is
powered while the main opening/closing unit or the auxiliary
opening/closing unit is in a conduction state.
10 In the load control device, the third power source
unit includes a voltage detector for detecting a voltage
inputted thereto, and a zero cross detector for detecting a
zero cross point of a load current, and, when the load is
powered, the control unit makes the main opening/closing
15 unit conductive while a first predetermined period of time
counted from when the voltage detector detects that the
voltage inputted to the third power source unit reaches a
predetermined threshold falls on a third predetermined
period of time counted from when the zero cross detector
20 detects a zero cross point of the load current, the third
predetermined period of time being shorter than a half cycle
of the load current.
With this configuration, since the control unit makes
the main opening/closing unit conductive (closed state) for
25 ai first predetermined period of time when the voltage

detection unit detects that a voltage inputted to the third

-11-



source unit supplying a power to the first power source unit when the load is powered while the main
opening/closing unit or the auxiliary opening/closing unit is in a conduction state; a receiving unit
receiving a control signal inputted 5 externally; and a independent power source unit rectifying the
control signal received by the receiving unit and supplying an electric power to the first power source.
With the above configuration, since the independent power source rectifies the control signal received
by the 10 receiving unit and supplies the first power source with a power, there can be omitted a
constituent corresponding to the second power source in the conventional examples. Further, since

the independgpiypewebseuee supphes pawgi-klepengentyandt separalely ta the fistpewes source
and 15the load, a range of usable load can be widened. Brief Description of the Drawings The objects

and features sfelprededtripmeriivh Wil 20 seoneapparsi hamihefollowihelesedgtiorost
embodiments, given in conjunction with the acjggm g<§1C2}{ing drawings, in which: [ IS a circuit
| gat

Fig. 1
diagram of a'8¥itkh Rlen htafx}]}?g gﬁat%rgf% Faristor Sri&dreSRiEh Ztlsgﬁgr% s single
withstanding ygltageartion, andfig.1Bisa clreulit diagran.of an example: inwhigh fwo MOSFET

5 conductive when the third predetermined period of time is
lapsed even while in the first predetermined period of time,
it can be secured that the main opening/closing unit becomes
non-conductive before a load current reaches a zero-cross
point, even when there is a delay in the timing at which the

10 first predetermined period of time begins, e.g., for a low
load.
In accordance with a third aspect of the present
invention, there is provided a load control device connected
in series between an AC power source and a load, including a
15 main opening/closing unit controlling a supply of power to
the 1load and having a switch element of a transistor
structure; an auxiliary opening/closing unit having a switch
device of a thyrister structure and controlling a supply of
power to the load when the main opening/closing unit is in a
20 non-conduction sgtate; and a control unit for controlling
opening and closing of the main opening/closing unit and the
auxiliary opening/closing unit.
The load control device further includes a first power
source unit receiving an electric power from both ends of
25 the main opening/closing unit via a rectifying circuit and

supplying a stable power to the control unit; a third power

-12-



transistor elements are inversely coupled; Fig. 2 is a cross-sectional view of a switch element
having a lateral dual gate transistor structure; Fig. 3 is a circuit diagram for explaining the basic
5configuration of a load control device 1 in accordance with a first embodiment of the present
invention; Fig. 4 is a timing chart illustrating signal waveforms of parts in the load control device in
accordance with the first embodiment; 10Fig. 5 is a circuit diagram illustrating a first example of driving
circuit of the load control device IA in accordance with the first embodiment of the present invention;
Fig. G is an enlarged diagram of the drive circuit of 15the load control device 1A shown in Fig. 5;

Fig. 7 is a circlyt,diagram of asmegified-example.pf the drivesirquit-efthgdead ceniieldevigei tA;
Fig. 8 is an enlarged diagram of the drive circuit shown in Fig. 7; 20Fig. 9 is a circuit diagram a second
example of thehenivectiecuiefihe soarbventedl dévideel Ahe main opening/closing unit
or the auxiliary opening/closing unit is in a conduction
state; a receiving unit receiving a control signal inputted
5 externally; and a independent power source unit rectifying
the control signal received by the receiving unit and
supplying an electric power to the first power source.
Wwith the above configuration, since the independent
power source rectifies the control signal received by the
10 receiving unit and supplies the first power source with a
power, there can be omitted a constituent corresponding to
the second power source in the conventional examples.
Further, since the independent power source supplies power
independently and separately to the first power source and

15 the load, a range of usable load can be widened.

Brief Description of the Drawings

The objects and features of the present invention will

20 become apparent from the following description of

embodiments, given in conjunction with the accompanying
drawings, in which:

Fig. 1A is a circuit diagram of a switch element

having a lateral dual gate transistor structure in which

25 there is a single withstanding voltage portion, and Fig. 1B

is a circuit diagram of an example in which two MOSFET
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Fig. 10 an enlarged diagram of the drive circuit shown in Fig. 9; Fig. 11 is a circuit diagram
showing a specific 25example of drive circuit in accordance with the second example shown in Fig. 9;
Fig. 12 is an enlarged diagram of the drive circuit shown in Fig. 11, Fig. 13 is a circuit diagram
illustrating a modified example of the drive circuit in accordance with the second 5example; Fig.
14 is an enlarged diagram of the drive circuit shown in Fig. 13; Fig. 15 is a circuit diagram of
another modified example of the drive circuit in accordance with the second 10example; Fig. 16 is
an enlarged diagram of the drive circuit shown in Fig.15; Fig. 17 is a circuit diagram of a drive

C"CUHHWaCCO€¥HE§ﬂ@@5§tgﬁ@ﬁ%ﬁﬁﬁ”%&e inversely coupled;
Y P
Fig. 2 1s a cross-sectional view of a switch element

having a lateral dual gate transistor structure;

Fig. 3 i1s a circuit diagram for explaining the basic
5 configuration of a load control device 1 in accordance with
a first embodiment of the present invention;

Fig. 4 is a timing chart illustrating signal waveforms
of parts in the load control device in accordance with the
first embodiment;

10 Fig. 5 is a circuit diagram illustrating a first
example of driving circuit of the load control device 1A in
accordance with the first embodiment of the present
invention;

Fig. 6 1s an enlarged diagram of the drive circuit of

15 the load control device 1A shown in Fig. 5;

Fig. 7 1is a circuit diagram of a modified example of
the drive circuit of the load control device 1A;

Fig. 8 1ig an enlarged diagram of the drive circuit
shown in Fig. 7;

20 Fig. 9 1is a circuit diagram a second example of the
drive circuit of the locad control device 1A;

Fig. 10 an enlarged diagram of the drive circuit shown
in Fig. 9;

Fig. 11 is a «circuit diagram showing a specific

25 example of drive circuit 1in accordance with the second

example shown in Fig. 9;
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15Fig. 18 is an enlarged diagram of the drive circuit shown in Fig. 17, Fig. 19 is a circuit diagram
of a first modified example of the load control device in accordance with the first embodiment; 20Fig.
20 is a circuit diagram of a second modified example of the load control device in accordance with the
first embodiment; Fig. 21 is a time chart illustrating signal waveforms of the respective units in
the load control device shown in 25Fig. 20; Fig. 22 is = circuit diagram of a third modified example of
the load control device in accordance with the first embodiment; Fig, 22 is an enlarged diagram of
the drive circuit shown in Fig. 22; 5Fig. 24 is a time chart illustrating signal waveforms

Fig. 12 1is an enlarged diagram of the drive circuit
shown in Fig. 11;

Fig. 13 is a circuit diagram illustrating a modified
example of the drive circuit in accordance with the second

5 example;

Fig. 14 1is an enlarged diagram of the drive circuit
shown in Fig. 13;

Fig. 15 1s a circuilt diagram of another modified
example of the drive circuit in accordance with the second

10 example;

Fig. 16 is an enlarged diagram of the drive circuit
shown in Fig.15;

Fig. 17 is a circuit diagram of a drive circuit in
accordance with a third example;

15 Fig. 18 is an enlarged diagram of the drive circuit
shown in Fig. 17;

Fig. 19 is a circuit diagram of a first modified
example of the load control device in accordance with the
first embodiment;

20 Fig. 20 is a circuit diagram of a second modified
example of the load control device in accordance with the
first embodiment;

Fig. 21 1s a time chart illustrating signal waveforms
of the respective units in the load control device shown in

25 Fig. 20;

Fig. 22 1s a circuit diagram of a third modified
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of the respective units in the load control device shown in Fig. 22;

a load control device in accordance with a second embodiment of the present 10invention;
is a time chart illustrating signal waveforms of the respective units in case of a high load in the load
control device in accordance with the second embodiment; Fig. 27 is a time chart illustrating signal
waveforms 150f the respective units in case of a low load in the load control device in accordance with

the second embodiment;

units in case where a third predetermined period of time is used in controlling of the main
200pening/clesiagpinit anfl there is adaiv loadtimrdie ldad toatraldevicedm devorlande Wit itike second

embodiment;

the

10

15

20

25

Fig. 23 is an enlarged diagram of the drive circuit
shown in Fig. 22;

Fig. 24 is a time chart illustrating signal waveforms
of the respective units in the load control device shown in
Fig. 22;

Fig. 25 is a circuit diagram of a load control device
in accordance with a second embodiment of the present
invention;

Fig. 26 is a time chart illustrating signal waveforms
of the respective units in case of a high load in the load
control device in accordance with the second embodiment;

Fig. 27 is a time chart illustrating signal waveforms
of the respective units in case of a low load in the load
control device in accordance with the second embodiment;

Fig. 28 is a time chart illustrating signal waveforms
of the respective units in case where a third predetermined
period of time is wused in controlling of the main
opening/closing unit and there is a low load in the load
control device in accordance with the second embodiment;

Fig. 29 is a circuit diagram illustrating the
configuration of a load control device in accordance with a
third embodiment of the present invention;

Fig. 30 is a circuit diagram illustrating the

configuration of a load control device in accordance with a
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Fig. 25 is a circuit diagram of

Fig. 26

Fig. 28 is a time chart illustrating signal waveforms of the respective

) Fig. 29 is a circuit diagram illustrating the configuration of a load control device in
accordance ity & thirilepsidifitaent of the present invention; 25Fig. 30 is a circuit diagram illustrating



configuration of a load control device in accordance with a fourth embodiment of the present
invention; Fig. 31 is a circuit diagram illustrating the configuration of a modified example of the
load control device in accordance with the fourth embodiment; 5Fig. 32 is a block diagram illustrating a
load control system including a load control device in accordance with a fifth embodiment of the
present invention; Fig. 33 is a circuit diagram illustrating the configuration of a first example of
the load control device 10in accordance with the fifth embodiment; Figs. 34A and 34B show
waveforms in operation of the load control device in accordance with the fifth embodiment, Fig. 34A

showing a wavefern whesna pawer fagtoriscl prd &i6,34Bhshewingra waveform when a power factor
is not 1; 15 Fig. 35 is a circuit diagram illustrating the configuration of a second example of the load
control device in accBidance With the fiftkembodienert, diRigragis dviewsillustratitg a wheeform in

operation of the load control device shown in Fig. 35; 20Fig. 37 is a circuit diagram illustrating the
configuration" S e thrd"éahifle GFtheflodt %e\ﬁgeaﬁ\pjtecora%c‘é%ithafﬁg fthSHbodiment;

device in accordance with the fourth embodiment;

5 Fig. 32 is a block diagram illustrating a load control
system including a load control device in accordance with a
fifth embodiment of the present invention;

Fig. 33 is a circuit diagram illustrating the
configuration of a first example of the load control device

10 in accordance with the fifth embodiment;

Figs. 34A and 34B show waveforms in operation of the
load control device in accordance with the fifth embodiment,
Fig. 34A showing a waveform when a power factor is 1 and Fig.
34B showing a waveform when a power factor is not 1;

15 Fig. 35 1is a circuit diagram i1llustrating the
configuration of a second example of the load control device
in accordance with the fifth embodiment;

Fig. 36 1s a view illustrating a waveform in operation
of the load control device shown in Fig. 35;

20 Fig. 37 1s a «circuit diagram illustrating the
configuration of a third example of the load control device
in accordance with the f£ifth embodiment;

Fig. 38 1s a diagram illustrating a schematic
configuration of a switch element included in the main

25 opening/closing unit of the load control device of the third

example;
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Fig. 38 is a diagram illustrating a schematic configuration of a switch element included in the main
250pening/closing unit of the load control device of the third example; Fig. 39 is a circuit diagram
illustrating the configuration of a fourth example of the load control device in accordance with the fifth
embodiment; Fig. 40 is a diagram illustrating a schematic configuration of a switch element
included in the main opening/closing unit of the load control device of the fourth example; Fig. 41
is a cross sectional view taken along a line AA shown in Fig. 40; 10Fig.42 is a circuit diagram
illustrating a configuration of a load control device in accordance with a sixth embodiment of the

present invention;  riflgg. 43is a tige chart ilusteating signal wavgforms of yaraus parts inease
where a third predetermined period 15 of time is used in controlling of the main opening/closing unit
and there is alownflogdia theadfcentioh devicesranpdrlante With thexsikthemtbodiméarice  Fig.

44 is a circuit diagram showing a configuration of a load control device in accordance with a first 20
convenﬂonal%&aﬁ@ﬁ9¥§ﬁpce with Tthe fifth embodiment;

Fig. 40 1s a diagram illustrating a schematic
5 configuration of a switch element included in the main
opening/closing unit of the load control device of the
fourth example;
Fig. 41 is a cross sectional view taken along a line
A-A shown in Fig. 40;

10 Fig. 42 is a circuit diagram illustrating a
configuration of a load control device in accordance with a
sixth embodiment of the present invention;

Fig. 43 is a time chart illustrating signal waveforms
of various parts in case where a third predetermined period

15 of time is used in controlling of the main opening/closing
unit and there is a low load in the load control device in
accordance with the sixth embodiment;

Fig. 44 is a circuit diagram showing a configuration
of a load control device in accordance with a first

20 conventional example; and

Fig. 45 is a circuit diagram showing a configuration
of a load control device in accordance with a second

conventional example.

25 Detailed Description of the Embodiments

-18-



Fig. 45 is a circuit diagram showing a configuration of a load control device in accordance with a
second conventional example. 25Detailed Description of the Embodiments Hereinafter,
embodiments of the present invention will be described in more detail with reference to accompanying
drawings which form a part hereof. First, a switch element for use in a load control 5 device in
accordance with the present invention to be explained below will be described with reference to the
drawings. Fig. |IA shows a circuit diagram of a switch element including a lateral dual gate transistor
structure having a single withstanding voltage portion and Fig. 1B 10 shows a circuit diagram of a

switch element having;a.configuration where i MOSFET (ransistor deyices A geupiad n an

inverse direction like in the second conventional example. Further, Fig. 2 illustrates a cross sectional
view of the switeh glegenitwavingra lateral disad dbpateittansistdrestaotareto  alodbaganiigukation
shown in Fig. IB, since source electrodes S of two transistor devices are connected to each other and
grounded (as g18WesIsotehtatni T8 withRtaidimG ¥6fdge is unnecessary between the source 20
electrodes S and gatnglecErodes 01 angcqg, blftt itis q:ec%ssary between théa git'[éaa%iecgggg% c(;)iL and

02 and drain electrodés D éndaDZ,SFNelspectlv% y?uf%%t is, Rere is heeded a distance for withstanding

voltage i two povtions ane sugh apertinndn whieh the: distancesfioe withstanging 2ovpltage isqaovided
is referred to as 'withstanding voltage portion' hereinafter.Further, since the two transistor
explained below will be described with reference to the
drawings. Fig. 1A shows a circuit diagram of a switch
element including a lateral dual gate transistor structure
having a single withstanding voltage portion and Fig. 1B
10 shows a circuit diagram of a switch element having a
configuration where two MOSFET transistor devices are
coupled in an inverse direction like 1in the second
conventional example. Further, Fig. 2 illustrates a cross

sectional view of the switch element having a lateral dual

15 gate transistor structure.

In the configuration shown in Fig. 1B, since source
electrodes S of two transistor devices are comnnected to each
other and grounded (as a lowest potential unit), a
withstanding voltage i1is unnecessary between the source

20 electrodes S and gate electrodes Gl and G2, but it 1is
necessary between the gate electrodes Gl and G2 and drain
electrodes D1 and D2, respectively. That i1s, there is
needed a distance for withstanding voltage in two portions
and such a portion in which the distance for withstanding

25 voltage is provided is referred to as ‘withstanding voltage

portion’ hereinafter. Further, since the two transistor
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devices are operated by a gate signal on the basis of the source electrode, inputting a same drive
signal to the gate electrodes Cl and 02 of the respective transistor devices can drive the transistor
devices. 50n the other hand, the switch element having a lateral dual gate transistor structure, e.g., as
shown in Figs. IA and 2, can be realized as a bi-directional device with a small loss and a single
withstanding voltage portion. The switch element of such configuration needs to be controlled 10 on
the basis of voltages of the drain electrodes D1 and D2, and, accordingly, different drive signals need
to be inputted to the two gate electrodes 01 and G2, respectively (for that reason, it may be called a
dual gate transistar). (First Embodiment) 15Fig. 3 is a circuit diagram showing a basic configuration of

a load control YeVice™F infdtoftimta WWith £¥rsferfBGGimEht Bf the Preddtt invahticn, 3hd Fi§ 4 is a
time chart illugtatingesignal waveferms obyarious-paitsdgthe load,control device J. Eygher, adetailed
20configuration of a drive circuit 10 is not shown in these drawings, but will be described below.
Referring to Figl S theotbad cbtralmdviee 1 af actordaneepwitht thesfirstremisadintent aetheqresent
invention is coupled.in, series between an ACrpower'source 2 25and a load 3 and includes a main

opening/clositg-tnit 11 f5r the transistor devices.
5 On the other hand, the switch element having a lateral
dual gate transistor structure, e.g., as shown in Figs. 1A
and 2, can be realized as a bi-directional device with a

small loss and a single withstanding voltage portion. The
switch element of such configuration needs to be controlled
10 on the basis of voltages of the drain electrodes D1 and D2,
and, accordingly, different drive signals need to be
inputted to the two gate electrodes Gl and G2, respectively
(for that reason, it may be called a dual gate transistor).

(First Embodiment)

15 Fig. 3 i1s a circuit diagram showing a Dbasic
configuration of a load control device 1 in accordance with
a first embodiment of the present invention, and Fig. 4 is a
time chart illustrating signal waveforms of various parts in
the load control device 1. Further, a detailed

20 configuration of a drive circuit 10 is not shown in these
drawings, but will be described below.

Referring to Fig. 3, the load control device 1 in
accordance with the first embodiment of the present
invention is coupled in series between an AC power source 2

25 and a load 3 and includes a main opening/closing unit 11 for

controlling supply of a power to the load 3, a drive circuit
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controlling supply of a power to the load 3, a drive circuit 10 for driving the main opening/closing unit
11, a rectifying circuit 12, a control unit 13 for controlling the load control device 1 as a whole, a first
power source unit 14 for supplying a stable power to the control unit 13, a 5 second power source unit
15 for supplying an electric power to the first power source unit 14 when the load 3 is not powered, a
third power source unit 16 for supplying an electric power to the first power source unit 14 when the
electric power is supplied to the load 3, an auxiliary opening/closing unit 17 for conducting a minute
current to the load, and the like. In addition, the third power source unit 16 is further provided with

a voltage detector %8 for detecting a voltage inputted thereto. TZe fnasin open; é@osirﬂ unit 11 has a
15 switch elenfent 8%avf§xgjléf fé]?gral L?a ga éL:)l fransistor structure gnértﬁ)e allglg lary opening/closing

17 has an auxiliaps witeh glement having a thyrstarstbuctureic 1 Evesrincam OFd staigyot the load
control device 1 in which the electric power is not supplied to the load 3, 20 since a current flows into
the second pbaed segmenmit IBViathe fe@yifg ¢lRedie 12 FrofthetpRRsiEdoted 28 nitte current

also flows into the_load 3. However, the minute current flowing throu 8§d S suppressed to a
low level sucfi%ha%?trdose’%pr%oj\fl\éééﬂge Sny%%%gﬁct%%ﬂﬁﬁg&% Ict)%1 and E:ilﬁrsiarljmpegza\nce of the second
power sourcesupibAg ipkertatsohighyaluei ¢ 13Vhite-thedpad Jisponered, dmpetangeetthe third
power source unit 16 is made low and a current is started to flow into the load control device % thereby

charging a buffer EbsdefsEE 25 BPWRITirstPeNes seiide uhit 1yhae the load 3 1s no

powered, a third power source unit 16 for supplying an
electric power to the first power source unit 14 when the
electric power is supplied to the load 3, an auxiliary

10 opening/closing unit 17 for conducting a minute current toO
the load, and the like.

In addition, the third power source unit 16 is further
provided with a voltage detector 18 for detecting a voltage
inputted thereto. The main opening/closing unit 11 has a

15 switch element 1la having a lateral dual gate transistor
structure and the auxiliary opening/closing 17 has an
auxiliary switch element having a thyrister structure.

Even in an OFF state of the load control device 1 in
which the electric power is not supplied to the load 3,

20 since a curfent flows into the second power source unit 15
| via the rectifying circuit 12 from the power source 2, a
minute current also flows into the load 3. However, the
minute current flowing through the load 3 is suppressed to a

low level such that it does not cause any malfunction in

25 the load and an impedance of the second power source unit 15

is kept at a high value.
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5 described above, the third power source unit 16 is provided with the voltage detector (charging
monitoring unit) 18 which detects a voltage inputted. When the voltage detector 18 detects that the
voltage inputted to the third power source unit 16 reaches a predetermined threshold, it outputs 10 a
predetermined detection signal. When the control unit 13 receives the detection signal from the voltage
detector 18, it outputs a first pulse signal (main opening/closing unit drive signal) for making the main
opening/closing unit 11 conductive to the drive circuit 10 so that the main 150pening/closing unit 11
becomes conductive (closed state) for a first predetermined period of time. Fig. 3 shows a

configuration example in.which a first pulse output unit 19 gl.e., main ing/ E)Sl@lq unit,drive signal
output unit) is include %nl%e%%%troﬁ%gn%t 1 tﬁg JOfirst Su Se 53%%(?%??{9 éeing C(e)nfigured by

using, e.g., aglsgicated e hatdwanesto; directlycoutput thedirst puise-signaliin respenseito-the
detection signal from the voltage detector 18. Alternatively, without being limited to such configuration,
there may befd eunfiguizsiortitat a 28haif ToRteler 20VACIAdIAg, e BReF EPU, [RRRES SN Glitput of

the voltage detector 18 to output the figst pulse, sigpal in software. T iggpr determined period of
time during w %10%%1% rﬁé’%%%?é%?ﬁg/ééiir% ur%ﬁlil Eéggr%eg%gﬁauc%;%%rs preferably set to be slightly

shorterghan & haki eyelenf powies fregueneh biNexbhowen teunain epeninglelosing pind-dildstarts to
become non-conductive (open state) after a lapse of the first predetermined time, the control unit 13

makes the auxiligry opeainglelbsrgruniie FeeRebctive (assed StatBy vt Bdedehd Pretieterntified

peHOdOfmn%&%%hS%%'géts a voltage inputted. When the voltage detector

18 detects that the voltage inputted to the third power
source unit 16 reaches a predetermined threshold, it outputs

10 a predetermined detection signal. When the control unit 13
receives the detection signal from the voltage detector 18,
it outputs a first pulse signal (main opening/closing unit
drive signal) for making the main opening/closing unit 11
conductive to the drive circuit 10 so that the main

15 opening/closing unit 11 becomes conductive (closed state)
for a first predetermined period of time.

Fig. 3 shows a configuration example in which a first
pulse output unit 19 (i.e., main opening/closing unit drive
signal output unit) is included in the control unit 13, the

20 (first pulse output unit 19 being configured by using, e.g.,
a dedicated IC, in hardware to directly output the first
pulse signal in response to the detection signal from the
voltage detector 18. Alternatively, without being limited
to such configuration, there may be a configuration that a

25 main controller 20 including, e.g., a CPU, receives an

output of the voltage detector 18 to output the first pulse
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10 hundreds 11 seconds). That is, when the main opening/closing unit 11 becomes non-conductive
and a load current begins to flow into the auxiliary opening/closing unit 17, the load current continues
to flow into the auxiliary opening/closing unit 17 until the load current becomes '0'. 15In this regard,
Fig. 3 illustrates a configuration in which a second pulse output unit 21 is provided as a portion of the
control unit 13 to output a second pulse signal (auxiliary opening/closing unit drive signal) having a
duration of a second predetermined period of time so that a 20 drive signal is inputted to the auxiliary
opening/closing unit 17 for the second predeteLmined period of time after detecting that the main

opening/closing unit.11 has become a non-conduction state (open state). Alternatively,.the second
pulse signal rﬁgg%%lou%ﬁlutfeo Ef/” ﬁé:i%g a $6 ng;jéﬁz%gcoﬁﬁgeﬁ%%%gﬁ %%Irleéaﬁzgg %%/Ougéinéé]fa géi%@ circuit
including, e.gsa-diegde, acppdensei-or thedike. openReterdngda fiig. 4uith the aboye epesations, an
electric power is supplied from the main opening/closing unit 11 to the load 3 for most of the time of a
half cycle of a-stafidard pewerssared aftebiie biffer Eondenserl 2T ForfpRIdlg Eh&kRd. After that,
an amount ofﬁ:Ofgluctio curr%nt is redu%ed and then the electric power is supplied from the auxiliary
opening/closina unit E7 1o the 038%?§increet(ﬁ%ezﬂ1%iary opening/closing unit 17 includes an auxiliary
switch device 17a haying-a thyrister sHyCtdEg -t Lhecomes-a Baneendudtion state e adime point

(i.e., zero cross point) when a current value becomes '0'. Further, when the auxiliary opening/closing

unit 17 becorfes ammn-condyifstatera cureristatisabdlow agartinte théawisE power §&&ce unit

16. 15The abaye operalions are repgatpd evew halfycle b o1 unit 13 makes the
auxiliary opening/closing unit 17 conductive (closed state)
for a second predetermined period of time (e.g., several

10 hundreds | seconds). That isg, when the main opening/closing
unit 11 becomes non-conductive and a load current begins to
flow into the auxiliary opening/closing unit 17, the Iload
current continues to flow into the auxiliary opening/closing
unit 17 until the locad current becomes ‘0.

15 In this regard, Fig. 3 illustrates a configuration in
which a second pulse output unit 21 is provided as a portion
of the control wunit 13 to output a second pulse signal
(auxiliary opening/closing wunit drive signal) having a
duration of a second predetermined period of time so that a

20 drive signal is inputted to the auxiliary opening/closing
unit 17 for the second predetermined period of time after
detecting that the main opening/closing unit 11 has become a
non-conduction state (open state). Alternatively, the
second pulse signal may be outputted by using a software

25 configuration or realized by using a delay circuit including,

e.g., a diode, a condenser or the like.
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the power source. Since such operations are performed based on a load current, even when the main
opening/closing unit. 11 includes the switch element 11a having a transistor structure, the load 3 is not
requested to have a power 20 factor of 1. That is, a two-wire load control device in accordance with
the present invention is adaptable to any of fluorescent lamps and glow lamps. Further, in the present
embodiment, since the main opening/closing unit 11 includes the switch element lla containing a
lateral dual gate 25transistor structure, requiring only one single withstanding voltage portion, upon
supplying power to a load, an amount of heat emitted from the switch element itself is reduced,

thereby achieving a %%ag@grq%vgn %Q)d aFl%ge-cEpacvivty% thﬁﬁgada%)gyé)l é@a% -tgﬁssamgﬁime.
id. 2 fo '

In the embodiment shown'in 3, a current detector r detecting a cdrrent flowing through the

auxiliary opeaingéalesiag Witk is providesl Widhithis configuratiomanihespyent 04 diespiengy
deviation or overload, a load current path is changed again from the auxiliary opening/closing unit 17

to the main Y&dgening/desitgeanitaad operfiRg/cliRiy it £ 8etbéfi? 22%s AotiPrAdcesEan? (First

Example) of a standard power source after the buffer condenser 25 is

5 completely charged. After that, an amount of conduction
current is reduced and then the electric power 1is supplied
from the auxiliary opening/closing unit 17 to the load 3.
Since the auxiliary opening/closing wunit 17 includes an
auxiliary switch device 17a having a thyrister structure, it

10 becomes a non-conduction state at a time point (i.e., zero
cross point) when a current value becomes '0’. Further,
when the auxiliary opening/closing unit 17 becomesg a non-
conduction state, a current starts to flow again into the
third power source unit 16.

15 The above operations are repeated every half cycle of
the power source. Since such operations are performed based
on a load current, even when the main opening/closing unit
11 includes the switch element 1la having a transistor
structure, the locad 3 1is not requested to have a power

20 factor of 1. That 1s, a two-wire load control device in
accordance with the present invention is adaptable to any of
fluorescent lamps and glow lamps. Further, in the present
embodiment, since the main opening/closing unit 11 includes
the switch element 1la containing a lateral dual gate

25 transistor structure, requiring only one single withstanding

voltage portion, upon supplying power to a load, an amount
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15Next, there will be thereby protecting the auxiliary from being broken.The current described a load
control device IA including a drive circuit 10 in accordance with a first example in the first embodiment
of the present invention with reference to Figs. 5 and 6. Fig. 5 is a circuit diagram of the load control
device IA including the drive 20 circuit 10 in accordance with the first example and Fig. 6 is an
enlarged diagram of the drive circuit 10 shown in Pig. 5. As shown in Figs. 5 and 6, the drive
circuit 10 for driving the main opening/closing unit 11 includes two sets 250f opto-insulating
semiconductor switch devices 101 and 102, e.g., photocouplers, or the like, corresponding to the dual

gate of the switch element lia. A drive signal from the control unit 13 is inputted respectiyely t
light-emitting Grfits"&AG aerf?jlfﬁ’féiofftﬁ@“bp@ﬁsﬁfﬁﬁﬁ@%eﬁﬁ@%%%tojr%%\ﬁtgcﬁ deVicds %Bg%crgd 102.

Uponrecmvmﬁﬂ@?@ﬂyeégﬂfgving a scaling down and a large-capacity of the

load control device at the same time.
In the embodiment shown in Fig. 3, a current detector
5 22 for detecting a current flowing through the auxiliary
opening/closing unit 17 is provided. Wwith this
configuration, in the event of a frequency deviation or

overload, a load current path is changed again from the

auxiliary opening/closing unit 17 to the main
10 opening/closing unit 11, thereby protecting the auxiliary
opening/closing unit 17 from being broken. The current

detector 22 is not necessarily required, but may be provided
if necessary.
(First Example)

15 Next, there will be described a load control device 1A
including a drive circuit 10 in accordance with a £first
example in the first embodiment of the present invention
with reference to Figs. 5 and 6. Fig. 5 is a circuit
diagram of the load control device 1A including the drive

20 circuit 10 in accordance with the first example and Fig. 6
is an enlarged diagram of the drive circuit 10 shown in Fig.
5.

As shown in Figs. 5 and 6, the drive circuit 10 for
driving the main opening/closing unit 11 includes two sets

25 of opto-insulating semiconductor switch devices 101 and 102,

e.g., photocouplers, or the like, corresponding to the dual
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5each of the light-emitting units 101a and 102a converts an electric power thereof into a light energy
and outputs it. When lights from the light-emitting units 101a and 102a are incident into light receiving
units 101b and 102b of the opto-insulating semiconductor switch devices 101 and 10 102,
respectively, photoelectric conversion is performed by each of the light-receiving units 101b and 102b,
thereby converting the light energy into an electric energy (i.e., generating electricity). The
light-receiving units 101b and 102b are connected to the switch device ha of the main 15
opening/closing unit 11, such that the electric power generated by each of the light-receiving units

101b and 102b is applied as a positive potential to the dual gate of the switch device ha on the basis of
each of conn&&tion potsSAfwHith Helight:-Fe¥eNing dhits 101b Ahd 1025 ja(*fjé]‘%e%)c Beted 16 the AC

power source 2(8.g., & commercial pawer, soureekanddbedoad 3dsee Eig. B)kgnt Anihe drive signal

is outputted from the control unit 13, each of the light-emitting units 101a and 102a of the
opto-insulatingrsensicohduietoreswitch d2gicest10t fend ¢O2@5enstslight iy respovisetiitetooand the

light is inputted to , o , ,

switch devices 101 and 102. Upon receiving the drive signal,
5 each of the light-emitting units 10la and 102a converts an

electric power thereof into a light energy and outputs it.
When lights from the light-emitting units 10la and
102a are incident into light receiving units 10lb and 102b
of the opto-insulating semiconductor switch devices 101 and
10 102, respectively, photoelectric conversion is performed by
each of the light-receiving units 101b and 102b, thereby
converting the light energy into an electric energy (i.e.,
generating electricity). The light-receiving units 101b and
102b are connected to the switch device 1la of the main
15 opening/closing wunit 11, such that the electric power
generated by each of the light-receiving units 101lb and 102b
is applied as a positive potential to the dual gate of the
switch device 1lla on the basis of each of connection points
at which the light-receiving units 101b and 102b are
20 connected to the AC power source 2 {(e.g., a commercial power

source) and the load 3 (see Fig. 5).

As the drive signal is outputted from the control unit

13, each of the light-emitting units 10la and 102a of the
opto-insulating semiconductor switch devices 101 and 102

25 emits light in response thereto and the light is inputted to

a corresponding one of the light-receiving units 101b and

-26-



a corresponding one of the light-receiving units 101b and 102b connected to the gate of the switch
element ha of the main opening/closing unit 11. Thus, the drive signal can be easily inputted to the
gate electrode of the switch element lla whose reference potential is different and, accordingly, 5the
switch element 11a of the main opening/closing unit 11 can become a conduction state (closed state).
Further, since the light-emitting units 101a and 102a and the light-receiving units 101b and 102b of the
optoinsulating semiconductor switch devices 101 and 102 are 10 electrically insulated from each other,
the drive signal is not inputted to the gate electrode of the switch element ha as long as no light is

outputted fromoany etthedight-@miting hwitgd0daandiliasfhatis, supplieddo the gate elaetrode of
the switch element ha is an electric power 15 electrically insulated from the control unit 13 (or the first

power sourc&ahit 1apapiich is diffeters from the drive Bityreal obitprittdd frsm shggantrelaanitors. Also,
the opto-insulatiélg semiconductﬁr switch devices 101 and 102 connected to th% égate electrode of the

switch elemeRtRa20 cArPbE hifiRed 9n ‘@hdl SHRESsif S daitfitely Witk ¥phid Bn Tstisin state,
based on the;drive,sigaal fram he coptralnit 13,1 Eigs: 7 apda llustiate amodified.example of

the drive circuit 10 depicted in Figs. 5 and 6 .In this 25modified example, the light-emitting units 101a
and 102a of thiecoptorirtstifatiageseanicoriductas Switbk dewites d@randd02] osing unit 11
can become a conduction state (closed state).

Further, since the light-emitting units 10la and 102a
and the light-receiving units 101b and 102b of the opto-
insulating semiconductor switch devices 101 and 102 are

10 electrically insulated from each other, the drive signal is
not inputted to the gate electrode of the switch element 1lla
as long as no 1light is outputted from any of the light-
emitting units 10la and 102a. That is, supplied to the gate
electrode of the switch element 1la is an electric power

15 electrically insulated from the control unit 13 (or the
first power source unit 14), which is different from the
drive signal outputted from the control unit 13. Also, the
opto-insulating semiconductor switch devices 101 and 102
connected to the gate electrode of the switch element 1lla

20 can be turned on and off easily and definitely while keeping
an insulation state, based on the drive signal from the

control unit 13.

Figs. 7 and 8 i1llustrate a modified example of the
drive circuit 10 depicted in Figs. 5 and 6. In this
25 modified example, the light-emitting units 10la and 102a of

the opto-insulating semiconductor switch devices 101 and 102,
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e.g., pho,,ocoupler, are connected in series to each other. With this configuration, a value of current
flowing through the drive circuit 10 can be reduced to approximately 1/2, and an electric power
consumption in the drive circuit 10 5can be reduced. (Second Example) A load control device IB
will be explained which includes a drive circuit 10 in accordance with a second example with reference
to Figs. 9 and 10. Fig. 9 shows a 10circuit diagram of the load control device 113 and Fig. 10 is an
enlarged diagram of the drive circuit 10 shown in Fig. 9. As shown in Figs. 9 and 10, the drive
circuit 10 for driving the main opening/closing unit 11 includes diodes 101a and 101b whose anodes
are connected to the first power 15 source unit 14; condensers 102a and 102b Who§e reer)eelgtive one
o}

ends are confieBted t8APRFFIESNd WhEse e GiieFespective ehat ale coitiested
corresponding cathades.of the diodes 101a,and. 101b; and drive switch devices 403a

connected between a connection point of the diodes 101a 20 and 101b and the condensers 102a and
102b, and the gatedenmimalafthe Switd elementisa, radheteinarms beingewdrsetsedarrespdnding to
the dual gate of the switch element The drive switch devices 103a.and 103b are switc 8d on

25and off in rE8ForfER t& aTdtat froR iR coRTBFIRIP T2 Furthidr, wath SF theSdrivaswiteh dgwces
103a agd 103Qhage reguced.

(Second Example)

A load control device 1B will be explained which
includes a drive circuit 10 in accordance with a second
example with reference to Figs. 9 and 10. Fig. 9 shows a

10 circuit diagram of the load control device 1B and Fig. 10 is

an enlarged diagram of the drive circuit 10 shown in Fig. 9.

As shown in Figs. 9 and 10, the drive circuit 10 for
driving the main opening/closing unit 11 includes diodes
10la and 101b whose anodes are connected to the first power

15 source unit 14; condensers 102a and 102b whose respective
one ends are connected to a power line and whose the other
respective ends are connected to corresponding cathodes of
the diodes 10la and 101lb; and drive switch devices 103a and
103b connected between a connection point of the diodes 10la

20 and 101b and the condensers 102a and 102b, and the gate
terminal of the switch element 1la, each elements being two
sets corresponding to the dual gate of the switch element
1lla.

The drive switch devices 103a and 103b are switched on

25 and off in response to a signal from the control unit 13.

Further, each of the drive switch devices 103a and 103b has
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a configuration where a switch unit and an operation unit are isolated from each other. The drive
switch devices 103a and 103b are not limited thereto and may have various configurations as will be
described hereinafter. 5With this configuration, since the first power source unit 14 is connected via
the diodes 101a and 101b to the one respective ends of the condensers 102a and 102b whose the
other respective ends are connected to the power line, a temporary power source is formed by the
condensers 102a and 10 102b on the basis of a potential of the power line. More specifically, a
current flowing from a high voltage side of the power line via power source units in the load control
device 13 to a low valtage side of the power line ch rg{t}a}s one,of the condensers 19:2Lagnd 10gb which
0

is connected Yo th8Tow Béosl?dev.‘%fgaenw%ilévfﬁé% eFihichds Sormectad 1 the Righ voltage side

is not charged And; acaardinglys charging o a5k of thergandensess isaliernatelrepeaterhevery one
cycle of power frequency. When the switch element lla having a lateral dual gate 20 transistor
structure is switched bAba ottagerisdsed onEgoint Edmiadied teide poder liRd rRedSXB B Epplied to

the gate of the switch element ha. More Ege ificglleyé theig %signal from t@g control unit 13 connects

either the drive Wit d8Vis8 133 %r Othe gate of the sﬁf&l%%en¥ 2511a, a voltage charged

in the cgrresponding gopdenser Ondbg basis-afthepower line is-applied i thegaie of theuswitch
element lla and, accordingly, the switch element lla becomes conductive. Once the switch element 11a
becomes conduétivel 4 \citagerasoss the switcineleficaridia betbmesextidnaly SthatbéncPife switch

the crve s BETTEL S034 18 1050 135 e PR soUFeS Ui La- 2 T B ene

other respective ends are connected to the power line, a

temporary power source is formed by the condensers 102a and

10 102b on the basis of a potential of the power line. More

specifically, a current flowing from a high voltage side of

the power line via power source units in the load control

device 1B to a low voltage side of the power line charges

one of the condensers 102a and 102b which is connected to

15 the low voltage side. Meanwhile, the other which is

connected to the high voltage side is not charged and,

accordingly, charging to each of the condensers 1is
alternately repeated every one cycle of power frequency.

When the switch element 1lla having a lateral dual gate

20 transistor structure is switched on, a voltage based on a

point connected to the power line needs to be applied to the

gate of the switch element 1lla. More specifically, when a

signal from the control unit 13 connects either the drive

switch device 103a or 103b to the gate of the switch element

25 l1la, a voltage charged in the corresponding condenser on the

basis of the power line is applied to the gate of the switch
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In the present embodiment, since the drive circuit 10 is connected to the first power source unit 14, it is
10 possible to effectively supply a power for drive. The condensers 102a and 102b serve to
temporarily establish a potential of the gate electrode when the switch element lla is switched from
OFF to ON and, accordingly, may have a small size and capacity. Although a power is supplied from
15 an output terminal of the first power source unit 14 to the drive circuit 10 in the embodiment shown
in Fig. 9, it may be supplied from a relatively stable power source unit, e.g., an input terminal of the
first power source unit 14. Figs. 11 and 12 show a specific configuration example 20 of the drive switch
devices 103a and 103b of the drive circuit 10 of the second example. Each of the drive switch devices

103a and 1035 &HpRYs AhbftBins ASHEH Semtohdutist sitchelemeRtey:, A FhotScoupfet, a
photorelay or the, like. \When thedrivesignal js inpytted 2girem thescantrolyait 1340 she drive circuit

10, an optical signal is outputted from a light-emitting unit and inputted to a light-receiving unitin the
opto-insulation semicoadactecswitch élbmestwdccsrdinglymthetlighttaedebdoganit bedomasly

conductive and a Elirrent d{:ig/%signag flows_from the first power source unit 14 to the gate of the
ince'the

switch elemenit i YEn %iﬁi%ﬁ%ﬁfﬁtan]dlﬁeqﬁg%tfee&ﬁﬁ]g GRE e iR e &Fitth
device aye elegffically.{solated, irogyeachpthesdhe dave signakisnot inpytigd 1 the gatg of the switch

element lla unless a light is outputted

drive switch devicesg 103a and 103b from the £first power

source unit 14.
In the present embodiment, since the drive circuit 10
is connected to the first power source unit 14, it 1is
10 possible to effectively supply a power for drive. The
condensers 102a and 102b serve to temporarily establish a
potential of the gate electrode when the switch element 1lla
is switched from OFF to ON and, - accordingly, may have a
small size and capacity. Although a power is supplied from
15 an output terminal of the first power source unit 14 to the
drive circuit 10 in the embodiment shown in Fig. 9, it may

be supplied from a relatively stable power source unit, e.g.,

an input terminal of the first power source unit 14.

Figs. 11 and 12 show a specific configuration example

20 of the drive switch devices 103a and 103b of the drive
circuit 10 of the second example. Each of the drive switch
devices 103a and 103b employs an opto-insulation
semiconductor switch element, e.g., a photocoupler, a
photorelay or the like. When the drive signal is inputted

25 from the control unit 13 to the drive circuit 10, an optical

signal 1is outputted from a light-emitting unit and inputted
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10 from the light-emitting unit. Therefore, it is possible to easily and definitely switch on and off the
drive switch devices 103a and 103b connected to the gate electrode of the switch element 11a while
keeping electrical isolation thereof, based on the drive signal from the control unit 13. 15 Figs. 13 and
14 present a modified example of the drive circuit 10 shown in Figs. 11 and 12. In this modified
example, the light-emitting units of the drive switch devices 103a and 103b, each employing an
opto-insulation semiconductor switch element, e.g., a photocoupler, a 20 photorelay or the like, are
connected in series. Accordingly, an amount of the current flowing through the drive circuit 10 can be
reduced by 1/2cand,as a iesyili; theepevier egnsunaption in the drivelcircuitddrean bewédudesh Figs. 15
and 16 show another modified example of the 25drive circuit 10 shown in Figs. 11 and_12. In the
present modifiiPeSRPRS TR ligiFterhiting GRS 6Fithe drivé* SR dsAces 103and 1656 each
employing anroeoctginsulation serr%icogductor switgh element, e.g. gcphoatoc%%@gr Batphcgtcg)ggl% or the

. 1V1ITig. Ul ecomes O CCTL1 .
like, are connected in se%es. Eurther, condensers ZPa an i04 are connected between a power line

serving as a kasisafithe gate glectrede anga eannectigppent gfdhe gateelectrode of thergwatch
element lla and the drive switch devices 103a and 103b. In addition to the configuration of the drive
circuit 0 sho@@tin Figs. thieasdr 12 cborsdegizers 1048 and 104b may be 10added thereto. With

this configuration, since the condensers 104a and 104b are provided, a sharp change of a voltage
applied to the gate ele:ft5de Sﬁﬁen]iel\ﬁ%ﬁ é?&ﬁ%ﬁﬂ?égcéﬁ%ga &étgg%yiﬁg%téﬁﬁ%ﬁse&gllﬁa and
104b when thg,drive 15 switch devices 103a.and 103 are switched ap or.off, angl thesswitch glement
lla can be prevented from being sharply turned on or off. As a result, since noise generated due to

switching on drmafhofdbelswitcthelemenhka canilbe resliged la neisenfilter tapuiecmadde smaltes or

omitted. That is, as 20 compared to the conventional examples shown in Figs. 44 and 45, a cail or
condenser seBih§ aSh roise fiiettah pe G, 11a unless a light is outputted

10 from the light-emitting unit. Therefore, it is possible to
easily and definitely switch on and off the drive switch
devices 103a and 103b connected to the gate electrode of the
switch element 1la while keeping electrical isolation
thereof, based on the drive signal from the control unit 13.

15 Figs. 13 and 14 present a modified example of the
drive circuit 10 shown in Figs. 11 and 12. In this modified
example, the light-emitting wunits of the drive switch
devices 103a and 103b, each employing an opto-insulation
semiconductor switch element, e.g., a photocoupler, a

20 photorelay or the like, are connected in series. Accordingly,
an amount of the current flowing through the drive circuit
10 can be reduced by 1/2 and, as a result, the power
consumption in the drive circuit 10 can be reduced.

Figs. 15 and 16 show another modified example of the

25 drive circuit 10 shown in Figs. 11 and 12. 1In the present

modified example, the light-emitting units of the drive
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In case that the noise filter includes a coil, the coil becomes large as a rated current of a load control
25device becomes large and, accordingly, the load control device can be made small by, if possible,
omitting the coil, In case that the noise filter includesa condenser, although there is less restrictions on
the size of the load control device as compared to the coil, an impedance of the load control device is
lowered by the condenser in an off state 5 when the load control device is not powered. This is not
preferable in the off state of the load control device because a current flows via the condenser even in
the off state, which may result in malfunction of the load. Therefore, it is preferred to omit a condenser

for the noise 3Qfilterrdroradha laag canirp] deyice injthedwo-wise jpadgonter) deyicesif pessikle. (Third
Example) Next, a load control device 1B including a drive circuit 10 in accordance with a third
example in therfgstlEs embodinesnof thelprasent inventionokill be elesorbéd with eeference te Figs. 17
and 18. Fig. 17 is a circuit diagram of the load_control device 1B including a drive circuit 10 in

accordance WX B5iRIFER S ple andPERQE2E5< 31 effargedTiayrarfi of EUrivEBREGE TS shidwn in
Fig. 17. 20In Mgg .exafmﬁlgh@ﬁdri%ﬁﬁ%ﬂgégénc'9€%§a and 104b are connected

5 between a power line serving as a basis of the gate
electrode and a connection point of the gate electrode of
the switch element 1la and the drive switch devices 103a and
103b. In addition to the configuration of the drive circuit
10 shown in Figs. 11 and 12, condensers 1l04a and 104b may be

10 added thereto.

With this configuration, since the condensers 104a and
104b are provided, a sharp change of a voltage applied to
the gate electrode of the switch element 1la can be
alleviated by the condensers 104a and 104b when the drive

15 switch devices 103a and 103b are switched on or off, and the
switch element 1la can be prevented from being sharply
turned on or off. As a result, since noige generated due to
switching on or off of the switch element 1la can be reduced,
a noise filter can be made smaller or omitted. That.is, as

20 compared to the conventional examples shown in Figs. 44 and
45, a coil or condenser serving as a noise filter can be
omitted.

In case that the noise filter includes a coil, the
coil becomes large as a rated current of a load control

25 device becomes large and, accordingly, the load control

device can be made small by, if possible, omitting the coil.
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transformer (electromagnetic coupled device) 103 for transferring an electric power by electromagnetic
coupling, e.g., a high frequency insulation transformer or the like, rectifying circuits 104a and 104b, an
oscillator 105, and 25the like. A primary coil 103a of the transformer 103 is coupled to the oscillator
105, which in turn is coupled to the control unit 13. When a drive signal from the control unit 13 is
inputted to the oscillator 105, the oscillator 105 performs an oscillation while the drive signal is applied
thereto, thereby generating an AC current. When the AC current generated by the oscillator 105 flows
through the primary coil 103a of the transformer 103, a current caused by an induced electromotive

force flows injsecendary ©eis 108k and1d3csThe surrent-Aawingdn thehsreondary eqilshtdA3b and

103c of the transfoimer 103 is an alternative current (AC), and is rectified by the rectifying circuits 104a
and 104b and-impotted to thesgate efdctriodeicfithe switdhelemente ll@bf thhendinapenipglciosing unit

11. Further, the rectifying circuits 104a and 104b are 15 connected to the %ate electrode of the switch
element ha s& THatE pdsitive PoReHtRT s Bpplidifor Rt basiddf cRRRBhpoits dtivhict i@ power

source and the oad are respectively compected ta,the power line Herein, since the, pimary cail 103a

and the secondary coils 103b and 103c of 20 the transformer 103 are electrically insulated from each
other, the drivénsignaliie ndtdaguttedtorthe gdateveleetrade aidite switehrel@menrhaas lengmas-a
current does not flow into the primary coil 103a of the transformer 103. That is, an electric power

electrically in&H&fediréth 25ddhtrdttmit 23 fwhidrisiffefentthsm theadtive SiharduttRieddfom the

ConUdLmﬂl%gggﬁggm§tggyig%@ flows via the condenser even in the off

state, which may result in malfunction of the Iload.
Therefore, it is preferred to omit a condenser for the noise

10 filter from the load control device in the two-wire Iload
control device, 1f possible.

(Third Example)

Next, a load control device 1B including a drive
circuit 10 in accordance with a third example in the first
15 embodiment of the present invention will be described with
reference to Figs. 17 and 18. Fig. 17 is a circuit diagram
of the load control device 1B including a drive circuit 10
in accordance with a third example and Fig. 18 1is an
enlarged diagram of the drive circuit 10 shown in Fig. 17.
20 In the third example, the drive circuit 10 includes a
transformer (electromagnetic coupled device) 103 for
transferring an electric power by electromagnetic coupling,
e.g., a high frequency insulation transformer or the like,
rectifying circuits 104a and 104b, an oscillator 105, and
25 the like.

A primary coil 103a of the transformer 103 is coupled
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electrode of the switch element ha. In the drive circuit 10 of the present example, the oscillator
105 is triggered by the drive signal outputted from the control unit 13 and generates an AC electric
power. 5 Accordingly, by appropriately setting an oscillating frequency and an amplitude of an
oscillating signal of the oscillator 105, and the number of coil turn of the primary coil 103a, and the
secondary coils 103b and 103c of the transformer 103, there can be generated a desired electric 10
power in the secondary coils 103b and 103c of the transformer 103. Therefore, even though the gate
of the switch element lla of the main opening/closing unit 11 is a current-type switch element requiring

a current valug of %ﬁgrtain Ievﬂor more, it can be driven stably. Furthermore, 15 it is needless to say

that a drive eléCtric powe? of the 84 8iator %05 id"Sidptied-font BAY oric’of FOWRF§6urdePunitddf the
load control devige -Alternatively, althaughnot shewpdersinnit may.be,configured.to,omit the pscillator

105 and to directly output a pulse signal having 20a given frequency and amplitude from the control
unit 13. (Modified éxamigiut teNextoa lolad costed!ldevicer] 31iA Bccdrdanceswithla aodifietioéxample

of the first embodiment of the present jnvention will be described with reference to Fig. 19. The 25load
control devicep(?e%%gﬁ]ﬁgﬁ above Sacslr; JcﬁE&ﬁ%oﬁ%h}ﬁioﬁ%e?@fwr?enstﬁ@%% digndR®aphited to

the switch elementdlaof themainopegingielosinginit 41, accurrght.dogs not figywin diades githe
rectifying circuit 12. Thus, the switch element ha needs to be of a voltage type in which the gate (gate
terminal) of thewwithtelerpaguited by the oscillator 105 flows through the
primary coil 103a of the transformer 103, a current caused
by an induced electromotive force flows in secondary coils
103b and 103c. The current flowing in the secondary coils
10 103b and 103c of the transformer 103 is an alternative
current (AC), and is rectified by the rectifying circuits
104a and 104b and inputted to the gate electrode of the
switch element lla of the main opening/closing unit 11.
Further, the rectifying circuits 104a and 104b are
15 connected to the gate electrode of the switch element 1la so
that a positive potential 1is applied on the basis of
connection points at which the power source and the locad are
respectively connected to the power line. Herein, since the
primary coil 103a and the secondary coils 103b and 103c of
20 the transformer 103 are electrically insulated from each
other, the drive signal is not inputted to the gate
electrode of the switch element 1la as long as a current
does not flow into the primary coil 103a of the transformer
103. That is, an electric power electrically insulated from
25 control unit 13, which is different from the drive signal

outputted from the control unit 13, is supplied to the gate
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5 does not require a current having a certain level or more value. In the present modified example,
even though the switch element lla of the main opening/closing unit 11 is a current-type switch element
requiring a current having a certain level or more value, it can be stably driven. 10As shown in Fig. 19,
in the load control device 13 in accordance with the modified example, synchro-switch devices 120a
and 120b are connected between an AC power line of the rectifying circuit 12 and a negative output
side of the rectifying circuit 12 serving as a reference of the circuit. 15 The synchro-switch devices
120a and 120b turn on in synchronous to an operation of making the main opening/closing unit 11

closed. When ct)Lhe sync éo-gyltcg devices JhZOealand 1@09@3 made to be in closed states in

synchronous? tie 58 ration o rﬁal%‘ﬁ%%ﬁe malﬁtﬁ%nopenlng/closing unit 11 closed, a path is

established through which gurrentiflawsfiara-ihe first peyyer spurcg saidddntesthegats ofithe switch
element ha of the main opening/closing unit 11. Therefore, even though the gate of the switch

element 25haiscd ddalgate d6%ice reqlifigaecatderthaliig a®eHam |&vVel Bt nofe vRIdeC ftEan be

stably driven._Further, other configurations. qQr basic operation is the same as the fi st 97 iment,
and the configtjfr% |oﬁ£(l)? te 18%68 gir};lﬁ]i% Olé%mgl%éeg %rel?erl% ?se gls%nn(%{ﬁm?te&agpgaﬂjl:cuI?r?y,%au’[ may be

configugationg shewa indhe aboveymentippedexamplas;  shlext.apothemmodified exarapiesof the
load control device in accordance with the first embodiment of the present invention will be described
with referencé teEigsncy 20dhnaR 1270} Poidea Gicurdia@Parhlofaibad coaFortodedicé® in

g st A T N
detector 23 pryided i the thise ROWelSOUEGeMGIL £6 OpeyaliBg wbitey and 103c of the
transformer 103, there can be generated a desired electric
10 power 1in the secondary coils 103b and 103c of the
transformer 103. Therefore, even though the gate of the
switch element 1lla of the main opening/closing unit 11 is a
current-type switch element requiring a current value of a
certain level or more, it can be driven stably. Furthermore,
15 it is needless to say that a drive electric power of the
oscillator 105 1s supplied from any one of power source
units of the load control device. Alternatively, although
not shown herein, it may be configured to omit the
oscillator 105 and to directly output a pulse signal having
20 a given frequency and amplitude from the control unit 13.

(Modified example)

Next, a load control device 1B in accordance with a
modified example of the first embodiment of the present
invention will be described with reference to Fig. 19. The

25 load control device described above has a circuit

configuration where, when the drive signal is applied to the
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15 the load is powered, and a third pulse output unit (drive permission signal output unit) 24, in
addition to the configuration of the load control device 1 shown in Fig. 3. Further, a detailed
configuration of the drive circuit 10 may be any one of those illustrated in the above mentioned
20examples. When the zero cross detector 23 detects a zero cross point of a voltage, the third
pulse output unit 24 outputs a third pulse signal (drive peiutission signal) for a third predetermined
period of time. As shown in Fig. 21, the third 25predetermined period of time corresponds to a period
of time slightly shorter than a half cycle of a power source cycle. The drive signal is inputted to the
gate electrode of the switch element 11a of the main opening/closing unit 11 so that the switch

element lla is B165e8 b d RFHYa pefod df tirMSfoPfhith TE RItPURSECENER opBhing/tiosing unit
driving signal)-and.thethifd fulse, (drive permission gignal)arg,all genarated; . 3 {hg wo-pdre load

control devices, in case when a load connected thereto is small, a time taken in charging the
condenser 25Tecomestengeri ictaselwheretthe leadis<kizsmall, ks configured tastartitgwckive the

main opening/closing unit 11 after the buffer condenser is completely cha,r%ed in the first power source

14 as describe@ withrefer&iGe #9515, 4 ItheSrveSigmatd trd mdh? ofdihg eI SSRJiGRit 11 TRay be
applied even giierpassing Py fp; ¢ cuent.Zer Grose pointgIndhis state s whan ieimaip more

opening/closing unit 11 becomes opened and the auxiliary opening/closing unit 17 becomes closed, a
load current sepdngas a imainctwrept §ows throughi thesguxidiaaynppeningéelesing-tpitd. Tisrefore, it
is not possible to, 20 obtain a stable operation where a charging is performed once every half cycle of

the power soutte t§lle a5 e hibdd abBle. ¢ MEWBVERSIERINE 165 Bt tevite £ uges a
combination of the-ueltags, £@ro ctpsssignghat e requiring a current having a

certain level or more value, it can be stably driven.

10 As shown in Fig. 19, in the load control device 1B in
accordance with the modified example, synchro-switch devices
120a and 120b are connected between an AC power line of the
rectifying circuit 12 and a negative output side of the

rectifying circuit 12 serving as a reference of the circuit.

15 The synchro-switch devices 120a and 120b turn on in
synchronous to an operation of making the main
opening/closing unit 11 closed. When the synchro-switch

devices 120a and 120b are made to be in closed states in

synchronous to the operation  of making the main

20 opening/closing unit 11 closed, a path 1is established

through which current flows from the first power source unit

14 into the gate of the switch element 1la of the main
opening/closing unit 11.

Thefefore, even though the gate of the switch element

25 lla is a dual gate device requiring a current having a

certain level or more value, 1t can be stably driven.
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25charging completion signal, the main opening/closing unit 11 can be controlled such that it will not
be driven for a half cycle or more of the power source cycle based on the voltage zero cross signal.
Therefore, an operation of ensuring a power source every half cycle of the power source cycle can be
stably executed regardless of a capacity of the load connected to the load control device 1C. Next,
a load control device 1D, still another modified example of the load control device in accordance with
the first embodiment of the present invention will be described with reference to Figs. 22 to 24. Fig. 22
is a circuit 10 diagram illustrating a configuration of the load control device 1D in accordance with the

still another magifiecbexamples Fig Z3rs Anenlarged diagiam of thedrive gireuit 10 shewadpfig. 22,
and Fig. 24 is a time chart illustrating signal waveforms of various units in the load 15control device
1D. In thebatleonfrol déviesmdDdinmamcordanne wittethecstifl aagnotterimodifi€d ekamgie] the drive
circuit 10 driving the main opening/closing unit 11 includes diodes 101a and 101b connected to the

first power soGrce Uit 14 AR HAVRDFRGA Withstaddifg vBRiges edset el toHdéerdsfs 102a
and 102b whesgong endsare coupled 1o pwer line and whose, other ends ate coppled fg the, diodes

10l1a and 101b, respectively; and drive switch devices 105a and 105b provided between connection
points &f the digdes18%a and 25101b and the condensers 102a and 102b, and gate terminals of the
switch element ha of the main opening/closing unit 11,

Next, another modified example of the load control
device 1in accordance with the first embodiment of the
present invention will be described with reference to Figs.

20 and 21. Fig. 20 is a circuit diagram of a load control
10 device 1C in accordance with the modified example, and Fig.
21 i1s a time chart illustrating signal waveforms of the
various parts in the load control device 1C. The load
control device 1C further includes a zero cross detector 23
provided in the third power source unit 16 operating while
15 the load is powered, and a third pulse output unit (drive
permission signal output unit) 24, in addition to the
configuration of the load control device 1 shown in Fig. 3.
Further, a detailed configuration of the drive circuit 10
may be any one of those illustrated in the above mentioned

20 examples.

When the =zero cross detector 23 detects a zero cross

point of a voltage, the third pulse output unit 24 outputs a
third pulse signal (drive permission signal) for a third
predetermined period of time. As shown in Fig. 21, the third

25 predetermined period of time corresponds to a period of time

slightly shorter than a half cycle of a power source cycle.
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respectively. The drive switch devices 105a and 105b may be self-turn-off type of, e.g., a photo
thyrister or photo triac. When completion of charging is detected by the voltage 5 detector 18 provided
in the third power source unit 16, the main opening/closing unit 11 is turned into a closed state. At this
time, a signal is inputted to turn the drive switch devices 105a and 105b connected to the gate
electrode of the switch element ha of the main opening/closing unit 11 to be 10 conductive. Since the
drive switch devices 105a and 105b have a thyrister or triac structure, the drive switch devices 105a
and 105b may be driven only by a trigger signal. Thus, a drive electric power of the drive switch
devices 105a and 105b may be made small as compared with the 15examples described above.

In addition, th&dfivelEwiteh dédited 1050 dAtPLd5sartBe fidle FRORSCORMEEIRESm PRy Ssening
e synchroswiehdevies 4208 and 120 praigec e IeGINng SESULIR. T, L = osgble o
[ edi ' o

make the magnitude of 20 the drive electric power nee opening an ing the main
opening/closinghanit themaillikcthe élenwire: loadcontroldevices, ibislgn mopdiant issyehovdato

secure its stabilized power source as well as a control of the load and, therefore, a small magnitude of

the drive elecfrit poWr f6PF5iHBI68d EBRtréFdeiceay e PretérapRemt Rekistd 8péRdionvithe
load. (%econgmqggmegygnaf) Ioagrﬁgjntr&llgevigﬁjl_gciin aggggg%ancgﬂigg segggglfgég.ood&ment of
[

the present invention will be explained with reference to Figs."GD to 28. Fig. 25 is‘a circuit diagram
signal) are all generated.

In the two-wire load control devices, in case when a
load connected thereto is small, a time taken in charging
the condenser 25 becomes longer. In case where the load is

10 small, 1f 1t 1is ‘configured to start to drive the main
opening/closing unit 11 after the buffer condenser is
completely charged in the first power source 14 as described
with reference to Fig. 4, the drive signal to the main
opening/closing unit 11 may be applied even after passing by

15 a current zero cross point. In this state, when the main
opening/closing unit 11 becomes opened and the auxiliary
opening/closing unit 17 becomes closed, a load current
serving as a main current flows through the auxiliary
opening/closing unit 17. Therefore, it is not possible to

20 obtain a stable operation where a charging is performed once
every half cycle of the power source cycle as described

above.

However, since the 1lcad control device 1C uses a
combination of the voltage =zero c¢ross signal and the
25 charging completion signal, the main opening/closing unit 11

can be controlled such that it will not be driven for a half
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5 showing a configuration of the load control device 1E, Figs. 26 to 28 are time charts illustrating signal
waveforms of various parts of the load control device 1E. Referring to Fig. 25, the load control
device 1E is serially connected between an AC power source 2 and a load 3 10 and includes a main
opening/closing unit 11 for controlling supply of power to the load 3, a rectifying circuit 12, a control
unit 13 for controlling the load control device IE as a whole, a first power source unit 14 for supplying a
stable power to the control unit 13, a second power source 15 unit 15 for supplying an electric power
to the first power source unit 14 when the load 3 is not powered, a third power source unit 16 for

supplying an Elecylc RANIIAING firshpowel, souree,nil 14 ayhen.the dleglric,payer is sypalicd to the
|

load 3, an auxiliary opening/closing unit 17 for 20conducting a minute current to the load, and the like.
In addition, thedhisd pewessoyiesunit 16 sHkrtberpeovided Wil veliage detectarst8fongletecting a
voltage inputted thereto and a zero cross detector 23 for detecting a zero cross point of a load current.
The main 250pRTHRE/Ee3ing uINRVIAad'a slitely elemerft hahisaiRy s frapsistersstieicture ap@iithe
auxiliary openti)ng/cl sing unit 17 has auxilia][){i witch element 17a having at yri%g;)r struc%e.
Further, the controf Unit 13 includes a main controér2o iﬁcludallngcaaEi"CleB the fike, 6ﬁrstﬁu e

output unit 19-8,56£00d PUise @UPUL HA 21-aRd a1third wpulse;utput unit 24.  Upon receiving a
charge completion signal indicating charging completion of a buffer condenser 25 from the voltage

detector 18, the first fydsg: outpUL Yol 19AHIpUtS list pulserd? copdugt the,nala pPRBIRgIdaEing uni

example of the load control device in accordance with the
first embodiment of the present invention will be described
with reference to Figs. 22 to 24. Fig. 22 1s a circuit
10 diagram illustrating a configuration of the load control
device 1D in accordance with the still another modified
example, Fig. 23 is an enlarged diagram of the drive circuit
10 shown in Fig. 22, and Fig. 24 1is a time chart
illustrating signal waveforms of various units in the load
15 control device 1D.

In the load control device 1D in accordance with the
still another modified example, the drive circuit 10 driving
the main opening/closing unit 11 includes diodes 10la and
101b connected to the first power source unit 14, which have

20 high withstanding voltages, respectively; condensers 102a
and 102b whose one ends are coupled to power line and whose
other ends are coupled to the diodes 10la and 101b,
respectively; and drive switch devices 105a and 105b
provided between connection points of the diodes 10la and

25 101b and the condensers 102a and 102b, and gate terminals of

the switch element 1la of the main opening/closing unit 11,
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10 for a first predetermined period of time. That is, the first pulse rises when the charging completion
signal is inputted from the voltage detector 18, and then descends after a lapse of the first
predetermined period of time. When the zero cross detector 23 detects a zero cross point 15 of the
load current, the third pulse output unit 21 outputs a third pulse for a third predetermined period of time
to limit an opened state of the main opening/closing unit 11. That is, the third pulse rises when the zero
cross detecting signal is received from the zero cross detector 23, and then 20goes down after a lapse
of the third predetermined period of time. Further, the second pulse output unit 21 detects that the

main opening/closing unit 11 ha B{eco e non-conductive, . an tputs a.s d pulse to conduct
the auxiliary osppeer](?r%:g]lgﬁ)]%%g anlelf{%lrvaeses%lrrll%icp%}eg%t\éﬁ%?nsegl ;?e%%dao %}in?& at“}g,yth%esecond

pulse rises when the-main gaeningislosigg unit 14 becameg mepcortdyativerard then goescdown
after a lapse of the second Predetermined period of time. With the above configuration, since a current
flows triac.

When completion of charging is detected by the voltage
5 detector 18 provided in the third power source unit 16, the
main opening/cloging unit 11 is turned into a closed state.
At this time, a signal is inputted to turn the drive switch
devices 105a and 105b connected to the gate electrode of the
switch element 1lla of the main opening/closing unit 11 to be
10 conductive. Since the drive switch devices 105a and 105b
have a thyrister or triac structure, the drive switch
devices 105a and 105b may be driven only by a trigger signal.
Thus, a drive electric power of the drive switch devices
105a and 105k may be made small as compared with the
15 examples described above.

In addition, the drive switch devices 105a and 105b
can be made non-conductive simply by opening the synchro-
switch devices 120a and 120b provided in the rectifying
circuit 12. Thus, it is possible to make the magnitude of

20 the drive electric power needed in opening and closing the
main opening/closing unit 11 small. In the two-wire load
control devices, it is an important issue how to secure its
stabilized power source as well as a control of the load and,
therefore, a small magnitude of the drive electric power for

25 the load control device may be preferable for stable

operation of the load.
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5 into the second power source unit 15 via the rectifying circuit 12 from the power source 2 even in an
OFF state of the load control device 1E that the electric power is not supplied to the load 3, a minute
current also flows into the load 3. However, the current is suppressed to a low level 10 such that it
does not result in a load malfunction and an impedance of the second power source unit 15 is kept at
a high value. While the load 3 is powered, an impedance of the third power source unit 16 is
lowered and a current is made to 15 flow into the load control device 1E, thereby charging the buffer
condenser 25 of the first power source unit 14. As described above, the third power source unit 16 is
provided with the voliage-det@ctar{ehargiig-monitoring unit) 18 which detects a voltage inputted
thereto. When the voltage 20 detector 18 detects that the voltage inputted to the third power source
unit 16 reaches a prédetSfnsPHr&sHol F VeGPt prédteffifftrd&ediibRSighaffF®eontrol

unit 13. Whe%é%%aontrol unltf’LB receives the cg(etectlon %

; ent of. e egenl inven i%nal fI;Qrﬂiheb\éoltggefg}_%Cétgr 1?\78i’i‘l makgs
the main 250pen|ngh§‘osmg Onit 11 coRducive (closed sta gflfor tHe first pre Stermined period of time.

Fig. 3 shows aganfigyratiopexample inahichha fiest peisg output ygit 19 isiipeluded i thecantrol unit
13, the first pulse output unit 19 being configured by using, e.g., a dedicated IC, in hardware to directly
output & first ptiseisignal ir respiogiseas tra detectiba sigrd fromnthieovoltrjeldetedior 18igs -

Alternatively, without being limited to such configuration, there may be a c%?fi%uratign in whicg a main

controller 20 MElubifhg 2.9 > ECPUMRCEIVES B obtput B tifd voitage WitEctor 8 o Satptt the first
pulse signal ig L0;snftware.-The diestpredetermingd periad giiimedor which the main opening/closing

unit 11 becomes conductive is preferably set to be a period of time slightly shorter than a half cycle of

a power frequency. Next, whenfhe maip,pening/closing Uil statts 10,35 BeGame nei-conductive

(open state) after a lapse of the'first predetermined time, the control unit 13 makes the auxiliary
opening/closing tiut 1114 candirctive £clobed state) tan the secord-predetersnined périad bbdihes (e.g.,
several hundreds It seconds). This may be achjeved by making the ,

10 and includes a main opening/closing unit 11 for controlling
supply of power to the load 3, a rectifying circuit 12, a
control unit 13 for controlling the load control device 1E
as a whole, a first power source unit 14 for supplying a
stable power to the control unit 13, a second power source

15 unit 15 for supplying an electric power to the first power
source unit 14 when the load 3 is not powered, a third power
source unit 16 for supplying an electric power to the first
power source unit 14 when the electric power is supplied to

the load 3, an auxiliary opening/closing wunit 17 for

20 conducting a minute current to the load, and the like.

In addition, the third power source unit 16 is further
provided with a voltage detector 18 for detecting a voltage
inputted thereto and a zero cross detector 23 for detecting
a zero cross point of a load current. The main

25 opening/cloging unit 11 has a switch element 1la having a

transistor structure and the auxiliary opening/closing unit
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20 auxiliary opening/closing unit 17 non-conductive slightly later than the main opening/closing unit 11.
Alternatively, the second pulse signal may be outputted to the auxiliary opening/closing unit 17 which
is longer than the first pulse signal outputted to the main opening/closing unit 11 by the 25second
predetermined period of time. Otherwise, the second pulse signal may be outputted by using a delay
circuit including, e.g., a diode, a condenser or the like. With the above operations, an electric
power is supplied from the main opening/closing unit 11 to the load 3 5 for most of the time of a half
cycle of a power source after the buffer condenser 25 is completely charged. After that, an amount of

conduction cyfentds regiiced and then thegleciric powekisssuppliedifeam-ibe auxdiepyister
opening/closing unit 17 to the load 3. Since the auxiliary 10 opening/closing unit 17 includes an

auxiliary switeli devicer7a hatingtngyristehstrucarterio becomiés alAonieshdidEsn stat@ata time
point (i.e., zero cross_point) when a current value becomes '0'. Furtﬁ:ggwhen th auxilia%

opening/closgtiCT7 BEcontes A fidHtoRdudtionr 15 stite, EifrentSarts fo fg%vrgéail? iht§ The third
power source,ypit 6. The abawe operationsaredepeated gusny half,eycle of thepower sgurce.

Fig. 26 shows signal waveforms of various parts of the load control device 1E in a high load, and Figs.
27 and=28 20depict signapbwavetoimsf various parts of the load control device IE in a low load.

Herein, Fig. 27 shows signal waveforms in a case where only the first pulse is used in controlling the

main opening/closing’BAR 1T §R8 F1¢- 88 Fre<eiiE SN WRERSNS in e WhEE 1ré firdtPulse

25andthetmé g%g%ﬁgenggpletion of a buffer condenser 25 from the

voltage detector 18, the first pulse output unit 19 outputs

a first pulse to conduct the main opening/closing unit 11

10 for a first predetermined period of time. That 1s, the

first pulse rises when the charging completion signal is

inputted from the voltage detector 18, and then descends

~after a lapse of the first predetermined period of time.

When the zero cross detector 23 detects a zero cross point

15 of the load current, the third pulse output unit 21 outputs

a third pulse for a third predetermined period of time to

limit an opened state of the main opening/closing unit 11.

That is, the third pulse rises when the zero cross detecting

signal is received from the zero cross detector 23, and then

20 goes down after a lapse of the third predetermined period of
time.

Further, the sgecond pulse output unit 21 detects that
the main opening/closing unit 11 has become non-conductive,
and outputs a second pulse to conduct the auxiliary

25 opening/closing unit 17 for a second predetermined period of

time. That 1is, the second pulse rises when the main
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When the load 3 is a high load, i.e., a large capacity load, as shown in Fig. 26, the buffer condenser
25 is charged in a short time. Accordingly, after the charging completion, an electric power is supplied
from the main opening/closing unit 11 to the load 3 for most of the time 5 of the half cycle of the power
source. On the other hand, since the first predetermined period of time is set to make the main
opening/closing unit 11 non-conductive before a current becomes zero (zero cross point), it is
impossible that the main opening/closing unit 11 remains conductive 10after the current passes by the
Zero Ccross. Meanwhile, when the load 3 is a low load, i.e., a small capacity load, a load current is
small and it takesrnuefy onget fime tachargel in sempatsoniothe casmwhendhe lead 3 israhigh
load. More specifically, as shown in 15 Fig. 27, a time period from when the zero cross detector 23
detects a zer§efsss diftwihenthe WoRagergstectof 18 detetRCQBRaBRFCSApREBA BebSHesdonger,
and, according%/, rising of the first pulse is delayed. Herein, the first predetermined period of time is set
to same as in Otfﬁén igh load. For that reason, if the rising of the first pulse is delayed too much, the
first pulse descends after. the load c%rrent passes by the zero cross point. Therefore, if the main

opening/closing unit 1 Fshcoﬁ rolled O%Y)? byct?§1| é? & ﬁrts%%ﬂl’se i thelow Iog&rifﬁggomesogg’nductive
25afterghe load eyrrent passesythe zerocragsipaiat andias aesult gharging eperatien Gagnot be

stably performed every half cycle.

circuit 12 from the power source 2 even in an OFF state of
the load control device 1E that the electric power is not
supplied to the load 3, a minute current also flows into the
load 3. However, the current i1s suppressed to a low level
10 such that it does not result in a load malfunction ahd an
impedance of the second power source unit 15 is kept at a

high wvalue.
While the load 3 is powered, an impedance of the third
power source unit 16 is lowered and a current is made to
15 flow into the load control device 1E, thereby charging the
| buffer condenser 25 of the first power source unit 14. As
described above, the third power source unit 16 is provided
with the voltage detector (charging monitoring unit) 18
which detects a voltage inputted thereto. When the wvoltage
20 detector 18 detects that the wvoltage inputted to the third
power source unit 16 reaches a predetermined threshold, it
outputs a predetermined detection signal to the control unit
13. When the control unit 13 receives the detection signal
from the voltage detector 18, it makes the main
25 opening/closing unit 11 conductive (closed state) for the

first predetermined period of time.
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In this regard, in the present embodiment, an amount of time for which the main opening/closing unit
11 remains conductive is limited to the third predeteLmined period of 5time by the third pulse outputted
from the third pulse output unit 24. Further, the third pulse rises when the zero cross detector 23
detects a zero cross and descends after a lapse of the third predetermined period of time. The third
predetermined period of time is set tc be shorter 10than the half cycle of the load current cycle.
Inputted to the control unit 13 are the first pulse outputted from the first pulse output unit 19 and the
third pulse outputted from the third pulse output unit 24. The control unit 13 has an AND circuit 25a

which performs a 15 lggical product of the first pulse and the third pulse and outputs a result to the
main opening/closingl%gﬁt'l - THUS! the’m&iR' ﬁﬁ@&&gﬁg%ﬁ%lﬁeéﬂne%uﬁti@gﬁ@

during the timguvhile risesdie: while-thes2Qaverlaps ydthhe thirg predatermined. period-of time,
As described above, the third pulse rises when the zero cross detector 23 detects a zero cross point
and descendsfafféita Ripsesof avehifd predetelninedpegiodawt finge:ithed isoshonmtertigan theshalf cycle
of the load cufreqt, goThergfore, even when,a delay ocoyrs I IMINGWISHING £ vt pulse
5 signal in response to the detection signal from the voltage
detector 18. Alternatively, without being limited to such
configuration, there may be a configuration in which a main
controller 20 including, e.g., a CPU, receives an output of
the voltage detector 18 to output the first pulse signal in
10 software. The first predetermined period of time for which
the main opening/closing wunit 11 becomes conductive is
preferably set to be a period of time slightly shorter than
a half cycle of a power frequency.
Next, when the main opening/closing unit 11 starts to
15 become non-conductive (open state) after a lapse of the
first predetermined time, the control unit 13 makes the
auxiliary opening/closing unit 17 conductive (closed state)
for the second predetermined period of time (e.g., several
hundreds |y seconds) . This may be achieved by making the
20 auxiliary opening/closing unit 17 non-conductive slightly
later than the main opening/closing unit 11. Alternatively,
the second pulse signal may be outputted to the auxiliary
opening/closing unit 17 which is longer than the first pulse

signal outputted to the main opening/closing unit 11 by the

25 second predetermined period of time. Otherwise, the second
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charging completion of the buffer condenser 25 is detected, i.e., the first predetermined period of time
starts to rise, it is impossible that the main opening/closing unit 11 remains conductive beyond the zero
cross point of a power source frequency. 5Accordingly, a charging can be definitely perfoled every half
cycle, thereby achieving a stable operation of the charging. Since such operations are performed
based on a load current, even when the main opening/closing unit 11 includes the switch element lla
having a transistor 10 structure, the load 3 is not requested to have a power factor of 1. That is, a
two-wire load control device in accordance with the present invention is adaptable to any of fluorescent
lamps and glow Jamps. Further, if the main opening/closing unit 11 includes a switch element having a
15 dual gate Egrissigtorssjtﬁj%%gre,n%ﬁgrer%gn bcglg U‘l%\t/8§ a séfalir}lgsé‘él\ﬁn as Wgéeﬁslaasya Igrbgcc%%)%city of

the load controhdevigeng, AVigh theyloadcantrok devicgckl ivacsordance with the second
embodiment of the present invention, when the voltage 20 detector 18 detects that the voltage

inputted to the third pbier soufce ualpLBDhecoRRISE bradeterndifed eireSIA1ECtheRsor@ol uaie 13
makes the main o enlr(léy/%llgggggt%rgt 11 conductive for the first relijr?;[_%rrrllrlle%geglgd o{(tjlm

Accordingly, anefectiic POWEr is supprﬂaelarfo (ﬁgjéafbja%gé% from the main opening/c o%ing l?n?et.fl during

most ofsthe timeofhsdficyste ehthepopersouicegydlecy o1 FWihes, whea the thirekpregetermined
period of time elapses even while in the first predetermined period of time, the control unit 13 makes

the main opeftig/dosiig tnit PRFRIRSEShORIBtIVes (loserllstar) v Fohexaieple, evERSThehIRE first
predetermin(.agl1 Ig:.)eri(t)mdoof témeO%tar(t:so %) rlllscecli';lct)en thceurglairg1 gpenisng/:t(;(lao&ilncgelélnit 11db?E8@§S he
non-conductivé betore the load Currer?t CroSses zero.LFhus, the main openlng%ﬁosmg unit fl. cannot
remains condgctive beyond thewero crossof thelgash suwwent argdherefor@ea chaggRgl iary
opening/closing unit 17 to the load 3. Since the auxiliary
10 opening/closing unit 17 includes an auxiliary switch device
17a having a thyrister structure, 1t becomes a non-
conduction sgtate at a time point (i.e., =zero cross point)
when a current value becomes ‘0'. Further, when the
auxiliary opening/closing unit 17 becomes a non-conduction
15 gstate, current starts to flow again into the third power

source unit 16. The above operations are repeated every

half cycle of the power source.

Fig. 26 shows signal waveforms of wvarious parts of the
load control device 1E in a high load, and Figs. 27 and 28
20 depict signal waveforms of various parts of the load control
device 1E 1in a low load. Herein, Fig. 27 shows signal
waveforms in a case where only the first pulse is used in
controlling the main opening/closing unit 11 and Fig. 28
presents signal waveforms in a case where the first pulse

25 and the third pulse are used.

When the load 3 is a high load, i.e., a large capacity
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10can be definitely perfointed within a half cycle of the AC power source. Further, when the main
opening/closing unit 11 becomes non-conductive after a lapse of the first predetermined period of time,
the auxiliary opening/closing unit 17 15 becomes conductive for the second predetermined period of
time. That is, when an electric power is supplied to the load 3 from the main opening/closing unit 11
during most of the time of half cycle of the power source cycle and then the conduction current is
made small, an electric power is 20supplied from the auxiliary opening/closing unit 17 to the load 3.
Since such operations are performed based on a load current, even when the main opening/closing

unit 11 includesz g, thesswitghglement llahaving g trangistorstipigture, thendelead:3 isomot reguested
to have a power factor of I. That a two-wire load control device in accordance with the present

invention is adaptadtaito emy af filoresceht faenps dergloddamps. Farfver if tHeemaihapehivg/closing

unit 11 includes a switch element having a dual gate transistor structure, there can be achieved a
sca"ng(ﬁmNn%@mﬁ%ﬁaégp’ an elecCtric %ower is supplied from the main

opening/closing unit 11 to the load 3 for most of the time
5 of the half cycle of the power source. On the other hand,
since the first predetermined period of time is set to make
the main opening/closing unit 11 non-conductive before a
current becomes zerc (zero cross peoint), it 1is impossible
that the main opening/closing unit 11 remains conductive

10 after the current passes by the zero cross.

Meanwhile, when the load 23 is a low load, i.e., a
small capacity load, a load current is small and it takes
much longer time to charge in comparison to the case when
the load 3 is a high load. More specifically, as shown in

15 Fig. 27, a time period from when the zero cross detector 23
detects a zexro cross till when the wvoltage detector 18
detects a charging completion becomes longer, and,
accordingly, rising of the first pulse is delayed. Herein,
the first predetermined period of time is set to same as in

20 the high load. For that reason, if the rising of the first
pulse is delayed too much, the first pulse descends after
the load current passes by the zero cross point. Therefore,
if the main opening/closing unit 11 is controlled only by
using the first pulse in the low load, it becomes conductive

25 after the load current passes by the zero cross point and,

as a result, charging operation cannot be stably performed
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5large capacity of the load control device. (Third Embodiment) A load control device 1F in
accordance with a third embodiment of the present invention will be described with reference to Fig.
29, Fig. 29 is a circuit diagram 10 illustrating a configuration of the load control device 1F. The load
control device 1F further includes a current detector 22 for detecting a current flowing in the auxiliary
opening/closing unit 17, and an OR circuit 25b operating in response to a signal outputted from the
current detector 22, wherein the OR circuit 25b is one additional component distinguishing the load
control device 1F from the load control device 1E shown in Fig. 25. The OR circuit 25b is provided at
an output termsinal-gide=0f theAdNIR circuit 25a in the control unit 13. 20The main service of the auxiliary
opening/closing unit 17 is basically to detect a zero cross point of a current, not to conduct and,
accordingly, the auxilfary BpégingRiEshity urfitl 7cimay Mefifnd smaheiaresitiichadeviieoMdwever, in

cases that a fr%quegr% offtgre AW% 0) ert%gsource isoshifrtﬁd oér g#gag rgonggli ev'icle i%r%gnggd to be
operated by duial ftrequency, e.d., Zand %8%-?2, oF the rlilﬁ , L aimme period from when e main

opening/closipg sgitdd hecomes napseenductive-toavhan; the ZerQ geass.Roinief the surentds
detected by the current detector 22 becomes longer such that the auxiliary opening/closing unit 517
may betome tonductize evbr beforecthe mabseurrenttipsuffisientfyrredudst: Moksiov@r, ifudase of an
overload, even though the auxiliary opening/closing unit 17 conducts_for the same period of time, a

conduction 1085 bBEIMe arge? 4nd, acioidifigly, thé Switdhdévided iffludedtheen  the

zero cross detector 23 detects a zero cross and descends

after a lapse of the third predetermined period of time.

The third predetermined period of time is set to be shorter
10 than the half c¢ycle of the load current cycle.

Inputted to the control unit 13 are the first pulse
outputted from the first pulse output unit 19 and the third
pulse outputted from the third pulse output unit 24. The
control wunit 13 has an AND circuit 25a which performs a

15 logical product of the first pulse and the third pulse and
outputs a result to the main opening/closing unit 11. Thus,
the main opening/closing unit 11 becomes conductive only
during the time while both the first and the third pulse
rise, i.e., while the first predetermined period of time

20 overlaps with the third predetermined period of time.

As described above, the third pulse rises when the
zero cross detector 23 detects a zero cross point and
descends after a lapse of the third predetermined period of
time that is shorter than the half cycle of the load current.

25 Therefore, even when a delay occurs in timing when the

charging completion of the buffer condenser 25 is detected,
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10auxiliary opening/closing unit 17 may be damaged. Therefore, in the present embodiment, an
amount of current flowing in the auxiliary opening/closing unit 17 is detected by the current detector 22
and, when the amount of the current exceeds an allowable value, the main 15 opening/closing unit 11
is made to be conductive again for a short period of time (e.g., fourth predetermined period of time).
Thereafter, when the main opening/closing unit 11 becomes non-conductive (opened state), the
auxiliary opening/closing unit 17 is made conductive again. 20More specifically, when the current
detector 22 detects that an amount of current flowing in the auxiliary opening/closing unit 17 exceeds
an allowable yalue, ituputs essigpakiadbe @R wi#rduib2bh @i thef cantnel unital3.4Jpon retedving an
output signal from the AND circuit 2525a or an output signal from the current detector 22, the OR

circuit 25b prétectd the HORMERLEEENINGRASsInG it TRIBY kY- HaRtdpehingfttdsinglunit 11
conductive for a short period dof cticrrv_ie. B;;)@foiﬁg}qgtd%éwi%%@get\évggg _h%@mopoej;ﬂngl Qsiag.unit 11

and the auxil%eriln%%)relﬁiné:/%%s}hg anit 178 amaging the auxiliary opening/closing unit 17 can

be preventeds thereBy fppeQying-¢orrespondences to types of the power source and to the overload.
With the load control device 1F in accordance with the third embodiment, when the current detector 22

detectsSthat 10 an arhcgatstiougient flowirghinitae aaixilzay opehingffdsing ahif 1 PexécadRedn
allowable value, the main openinae/closin unit 11 is made to be cond c%\ﬁeefirst and I;Chen madre to be

non-conducti¥¥ S&&coRfirdly, Wifitethe BUKTERYopRhthTio8Ag Bnitt72aR bepreventsd from 15
being damag%ﬂethgﬁ?ﬁ%§99§@@8@'%e% Uit d/-Garbe byilttby using a-smalb sized switch device,

and, as a result, the load control device can be made smaller. Further, there can be improved
correspondeneesdo types«afthe power setwee anth¢o the overtgeehing/closing unit 11
includes the switch element 1la having a transistor

10 structure, the load 3 is not requested to have a power
factor of 1. That is, a two-wire load control device in
accordance with the present invention is adaptable to any of
fluorescent lamps and glow lamps. Further, if the main
opening/closing unit 11 includes a switch element having a

15 dual gate transistor structure, there can be achieved a
scaling down as well as a large capacity of the load control

device.

With the load control device 1E in accordance with the

second embodiment of the present invention, when the voltage
20 detector 18 detects that the voltage inputted to the third
power source unit 16 becomes a predetermined threshold, the

control wunit 13 makes the main opening/closing unit 11
conductive for the first predetermined period of time.
Accordingly, an electric power is supplied to the load 3
25 from the main opening/closing unit 11 during most of the

time of half cycle of the power source cycle.
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20In addition, the present invention may be realized by various configurations other than the above
described configurations.For example, the control unit 13 may be configured to control an operation
ofthe main  opening/closing unit 11 based on a logical product of the 25first pulse outputted from the
first pulse output unit 19 when a charging completion signal of the buffer condenser 25 is outputted
from the voltage detector 18, and the third pulse outputted from the third pulse output unit 24 when a
zero cross detection signal of the load current is outputted from the zero cross detector 23. Further,
there may be a 5 configuration that the main controller 20 including, e.g., a CPU or the like, receives
the output of the zergarassedetecine3 ane outhitsthe tirtbpmd s imsoftweare 1 edudli Emiseliment)
Next, a load control device 10 in accordance with a 10 fourth embodiment of the present invention will
be describedSHBPRSEreRE8T0 Fid. 130, thetbissid 6y ataT bEiRlBSE cBRtoPdevide T8 TRay have

any one of thgheembcogrilr{]ggas eglrgitg]eifﬁnonggfceedsexc%nep '%%Q%S%%SQB%’)’ 8losing unit 11

non-conductive (closed state). For example, even when the

5 first predetermined period of time starts to rise late, the

main opening/closing unit 11 becomes non-conductive Dbefore

the load current crosses zZero. Thus, the main

opening/closing unit 11 cannot remains conductive beyond the

zero cross of the load current and, therefore, a charging

10 can be definitely performed within a half cycle of the AC
power source.

Further, when the main opening/closing unit 11 becomes

non-conductive after a lapse of the first predetermined

period of time, the auxiliary opening/closing unit 17
15 becomes conductive for the second predetermined period of
time. That is, when an electric power is supplied to the

load 3 from the main opening/closing unit 11 during most of
the time of half cycle of the power source cycle and then
the conduction current is made small, an electric power is

20 supplied from the auxiliary opening/closing unit 17 to the
load 3.

Since such operations are performed based on a load
current, even when the main opening/closing unit 11 includes
the switch element 1la having a transistor structure, the

25 load 3 is not requested to have a power factor of 1. That

is, a two-wire load control device in accordance with the
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The load control device 10 in accordance with the 15 fourth embodiment is used to control lighting
fixtures in non-housing districts, e.g., office buildings, commercial facilities or the like. For example, a
plurality of the load control devices 10 may be provided in a control board installed at a place that is
distant from the lighting 20 fixtures. Herein, the load control device 10 may be configured to receive a
remote control signal 27 from a manipulation switch (not shown) distant from the control board and to
be turned ON and OFF. To this end, the main controller 20 is connected to the manipulation switch by
25wiring, and when the main controller 20 recognizes its own address superposed on the remote

control signal@e QP UtSRG0M O SigBala dap Fith 13 ilustraigs asgonfigurationeflead carol
device 1G in accordance with a modified example of the R fourth embodiment. In the modified
example, the atEin edstrollér?09s alsbwonhetted 16 a fhwrthmpowercoemdengriit 26 $nclgding At
rectifying circuit, which rectifies an electric power obtained from the remote control signal 27 to secure

power source of tHa*frait E8ntfoll8F 26 {8r SoHtFsthhit 23Y KEdescibed alsies inthetibaReE load
control device, £vgR i, 20, OFE state of the loageontrpl deyice . the;seeond ROWEY sputee yait 15 is

provided to secure power source of the main controller 20 and thus a'minute current always flows into
the load 3. Witk the=preseat inogiftetl thexanyde, dmwevel, thevpoweer source of the main controller 20
is secured separately and the second power source unit 15 can be omitted. Accordingly, there is no
current flowing into theToad%S fAtReEFEREte of the load control device 1G, thereby preventing

e R e 080 S E BT o AR AL i 0
diagram showdrgaconéiguragien eha lageesent invention will be described with
reference to Fig. 29. Fig. 29 1s a circuit diagram
10 illustrating a configuration of the load control device 1F.
The load control device 1F further includes a current
detector 22 for detecting a current flowing in the auxiliary
opening/closing unit 17, and an OR circuit 25b operating in
response to a signal outputted from the current detector 22,
15 wherein the OR circuit 25b 1s one additional component
distinguishing the load control device 1F from the load
control device 1E shown in Fig. 25. The OR circuit 25b is
provided at an output terminal side of the AND circuit 25a
in the control unit 13.
20 The main service of the auxiliary opening/closing unit
17 is basically to detect a zero cross point of a current,
not to conduct and, accordingly, the auxiliary
opening/closing unit 17 may include a small sized switch
device. However, in cases that a frequency of the AC power
25 source is shifted, or a load control device is intended to

be operated by dual frequency, e.g., 50 Hz and 60 Hz, or the
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25control system in accordance with the fifth embodiment of the present invention. A load control
system 30 of the fifth embodiment includes a plurality of load control devices 1 and a master control
unit 31 for remotely controlling the plurality of load control devices 1. The number of load control
devices 1 connected to the master 5control unit 31 may be properly set. Each load control device
1 may be connected to the master control unit 31 either by using a wire or by wireless. Each load
control device 1 receives a control signal transmitted from the master control unit 31 and controls a 10
load 3 connected to the load control device 1 based on the control signal. The master control unit 31

transmits the £oruol signal te anmaipspnygller 20:0f gaeh load conjrol devigs 1.1 The copualsignal
transmitted from the master control unit 31 includes an address signal corresponding to 15one of the

load control dewices 11 bed&awhdoadentrokdeicers, uponiteeeiviritea gemtrolcsigread inoiiding its
own address signal, controls the load 3 responsive to the control signal. Although Fig. 32 shows a load

control devicé’t as™aF exaHpiE BF the oadEiitrdiesh diicd Bonn&dtEd 5 the é’ttéb%tr(ﬂ%nitgl,
without beinglimitgeltheretn fhe laad contral device may be any. on %‘nglgg,/tgfggq%%or%%ngewces

114 to 1L as described below. Furthermore, an appropriate combination of configurations of these load
control Hevices7lHitoyl Linayhe 25cadnecied¢0 thednastereantroldint Slofkirsthxampte) is
sufficiently reduced. Moreover, in case of an overload,
even though the auxiliary opening/closing unit 17 conducts
for the same period of time, a conduction loss becomes
larger and, accordingly, the switch devices included in the

10 auxiliary opening/closing unit 17 may be damaged.

Therefore, 1in the present embodiment, an amount of
current flowing in the auxiliary opening/closing unit 17 is
detected by the current detector 22 and, when the amount of
the current exceeds an allowable value, the main

15 opening/closing unit 11 is made to be conductive again for a
short period of time (e.g., fourth predetermined period of
time) . Thereafter, when the main opening/closing unit 11
becomes non-conductive (opened state), the auxiliary
opening/closing unit 17 is made conductive again.

20 More specifically, when the current detector 22
detects that an amount of current flowing in the auxiliary
opening/closing unit 17 exceeds an allowable wvalue, it
outputs a signal to the OR circuit 25b of the control unit
13. Upon receiving an output signal from the AND circuit

25 25a or an output signal from the current detector 22, the OR

circuit 25b protects the auxiliary opening/closing unit 17
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Fig. 33 is a circuit diagram showing a configuration of a load control device IH in accordance with a
first example used in the load control system 30, Figs. 34A and 34E illustrate waveforms of driving
signals of the main 5 opening/closing unit and a load current of the load control device 1H in a power
factor=1 of the load and a power factortl of the load, respectively. Referring to Fig. 33, the load
control device 1H is serially connected between an AC power source 2 and a load 3, 10 and includes a
main opening/closing unit 11 for controlling supply of a power to the load 3, a rectifying circuit 12, a
control unit 13 for controlling the load control device 1H as a whole, a first power source unit 14 for

supplying a stgbleddower schcentpithe speirohgiic 13sadlird:pawen 15 seuednit/ES ossugplying an
electric power to the first power source unit 14 when the load 3 is powered, an independent power
source unit 28H8F SuppRtAGan electfié power Bh& izt poied scurcs'HFic 14 WHEWSKE 1088 is not
powered, a receiving unit 16a for,r ceivin%a controItZO si%al transgitted from the mas&er crontrol unit
31, an auxiliar?)a/t%)%enina%?(?sjiﬁlgClﬁl 1776 condﬁ%ﬁng a minute cufrent oftt 8 load current. Y

Further, the this M%e/@p@&%nité@iiﬁ proyidegdswith a-yoltage detecter 18 for detesting avypltage

inputted 25thereto. The main opening/closing unit 11 includes a switch element lla having a transistor

structufe andatheraiundiary coperingiclosing UnitellY éraplpys aswitsh, devicer &by having hyirister
tructure.

structure correspondences to types of the power source and to the

overload.
With the load control device 1F in accordance with the
third embodiment, when the current detector 22 detects that

10 an amount of current flowing in the auxiliary
opening/closing unit 17 exceeds an allowable value, the main
opening/closing unit 11 is made to be conductive first and
then made to Dbe non-conductive. Accordingly, while the
auxiliary opening/closing unit 17 can be prevented £from

15 being damaged, the auxiliary opening/closing unit 17 can be
built by using a small sized switch device, and, as a result,
the load control device can be made smaller. Further, there
can be improved correspondences to types of the power source
and to the overload.

20 In addition, the present invention may be realized by
various configurations other than the above described
configurations. For example, the control unit 13 may be
configured to control an operation of the main
opening/closing unit 11 based on a logical product of the

25 first pulse outputted from the first pulse output unit 19

when a charging completion signal of the buffer condenser 25
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The master control unit 31 normally keeps transmitting a control signal (pulse signal) to remotely
control one of 5 the load control devices 1H. When the receiving unit 16a receives the control signal, it
sends the control signal to the independent power source unit 26. The independent power source unit
26 rectifies a pulse current of which the control signal is made and supplies the electric power to 10
the first power source unit 14 (i.e., the main controller 20). Since the control signal is always being
transmitted regardless of whether the load operates or not, the electric power is supplied to the first
power source unit 14 from the independent power source unit 26 even when the load 3 is not 15
powered. Thatds, fhe jndepeadent RRWensourea Unikest suppliesihe electrig pawer o the,firsh power
source unit 14 independently with the AC power source 2 connected to the load 3 in series. When the
load 3 is powewrddeanonpadaned of thenthirti €0 tpoivet spufcesunitdtfpistmade. fowedndvaeurrent starts
to flow into the load control device 1H, thereby chargin?ﬁ]% buffer condenser 25 of the first power

source unit 14SA8 deEeffe P EEGE 1RB tHitd PoweP Solmie uritth RYFrbsRied WitPHHeERsR
detector (chaggigg manitoriag. unif A8uhiga delects.a ygltagepputied herelo. When [ng,oltage
detector 18 detects that the voltage inputted to the third power source unit 16 reaches a
predeterminesidhreshole, it euiputssa predeternined sieteciionestgnal. Whendherepntrel gnit 13
receives the detection signal from the voltage detector 18, it outputs a first pulse signal (main
opening/closif§lni®8rivelsgnan f6r makass tHemait BperMig/elosing fnithe cortitietive ¥o #%e drive
circuit 10 so that the main gpening/clasing unit .11 hecomes conductive (closed state) for a first
predetermine epEeerlco%p(])ﬁ‘ %rge.aﬁé. ngcsﬁh%vss aF ggn%&%ﬁfn? 1e%asr%pf’enlnév(\?r]?ig?{Fi%\rfler'st 10 pulse output
unit 19 (i.e., main op?ninglcl sicr%;ﬁuni plrivet ignal output unit) is included in the control unit 13, the
first pulse output unit §’béi % %u%érbegy sing, e.g., a dedicated IC, in hardware to directly output
the first pulse signal ifsesponse 1o the deteetion signal froe the 15 yoliage-detestos 1g1Alkeraatively,
without being limited to such configuration, there may be a configuration that a main controller 20
includify, e.gfcnCPY, qwbeidésanoutfutdiehe vekagd decertisom outpdt the fitstssusdsiynal in
software. The first predetermined pterio of timgozo f gflwhi h the main %peninglgl,osing Lgﬂtt 1
becomes con“c’iﬁ%ﬁve%%%%?ﬁy sétto be a period fim %ﬁéﬁtlycs%%rtle?lfﬁan %%%If%ycle of power

frequency. 1oad control device 1G may have any one of the embodiments
and their modified examples described above.

The load control device 1G in accordance with the

15 fourth embodiment is used to control lighting fixtures in
non-housing districts, e.g., office buildings, commercial
facilities or the like. For example, a plurality of the

load control devices 1G may be provided in a control board
installed at a place that is distant £from the lighting
20 fixtures. Herein, the load control device 1G may be
configured to receive a remote control signal 27 from a
manipulation switch (not shown) distant from the control
board and to be turned ON and OFF. To this end, the main
controller 20 is connected to the manipulation switch by

25 wiring, and when the main controller 20 recognizes 1its own

-53-



Next, when the main opening/closing unit 11 starts to become non-conductive (open state) after a
lapse of the 25first predetermined time, the control unit 13 makes the auxiliary opening/closing unit 17
conductive (closed state) for a second predetermined period of time (e.g., several hundreds p
seconds). This may be achieved by making the auxiliary opening/closing unit 17 non-conductive
slightly later than the main opening/closing unit 11. 5Fig. 33 illustrates a configuration in which a
second pulse output unit 21 is provided as a portion of the control unit 13 to output a second pulse
signal having a duration of a second predetermined period of time so that the auxiliary

opening/closing unit 10 predetermined period ogening/closing unit (open state). Alternatively,
address superposed on the remote control signal 27, It

outputs a control signal.

Fig. 31 illustrates a configuration of load control
device 1G in accordance with a modified example of the
5 fourth embodiment. In the modified example, the main
controller 20 is also connected to a fourth power source
unit 26 including a rectifying circuit, which rectifies an
electric power obtained from the remote control signal 27 to
secure power source of the main controller 20 (or control
10 unit 13). Ag described above, in the two-wire load control
device, even in an OFF state of the load control device, the
second power gsource unit 15 i1s provided to secure power
source of the main controller 20 and thus a minute current
always flows into the load 3. With the present modified
15 example, however, the power source of the main controller 20
is secured separately and the second power source unit 15
can be omitted. Accordingly, there is no current flowing
into the load 3 in the OFF state of the load control device
1G, thereby preventing degradation or malfunction of the

20 load 3.

(Fifth embodiment)

Next, a load control system 30 in accordance with a

fifth embodiment of the present invention will be described.

Fig. 32 is a block diagram showing a configuration of a load

25 control system in accordance with the fifth embodiment of

the present invention. A load control system 30 of the
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17 becomes conductive for the second of time after detecting that the main 11 has became a
non-conduction state the second pulse signal may be outputted to the auxiliary opening/closing unit
17, wherein 15 the second pulse signal is longer than the first pulse signal outputted to the main
opening/closing unit 11 by the second predetermined period of time. Otherwise, the second pulse
signal may be outputted by using a delay circuit including, e.g., a diode, a condenser or the like.
20Meanwhile, signal waveforms of various parts in the load control device in accordance with the
present embodiment are same as the ones shown in Fig. 4 and, therefore, a full description will be

omitted. (Secg%lr;]g%_h xam%lggj %?@elggd c%tégh%eevéce 11 usiqrirg1 E_he[tlfadocgn'tr%g}ési;e %%Capol

accordance wi e fifth embodiment € presenta'lnvgntlon will Be explained. IS a circuit
diagram showiiag a-e@nfiguratigmof a loagheenirol deyicedbn acgordancewith arsecosdexample. In

addition to the configuration of the load control device 1H shown in Fig. 33, the load control device Il
further includes et ient egtettor 2Rl ddteklingPd. ctiffefit fwing ﬂth@%‘ﬂ%ﬁiﬁ?y (ﬂp\?nip’ﬁ%ﬂ’osing
unit 17. The olheg configurations,are e s gg.fie Joad contigldevise.1H and descrptianpereof
5 control unit 31 may be properly set.

Each 1load control device 1 may be connected to the

master control unit 31 either by using a wire or by wireless.

Each 1load control device 1 receives a control signal

transmitted from the master control unit 31 and controls a

10 load 3 connected to the load control device 1 based on the

control signal. The master control unit 31 transmits the

control signal to a main controller 20 of each load control

device 1. The control signal transmitted from the master

control unit 31 includes an address signal corresponding to

15 one of the load control devices 1.

Each load control device 1, upon receiving a control

signal including its own address signal, controls the load 3

responsive to the control signal. Although Fig. 32 shows a

load control device 1 as an example of the load control

20 device connected to the master control unit 31, without

being limited thereto, the load control device may be any

one of, e.g., the load control devices 1H to 1L as described

below. Furthermore, an appropriate combination  of

configurations of these load control devices 1H to 1L may be

25 connected to the master control unit 31.

(First Example)
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10As mentioned above, the auxiliary opening/closing unit 17 basically serves to detect a zero cross
point of a current, and conducting is not its main service and, accordingly, the auxiliary opening/closing
unit 17 may include only a small sized switch device. However, in cases 15 that a frequency of the AC
power source is shifted, or it is intended that a load control device is operated by dual frequency, e.g.,
50 Hz and 60 Hz, or the like, the time period from the time when the main opening/closing unit 11
becomes non-conductive till the time when the zero cross 20 point of the current is detected by the
current detec or 22 becomes longer and the auxiliary opening/closing unit 17 may become conductive

even before the IoadEcyérgngizc, sggici?ntg/irfeég?%?. M%f:?é’r%r’ %%?’%?ﬁ%f an o(y%[‘lggg#%\)égkbmgugh the

auxiliary opening/closiﬁ unit 17 conducts e sarme perio a conducti ecomes
larger and, aceprdinglycthe swileh geviceseafitbe auxiliany openiag/elosing unt dif may be tamaged.
Therefore, in the present embodiment, an amount of current flowing in the auxiliary opening/closing

unit 17 is detéstedbyehalgaderittletdetor Poaghd: ahiencthe anueofdurreRt 8gceed$ana6wable

value, the maén apeni /clic_‘)sin(gI unit 11 b{g;comes c%nd%ctive,a ain for a sPort g%riog of time (e.g.,
fourth predeterﬁneﬁ%ﬁ)drgf ﬁneyaf'ﬁee gaftsr, Wnenthé Mat oﬁelrﬁrrllg cFosing unlthfl becomes

non-corductive,(gpened siate) Jhe ayxiiag,apening/slosingynit 17 isrlOmade egrductve again. By
repeating a switch between the main opening/closing unit 11 and the auxiliary opening/closing unit 17
as such, damdgingcthe atixiliary openimgtelosidg.anivdiZicambe priegenteddheselsy improongr
correspondences to types of the power source and to the 15overload. Fig. 36 illustrates waveforms in
Opemumn(ﬁtﬁéCtor 1 of the load, respectively.
Referring to Fig. 33, the load control device 1H is
serially connected between an AC power source 2 and a load 3,

10 and includes a main opening/closing unit 11 for controlling
supply of a power to the load 3, a rectifying circuit 12, a
control unit 13 for controlling the load control device 1H
as a whole, a first power source unit 14 for supplying a
stable power source to the control unit 13, a third power

15 source unit 16 for supplying an electric power to the first
power source unit 14 when the load 3 1is powered, an
independent power source unit 26 for supplying an electric
power to the first power source unit 14 when the load 3 is
not powered, a receiving unit 1l6a for receiving a control

20 signal transmitted £from the master control unit 31, an
auxiliary opening/closing unit 17 for conducting a minute
current of the load current.

Further, the third power source unit 16 is provided
with a voltage detector 18 for detecting a voltage inputted

25 thereto. The main opening/closing unit 11 includes a switch

element lla having a transistor structure and the auxiliary
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load control device 11 in accordance with the second example. (Third Example) A load control
device 1J used in the load control system 30 in accordance with the fifth embodiment of the 20 present
invention will be explained. Fig. 37 is a circuit diagram showing a configuration of a load control device
1J in accordance with a third example. The load control device 1J is different from the load control
device Il shown in Fig. 35, in that a bidirectional controllable lateral transistor 25device is used as a
switch element ha in the main opening/closing unit 11 and the other configuration is same. Although
the other configuration is same as that of the load control device 11 in accordance with the second

example in Figh 374 the othes Cogfiguiation is nehiimited theretwianthmay empaloy cenfigaration in

accordance with the first 5example shown in Fig. 33. Fig.38shows a schematic structure ofthe

bidirectior_lal EbATECIRIERY |a¥¢rar iEHSIBtor device. The lateral transistor device is also referred to as
NEMT (High The master control unit 31 normally keeps transmitting
a control sgignal (pulse signal) to remotely control one of
5 the load control devices 1H. When the receiving unit 16a
receives the control signal, i1t sends the control signal to
the independent power source unit 26. The independent power
source unit 26 rectifies a pulse current of which the
control signal is made and supplies the electric power to
10 the first power source unit 14 (i.e., the main controller
20) . Since the control signal is always being transmitted
regardless of whether the load operates or not, the electric
power is supplied to the first power source unit 14 from the
independent power source unit 26 even when the load 3 is not
15 powered. That 1is, the independent power source unit 26
supplies the electric power to the first power source unit

14 independently with the AC power source 2 connected to the

load 3 in series.

When the load 3 is powered, an impedance of the third

20 power source unit 16 1s made low and a current starts to
flow into the load control device 1H, thereby charging a
buffer condenser 25 of the first power source unit 14. As
described above, the third power source unit 16 is provided

with the voltage detector (charging monitoring unit) 18

25 which detects a voltage inputted thereto. When the voltage

detector 18 detects that the voltage inputted to the third

_57-




Electron Mobility Transistor) and uses a two-dimensional 10electron gas layer formed at an
AlGaN/GaN hetero-interface as a channel layer. More specifically, the lateral transistor device includes
electrodes D1 and D2 provided on a surface of a substrate, which are serially connected to the power
source 2 and the load 3, respectively, and a 15 control electrode (gate) G for keeping a high
withstanding voltage to the electrodes D1 and D2 during non-conduction of the device. There may be
used, e.g., a schottky electrode, as the control electrode G. When the main opening/closing unit 11 is
in the non- 20 conductive state, a low level signal is applied to the control electrode G from the control
unit 13. However, the potential of the control electrode G remains higher than the lowermost potential

by a potentiaFT&&ingie Hicde. Hhetefdie, ¥ SARREEhoRl Neesed i shittRng Detsdrte 1t
25conductiongpdiepon-copdudtignofthemain geeninglclosing, unit 11 is made higher than the

potential of the single diodé€,the non-conduction of the main opéning/closing unit 11 can be definitely
kept. Meamahile, litpporreorducting, the mdiatopeningiclosingadit 11 eperatéss=as descrioed in the

above examples. , ‘ , ,

detector 18, it outputs a first pulse signal (main

5 opening/closing unit drive signal) for making the main

opening/closing unit 11 conductive to the drive circuit 10

so that the main opening/closing unit 11 becomes conductive
(closed state) for a first predetermined period of time.

Fig. 33 shows a configuration example in which a first

10 pulse output unit 19 (i.e., main opening/closing unit drive

signal output unit) is included in the control unit 13, the

first pulse output unit 19 being configured by using, e.g.,

a dedicated IC, in hardware to directly output the first

pulse signal in response to the detection signal from the

15 voltage detector 18. Alternatively, without being limited

to such configuration, there may be a configuration that a

main controller 20 including, e.g., a CPU, receives an

output of the voltage detector 18 to output the first pulse

signal in software. The first predetermined period of time

20 for which the main opening/closing unit 11 becomes

conductive 1s preferably set to be a period of time slightly

shorter than a half cycle of power frequency.

Next, when the main opening/closing unit 11 starts to
become non-conductive (open state) after a lapse of the
25 first predetermined time, the control unit 13 makes the

auxiliary opening/closing unit 17 conductive (closed state)
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5 Accordingly, the control unit 13 driven by a control signal of several volts can directly control the
commercial power source of a high voltage. Further, it is possible to realize scaling-down and high
capacity of the two-wired load control device 1J by using HEMT having high electron 10mobility.
(Fourth Example) A load control device IK in accordance with a fourth example of the load control
device used in the load control system 30 will be described. Fig. 39 shows a circuit diagram 15 of the
load control device 1K. A configuration of the load control device 1K is same as the first to third
examples, except that the switch element ha of the main opening/closing unit 11 includes a newly

developed bidiggctional.conirollable lateral fransisior deyics; 2,Although theJoad contal deyice 1K of

the fourth example shown in Fig.”39 is based on the Toad control device 1J shown in Fig. 37, it is not

limited therete.ard-atay be basedoadhe load contigl device 1ktshewad Fig: 334k theyloagsontrol
device 11 shown in Fig. 35. 25Fig. 40 is a plan view showing a configuration of the switch element lla,

and Fig. 41 iS4$ecticial vieRIBRET/HRP lineXi X h7Figian: AerFewnlinarigs 41Tk stibstrate
120 of the switgfe ej}ergﬁg%h%'né:l%daesna 8ond%%or Ié;\%/grslglOauarldta G_LaN layer 120b and an AlGaN
layer 120c formed on the conductor fayergﬁaa |ﬁ{ha order In the g’svvitch element 11a, a

two-dimensional electron gasslayerifopned aéan AlGaN/GaN hetarennterfaes iscuses aseaehannel
layer. As shown in Fig. 40, formed on a surface 120d of the substrate 120 are a first electrode D1 and
a second elerodteD2wopniectadiin seties fo Hropowedsawrce and igntheflosds, respectively, and

a middle potential partion S which has a middle potential betweer1 a}PotentiaI ofH1e firtst electrgde D1
and a potenti%&h&%e&f?n&“é%%‘fr%d% pFcond puise signal Having a curation o

a second predetermined period of time so that the auxiliary
opening/closing unit 17 becomes conductive for the second

10 predetermined period of time after detecting that the maih
opening/closing unit 11 has became a non-conduction state
(open state).

Alternatively, the second pulse signal may Dbe
outputted to the auxiliary opening/closing unit 17, wherein

15 the second pulse signal is longer than the first pulse
signal outputted to the main opening/closing unit 11 by the
second predetermined period of time. Otherwise, the second
pulse signal may be outputted by using a delay circuit
including, e.g., a diode, a condenser or the like.

20 Meanwhile, signal waveforms of wvarious parts in the
load control device in accordance with the present
embodiment are same as the ones shown in Fig. 4 and,
therefore, a full description will be omitted.

(Second Example)
25 A load control device 1I used in the load control

gystem 30 in accordance with the fifth embodiment of the
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In addition, a control electrode (gate) G is formed on 15 the middle potential portion S. A Schottky
electrode is used as the control electrode G, for example. The first electrode D1 and the second
electrode D2 respectively have a first set of a plurality of electrode portions 111, 112, 113, and a
second set of a plurality of electrode portions 121, 122, 20 123, The electrode portions of each of the
first and the second set are arranged in parallel to face one another in the shape of teeth of comb and,
the first and second set of electrode portions are arranged oppositely. The middle potential portion S
and the control electrode G are 25positioned between the plurality of electrode portions 111, 112,

113,-- and 121,22, 123, @rranged in the shape..f the teeth ot:gomb a8d havesa shape, it
(approximately a fish backbone shape) conformal to a plane shape of a space formed between the
electrodes. N&xt@rainucthrevahas laderabirdnsjston of the &fswitchaiementitarwill biedesaribed. As
shown in Fig. 40, the electrode portion 111 of the first electrode D1 and the electrode portion 121 of
the second efgtrGdiE DR Rrafigédt sikh B caftrat HAER i PtheifRidBCddctioRs cSincidieach

other, and the electigde potign J11.9fhe L0fitstglectipde Ll.and the elecliore porioq 124:0f the

a . : .
second electrodé D2 are arranged in parallel to corresponding portions of the middle potential portion

S and the contrel eleeade &nidistancegdrpnthe electroded?eriion (iidlafdbe first eleciradebl and
the electrode 15 portion 121 of the second electrode D2 to the corresponding portions of the middle
potential portibatS @peithe Tohas| SleEfede Wirtthewibendirdctioniis$et sudh that &préddfermined

withstanding yoltage can peJnantainad therebetween. 201015 12,230 evally applied i difgetion
same as the load control device 1H and description thereof
will be omitted.

10 As mentioned above, the auxiliary opening/closing unit
17 basically serves to detect a zero cross point of a
current, and conducting 1is not its main service and,
accordingly, the auxiliary opening/closing unit 17 may
include only a small sized switch device. However, in cases

15 that a frequency of the AC power source is shifted, or it is
intended that a load control device is operated by dual
frequency, e.g., 50 Hz and 60 Hz, or the like, the time
period from the time when the main opening/closing unit 11
becomes non-conductive till the time when the zero cross

20 point of the current i1s detected by the current detector 22
becomes longer and the auxiliary opening/closing unit 17 may
become conductive even Dbefore the load current is
gsufficiently reduced. Moreover, in case of an overload,
even though the auxiliary opening/closing unit 17 conducts

25 for the same period of time, a conduction loss becomes

larger and, accordingly, the switch devices of the auxiliary

~650-



perpendicular to the width direction, that is, a longitudinal direction of the electrode portion 111 of the
first electrode D1 and the electrode portion 121 of the second electrode D2. In addition, these
relationships are 25equally applied to the remaining pairs of electrode portions 112/122, 113/123,That
is, the middle potential portion S and the control electrode G are arranged at a position where the
predetermined withstanding voltage can be maintained with respect to the first electrode D1 and the
second electrode D2. 5As described above, the middle potential portion S having the middle potential
between the potentials of the first and the second electrode D1 and D2 and the control electrode G
connected to the middiepotential pertian S opperfeeming.a gentrol therefor are arranged at a position
10 where the predetermined withstanding voltage can be maintained with respect to the first and the
second electrode D1T&mekB20Tkerefore, itHwe fipstadecttodeDdod aterttigh patentiabamd-the Second
electrode D2 is at a low potential and the bidirectional switch element 11ais 15 off (i.e., when a signal

of 0 volt is apphéd B he CsHrot8let o8 ) 2HEhIrAT 6 FEMERHIGHSH- A it Tettdert the first
electrode D1 gnd the conirol elecirode. Q/ithe middle potential partign S (a.curient is,plogked Hght below

the control electrode (gate) G). 200n the other hand, when the bidirectional switch element lla is on,
i.e., when a veliage signakexeebdinta predetenninecsthresholthis applieddpdihe ngritrdleedectgode G,
as indicated by arrows in Fig. 40, a current flows along a path from the first electrode D1 (electrode
portions 111, 95142141 HIeH e SEESHIFEIRER0GE DI efctfrofle Short period of time

(e.g., fourth predetermined period of time). Thereafter,

when the main opening/closing unit 11 becomes non-conductive

(opened state), the auxiliary opening/closing unit 17 1is
10 made conductive again. By repeating a switch between the
main opening/closing unit 11 and the auxiliary

opening/closing unit 17 as such, damaging the auxiliary

opening/closing unit 17 can be prevented, thereby improving

correspondences to types of the power source and to the

15 overload. Fig. 36 illustrates waveforms in operation of the

load control device 1I in accordance with the second example.
(Third Example)

A load control device 1J used in the load control

system 30 in accordance with the £ifth embodiment of the

20 present invention will be explained. Fig. 37 is a circuit

diagram showing a configuration of a load control device 1J

in accordance with a third example. The load control device

1J is different from the load control device 1I shown in Fig.

35, in that a bidirectional controllable lateral transistor

25 device 1s used as a switch element 1la in the main

opening/closing unit 11 and the other configuration is same.
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portions 121, 122, 123, ...) through the middle potential portion S. This can be equally applied to the
reversed case as well. As described above, by forming the middle potential portion S at a position
where the predetelmined withstanding 5 voltage can be maintained with respect to the first and the
second electrode D1 and D2, the switch element lla can be reliably made on/off and a low
ON-resistance can be realized even when a threshold voltage of a signal applied to the control
electrode G is lowered down to a lowest required 10 level. In addition, by setting a reference potential
(GND) of a control signal to be equal to the potential of the middle potential portion S in constructing

the main openingiclosing vt 1d:hy.using the poyelswiich.element 11a, ahigh yoltage.commercial
power source can be directly 15controlled by the control circuit 13 driven by the control signal of
several volts. contir@tdifien; imecompatisor.witbrtiertkied exarmplehthedeadsanteslagyice IKrof the
present example is not affected by a voltage drop caused by a diode of the 20 rectifying circuit 12.

Therefore, evBa % thé threSh6ld Voltsge afe\itgtha Shfiehing Bitiveéd etbhatdctidicasde and
non-conductign.of the (aio, openia/elosing yni 11 iglowered, thenon-conductiopgan b reliably
maintained. Moreover, Tn t % lateral transistor element using the two-dimensional 25electron gas layer
formed @t the detereliatesiaseasitherchannegklayer, a threshold voltage to make the element non-
Fig. 38 shows a schematic structure of the
bidirectional controllable lateral transistor device. The
lateral transistor device is also referred to as HEMT (High
Electron Mobility Transistor) and uses a two-dimensional
10 electron gas layer formed at an AlGaN/GaN hetero-interface
as a channel layer. More specifically, the 1lateral
transistor device includes electrodes D1 and D2 provided on
a surface of a substrate, which are serially connected to
the power source 2 and the load 3, respectively, and a
15 control electrode (gate) G for keeping a high withstanding
voltage to the electrodes D1 and D2 during non-conduction of
the device. There may be used, e.g., a schottky electrode,
as the control electrode G.
When the main opening/closing unit 11 is in the non-
20 conductive state, a low level signal 1is applied to the
control electrode G from the control unit 13. However, the
potential of the control electrode G remains higher than the
lowermost potential by a potential of a single diode.
Therefore, if a threshold needed in switching between the

25 conduction and the non-conduction of the main

opening/closing unit 11 is made higher than the potential of
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conductive has a relationship with ON-resistance of the electrical conduction. Hence, lowering the
threshold voltage can lead to lowering the ON-resistance, which makes it possible to achieve a
scaled-down and high capacitive load control device. (Sixth Embodiment) A load control device 1L
in accordance with a sixth embodiment of the present invention will be explained. Fig. 42 depicts a
circuit diagram of the load control device 1L 10 in accordance with the sixth embodiment. The load
control device 11J basically has same configuration as one of the fifth embodiment, excepting that the
third power source unit 16 includes a zero cross detector 23 and the control unit 13 has a third pulse

output unit 24.Althoughthedoadcontrol 15deyice shown inhigh 4248 hasedon thenload epntrol device
11 shown in Fig. 35, without being limited thereto, may be based on the load control device 1H shown
in Fig. 33, theotveadiconfol device 18shovind ircEiy. 8, ded the toablycdmimt device 1K shown in Fig.
39. 20The zero cross detector 23 detects a zero cross of a load current and outputs a zero cross
detection signal to théehing/ipilse, ougnatunit 22d Tk thigd putdeeounputiunieRaT& 56V Es BFE- 2670 cross

detection signal ,f[com the zero cross detector %Seand outg)éjts a thirglg)ulse.ghe third Zglg)u seesrises
when the zer8"¢toss c}@tect%)neg%%%ﬁs iﬁﬁutte shd %1% Cends after & Iap%eoo\f% third prg etermined

period f timg - the thirchpredeterminedpedad ghiire i sehip-hasheytes thasnibedialiGyeie of the
|OadCUNentOf several volts can directly control the commercial power
source of a high voltage. Further, it 1is possible to
realize scaling-down and high capacity of the two-wired load
control device 1J by wusing HEMT having high electron
10 mobility.
(Fourth Example)

A load control device 1K in accordance with a fourth
example of the load control device used in the load control
system 30 will be described. Fig. 39 shows a circuilt diagram

15 of the load control device 1K. A configuration of the load
control device 1K 1s same as the first to third examples,
except that the switch element lla of the main
opening/closing unit 11 includes a newly developed
bidirectional controllable lateral transistor device.

20 Although the load control device 1K of the fourth example
shown 1in Fig. 39 ig based on the load control device 1J
shown 1in Fig. 37, it 1ig not limited thereto, and may be
based on the load control device 1H shown in Fig. 33 or the

load control device 1I shown in Fig. 35.

25 Fig. 40 1is a plan view showing a configuration of the

switch element 1la, and Fig. 41 is a sectional view taken
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Inputted to the control unit 13 are the first pulse outputted from the first pulse output unit 19 and the
third 5 pulse outputted from the third pulse output unit 24. The control unit 13 has an AND circuit 25a
which performs a logical product of the first pulse and the third pulse and outputs the result via an OR
circuit 25b to the main opening/closing unit 11. When the OR circuit 25b receives 10 any one of an
output signal from the AND circuit 25a and an output signal from a current detector 22, it outputs a
signal to a gate of the switch element ha of the main opening/closing unit 11. Thus, the main
opening/closing unit 11 becomes conductive again for a short period of time, 15thereby protecting the

auxiliary openif;gé%osmgeurhiéi%% XIA&delsr(l:rit%ﬁ_;L abo[l/g, theﬁaiggggﬂing/&logp un'tlll b§comes
ilet t [ [

conductive wh e first and the third pulse are raised at the Same time, i.e., while“the first

predeterminesiperiochekiime ovedaphwitkvhe dhird peegeteimined padodd8ofdimefduthesxthe third
pulse rises when the zero cross detector 23 detects a zero cross point and descends after a lapse of

the third pred%i‘éfrﬁﬁne’dzﬁéﬂqdaﬁq_irr% teatls SRoteT Fﬁé’rpﬂ]eﬁfﬂi%ﬁ chdte Bﬂwoé@é’@ﬁfer&.zﬁﬁerefpre,
even though 2 d&%ydoc&gr%@élqg%%ég@ggatpe ¢£harging, 2pcompletiop of thoer%%gi:];?%]ﬂerﬁ% 251s

detected, i.e., the first predetermined period of time starts to rise, it IS Imposs e main
opening/closiggiitl 1 seamdnscconductive. beyenddhazerd einss peibteaktherpowes sousser
frequency. Accordingly, charging can be definitely performed every half cycle of the power source,
thereby SachfeRARF4 stibléBperatthl/Statle RRBFGIRG 11t cWAfIEthd TvetRidn HashearPERsn and

e iaERecL e St i bedndsend b Utga g ot Ul vrvs
substrate 120 are a first electrode D1 and a second
electrode D2 connected in series to the power source 2 and

10 the load 3, respectively, and a middle potential portion S
which has a middle potential between a potential of the
first electrode D1 and a potential of the second electrode
D2.

In addition, a control electrode (gate) G is formed on

15 the middle potential portion S. A Schottky electrode is used
as the control electrode G, for example. The first electrode
D1 and the second electrode D2 respectively have a first set
of a plurality of electrode portions 111, 112, 113, --- and
a second set of a plurality of electrode portions 121, 122,

20 123, ---. The electrode portions of each of the first and
the second set are arranged in parallel to face one another
in the shape of teeth of comb and, the first and second set
of electrode portions are arranged oppositely. The middle
potential portion S and the control electrode G are

25 positioned between the plurality of electrode portions 111,

112, 113, --- and 121, 122, 123, --- arranged in the shape
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10invention as defined in the following claims. MCSLLP What is claimed is: A load control device
connected in series between an AC power source and a load, comprising: 5a main opening/closing
unit connected in series between the power source and the load for controlling supply of power to the
load and including a switch element, wherein the switch element has a lateral dual gate transistor
structure having a winhstanding voltage portion and having a 10dual gate to which a control voltage is
applied; an auxiliary opening/closing unit having an auxiliary switch device of a thyristor structure
for controlling a supply of power to the load when the main opening/closing unit is in a non-conduction

state; 15a controlunit for controling,gpgning and.closing of themajnopening/glosingyniandtgauxiliary
opening/closing unit;
backbone shape) conformal to a plane shape of a space formed
between the electrodes.
Next, a structure of a lateral transistor of the
5 switch element 1lla will be described. As shown in Fig. 40,
the electrode portion 111 of the first electrode D1 and the
electrode portion 121 of the second electrode D2 are
arranged such that central lines in their width directions
coincide each other, and the electrode portion 111 of the
10 first electrode D1 and the electrode portion 121 of the
second electrode D2 are arranged in parallel to
corresponding portions of the middle potential portion § and
the control electrode G. Distances from the electrode
portion 111 of the first electrode D1 and the electrode
15 portion 121 of the second electrode D2 to the corresponding
portions of the middle potential portion $ and the control

electrode ¢ in the width direction is set such that a

predetermined withstanding voltage can be maintained

therebetween.
20 This is also equally applied to a direction
perpendicular to the width direction, that is, a

longitudinal direction of the electrode portion 111 of the

first electrode D1 and the electrode portion 121 of the

second electrode D2. In addition, these relationships are
25 equally applied to the remaining pairs of electrode portions
112/122, 113/123, ---. That 1s, the middle potential
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a first power source unit for receiving an electric power from both ends of the main opening/closing
unit via a 20rectifying circuit and supplying a stable power to the control unit; a second power
source unit for receiving an electric power from both ends of the main opening/closing unit via the
rectifying circuit, and supplying a power to the first 25power source unit when the load is not powered;
a drive circuit for driving the main opening/closing MOSLO unit; a third power source unit for supplying
a power to the first power source unit when the load is powered while the  main opening/closing unit
or the auxiliary opening/closing

portion S and the control electrode G are arranged at a
position where the predetermined withstanding voltage can be
maintained with respect to the first electrode D1 and the
second electrode D2.

5 As described above, the middle potential portion S
having the middle potential between the potentials of the
first and the second electrode D1 and D2 and the control
electrode G connected to the middle potential portion S for
performing a control therefor are arranged at a position

10 where the predetermined withstanding voltage can Dbe
maintained with respect to the first and the second
electrode D1 and D2. Therefore, i1f the first electrode D1
is at a high potential and the second electrode D2 is at a
low potential and the bidirectibnal switch element 1la is

15 off (i.e., when a signal of 0 volt is applied to the control
electrode G), a current 1is definitely Dblocked at 1least
between the first electrode D1 and the control electrode
G/the middle potential portion S (a current is blocked right
below the control electrode (gate) G).

20 On the other hand, when the Dbidirectional switch
element 1lla 1is on, i.e., when a voltage signal exceeding a
predetermined threshold is applied to the control electrode
G, as indicated by arrows in Fig. 40, a current flows along
a path from the first electrode D1 (electrode portions 111,

25 112, 113, ...} to the second electrocde D2 (electrode

portions 121, 122, 123, ...) through the middle potential
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5unit is in a conduction state; and a voltage detector for detecting a voltage inputted to the third
power source unit, wherein, while the load is powered, the control unit makes the main
opening/closing unit conductive for a first 10 predetermined period of time when the voltage detector
detects that the voltage inputted to the third power source unit reaches a predetermined threshold and
makes the auxiliary opening/closing unit conductive for a second predetermined period of time when
the main opening/closing 15unit is in non-conductive state. 2.The load control device of claim 1,
wherein the drive circuit drives the switch element by supplying a power to the gate of the switch
element in response to a drive signal 20 of the con{r | unit, t?géjc?iwer bteliqng on the ba?is of gotentials

of points conr?é)clfg&?&tﬁe'Aérlﬁ‘&\ﬁerc ré€ and the gacf?@spec v%ﬁ/, and b%?%eg%% ric%ﬁy fhsulated

from the contrgl upit; 253.The load control device of claim 2, wherein the drive circuit includes two
opto-insulation semiconductor devices
As described above, by forming the middle potential

portion S at a position where the predetermined withstanding

5 voltage can be maintained with respect to the first and the
second electrode D1 and D2, the switch element 1lla can be
reliably made on/off and a low ON-resistance can be realized

even when a threshold voltage of a signal applied to the
control electrode G is lowered down to a lowest required

10 level. 1In addition, by setting a reference potential (GND)
of a control signal to be equal to the potential of the
middle potential portion S in constructing the main
opening/closing unit 11 by using the novel switch element

1la, a high voltage commercial power source can be directly

15 controlled by the control circuit 13 driven by the control

signal of several volts.

In addition, in comparison with the third example, the
load control device 1K of the present example is not
affected by a voltage drop caused by a dicde of the

20 rectifying circuit 12. Therefore, even 1f the threshold
voltage allowing the switching between conduction and non-
conduction of the main opening/closing unit 11 is lowered,
the non-conduction can be reliably maintained. Moreover, in
the lateral transistor element using the two-dimensional

25 electron gas layer formed at the hetero-interface as the

channel layer, a threshold voltage to make the element non-
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MOSL corresponding to the dual aalLe of the swit.ch element, each having a light emitting unit
connected to the control unit for receiving drive signal and a light receiving unit for receiving a light
outoutted from the light emitting unit, anb the light receiving unit executing a photoelectric
transformation and applying a positive potential to the gate of the switch element on the basis of
respective points to which the AC power source and the load are connected. 101.The load control
device of claim if whereindrive circuit includes two diodes, each connected to the first power source
unit, two capacitors, one end of each capaitor connected to a power line and the other end connected
to the diode, and two drive switch device h cte we ogggg ian paint e diode
and the capagl%or%, gﬁg %hveegavﬁeacs)f tr%e S\]fv%t%%%e%fgr%%%%e%ndg’s%%%ﬁessﬁa I%g\?v%r or rlgvin%oéheer%%.i'n
opening/closiag &pitbydnaking taesdeve switch dewmisas epnductivehbyng drivensignal{frersiibe gontrol
unit. 205.The load control device of claim 4, wherein the jrAv switch device in the drive circuit is an
opto-insulationskRsigendiftor sydtth e vicesaving a ight-OMitheg LA ISCSutpittihgh MHEDY the
drive signal from the contrql unit and a_light-receivin or receiving the light outputted from the
light-emitting Uit B¥GR %F ari® ac\%ﬁ%?feﬁn, i’}vhgr% igh -Or‘éff:leivafrgé uihl‘t%‘}éfctr%%ﬂ‘?)‘;L %85&&’&5, an
electricpower githe fisstpowersapree unit MCSUP is supplied to the main opening/closing unit as a
drive power. 6. The load control device of claim 3 or5, wherein

(Sixth Embodiment)

i

A load control device 1L in accordance with a sixth
embodiment of the present invention will be explained. Fig.
42 depicts a circuit diagram of the load control device 1L

10 in accordance with the sixth embodiment. The load control
device 1L basically has same configuration as one of the
fifth embodiment, excepting that the third power source unit
16 includes a zero cross detector 23 and the control unit 13
has a third pulse output unit 24. Although the locad control

15 device shown in Fig. 42 is based on the load control device
1I shown in Fig. 35, without being limited thereto, 1t may
be based on the load control device 1H shown in Fig. 33, the
load control device 1J shown in Fig. 37, and the load
control device 1K shown in Fig. 39.

20 The zero cross detector 23 detects a zero cross of a
load current and outputs a zero cross detection signal to
the third pulse output unit 24. The third pulse output unit
24 receives the zero cross detection signal from the zero
cross detector 23 and outputs a third pulse. '~ The third

25 pulse rises when the zero cross detection signal is inputted

and descends after a lapse of a third predetermined period
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5 light-emitting units of the two opto-insulation semiconductor devces in the drive circuit are connected
in series to each other. 7. The load control device of claim 2, wherein the drive circuit includes a
transformer which includes a primary coil connected to the control unit and two secondary coils
connected to the dual gate of the switch element via rectifying circuit, wherein, when the driving
signal is inputted from the control unit an AC current flows in the primary coil and, accordingly, an AC
current is generated in the secondary coils due to an electromotive force caused by the AC current
flowing in the primary coil, thereby applying a. positive Po: to the dual gate of the switch element on

the 20basis ofrespagdive poids imwhichthe A powenseurge angdhe bad are carnegted. & The
load control device of claim 4 or 5, wherein the drive circuit further includes capacitors connected

between powe linboseringhsm basis aad tornedtorr foiniis of thdyate 10f #d-switch element and
the drive switch device. MCSUP 9. The load control device of any one of claims 1, 4 and . _wherein

the rectifying circuit iNBRIAES Syndifto-5RRch FaVidsy confittted hefieen aisoint 16 Whidh thE power
line is coupled and.a pegatiMe QUIPHE Peint andihe synchreswitchdevices typkon iesynehzenous to

an operation of making the main openinc/closing unit conductive. 10. The load control device of claim
9, whetein theulrive switchdeviee hfsanthylistortdriartliapsirseturaagupehts unit 24. The
control unit 13 has an AND circuit 25a which performs a
logical product of the first pulse and the third pulse and
outputs the result via an OR circuit 25b to the main
opening/closing unit 11. When the OR circuit 25b receives
10 any one of an output signal from the AND circuit 25a and an
output signal from a current detector 22, it outputs a
signal to a gate of the sgwitch element 1lla of the main
opening/closing unit 11. Thus, the main opening/closing
unit 11 becomes conductive again for a short period of time,
15 thereby protecting the auxiliary opening/closing unit 17.

Ags described above, the main opening/closing unit 11
becomes conductive while the first and the third pulse are
raised at the same time, i.e., while the first predetermined
period of time overlaps with the third predetermined period

20 of time. Further, the third pulse rises when the zero cross
detector 23 detects a zero cross point and descends after a
lapse of the third predetermined period of time that is
shorter than the half cycle of the load current. Therefore,
even though a delay occurs in timing when the charging

25 completion of the buffer condenser 25 is detected, i.e., the

first predetermined period of time starts to rise, it 1is
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10driver by a signal electrically isolated from the power source units. 11. The load control device of
claim 1 or 2, wherein the Third power source unit includes a voltage detector for outputting a signal to
the control unit when a voltage inputted to the third power source unit reaches a predetermined
threshold,azerocrossdetectorfor outputting a signal to the control unit when it detects a zero cross of a
voltage inputted to the third power source 20unit, the control unit includes a pulse signal output
unit for outputting a pulse signal to make the main opening/closing unit conductive for a first
predetermined period of time when a signal is inputted from the voltage MOSLLP detector, and a

pulse signal %gws@“ﬂb@é oytpytting g pulse signdlfena.third peedetermined-penied ofdimag Mdien a
signal is inputted from the zero cross detector, and the control unit outputs a drive signal to make the 5
main openingéaasing tunitcanelyictive white thexsignatfrem the Mottage detieetopcava thesigea from
the zero cross detector are being outputted together. 12. The load control device of claim 1 or 2,
wherein the 10EBAHBIGHIt is operAfsPBATEMbte coMidfSiRgl. can  be  definitely

performed every half cycle of the power source, thereby
5 achieving a stable operation of the charging.

While the invention has been shown and described with
respect to the embodiments, it will be understoocd by those
skilled in the art that various changes and modifications
may be made without departing from the scope of the

10 invention as defined in the following claims.
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13. The load control device of claim 12,further comprising a fourth power source unit connected to the
first power source unit for rectifying the remote control signal, 15 wherein, when the remote control
signal is inputted, an electric power of the remote control signal is supplied to the first power source
unit via the fourth power source unit, the control unit is started up and, when the control unit
recognizes its own address contained in the remote 20 control signal, the control unitigpeéiaies the
third power source and supplies an electric power to the load by driving the main opening/closing unit.
14. A load control device connected in series between an 25AC power source and a load, comprising:
a main openigﬁ{ggswg %r'ii%(i%rétg)lliln& a supply of MCORP power to the load and having a switch
element of a transistor structure; an auxiliary opening/closing unit having a switch device of a
thyristor structure and controlling a supply of 5power to the load when the main opening/closing unit is
in a non-c nduction state;

1. A load control device connected in series between an

AC power source and a load, comprising:

5 a main opening/closing unit connected in series
between the power source and the load for controlling supply
of power to the load and including a switch element, wherein
the switch element has a lateral dual gate transistor
structure having a withstanding voltage portion and having a

10 dual gate to which a control voltage is applied;

an auxiliary opening/closing unit having an auxiliary
switch device of a thyristor structure for controlling a
supply of power to the load when the main opening/closing
unit is in a non-conduction state;

15 a control unit for controlling opening and closing of
the main opening/closing unit and the auxiliary
opening/closing unit;

a first power source unit for receiving an electric
power from both ends of the main opening/closing unit via a

20 rectifying circuit and supplying a stable power to the
control unit;

a second power source unit for receiving an electric
power from both ends of the main opening/closing unit via
the rectifying circuit, and supplying a power to the first

25 power source unit when the load is not powered;

a drive circuit for driving the main opening/closing
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a control. unit for controlling opening and closing of the main opening/closing unit and the auxiliary
opening/closing unit; a first power source unit receiving an electric power from both ends of the
main opening/closing unit via a. rectifying circuit and supplying a stable power Lo the control unit; a
second power source unit receiving an electric power 15 from both ends of the main dfvefiddlclosing
unit via the rectifying circuit and supplying a power to the first power source unit when the load is not
powered; and a third power source unit supplying a power to first power source unit when the load is
powered while the 20main opening/closing unit or the auxiliary opening/closing unit is in a conduction
state, whgtein.the third power source unit includes a voltage detector for detecting a voltage
inputted therero, and a zero cross detector for detecting a zero croc's point of a 25load current, and
wherein, when the load i$pawems¢he sontralainitnit for supplying a power to the

first power source unit when the load is powered while the
main opening/closing unit or the auxiliary opening/closing
5 unit is in a conduction state; and

a voltage detector for detecting a voltage inputted to

the third power source unit,
wherein, while the load is powered, the control unit
makes the main opening/closing unit conductive for a first
10 predetermined period of time when the voltage detector
detects that the voltage inputted to the third power source
unit zreaches a predetermined threshold and makes the
auxiliary opening/closing unit conductive for a second
predetermined period of time when the main opening/closing

15 unit is in non-conductive state.

2. The load control device of claim 1, wherein the drive
circuit drives the switch element by supplying a power to
the gate of the switch element in regponse to a drive gignal
20 of the control unit, the power being on the basis of
potentials of points connected to the AC power source and

the load, respectively, and being electrically insulated

from the control unit.

25 3. The load control device of c¢laim 2, wherein the drive

circuit includes two opto-insulation semiconductor devices
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MCSLLP makes the main opening/closing unit conductive while a first predetermined period of time
counted from when the voltage detector detects that the voltage inputted to the third power source unit
reaches a predetermined threshold falls on 5 a third predetermined period of ¢igig. eounted from when
the zero cross detector detects a zero cross point of the load current, the third predetermined period of
time being shorter than a half cycle of the load current. 1015. The load control device of claim 14,

wherein th_e gg@grg_lswh@gkgs the auxiliannapening/elosing tinit conductivedarasecondach
predetermined period of time when the main opening/closing unit is in a non-conduction state.

1516.The load controladevice!of chiirh 15 fugtherésmeRsiag a&itrehP détestor it detéctind’d current
flowing in the auxiliary opening/closing unit, and herein, when, a current exceeding a,. .
predeterminéd fhrgﬁg’cﬁ fiows inthe atxiliary osp*e%rilna\g,]y/clggicn%g Gnit, the go g%ﬁtro %%i‘t@ma%(;stthe main

opening/closing- unit cenductiyeand thep, whep.the main epeningiclosing wnirbecomes unit,

nonconductive, makes the auxiliary opening/closing unit conductive. 2517. A load control device

conneéted inseries betweenyart AC- power sodrceldnid-a |6a¢ cohiprising: Photoelectric
transformation and applying a positive potential to the gate

of the switch element on the basis of respective points to

which the AC power source and the load are connected.

10 4. The load control device of claim 1, wherein the drive
circuit includes two diodes, each connected to the first
power source unit, two capacitors, one end of each capacitor
connected to a power line and the other end connected to the
diode, and two drive switch devices, each connected between

15 a connection point of the diode and the capacitor, and the
gate of the switch element, and supplies a power for driving
the main opening/closing unit by making the drive switch

devices conductive by a drive signal from the control unit.

20 5. The load control device of claim 4, wherein the drive
switch device in the drive circuit 1s an opto-insulation
semiconductor switch device having a light-emitting unit for
outputting a light by the drive signal from the control unit
and a light-receiving unit for receiving the light outputted

25 from the light-emitting unit to conduct, and

wherein, when the light-receiving unit electrically

conducts, an electric power of the first power source unit
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MCSLLP a main ope.ning/closing unit controlling a supply ol power to the load and having a
switch element of transistor structure; an auxiliary opening/closing unit having a switch device of a

thyristor structure and controlling a supply of power to the load when the main oo%n&qlﬂgsing unit is
in a non-conduction state; a control unit for controllino ooening and closing of CSL

themainopening/closingunitandtheauxiliary 10opening/closing unit; a first power source ungt
receiving an electrig power from-poth,ends.of thefpainiopening/slosing unif via asectifying circuit and
supplying a stable power to tn control unit, 15a third power source unit supplying a power to the first
tower sourcecunitwhen the load is powered while the main opening/closing unit or the auxiliary
opening/closing unit is in a conduction state; a receiving unit receiving a control signai
inputted 20externally; and a independent power source unit rectifying he control sinal received by

the receivingunit and,suppfying an.glectric, power, 1o.the first power,sousce 2518, The,loadcontrol
device of claim 17, wherein the third power source unit further includes a voltage detector
5 light~emitting units of the two opto-insulation

semiconductor devices in the drive circult are connected in

series to each other.

7. The load control device of claim 2, wherein the drive

10 circuit includes a transformer which includes a primary coil

connected to the control unit and two secondary coils

connected to the dual gate of the switch element via
rectifying circuit,

wherein, when the driving signal is inputted from the

15 control unit, an AC current flows in the primary coil and,

accordingly, an AC current is generated in the secondary

coils due to an electromctive force caused by the AC current

flowing in the primary coil, thereby applying a positive

potential to the dual gate of the switch element on the

20 basis of respective points to which the AC power source and

the load are connected.

3. The load control device of claim 4 or 5, wherein the
drive circuit further includes capacitors connected between
25 power lines serving as a basis and connection points of the

gate of the switch element and the drive switch device.
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MCSLLP detecting a voltage inputted thereto, and wherein, while the load is powered, the control
unit makes the main opening/closing unit conductive for a predetermined period of time when the
voltage detects that 5 the voltage inputted to the third power source unit reaches & pfdddtermined
threshold, and then, when the main opening/closing unit becomes non-conductive, makes the auxiliary
opening/closing unit conductive for a second predetermined period of time. 10 19. The load control

device of claim 18 fuither comprising a currgpt,detector fardetegtingp-currentflowing in the auxiliary
opening/closing unit, wherein, when a current exceeding a predetermined 15 threshold flows in the
auxiliary openjng/ctasirg unit; the control tinit makes the: ainiopehingyelosing ahit coaddctive and
then, when the main opening/closing unit becomes nonconductive, makes the auxiliary

opening/closiity tifiit EoRAUSR/ET 20 26 ST Toatl E8HitRdl device o Hhy ohe 6F4&ims 17%0 18, wherein

the switch element of;the main C}Pee{g@f@'gsiagé@@ngwgg@ 2 hidirectignal controligble Jateral
transistor device, the lateral transistor device including two
5 devices turn on in synchronous to an operation of making the

main opening/closing unit conductive.

10. The load control device of c¢laim 9, wherein the drive
switch device has a thyristor or a triac structure and 1is
10 driven by a signal electrically isolated from the power

source units.

11. The load control device of claim 1 or 2, wherein the
third power source unit includes a voltage detector for
15 outputting a signal to the control unit when a voltage
inputted to the third power source unit reaches a
predetermined threshold, a zero Cross detector for
outputting a signal to the control unit when it detects a
zero cross of a voltage inputted to the third power source

20 unit,
the control unit includes a pulse signal output unit
for outputting a pulse signal to make the main
opening/closing unit conductive for a first predetermined

period of time when a signal is inputted from the voltage
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25electrodes respectively connected to the AC power source and the load, and a control electrode is
provided on a middle MCSUP potential portion between the two electrodes. 21. The load control
device of any one of claims 17 to 19, wherein the switch element of the main opening/closing unit has
a lateral transistor structure, the lateral transistor structure including a first electrode and a second
electrode respectively connected in series to the AC power source and the load and fapped|gn a
surface of a substrate, a middle potential portion which has a middle potential between a 10 potential
of the first electrode and a potential of the second electrode, and a control electrode at least partially
formed on the giddie potentiahpartion,fos perderning asonyel fonthemiddle pateptial Pordona and the
middle potential portion and the control electrode being arranged 15 at a position capable of keeping
a predetermimed withstagding Voltage tolthe dirstzedethesetond efestrioo@ dufinglmen-gbrguction of
the device. 22. The lpad control device of claim 18, further comprising 20a zero gross detector

detecting a z&rb%Bds pBiInt FPRI65E cOReRt, Wierdmtite OmBfUM Kt emai
opening/closingunitcg@gucgg%\g@i&ei[hquﬁtt outputs a drive signal to make the

5 main opening/closing unit conductive while the signal from
the voltage detector and the signal from the zero cross

detector are being outputted together.

12. The load control device of claim 1 or 2, wherein the
10 control unit is operated by a remote control signal.
13. The load control device of claim 12, further

comprising a fourth power source unit connected to the first
power source unit for rectifying the remote control signal,
15 wherein, when the remote control signal is inputted,
an electric power of the remote control signal is supplied
to the first power source unit via the fourth power source
unit, the control unit is started up and, when the control
unit recognizes its own address contained in the remote
20 control signal, the control unit operates the third power
source and supplies an electric power to the load by driving

the main opening/closing unit.
14. A load control device connected in series between an
25 AC power source and a load, comprising:

a main opening/closing unit controlling a supply of
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predetermined period of time falls on a third predetermined 25period of time counted from when the
zero cross detector detects a zero cross point of the load current, the third MCSLLP predetermined
period of time being shorter than a half cycle of the load current. MCSLLP

power to the load and having a switch element of a
transistor structure;

an auxiliary opening/closing unit having a switch
device of a thyristor structure and controlling a supply of

5 power to the load when the main opening/closing unit is in a
non-conduction state;

a control unit for controlling opening and closing of
the main opening/closing unit and the auxiliary
opening/closing unit;

10 a first power source unit receiving an electric power
from both ends of the main opening/closing unit via a
rectifying circuit and supplying a stable power to the
control unit;

a second power source unit receiving an electric power

15 from both ends of the main opening/closing unit via the
rectifying circuit and supplying a power to the first power
source unit when the load is not powered; and

a third power source unit supplying a power to the
first power source unit when the load is powered while the

20 main opening/closing unit or the auxiliary opening/closing
unit is in a conduction state,

wherein the third power source unit includes a voltage
detector for detecting a voltage inputted thereto, and a
zero cross detector for detecting a zero cross point of a

25 load current, and

wherein, when the load is powered, the control unit
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makes the main opening/closing unit conductive while a first
predetermined period of time counted from when the voltage
detector detects that the wvoltage inputted to the third
power source unit reaches a predetermined threshold falls on
a third predetermined period of time counted from when the
zero cross detector detects a zero cross point of the load
current, the third predetermined period of time being

shorter than a half cycle of the load current.

15. The load control device of c¢laim 14, wherein the
control unit makes the auxiliary opening/closing unit
conductive for a second predetermined period of time when

the main opening/cloging unit is in a non-conduction state.

16. The locad control device of claim 15, further
comprising a current detector for detecting a current
flowing in the auxiliary opening/closing unit, and

wherein, when a current exceeding a predetermined
threshold flows in the auxiliary opening/closing unit, the
control unit makesg the main opening/closing unit conductive

and then, when the main opening/cloging unit becomes non-

conductive, makes the auxiliary opening/closing unit
conductive.
17. A load control device connected in series between an

AC power source and a load, comprising:
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a main opening/closing unit controlling a supply of
power to the load and having a switch element of a
transistor structure;

an auxiliary opening/closing unit having a switch
device of a thyristor structure and controlling a supply of
power to the load when the main opening/closing unit is in a
non-conduction state;

a control unit for ceontrolling opening and closing of
the main opening/closing unit and the auxiliary
opening/closing unit;

a first power source unit receiving an electric power
from both ends of the main opening/closing unit via a
rectifying circuit and supplying a stable power to the
control unit;

a third power source unit supplying a power to the
first power source unit when the load is powered while the
main opening/closing unit or the auxiliary opening/closing
unit is in a conduction state;

a receiving unit receiving a control signal inputted
externally; and

a independent power source unit rectifying the control
signal received by the receiving unit and supplying an

electric power to the first power source.

18. The load control device of claim 17, wherein the third

power source unit further includes a voltage detector
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detecting a voltage inputted thereto, and

wherein, while the load is powered, the control unit
makes the main opening/closing wunit conductive for a
predetermined period of time when the voltage detects that
the voltage inputted to the third power source unit reaches
a predetermined threshold, and then, when the main
opening/closing unit Dbecomes non-conductive, makes the
auxiliary opening/cloging unit conductive for a second

predetermined period of time.

19. The load control device of claim 18, further
comprising a current detector for detecting a current
flowing in the auxiliary opening/closing unit,

wherein, when a current exceeding a predetermined
threshold flows in the auxiliary opening/closing unit, the
control unit makeg the main opening/closing unit conductive
and then, when the main opening/closing unit becomes non-
conductive, makes the auxiliary opening/closing unit

conductive.

20. The load control device of any one of claims 17 to 19,
wherein the switch element of the main opening/closing unit
includes a bidirectional controllable lateral transistor
device, the lateral transistor device including two
electrodes respectively connected to the AC power source and

the load, and a control electrode is provided on a middle
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potential portion between the two electrodes.

21. The load control device of any one of claims 17 to 19,
wherein the switch element of the main opening/closing unit
has a lateral transistor structure, the lateral transistor
structure including a first electrode and a second electrode
respectively connected in series to the AC power source and
the load and formed on a surface of a substrate, a middle
potential portion which has a middle potential between a
potential of the first electrode and a potential of the
second electrode, and a control electrode at least partially
formed on the middle potential portion for performing a
control for the middle potential portion, and the middle
potential portion and the control electrode being arranged
at a position capable of keeping a predetermined
withstanding voltage to the first and the second electrode

during non-conduction of the device.

22. The load control device of claim 18, further comprising

a zero cross detector detecting a zero cross point of a load

current,
wherein the control unit makes the main
opening/closing unit conductive while the first

predetermined period of time falls on a third predetermined
period of time counted from when the zero cross detector

detects a zero cross point of the load current, the third
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predetermined period of time being shorter than a half cycle

of the load current.
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